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INTRODUCTION 

                                                                                                                                             
 
Departments of Mechanical engineering and General Technical Sciences, at Technical Faculty 
"Mihajlo Pupin", Zrenjanin, organized three international conferences:  
1. »PTEP 2011 - Process Technology and Environmental Protection»,  
2. «IIZS 2012 - Industrial Engineering and Environmental Protection», 
3. «IIZS 2013 - Industrial Engineering and Environmental Protection». 
 
Industrial engineering is a field of technique, which includes the processes and procedures, plants, 
machinery and equipment used in manufacturing final products in different industries. The task of 
industrial engineers is that on the basis of theoretical and practical knowledge, solve specific problems 
in engineering practice, and the development of technology in the field of industrial production 
process.  
 
The theme of scientific conference «IIZS 2013», covers the fields of industrial engineering, which are 
defined in the program of the conference, such as: Process technology, Engineering, Environmental 
protection, Health and safety, Manufacturing technology and materials, Machinery maintenance, 
Design and maintenance of process plants, Basic operations, Machines and processes, Information 
technology and engineering education, Biotechnology, Reengineering and project management. 
 
The main goals of the conference can be indentified here: innovation and expansion of knowledge 
engineers in industry and environmental protection; support to researchers in presenting the actual 
results of research projects, establishing new contacts with leading national and international 
institutions and universities; popularization of the faculty and its leading role in our society and the 
immediate environment, in order to attract quality young population for studing at our faculty, 
cooperation with other organizations, public companies and industry; initiative for collecting ideas in 
solving specific practical problems; interconnection and business contacts; introducing professional 
and business organizations with results of scientific and technical research; presentation of scientific 
knowledge and exchange of experiences in the field of industrial engineering. 
 
We express gratitude to:  

• The pratners of the conference – University of agriculture, Faculty of agricultural engineering, 
Krakow, Poland; Technical university-Sofia, Plovdiv branch, Faculty of mechanical 
engineering, Plovdiv, Bulgaria; „Aurel Vlaicu” University of  Arad, Faculty of engineering, 
Arad, Romania; University of Niš, Faculty of mechanical engineering, Niš, Serbia; University 
of East Sarajevo, Faculty of mechanical engineering East Sarajevo, B&H, Republic of  
Srpska; University «St. Kliment Ohridski«, Technical faculty, Bitola, Macedonia, 

• Ministry of Education, Science and Technological Development of the Republic of Serbia, 
• Zrenjanin Town Hall, 
• Regional Chamber of Commerce, 
• The management of Technical Faculty «Mihajlo Pupin», University of Novi Sad, 

for supporting the organization of the conference «IIZS 2013». We are also grateful to all the authors 
who have contributed with their works to the organization of the scientific meeting «IIZS 2013». 
 
We would like our Conference to become a traditional meeting of researchers, every year. We are 
open and thankful for all useful suggestions which could contribute that the next, International 
Conference - Industrial Engineering and Environmental Protection (IIZS 2014), become better in 
organizational and program sense.  

President of the Organizing Committee 
Prof. Ph.D Dragiša Tolmač 

 
Zrenjanin, 30th October 2013. 
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HEAT PROBLEMS WITH THE COOPERATION OF HEAT PUMP 

WITH HEAT VERTICAL EXCHANGER 
 

Sławomir Kurpaska 

Faculty of Power Engineering and Energetic at University of Agriculture in Cracow, Poland 
e-mail: rtkurpas@cyf-kr.edu.pl  

 
 
Abstract: Legal regulations, development of technology of producing devices for obtaining energy from 
renewable sources, increase of their efficiency, duration, resistance to climatic conditions causes that traditional 
devices for obtaining energy may be substituted to a higher extent by other devices, including a heat pump. It is 
known that efficiency to transfer heat from the so-called lower source (ground, water, air), besides investment 
costs, electric energy costs, decides on the profitability of its use. The issue concerning the analysis of heat 
exchange in this system element was the subject of the research which was carried out in many scientific centres.  
Key words: heat pump, heat vertical exchanger 

 
INTRODUCTION  
 
Hua et al. [2013] presented a mathematical model of the heat transfer in the ground (exchangers 
located at the maximum depth of 100 m were considered), where the following were accepted as 
decisive variables: thermal and physical properties of the ground and a conduit of which plumbs were 
made, distances between exchangers and their depths, flow speeds of the circulation factor. 
Schiffmann and Favrat [2010] developed a programme for optimization of the compressor heat pump 
operation along with the factor flow analysis. The results obtained by theoretical research were 
verified by them on a measurement stand with a multi-stage compressor, where throttling and 
compressing processes occur. It was concluded that the applied method may be used in the procedure 
of parameters optimization of the compressor pump impeller, minimization of losses related to the 
transformation of the thermodynamic factor and at rational control of its operation. Omer [2008] 
presented constructive solutions of the ground exchangers cooperating with compressor heat pumps. 
Benli [2013] analysed the use of the heat pump for heating an experimental greenhouse. Ground 
exchangers (both horizontal as well as vertical) constituted a lower source. Sanaye and Niroomand 
[2011] analysed energy effects and carried out the procedure of optimization of economic indexes for 
stream heat pump cooperating with ground exchangers. Hwang et al. [2009] investigated the effects of 
using the heat pump cooperating with vertical heat exchangers used for heating a school determining 
the efficiency of work in the cooling cycle. The authors also compared the obtained effects with a heat 
pump, where air was used as a lower heat source. Tong et al. [2010] analysed energy effects of a heat 
pump with a lower source in the form of an exchanger of liquid-air type used for heating an 
experimental greenhouse.  Leong et al. [1998] carried out simulation experiments in which they 
analysed operation efficiency of a heat pump cooperating with horizontal ground heat exchangers. 
Three different soils (sand, sandy clay and loamy clay) of varied humidity were assumed as input 
variables. It was found that the highest energy efficiency was obtained for sandy soil, moreover for all 
types of ground, relation of the researched parameter to its moisture was reported. Kurpaska [2008] 
developed a nomogram for determination of structural and exploitation parameters of mono systems 
(the pump cooperated with ground exchangers) and bivalent (cooperation of the heat pump with the 
system of conversion of radiation into hot water) where the heat pump was used for heating a plastic 
tunnel. Significance of the research issue explicitly appears from the quoted literature review, as a 
consequence of which, the obtained results serve for improving the work efficiency of the heat pump. 
 
MATERIAL AND METHODS  
 
The system presented schematically in fig.1 is the subject of analysis. 
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Figure 1. Scheme of laboratory stand 

As it appears from the above, a part of the heat exchanger constitutes a horizontal segment (with 
length of l1), whereas the part is located in the ground with or without the contact with the ground 
water (respectively length of the the segment l2 i l3). Total depth of the vertical borehole is 100 m.  
The heat transport in the closest surrounding of the ground heat exchanger that is in the ground is an 
issue which is described as a function of space and time coordinates.  It is also a problem linked to the 
liquid flow. The linking consists in the heat transport by means of convection from liquid to the wall 
of U-pipe and then by means of conduct through its wall to the ground. A three-dimensional model of 
heat exchange in ground (along with initial-border conditions) completed with equations describing 
the issue of movement and continuity of liquid flow and the heat exchange for the flow of circuit 
liquid should be applied for full theoretical description of thermal issues.  
One of approach allowing determination of exchanger efficiency (qt’) is determination of thermal 
resistance and then using the relation in the following form [Zalewski, 2001]:   

t

lgr
t R

TT
q

−
='

           (1) 
where: Tgr- ground temperature in the profile undisturbed with pump activity, oC, Tl- circulation factor 
temperature, oC; Rt- total linear thermal resistance, mK/W. 
A calculated final of thermal efficiency of the exchanger was determined as a weighted average from 
particular segments featuring variable efficiency.   
In fig. 2 Scheme of conduit along with symbols accepted for analysis. 

RpRin Rot

solid rock

Underground water

circulating liquid

 
Figure 2. Scheme of the considered element along with the accepted symbols 

 
Determination of the resistance of heat movement on the way: liquid-surrounding environment is an 
indispensable parameter occurring in the considered issue. Therefore, it may be written down as 
follows: 

otpint RRRR ++=           (2) 
Verification research was carried out on the stand (fig.1) and based on the measured sizes (stream, 
temperature difference) linear thermal efficiency of the plumb was measured as: 

p

lPC
m l

Tcmq Δ
='

          (3) 
where: mPC- stream  of the flowing factor in a given cycle, kg/s; cl- specific heat of the circulation 
factor, J/kgK, lp-total length of the exchanger, m. 
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RESULTS AND DISCUSSION 
 
The tests were carried out in March (2013) when acc. to long-standing average temperature at the 
depth of 0.5 was 3oC. Fig. 3 presents the course of measured parameters for one of the daily 
performance cycle of the heat pump. 
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Figure 3. Daily course of the measured parameters during the heat pump performace 

 
One may notice that during the considered operation time there were 9 cycles of the heating pump 
operation. The length of the cycle was within the range of 22.5 to 24 minutes. During this time, 
average volume of the factor, which was pressed through vertical exchangers in particular cycles of 
the pump operation was: type U1 0.34 whereas for the exchanger type U2 it was 0.51 and 0.34m3.  
While, during the heating pump performance, average difference between the supply temperature and 
the return of the circulation factor in particular cycles was for the exchanger: U1 from 2.3 to 3.5 
whereas for exchanger type U2 for particular U-pipes from 2.38 to 3.8 K and from 2.1. to 3.5K.   
Fig. 4 presents the course of temperatures for one of 9 performance cycles of the heat pump. 

 
 

Figure 4. Course of supply temperature changes and return of the circulation factor of the selected 
operation cycle of the heat pump 

 
As one may notice, only after approx. 20 minutes of the heat pump operation stabilization of 
temperature changes occurred in the analysed ground exchangers. Similar regularities were reported 
for the remaining operation cycles of the heat pump. Therefore, it may be assumed that during this 
time, a determined process of heat exchange between liquid in the exchanger and the surrounding 
ground occurred. Thus, a detailed analysis related to heat capacity of vertical ground heat exchangers 
was carried out for the established process. 
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Table 1 presents enumerated values of unitary resistance and temperature of the wall for one 
exemplary cycle, in which temperature of pressing the circulation factor for the established process 
was 5 and the return was 8oC. Temperature of the wall was calculated by means of standard relations 
describing the heat movement by a ring partition.  
 
Table 1. Enumerated values of unitary resistance 

Thermal resistance , mK/W Specification 
Rin Rp Rot 

Vertical exchanger (to the level of 
ground waters) 

0.29 0.059 0.33 

Ground exchanger (in ground water) 0.29 0.059 0.16 
 

 
Linear capacity of the ground exchanger was carried out based on 50 performance cycles of the heat 
pump. From the analysis which was carried out, it appears that unit thermal efficiency of the 
considered exchangers is, for the exchanger type 1U -14.1 whereas for total efficiency for the 
exchanger type 2U 19.2 1W/running mof the conduit. When comparing the unit capacity of the analysed 
exchangers one may say that total thermal efficiency of the exchanger type 2U is approx. 36% higher 
than exchanger type 1U in the researched operation cycles. 
Fig. 5 presents results of the comparison of efficiency determined from the presented relation (q’t) and 
measurements (q’m) for the analysed ground exchangers. 
 

 
Figure 5. Comparison between calculated and measured unit efficiency of ground exchangers 

 
Additionally, a calculated value of the relative error- emax (calculated towards the measured value) and 
the value of the mean square error (�) was marked. 
As can be seen, the comparison is characterised by satisfying conformity whereas correlation 
coefficient (r) is within 0.78 to 0.81. 
If one assumes that the ground exchanger was located directly at the place of locating the heat pump, 
then thermal capacity of the boreholes will be from 41.5 (exchanger type 1U) to 56.6W/running mof 

borehole for the exchanger type 2U.  
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CONCLUSIONS 
 

1. Total thermal resistance of the analysed ground plumbs, depending on their geometrical 
location is within 0.51 to 1.02 mK/W. 

2. Comparison between the measured and calculated unit efficiency of the exchanger conduit 
is characterized by conformity at the level: correlation coefficient (0.78 to 0.81), a range 
of the maximum relative error is within 37.5 to 66.7% whereas the range of mean square 
error is changing from 1.21 to 1.28 W/running mof the conduit. 

3.  Mean unit thermal efficiency of the considered exchangers is, for the exchanger type 1U -
14.1 whereas for total efficiency for the exchanger type 2U 19.2 1W/running mof the conduit. 

4. In case of locating the heat pump directly next to the boreholes, then average thermal 
efficiency of the borehole where the exchanger type 1U is located is 41.5W whereas a 
borehole with the installed exchanger type 2U equals 56.6 W/running mof borehole.  

 
REFERENCES 
 

[1] Benli H. (2013). A performance comparison between a horizontal source and a vertical source 
heat pump systems for a greenhouse heating in the mild climate Elazig, Turkey. Applied 
Thermal Engineering 50, 197 -206 

[2] Hua P. Yub Z., Zhua N., Leia F., Yuan X. Performance study of a ground heat exchanger 
based on the multipole theory heat transfer model. Energy and Buildings 65 (2013) 231–241  

[3] Hwang Y., Lee J.K, Jeong Y.M., Koo K.M., Lee D.H, Kim I.K., Jin S.W. Kim S.H. (2009). 
Cooling performance of a vertical ground-coupled heat pump system installed in a school 
building, Renewable Energy 34 (3), 578- 582. 

[4] Kurpaska S. (2008). Wytyczne konstrukcyjno-eksploatacyjne dla systemów wykorzystujących 
pompę ciepła do ogrzewania obiektów ogrodniczych. Inżynieria Rolnicza. Nr 2 (100). s. 155-
162 

[5] Li Z., Zheng M. (2009). Development of a numerical model for the simulation of vertical U-
tube ground heat exchangers. Applied Thermal Engineering, 29, 920–924. 

[6] Leong W. H., Tarnawski V. R. Aittomaki A. (1998). Effect of soil type and moisture content 
on ground heat pump performance. International Journal Refrigeration, 21(8),595- 606 

[7] Omer M.A. (2008). Ground-source heat pumps systems and applications. Renewable and 
Sustainable Energy Reviews 12 (2008) 344–371  

[8] Sanaye S., Niroomand B. (2011). Vertical ground coupled steam ejector heat pump; thermal-
economic modeling and optimization. International Journal of refrigeration 34, 1562- 1576 

[9] Schiffmann J., Favrat D. (2010). Design, experimental investigation and multi-objective 
optimization of a small-scale radial compressor for heat pump applications Energy 35, 436–
450 

[10] Tong Y., Kozai T., Nishioka N., Ohyama K. (2010). Greenhouse heating using heat pumps 
with a high coefficient of performance (COP), Biosystem Engineering 106, 405- 411. 

[11] Zalewski W. Pompy ciepła: sprężarkowe, sorpcyjne i termoelektryczne (in Polish). 
Wydawnictwo IPPU Masta, Gdańsk, 2001. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 18



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 
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Abstract: In this writing we suggest the application of the Kalman filter for identification of a periodic 
biotechnology process with processing values hard to measure. As an example for the appropriateness of the 
obtained results and suggested solutions a periodic process of the acetic acid fermentation has been employed. 
Keywords: Extended Kalman filter, modelling, control, optimization, biotechnology process, kinetics, acetic 
acid fermentation 
 
INTRODUCTION 
 
In the last half century at home and abroad, the various aspects of biotechnology processes (BTP) have 
been intensively explored. In general, it is worth noting the spheres of: improvement and 
intensification of BTP and the pertaining preparatory and closing operations; expansion of the BTP 
applications connected to human health, living standard and ecology; selection of highly productive 
producers; perfection of the processing equipment; control, optimization and intensification of BTP. 
Any biotechnology production requires good and often high level of automation of the production 
processes. To generate an efficient and requirements fitting automated control system it is necessary to 
have precise knowledge of the particular BTP in terms of its control, i.e. as an object of automation. 
It is a fact [7] that BTP are complex, non-linear, non-stationary objects of incomplete data whose static 
and dynamic characteristics vary in a wide range. They are based on the life cycle of numerous micro-
organisms and differ in quality terms from the non-living nature processes. 
 
MATERIAL AND METHODS  
 
Models describing the BTP kinetics 
 
The task of effective control, and as a following stage relating to the BTP optimisation, requires 
comparison between a significant number of realisation options. Their approbation in industrial, pilot 
or laboratory installations imposes many predicaments, and quite often turns impossible. That is why 
the actual process is sought to be substituted by an analogy in the form of a mathematical model [8].  
Therefore, a major stage in researching BTP as a control object is the drafting of a mathematical 
model describing the process kinematics. 
In modelling the kinematics of the fermenting processes there are two approaches leading to two types 
of description – structural and non-structural models. The latter, due their formal nature, describing of 
process on the macro levels using values directly measurable, are most often applied for the control 
and optimisation of the various microbiological processes. 
The principal approach in this structuring is based on the material balance of variables characterising 
BTP: concentration of biomass X, substrate S, and product P and other, affecting the speed rate of 
macro reactions. For a periodical process in the frequent case of single substrate and single product, 
the differential equations system is of the type: 
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where: mμ  is the maximum growth rate of micro organisms with no limitation (insufficiency) of 
substrate; SK  - limitation constant by S, equal to the substrate concentration at a specific growth rate  

m2
1 μμ = . 

 
Estimation of the parameters of model 
 
The solving of (1), i.e. the mathematical description of a periodical fermenting process kinetics is 
concerned with measuring the concentrations of biomass X, the substrate S and the product P during 
the process. This is rarely possible to be done, even with one of the three, with automatic devices on 
line. Often various laboratory methods are applied, presented with a number of obstacles and 
inaccuracies, objective and subjective errors, etc. That is why the output data is rather “noisy”. A 
frequent case, not only in industry but also in laboratory conditions is to follow the permutation of one 
or two variables (X and P or X and S) with the required precision, and for the rest – data is collected at 
the beginning and the end of the process. Since in the entire duration of process physical, chemical and 
biological permutations occur in the cultural medium the process is considered non-stationary. Such 
processes are characterised by values, not all of which are easy and precisely measurable, and some of 
them are of stochastic nature. These, and some other reasons complicate the modelling and efficient 
(optimal) control. As a basic hypothesis of analytical model of these processes often known models 
are applied, e.g. (1). Its adapting to the particular process is in specifying the structure and calculating 
the coefficients in the equations. Under these conditions it is important that the identification method 
be defined in a stochastic media, be recursive and applicable “on line”, be operational with incomplete 
set of data on the hard to measure values, i.e. predictability, be described by a discrete models, because 
of the discrete nature of the experimental data, etc. Therefore, to find a relevant mathematical model of 
a given BTP it is necessary to use methods for defining the coefficients and solving  (1), accounting 
for the said peculiarities. One of the options is the Kalman filter [1], [9]. 
AIM. Identification of a periodic BTP trough the extended Kalman filter (EKF) applying it for optimal 
control with hard to measure processing values. 
 
Estimation of parameters of a periodic BTP model trough the extended Kalman filter. 
 
If we designate: 
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Obviously the model is non-linear against the state variables 321 x,x,x  and the coefficients 
4321 k,k,k,k  and the Kalman formulations, defined for linear models, are not possible to be applied 

directly. In order to use Kalman recursion for estimation of the coefficients 4321 k,k,k,k  in the non-
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linear model, the state vector must be first extended by the coefficients and the model be linearised. In 
this case the obtained estimations are quazi-optimal. 
For the extension it is assumed that the coefficients do not vary within the period between two 
measurement, i.e. for  1ktk +≤≤ ,  const)t(k,const)t(k,const)t(k,const)t(k 4321 ==== . 
The state variables in the extended model are introduced by the following pattern: 

,kz;kz;kz;kz;xz;xz;xz 47362514332211 =======  
i.e. the expanded state vector is ]z,z,z,z,z,z,z[]k,k,k,k,x,x,x[z 76543214321321 == . 
The expanded uninterrupted state model is given as a system of differential equations of the type: 
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The discretised variant of the model may be given as:  
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With )k(v,)k(w ji  the noise in the object is designated, and they may be viewed as a model error. 
Where tΔ  is dicretisation period. 
It is obvious that the model is non-linear toward the coordinates of the )k(z  vector and is of the 
seventh order. If we express this non-linear model through Taylor's series toward the vector's 
coordinates )]k(ẑ),k(ẑ),k(ẑ),k(ẑ),k(ẑ),k(ẑ),k(ẑ[)k(ẑ 7654321= , and the zero noise sequences 
( 3,2,1j;7...,2,1ifor,0)k(v)k(w ji ==== ), and after omitting the higher members [4], [5], we shall 
obtain the following matrix model: 

)k(z)k(H)k(y
)k(f)k(ẑ)k(F)k(z)k(F)1k(z

=
+−=+

                                                                                                 (5) 

 
 
It is evident that, in model (5) the state vector )k(z  participates in a linear way and the Kalman 
recursion is applicable. 
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The vectors and matrices in the model (5) are respectively: 
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where with #  designated is  }0)k(v)k(w),k(ẑ)k(z{# iiii ==== , for 7,...2,1i = . 
The particular form of the matrix )k(F  (differential quotient matrix) is: 
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The particular form of the non-linear functions )k(f  is: 
 

#

)k(z
)k(z
)k(z
)k(z

)k(z)k(z
)k(z)k(z)k(z

t)k(z

)k(z)k(z
)k(z)k(z)k(z

t)k(z

)k(z)k(z
)k(z)k(z)k(z

t)k(z

#
)z(f

...
#

)z(f

#
)z(f

)k(f

7

6

5

4
25

217
3

25

216
2

25

214
1

7

2

1

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

+

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

−+

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

+

== Δ

Δ

Δ

                                                                 (8) 

The basic members in (5) are the vector of the functions )k(f  and the differential quotient 
matrix )k(F , calculated for each k  (each tact) by the already obtained estimations )k(ẑ  and zero 
noises, thus the obtained values are the predicted )k/1k(z +  for the next 1k +  tact. 
In [5] it is proven that the so linearised models are subject to identifying, which renders certainty in 
the application of the method. 
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RESULTS AND DISCUSSION  
 
For the so linearised discrete model, the Kalman equations (recursion) [5] are applied, for ...,3,2,1k =  
 
K(k)=P(k/k-1)H'[H*P(k/k-1)H'+R(k)]-1      -    ESTIMATION of the filter's coefficients 
z(k)=z(k/k-1)+K(k)[y(k)-H*z(k/k-1)]           -    ESTIMATION of the extended vector; 
P(k)=P(k/k-1)+K(k)H*P(k/k-1)                   -    ESTIMATION of the error variance matrix; 
z(k+1/k)=f(k)                                                -    PREDICTION regarding the extended vector; 
P(k+1/k)=F(k)P(k)F’(k)+Q(k)                     -    PREDICTION regarding the error variance matrix; 
y(k)=H*z (k)                                                 -    ESTIMATION of output. 
 
In the recursion: the initial values )0/1(z  are assigned maximally close to the actual ones, and are 
considered predictive; the initial error variance matrix )0/1(P  is assigned as a diagonal of 
sufficiently large values; the variance matrices  )k(Rand)k(Q  in the recursion are calculated in 
each tact of simulated random signals for )k(vand)k(w  
The presented method for estimation of coefficients in the model of acetic acid fermentation has its 
software elaboration under MATLAB®. As a trial example we have used a periodical process of acetic 
acid fermentation; the identification data has been obtained in a laboratory, following a schedule 
maximally close to the industrial conditions [3], [6]. 
In Fig. 1 illustrated are, for X, the interpolated experimental data (exp.), the filter obtained estimation 
for this quantity (est.) and the filter prediction (pred.) outstripping a tact. 
In Fig. 2 and 3 respectively, illustrated for S and P are the experimental data, the estimation and the 
prediction. The production process duration of the acetic acid fermentation, studied in laboratory 
conditions, is approximately 22 hours. The charts show clearly a fair approximation of the 
experimental, assessed and predicted values of the three major in this technology quantities. It is 
further observed that yet at the beginning of the process, substantial deviations are present: for X – to 4 
hours, and for S and P – to 1 hour. This discrepancy is explained with the initial values (prediction) of 
the estimation parameters differing form the actual ones. It is obvious, that in a few hours the 
prediction and the estimation converge (i.e. the method ensures convergence). 
 
 
 
 
 
 
 
 
 
 
 
 
                                    Figure 1.                                                              Figure 2.        
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                           Figure 3. 
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At the end of the calculation process, the following values for the unknown coefficients are obtained: 

6.54k;8.63k;058.02k;056.0k 1 ==== , where from by means of substitution under the 
designations in (2), for the technological parameters, we obtain: 

  .82.0;0082.0Y;
m

kg058.0K;h056.0
3s

1
m ==== − αμ . 

 
CONCLUSION 
 
The following major conclusions may be drawn from the obtained results, as illustrated in the figures: 
• The recursion is fast converging to the state values and the parameters of the linearised model of 

the acetic acid fermentation. 
• The Extended Kalman filter recursion may be used for estimation of parameters in the non-linear 

model of the acetic acid fermentation, and estimation and prediction of the basic processing values 
in this production process. 

• The recursion may be applied for optimal control trough “on line” obtained estimation and 
prediction, in case any of the basic values are hard or inaccurate to measure. 

• The algorithm is applied for one, two or three non observed (unmeasured) processing values. In 
case of all values being non-observed, the assessed and the predicted parameters of the non-
observed values appear with larger rate of error. 

• For the calculations necessary and employed is statistic data for the noise (variance matrix) 
obtained through simulated «white noises »; 

• The recursion is not converging with initial conditions significantly different from the actual ones. 
• In the algorithm a calculation issue may arise due to the matrix conditioning )k(R ,  that is inverted. 

The algorithm convergence accelerates, and better estimation is obtained at exponential decrease of 
step (matrix) )k(R ; 

• The software elaboration of the researched method requires considerable computing resources with 
more unknown parameters and due to the fact that in each tact the model is being linearised. 
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Abstract: This paper considers the possibility of heating of Zrenjanin, using energy from biomass. Fuel wood 
pellets, derived from cereal straw. Victoria Starch Company, has two steam boilers of 2x16, 25 MW = 32.5 MW, 
and used as fuel pellets from biomass. This paper provides an overview of the available materials and the 
analysis of the cost of investments. 
Keywords: heating city, steam boiler, biomas. 
 
INTRODUCTION 
 
Consumer supply heat to the Zrenjanin was started in 1970. Year. Implementation of the "Jug" was 
conducted in 1971. The construction of the exchanger stations steam-hot water heat power of 12.5 
MW and the main hot water line DN 400, which connected the "power plants" the existing consumers 
of thermal energy village 4 july and Little America. With the connection of new customers and 
increased power stations (steam-hot water) to 45 MW. Heating program from the city of Zrenjanin in 
1976. was completed in 1981. construction exchanger stations power 90 MW. Of the heating season 
2010/11., Started operating a new production plant with 70 MW of heat supply in the city of 
Zrenjanin, since due to the economic crisis, a lot of customers off the heat network. For the supply of 
heat to raspoladganju are 2 hot water boilers each with a capacity of 35 MW with fuel-natural gas. 
 
MATERIALS OVERVIEW AND ANALYSIS 
 
Victoria Starch has two boilers for steam production capacity of 50 tons per hour ( 2 x 25 tons ) 
pressure 12 bar and temperature of 180 ° C, the motor fuel to biomass - pellets of straw cereals. 
Translated into thermal power is the max . 2x16 , 25 = 32.5 MW.So Victoria Starch , a capacity that 
can provide about 50 % of the existing heat production in Zrenjanin , with a very good business for the 
parameters in Victoria Starch and in city Zrenjanin . This startup of biomass boilers , it is possible to 
train and organize the work process steam production and pre-construction and commissioning of the 
plant for the production of starch .The energy value of a cubic meter of natural gas is theoretically 
33.338.35 kJ/m3 . (source Novi Sad gas http://www.novisadgas.rs/korisnici/ official website )The 
energy value of straw pellet weight is 16.500 kJ / kg (European Committee for Standardization, CEN 
TC335 committee under published 27 technical specifications ( preliminary standards) for solid fuels 
during the 2003-2006 year ( Alakangas , 2010) . These specifications are supplemented and adopted as 
European standards ( ENplus ) 2010. . ) http://www.poljoprivrednatehnika.org.rs The above data show 
that the two koligram enough pellets to replace 1 m3 of natural gas , and with the current price of 40,48 
dinars. Production price of straw pellets is currently around 8 dinars / kg.Based on this, we have the 
following balance :1m3 gas = 2 kg pellets: 33.000 kJ/m3= 2 x 16.500 kJ / kg,   40,48 dinars ( = ) 16 
dinars. 
 
These data indicate that for the same amount of energy is required to extract 2.5 times less money. In 
Figure 1, which is attached hereto , owned by Victoria Starch are most necessary mechanical and 
technological equipment which would allow heating of the town . 
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Mechanical technological equipment and documentation that exists 
 

1.Boilers for steam production with equipment located in Victoria Starch company in Zrenjanin, 
capacity 2x25 t / h, of steam , which is 32,5 MW. 

2.Projekti boiler construction are completed . 

3.Heat exchangers, steam - heat hot water are located in Zrenjanin ( in the old sugar mill ) and requires 
repair . Surface heat is about 330 m2, which fully meets capacity . 

4.Object for installation of boilers also exists but is in need of renovation - raising the roof on the 
existing design. 

5.Pump for hot water circulation and the associated pumps also exist in the old sugar refinery 

6.Well water supply and there is also a fully equipped 

7.Supply electricity is provided - were repaired and put into operation the appropriate substation. 

8.Drainage also trained and ready for use. 

 
Mechanical technological equipment to be purchased 
 

1.Boilers service elements for which projects are part of the boiler ( chimney , filters, ash handling , 
transport- introduction of pellets ) 

2.Chemical treatment boiler water treatment capacity of 10 m3 / h 

3.Pipelines to connect boiler and heat exchanger as well as connecting with the city heating plant . 

 
Note:  
It
condition for boiler works as an independent entity. Pipelines in item 3 can be used to transport money 
when you finish the construction of processing plant corn and stop your heating center. 
It should be noted that they are currently preparing a line of straw pelleting whose capacity will be 
around 4 t / h. That is the work of both the boiler at full capacity 24 hours a day need to install another 
line for straw pellet. 
 

ems 1 and 2 in the equipment to be purchased are not only related to heat the city but a necessary 
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Figure 1.  Technological scheme of plant steam production Victoriastarch and heating town of 
Zrenjanin 

 
ANALYSIS OF INVESTMENT IN PLANT CITY HEATING 
 
Based on the data we PUC - District Heating delivers heat from October 15 until April 15, which 
means 183 days, on average, 14 hours (07.00 and 21.00), except for the cold days, on average, 20 days 
a year when the heat is supplied 24 hours a day. These data indicate that the boilers operate 2282 + 
480 = 2762 hours per year. The data available to indicate that if the boiler is operating at full capacity - 
consumes about 3545 m3 / h, of natural gas as the current gas price 40,72 dinars/m3, is 144.352 dinars / 
h, if you count that one of the boilers to be leading in this case, the priority is heat produced in 
Victoriastarch-in, we get: 8 RSD / kilo of pellets (two pounds an energy equivalent to 1 m3 of natural 
gas), heat per hour is 64.000 3542 x 8 x 2 = 56.720 RSD / h. At the level of the heating season gas 
heating costs 398 700 224 dinars, or € 3,591,894. At the level of the heating season heating with 
pellets is 156 660 640 dinars, or € 1,411,357. On the difference in price of about 2,180,537 € / year.  
One heating season, it is necessary economic analysis to the PUC District Heating, entered into 
cooperation with Victorijastarch included, but estimates show that for nearly two heating season 
comes to a complete repayment of investments so that the investment in the production of starch had 
fully repaid the boiler room . 
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SPECIFICATION MECHANICAL-TECHNOLOGICAL EQUIPMENT WITH THE BILL OF 
QUANTITIES 
 
A. THE AMOUNT OF INVESTMENTS   comment value  €  

A.1 BOILER PLANT      

1.1 
Biomass boiler (2x25 t / h of saturated steam, p = 
13 bar)   there    

  Divorce steam, water, air   assessment 50.000
  + Chimney flue ducts   assessment 200.000
  The steel structure, ladder, galleries    
  Insulation   assessment  150.000
  Deaerator, condensate tank     50.000
  Fire prevention - EAP    50.000
  Electrical works - Cabling    50.000
  TOTAL (A1.1)     620.000
1.2 Feeding system boiler (2 kom.)       
  Screw conveyors    40.000
  Silos     
  TOTAL (A1.2)    assessment 50.000
1.3 Chemical treatment of water    50.000
1.4 + Ash handling electrostatic    
1.5 Connecting the boiler with heat exchangers      150.000
1.6 Installation of heat exchangers with fittings   assessment 150.000
  TOTAL (A.1)     1.520.000
A.2 Building       
  Construction Building - boiler assessment 400.000
  The facility - storage    0
  Building - chimney, electric filter ...    100.000
  Building-adjusting heat      70.000
  TOTAL (A.2)     570.000
A.3  INSTALLATION   assessment 250.000
  TOTAL ( (A.3)     250.000
  THE TOTAL INVESTMENT : (A.1-A.3)     2.340.000

 
THE PRICE WILL STEAM PRODUCTION AT THE VICTORIA STARCH  
 
Based on the information we have, the JKP - District Heating , delivers thermal energy of 15 October 
through 15 April, which means 183 days , on average, 14 hours ( 07.00 and 21.00 ) izuyev cold days , 
on average, 20 days a year when the heat is supplied 24 hours a day. These data indicate that the 
boilers operate 2282 +480 = 2762 h / year ( data obtained from plants ) . If you calculate the maximum 
production of both the boiler 50 t / h of steam for one year - the heating season produced 89.753 MWh 
of energy - water vapor.  
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1.Costs energy 
 
For one MWh of steam needed 295 kg of pellets of standard quality . A value of energy 8 din / kg of 
pellets , it is annually 211. 817. 080 dinars, or  1.908.262 € / year .  
 
2.Costs electricity 
 
Since we found that boiler work 2762 hours a year, while the installed electrical power of 1.2 MW for 
each boiler so that the boiler in the heating season to spend 3,314,400 kWh at a cost of 4.2 dinars / 
kWh, is one of the heating season 13,920,480 dinars, or € 125,184 / year . 
Power is taken as the maximum installed capacity , ie . includes all associated equipment : conveyors , 
ventilation, chemical treatment of water and so on. , so that electricity for one year with part of the 
year when boilers will not work does not exceed the sum of € 150,000 / year . 
 
3.Costs chemical water 
 
Condensate return should be 90 % , if it goes into the calculation of 80 % then the required amount of 
DI water for boilers annually in the amount of 27.620 m3/god . Tenders for HPV calculated the price 
of demi water of 0.25 € / m3 . If you zoom in on this price to 0.30 € / m3 indicates that the annual cost 
of producing DI water € 8,286 / year . 
 
4.Costs maintenance 
 
 Binding downtime for maintenance - cleaning boilers and maintenance recommended by the 
manufacturer of equipment ( lubrication replacement of consumable elements) as well as regular 
maintenance should not exceed € 30,000 / year . 
 
5.Costs compressed air 
 
Recommendations for this type of boilers that cost € 0.07 / per ton of money , which is : 9000 € / year.  
 
 6.Costs  workforce 
 
Given the legal occupancy of jobs needed for the četvorosmenski 8 executor of the boiler room and 4 
for HPV , whose salary with shift work and public holidays will be around 850 euros per employee for 
a total workforce of € 122,400 / year . 
 
Total costs year on year 
 
1 +2 +3 +4 +5 +6 = 2.227,948 € 
The total production of 89.753 MWh of steam Unit price of steam is 2.227.948 / 89.753 = 24,82 € / t , 
steam It is necessary to consider the potential unplanned downtime and failure to maintain the boiler 
on max mode, so it is necessary to correct the price by about 15 %, so that the price will be 28 € / 
MWh If we add to this price earnings of 25% of the price of steam heating plant to it was 35 € / MWh 
Price vapor which currently produces District Heating is  47.75  €/MWh (obtained from SM ) Based 
on the presented calculations , the remaining income : 89.753 x ( 47.75-35 ) =1.077.036  €/ year. 
 
CONCLUSION 
 
Supply of heat, JKP District Heating has 2 hot water boilers each with a capacity of 35 MW with fuel-
natural gas. 
Due to the economic crisis, a lot of customers off the heat, with heat networks. Victoria Starch, has 
two boilers for steam production capacity (2 x 25 t / h) = 50 t / h, pressure 12 bar and temperature of 
180 ° C, the motor fuel to biomass - pellets of straw cereals. Translated into thermal power is the max. 
2x16, 25 = 32,5 MW. The above data show that the two koligrama enough pellets to replace 1 m3 of 
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natural gas, and with the current price of 40,48 dinars. Production price of straw pellets is currently 
around 8 dinars / kg. This is a production price in Victoria Starch. The price of pellets on the market or 
20 dinars / kg. The budget cost of investment goes up with the price of pellets of 8 dinars / kg 
Based on this, we have the following balance: 1m3 gas = 2 kg pellets: 33.000 kJ/m3 = 2x16.500 kJ / 
kg,   40.48 dinars (=) 16 dinars These data indicate that for the same amount of energy is required to 
extract 2,5 times less money. At the level of the heating season gas heating costs 398. 700. 224 dinars, 
or  € 3.591.894 At the level of the heating season heating with pellets amounted to: 156. 660. 640 
dinars, or € 1.411.357. The difference in price is about  2,180,537  €/ year. - One heating season. The 
total investment amounts to: € 2.340.000. Planned cost of production of water vapor in Victoriastarch-
in, which takes into account all costs (fuel prices, the cost of electricity, water treatment chemical 
costs, maintenance costs and labor costs) is 35 € / MWh. Price vapor produced by the JKP - District 
Heating is  47.75 € / MWh. 
Total potential production of water vapor in Victoriastarsh-in is: 89. 753 MWh. Based on the 
presented calculations, the remaining income: 89 753 x (47.75 - 35) =  1.077.036  €/ year.  
 
Payback time: 2.340.000 / 1.077.036 = 2,17 years. 
 
Construction Financing: 2.000.000 €  -Victoriastarch  
                                       340.000 €   -JP City plant. 
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Abstract: The adverse effects of elevated temperatures on the properties of the fresh concrete include increased 
water demand, shorter setting time and increased slump loss. Superplasticizers (SP) and retarders are important 
to enhance the workability and setting time of concrete under hot weather, hence, an experimental investigation 
was conducted to determine the optimum dosage for the admixtures and to study the effect of over dosage of the 
mentioned admixtures. Concrete mixes with SP and retarder dosages of 600, 1200, 1800, and 2500 ml/100 kg of 
cement were prepared, together with control mix (water/cement ratio were 0.50 ). After casting, normal curing 
was carried out on the concrete samples. Properties such as compressive strength, was determined, besides 
determining the workability of the fresh concrete. Over dosage of SP or retarder were found to deteriorate the 
properties of concrete with indication of lower compressive strength. However, if the dosage levels are lower 
than the optimum dosage, increase in admixture dosage might help to enhance the concrete characteristics.  
Key words:  Concrete; Admixtures; Superplasticizers; Retarders; Compressive Strength. 

 
INTRODUCTION  
 
In Libya, about 90-95 percent of the construction materials market for both structural and non-
structural applications is made of concrete compared with other materials used for similar functions. 
Concrete, generally, is a product made from cement, water and aggregates and an additional material 
known as admixture, is sometimes added to modify certain properties of concrete. Cement is the 
chemically active constituent but its reactivity is only brought into effect upon mixing with water. The 
aggregate plays no important roles in chemical reaction but its usefulness arises because it is an 
economical filler material or hard composite material with good resistance to volume changes which 
take place within the concrete after mixing,  besides improving durability of concrete. In hardened 
state, concrete is a rock like material with a high compressive strength. In its plastic state, concrete 
may be moulded into any form of shapes, it may be used to advantages architecturally or solely for 
decorative purposes. Concrete has low tensile strength, and hence, this is the reason why it is used 
with steel bar to resist any tensile forces in the reinforced concrete. 
Concrete is usually used in building for foundations, columns, beams and slabs, in shell structures, 
bridges, sewerage treatment plants, roads, cooling towers, railway sleepers and so on. In precast 
concrete industry, concrete is widely used as concrete blocks, cladding panels, pipes, piles and lamp 
posts [1]. Nowadays, more than 70% of in-situ concrete in Libya is produced by the ready mixed 
concrete industry. The ready mixed concrete producers are using retarding and superplasticizing (SP) 
admixtures which are readily available from various manufacturers. Retarding admixture decreases the 
initial rate of reaction between cement and water, and hence, retards the setting time of concrete. 
Retarders are admixtures which will lengthen the setting time and workability retention, particularly 
important for concreting in hot weather. A retarding admixture holds back the hydration process, 
leaving more water for workability and allowing sufficient time for the concrete to be placed, 
compacted and finished. Superplasticiser (SP) is used to increase the workability without changing the 
water/ cement ratio. Or, it can be used to increase the ultimate strength of concrete by reducing water 
content while maintaining adequate workability. This experimental work is carried out to study the 
effect of dosage of retarder and SP on properties of concrete. Since in some cases at job site, it is 
found that the concrete is left unset for 2 to 3 days due to over dosage of retarding admixture and it 
becomes very common and serious in the concrete practice. 
Superplasticizer is a type of water reducers; however, the difference between superplasticizer and 
water reducer is that superplasticizer will significantly reduce the water required for concrete mixing 
[2].  Generally, there are four main categories of superplasticizer: sulfonated melamine- formaldehyde 
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condensates, sulfonated naphthalene- formaldehyde condensaes, modified lignosulfonates and others 
such as sulfonic- acid esters and carbohydrate esters. Effects of superplasticizer are obvious, i.e. to 
produce concrete with a very high workability or concrete with a very high strength. Mechanism of 
superplasticizer is through giving the cement particles highly negative charge so that they repel each 
other due to the same electrostatic charge. By deflocculating the cement particles, more water is 
provided for concrete mixing [2]. For general usage, dosage of superplasticizer is between 1- 3 l/m3.  
However, the dosage can be increased to as high as 5- 20 l/m3. Since concentration of superplasticizer 
is different, any comparison of performance should be made on the basis of the amount of solids, and 
not on the total mass. Effectiveness of a given dosage of superplasticizer depends on the water/cement 
ratio. Effectiveness increases when w/c decreases. Compatibility with actual cement is one of the most 
important parameters that needed to be considered, and it is not recommended that the cement and 
superplasticizer conform the standard separately [2]. There are few advantages obtained when 
superplasticizer is used: produce high workability concrete with constant cement content and strength, 
with objective for easy placing and compaction; produce concrete with normal workability, but lower 
water requirement; production of concrete with combination of high workability and low water 
content; and designing a normal strength and workability concrete with less cement content [3].  
Retarders might slow down the strength development of concrete, however, it does not alter the 
composition of the hydration product [4]. Most publications categorized these admixtures under ‘water 
reducing and set retarding admixtures’ due to their effects as stated in standard requirements for the 
initial setting time. However, there are still other different characteristics that distinguish them, which 
include water requirement and compressive strength [3].  Generally, retarders are used in hot weather, 
where high temperature could shorten the setting time of concrete, which in the end will lead to the 
formation of cold joints. With longer period of setting, the transportation, placing and compaction of 
concrete can be done when the fresh concrete is still in plastic state. Sometimes, it can affect the 
structural design by allowing continuous massive pours with controlled retardation, instead of 
segmental construction. Great care should be paid when using retarders because over dosage will 
inhibit the setting and hardening of concrete [4].  In addition, retarders can significantly reduce the 
heat generated during hydration of concrete. The reduction in heat can avoid cracking of large 
structure such as large damns. Good workability can be achieved by incorporating retarders in the 
concrete, which will delay the setting time and allow suitable compaction done without segregation 
[4].  
 
OBJECTIVES  
 
The followings are the objectives of the study, which include: 

 To determine the optimum dosage of concrete retarder and superplasticizer for normal concrete.      
 To investigate the effects of superplasticizer and retarders on properties of concrete.          
 

EXPERIMENTAL PROGRAM 
 
This study will focus on normal strength concrete with characteristic strength of 30 Mpa at 28 days, 
which used Ordinary Portland Cement (OPC) as binder, 20 mm granite coarse aggregate and sea sand.  
Liboment-FF as superplasticize (ASTM C-494 Type F and BS 5075 Part3), and Libocrete-VZ as 
retarding (ASTM C 494 Type A+B+D and BS 5075 Part I). One control mix will be prepared without 
the use of any admixture. To investigate the effects of superplasticizer and retarder, four additional 
mixes was prepared using admixture dosage of 600, 1200, 1800, and 2500 ml/ 100 kg of cement. 
Slump test used to assess the workability of the concrete mixes. Compressive strength used to 
determine on concrete cube at 7, 14 and 28 days. All samples for hardened concrete test cured in water 
maintain at temperature of 27 + 2ºC (BS 1881: Part 111: 1983). However, 72 specimens with the 
dimension of 150 mm x 150 mm x 150 mm  fabricated in the Structural Engineering Laboratory of 
Azzaytuna University  Libya.   
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RESULTS AND DISCUSSION 
 
From this study, the results obtained due to the lab tests done for mechanical properties of the concrete 
such as  compressive strength. On the other hands, for workability of the fresh concrete, only slump 
test has been done to get the fresh properties of the concrete due to the time constraint. 
 
Effect of Superplasticizer and retarder on Slump loss 
 
The results for slump loss of superplasticized and retarded concrete are shown in Figures 1 and 2. The 
data are recorded and being shown to observe the relation between dosages of SP/ retarder and slump 
loss. The values of slump loss for different dosages of SP and retarder as show in Graphs above the 
slump against elapse of time for different dosages of SP and retarder. From the graph, it is clear that 
slump reduces with time. It is acceptable since continuous hydration process will produce calcium 
silicate hydrate to fill the pores between the cement particles and aggregate. As a result, setting of the 
concrete will reduce the fluidity of concrete, hence, reduce the slump too. When observation is done 
on the content of SP and retarder, increase in dosage of the chemical admixtures will decelerate the 
rate of setting of concrete, since both the SP and retarder will help to retain the concrete in liquid state 
for a longer time, and hence, reduce the slump loss during the transportation of concrete to the site. 
However, over dosage of these admixtures will lead to high slump loss, which will not give true slump 
that as what we expect and desire. If comparisons are made between the SP and retarder, the setting 
time for retarded concrete is longer than the superplasticized concrete. After 300 minutes (5 hours. As 
a result, conclusion is made that retarder is more effective in retaining the slump of the concrete than 
the SP does at the same dosage. 
 

 
Figure 1: Effect of SP dosage on workability loss based on slump 

 

 
Figure 2: Effect of retarder dosage on workability loss based on slump 
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Effect of SP and retarder on compressive strength 
  
Compressive strength of concrete with different dosage of superplasticizer and retarder are shown in 
Tables 1 and 2. This test is performed on 7, 14 and 28 days. The values of compressive strength for the 
different dosage of superplasticizer/ retarder are then shown as a graph in Figures 3 and 4.   After 
conducting the experiment, graph of compressive strength versus age of concrete is plotted. From the 
graph, continuous strength gain for both chemical admixture is observed by the increase in 
compressive strength with age. At early age (7 days from casting), the rate of strength gain is high 
since the reaction between the cement particles and water is active. When time goes by, the rate 
become lower, and hence, the slope of curve for age 14 to 28 days is less steep compared with its early 
age. 
 
Table 1: Compressive strength of superplasticized concrete 

Compressive strength in Mpa Concrete mix 7 days 14 days 28 days 
Control (M) 33 39 39 

600ml/100 kg of cement(MS1) 28 31 35 
1200ml/100 kg of cement(MS2) 35 37 41 
1800ml/100 kg of cement(MS3) 40 44 44 
2500ml/100 kg of cement(MS4) 27 32 29 

 
 
When we observe the effect of dosage of the admixtures, both admixtures present different 
behaviours on the compressive strength of concrete. At early age, addition of retarders not able to 
increase the compressive strength of concrete, on the other hand, it reduces the strenght significantly, 
and become worse when the dosages increase. The reason for this phenomenon is that addition of 
retarder to the concrete will delay the reaction of C3S and C3A. As a result, strength development is 
low. The situation varies only after 7 days from casting, where inclusion of retarder will slightly 
improve compressive strength at later age.  For SP, increase in dosage will increase the compressive 
strength for all ages. Since addition of SP will provide more water for concrete mixing, not only the 
hydration process will not be disturbed, but, it is accelerated by the additional water from 
deflocculation of cement particles. Hence, increase in dosage will increase the entrapped water and 
promote hydration of cement. Though increment in dosage of admixture will enhance the 
compressive strength, there is still an optimum limit for the usage of admixture. When the dosages go 
beyond this limit, increase in dosage will only reduce the compressive strength.  
 

Table 2: Compressive strength of retarded concrete 
 Compressive strength in Mpa Concrete mix 7 days 14 days 28 days 

Control (M) 33 39 39 
600ml/100 kg of cement(MR1) 28 33 37 

1200ml/100 kg of cement(MR2) 33 37 41 
1800ml/100 kg of cement(MR3) 31 36 39 
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Figure 3: Compressive strength of concrete with different dosages of superplasticized 

 
This phenomenon occur since over dosage of retarder or SP will cause bleeding and segregation, 
which will affect the cohessiveness and uniformity of the concrete. As a result, compressive strength 
will reduce if the used dosage is beyond the optimum dosage. If observation is done on the efficiency 
in increasing compressive strength, SP perform better than retarder. For early age, compressive 
strength of concrete containing SP exceeded 12 MPa for all dosages, and this value is higher than the 
compressive strength of the control, whereas, performance of retarder is not satisfactory, with neither 
dosage of retarder can enhance the compressive strength to become higher than the control. However, 
for long term compressive strength, both SP and retarder give acceptable result, where the 
compressive strength achieve exceeds 40 MPa, which is higher than the desired characteristic 
strength of 30 MPa. Optimum dosage of SP and retarder are found based on the highest ultimate 
strength that they present at age 28 days. Dosage with lower or higher than this optimum value will 
reduce the compressive strength. For more accurate and precise result, more dosages should be done 
with smaller interval for a better fit curve. 

 

 
Figure 4: Compressive strength of concrete with different dosages of retarded 

 
CONCLUSIONS 
 
This paper was conducted to study the effects of superplasticizer and retarder on properties of concrete 
with characteristic strength of 30 Mpa. The properties investigated were workability (slump), and 
compressive strength. However, the conclusion, which follow are drawn based on experimental results 
and observations presented earlier in the paper. These conclusions are of necessity specific to this 
study, being related to type of superplasticizer and retarder, environmental condition during testing, 
testing method, etc. Nevertheless, the findings of this investigation should provide a significant 
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contribution towards the knowledge on the effect of superplasticizer and retarder on properties of 
concrete. The properties of concrete containing SP and retarder had been successfully studied. From 
the results of the study presented earlier, the following conclusions are offered: 

 The workability of concrete can be increased by addition of superplasticizer and retarder. However, 
very high dosages of both admixtures tends to impair the cohesiveness of concrete. 

 Slump loss can be reduced by using the chemical admixtures. However, effectiveness is higher for 
superplasticized concrete. 

 Inclusion of SP and retarder in concrete enable concrete to have a better cohesiveness without 
segregation. However, at very high dosages, cohesiveness reduces. 

 Compressive strength is improved by SP for all ages. On the other hand, retarder present lower 
compressive strength compared with control at early age, even its ultimate strength is higher than the 
desired characteristic strength. 
 
Recommendation 
 
The following are few recommendations that can be done to further enhance the usefulness of the 
experiment: 

 Inclusion of both chemical and mineral admixtures 
 Since both SP and retarders help to increase workability of concrete, their usage on concrete 

containing mineral admixtures such as silica fume or metakaolin should be studied in depth to 
determine whether ultra-high strength concrete (100 – 150 Mpa) can be produced using these 
chemical admixtures 

 Effects of various types of admixtures used 
 Since different kinds of admixture will react differently when contacts with cement even though 

they are categorized in the same type, therefore, study should be done to determine which 
admixture perform better under certain exposure condition. 

 Comparisons can be made between the admixtures so that the most suitable admixture could be 
chosen for a given job. 

 Determination of accurate optimum dosage 
 Since there are only 4 dosages of admixture used, accurate optimum dosage of admixture is difficult 

to estimate. For this reason, more concrete mixes that contain different dosages of admixtures 
should be prepared in order to obtain the precise optimum dosage of admixture through the best fit 
line drawn on the graph. 
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Abstract: Due to growing environmental awareness and resulting concerns, refrigerants - the working fluids for 
refrigeration systems, heat pumps and air conditioners - have gained considerably attention well known proven 
fluids were banned and replaced. The thermodynamics of mixtures is considerably more complex than that of 
pure fluids. This text is dedicated to introducing the thermodynamic theory and back-ground of working fluid 
mixtures and at providing the practicing engineer, as well as the aspiring engineering student, with all the 
necessary information to successfully design systems. Emphasis is placed on practical experience from 
laboratory investigations. On many occasions, a fluid needs to be cooled below the temperature of the 
surroundings. 
Key words: environmental awareness, refrigerants, heat pumps, thermodynamic mixture, practical experience  

 
INTRODUCTION 
 
Due to growing environmental awareness and resulting concerns refrigerants, the working fluids for 
refrigeration systems, heat pumps and air conditioners, have gained considerable attention. Well 
known proven fluids were banned and replaced with new ones. In this process, refrigerant mixtures 
were introduced to achieve acceptable properties of mixtures is considerably more complex than that 
of pure fluid. This paper is dedicated to introducing the thermodynamic theory and back-ground of 
working fluid mixtures and their practical implementations. It discusses the opportunities and 
challenges and aims at providing the practicing engineer, as well as the aspiring engineering student, 
with all the necessary information to successfully design systems that take the best possible advantage 
of fluid mixtures.  
Emphasis is placed on practical experience from laboratory investatigations. On many occasions a 
fluid needs to be cooled below the temperature of the surrounclings. Examples are the production of 
chilled water or brine for air conditioning and refrigeration purposes or the cooling of air to 
conditioning space. In this context the term “cooling” usually implies a certain quantity of energy is 
extracted from a fluid while reducing its temperature. This energy is rejected to a second fluid at a 
higher temperature than that of the first fluid. For example in a domestic refrigerator energy is 
extracted from the air inside the cabinet, reducing its temperature and cooling the cabinet. In turn 
energy is rejected from the refrigeration unit to the surrounding air, heating the exterior. When energy 
transfer is based on a temperature gradient one speaks of heat transfer. In this strict sense, “heat” exists 
only as long as a temperature gradient enables this transfer of energy. However, in the field of 
refrigeration and air-conditioning, the term “heat” is used more loosely and is understood as energy in 
more general terms. This text adheres to this latter convention. 
 
HEAT PUMPING  
 
In general the machines that accomplish the lift of a certain quantity of energy from a lower 
temperature level to a higher one are termed heat pumps. The thermodynamic processes involved in 
heat pumping are governed by the first and second laws of thermodynamics. The first law is the 
conservation of energy and reads. 
∑Q1 + W = 0                                                                         (1) 
where Q stands for the amounts of heat exchanged at various temperature levels Ti and W for the 
amount of work that is required in the process. The second law states that heat cannot flow from a 
lower to a higher temperature without the expenditure of energy. One way of expressing this statement 
is shown in the following equation: 
 

 ∑                                     for reversible processes            (2) 
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Equation 1 is based on the assumption that the energy supplied to a system is counted as positive. 
Figure 1 illustrates the situation. The vertical axis is the temperature axis with increasing temperature 
from the bottom to top i.e., T1< T2. A certain amount of heat is removed by the device M at 
temperature T1 and, by using work that is supplied to M, heat is rejected at T2. The amount of heat 
rejected is the sum of the amount of work W required by M and the amount of heat removed at T1. 
This is a consequence of the first law, 
Q1 + W = Q2           (3)
                                                              
However does this relationship of Figure 1 fulfill the second law, equation 2? Applying equation 2 to 
the situation of Figure 1 yields. 

          (4)

                                                                    
and using Equation 3 

          (5) 

 
 
                            T2 

Q2 = Q1 +W 
 

W 
 

                                                            
                            T1                                Q1 

 
          
 

Figure 1.  Heat pumping – The process of lifting energy Q1 from a temperature level T1 to T2, 
releasing Q2. The input energy, in this case work W is required 

 
After rearraging the terms, we find 

          (6) 

 
Since T2 > T1, the difference of the first two terms is still larger than zero. Equation 6 requires that the 
second law is fulfilled only if the work input is sufficiently large. Thus, there is a minimum work 
requirement. 
This minimum amount of work is required for the system to operate reversibly. The second law does 
not say anything about an upper limit for the work, so the system may be very inefficient and operate 
irreversibly if W becomes much larger than necessary. There is no upper limit on the degree of 
irreversibility for the heat pumping operations. The first and second laws state for lifting heat from one 
temperature level to a higher one, the expendture of energy is required and that the amount of energy 
rejected at the higher temperature level is the sum of the heat removed from the lower temperature 
level plus the energy added to accomplish the lift. The energy required to drive the system can be 
supplied in the form of work as assumed here, or it can be supplied in the form of heat. Examples are 
absorption heat pumps, desiccant systems and engine-driven heat pumps. 
One of the most common implementations of a heat pump is shown in Figure 2. Liquid refrigerant 
evaporates in the evaporator at a given pressure level while is absorbs heat. In other terms, this is the 
cooling effect. The compressor compresses the vapor that exits from the evaporator and delivers the 
compressed, high pressure vapor to the condenser where the vapor is cooled and condensed. The 
liquefied vapor leaves the condenser and enters the expansion valve. This valve reduces the pressure 
level and meters the fluid so that as much refrigerant enters the evaporator as the compressor removes. 
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The concept shown in Figure 2 represents a vapor compression heat pump. It is the underlying concept 
of the type of heat pumps discussed in this text. 
All of these systems have to fulfill the first and second law in the form of the equations 1 and 2. It 
should be noted that although both the first and second law must be observed in heat pump design. 
 
      Condenser 
 
 
 
 
 
 Expansion valve       Compressor 
 
 
 
       
      Evaporator 
 

Figure 2. Schematic of a vapor compression heat pump  
(or refrigeration system) 

 
The following sections provide an over view of various heat pump applications. Note that whenever 
energy is lifted from a lower temperature to a higher temperature we speak in general of a heat 
pumping process. However for many applications, the process is not as important as its result. In all 
refrigeration and air-conditioning applications energy is removed from a lower temperature level and 
rejected at a higher temperature level. The main effect that interests the user is the refrigeration or 
cooling effect, i.e., heat removal. On the other hand in what is customarily called heat pumping, the 
user is interested in the heat delivered at the high temperature level. In both cases the underlying 
thermodynamic process is the same, only the application on the desired benefit are different. In this 
text, the term heat pumping is used as the general description for the thermodynamic process 
independent or the application. The terms refrigeration and air-conditioning refer specifically to the 
application 
 
OVERVIEW OF CURRENT PRODUCTS  
 
Vapor compression heat pump systems have found many applications spanning wide range of 
capacities. This text will give an overview of applications, systems configurations and the economic 
importance of vapor compression systems. 
The global market for air-conditioning and refrigeration equipment is estimated to be $ 42 to 45 
billion, with the United States and Japan each covering one third of the worldwide production 
followed by Europe and China. In terms of applications the market is split into thirds as well. One 
third covers residential air-conditioning one third refrigeration (mostly food preservation), and one-
third commercial air-conditioning. In the United States stationary refrigeration and air-conditioning 
systems are used for 45 million homes and commercial buildings as well as 100 million refrigerators 
and 30 million freezers.  
 
Residential air-conditioners and heat pumps 
 
In the United States, residential air-conditioning has become very common and even used in the colder 
region of the north. The units are usually, split systems, referring to the fact that the air conditioner is 
split into two units. The evaporator together with the expansion device is located inside the building 
and condensing unit, consisting of compressor and condenser is located outside. The piping 
connection is installed in the field, which is also where system is charged with refrigerant. The cooling 
capacity ranges from 3 to 18 kW. Around 18 % of these units are designed as called heat pumps. They 
have a four-way reversing valve that allow the same unit to serve as an air conditioner in the summer 
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months and as a heat pump in the winter. Since traditionally the system is designed and sized for the 
air-conditioning function, the heat pumps turn out to have insufficient heating capacity in most 
climates. Supplemented heat in the form of electric or gas heat is usually required. 
Another form of residential air-conditioning is the window air conditioner. It is designed to cool just 
one room and the largest capacity does not exceed 7 kW. All the component are integrated within one 
chasis that is usually mounted within the frame of a window. 
 
Commercial air conditioning systems 
 
Commercial air-conditioning systems span a wide range of capacities. The larger ones usually employ 
variable speed centrifugal compressors and low pressure refrigerants for high efficiencies. They are 
designed to produces chilled water at about 5 to 7 °C and are cooled by water that in turn rejects heat 
to the ambient in a wet cooling tower. The chilled water is supplied to air-handling units located 
throughout the building. It is interesting to note that many commercial buildings require cooling year-
round because these building have considerable internal heat loads resulting from the presence of 
occupants and equipment that generate heat. A considerable floor is of useful space is located within 
the core of the building. This interior space is surrounded by other rooms that have outside walls but 
these perimeter rooms are always maintained at a constant temperature. This, the interior space has no 
way of rejecting heat and require cooling year-round. In newer systems a so-called economizer allow 
the use of outdoor air for core cooling whenever weather conditions are suitable. 
Recently, a new generation of chillers emerged that are vapor compression cycles driven by internal 
combustion engines. The primary energy input is gas rather than electricity and the new generation 
chillers reduce the reliance on costly peak power and help, to avoid high demand charges. 
For smaller buildings or those with a limited number of stones, so called rooftop units are used. These 
are air conditioning systems that reach up to 700 kW in capacity, and have the air handler integrated 
within the unit, often including a heating device such as a gas furnace. 
 
Industrial systems 
 
Industrial refrigeration system serve a wide range of purposes. They include food storage in large 
warehouse to the provision of cold utilites in chemical plants, refinenes and polymer production 
facilities. Further many production facilities such as printing, spinning, electronics and precision 
maching require very stringently controlled thermal environment. Many machines for industrial 
refrigeration and air conditioning are custom-manufactured to meet specific criteria.  
 
Refrigeration systems  
 
Probably the most important and earliest application of refrigeration technology was that of food store. 
Today , the technology has developed into a complete cold chain in which food products such as fish, 
meats, dairy products and vegetables are cooled or refrigerated from the moment of harvest of 
production through storage, transport, wholesale and retail to the consumer, who uses the residential 
refrigeration as the last storage facility in the chain. Accordingly, a wide range of refrigeration systems 
have been developed that meet the various needs. 
The domestic refrigerator is a unique device in that it has reached such a level of maturity that some 
units last more than 20 years without over failing or requiring maintenance. In addition, the energy 
consumption has been reduced by more than a factor of two over the past 30 years. The newest models 
of a typical refrigerator for a U.S. household show a power consumption that is equivalent to that of a 
50 W light bulb left on continuously. 
Refrigeneration systems in super market usually have central compressor plant with multiple 
compressors in parallel that serve the same set of evaporators. The evaporators are located throughout 
the store in the display cabinet for frozen or refrigerated foods. As a consequence, a single store can 
boast miles of refrigerant piping. Due to the length of piping and the many inherent piping 
connections, supermarket refrigeration system tended to lose considerable amounts of refrigerant. 
With the advent of environmental concerns and improved quality standards, these leakages have been 
reduced considerably. New systems are under consideration in which the refrigerant does not leave the 
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machine room. Rather, a secondary refrigerant is need to cool the display cabinets. This measure 
reduces refrigerant leakage and increases system reliability, but may contribute to, a reduction in 
energy efficiency. 
Transport refrigeration system especially those that are trailer or container mounted, must come with 
their own power supply, usually a small diesel or gas engine. Systems must be especially robust to 
withstand the high vibration levels. Also, these systems must designed to cover a wide range of 
operating conditions. The transported goods may require storage temperatures ranging from - 40 to 20 
°C while, the ambient temperature can span even a wider range of temeperatures. 
For food preservation there are also a wide array of specialized required cooling systems. Examples 
are milk coolers on farms, cooling systems for tank trucks and refrigeration systems ranging from fish 
trawlers to wine coolers. 
The air conditioning of cars has become an expected feature in the United States and many developed 
and developing countries. The cooling capacity varies over a wide range because the compressor is 
directly coupled to the engine and the compressor revolution vary with that of the engine. 
Furthermore, due to vibration and the need to use flexible hoses to connect the components that are 
mounted on the car and these mounted engine block, these systems traditionally have a relatively high 
rate of refrigerant leakage. With the advent of environmental concerns, this leakage rates, have been 
reduced dramatically. 
 
HISTORY OF WORKING FLUIDS 
 
The first and second law state only the conditions and limitations under which machinery such as 
refrigeration systems can operate. The actual implementation is not prescribed by these laws. It is 
common practice in the refrigeration industry to employ the vapor compression cycle of Figure 2.   
To do so requires the use of working fluids, commonly termed refrigerants. They represent one of the 
key ingredients of any vapor compression system and influence design operation and cost immensely. 
A short overview of the historical development of refrigerants follows that provides insight into the 
development of refrigeration systems. The following is an except of a paper presented by Calm and 
Didion [5] in 1997. 
Refrigeration goes back to ancient times, using stored ice and a number of evaporative processes. 
Early in the 19th century, the use of a volatile fluid in a closed cycle was proposed by Oliver Evans 
[13].He used evaporating ether, under a vacuum, and then pumped the vapor to a water-cooled heat 
exchanger to be condensed for reuse. 
Other refrigerants were introduced in the 1830 with the invention of the vapor compression machine 
by Perkins [25]. He designed a machine actually used caoutch oucine, an industrial solvent that 
Perkins apparently utilized in his business as a printer. It seems the first trade off in refrigerants – and 
one still driving selections – was based on availability. 
The first century of refrigerant use was dominated by innovative efforts with familiar fluids. The goals 
were to provide refrigeration and later to improve machine durability. Use of blend was attempted 
where single – component solutions could not be found (Pictet 1985) [27] . After World War I, 
attention turned to safely and performance as well. Willis H. Carrier and Waterfill [6], initated one of 
the first documentes systematic searches (Carrier and Waterfill, 1924) [6]. They investigated a range 
of candidate refrigerants for suitability for both positive displacement and centrifugal compression 
machines. These analyses closely examined ammonia, ethyl ether, carbon dioxide, carbon 
tetrachloride, sulfur dioxide and water. They finally selected dielene (1-2 dichlor, ethane, R 1130) for 
the first centrifuge machine, though an international search was needed to find a source for it (Ingels, 
1952) [17]. 
Nearly all of the early refrigerant were flammable, toxic or both, and some were also highly reactive. 
Accident were common. For perspective propan was marketed as the odorless safety refrigerant 
(CLPC, 1922). 
 The discovery of fluorinated refrigerants began with Thomas Midgley, IR., [23]  in 1928 (Midgley, 
1937). [24] Midgley and his associates, Albert L. Henne and Robert R. McNary, scoured properly 
tables to find chemicals with the desired boiling point. They restricted the search to those known to be 
stable but not toxic or flammable. They eventually used organic fluondes. While fluorine was known 
to be toxic by itself, Midgley and collaborators felt than compounds containing it could be nontoxic 
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recognizing the deficiencies of the published literature, Midgley, Henne and McNary turned to the 
periodic table of the elements. They quickly eliminated those elements yielding insufficient volatility 
and then eliminated those resulting in unstable and toxic compounds as well as the inert gases, based 
on their low boiling point. They were left with just eight elements: carbon, nitrogen, oxygen, sulfur, 
hydrogen, fluorine, chlorine and bromine. These elements clustered at an intersecting row and column 
of the periodic table of the elements, with fluorine at the intersections. 
Midgley and his colleagues then made three interesting observation. First flammability decreases from 
the heavy elements at the bottom to the lighter elements at the top. And third, every known refrigerant 
at the time was made from combinations of these elements. The historical fluids actually compresed 
only seven of the eight Midgley elements, since there appears to be no record of prior use of 
refrigerants containing fluorine. The first publications on fluorochemical refrigerants shows how 
chlorination and fluorination of hydrocarbons can be varied to provide desired boiling point (Midgley, 
1930) [24]. This paper also shows how the composition of the molecule influence relative 
flammability and toxicity. Commercial production of R12 began in 1931, followed by R11 in 1932 
(Downing, 1966 and 1964) [10]. Other investigators have repeated Midgley’s search with newer 
methods and modern database and have come to similar findings, McLinden and Didion (1987) [20] 
documented an extensive screening of industrial chemical. Of the chemicals meeting their critena, all 
but two – both highly reactive and toxic – contained the Midgley element. 
 
REQUIREMENTS FOR WORKING FLUIDS 
 
Refrigerants are expected to meet certain critena in order to be found acceptable by industry and users. 
However, with increasing environmental concerns, the set of critena increases. It becomes more i more 
difficult to find fluids that meet all or even most requirements. Future refrigerant choies will always be 
a compromise. The following critena should be fulfilled: 

• Lack of corrosion, chemically inert. Refrigerants should not corrode any construction 
materials present in the system. Also they should not react with any fluids in the system (such 
as compressor lubricants). 

• Lack of toxicity. For the safety or manufacturing and service personnel refrigerant must be 
nontoxic. 

• Nonflammable. To avoid accidents caused by any sources of intense heat or ignition (such as 
propane torches used by repair personnel or sparks generated by electrical equpment). It is 
generally required that refrigerants are nonflammable and not explosive except when the 
quantities are below prescribed limits. 

• Environmentally safe. Refrigerants should not affect or alter environmental conditions in any 
way. One important aspect of that requirement is that refrigerants should show high energetic 
efficiency. The lack there of would lead to increased production of carbon dioxide at the 
power plant and thus contribute indirectly to the global warming process. 

• Thermodynamic requirements. The thermodynamic properties of refrigerants have to fulfill 
certain critena. 

The overall goal is to achieve energy conversion efficiency and sufficient capacity. 
Thus refrigerants must be safe locally and globally. To be locally means fluid be nontoxic and 
nonflammable and pose no danger of explosion. They must also not affect any construction materials. 
These critena aim at safety during operation, manufacture, service, use and final disposal. To be safe 
globally means refrigerants should not affect the environment in a significantly negative way. 
In order to meet these requirements, an increasing effort is made to use refrigerant mixtures. They 
offer the potential to the best compromise for fluids that meet some of thermodynamic requirements 
that are very important for the performance of the equipment and hopefully all the other requirements 
that determine feasibility in many different aspects. Refrigerant mixture are gaining importance as the 
acceptable working fluid of future generation of equipment. However, the thermo-physical properties 
of mixture are considerably more complex that those of pure fluids. It is the focus of this text to 
comprehensively present the characteristics of mixtures to the advanced student and practicing 
engineer. 
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BACKGROUND OF ENVIRON METAL CONCERNS 
 
Impact of Ozone Depletion 
 
Stratosphere ozone depletion and global warning threaten to become the dominant environmental 
issues. Chlorofluorocarbons (CFCs) and other ozone-depleting substances that leak from refrigeration 
and air-conditioning equipment migrate to the stratosphere and deplete the ozone layer. Current ozone 
depletion at mid-latitudes is estimated is approximately 5 %. Ozone depletion harms living creatures 
on Earth, increases the incidence of skin cancer and cataracts and poses risks to the human immune 
system. A sustained 1 % decrease in stratospheric ozone will result in approximately a 2 % increase in 
the incidence of fatal non-melanoma skin cancer based on a United Nations Environment Program 
Study. The U.S. Environmental Protection Agency (EPA) expects 295 million fewer cases of non-
melanoma skin cancer over inthis century with a successful phase-out of CFCs. 
 
Impact of Global Warning 
 
The antropogenic use of energy has been adding gases to the atmosphere that trap heat radiation and 
warm the earth, known as ”greenhouse gases”. In 1995, the Intergovermental Panel on Climate 
Change (IPCC) reported that the biosphere has already warmed about 0,6 °C over the last century due 
to a discemible human influence on a global climate. The temperature rise of this magnitude will 
change local and global climates, temperature and precipitation patterns induce a sea level rise and 
alter the distribution of fresh water supplies. The impact on our health by global warming is likely to 
be significant. 
There are two types of global warming contribution through refrigeration and air-conditioning 
systems. The first one is the direct global warming potential (DGWP) due to emission of refrigerants 
and their interaction with heat radiation. The second is the indirect global warming potential (IDGWP) 
due to the energy that is generated through the combustion of fossil fuels. The combined effect of 
these two global warming contributions is called the total equivalent warming impact (TEWI). 
(Fish et al. 1991). 
 
International Efforts on Environmental Protection 
 
Concern over the potential environmental impacts of ozone depletion led to the development of an 
international agreement, the Montreal Protocol, to reduce the production of ozone-depleting 
substances such as CFCs, hydro chlorofluorocarbons (HCFCs) and halons. After the Montreal 
Protocol was signed in 1987, the regulation was extended in a follow up conference. At the fourth 
meeting of the parties to the Montreal Protocol in November 1992, new controls were required to 
phase out CFCs by the end 1995 and HCFS by 2030 (Table 1, Reed, 1993). Now the regulation of 
HCFC is being tightened with a fasten schedule and some countries already have more severe 
regulation plans. In the United States, the phase out of R22 in new machinery is set for the year 2010 
(Allied Signal Chemicals, 1999) and in Germany it was set for January 1, 2000 (Kruse, 1993) [19]. In 
1997, the Parties to the United Nations Framework Convention on climate change agreed to an historic 
Kyoto Protocol to reduce greenhouse gas emissions and set emission reduction targets for developed 
nations: 8 % below 1990 emissions levels for the European Union, 7 % for the United States and 6 % 
for Japan. Emission reduction targets include hydro fluorocarbons  (HFCs) that are some of the 
alternative refrigerants introduced as a response to ozone depletion.  
 
Table 1.  HCFCs, Regulation Schedule 
 
Jan 1. 1, 1996 2004 2010 2015 2020 2030 
Freeze  35 % 65 % 90 % 99,5 % 100 % 
Consumtion  reduction reduction reduction reduction reduction 
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Impact of Environmental Issues on U.S. climate 
 
Control industry 
 
The Montreal Protocol and Kyoto Protocol forced the climate control industry to change refrigerants 
in the U.S., the clean Air Act Amendments of 1990 based on the Montreal Protocol forced the climate 
control industry to change to use of CFCs to HFCs. However, the European Union encourages the use 
of natural refrigerants such as hydrocarbons and carbon dioxide. Therefore, the search for the 
alternative refrigerants is still wide open but has to be completed in a limited time to satisfy these two 
protocols. 
 
Mixtures as R22 Replacements 
 
R22 is widely used in the air conditioning and heat pump industry, especially in residential unitary and 
air-conditioning systems. The phase out of R22 requires manufacturers to final suitable alternatives in 
a relatively short time frame. In 1991, the Air-conditioning and Refrigeration Institute (ARI) started 
the R22. Alternative Refrigerant Evaluation Program (AREP) to find and evaluate promising 
alternative to the refrigerants R22 and R502 for products such as unitary air-conditioners, heat pumps, 
chillers, refrigeration equipment and ice-making machines (Godwin, 1933). [15]   This test program 
involved researches worldwide and shared experimental results Alternative refrigerants were sought to 
satisfy the following requirements, environmentally benign (zero ODP), nonflammable and similar 
system level behavior (equivalent performance minimum hardware changes). Currently there is no 
accept able pure fluid replacement that satisfies all these requirements. Alternatively, the mixing of 
these refrigerants was suggested to fulfill the desired requirements. 
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Abstract: This work shows an overview on current renewable energy resources ,  paying special attention to 
solar energy. Also, an overview of perspective for the further development of their usage has been given. Global 
potentials have been analyzed in the area of renewable energy resources as well as available potentials in the 
Republic of Serbia. During the last years, the usage of the renewable energy resources has been increased so that 
the Europe Union Directive  2009/28/EC forsees the increase of renewable energy resources’ participation in the 
total energy consumption until  2020. year up to  20%. Technically utilized energy potential of the renewable 
energy resources (OIE) in the Republic of Serbia is very significant and estimated on over  6 milion tons 
eqiuvalent of oil (ten) annualy. However, the renewable energy resources’ participation in the total energy 
balance,  excluding big power plants as well as biomass, has still been on a low scale. The usage of renewable 
energy resources is one of the key components of sustainable development which provides rational economic, 
ecological and social effects. 
Key words: renewable energy resources, solar energy, production, energy fuel. 

 
INTRODUCTION 
The term of renewable energy resources refers to the energy resources which could be found in the 
nature and are renewable completely or partly and these are as follows: solar energy, waterflow and 
wind energy, biomass, geothermal energy and etc. 
Renewable  energy resouces are used for the production with about 1% of energy production in total in 
the world. Development of the renewable energy resources, in particular solar, water and wind  energy 
and biomass – is the main aim of the energy politics of  European Commission – European 
Commission department for energy and transport. Europe Union has brought several directives which 
refer to the renewable energy resources: Directives 2001/77/EC, 2003/30/EC and 2009/28/EC. In the 
last directive, it is forseen that until the year of  2020. the renewable energy resources participate with 
at least 20% of total energy consumption in the Europe Union. This directive also forsees that until the 
year of 2020. the usage of the renewable energy in transport (biogas, electric energy and  hydrogen 
produced out of the renewable resources) will be at least 20% of total fuel consumption in the Europe 
Union [7]. 
The Republic of Serbia has adopted numerous documents in the area of the renewable energy 
resources and created the favourable conditions for a significant increase of production and 
consumption of these energy resources but the energy production from the renewable energy resources 
has still been insufficient.  The usage of the renewable energy resources in Serbia is very important 
due to the scarce potential of conventional energy resources. Furthermore, the usage of these resources 
contributes to even more efficient usage of own potential in energy production which is important in 
decrease of the emission  of "gases of the green garden effects", decrease of fossil fuel import, 
development of the local industry, especially in rural areas and opening of  new working post. Solar 
energy is a form  of  energy with the biggest potential.  
Solar energy presents an inexhaustable ecological energy resource whose global potential 
multifunctionally undergoes the world’s needs  for the electricity. 
 
AVAILABLE POTENTIAL OF RENEWABLE ENERGY  
 
Global production 
 
The most important energy of 20. century was oil. In the world's primary energy consumption  oil has 
participated with about 31.5%, coal with about 28.8%, gas with about 21.3%, renewable energy with 
about 13.3% and nuclear energy with about 5.1% (See Figure 1.) [1]. 
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Figure 1. Share of total primary energy supply in 2011. - Source: IAE, 2013. 

 

Global demand for renewable energy continued to rise during 2011 and 2012, despite the international 
economic crisis, ongoing trade disputes, and policy uncertainty and declining support in some key 
markets. Renewable energy supplied an estimated 19% of global final energy consumption by the end 
of 2011, the latest year for which data are available. Of this total, approximately 9.3% came from 
traditional biomass, which is used primarily for cooking and heating in rural areas of developing 
countries. Useful heat energy from modern renewable sources accounted for an estimated 4.1% of 
total final energy use; hydropower made up about 3.7%; and an estimated 1.9% was provided by 
power from wind, solar, geothermal, and biomass, and by biofuels (See Figure 2.) Renewables are a 
vital part of the global energy mix[2]. 

 
 

Figure 2. Estimeted renewable energy share of global final energy consumption 2011. Source: 
GLOBAL REPORT, 2013. 

 

Renewables have accounted for an ever-growing share of electric capacity added worldwide each year, 
and in 2012 they made up just over half of net additions to electric generating capacity. By year’s end, 
renewables comprised more than 26% of total global power generating capacity and supplied an 
estimated 21.7% of global electricity, with 16.5% of total electricity provided by hydropower  (See 
Figure 3.) While renewable capacity rises at a rapid rate from year to year, renewable energy’s share 
of total generation is increasing more slowly because many countries continue to add significant fossil 
fuel capacity, and much of the renewable capacity being added (wind and solar energy) operates at 
relatively low capacity factors [2]. 

 
 

Figure 3. Estimated renewable energy share of global electricity production end 2012. - Source: 
GLOBAL REPORT, 2013. 
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During the five-year period 2008–2012, installed capacity of many renewable energy technologies 
grew very rapidly, with the fastest growth in the power sector. Total capacity of solar photovoltaics 
(PV) grew at rates averaging 60% annually (See Figure 4). Solar PV experienced continued price 
reductions in 2012 due to economies of scale and technology advances, but also due to a production 
surplus of modules . Combined with the international economic crisis (which has helped drive policy 
changes) and ongoing tensions in international trade, these developments have created new challenges 
for some renewable energy industries and, particularly, equipment manufacturers[2]. 

 
Figure 4. Average annual growth rates of renewable energy capacity - Source: GLOBAL                     

REPORT, 2013 
 
Total renewable power capacity worldwide exceeded 1,470 gigawatts (GW) in 2012, up about 8.5% 
from 2011. Hydropower rose to an estimated 990 GW, while other renewables grew 21.5% to exceed 
480 GW. Globally, wind power accounted for about 39% of renewable power capacity added in 2012,  
followed by hydropower and solar PV, each accounting for approximately 26%  (See Figure 5). Solar 
PV capacity reached the 100 GW milestone to pass bio-power and become the third largest renewable 
technology in terms of capacity (but not generation), after hydro and wind. [1]. 
 

 
Slika 5. Renewable energy capacities – source: GLOBAL REPORT, 2013 

 
The solar photovoltaic (PV) market saw another strong year, with total global operating capacity 
reaching the 100 GW milestone in 2012. The market was fairly stable relative to 2011, with slightly 
less capacity brought on line but likely higher shipment levels, and the more than 29.4 GW added 
represented nearly one-third of total global capacity in operation at year’s end. 2  (See Figure 6) [1]. 
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Figure 6. Solar PV global capacity, 1995 - 2012. – source: GLOBAL REPORT, 2013 
 
Eight countries added more than 1 GW of solar PV to their grids in 2012, and the distribution of new 
installations continued to broaden.  The top markets are Germany, Italy, China, the United States, and 
Japan were also the leaders for total capacity. By year’s end, eight countries in Europe, three in Asia, 
the United States, and Australia had at least 1 GW of total capacity. The leaders for solar PV per 
inhabitant were Germany, Italy, Belgium, the Czech Republic, Greece, and Australia (See Figure 7).  
Europe again dominated the market, adding 16.9 GW and accounting for about 57% of newly installed 
capacity, to end 2012 with 70 GW in operation. For the second year running the EU installed more  
PV than any other electricity-generating technology: PV represented about 37% of all new capacity in 
2012. [1]. 

 
 

Figure 7. Solar PV global capacity, shares of top 10 countries – source: GLOBAL REPORT, 2013 
 
The number and scale of large PV projects continues to increase. By early 2013, about 90 plants in 
operation were larger than 30 MW, and some 400 had at least 10 MW of capacity.  The world’s 50 
biggest plants reached cumulative capacity exceeding 4 GW by the end of 2012, and at least 12 
countries across Europe, North America, and Asia had solar PV plants over 30 MW.  More than 20 of 
these facilities came on line in 2012, including the world’s two largest: a 250 MW thin film plant in 
the U.S. state of Arizona and a 214 MW plant in Gujarat, India.  Germany held on to its lead for total 
capacity of facilities larger than 30 MW, with a cumulative 1.55 GW in operation by year’s end, 
followed by the United States, France, India, Ukraine, China, and Italy.  Several projects are planned  
around the world that range from 50 to 1,000 MW in scale [1]. 
Solar PV is starting to play a substantial role in electricity generation in some countries, meeting an 
estimated 5.6% of national electricity demand in Italy and about 5% in Germany in 2012, with far 
higher shares in both countries during sunny months. By year’s end, PV capacity in the EU was 
enough to meet an estimated 2.6% of total consumption, and global capacity in operation was enough 
to produce at least 110 TWh of electricity per year [1]. 
 
2.2. Available potential of renewable energy in the Republic of Serbia 
In the Serbia's primary energy consumption  oil has participated with about 23.2%, coal with about 
54.1%, gas with about 11.7% and renewable energy with about 11% (See Figure 8.) [5]. 
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In Figure 9, shows the shares of different energy sources in electricity production in Serbia. The 
diagram shows that around two-thirds of electricity generation from fossil fuels, ie. coal, while other 
sources significantly represented hydro (with a share of 21.2%), mainly due to conventional large 
hydro [5]. 
 

Figure 8. Share of total primary energy supply 
in 2011. - Source: IAE, 2013. 

Figure 9. Estimated renewable energy share of 
global electricity production end 2012. - Source: 

IAE, 2013. 
As far as exploitation of renewable energy sources in the Republic of Serbia is considered, these 
sources are widely underutilized although having a substantial potential. This is particularly true  if  
water  energy  conversion  is  excluded.  Some  estimates show  that  total  renewable  energy  sources  
technically  available for  exploitation  are  approximately  6 Mtoe annualy. For electrical energy 
conversion however, the major potential lies with wind, solar and water energy conversion [4]. 
Renewable energy structure in Republic of Serbia: 
− Biomass 3.3 Mtoe - 65% of total potencial;  
− Water energy 1.7 Mtoe - 15% of total potencial; 
− Geotermal energy 0.2 Mtoe - 4% of total potencial; 
− Wind energy 0.2 Mtoe - 4% of total potencial; 
− Solar energy 0.6 Mtoe - 12% of total potencial; 
The Republic of Serbia of all available technical potential of renewable energy is already using 33% 
(0.9 Mtoe of used water potential and 1.06 Mtoe of the potential of biomass), See Figure 10 [3]. 
 

 
Figure 10. Renewable energy structure in Republic of Serbia –                                                          

Source: National aims and plan of the Republic of Serbia's  
 

The republic of Serbia has a significant solar potential. With the  solar  irradiation  ranging  from  the  
average  of  1.1–1.7 kWh/m²/day during January to 5.9 - 6.6 kWh/m²/day during July on a horizontal 
plane, the Republic of Serbia has the basic element for solar power utilization. Considering the facts 
shown above, the irradiation on a horizontal plane of 1200 kWh/m²/year (for northwest regions) and  
1550 kWh/m²/year (for south regions) can be expected.  
These data can be further optimized by using planes at an elevation angle or solar tracking plane  
(positioning to the sun path). This means that optimizing the photovoltaic plane positioning and  
angles enables from 1560 kWh/m² /year up to 2000 kWh/m²/year irradiation in the Republic of Serbia 
depending on the location (See Figure 11 and 12) [4]. 
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Figure 11. Average daily energy irradiation on 
January, on a 60deg, kWh/m² 

Figure 12. Annuale average daily energy 
irradiation ona horizontal plane, kWh/m² 

 
According to relevant international institution data, the Republic of Serbia has substantial solar energy 
potentials. By establishing legal and technical regulations, as well as sublegal acts considering 
enhanced pricings, foundations for investments in the area of renewable power sources were created. 
A constant decrease in technology prices and a relatively high price of energy generated using  
photovoltaic  systems  are  making  photovoltaic  systems  attractive  for  investment. 
 
NATIONAL STRATEGY AND ENVIRONMENTAL ASPECTS OF THE USING OF 
RENEWABLE ENERGY 
 
Serbia's energy import dependence in 2010. year was about 33,6 %. In the future, the most important it 
would be to provide secure, high quality and reliable supply of energy and substances and to decrease 
energy dependence of the country [4]. 
Reserves  of  fossil substances, as oil and gas, are very scarce (less than  1% of the total amount of 
energent reserves in Serbia), and the biggest reserves are in the low quality lignites  (about 92% in the 
total balance of  reserves) [4]. 
National aims and plan of the Republic of Serbia's renewable energy resources usage have been 
determined within the Law of Energetics. The aims are established according to the energy needs, 
economic possiblities and obligations of the Republic of Serbia taken over according to the ratified 
international agreements. [4]. 
Ratification of the Contract regarding the energy union founding , Srbia has accepted the obligation to 
bring and pass the plan of application of the directive 2001/77/EC about promoting the production of 
electricity from OIE and  directive 2003/30/EC about promoting the biogas usage and other fuels  in 
the transort sector [6]. 
Development of the pure, efficient and safe energy supply, promotion of the energy usage method 
which pollutes less the environment, managing the natural resources and creating industries, services 
and societies that influence less on the environment – all these are important investments in the future. 
Since the environment pollution recognizes no limits, fight for the environment and preserving  the 
environment, actually is the fight for the whole continent, but not the fight for the whole planet.  
In the process of  joining the Europe Union, the electroenergetic sector of the Republic of  Serbia will 
also meet the obligatory and adittional financial costs of  the emission of  CO� . At this moment, the 
Republic of Serbia as a developing country, has no international obligation of decreasing  gas emission 
with the effect of green garden  (GHG), but in the moment of joining the EU membership, it will 
probably be obligatory to limit, i.e. to decrease the emission of the green garden gases.  
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Working on the structure change of energents for the production of electricity, i.e.  significant increase 
of participation of renewable energy resources which will bring to much lower specific emission of the 
green garden gases.  
 
CONCLUSION 
 
In the future, global society development  will greatly depend on the condition in which the area of 
energetics is. Problems that all countries in the world more or less confront with are connected to 
energy providing and preserving the environment.  Explosion of human population on the Earth causes 
constant increase  of energy needs, especially electricity demand. The trend of needs’ increase on the 
global level is about 2,8 % annualy [5]. On the other hand, the current structure of the primary 
resources of electricity cannot provide, on the global level, such a trend of electricity production 
increase.  The reason for this are current eco problems directly caused by fossil combustion and 
nuclear fuels, on which   is based current electricity production  in the world. Beside that, existing 
dynamics  according to which the fossil fuels have been exploited , will in the near future also bring to 
the exaustion of its resources. 
Direct consequence of these contradictory conditions of production and consumption  is the constant 
increase of electricity cost, with which, even on the present level , is being created ecological and 
economical justified needs of including alternative resources in the global strategy of energetics’  
delevopment. These  energetic flows forced very developed countries to invest huge capital and hire 
many professionals in the deveopment of the system for using renewable recources of electricity (solar 
power stations, wind power  stations, biomass and biogas power stations , geothermal power stations). 
As a result of such investments,  the technology has been adopted as well as  industry  for the tecnical 
reliable conversion of some primary renewable resources. Beside that, international  protocols and  
obligations regarding  the CO� emission decrease (Kyoto protocol) and  local eco problems, forced  
the Governments  of many countries to motivate, with different subsidies ,  building of eco pure power 
plants which use renewable resources. This kind of  politics has brought to exceptional popularization  
and fantastic trend of increasing paricipation of certain renewable resources in the total production of 
electricity. Rapid increase of the photo potential industry in the world with the growth of production 
capacity and favourable  political climate in countries such as Germany, Spain, Japan, China, Italy, 
Corea, Greece, etc. promise bright perspective of photo potential technology in Serbia as well. 
However,  photo potential  industry requires favourable and stable political conditions for constant and 
sustainable development.  Rapid and rashly changes in conditions and amount of subventions and 
political attitudes could bring into question positive developing trend. Taking into consideration the 
present importance of   photopotential  technologies, their long term potentials and time needed for 
these technologies to develop,  the develpoment and application of these technologies  completely 
justify and encourage state support and  subventions. Apart from this, the photopotential industry can 
highly contribute to economy of a country by opening new working posts  as well as causing the 
development of small and medium companies.  
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Abstract: Recycling of cars includes a variety of processes (manual separation, shredding and physical 
separation methods) that enable you to obtain the final product, floricane materials (metals, plastics, rubber, 
glass,.) Suitable for the production of new material goods. Using recycled materials saves natural resources and 
saves energy. Recycling creates less air and water pollution than primary production of raw materials. In the 
paper discusses problems of recycling of motor vehicles at the end of the life cycle. The analysis of the 
sustainability of recycling of motor vehicles, and give an overview of optimal technology. In recent years in 
Serbia, there is a need to build a network of dismantling and recycling of vehicles at the end of life vehicles 
(ELV). The reasons for this are the sustainability industry, environmental protection, harmonization of 
legislation with the EU, and so on. 
Keywords: Recycling, Automobiles, Sustainability Analysis. 
 
INTRODUCTION 
 
Motor vehicle recycling of end of life (ELV) in developed countries is regulated process that led to the 
development of new industries. It has multiple effects related to environmental protection, sustainable 
use of natural resources, energy saving, labor intensive employment, improving economic 
performance and the achievement of a substantial profit, and the realization of sustainable 
development of the entire automotive industry. The actual condition of recycling of motor vehicles in 
Serbia is far from the situation in developed countries. To overcome this problem in the framework of 
technological development, we developed a model of integrated and sustainable recycling ELV, which 
defines a network of centers for the collection and removal, as well as a network of centers for the 
recycling of materials and substances that are extracted from waste motor vehicles. This model is 
made in accordance with the requirements of EU directives relating to the ELV. In this way, the model 
is expected to offer solutions for the recycling of 95% by weight of ELV 2015th and that provide 
significant employment growth in the recycling of motor vehicles [15]. 
Huge amounts of automotive scrap today a major issue in all countries of the world. With the problem 
facing our state.  
It is estimated that in the Republic of Serbia is currently in use around 1.6 million units, with an 
average age between 16 and 17 years. Serbia will soon face the problems and the amount of 
approximately 1.6 million tons of waste materials of various kinds, among which there are hazardous 
substances. Generation of automotive waste is successively through the dynamic renewal of the fleet 
and of course the generation of waste in the mining car maintenance. In any case, this is a very large 
amount of waste utilization which would optimally be designed. The current situation in Serbia is 
characterized by a lack of organization in the recycling of metals with the exception of the collection 
and recycling of its initial (selection, cutting and crushing). Unfortunately, all hazardous materials, 
plastic parts, rubber and other non-metal parts are not treated the same and are left to waste or green 
spaces [11, 12]. 
 
ANALYSIS OF RELEVANT KNOWLEDGE 
 
Energy consumption for the production of secondary raw materials from the recycling process 
produced significantly lower than those used to obtain material from mining primary production [7], 
[21]. Recycling of used motor vehicles (ELV) in high-income countries is very successful, especially 
after the introduction of the shredder in the recycling process of used cars. The rate of recycling in 
developed countries more than 90% of the used motor vehicles. 

 53

mailto:dragisatolmac@gmail.com


III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

ELV recycling reduces the minerals from natural sources and generates a source of raw materials for 
the production of new products derived from recycled materials [9], [24]. In addition to the economic 
benefits of recycling system of used motor vehicles, is an important contribution to protect the 
environment. Removing environmentally harmful components and materials, specialty oils, brake 
fluid, antifreeze, air bags, mercury, freon and similar substances require special treatment and 
expertise in areas such waste dismantling. In Germany, Centers for dismantling vehicles covering a 
circle with a radius of 50 kilometers. There are around 1.4 million passenger cars and light commercial 
vehicles. The estimated number of annual waste produced 100,000 vehicles per year in Serbia, so that 
a larger number of equipped recycling operators. [14], [20]. 
Recycling of ELV, directly positive effect on the environment and energy use, and indeed significantly 
improves the objective quality of life. On the other hand, by ensuring sustainable use of natural 
resources to secure quality of life for future generations, which is an essential condition for the 
survival of human society [11, 12]. 
 
Recycling of used motor vehicles in the world, is an efficient process which recycles more than 75% 
of the cars, along with the rate of used cars collected by 95%. In the United States, is recycled about 
11 million units, representing a $ 5 billion of revenue. Automobile Recycling Industry in the United 
States employs more than 40,000 employees in more than 7,000 companies. In the EU, the number of 
recycled car reaches 9 million per year, equivalent to 2.2 million tons of waste. As in the U.S., profit 
mainly by selling used parts and metal. Based on the data of the Statistical Office, the number of used 
cars in the Republic of Serbia, is approximately 100,000 per year. 
Taking this estimate of the number of used cars in the Republic of Serbia, as well as the use of certain 
materials percentage per vehicle, obtained 68,000 tons of ferrous metals, nonferrous metals 6.000 tons, 
8,000 tons of plastics and composites, 1,400 tons of fluids, 5,000 tons of rubber, glass, 3,500 tons, 
1,000 tons Textiles, 1,000 tons of batteries, and 6,100 tons of other waste from the used car. In the 
Republic of Serbia, during the process - recycles 14% of used motor vehicles, because the capacity for 
industry remains underdeveloped. In the domestic market ELV recycling, demand for secondary raw 
materials is high, and the level of recycling of 14%, should increase to European levels by 75%. On 
the basis of the ELV recycling system, we need new investment of over 20 million, in several plants 
shredder and mobile Balir presses, and increase the efficiency of the Recycler [17, 18]. 
 
SUMMARY OF THE OPTIMUM TECHNOLOGY RECYCLING CARS 
 
There are no exact data on the quantities of waste generated by vehicles in one year. In Serbia, there 
are over a million vehicles whose average age is over 10 years. The collection and disposal of waste 
vehicles mostly depends on supply and demand. Parts with use value is extracted in smaller amount, 
depending on their age and condition of end. The automobile recycling facilities in the world it is 
possible to recycle about 80% by weight of the car. The process of recycling cars is complex because 
of the variety of materials that are part of the car. Middle-class car, on average, consists of 76% metal, 
plastic 8%, 4% rubber, fluid 6%, 3% glass and other materials 3% [28, 29]. 
Apply two car recycling technologies, which differ in the way of sorting the material that make up the 
car. The first technology is based on optical (manuelnoj) separation, and other technology uses 
multiple methods (grinding, gravity separation methods and special). A third possibility is that the 
whole car pressed in one piece, using mobile Balir presses [30, 31]. 
 
3.1. Methods of optical separation 
 
This technology is based on the fact that the optical method, ie. manually separated 
integral parts of the car (rubber, glass, plastic, etc..), and the metal parts are at the end. 
Then metal parts go to the press to decrease volume and to facilitate further transport. 
All parts are obtained by means of optical finished products (manual) separation, and as such they go 
for further processing. This technology is the dominant manual labor as expensive and slows down the 
procedure of recycling. 
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3.2. The combined method of separation 
 
When combined method of separating the whole car crushed in the special impact crusher, and then 
grinding the resulting product is still treating some of the methods of separation that are applied in the 
treatment of primary resources (physical and special methods of concentration). The resulting products 
were ready-made products combined method of separation, and as such they go for further processing. 
 
RESULTS AND DISCUSSION 
 
The originality of the project an integrated recycling system of motor vehicles at the end of the life 
cycle is reflected in the development of the first national information system based on WEB-
technology base that aims to detect and monitor the motor vehicle during the entire life cycle of the 
time-out vehicles. In Serbia, so far no systematic not address this problem in solving environmental 
and social, and economic problems when it comes to preserving the natural resources of our country. 
The aim of the project is to localize potential waste motor vehicles in Serbia that can be recycled or 
used for energy. The most important thing is to determine the scope and structure of the permanent 
disposal of motor vehicles in Serbia, especially hazardous waste and suggest measures for their 
removal or safe storage [15, 16, 17]. 
Project [15], is predicted to form the corresponding centers disassembly of used motor vehicles by the 
respective regions. Partner in this project is the Zastava car factory, which provides data on the 
number of cars that would be reported as appropriate Zastava model currently has on the market. At 
the same time flag gives instructions on how to dismantle it easier to vehicles belonging to their 
program. The importance of the project for Serbia is great, because our country is quite deficient in 
terms of resources. If we know now about 120 thousand cars a year off, and thus are ready for the 
recycling process, the weight of every vehicle around 1 ton, of which about 70% feromagnetični 
materials, there are also non-ferrous metals, plastics, rubber; We can not imagine how it is stored 
resources. 
With the development of science and technology is one for your needs created a large number of 
materialscomplex chemical composition. Such materials due to their complexity can degradenaturally 
or during their rezgradnje be considered infinite. Disposal of these materials furnished or illegal 
landfills leads to environmental pollution. The recycling of these materials, in addition to economic 
benefits, the man protecting the environment, resulting in a better and healthier life.Obtaining metals 
from recycling leads to saving power generation, such as: steel 74%, aluminum 95%, copper 85%, 
lead 65%. Getting metal recycling reduces water consumption by 40%, reduces water pollution by 
76% and air pollution by 86%. 
 
CONCLUSION 
 
Motor vehicle recycling of end of life, according to the proposed model is based on the principles of 
sustainable development [15]. The establishment of this model in Serbia, in addition to environmental 
and economic effects of providing a high level of employment, which is very important for social 
policy. Thus, the number of employees in the entire cycle of recycling of motor vehicles at the end of 
the life cycle varies from 6,000 to 20,000 employees. 
Sure to be a factor in employment includes the gross national income per capita, because of the wealth 
of the country and the population depends on the size of the fleet, and thus the number of motor 
vehicles at the end of the life cycle in one year. In addition, the state remains in the recycling of motor 
vehicles offices and fully in accordance with the proposed model to develop new profitable industry 
[1], [25]. 
In each of the used motor vehicles pose a major problem for the environment, both in terms of volume 
of waste and the number of hazardous substances from which they are built. That was the main reason 
that developed countries adopt and implement adequate legal solutions which runs organized recycling 
of motor vehicles at the end of the life cycle. On the other hand develop models for managing waste 
generated by motor vehicles during the entire life cycle, which are based on the principles of 
sustainable development. Thus minimizing waste and maximizing recycling and reuse of materials 
parts and components and aggregates [11, 12]. 
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Since the operators are to be deployed on the territory of Serbia, so that citizens in their old cars can be 
submitted at the nearest recycling center which will be issued and a receipt which can be realized 
certain benefits when purchasing a new car. In this way, the action will involve all those involved in 
the recycling of batteries, waste oil, antifreeze, glass, plastic and everything that makes a car, and it is 
necessary to invest a total of over 20 million Euros. [20], [22, 23]. Metals and energy consumption in 
the world has a great trend. 
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Abstract: Energy consumption is one of the most important indicator showing the development stages of 
countries and living standards of communities. Population increment, urbanization, industrializing and 
technologic development result directly in increasing energy consumption. This rapid growing trend brings the 
crucial environmental problems such as contamination and greenhouse effects. The problem of increasing energy 
consumption suggests that heating plants, i.e. hot water boilers as energy suppliers for household heating should 
be subjected to more detailed analysis. Most heating plants are designed by the energetic performance criteria 
based on first law of thermodynamics only. The real useful energy loss cannot be justified by the first law of 
thermodynamics, because it does not differentiate between the quantity and quality of energy. The present study 
introduces energy and exergy analysis and presents application of this methods on a hot water boiler in heating 
plant. In this paper, a hot water boiler was decomposed into control volumes with respect to its functional 
components. Energy and exergy of the created physical model of the hot water boiler is performed and 
destruction of exergy and energy loss in each of the components are calculated.  The paper describes the current 
state of energy and exergy efficiency of hot water boiler, where the largest energy and exergy losses are 
identified.  
Key words:  hot water boiler, exergy, energy, availability, reliability 

 
INTRODUCTION  
 
Hot water boilers, as the most commonly used central units in district heating system, require further 
analysis of reliability, safety and efficiency [7]. Considerable exploitation experience and former 
development have indicated new demands and possibilities of using hot water boilers, both in the 
municipal heating plants and in the process industry. Today, it is not only expected to have efficient 
operation in terms of energy efficiency of primary fuel, but also there are many strict requirements 
when it comes to cost-effective, reliable and safe operation [9]. 
Analysis of boiler plants in system of district heating are of scientific interest and also essential for the 
efficient energy utilization. Operation of hot water boilers is subjected to high temperature and 
pressure conditions, so that in addition to their efficiency it is necessary to considered safety and 
reliability of the system to avoid major operation disturbance and downtimes. 
The most commonly used method for analysis of an energy conversion process is the first law of 
thermodynamics. Nowadays, there is increasing interest in the combined utilization of the first and 
second laws of thermodynamics, using such concepts as exergy and energy losses n order to evaluate 
the efficiency with which the available energy is consumed. Exergetic analysis provides the tool for a 
clear distinction between energy losses to the environment and internal irreversibility in the process 
[10]. 
Exergy analysis represents a methodology for the evaluation of the performance of devices and 
processes and involves examining the exergy at different points in energy-conversion processes. With 
this information, exergy efficiency can be evaluated and the process with the largest losses (the 
possibility for improvement) can be identified [12]. For these reasons, the modern approach to process 
analysis uses the exergy analysis, which provides a more realistic view of the process and a useful tool 
for engineering evaluation [17]. As a matter of fact, many researchers [1,6,13,15] have recommended 
that exergy analysis may be used in decision making regarding the allocation of resources (capital, 
research and development effort, optimization, life cycle analysis, materials, etc.) in place of or in 
addition to energy analysis [12]. Exergy analysis has become a key aspect in providing a better 
understanding of the process, to quantify sources of inefficiency and to distinguish quality of energy 
used [5]. Some researchers dedicated their studies to component exergy analysis and efficiency 
improvement [2,4], others focused on systems design and analysis [3,8,11,14,18]. 

 58

mailto:milenatod1@yahoo.com


III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

The objective of this work is to analyze a hot water boiler plant from an energy and exergy 
perspective. Sites of primary energy losses and exergy destruction will be determined. 
 
GENERAL DESCTRIPTION OF THE HOT WATER PLANT 
 
Thermal plant “Technical faculties“ in Nis, with total capacity of 25,7 MW, uses natural gas fired hot 
water boiler type “TE110V”, manufactured by “Minel – kotlogradnja“. Below is the Table 1 with 
basic specifications of hot water boiler [16]. 
 

Table 1. Technical data of the boiler “Minel – kotlogradnja“ 
Boiler type “TE 110V“ 
Capacity 8700kW 
Efficiency 0.91 
Furnace resistance 10.7 mbar 
Mass 41000 kg 
Boiler length  8060 mm 
The temperature level of water 130/70 °C 
Maximum allowed overpressure 12 bar 
Operating pressure 6 bar 
Total surface for heat transfer 351 m2 

Water content in boiler 27,8 m3 

 
The boiler is shaped as a cylindrical tube, closed with chambers on both sides and thermally insulated 
all over the volume. The boiler has three pressurized gas channels. The flame pipe (first pass), located 
in the pressurized water body, is heated by thermal energy generated by combustion of natural gas. 
After combustion, exhaust gasses pass through a diverter chamber coated by water piping, go into the 
second pass gas piping (II pass gas pipes), placed above the flame tube. On the front side of the boiler 
is a frontal diverting chamber that redirects the exhaust gasses and leads them into the third pass gas 
piping, located on the sides of the boiler (III pass gas pipes). After leaving III pass gas pipes, exhaust 
gasses splash the water-cooled front of the diverting chamber, passing through the deflection chamber 
and then leaving the chamber through the chimney. During operations hot water boilers are completely 
filled with water normally.  As for the water flow, the boiler is being filled with water on the bottom 
side of the boiler, below the flame tube. After filling the boiler, the portion of the water goes into the 
water-cooled front of reversing chamber, while the remaining volume of water is heated by radiation 
and convection passing through flue pipes (flame tube, gas pipes II and III pass). This water flow at 
the exit of the boiler is mixed with the water from the water-cooled front of diverting chamber and is 
then pumped to the consumers. 
 

 
Figure1.  Schematic overview of the hot water boiler “Minel - kotlogradnja“ 
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Figure 2.  Current state of the hot water boiler “Minel - kotlogradnja“ – front view 

 

    
Figure 3.  Schematic representation of water-cooled front hot gas reversing chamber (left), the current 

state of water-cooled pipes (right) 
 
Gas and water flow of the boiler can be distinguished, as shown below. The simplified view of the gas 
flow of the boiler is on the Fig. 4. 
 

 
Figure 4.  Gas flow of the hot water boiler 

 
Since the boiler volume is full of water, water flow of the boiler can not be precisely distinguished, 
because there are no clearly defined boundaries of the boiler’s component. For further analysis the 
only logical arrangement of the components of the water flow is adopted, which follows the 
arrangement of the components of the gas flow where the water flows. So the adopted arrangement of 
components of water flow is presented on Fig. 5. 
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Figure 5.  Water flow of the hot water boiler 

 
RESULTS AND DISCUSSION  
 
When the analytical results are achieved, the following assumptions are adopted: 

1. Water and gas temperature field are uniform on the control boundaries of each component of 
the hot water boiler. 

2. The air temperature on the control surface is equal to the ambient temperature, so its exergy 
value is zero. 

3. The entire amount of thermal energy in flame tube and in the irradiated chamber is transferred 
by radiation. 

4. As the gas speed is quite large compared to the size of the front diverter chamber, it is 
considered that there is no heat transfer between the gas and water in the front chamber. 

The calculation results for each component are given in Table 2. 
As observed, the total energy efficiency for complete hot water boiler is 89.9%, while the exergy 
efficiency is only 60.97%, respectively in the entire system comes to the destruction of exergy of 
39.03%, which is irreversibly lost in the environment. 
 

Table 2. The results of efficiency calculations for each of the components of hot water boiler 

Component Energy efficiency 
   

Exergy efficiency
  

Exergy 
destruction  

Flame tube 97.00 45.65 54.35 
Water-cooled front of 
reversing chamber 99.00 65.57 34.43 

Gas pipes II pass 99.00 84.16 15.84 
Gas pipes III pass 99.00 93.52 6.48 
Total 89.895 60.97 39.03 

 
In order to make the representation of results more clear and to see what is going on in the system, it is 
necessary to consider energy and exergy loss in relation to the system in general (Table 3). 
 

Table 3. The results of calculations for each of the components of hot water boiler in relation to the 
entire system 

Component Energy loss 
 

Energy loss 
 

Exergy loss 
 

Exergy loss 
 

Flame tube 126.495 12.57 5497.087 73.06 
Water-cooled front of 
reversing chamber 8.674 0.86 1212.384 16.11 

Gas pipes II pass 34.993 3.48 440.308 5.85 
Gas pipes III pass 5.456 0.54 151.565 2.01 
Flue gases leaving the 
boiler 830.752 82.55 223.157 2.97 

 
Based on the given results of energy and exergy analysis, it can be concluded that the greatest exergy 
loss occurs in the flame tube of the hot water boiler, while the largest energy loss of the system takes 
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place in the area where the gases leave the boiler. The exergy loss through each of the components of 
the gas flow of the hot water boiler can be traced. Exergy loss, obtained analytically, amounts from 
73.06% in the flame tube, 16.11% in water-cooled front of the reversing chamber, 5.85% in gas pipes 
II pass, 2.01% in gas pipes III pass, while exergy loss of flue gases leaving the boiler through the 
chimney is 2.97%. The major exergy loss occurs in the flame tube, which was expected, because of 
the chemically irreversible process of fuel combustion. Exergy of exhaust gasses depends on the 
temperature at which the combustion heat is transferred to the flue gases. Due to the large temperature 
difference of combustion products in the flame pipe at high temperatures (1350 - 1450 °C) and hot 
water heated to 90 - 100°C, and heat transfer done by radiation, the greatest exergy destruction can be 
related to the flame pipe. 
It may be also noted that, following the gas flow of the boiler, the reduction of exergy losses and 
increasing of exergy efficiency takes place. Based on the obtained results it can be seen that the trend 
of increasing exergy efficiency is not present in the water-cooled front, which can be explained by 
different type of heat exchangers. Namely, II and III pass gas pipes are associated to cross-section 
exchangers, where water flows around the pipes, while in the water-cooled front of reversing chamber 
water flows along the pipes, while exhaust gasses flow around the pipes, directed by diverter chamber. 
Analytic analysis of energy and exergy balance shows that the greatest potential for increasing overall 
efficiency of the plant is actually in the flame tube of the hot water boiler. Fig. 6 graphically represents 
the distribution of energy and exergy loss for each of the components of the hot water boiler. 

 
Figure 6.  Comparative graphical review of energy and exergy analysis of hot water boiler 

  
Figure 7.  Damaged water-cooled pipes of the diverting chamber of the hot water boiler (left and 

right) 
 
CONCLUSION 
 
The water-cooled pipes on the back of the flue gas diverter chamber is exposed to high temperature 
strain, which results in damage of this part of the diverter chamber (Fig. 7) and drop outs of the boiler. 
This fact reduces availability and reliability of the boiler. Fig. 7 shows the current state of damaged 
wall of water-cooled pipes of the diverting chamber. For further analysis can be observe the case with 
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retrofit design of hot water boiler. In order to have more reliable solution it can be observes the case 
by omitting the piping from the walls of the chamber. In this case, the complete volume flow of the 
water would flow over the flame pipe, and II and III pass gas pipes in the main body of the boiler. It is 
assumed that an equal amount of delivered energy and exergy is delivered with the fuel and air to the 
boiler. In the case of modified contraction, due to lack of the water-cooled pipes on the walls of the 
diverter chamber, available heat is transferred completely to the main body of the water, and the flue 
gasses after leaving the III pass gas pipes, are redirected through the deflection chamber through the 
chimney. 
According to the performed analysis, it is shown that energy and exergy analysis can be used to 
pinpoint energy loss, exergy loss and exergy destruction in the structure of hot water boiler plants. In 
order to pinpoint locations of these losses, it is necessary to create a physical model of the boiler, by 
applying decomposition of the boiler with respect to function of each of its components. The obtained 
results may be used to further investigate possibilities of design modification to address reliability and 
availability issues, caused by regular damage of water-cooled pipes in the gas diverter chamber. 
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Abstract: This paper presents the development trend of solar thermal systems - for the period until 2009. , and in 
particular - since 2009. - by 2012. year. Display includes 53 ( 2009)  till 56  (2012) countries. Is given the data of 
installed solar capacity - and especially in the ten leading economic countries. Shown installed solar capacity by 
type of thermal solar collectors and glazed and unglazed flat solar collector with liquid working medium and air 
as working medium. The percentage shown participation vacuum tube and flat solar collectors in total installed 
capacity. Given the average installed unglazed and glazed solar collectors per 1.000 inhabitants - in some 
countries of the world .  

 
INTRODUCTION 

 
Solar energy can have a significant place in energy sector of a country because it presents renewable 
and inexhaustible energy resource. Not the same attention to renewable energy resources is paid 
everywhere in the world. We can freely say that relatively small number of countries  - the ones most 
developed - pays more attention to this issue. It is interesting that the energy technologies based on the 
use of solar radiation are being developed the most in technologically and economically powerful 
countries. There are several reasons, from which the most important are strategic, economical and 
ecological factors. 
Solar energy is ecologically viewed clean energy whose energy technologies do not pollute the 
environment. It presents the resource that each country has available - without import dependence. It is 
especially significant fact that the plants for solar energy use can be constructed immediately next to 
the consumers - without significant investments into infrastructure. With technical means solar energy 
simply is transformed directly into heat and, directly or indirectly, into electricity, which enables fast 
application in all energy processes. The use of solar energy in all segments of energy consumption is 
in significant increase in many countries of the world today. 
Solar energy is very attractive and economically justified for use, even with the heating of households, 
industrial and other facilities. Huge savings of conventional energy could be achieved if each 
household would have at least one unit of solar collector by which sanitary consumable water would 
be heated.  
Seen in electro-energetic system of a state, it would represent quite load shedding. Especially 
interesting group of heating energy consumers are numerous industrial, tourist, sporting, medical, 
military and other facilities. It is known that these facilities spend considerable quantities of energy, 
derived by burning solid, liquid and gas fuels for heating. This can be easily achieved by using very 
simple systems for using solar energy. 

 
TREND OF GROWTH 
 
From all operational systems (implemented in 53 countries in the world by 2009.) of capacity 
172.368,6 MW, on vacuum pipe collectors goes 96.539,1 MW, on glass-plated flat collectors - 
54.915,5 MW, not glass-plated - swimming pool and other collectors - 19.703,9 MW and the least on 
air collectors - 1.210,2 MW. The total collector area in use by end of 2009. is approximately  
246.240.885 m2! 
Total capacity of solar collectors in operation - is shown in Figure 1 and Figure 2 presents the total 
installed capacity of water and air thermal collectors in the leading ten countries - the end of 2009. 
year. 
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    Total capacity [GW] 
 
       Produced energy [TWh]

 
Figure 1. Total capacity in operation [GW] - 2009. and annualy energy generated [TWh] 
 

 
Figure 2: Share of the total installed capacity in operation (glazed and unglazed water and air 

collectors) by economic regions at the end of 2009. 
 
Average annual growth of solar thermal systems - between 2000th and 2009th year was 20.8%. 
Compared with the 2008th year, the global market glazed solar collectors had a growth of 27.3% - the 
2009th year (while in the period 2007/2008. it was 36.5%). 
The structure of installed solar collectors, the dominant application are installed for water heating in 
households. Significant, but less space with greater water heating systems in buildings with multiple 
dwellings, in tourism, the public sector and others. In Europe, the significant use of larger combined 
system for domestic water heating and space - in homes and large residential buildings. 
The 2009th year of newly glazed and unglazed water and air solar collectors mostly relate to the 
installation of heating domestic hot water production. A significant increase in the share of the total 
capacity has been made in the use of solar combi systems (heating domestic hot water and heating for 
households), but only in Europe, USA and Canada. A significant increase in the capacity of solar 
systems designed for water heating industry (Middle East, Asia, and China) as well as the capacity of 
water heating systems for multi - family houses (Europe, China). See an increase in the use of solar 
installations in tourism - mainly for domestic water heating (Middle East, China, Asia, Europe). Are 
noticeable, but less than other sectors and the use of facilities that were built in facilities in the public 
sector, such as hospitals, schools, nursing homes and others. (Asia, China, Middle East). The 
minimum capacity of the newly built solar system in the domain of the use of district heating and air 
conditioning ( Europe). 
By 2010-the year in Europe has installed about 47 million m2 of solar thermal collectors, and only 
China in 2009-the same year installed a 31 million m2 of solar thermal collectors. The growth rate of 
installed solar thermal collectors in some European countries is over 25%. It can see that from the 
viewpoint of the intensity of the sun's energy or the surface of the installed solar panels and 
production, the absolute leading country - China.    
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Figure 3. Distribution of the total installed capacity in operation by collector type in 2010. 
 

According to the competent annual report "Solar Heat Worldwide", edition for 2011, on the state of 
solar heating with the market survey and the contribution of thermal solar energy in the world - 
estimated overall production and installed capacities at the end of 2010 - in the area of thermal 
conversion are 196 GW (with about 280.000.000 m2 of solar collectors) - of installed power plants 
with annual produced thermal energy of 162 TWh. In this report a large number of countries in the 
world are included, from which almost all countries in Europe (except for few - including Serbia). To 
given data the capacities in the field of photo - electric plants with overall capacity of 38 GW installed 
and annually produced electricity of around 39,6 TWh should be added. Significantly smaller existing 
capacities relate to heliostat solar plants that are estimated power of 1,0 GW with produced electricity 
of around 2,4 TWh. 
From all operational systems (2009.) of capacity 172.368,6 MW, on vacuum pipe collectors goes 
96.539,1 MW, on glass-plated flat collectors - 54.915,5 MW, not glass-plated - swimming pool and 
other collectors - 19.703,9 MW and the least on air collectors - 1.210,2 MW.  

 
Figure 4. Total capacity in operation [GW] - 2010. and annualy energy generated [TWh] 

 
By the end of 2011., the installed capacity of solar thermal collectors amounted to 234.6 GW as a 
result of installing the 335.1 million square meters of solar collectors that are in operation in 56. These 
countries present 4.3 billion people, or about 61 % of world population. 
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Figure 5. Share of the total installed capacity in operation (glazed and unglazed water and air 

collectors) by economic regions at the end of 2011 

 
Figure 6. Total capacity [GW] in operation 2012. y. and annual energy generated [TWh] 

 
Average of installed unglazed and glazed solar collectors per 1,000 inhabitants per country as follows: 
Cyprus - 542 kW/1000 inhabitants, Austria - 406 kW/1000 ; Israel - 400 kW/1000; Barbados - 322 
kW/1000; Greece - 268 kW/1000; Australia - 212 kW/1000; Germany - 131 kW/1000; Turkey - 129 
kW/1000; China - 114 kW/1000 and Jordan 114 kW/1000 inhabitants. 

 
CONCLUSION 
In 2011-the new installed capacity was 48.1 GW (67,000,000 m2 of collector). This is an increase of 
14.3% compared to 2010. year. As the growth in use of solar installations dynamic -shows so that in 
2012, the installed capacity of solar thermal collectors around 268.1 GW, or about 383 million square 
meters of solar collectors. This has produced a basis for energy production of 225 TWh (it is 
equivalent to saving 24 million tons of oil and reduce carbon dioxide emissions by 73.5 million tons). 
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Abstract: Risk analysis (hazard evaluation methodologies) in refineries involves techniques that are an integral 
part of a process safety management program. These techniques permit plant operators, maintenance planners, 
and refinery managers to know what they can obtain from a hazard evaluation and which one could fit their 
needs.  Frequently, these techniques are only deemed necessary or receive managerial attention prior to the 
design of a new plant, a major revamp or when an accident or serious incident occurs. However, a refinery is a 
collection of unit processes, each of which operates in concert with the others to produce saleable products.  Risk 
analysis for the refinery as a whole is itself of questionable validity and a risk analysis must be performed for 
each unit process.  The approach used in this article is to examine the various types of risk throughout a refinery 
using chemistry and engineering as the background from which to work.  Relevant decisions are based upon 
objective scientific and engineering evidence rather than subjective evidence and thereby stand a better chance of 
identifying and mitigating the various risks.   
Key words: risk analysis, refining industry 

 
INTRODUCTION  
 
Risk evaluation (hazard evaluation methodologies) is an integral part of a process safety management 
program.  These techniques permit plant operators, maintenance planners, and refinery managers to 
know what they can obtain from a hazard evaluation and which one could fit their needs.  Frequently, 
these techniques are only deemed necessary or receive managerial attention prior to the design of a 
new plant, a major revamp or when an accident or serious incident occurs. The use of these techniques 
provides safeguards that prevent and protect against process upsets and contribute towards devising 
solutions for the minimization of possible catastrophic or non-catastrophic outcomes.  It is 
recommended that these techniques be used on an on-going recurrent basis. Both operators and 
management should become familiar and apply them recurrently and consistently, not only leaving 
them to the specialists. 
Independent testing can serve as an protection to reduce the technical risks of new process technology 
factors which contribute to technical risks not only when implementing new process technologies in 
the refining industry but during the operation of mature refineries, as well as the changes that occur in 
the crude slate on a weekly if not daily basis (ASTM, 1998; Murray et al., 2006; Payne, 2011).  In 
addition, the complex nature of heterogeneous catalysts used in the conversion of those fractions to 
marketable products must also be a part of risk assessment. Furthermore, reactor hydrodynamics and 
operational issues can pose significant technical risks.  
However, a refinery is a collection of unit processes, each of which operates in concert with the others 
to produce saleable products.  Risk analysis for the refinery as a whole is itself is of questionable 
validity and a risk analysis must be performed for each unit process.  Thus, risk cannot be mitigated 
unless it is first assesses for each specific unit process which, considering the complexity of a refinery, 
can be an enormous undertaking and requires a significant amount of time and resources. Multiple 
failure scenarios exist on every single vessel, tank, pump, compressor and piping circuit. And each 
failure scenario has numerous possible consequences. For the various pieces of equipment used for the 
unit processes, it is necessary to consider the various degradation mechanisms that may apply.  The 
available inspection data, process conditions, and past history can be used to determine the probability 
of failure over the specified timeframe. Consider the experiences of other refineries as well. The 
approach used in this article is to examine the various levels of risk throughout a refinery using 
chemistry and engineering as the background from which to work.  Relevant decisions are based upon 
objective scientific and engineering evidence rather than subjective evidence and thereby stand a better 
chance of identifying and mitigating the various risks.   
 

 70

mailto:jamesSp8@aol.com


III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

REFINERY RISKS 
 
When considering technical risk in the refining industry, the crude oil feedstock is a major contributor. 
Crude oil is a complex mixture of hydrocarbons and hydro carbonaceous derivatives (nitrogen-, 
oxygen, and sulfur-containing species as well as metal-containing constituents) that boil over a wide 
range of temperatures. Reaching beyond the maximum cut points of vacuum-packed column 
distillation (approximately 1040°F, 560oC) and compositional fractionation methods indicate that the 
maximum atmospheric equivalent boiling point of crude oil exceeds 2500°F (1370°C) (Speight and 
Ozum, 2002; Hsu and Robinson, 2006; Gary et al., 2007; Speight, 2014).  Indeed with the reality that 
changes in the slate of crude oil feed stocks is already including more heavy oil and tar sand bitumen 
components and the projection that that refining industry will continue in its present form (or at least 
in a similar form) well into the 21 Century (Speight, 2011) there is the need to emphasize the 
continuation of risk analysis for the refining industry.   
 
Feedstock Changes 
 
The technical risk associated with the complexity of feed stock composition is that the potential 
outcome of a process technology implementation involving anew feedstock may not be completely 
known, since no two crude oils are the same (Speight, 2014).  In spite of many claims of success, a 
complete composition analysis of the more complex feed stocks such as heavy oil and tar sand 
bitumen is impossible and that simplified assumptions (always a risk) must be made (Khader and 
Speight, 2005). 
Thus, instead of focusing on individual compounds (and promising that petroleomics will solves 
everything in terms of composition) or focusing on groups of compounds that fall into similar 
chemical classifications, a study of real refinery behavior and any associated risks is necessary.  
Indeed, the less that is known about the feedstock, the greater the technical risk and the higher the 
probability of failure during some aspect of refinery operations.   
 
Feedstock Compatibility 
 
Current refineries are a complex series of manufacturing plants that can be sub-divided into (1) 
separation processes, (2) conversion processes, and (3) finishing processes (Speight and Ozum, 2002; 
Hsu and Robinson, 2006; Gary et al., 2007; Speight, 2014).  Incompatibility can occur not only in 
petroleum products but also in the crude oil blends used as the refinery feedstock.   
However, incompatibility of different crude oils, which can occur if, for example, a paraffinic crude 
oil is blended with heavy asphaltic oil, can cause sediment formation in the unrefined feedstock or in 
the products, thereby complicating the refinery process (Mushrush and Speight, 1995; Abu-Khader, 
and Speight, 2007; Speight, 2014).   
The technical risk associated with feedstock complexity and the potential for incompatibility of the 
component blends can be assessed by use of analytical methods (Speight, 2014) and the potential for 
such an event can be mitigated.   
 
Catalyst Risks 
 
Another important factor affecting risk assessment is the heterogeneous catalyst used in the conversion 
process. The composition of a solid catalyst can be complex; the catalyst is often dual-functional, in 
that the acidic function provided by the zeolite catalyzes cracking and isomerization reactions, and the 
metal function catalyzes hydrogenation reactions, as is the case with hydro cracking catalysts. 
Moreover, a binder, such as alumina, is used as support or to give the solid catalyst particle 
mechanical strength. Although substantial advances have been made in understanding heterogeneous 
catalysts, factors such as diffusion limitations, poison sensitivity, limited understanding of reaction 
mechanism sand of the structure of the active sites contribute to technical risk. 
Again, the technical risk associated with catalyst complexity is that the potential outcome of new 
process technology involving a new catalyst is not completely known. 
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Reactor Hydrodynamics 
 
In a trickle-bed reactor, the ideal flow pattern is that the liquid flows as a continuous film over the 
catalyst particles, with the hydrogen flowing through the remaining void space and diffusing through 
the liquid film to the catalyst surface. However, commercial trickle-bed operations have been shown to 
be non-ideal and are affected by, for example, liquid and gas mal-distribution and mass transport 
limitations.   
The probability of failure in such a situation is difficult, if not impossible, to calculate. However, a 
hydrotreater that is not able to meet the performance standards predicted by realistically-operated pilot 
plant units, the probability of failure of a commercial trickle-bed hydrotreater becomes an issue. 
 
Operational Risks 
 
Risks that are often overlooked are the risks associated with operational issues that are due to 
problems arising from the operation of an existing refinery unit.  These include issues related to 
plugging of reactors, excessive wear of control valve stems or unanticipated corrosion of equipment.  
In fact, switching to acceptance and processing heavy oil and tar sand bitumen feed stocks other than 
conventional crude oil in a refinery built for processing conventional feed stocks will most likely lead 
to unanticipated operational problems. For example, hydro processing heavy feedstock is affected by 
reactor bed plugging due to reacted asphaltene species that are incompatible with the liquid phase, 
fines, such as dirt, sand, salt and corrosion products. 
Again, the less is known about potential operational problems, the greater the risk and the higher the 
probability of failure of the process. 
 
Environmental Risks 
 
The environmental risk assessment methods deal with different factors and parameters.  However, it is 
necessary to ensure that all of the environmental parameters, risks, and the consequences of any 
environmental leaks have been considered. Identifying the proper method of risk assessment may lead 
to pursuing scientific and operational management of risks besides substantial study of all the 
identified hazards. 
Environmental risk performance assessment studies are used upon applying environmental assessment 
approach and focus on an analysis of the weaknesses and strengths of risk assessment of human and 
natural systems in comparison with safety and environmental standards, rules, regulations, and 
requirements. In other words, the environmentalists intend to make an assessment in regard to the 
function of the development project and how to study and control the identified risks in the preceding 
phase by this approach. Relying on the results of this assessment, it is revealed that which part of the 
subject system is sensitive to performance or has a problem since the goals if such studies are to 
provide the most useful short-term and long-term solutions through technical, economic, and 
environmental justifications. Different steps of research methodology and environmental risk 
performance.   
Thus, the main objectives of risk assessment process in the environment are: (1) reducing the 
frequency and severity of accidents, (2) minimizing damages to ecosystems, (3) supplying safe 
conditions for the flora and fauna, including humans, and (4) ensuring that the relevant rules and 
regulations are in place and understood by refinery personnel.  Omission of risks and hazards, 
identifying methods of the environment protection, codifying safety plans, preparing documents and 
reducing the environmental damages are among advantages of environmental risk assessment 
(Narimisa et al., 2013). 
 
MITIGATING REFINERY RISKS 
 
The concept of risk and risk mitigation measures are well developed in the field of process plant safety 
to evaluate the hazard potential of refinery installations or changes to refinery installations. Risk 
mitigation measures can be categorized according to the degree of quantification.  
Foremost, the location of the risk determines its priority. The combination of high probability and high 
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consequence likely means urgent action is needed; while low probability and low consequence 
conveys minimal to no action needed.  Once a comprehensive list of risks along with their relative 
priority has been assembled, managing these risks becomes easier. A reasonable criteria can be created 
determine the urgency of addressing each risk. There are several methods available for evaluating risk 
assessment and the emphasis must be on the most appropriate method for the task.  The approach must 
provide information on both refinery management and risk barrier failures (Kalantarnia et al., 2010; 
Pitblado and Fisher, 2012).   
For example, hazard and operability studies (HAZOP studies) are qualitative and simplified 
quantitative methods, such as the chemical exposure index (CEI) as well as he fire and explosion index 
(F&EI), use relative rankings of hazards.  Furthermore, the hazard and operability study involves a 
multi-disciplinary team and is a structured and systematic examination of a planned or existing process 
or operation in order to identify and evaluate problems that may represent risks to personnel or 
equipment, or prevent efficient operation. A HAZOP is a qualitative technique based on guide-words 
and is carried out (HAZOP team) during a set of meetings.   
The overall outcome of the HAZOP team is a determination of the possible significant deviations from 
each intention, feasible causes and likely consequences. It can then be decided whether existing, 
designed safeguards are sufficient, or whether additional actions are necessary to reduce risk to an 
acceptable level (Abu-Khader, and Speight, 2004). 
Full quantitative methods, such as refinery quantitative risk analysis completely quantify the risks 
associated with an event. Moreover, layer of protection analysis (LOPA) identifies independent layers 
of protection that reduce risk. An independent protection layer(IPL) is a device, system, or action that 
is capable of preventing a scenario from proceeding to its undesired consequence independent of the 
initiating event or the action of any other layer of protection associated with the scenario (Absil, 
2011).   
 
CONCLUSIONS 
 
Factors contributing to technical risks when implementing new process technologies in there fining 
industry include feed stock complexity, catalyst complexity, reactor hydrodynamics, and operational 
issues. 
Risk analysis can be used in refinery plant safety and analytical data illustrating feedstock behavior as 
well as independent pilot plant testing services can serve as independent findings to reduce these risks.  
The experience can show how risk analysis can be applied to mitigate the risk of for example (1) crude 
oil incompatibility, (2) product incompatibility, and (3) reactor bed plugging.  
The motivation of such as analysis is to quantify the risks that are associated when introducing new 
feed stocks to a refinery or implementing new process technology in the refinery so that they can be 
controlled. Decisions must be made on objective quantified evidence so that risks can be minimized.   
Finally, a risk assessment program that does not function well can be almost as dangerous as not 
having one. If the right risks aren’t identified or if the risks are not quantified correctly it can give the 
refinery management and personnel a false sense of security, or force them to spend money in the 
wrong areas (Payne, 2011).If the risk analysis is incomplete, there may be some major issues lurking 
that aren’t getting the deserved attention. If the quantification of the risk is inconsistent, management 
may lose trust in the system and stop utilizing it in order to make decisions. By understanding and 
assessing underlying risk factors and predictors of catastrophic incidents, refinery and chemical plant 
operators can better plan, develop and prioritize appropriate mitigation plans (Walters and Ross, 
2011).In addition, it is critical that the right resources are dedicated to the proper identification and 
quantification of risks at your refinery. A properly functioning program will minimize unnecessary 
work and prevent major failures in the future.   
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Abstract: In this paper, risk assessment for the activities associated with construction of bridge as part of the 
risk assessment for the project comprising building of new motorway section from Demir Kapija to the village of 
Smokvica, Republic of Macedonia is presented. After identified risks and hazards, during activities related with 
bridge works and after performed risk assessment, control measures are proposed. 
Key words: risk assessment, motorway, bridge, control measures 

 
INTRODUCTION  
 
Branch of AKTOR ADT Greece in the Republic of Macedonia is the main contractor building the rest 
of the highway A-1 (E-75) from the town of Demir Kapija to the village Smokvica as part of the Pan-
European Corridor X. The challenge on this project is to develop 28 km of new motorway section 
through difficult and environmentally sensitive terrain. Construction of the highway section, among 
other things will include construction-drilling of 2 twin tunnels with a total length of 4.5 km, 6 major 
river bridges/viaducts, 2 interchanges and 12 overpasses/underpasses. The works that will be 
performed in the section Demir Kapija – Smokvica are comprised of: road works, tunnel civil works,  
bridge works, overpasses, underpasses, junctions, associated auxiliary and temporary works including 
service roads, access roads, landscaping. 
In this paper, the methodology of risk assessment, risk assessment and control measures for activities 
associated with construction of bridge on the motorway section Demir Kapija - Smokvica are 
presented.  
 
THE RISK ASSESSMENT METHODOLOGY 

 
Team of professionals in the field of safety of work from the Faculty of Technical Sciences Bitola 
prepared risk assessment for the whole project, [1]. The risk assessment is made in accordance with 
the Law on safety and health at work, [3] and Rulebook on minimal requirements related to safety and 
health at work for temporary or mobile construction sites [4]. The recognition and identification of 
risks and hazards in the workplace is made on the basis of data gathered from documents available to 
the Employer, observation and monitoring of the process at work in the workplace, gathering the 
necessary information and staff information and other sources. The Risk Assessment methodology 
presented in this paper is comprised of four levels 
 

 HAZARD IDENTIFICATION 
 
At the first level, for each construction activity, a method statement has to be developed. Based on the 
method statement potential hazards are identified. 
 

 RISK ASSESSMENT 
 
After having identified the hazards we calculate the risk per hazard. This calculation can be a 
qualitative or quantitative or both, if practicable.  It is proposed that the occupational risk assessment 
is calculated qualitative, but without excluding other forms of similar competence. According to the 
Risk Assessment methodology each activity is broken down to tasks, it considers the hazards 
associated with each task and assesses the risk by assessing the likelihood of an event of a 
particular severity to occur and multiplies this likelihood with the corresponding severity (see sample 
risk assessment in the next page). Always the worst case scenario is considered. 
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The Severity is specified qualitatively by setting classification criteria which determine how serious 
the impact of a hazard is. Severity is rated into five levels as shown in Table 1.The assessment of the 
likelihood of a risk is made by using Table 2. Table 3 is the Risk Matrix which incorporates the criteria 
for assessing the severity and the likelihood, and is an effective tool for assessing and presenting the 
risk that can be understood at all levels 
 

 SAFETY MEASURES EVALUATION 
 
Completing a risk assessment with safety measures proposed, it is expected that the residual risk is 
trivial or minor. If this is not the case, then further measures are proposed. 
 

 SAFETY MEASURES REVALUATION – REVISION 
 
The  final  stage  of  the  Risk  Assessment  is  about  revaluating  and  revising  the  assessment 
depending on the nature of the Hazards and the various changes in the method statements. 
 
Table 1. Rating Severity 

Rating Severity 

1 Trivial Trivial, minor first aid treatment. Back to work same day 

2 Minor Minor woods, first aid treatment. Back to work within three days from incident 

3 Moderate 
First aid treatment. Hospital treatment. Back to work after 3 days from incident.   
No operation 

4 Major Hospital treatment. Operation is required. Back to work after 60 days from incident or 
requirement for changing post due to injury 

5 Severe Change work, Death 

 
          Table 2. Rating Likelihood 

Rating Likelihood 
1 Almost zero Impossible or almost impossible to happen 
2 Low The likelihood is very low
3 Possible It is possible to happen
4 High It is very likely to happen 
5 Almost certain It is almost certain or certain 

                                        
RISK = SEVERITY x LIKELIHOOD 

 
Table 3. Rating Risk Summary (see table 4) 

Assessment Risk 
Rating 

 

(Quantification) 
Acceptable risk. No additional safety measures required. Trivial 1 (1-2) 
Acceptable risk.  No additional safety measures required apart. 
A more close supervision and safety measures implementation might 
be required. 

 
Minor 2 (3-5) 

Not acceptable risk. Action is required. Measures should be fully 
implemented within a month. Moderate 3 (6-8) 

Not acceptable risk. Action is required. Measures should be fully 
implemented within a week. Major 4 (9-14) 

Not acceptable risk. Action is required. Works must be stopped 
Immediately Measures should be fully implemented immediately. Severe 5 (15-25) 
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 Table 4. Risk classification 
Severity 

Trivial Minor Moderate Major Severe  
Risk = Likelihood X Severity 

1 2 3 4 5 
Almost zero 1 1 2 3 4 5 
Low 2 2 4 6 8 10 
Possible 3 3 6 9 12 15 
High 4 4 8 12 16 20 

 

L
ik

el
ih

oo
d 

Almost certain 5 5 10 15 20 25 
 
RISK ASSESSMENT FOR THE BRIDGE B6 
 
Before analyzing the major risks associated with bridge construction, the main bridge construction 
methods should be known. The main bridge construction methods are: flasework method, incremental 
launching method and cantilever method, [6]. Because the activities related to constructing of high 
motorway bridges include many different civil works, activities on the identification of hazard and risk 
are relatively difficult. Generic risks during construction of a highway bridge can be found in the 
literature related to this area. Due to pages limitations, in this article only an excerpt from the detailed 
risks assessment for the construction of bridge B6 is given in Table 5. 
 
Table 5. Excerpt from the detailed risk assessment for construction of bridge B6 

Activities/ 
work phases Hazards Risk Risk 

severity Safety Measures 

General 
excavation 
of 
foundations 

Earthworks 
 
 
 
 
Confined space 

Collision / crushing / 
fall (at deep 
excavations) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dust 
Reducing the 
depth of 
excavation, as 
above, it 
eliminates the risk 
in the closed 
space 

High 
 
 
 
 

Low 

Operator / Personnel  
experienced 
Trained personnel 
Use of PPE 
The entry or exit from 
the pit must become 
with the use of 
appropriate ladder 
Remotion of personnel 
out of load path where it 
is possible 
The operator must have 
the proper licence 
The equipment must be 
equipped with reverse 
alarm that is working 
Assistance by an 
operator for the 
equipment movements  
Personnel with no 
executed wok must 
draw away from the area 
The vehicles activities 
must be at safety 
distance from the edge 
of pit 
In areas of pits that no 
works executed must be 
safety closed  
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Spraying with water in 
case of dust 
Create different points 
of access and egress 
and fencing of the 
construction zone of the 
pedestals 

Unstable seat 
Lack of 
adequate space 
Pre-existing 
aerial networks 
Scroll bunding 
Flood / 
flooding 
project  

Proper mounting of 
the machinery 
 
Safe distance  the 
boom from 
overhead networks 

Low 
 
 
 

High 

Presence 
Geotechnical / 
Geologists 
during 
manufacture 
qualified staff 
Appropriate 
equipment 

Use of 
construction 
equipment 

Collision, crushing, 
tipping over 

High Before starting works 
with heavy equipment 
ensure the soil condition 
is good 
The equipment must be 
equipped with reverse 
alarm that is working 
Operator / Personnel  
experienced, careful and 
licensed 

Use of electrical 
tools 
 

Workers 
electrocution 

High The tools shall be 
insulted, earthed and 
with undamaged wire 
Working floor without 
water 

Exposure to 
harmful factors 

Solar radiation 
 
Noise / vibration / 
shocks 
Dust 
 
Outdoor /work-frost 
 
Outdoor work-heat 

Medium 
 

High 
 

Medium 
 

High 
 

Medium 

Use of up to date and 
well maintained 
equipment for reduced 
noise production 
Shock – absorbing 
handles 
Continuous 
impregnation treatment 
for dust 
Controlled operations 
during frost and heat 
Personal Protection 

Manual load 
handling 

Musculoskeletal 
conditions 

Medium 25 kg of load per worker 
training for the safe load 
lift and transportation 
mechanical load 
handling 
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Dangers  of 
construction 
equipment 
/lifting works 

Load lift / collision 
 
 
 
 
 
 
 
 
 
 
Hand tools 
 

High 
 
 
 
 
 
 
 
 
 
 

Low 

Operator / Personnel  
experienced and careful 
Trained personnel 
Use of PPE 
Remotion of personnel 
out of load path where it 
is possible 
Optic contact during 
transport or guide help 
Safety load binding 
The operator must have 
the proper licence 
Before starting works 
with heavy equipment 
ensure the soil condition 
is good Personal 
Protection 

Falls from 
height 

Gaps in scaffolds 

Subversion. failure 

assembly 

Subversion. bearing 

failure 

Collapse 

 

High 

High 

 

High 

 

High 

Tying tools 
Avoid storing materials 
in floor scaffolding 
Safe tying to transfer 
items 
Personal Protection 
Use certified scaffolding 
Applicability - 
Compliance studies 
scaffolding (if required) 
Adequate support (fixed 
seating etc) - complete 
flooring work 
Measures against 
overturning  

Assembling - 
disassembly 
scaffolding / 
formwork 
Assembling - 
disassembly 
metal body 
bridging 

Exposure to 
harmful factors 
 

Solar radiation 
Noise / vibration 
Dust 
Outdoor work - frost 
 
Outdoor work - heat 

Medium 
Low 

Medium 
Low 

 
Medium 

Continuous wetting the 
road to avoid  
The dust 
Controlled operations 
during frost and heat 
Personal Protection 

Concrete 
works 
(concreting 
piers / walls 
/abutments / 
retaining 
walls) 
 

Dangers  of 
construction 
equipment 

Vehicle crash 
Vehicle collisions - 
people 
Vehicle crashes - 
fixed obstacle 
Crush between 
vehicle - machine 
Crush between 
vehicle - fixed 
obstacle 
Uncontrolled 
movement. system 
failures 
Uncontrolled 
movement. 
incomplete 
immobilization 

Medium 
High 

Medium 
Medium 

 
Medium 

 
Low 

 
 

Low 
 
 

Low 
 
 
 

Check fencing 
Fixed seating machine 
appropriate signage 
Accompanying 
documents (licenses & 
insurances operator / 
machine, authorization) 
Prohibition overload 
vehicles - machinery 
The machines will be 
equipped with beacon 
and reversing beep 
keeping driving code 
Proper maintenance 
machinery (Technical 
Manual) Personal 
Protection 
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unstable seat 
Lack of space 
Construction Tools 

 
Low 

Falls from 
height 

Gaps on floors 
Lack of ends on the 
flooring 
Elevated paths and 
footbridges 
Mobiles Ladders  
Suspended floors. 
Failure suspension 
Gaps in scaffolds 
Subversion. Failure 
assembly 
Subversion. Bearing 
failure 
Collapse. Failure 
material of the 
scaffold 

High 
High 

 
High 

 
High 

 
High 
High 

 
 

High 
 

High 
 
 

Personal Protection 
tying tools 
Safe tying tools to carry 
items 
Assembly and use of 
mobile and fixed 
scaffolding in 
accordance with 
regulations 
Adequate support (fixed 
seating etc) - complete 
flooring work 
Measures against 
overturning (eg 
anchorage fixed point) 
Fencing - Labeling of 
working area 
availability pharmacy 
avoiding overload 

 
The conducted risk assessment is part of the total H&S plan implemented by the Contractor which also 
involves permanent health and safety related campaigns, on-site trainings and education of the staff, [2].  
 
CONCLUSION 
 
Construction of high motorway bridge is one of the activities with highest hazards. In order to reduce 
the hazards, emergency procedures are developed and workers are adviced to strictly follow these 
procedures accompanied by control measures. Some of these control measures are [5]:  
 

 All work surfaces should be properly installed in order to prevent their collapse/breakage, and 
to prevent people or objects falling out of them; they as well as all cavities and openings, must 
be securely fenced safe and stable positioning of ladders is a must; all open pits, in the field 
and in the work areas must be safely fenced; 

 Wearing of safety-shoes with non-slip soles; it is also possible to roughen (by various 
techniques) all or some of the work surfaces; 

 All means for preventing worker injury should be applied prior to and during excavation, as 
well as before carrying out demolition works, if required; compliance with the specific 
regulations dealing with excavation is a must; 

 Usage of personal protection equipment fit for protecting the whole body, inc. crashhelmets, 
safety shoes and goggles; 

 Work surfaces, floors, footpaths and similar passages must be free from protruding nails, 
binding wires, and all other obstacles; 

 Work clothes have to be fitted to the climatic conditions; in order to prevent dehydratation, all 
workers should drink enough water; use gloves and safety clothes according to need; 

 Wear safety shoes that have inherent isolation, and do not work with detective tools 
 Use appropriate clothing and head covers, for protection against inconvenient climatic 

conditions, inc. solar radiation; 
 When necessary, consult with an ergonomist and/or environmental engineer and 
 When working over water, the employer is required to provide employees with approved life 

jackets. 
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Handling and storing materials involves diverse operations such as hoisting tons of steel or concrete 
with a crane. It is important to know the rated capacity of cranes and rigging equipment to prevent 
overloading conditions. 
 

 Cranes must be inspected frequently by people thoroughly familiar with the crane. 
 If slings are used, they must be visually inspected before use and during operation. Defective 

equipment must be removed from service. 
 Hoisting routes that minimize the exposure of employees to hoisted loads must be used. 
 Materials must be rigged by a qualified rigger. 
 Materials being hoisted must be rigged to prevent unintentional displacement. 
 A tag or restrain line must be used if necessary to prevent rotation of the load that would be 

hazardous. 
 Where a signal person is required, the type of signals must be established and understood by 

the crane operator, signal person and lift supervisor. 
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Abstract: The subject of this paper is to give a brief overview of the risk assessment for the motorway tunnel as 
part of the risk assessment for the project comprising building of new motorway from the town of Demir Kapija 
down to the village of Smokvica, Republic of Macedonia. That is the last un-upgraded section of the existing 
motor road/motorway E-75, that runs through the Republic of Macedonia and connects Republic of Serbia and 
the Republic of Greece. Construction of the remaining section of this motorway will enable faster and more safe 
transportation of people and goods from Central Europe to Greece, or to Turkey and Near East since it will be 
connected to “Via Egnatia” (West-East) motorway in Greece. Team from the Faculty of Technical Sciences – 
Bitola prepared risk assessment for the whole project comprising 30 different work places and is constantly is 
engaged as a consultant for Health and Safety at work related issues, [1]. According to identified risks (hazards) 
during tunneling road works, control measures are proposed in order to reduce or eliminate this risks. 
Key words:  risk assessment, motorway, tunnel 

 
INTRODUCTION  
 
The motorway section is passing through the Demir Kapija canyon and the remaining gorge and 
through the more or less flat area from the village Miravci to the village Smokvica. The works that 
will be performed in the section Demir Kapija – Smokvica, can be seen in the project’s time schedule 
and comprise of:  
• Road works  
• Tunnel civil works  
• Bridge works  
• Overpasses  
• Underpasses  
• Junctions  
• Associated auxiliary and temporary works including service roads, access roads, landscaping etc. 
In total, the project involves construction of 28.2 km of new dual carriageway, including two twin 
tunnels of a total length of 4.5 km, 6 major river bridges/viaducts, 2 interchanges and 12 
overpasses/underpasses. The main Contractor on the project is AKTOR S.A., the largest construction 
company in Greece. 
Risk Assessment is a structured process to identify risks, assess risks and define safety measures or 
arrangements to remove/isolate or reduce risk as far as it is reasonably practicable and control residual 
risks..  

 

THE RISK ASSESSMENT METHODOLOGY 
 

The Risk Assessment methodology presented in this paper is comprised of four levels, [2,3]. 
 
•   HAZARD IDENTIFICATION 
 
At the first level, for each construction activity, a method statement has to be developed. Based on the 
method statement potential hazards are identified. 
 
•   RISK ASSESSMENT 
 
After having identified the hazards we calculate the risk per hazard. This calculation can be a 
qualitative or quantitative or both, if practicable.  It is proposed that the occupational risk assessment 
is calculated qualitative, but without excluding other forms of similar competence. 
According to the Risk Assessment methodology each activity is broken down to tasks, it considers the 
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hazards associated with each task and assesses the risk by assessing the likelihood of an event of 
a particular severity to occur and multiplies this likelihood with the corresponding severity (see sample 
risk assessment in the next page). Always the worst case scenario is considered. 
The Severity is specified qualitatively by setting classification criteria which determine how serious 
the impact of a hazard is. Severity is rated into five levels as shown in Table 1 
The assessment of the likelihood of a risk is made by using Table 2 
Table 3 is the Risk Matrix which incorporates the criteria for assessing the severity and the likelihood, 
and is an effective tool for assessing and presenting the risk that can be understood at all levels 
 
•   SAFETY MEASURES EVALUATION 
 

Completing a risk assessment with safety measures proposed, it is expected that the residual risk is 
trivial or minor. If this is not the case, then further measures are proposed. 
 
•   SAFETY MEASURES REVALUATION – REVISION 
 

The  final  stage  of  the  Risk  Assessment  is  about  revaluating  and  revising  the  assessment 
depending on the nature of the Hazards and the various changes in the method statements. 

 
Table 1. Rating Severity 

Rating Severity 

1 Trivial Trivial, minor first aid treatment. Back to work same day 

2 Minor Minor woods, first aid treatment. Back to work within three days from 
incident

3 Moderate First aid treatment. Hospital treatment. Back to work after 3 days from 
incident.  No  operation 

4 Major Hospital treatment. Operation is required. Back to work after 60 days from 
incident or requirement for changing post due to injury 

5 Severe Change work, Death 

 
Table 2. Rating Likelihood 

Rating Likelihood 
1 Almost zero Impossible or almost impossible to happen 
2 Low The likelihood is very low
3 Possible It is possible to happen
4 High It is very likely to happen 
5 Almost certain It is almost certain or certain 

                                        
RISK = SEVERITY x LIKELIHOOD 

Table 3. Rating Risk Summary (see table 4) 

Assessment Risk 
Rating 

 

(Quantification) 
Acceptable risk. No additional safety measures required. Trivial 1 (1-2) 
Acceptable risk.  No additional safety measures required apart. 
A more close supervision and safety measures implementation might 
be required. 

 
Minor 2 (3-5) 

Not acceptable risk. Action is required. Measures should be fully 
implemented within a month. Moderate 3 (6-8) 

Not acceptable risk. Action is required. Measures should be fully 
implemented within a week. Major 4 (9-14) 

Not acceptable risk. Action is required. Works must be stopped 
Immediately Measures should be fully implemented immediately. Severe 5 (15-25) 
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Table 4. Risk classification 

Severity 
Trivial Minor Moderate Major Severe  

Risk = Likelihood X Severity 
1 2 3 4 5 

Almost zero 1 1 2 3 4 5 
Low 2 2 4 6 8 10 
Possible 3 3 6 9 12 15 
High 4 4 8 12 16 20 

 

L
ik

el
ih

oo
d 

Almost certain 5 5 10 15 20 25 
 
RISK ASSESSMENT FOR THE TUNNEL T1 
 
Construction of the tunnels is done according to NATM (New Austrian Tunneling Method) in two 
stages. First, the upper part of the portal is drilled, blasted and the remaining material from blasting is 
removed by excavation. After that, the same procedure applies for the lower part of the tunnel. Next 
phase is shotcreting with wet concrete followed by installation of lighting fixtures. After this phase, 
prior to formworks and final concreting works on the tunnel’s arches, pedestrian pathways are 
constructed. Finnal stage of the tunnel construction are finishing roadworks. 
As described above, tunneling works include many different civil works activities (surveying, 
excavation, drilling, charging, blasting, etc…), hence identification and assessment of risks was 
relatively difficult. Due to pages limitations, in this article only an excerpt from the detailed risk 
assessment for the construction of tunnel T1 is given in Table 5. 
 
Table 5. Excerpt from the detailed risk assessment for construction of tunnel T1 

Activity / 
operation 

Health & Safety 
(HS) and 

Environmental (E) 
risks 

Risk 
severity Protective Measures 

Technical or 
Organizational 

Measures for the 
Control of the 

Remaining Risk 
Inability to call/ 

receive assistant due 
to lone working 

H • Always works in pairs 
• Always before working in 

isolated areas inform 
colleagues in the office 
about when expecting to 
finish work 
 

• Provide with an 
emergency phone at all 
times 

• Provide with a first aid 
kit at all times 

Heatstroke M • Workers to wear a safety Hat 
• Drink water regularly 
• Avoid short sleeves and dark 

colourless clothes  

-  

Surveying 
works (setting 
out and 
leveling 
embankment) 

Hit by equipment H • Licensed operator 
• Properly maintained 
• Audio and visual reverse 

alarm 
• Clear manoeuvring area 
• All stay at least 5 meters 

away from working area of 
equipment 

• Provide to a person to 
regulate plant traffic 
locally 

• Stop all equipment 
within the 
measurements area 

• Wear high visibility 
vest all times 

• Wear safety helmets 
and boots 
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Manual handling 
Injury 

M • Handle heavy 
materials/elements in 
pairs. 

• Use mechanical means 

• Personal protection 
(PPE) 

Installation of 
corrugated 

polypropylene 
pipes 

Load falls off 

/lifting tackle (gear) 
fails 

H • Licensed operator  
• Fixed lifting points 
• Experienced rigger  
• Check the load before 

lifting 
• Proper lifting tackle in 

perfect condition 
• Lifting gear capacity check 

and in consistence in 
between them 

• Inspect before use 
• Continuous supervision 
• Clear travel road 
• Clear vision of load by the 

operator, otherwise an 
experienced signaller should 
be in place 

• Loading procedures 
• Fasten load tightly and 

secure it 

Material falling of the 
truck 

H • Licensed driver 
• Driver in good condition 
• Load to be checked before 

leaving 
• Never overload the truck 
• Vehicle properly maintained 

and in good condition 
(lights, brakes, reverse 
alarms, tyres). 

• Door and hatches to be 
locked during every truck 
movement  

• Construct adequate site roads 
and maintain them properly  

• Loading procedures 
• Fasten load tightly and 

secure it 
• Fine materials to be 

covered at all times 
 

Damage site utilities H • Surfaces utilities to be 
mechanically protected 

-  

Damage existing 
roads, structure, etc 

M • Routes to be verified for 
suitability and capacity 

•  

-  

Vehicular accident 
irrelevant of the road 

H • License driver 
• Comply with traffic 

regulations 
• Vehicle in good condition  
• Levelled roads on site 
• Strict traffic rules on site 
• Check for height restrictions  

• Consult with 
authorities for 
transporting 
material outside the 
site 

Mechanically 
transporting 

materials 
(placement of 
embankment 

material) 

vehicle diversion 
from the road 

 • placement bilaterally of the 
road reinforced concrete new 
jerseys 

 
 
 
 

• appropriate warning  
signs  for drivers 

• speed limit 
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Truck overturning H • Do not overload truck 
• Do not lift the skip if 

overloaded 
• Do not unload close to the 

embankment edges 
• Use the bulldozes to push the 

material towards the edges   

-  

Fall off from heights M • Safe access 
• Safe working area 

-  

Hit by material H • Unloaded area to be 
supervised at all times 

• Door and hatches to be 
unlocked just before 
unloading and from the site 

 

 

Falling objects M • Do not have people 
underneath the operations 

• Trained employees 
on Health and Safety 
issues 

• Personal protection 
(PPE) 

 
It should be noted that the conducted risk assessment is only part of the total H&S plan implemented by 
the Contractor which also involves permanent health and safety related campaigns, on-site trainings and 
education of the staff. This is followed by regular measurement of noise, lighting, toxic gases and 
flammable gases in the tunnels, especially before/after blasting works, complying to local and EU 
legislative, [4, 5 and 6]. 
 
CONCLUSION 
 
Construction is one of the industries with highest hazards. Risk assessment methodology applied for 
tunneling works follows the construction process. Construction of road tunnels, appart from typical 
construction works hazards, involves many non-typical types of risks, such as oxygen deprivation, 
work in toxic and flammable atmosphere and exposure to dust due to working machinery or after 
blasting. In order to reduce the hazards, emergency procedures are developed and workers are adviced 
to strictly follow these procedures accompanied by control measures. Some of these measures are:  

- Performing of air monitorning and provision of proper ventilation. If oxygen level drops 
below 19 percent, works must be halted and additional ventilation must be enforced; 

- Tunnel atmosphere to be constantly monitored during work. Workers to be trained in the use 
of monitoring equipment and evacuation procedures; 

- Rescue equipment to be provided and all workers to wear safety harnesses, helmets and 
protective clothing; 

- Measure and monitor the levels of O2 and toxic gases. Use breathing apparatus if necessary. 
Provide sufficient ventilation; 

- Workers to be trained in the hazards of operating in confined spaces. Workers to be trained 
in the use of rescue equipment and gas detection equipment. Locate the position of the fire 
extinguishers and in a case of emergency be ready to use them; 
 - Always use the routes provided for pedestrians and avoid using the route used by vehicles and 
equipment. Always wear the high visibility vest when working in the tunnel; 
 - Pay attention for falling debris when working in areas that have not been secured with 
proper temporary or permanent support. Proper lighting will be throughout the length of the tunnel and 
especially in the areas where work is being performed; 
 - Use ear protection, especially when working at the head of the tunnel, where the 
machinery operates; 
 - Where dust is likely to be a hazard to health, suitable Personal Protective Equipment (PPE) – 
breathing apparatus MUST BE PROVIDED AND WORN. 
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TUNNELS AS AN AIR POLLUTANT ON DEMIR KAPIJA – 

SMOKVICA MOTORWAY CONSTRUCTION  
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Abstract: This paper presents the results of the impact of gases on environment as a result of blasting in the 
tunnels which is part of the construction area in the project E-75 Motorway section Demir Kapija – Smokvica. 
Measured values of gases СО, CO2, NO, NO2 NOx, after blasting are very high, and with a very high impact on 
the environment. So, several constructive solutions to decrease the influence on the environment are given in the 
paper.  
Key words:  tunnels, air pollutant, environment  

 
INTRODUCTION  

 
Air is necessary for the survival of living beings. It is a “gas-shell” of the Earth that comprises mostly 
nitrogen 78%, oxygen 21%, argon 1% and about 0.03% of carbon dioxide. Besides the composition of 
the atmosphere, it contains certain amount of water vapor and tiny particles of dust cover, aerosols 
whose dimensions are in the order of 10-5 to 10-7 cm, then internal gases (neon, argon, helium, krypton 
and xenon), fog, pores, smoke, carbon monoxide and various other organic compounds. Only 
anaerobic microorganisms are able to live without air or oxygen. Without food a man can stand for 
about 5 weeks, 5 days without water and without air only about 5 minutes. Preserving the oxygen 
balance is vital for humans and life on Earth, in general. This stems from the fact that every year on 
account of the destruction of oxygen, poisonous carbon dioxide thrown in the atmosphere is 
increasing. Clean air can be found only in remote areas that are not inhabited by humans. In addition 
to nitrogen, oxygen, argon, carbon dioxide and internal gases, traces of CH4, O3, CO and NH3 can be 
found in the air. They originate from the higher parts of the atmosphere or are generated during the 
decomposition of organic matter or as a result of the impact of weather changing conditions. Pollutants 
change the Earth's atmosphere by allowing more and more harmful radiation from the sun. At the 
same time, polluted atmosphere becomes even better insulator, capturing the heat naear the surface 
and contributing to the increase of global average temperatures. Scientists warn that the growth 
temperature, in the form of global warning will affect food supply on global level and weather will 
become more extreme and cause expanding of tropical belt. 
Air pollution means introduction of new nonspecific physical, chemical and biological substances in 
the air or changes of the already high concentrations of these substances in the environment. Air 
pollutant is any substance that can cause harm to humans and the environment. Pollutants can be in the 
form of solid particles, liquid droplets or gases. Moreover, they can be of natural or man-made origin. 
Pollutants may be classified as primary or secondary. Usually, primary pollutants are directly emitted 
from a given process, such as ash from volcanic eruptions, carbon monoxide from discharges of motor 
vehicles or sulfur dioxide released from factories. Secondary pollutants are not emitted directly, but 
are created in the air by reactions or interactions between primary pollutants. An important example of 
a secondary pollutant is ground ozone - one of the many secondary pollutants that are an integral part 
of photochemical smog. Some pollutants may be both primary and secondary, if emitted directly or 
create other primary pollutants. 
Republic of Macedonia, as a candidate country for EU-membership must comply with all European 
directives on environmental protection. Thus, large motorway construction of section Demir Kapija - 
Smokvica is a relevant source of pollution that needs to be analyzed and taken appropriate guidance 
for further actions to reduce environmental impact 

 
 
 
 

 88



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

 
MATERIAL AND METHODS  
 
Subsidiary of Actor ADT - Greece in Macedonia is the main contractor building the rest of the 
Motorway A-1 (E-75) from Demir Kapija to Smokvica, with a length of 28 km, as part of the Pan-
European Corridor X, on the level of highway with permissible speed of 120 km/h. Construction of the 
highway section, among other things will include construction/drilling of 2 tunnels with a total length 
of over 4,5 km, and 6 bridges with a total length of 1,7 km. The execution of works, causes great 
disorder in eco balance, because most of the construction machines and systems are generators of dust, 
toxic gases CO and CO2, NO2H, high levels of noise and vibration that significantly affect the eco 
system nearby. 
 
Air pollutants 
The basic primary air pollutants that occur: 

• Sulfur oxides (SOx) - especially sulfur dioxide, a chemical compound with the formula SO2. SO2 
is produced by volcanoes and by various industrial processes. Since coal and petroleum often 
contain sulfur compounds, their combustion produces sulfur dioxide. With further oxidation of 
SO2 (usually in the presence of a catalyst such as NO2) sulfuric acid (H2SO4) is formed, main 
component of acid rains. This is one of the reasons for concern when utilizing these type of fuels. 

• Nitrogen oxides (NOx) - especially nitrogen dioxide are emitted during the combustion at high 
temperatures. It can be seen in the form of brown haze over cities. 

• Carbon monoxide (CO) - a colorless, odorless and non-irritation but very poisonous gas. It is a 
product of incomplete combustion of fuels such as natural gas, coal or wood. The outlet of the 
vehicles is a major source of carbon monoxide. 

• Carbon dioxide (CO2) - a colorless, odorless and non-toxic greenhouse gas associated with ocean 
acidification, emitted during combustion, cement production, and respiration. Otherwise it is 
recycled into the atmosphere through the carbon cycle. 

• Persistent free radicals connected to airborne fine particles could cause cardiopulmonary diseases, 
[4], [5]. 

• Toxic (heavy) metals (Pb, Cu, Zn, Cd, Cr). 
• Chlorofluorocarbons (CFC’s) - harmful to the ozone layer and are emitted from products 

currently banned for use. 
• Ammonia (NH3) - emitted during agricultural processes. In nature, it is encountered as a gas with 

a characteristic strong odor. Ammonia serves as a precursor for the fertilizer. Directly or 
indirectly, ammonia is also a main component of many pharmaceutical substances. Although 
widely used, it is caustic and hazardous. 

• Odors - such as from garbage, sewage, and industrial processes. 
• Radioactive pollutants - produced by nuclear explosions, nuclear events, war explosives, and 

natural processes such as radioactive decay of radon. 
 
Tunnels T1 and T2 - Air pollutant in construction of motorway Demir Kapija- Smokvica 
In the project, construction of tunnel T1 (left and right bore) in total length of 2,2 km is planned. (Fig. 
1). 
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Figure 1.Tunnels T1 (T2) as primary sources of air pollution on site 

Tunnels are drilled with multiple methods of blasting of rocky material (fig. 2 and 2b) (strictly 
controlled explosions) and drilling with machinery (such as fig.1b). 
 

   
Figure 2. a) explosive used with controlled charges b) stacking of dynamite 

 
When performing structural works on the tunnel, with very frequent controlled explosions, as a by-
product gases CO, CO2, NO2 and NOx occur. It is clear that these gases affect natural world and the 
nature of the surrounding area of tunnels. It is necessary to perform measurements and compare the 
measured values with permisible limits, in order to assess the situation on the basis of comparison and 
to provide recommendations and guidance on further action for protection of the environment. 
 
RESULTS AND DISCUSSION  
 
Measured values and limits of the relevant components of the air pollutants as a result of the blasting 
in tunnels are given below: 

  
Figure 3. Measurements of gases after the explosion at the face of  

a) tunnel T1 – left bore b) tunnel T1 – right bore 
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Figure 4. Tables of allowed (limited) values of measured gases O2, CO, CO2 

 
Dust measurements (particulate matter in the air) are performed with manual dust detector 
DUSTMATE, product of TurnKey, UK. Instrument has nefelometar with pump sucking air, while dust 
is measured using a laser. The instrument has its own memory (logger) to record data. 
 

 
 
In the case of tunnels, as effective means of reducing the emission of harmful gases into the air as a 
result of the blasts is the use of filters (Fig.3) - gases containing dust pass through a porous medium 
made of woven or filler material. Particles in the gas are retained in the filters while the clean gas that 
is released from the particles in the system remains tight. 
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Figure 5. Textile filters (in the tube) remove and filtrate gases from the tunnel 

 
Table 2. Measured values of suspended particulate matter (PM10) in the air by filtering 

No. Measuring point measured value [μg/m3]  Permissible value [μg/m3] Note 
1. Measuring points – left branch 834.1 50  unsatisfactory 
2. Measuring points – right branch 917.8 50 unsatisfactory 

  
Figure 6. Measured values of the dust exiting left and right bore of tunnel T1 with filtering of air 

pollutants 
 

The huge number of air pollutants result in many effects on man and the environment alike: 
• Psychological effects - taking into account the wide range of known and yet unknown direct 

and indirect effects of atmospheric pollutants, it is quite likely that the estimated health and 
economic impact of pollution is lower than the real one. 

• Reduction of visibility - leading to disturbances in air traffic and the opportunities for 
increased traumatism and losses in tourism . 

• Action (damage) of materials - solid and liquid materials  deposited on surfaces lead to: 
o Direct damage ( mechanical and chemical sulfide) 
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o Indirect damage, when certain chemical compounds are converted to other more 
harmful (SO2 into H2SO4 which can further be transformed to acid rain having 
harmful effects on the skin). 

• Effect on plants – just to mention three main symptoms of harmful impact of pollutants (in 
particular SO2, fluridite, ozone, ethylene, nitrogen oxides, halogens, acids and some metals). 

• failure of the structure of the leaves; 
• chlorosis or other changes in color; 
• Change of growth; 
• Effects on animals - during acute episodes of atmospheric pollution and illness of the animals. 

Exposure of animals to air pollution is done either through inhalation or through contaminated 
pastures. It is proved that it can lead to a decline in milk production at exposed cows. 

• Disruption of comfort - an important effect in terms of caring for the mental health of the 
population, but it is difficult to assess its real impact since this is pretty subjective category. 

 
CONCLUSION 
 
The measured values of gaseous pollutants in early stages of tunnels construction works showed 
values much higher than the permissible given in the norms and standards. The amount of dust in the 
air also reached alarming values. As a first measure, the usage of textile tubular filter with vacuum 
allows gases and dust to exit the tunnel, while keeping the hard particles using electrostatic filters, and 
combined washing solutions which keep harmful gases ‘trapped’ in the water. 
After constructive intervention, the measured values have decreased, but not enough to declare that air 
pollution around the constructive site is within the permissible levels. 
So, in the future, much more activities must be undertakend in order to make complex and extensive 
study of possible technical and technological measures and solutions for greater reduction of harmful 
pollutants in the air. 
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Abstract: This paper shows how to calculate the safety factor of the shaft using the KISSsoft software. Standard 
DIN 743 gives a new approach in calculations of the shafts and axles. This standard is very suitable for the 
development of programs that facilitate the calculation of safety factor of axles and shafts. The results obtained 
through the software KISSsoft will be compared with the results obtained from manual analytical calculation for 
the selected shaft. 
Key words:  DIN 743, KISSsoft, calculation, safety factor, shaft 

 
INTRODUCTION  
 
Engineering praxis, as imperative, demands application of computer sciences in all phases of a product 
development process. The application of various softwares facilitates the design and allows the 
designer to come up with a solution quickly. Thus various programs, such as the KISSsoft software, 
allow a quick check of safety of shafts and axles. 
Stress and strain analysis is one  of the main tasks expected from design engineers to be fulfilled. 
Design is based on the theory of material strength and possibilities of materials properties usage. From 
the early beginnings of engineering era, engineers have been trying to get functional dependency 
between loads and dimensions of the elements. In most cases, there was a big uncertainty and complex 
mathematical dependency of several factors, and people started to use previously  gathered knowledge 
and similarities. Engineers started to make probe tools that had familiar properties and behaviour, and 
later compared other manufactured parts with probe tool. That was the early beginning of the 
standards creation and progress in design theory, [9]. 
 
STANDARD DIN 743 
 
The German standard DIN 743 [1], [2], [3] has been prepared by the German Institute for 
standardisation and the Institute for Mechanical Elements and Design, Technical University of 
Dresden, Germany. The objective was to make a standard focusing on strength analysis of shafts and 
axles available for the engineering community. The standard is based on the standard TGL 19340 of  
Former German Democratic Republic, the VDI 2226 of Federal Republic of Germany and the FKM 
guideline compiled by the IMA Dresden, Germany.  
The standard consists of four parts: 

Part 1: Introduction, analysis method (DIN 743-1) 
Part 2: Stress concentration factors and fatigue notch factors (DIN 743-2) 
Part 3: Materials data (DIN 743-3) 
Part 4: Examples 

 
Standard DIN 743 involves equations for safety factor determination in critical sections of shafts and 
axles according to the two basic criteria: 

1. Safety in relation to the plastic deformation of the part (static safety factor), 
2. Safety in relation to the dynamical strength of the material (dynamic safety factor). 

The scheme of calculation this two safety factor has been showed in Figure 1. Calculations include 
torque, pressure/tension and deflection of the shafts and axles. Shearing is not contained in the 
calculations. The results gained  according to the DIN 743 clear  any doubt about safety in critical 
sections of shafts and axles and meet  demands of the engineers for successful, safer and complete 
dimensioning. 
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Figure 1. Scheme of calculation static and dynamic safety factors 
 
Where: 

         - yield stress of material for pressure/tension, deflection and torque; 
 -  maximal normal stress delivered by the pressure/tension, deflection and 

torque; 
         - factor of static strength; 

    - yield stress of the probe (probe shaft); 

 - technological factor of the influence delivered by the size; 
            - factor of yield stress increase; 

 - amplitude stress delivered by the pressure/tension, deflection and torque; 
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 - amplitude dynamical strength for the pressure/tension, deflection and 

torque; 
    - dynamic strength of the shaft; 

         - factor of the surface roughness for normal/tangential stresses (according to Figure B.1 DIN 
743-1); 

 - minimal value of the safety factor.      
 
APPLICATION OF KISSsoft SOFTWARE FOR CHECKING  SAFETY FACTOR OF 
SHAFTS  
 
KISSsoft AG develops design software for engineers and designers in a wide variety of fields: whether 
they manufacture cable car systems, gears for construction equipment, Formula 1 race car 
transmissions or the tiny gears used in Mars rovers. More and more companies all over the world have 
come to rely on KISSsoft design software.  When used in keeping up with currently valid standards 
(DIN, ISO, AGMA), this software serves as a quick, high-quality tool for sizing machine elements, 
reviewing calculations, determining component strength and documenting safety factors and product 
life parameters, [12]. 
The DIN 743 for strength analysis of shafts and axles is the  most helpful analysis method, for analysis 
of machine elements provided by the KISSsoft software. The standard, however, is available in 
German only and the theory behind the KISSsoft software is not yet  available for non- German 
speaking customers. Calculation of the axles and shafts according to the standard DIN 743 is a 
complex and iterative process requiring great number of iterative steps for solution searching. Usage 
of  KISSsoft software accelerates and facilitates the calculation оf аxles and shafts 
The central element of the shaft and bearing calculation is the graphic shaft entry (shaft editor). This is 
a place where the inner and outer geometry of the shaft, bearings, and loads are defined. Based on 
these data all relevant calculations can be executed from the elastic line and torque involutes, to 
critical speed, strength verification in accordance with DIN or FKM guidelines. A summarizing log 
provides an overview. The bearing calculation is integrated in the shaft calculation, so these 
dimensions, forces, etc. are already available.  
 
The analysis safety factor for the selected shaft 
 
Firstly, it is necessary to define the outline of the shaft, supports, loads and critical points in the 
KISSsoft software (Figure 2).  

 
 

 Figure 2. Model of selected shaft made in KISSsoft software 
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The first support is movable and the second is stationary. The first part of the shaft is only loaded by 
the bending, the middle part is loaded by  bending and twisting, and the last part of the shaft is loaded 
only by twisting. The shaft material  is a structural steel E295. It is necessary to notice the next facts: 
bending load is purely alternating variable load and twisting load is purely directional variable load. 
For these inputs the software provides a safety factor and draws diagrams that are suitable for the 
analysis of capacity shaft. Figure 3 shows a diagram of the forces and moments obtained by this 
software.   

 
 

 Figure 3.  Diagram of the forces and moments 
 
Moment diagram shows that the maximum moment on the shaft is equal  to 70 Nm. KISSsoft also 
determines the reaction and movement of the supports, which has been used for drawing of the elastic 
line (Figure 4). Figure 5. shows the load capacity of the shaft. 
 

 
      Figure 4.  Elastic line of selected shaft                           Figure 5.  Diagram of shaft load capacity  
                                                                                                                        
 
Dynamic safety factors for critical points G and H (see Figure 2) obtained by the  KISSsoft software 
are showed in Table 1.  In Table 1 also shows the factor and stresses that are required for safety factor 
calculation. 
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Table 1. Dynamic safety factor for critical points G and H obtained by KISSsoft software 

Critical 
points 

 

 

 

 

   
  

 

 
 

G 38,19 38,19 1,17 1,197 97,04 2,54 
H 60 60 38,19 38,19 145 1,38 1,38 96,1 2,51 

The cause of stress concentration on critical point G is transition radius, while the cause of stress 
concentration on critical point H is keyways. Static safety factor for critical points G and H is shown 
in Table 2., also. 
 
Table 2. Static safety factor for critical points G and H obtained by KISSsoft software 

Critical 
points 

 

 
 

 

 

  
 

 

 
 

G 129,87 1,2 1 194,08 1,49 
H 120 1,7 204 129,87 295 1,2 1 194,08 1,49 

 
Both of safety factors are higher than the minimum level recommended in DIN 743. Dynamic safety 
factor is also manually calculated according to DIN 743. These results are shown in Table 3 for critical 
points G and H. Results obtained by KISSsoft software and by manual calculation are compared in 
Table 4. 
 
Table 3. Dynamic safety factor for critical points G and H obtained by manual calculation 

Critical 
points 

 

 

 

 

   
  

 

 
 

G 38,19 38,19 1,178 1,203 105,7 2,7 
H 60 60 38,19 38,19 145 1,35 1,378 93,92 2,46 

 
Table 4. Comparison of the results of safety factors 

Manual analytical 
calculation  KISSsoft 

Critical points Critical points 
Difference  

G H G H G H 
 1,178 1,35 1,171 1,38 0,007 0,03 
 1,203 1,378 1,197 1,34 0,006 0,038 

 120,6 105,2 121,2 107,5 0,6 2,3 
 105,7 93,92 97,04 96,1 8,66 2,1 

 2,7 2,46 2,54 2,51 0,16 0,05 
The tables above show very small differences between the calculation by KISSsoft and manually 
calculation. These differences exist because of the fact that the most  influence factors values have 
been adopted and rounded down  during calculation. Nevertheless, difference on point H exists 
because of the next elements: factor of surface quality used for calculation in Kisssoft was 1 (value 
one –that means  - no influence on safety factor) and factor of surface quality in manual calculation for 
all critical points is calculated using forms (19) and (20), from DIN 743-2, [2]. 
Although differences in calculation of critical stresses are notable,  thedifference in total saftey factor 
is very small and it is not so important. Designers in process of design and calculation of shafts, during 
adopting shaft diametar, use  biggerger safety factor and they usually use results of calculations (from 
software or from manul approcah) as a base for making decisions.In accordance with the previously 
said, it could be conluded that both methods of  calculating   safety factor are authoritatived.  
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From the point of faster calculation and overview visualisation, advantage could be on the KISSsoft 
software side, because of the facts that using software is not required from the designer position and 
software offers warning in case of bigger mistakes.  
Also, a big advantage of Kissoft software is a complete report with all elements about calculation of 
capacity. The Report on capacity for chosen shaft which has been obtained in Kissoft is given in 
Contribution 2, [4].  
 
CONCLUSION 
 
This paper presents an example calculation using KISSsoft software. The results obtained by  this 
software are compared with the results obtained by manual calculations. This comparison was helpful 
for conclusion that both of methods are relevant for the verification of safety factors. This papers gives 
recommendation that advantage for calculating safety factor has Kisssoft software, because it quickly 
calculates the safety factor, it is visually suitable, it draws diagrams. All previous characteristics make 
process of design and calculation of shafts much easier.  
The next step in calculating shaft would be in introduction of FEM analysis for checking safety 
factors. First, it would be necessary to make a shaft  model  in some of the FEM softwares and then 
check the results. In theory, the best results would be provided by methods of combining FEM and 
DIN 743. General conclusion of this paper is a fact that a safety factor is a factor of uncertainty, in fact 
– a factor of a designer's inexperience. This conclusion is the result of the fact that DIN 743 is based 
on various empirical forms, which has been obtained by experimental research, for defined shaft and 
axle types. Behaviour of these mechanical elements in exploitation is the best indicator of calculation 
accuracy.   
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Abstract : In the report are presented the results from the study and the preparation of a multilayer structure, 
which is included into the structure of a reflector on the basis of polymethylmethacrylate with a reflective layer 
of aluminium and a protective layer of an alloy of copper-aluminium. The reflector is used in reflective systems, 
in the design of interior mirrors and trafic mirrors, in solar collectors and others.  
Key words:  protective layer, reflective layer, adhesion, deposition of layers, vacuum, multilayer structure 

 
INTRODUCTION  
 
Known are  reflectors used in the reflective and optical systems, given in Figure 1, which structure 
includes a glass or transparent plastic on the which surface are deposited the reflective layer of silver 
or aluminium [1].The reflective coating is protected by means of  a layer of metal oxide, most often 
aluminium oxide or silicon oxide. This layer requires performing additional processing operations. 
The preliminary forming of the bearing base of the reflective layer as part of a sphere or a parabolic 
hinders the application of reflective or protective layers with uniform thickness on the all surface. For 
uniform thickness of deposited layers on the surface in the magnetron systems it is necessary rotation 
of the work pieces that are to be covered and the big sizes of work pieces bring technical problems, 
too. Applying a protective layer by means of polymerization in vacuum HMDSO [2] results in 
deposition of material onto the sputtering systems and the walls of the chambers, which have to be 
cleaned in a given period. The use of painting equipment for applying protective coating makes more 
expensive the products and it is accompanied by the appearance of intermediate layers of unwanted 
inclusions, aerosols, dust and more. 

 
Figure 1. Constructions of multilayer reflectors 

 
In our previous work [3] we have shown that the method of vacuum thermal evaporation is suitable 
for deposition of layers of aluminium on large parts for reflectors. The aim of this work was to create 
a reflector with a multilayer structure, as in a single technological cycle to be deposited successively 
reflective layer of aluminium and a protective layer of an alloy of copper-aluminium. 
The deposition of the layers in a vacuum is conducted with the vacuum system BH 90. The adhesion 
of the layers is determined according to the methodology of the standard ASTM D3359-97 by means 
of degrees from 0A to 5A with the use of adhesive tape 3M Scotch 810. The surface morphology was 
studied using an optical microscope JENAVERT and scanning electron microscopes BS 340 and 
QUANTA 3D 200i. The conductivity of the protective layers was measured on specimens in the shape 
of a meander. 
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EXPERIMENTAL SECTION 
  
Preparations of polymethylmethacrylate are formed according to Figure 2. The method is different in 
comparison of the method of pneumatic and vacuum forming. The creation of appropriate thermal 
gradient through the system by the heater matrix and the dosing of the air flow are the basic 
parameters in the technological sequence of forming of the sheet material. Onto the pre-formed inner 
surface, after removing the protective foil, reflective layer of aluminium and a layer of aluminium or 
copper alloy successively are coated by vacuum thermal evaporation.  

 
Figure 2. Technological sequence of forming the sheet material 

 
The used system BH 90, shown in Figure 3 and Figure 4, is equipped with two systems of linear 
evaporators. Technical parameters of the installation enabling conducting processes at: an electric 
current for evaporation of up to 1200 A; power of the glow discharge to 5 kVA; number of water-
cooled evaporators - 12; distance evaporator-substrate up to 1200 mm. 
The layers are deposited in a single technological cycle without disturbing the vacuum in the 
processing chamber using the method of vacuum thermal evaporation. The two metals (aluminium 
and copper) have similar values of temperatures of evaporation and relatively different - of melting. 
The proportion of copper to aluminium for the different experiments is changed in the research 
process. 
The used equipment for deposition provides a smooth transition from the aluminium layer, serving as 
a reflector to the protective layer of aluminium-copper alloy, which is characterized by a high 
corrosion resistance [4].  
 

 
Figure 3.  System ВН 90. 

 
Figure 4. System for the deposition of layers 

with linear evaporators. 
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On figure 5a, 5b and 5c are shown photographs of the morphology of the surface after deposition of 
the protective coating at different ratios of the components of the protective coating Cu/Al- 70/30, 
80/20, 90/10. Dense and uniform layer at selected technological sequence is achieved for protective 
coating at ratio of its components Cu/Al = 90/10. For the indicated ratios of the components of the 
protective coatings, the measured values of the adhesion are respectively 2A, 4A and 5A. 
 

      
   a          b             c 

  
Figure 5.  Surface morphology at magnification 5000x: a. 70/30; b. 80/20; c. 90/10. 

 
On the figure 6 the results from electron microprobe analysis are shown at the ratio of copper to 
aluminium 9:1. The results of the tests for corrosion resistance (NaCl, HCl) are given in Figure 7a, 7b 
and 7c – the values are highest at the ratio 90/10. The deposited layers are characterized by a linear 
changing of the sheet conductivity with respect of the coating thickness as it is shown in figure 8. The 
sheet conductivity of the protective layer decreases with the increasing of the aluminium component. 
At thicknesses exceeding 200 nm are established divergences in the values of sheet conductivity for 
the different ratios of components of the protective layers. The data can be used to measure the 
thickness of layers in the deposition process. 

 
 

Figure 6.  Electron microprobe analysis of layer 90/10 
 

     
 a b c 

Figure 7.  Treated surfaces for corrosion resistance - а. 70/30; b. 80/20; c. 90/10; 
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Figure 8.  Sheet conductivity of the protective coating with respect to its thickness. 

 
 
CONCLUSION 
 
The results of the experiments conducted for the production of a reflectors with a multilayer structure 
showed, that with the selected technological sequence and composition (of layers) is achieved a high 
degree of adhesion, dense and uniform layer with high corrosion resistance at the ratio 90/10 of copper 
to aluminium. The results of this report are subject to protected utility model of "MegaplastBG" [5]. 
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Abstract: The objective of this paper is the analysis of the results of development and production of new coated 
electrodes with a core of flux-cored wires. The main objective of replacing the core of solid wire with flux cored 
wire is to improve the welding productivity and flexibility of changing the composition of the core, thereby 
obtaining a weld metal of designed chemical composition and mechanical properties. The technological process 
consists of the phase of production of cored wire designed for producing the core of the coated electrode and the 
second phase of applying coatings on the press for continuous coating. 
Key words: covered electrodes, cored wire, manual metal arc welding process 
 
INTRODUCTION 
 
This is explained by the simplicity of the welding process, the good and easy operation, streamlined 
composition of weld metal.  
The process of alloying of the weld metal during welding with coated electrode may be from the core 
and the coating of the electrode. According to literature [1-3] the best way to alloy weld metal in terms 
of chemical composition uniformity is from the electrode core with alloying elements coming from 
solid metal core. Replacing of solid metal core with flux-cored wire provides broader technological 
capabilities in terms of the flexibility of introducing alloying elements in the weld metal alloying, 
oxidation loss of alloying elements, increase in welding speed. To create a cored wire core materials 
used are similar in composition to materials for coating the electrode.  
Replacing flux cored wire instead of solid wire for making the core of coated electrodes provides real 
opportunities that with its chemical composition the cored wire combined with appropriate coating 
give the desired composition of the weld metal. Proper selection of adequate quality cored wires for 
core production and optimal composition of the coating of the new electrode can  
significantly improve the quality of welded joints and increase productivity. Production of the new 
electrode with a core made of flux-cored wire requires special technical solutions for individual 
technological operations in particular in cutting ends and closing to prevent powder spilling [1-3]. 
 
EXPERIMENTAL 
 
The experimental part includes the production of coated electrodes with a core of solid and flux-cored 
wires for the purpose of comparison of test results. To create a solid wire core wires of 2.0 and 3.25 
mm in diameter is selected with a chemical composition: 0.10% C, 0.03% Si, 0.6% Mn. For making 
an electrode core of flux-cored wire, on the line for calibration and filling in IHIS RDC Belgrade, 
produced was a certain quality cored wire, from a steel strip 0.8 mm thick and 10 mm wide, chemical 
composition: 0.10% C, 0.03% Si, 0.45% Mn, from domestic production. Plastic processing of the flux-
cored wire was continued on the wire drawing machine reducing the diameter of 4.0 mm to a final 
diameter of: 2.0 and 3.25 mm. Coils of solid and flux-cored wire with final diameters 2.0 and 3.25 mm 
were, using a straightening and cutting machine, cut into rods 350 mm in length intended for the 
production of the core of the coated electrodes. 
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Mastering and pilot production of coated electrodes was carried out on an experimental line for 
coating in the IHIS Research and Development Center in Belgrade. 
 
Layout of longitudinal cross section of a new special coated electrode with a core of flux-cored wire is 
shown in the diagram, Figure 1. Before the coating process of flux-cored wire the ends need to be 
closed by a coating of graphite powder and binder. 
 

 
Figуре 1.  Sketch of the longitudinal cross section of the coated electrode with a core of flux-cored 

wire 
 
RESULTS AND DISCUSSION  
 
Tested was the compactness and eccentricity of the coating, then the metallographic and mechanical 
properties of welded joint as well as testing the welding-technological properties of coated electrodes 
with cores of solid and flux-cored wire.  
Examination of compactness of coating is performed by dropping the electrode in free fall on a smooth 
steel plate from a height of 1 m. The results obtained by testing compactness using the selected 
method are very satisfactory since there was no crumbling or falling off of coating. A particular 
problem in the coating of flux-cored wire is the appearance of coating eccentricity which is necessary 
to be brought to the allowed level. Eccentricity of the coating (e) has been tested using a method based 
on measuring the thickness of electrode coating in three places lengthwise at a distance of 50-100 mm 
and the circumference of at an angle of 120º. Eccentricity values were calculated using the formula: e 
= S-S

1 
and the measurement results are given in Table 1. According to literature allowed coating 

eccentricity is up to 1 mm.  
 
Table 1. The measured values of thickness of coating and the calculated eccentricity (e) 

 
Experimental welding was done by manual electric arc process using a coated electrode with a core of 
solid and flux-cored wire, and then testing of the characteristics of welded joints was performed. 
Visual inspection showed that: the electric arc is easily established and burns steadily; coating melts 
evenly; there was not much splatter, observed was uniform spreading of electrode material in all 
welding positions; notes even spreading of slag and only separation after cooling especially in 
surfacing in the horizontal position.  
The structure of the weld metal is fine-grain pearlite-ferrite, Figure 2.a. In the surface passing to the 
face of the weld metal the structure is extremely coarse dendritic ferrite-pearlite with a share of 
bainite. HAZ structure is uniform ferrite-pearlite, Figure 2b. 
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                                         (a)                                                                            (b) 
Figуре 2. Microstructure of the weld metal (a) and HAZ of the welded joint (b) made with a coated 
electrode with a flux-cored wire core  
 
CONCLUSIONS  
 
Production of cored wire designed for welding the MIG / MAG process, submerged arc process in 
several metallurgical qualities is a basis for further upgrades to a new product in the form of a coated 
electrode with a core of flux-cored wire designed for welding and surfacing low-carbon, alloyed and 
high alloyed steels.  
Based on the results of comparative analysis of welding properties of coated electrodes with a core of 
flux-cored wire with respect to electrodes with a classic solid wire core certain advantages were 
observed in terms of:  
• easier management of the welding process;  
• quality formation and separation of slag from the weld metal;  
• stable arc management.  
Moreover, it is expected that with the alloyed electrodes with a flux-cored wire to achieve uniform 
chemical composition along the length of the weld metal and lower oxidation loss of alloying elements 
compared to the classic coated electrode where the alloying elements are within the coating.  
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Abstract: Presented in this paper are the characteristics of the bond of the sliding alloy with the steel base of the 
sliding bearing made using explosion energy for constructions intended for various purposes and bimetal 
qualities.  This paper analyzes three groups of bonded sliding alloys with a steel base made using explosive 
welding energy. The group first analyzed is the turbine bearings that have an intermediate layer of copper 
applied using explosion energy. The second group is an explosion welding formed sliding layer of bronze on the 
inner side of the cylinder of the hydraulic press. In the third group of sliding bearing joints, special attention in 
the review   was given to the formation of bimetal steel + AlSn20Cu1, which is designed for heavy-duty diesel 
engines in locomotives, ships, oil pumping facilities, mill housings, crushers, etc.. 
Key words: antifriction alloy, explosion welding, emulsion explosive, hydraulic cylinder, plane bearing liner, 
welded joint, thermal treatment 
 
INTRODUCTION 
 
Sliding bearings are one of the most responsible and most accurate elements of the structures into 
which they are fitted. They have a very sensitive and responsible role and the life span of the structure 
and therefore the whole plant depends highly on their capacity and quality.  
A number of factors affect the durability of the bearings in working mode: the choice of bearing 
materials, as a cooperative part, lubricant quality, cleanliness and impact of the lubrication system, 
precision during bearing installation.  
Bearings consist of a steel bearing shell with a high modulus of elasticity which provides a firm 
bearing set, and one or more layers of bearing materials. A good bearing material must have a certain 
plasticity and differential hardness of the basic components. The hard components are able to sustain 
impacts without deformation, and the soft base has a role to absorb those impacts and adapt to the 
journal. 
The hard base consists of Al, Al+Cu and the soft structural parts of: Sn, Pb, and other. These structures 
accumulate 90 to 98% of the friction energy. High wear resistance and durability against scuffing, is 
caused by the squeezing out the soft secondary parts of the base, which form a thin protective film of 
soft metal, which now acts as a solid lubricating material i.e. solid lubricant. 
A good bearing material has sufficient hardness, the ability to accommodate high loads, the ability of 
surface adjusting, the capacity to bind the oil film to itself, a low expansion coefficient, good thermal 
conductivity, corrosion resistance in the lubricant, low sensitivity to marginal deformations etc. [1-4].  
Destruction of the working antifriction metal occurs under variable load conditions. Residual stresses 
caused by the different coefficients of linear expansion of the steel base of the bearing and the 
antifriction layer, lead to a sudden drop in load capacity threshold of the sliding layer. The clearance 
gap for lubricants, which draws heat and separates the wear surfaces is extremely important. 
Increasing the gap lowers the temperature of the wear surface, thus increasing the bearing fatigue 
strength. However, a very large gap causes an increase of dynamic impact loads, which may adversely 
affect the fatigue strength, which in steel is lower than the elastic limit [5-6]. 
Bearing material is applied to the supporting steel base using various technological processes: pouring, 
expanding, sintering, conventional surfacing, and most recently explosion welding. When bonding Al-
Sn alloys with steel, every technological process that melts the alloy is inapplicable, because it causes 
the tin in the alloy to be deposited, and if rapid cooling is not achieved the sliding alloy loses its 
characteristics. Achieving a completely homogeneous bond of these alloys with the bearing steel base, 
using explosion energy, is the only reliable technological procedure today[5-6]. 
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EXPERIMENTAL 
 

• Turbine bearing with an explosion applied copper interlayer 
 
This type of bearing sliding layer should possess the following mechanical and technological 
characteristics: density (ρ = 738kg/m3), melting temperature (370ºC), linear shrinkage (0.65%), tensile 
strength (Rm = 90MPa), compressive strength (Rm pressure = 115MPa), hardness at 20°C (HB = 30), 
friction coefficient in contact with the shaft (μ = 0.005).  
Chemical composition: (10-12)% Sb; (5.5-6.5)% Cu, the remainder  Sn + impurities (mass%). The 
required chemical composition is very close to the composition of the alloy B 83. 
In forming a quality bond two elements are important: that there are no unbonded spots on the bond 
surface and that bond strength is high enough to prevent splitting of already joined surfaces. At the 
unbonded spots stress concentration occurs. Stress in these spots is higher than nominal and there 
starts the separation of the bearing from the base, regardless of whether the bonded spots possess 
strength that would be enough if there was no affect of stress concentration factors.  
The emergence of unbonded parts between the base and the babbitt metal is usually related to 
mechanical impurities, oxidized areas, parts contaminated with oils and moisture, as well as inclusions 
on the surface. Adhesion of the coating layer depends on the capillary forces and the angle at which a 
small part of the liquid metal is in interaction with the solid surface. Therefore, the preparation of the 
base surface is a very important element for the process of poring of the babbitt metal[1, 5-6].. 
In recent years, using explosion welding a pre-coating with a layer of copper on the bearing steel base 
is done for better bonding of babbitt metal during pouring (Fig. 1). 
 

 
 

Fig.1. Turbine bearing with the explosion applied copper interlayer 
 

• Explosion application of sliding layer (CuSn8) into the hydraulic press cylinder  
 
In practice, two methods are used to achieve a steel TS5 (Č.1213) cylinder and sliding alloy CuSn8 
bond. Compared with conventional methods of welding the sliding alloy to steel, the brass + steel 
bond using explosion welding is more homogeneous, with significantly higher bond strength. The 
bond has uniform strength and is in the range of 367-394 N/mm2. The joint boundary is wavy with no 
visible intermetalloids in it. 
However, in the conventional surfacing processes, with electrodes, there is an evident parallel formed 
micro-constituent of significantly increased hardness (450 HV), which significantly weakens the joint 
and reduces service life. Bond strength varies and can range from 113-257 N/mm2. The quality of 
these joints largely depends on the level of training of welders [5-6]. 
In Figures 2 and 3 shown is the technological process of welding a sliding layer on the inside of the 
cylinder and the result of the mechanical-metallographic test of the boundaries of the joint made. 
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Figure 2. The technological process of bronze plaquing of a hydraulic press steel cylinder 
 

 

Micro hardness, HV0.01  

Joint boundary Joint welded 
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joint 

Bronze 
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Steel  

121  
464  
138  

227  
322  
157  

             a)                                         b)                                                                     c) 
Figure 3. The steel - bronze joint boundary achieved by surfacing using an electrode (a), the boundary 
of the bond made using explosion welding (b) with simultaneous showing of hardness values of joint 
boundaries for both welding processes(c). 
 

• Bimetal sliding bearing (steel + AlSn20Cu1) 
 
Aluminum alloys have a number of characteristics that distinguish them as a promising material in the 
production of sliding bearings: they have high thermal conductivity, lubricating characteristics and the 
ability of binding with the oil layer and a much wider range of load and speed. Alloys have a low 
modulus of elasticity which provides maintaining of normal operating conditions of the bearing in 
machine designs with a shaft deflection [1]. 
Sliding alloy (AlSn20Cu1) has the ability of surface adjusting, the capacity to bind the oil film to 
itself, a small expansion coefficient, good thermal conductivity, corrosion resistance to the lubricant, 
low sensitivity to marginal deformations. Bearing is stable against scuffing. 
Stress-strain state analysis of bimetal steel-AlSn20 Cu1-points to a 3 layer model with a 
inhomogeneous bonding zone with a thickness of 0.3-0.5 mm. Soft elements in the bond represent an 
interlayer between the hard parts and deformations are concentrated in them. Soft elements are 
basically on the surface of aluminum, the hard elements are on the base of steel and the very hard are 
intermetalloid inclusions. 
This bimetal is also produced by expanding to 5 mm thickness. Above this thickness production is 
uneconomical because it requires powerful and expensive rolling mill stands. It is interesting to 
compare the quality of explosion welded bimetal with bimetal made by rolling steel and alloy 
AlSn20. Static testing of bimetal show that Rm (tensile strength), when tested to rupture, is about 30-
35% higher than in the shearing test. Bi-metal made with explosion welding has about 20% higher 
strength properties than bimetal produced by rolling. 
A technical aluminum layer 0.15mm thick is rolled on to the anti-friction AlSn20 Cu1 layer and then 
applied to the steel base of the bearing. Actually the bonding of the sliding alloy and steel is achieved 

 111



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

through technical aluminum so the bonding strength is determined by the quality of the aluminum and 
steel bond. 
The fact that tin and aluminum do not form a chemical compound, and that an independent phase of 
easy melting inclusions appears in the alloy, leads to the phenomenon that during alloy deformation tin 
is extruded to the surface and the quality of the bond is decreased. Limiting the amount of tin is 
possible by reducing the zone affected by plastic deformation [5-6]. 
This observed problem directed further research to the mastering of emulsion explosives with which to 
achieve lower speeds and angles of collision of metals in the joint. Compared to previously used 
ammonium nitrate explosives, for a successful combination a 2 times smaller quantity of explosives is 
enough, which significantly reduces the level of plastic deformation and the amount of heat 
released. This way we achieve a high quality homogenous direct bond of steel and alloy 
AlSn20. Within the limits of 42-60 MPa, this with additional heat treatment at 350°C is increased to 
60-80 MPa. 

 
 

Figure 4. Bimetal bearing (Č1120 + AlSn20) for a locomotive series 661 diesel motor 
 
Technological process of making a steel + AlSn20Cu1 sliding bearing intended for heavy loads is 
shown in the diagram, Figure 5 
 

 
Figure 5. Technological process of making a sliding bearing (explosion bonding of metal,  
machining edges of bimetal, drawing-bending and finishing of the bearing)  
 
The sampling plan for mechanical and metallographic testing is shown in the schematic, Figure 6. The 
results of shear strength testing are clearly shown in Table 1 and the results of the micro hardness 
testing are shown in Table 2.  
 

 
 

Figure 6. Locations of sampling for further mechanical and metallographic testing 
 

 112



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

Table 1. Results of shear strength testing of bimetal samples 
 
 

Shear strength values of bimetal samples 
Samples Direction 

of shearing 
force 

b 
mm 

h 
mm 

S 
mm2 

F 
kg 

P 
kg/mm2 

13 4.75 10.2 48.45 418 8.6 
14 4.8 10.0 48.0 426 8.8 
15 

Vertical to 
joint 
direction 4.8 10.15 48.7 372 7.6 

17 4.3 9.65 41.5 398 9.6 
18 4.3 9.65 41.5 346 8.3 
19 

Parallel to 
joint 
direction 4.3 9.7 41.7 384 9.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                                                          a)                                                                                     b) 

Fig. 8. Micro hardness in the explosion zone of derived bond (a), after bimetal drawing to a bearing 
pre-form (b) 

 
 
Table 2. Results of micro hardness (HRB) testing on steel + AlSn20Cu1 bimetal after explosion 
welding and after forming of the bearing jacket 

Micro hardness measuring results (HRB) 
Steel AlSn20 

from joint from joint 
 

Material Center  
0.03 mm 0.14 mm 

Steel 
surface 

 
Al 

99.5 0.05 mm 0.15 mm 
Steel 130 - - - - - - 

Bimetal Steel+AlSn20 
/After explosion welding/ 

150 223 207 - 50 57 57 

Bimetal Steel+AlSn20 
/after bimetal drawing/ 

180 223 197 199 49 55 53 
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CONCLUSION 
 

1. Application of explosion energy is a reliable procedure for the realization of high quality and 
homogeneous bonds between the sliding alloy and the steel base of the sliding bearings.  

2. The paper presents manufacturing experience in demanding operating systems with alloys in 
which the individual components do not form chemical compounds, so it is more difficult to 
bond those using conventional welding methods. 

3. Special emphasis is given to mastering of a bearing with the sliding alloy AlSn20 with and 
without an intermediate layer of technical aluminum. 
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Abstract: High temperature carbonitriding is a process of heat treatment that is used to increase the surface 
hardness of components, in order to reduce wear. The worm press for production of vegetable oil was chosen as 
an example of a system in which the high temperature carbonitrided components, made of Mn-Cr steel, are also 
built in. In exploitation, the extraction cage knife is exposed to a significant influence of the abrasive media, and 
the fatigue of material. A decrease of installed capacity efficiency is the result of local damages of components 
due to wear. The determined dimensional criterion of seizure makes the process of high temperature 
carbonitriding very suitable for the production of components that are used in the given exploitation conditions. 
The possibility of changing the level of carbon and nitrogen potential, as well as the effect on the possible life of 
extraction cage knives, were analysed. The use of a different carbon and nitrogen potential at the high 
temperature carbonitriding of test samples results in an extremely favourable flow of hardness at the cross-
section. It can be observed that the achieved course of hardness is an extremely important indicator that had a 
significant impact on the final decision on the suitability of the observed process of thermochemical treatment 
for the intended purpose. 
Key words: carbonitrided components, high temperature, worm press 
 
INTRODUCTION 
 
In the worm presses for production of vegetable oil, the extraction cage consists of built-in knives 
(Fig. 1). 

 
Figure 1.  Cross-section of extraction cage knives of worm press 

 
Due to the presence of abrasive media and the appearance of fatigue of material that the extraction 
cage knives are exposed during exploitation, they were usually made by the cladding procedure. The 
costs of production by cladding, and extremely strict dimensional criterion of seizure and the problems 
during exploitation (Fig. 2), emphasize the need to examine the use of other methods of production 
and prolonging life. 
Taking into consideration the previous experiences, it can be assumed that the high temperature 
carbonitriding could give the optimum results, both from the production, but also from the standpoint 
of behavior in exploitation. The high temperature carbonitriding is a thermochemical surface 
treatment. The simultaneous diffusion of carbon and nitrogen in the surface forms different depths of 
martensite, according to the applied temperature. Even though this is an industrial process, which is 
used to harden the surface of components in order to reduce the wear, the wear mechanism was not 
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intensively studied. Furthermore, there is little information on the wear of materials and their 
properties, which vary from the surface to the core. First of all, it is necessary to determine the 
suitability of high temperature carbonitriding process for application on the steels for cementation that 
would have not only an affordable price, but also the required properties. If the satisfactory properties 
of layer are determined, the subsequent testing and the analysis of wear intensity will be performed. 

 
Figure 2.  Damaged extraction cage knife – made by cladding 

 
MATERIAL AND METHODS  
 
Steels for cementation 
Steels for cementation belong to the group of structural steels. They usually contain from 0,1 up to 0,2 
%C before carburisation, and can be non-alloyed or low-alloyed. Steels with that low carbon content 
during hardening cannot achieve sufficiently high hardness, which is necessary to achieve resistance to 
abrasive wear. Therefore, steels for cementation, after the chip forming treatment with the addition for 
grinding of surfaces, which should be grinded after the cementation (gear teeth, fits for bearing, 
crosshead guides, etc.), are subjected to carburisation. Carburisation in granulate, salt bath or gas 
results in the increased amount of carbon from 0,8 up to 0,9 %C in the surface layer of material. Thus 
enriched surface edge of material becomes hardenable, i.e. by quenching from a suitable temperature 
of austenitization, it takes the structure of high-carbon martensite, resistant to wear [1]. The hardnesses 
after quenching can reach between 60 and 65 HRC. The process of cementation consists of the 
carburisation and hardening of carburised part, as well as the low-temperature tempering. After 
camentation, the core of material stays ferritic-pearlitic if the product is not hardened, i.e. it becomes 
low-carbon martensitic if the core is hardened. Both these structures of core have a high toughness, i.e. 
after the process of cementation, steel will have a hard surface with good wear resistance, and with 
relatively tough core. 
With alloyed steels, hardening is preferred, because the cemented steels are low-tempered at the 
temperatures below 220 °C, and greater toughness of the core can be achieved only by the low-carbon 
martensite. The aim of alloying is to improve hardenability of steel at quenching of carburised object. 
Due to better hardening of the core, we get the structure of low-carbon martensite, which provides 
high strength properties of core, its increased fatigue strength and high toughness (diagrams in Fig. 3). 
Alloying elements have an impact on the process of carburisation of edge of object, i.e. on the speed 
of the process of carburisation, carbon content in the edge of carburisation of object, depth of 
carburised boundary layer. Non-carbide-forming elements, like nickel, silicon and cobalt, accelerate 
the diffusion of carbon in austenite, but also lower the solubility of carbon in the boundary layer, while 
carbide-forming elements, like chromium, molybdenum, vanadium and manganese, lower the 
diffusion coefficient of carbon in austenite, and thus increase the carbon content in the boundary layer 
[1], [2], [3]. 
One of the main problems when choosing the parameters for the process of carburisation and 
hardening is how to determine the correct temperature of quenching. Considering the fact that at the 
same time, there are areas with a high carbon content (the edge with over 0,8%) and low carbon 
content (core with less than 0,2%), it is necessary to choose a compromise temperature of quenching. 
The temperature of quenching should be lower than the ideal one for the core (the temperature at 
which the boundary layer overheats causing a coarse-grained martensite and increased fragility) and 
higher than the ideal for the high-carbon edge (at which there is incomplete hardening of the core). In 
this respect, the least problems occur with non-alloyed steels, in which the so called direct hardening, 
i.e. quenching with the temperature of carburisation, is permitted. From such non-alloyed steels, the 
products of smaller dimensions, and the products for secondary purposes that are exposed to lower 
impact stresses, are manufactured [1], [2], [3], [4]. 
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Figure 3.  Carbon content (a) and hardness (b) during carburisation [1] 

 
The process of carburisation can be performed in the granulate, molten cyanide salts and in a gaseous 
medium. The process of hardening can be done directly or after the process of carburisation, so called 
single hardening. Direct hardening is usually applied after carburisation in salt bath, and single 
hardening after slow cooling in granulate or gas. The hardening is followed by the low temperature 
tempering in the temperature interval from 170 up to 220°C. 
When choosing the steels for cementation, the determining factor is the dimension of finished product. 
Since it is possible to achieve a high surface hardness (that guarantees wear resistance) on all steels for 
cementation, there is a special request for the approach to the hardenability of core. 
The main characteristic of Mn-Cr steels for cementation is that despite the high percentage of 
chromium, and due to the presence of manganese, they are not prone to separation of carbides in the 
boundary layer. The presence of manganese and chromium increases hardenability, so these steels are 
used for the medium size products, such as gears and shafts of machine tools. Mn-Cr steels are 
sensitive to overheating, and therefore, after carburisation, they are slowly cooled and re-austenitizated 
and quenched, and then tempered [2], [3]. 
In order to investigate the influence of the level of carbon and nitrogen potential (on the properties of 
steel), the high temperature carbonitriding of Mn-Cr steel for cementation will be made, (chemical 
composition is shown in Table 1). 
 
Table 1.  Chemical composition of 20MnCr5 steel [5] 

Proportion of chemical 
element, %  C Si Mn Cr 

Composition of sample 0,19 max. 0,4 1,25 1,15 

According to EN 10084 : 2008 0,17÷0,22 max. 0,4 1,1÷1,4 1÷1,3 

 
High temperature carbonitriding 
 
The high temperature carbonitriding is a thermochemical treatment where the surface layers of steel in 
the austenitic condition are enriched simultaneously by carbon and nitrogen. After hardening, the 
object is quenched in oil or water, and low temperature tempered [2]. 
The high temperature carbonitriding process is carried out between 700 °C and 900 °C, and with the 
lower temperature of carbonitriding, nitrogen enrichment prevails over carbon. With the increase of 
temperature of carbonitriding, the amount of diffused carbon is increased, and the amount of diffused 
nitrogen is decreased. The structure of layers is carbon-nitrogen martensite, and the outer part of the 
layer is a zone of carbonitride compounds. The process of high temperature carbonitriding can be 
performed in liquid, solid or gaseous agents. Temperature, duration of the procedure and the chemical 
composition of steel have the most significant effect on the process of high temperature carbonitriding. 
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Nitrogen in the carbonitrided edge increases wear resistance, and if a zone of compounds is created in 
a carbonitrided layer, fatigue strength of machine parts will be increased. The process of high 
temperature carbonitriding is carried out in liquid or gaseous media. Liquid media are salts for 
carbonitriding, which are the mixtures of alkaline cyanides, cyanates, carbonates, chlorides and 
activators. The high temperature carbonitriding in gas atmospheres is a process of cementation with 
the same gas atmosphere, which is enriched by the gas with nitrogen (ammonia NH3). The procedure 
is used as a substitute for the cementation of objects sensitive to measuring.  
Unlike nitriding, the carbonitrided components are more resistant to high specific pressures and 
impacts. The materials that can be used for the carbonitriding are the steels for cementation, 
improvement, sintered iron and cast iron [3].  
The test samples in a form of disc are shown in Fig. 4. The process of high temperature carbonitriding 
was performed in the protective atmosphere of a furnace, rich with earth gas and ammonia, at the 
constant parameters of temperature (920 °C) for the duration of 10 hours. The use of different values 
of carbon potential (Cpot) and nitrogen potential (Npot) was planned. Cpot values were read directly on 
the measuring equipment which is part of the furnace. For Experiment 1, Cpot = 0.5 % C, and for 
Experiment 2, Cpot = 1.0 % C. Npot values were regulated by the flow of ammonia. They were as 
follows: 10 % NH3 for Experiment 1, and 5 % NH3 for Experiment 2. 
 

 
 

a) Test samples (prepared for the furnace) b) Test sample (shematic representation) 
Figure 4.  Test samples for high temperature carbonitriding 

 
RESULTS AND DISCUSSION  
 
Using HV1 method, the hardness measurement was performed at the cross-section of test samples 
(Fig. 5). A characteristic dark edge (marked by the arrows) can be noticed on the surface layer of the 
test samples sealed in polymer. 
 

  
a) Experiment 1 

 
b) Experiment 2 

Figure 5.  Cross-section of high temperature carbonitrided samples sealed in polymer 
 

Fig. 6 shows the hardness measured at the cross-section of samples (high temperature carbonitrided 
for 10 hours). The achieved effective depth of carbonitriding was 1÷1,3 mm (represented by the points 
C1 and C2 in Fig. 6). 
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Figure 6.  Hardness (HV1) measured at the cross-section of test samples shown in Fig. 5 

 
In the components with the rod-shaped form, like an extraction cage knife, there is a risk of 
deformation at the high temperature carbonitriding, Fig. 7. From the flow of hardness, Fig. 6, it can be 
observed that by the use of different levels of carbon and nitrogen potential, different effective depths 
of carbonitriding are achieved (points C1 and C2, Fig. 6). Despite the observed differences, the high 
temperature carbonitriding still proves to be a very effective procedure of thermochemical treatment. It 
also allows the subsequent steps of grinding to correct the dimensional deviations caused by 
deformations up to the level of hardness marked with A for Experiment 1, and the level of hardness 
marked with B for Experiment 2. The letter symbols (in Fig. 7) represent the zones of hardness at 
depth of high temperature carbonitrided knife of extraction cage, which are taken from the diagram in 
Fig. 6. The maximum permitted level of wear in exploitation is up to the point C1, when using the 
parameters of Experiment 1, and up to the point C2, when using the parameters of Experiment 2. 

 

 
Figure 7.  Schematic representation of tolerance areas of the extraction cage knives, where the 

corrections by machining are allowed 
 
Using the device SMT-1 2070 (Fig. 8), it is possible to simulate the conditions most similar to real, 
operating conditions. 
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Figure 8.  Device for testing of friction and wear, SMT-1 2070 

 
CONCLUSION 
 
The main objective of the high temperature carbonitriding is an increase of surface hardness and wear 
resistance. Since the dimensional criterion of seizure for the extraction cage knives is approximately 
0,2 mm (point A in the diagram, Fig. 6), the high temperature carbonitriding can be applied for their 
production regardless of the level of carbon and nitrogen potential. With regard to the wear resistance, 
it is necessary to perform the additional tests of prepared samples. The obtained results will give a 
complete picture of the properties in conditions of wear. 
They provide an adequate basis for the future research. The testing for the prepared samples is 
designed, making it possible to carry out the testing of wear resistance of the layers at the desired 
depth of layer. By monitoring the wear intensity of adhesive type with the component of sliding, it is 
possible to get an insight in the current properties, as well as the possibility of better synchronisation 
of the necessary surface properties of machine elements. 
 
REFERENCES 
 

[1] Kožuh, S., Specijalni čelici (skripta), Metalurški fakultet Sveučilišta u Zagrebu, pp. 1-57, 
2010.   

[2] Krumes, D., Površinske toplinske obrade i inženjerstvo površina, Strojarski fakultet Slavonski 
Brod, pp. 31-114, 2004. 

[3] Novosel, M., Krumes, D., Posebni čelici, Strojarski fakultet Slavonski Brod, pp. 93-165, 1998. 
[4] Stupnišek M., Cajner F., Osnove toplinske obradbe metala, 1996 
[5] EN 10084 : 2008 
 

 
 
 
 
 
 
 
 
 
 

 
 

 120



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

 
 INTEGRITY ASSESSMENT OF WELDED CASING PIPES IN 

OIL WELL MADE OF API J55 STEEL BY HIGH FREQUENCY 
WELDING  

 
Ljubica Lazić Vulićević1, Živče Šarkoćević2, Miodrag Arsić3, Aleksandar Sedmak4, 

Marko Rakin5, Zijah Burzić6, Bojan Medjo5 
1High Technical School of Professional Studies, Zrenjanin, Serbia 
 2High Technical School of Professional Studies, Zvečan, Serbia 

 3Institute for Testing of Materials (IMS), Belgrade, Serbia 
 4Faculty of Mechanical Engineering, Belgrade, Serbia 

 5Faculty of Technology and Metallurgy, Belgrade, Serbia 
 6Military Technical Institute, Belgrade, Serbia 

e-mail: lazic.ljubica@yahoo.com 
 

Abstract: The subject of this paper is integrity analysis of welded casing pipes made of API J55 steel by high-
frequency (HF) contact welding. Experimental tests of base material mechanical properties are conducted on pipes 
after 70 000 hours of service in an oil drilling rig. A surface crack influence on the pipe integrity was examined on 
hydrostatic pressured pipe with axial surface crack in the base material. Fracture behavior is examined by testing 
the modified compact tension (CT) specimen with a pre-crack in the base material, welded metal and heat affected 
zone (HAZ). The critical value of the stress intensity factor KIc is determined using the critical value of the J 
integral, JIc.  
In addition to experimental research, based on obtained values for Kr and Sr using fracture analysis diagram (FAD), 
evaluation of the integrity of welded casing pipes with axial surface crack on the outer surface was performed. 
Key words: seam casing pipes, axial surface crack, high frequency contact welding, Fracture Analysis Diagram 
- FAD 
 
INTRODUCTION 
 
The reliability of the oil wells system is important not only because of oil exploitation, but also to 
preserve the environment. For those reasons, the research for the evaluation of resistance to fracture of 
welded casing pipe in the oil industry was conducted and an analysis of pipeline integrity using 
fracture analysis diagram (FAD) was made. Pipelines used in an oilfield can be made of welded or 
seamless pipes [1, 2]. Specifications of the pipeline, in the standard API 5CT, mostly includes 
properties of the pipeline, such as the dimensions of pipes and fittings, pipeline resistance to internal 
and external pressure, mechanical properties and chemical composition as well. 
Some of the developed standards and recommendations that were discussed deal with the impact of 
through-wall cracks on the integrity of the pipes that are loaded by the internal pressure and bending 
[3]. However, the welded casing pipes can have an axial surface crack on the inside and / or outer 
surface, and be subjected to different loads, including internal and external pressure and axial loads 
(e.g. due to the weight of the structure). 
Methods for assessing damage to the pipes under pressure are important for maintaining security and 
stability of pipelines in power plants [4-9]. Essential part of the integrity assessment of pipes is how to 
efficiently and accurately assess the maximum allowable pressure and determine the parameters of 
fracture mechanics, such as the stress intensity factor (KIc) and J-integral of the damaged pipe. Unlike 
the inner circular and axial semi-elliptical surface cracks [4 to 15.17], a very limited number of studies 
in the field deal with determination of KIc and J-integral for pipes with external axial semi-elliptical 
surface cracks [13]. So far, there was no detailed 3D finite element analysis (FEM) for a wide 
spectrum of surface cracks on the outside of the pipe. The analyses are mainly related to the 
application of 3D elastic-plastic finite element analysis to determine the J integral for circular [16] and 
the axial surface cracks on the inner surface of the pipe [17]. 
In some fracture analysis diagrams (FAD), load limit of cracked pipe is used to define Lr parameter 
that represents the value of plastic collapse [18]. Moreover, when the structural integrity assessment is 
done using the R6 method [19], a reference stress is defined by the limit load. Here, the boundary load 
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is usually assessed for damage in high strength steels [20, 21]. A large number of existing solutions for 
the limit pressure of damaged pipe has been developed analytically or empirically, based on data 
obtained during the investigation [20]. These solutions are generally too conservative.  
This paper presents the integrity analysis of welded casing pipes with axial surface crack, made of API 
J55 steel. Analyzed tube was in operation at an oil rig and was withdrawn during the process of 
reparation, after a period of about 70 000 hours (8 years). This period is much shorter than the 
projected service life, which is up to 30 years.  
By the testing of modified CT specimens, indirectly, through the critical J values JIC, the critical values 
of stress intensity factor KIc were determined. Based on the critical value of stress intensity factor KIc for 
the base metal, HAZ and weld metal, the critical crack lengths were calculated. To assess the integrity of 
pipelines, the fracture analysis diagram (FAD) was applied. Based on the obtained values for Kr and Sr in 
the fracture analysis diagram (FAD) the point was marked, which is located in a safe part of the diagram. 
Having in mind that the FAD analysis is conservative in all of its aspects, it can be concluded that the 
protective welded pipe safe not only of brittle fracture, but also of plastic collapse.  
 
EXPERIMENTAL PROCEDURE 
 
The present study has been carried out in order to assess the integrity of the pipe after a period of 
about 70 000 operating hours (8 years) in an oil rig. Properties of API J55 steel were determined on 
samples taken from pipes produced by HF welding. The test tubes have a diameter of Ø139,7 mm and 
nominal wall thickness of 6.98 mm. Chemical composition of steel API J55 is given in Table 1. 
 
Table 1. Chemical composition of API J55 steel [mass. %] 

C Si Mn P S Cr Ni Mo V Cu Al 
0.2924 0.233 0.963 0.013 0.0216 0.0995 0.0579 0.0123 0.003 0.131 0.025 

*Ceq=[C+Mn/6+(Cr+Mo+V)/5+(Ni+Cu)/15]= 
=[0.2924+0.963/6+(0.0995+0.0123+0.003)/5+(0.0579+0.131)/15]=0.49 
 
Mechanical properties 
 
The sampling positions for determining the mechanical properties of base metal and weld of 
longitudinally welded pipes are defined in the standard [23]. The shape and dimensions of specimens 
for testing tensile properties are defined in the standard [24]. Measurement process is performed using 
electromechanical testing machine SCHENCK-TREBEL RM 100, with strain (elongation) control and 
the load introducing speed of 5 mm / min. 
Examination results of the base material tensile properties on the samples parallel with the direction of 
rolling are given in Table 2, and test chart is presented in Figure 1. 
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Figure 1. Diagram of stress - the elongation percentage, the specimens PR-1, the pipe from 
service, 20 °C 
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Table 2. Tensile properties of base metal, parallel to rolling direction (PV) 
Material Specimen Temperature Re Rm A 

  [°C] [MPa] [MPa] [%] 
Exploited PR 380 562 33 

Standard API 5CT  
20 

379-552 > 517  
 
Fracture resistance 
 
Welded pipe under pressure can be very sensitive to the cracks and their stable or unstable growth. 
Therefore, it is important to identify reliable criteria for assessing the remaining life of pressure pipes 
with cracks in the base metal and the weld. To better understand the initiation and the growth of cracks 
in casing pipes, which are exposed to high pressures in the wells, high temperatures and chemically 
aggressive work environment, the control parameters of material behavior at the crack tip and fracture 
resistance should be expressed quantitatively. Therefore, the critical value of stress intensity factor KIc 
and crack growth resistance curve (J-Δa), are experimentally investigated [25]. 
 
Testing modified (CT) specimens 
 
Tests of the modified CT specimens were carried out at room temperature on a machine SCHENCK-
TREBEL RM 100. Modified CT specimen thickness is d = 6.98 mm (equal to the pipe wall thickness) 
[25]. Indirectly, through the critical J values JIc, the critical values of stress intensity factor KIc, are 
determined, i.e., calculated using the expression (1) and are given in Table 3: 

21 ν
EJK Ic

Ic −
⋅

=
             (1) 

Using the expression:
 

ccIc aπσK ⋅⋅⋅=1,12    (2) 

and taking into account the values of stress, σ = σc, (where σc  is fracture stress) were calculated 
approximate values of critical crack length (ac), for base material (BM), heat affected zone (HAZ) and 
weld metal (WM). 

Table 3. The values of KIc - pipe from service 

Specimen Temperature 
[°C] 

JIc 
[kN/m] 

KIc 
[MPa m1/2] 

ac 
[mm] 

BM-NR-E 35.8 91.4 14.4 
HAZ-NW-E 48.5 106.4 19.6 
WM-NW-E 

20 
45.7 103.3 18.5 

 
Based on the obtained values of KIc for the base metal, HAZ and weld, the lowest resistance to crack 
initiation and propagation has the basic material. 
 
STRUCTURAL INTEGRITY ASSESSMENT OF PIPES WITH AXIAL SURFACE CRACK 
 
Tests were conducted on pressured vessels with axial surface crack in the base metal, Figure 4. The 
vessel is made of seam casing pipes from exploitation.  On the outer surface of the pipes, an axial 
surface crack in the base material was introduced by means of electro erosion, with dimensions: a=3,5 
mm i 2c=200 mm.   
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Figure 2. Vessel with an axial surface crack on the outside surface 

 

Pipe prepared for hydrostatic pressure testing is shown in Fig. 3. 

 
 

Crack centre Crack tip  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 3. The appearance of pipes prepared for testing 
 

Pressure during testing was increased successively in increments of 1 MPa to the pressure of 8 MPa, 
and then by 0.5 MPa to 22 MPa pressure, and with the use of strain gauges LY 11-6/120, 
manufactured by HBM, the strains were registered at the measuring points [26].  
Dependence deformations of the test pressure p diagrams are shown in Fig. 4 to 7. 
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Figure 4. Dependence  strain-pressure, 

internal tape - crack middle 
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Figure 5. Dependence  strain-pressure, external 

tape - crack middle 

 124



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

0 5 10 15 20 25
-500

0

500

1000

1500

2000

2500

3000

3500

4000
 Vrh prsline - unutrašnje trake
 Merno mesto 10
 Merno mesto 11
 Merno mesto 12
 Merno mesto 13
 Merno mesto 14

p [MPa]

D
ef

or
m

ac
ija

,  
[μ

m
/m

]

 
Figure 6. Dependence  strain-pressure, 

internal tape - crack tip 
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Figure 7. Dependence  strain-pressure, external 

tape - crack tip 

 
 

Fracture analysis diagram – FAD 
 
Structures made of ductile materials are not subjected to brittle fracture but to the plastic fracture if 
they are overloaded. The mechanism of plastic fracture (collapse) is not included in the projected 
CTOD curve, and for its analysis a more general approach is required. Therefore, the concept with two 
failure criterion was introduced, to describe the mutual interaction of brittle fracture and plastic 
collapse, implemented through the fracture analysis diagram (Failure Analysis Diagram - FAD) [27]. 
Starting point of this diagram is modified strip yield model for through crack in an infinite plate, 
which connects the effective stress intensity factor Keff with distant stress [28]: 
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In real structures yield strength σY should be replaced with collapse stress σC, which in addition to the 
material, depends on the geometry of the structure, including crack. The next step in the modification 
of FAD is an expression of effective stress intensity factor in no dimensional form as Keff/Kl: 
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   As a final step, dimensionless variables Sr=σ/σc and Kr=KI/KIc are defined, which represents the 
abscissa and ordinate in the modified FAD, Figure 5, and the equation becomes: 
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                     (5) 
 
If the material is totally ductile, the structure breaks in plastic collapse Sr=1, while for the failure of 
the structure of completely brittle materials Kr=1. In all other cases there is interaction between plastic 
collapse and brittle fracture, the Kr and Sr  values are less than 1, and the pairs of corresponding values 
are the limit curve, as shown in Figure 8. When it is taken that Keff to be equal to material fracture 
toughness, KIc, and the Kr, is determined according to: 

Ic

I
r K

K
K =  
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For the calculation of Sr only primary stresses are taken, because secondary stresses are not affected on 
the collapse of the structure. 
 
Using the manual, KI factor, for the geometry of Fig. 2, the following expression is given: 
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a constant Q is calculated by: 
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where the Gj values depend on a/c, a/t and t/Ri and are given in [13]. The relevant values of Gj, for this 
study obtained by interpolation and extrapolation are: 
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At the initial depth a = 3,5 mm and crack length 2c = 200 mm it is obtained: 
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Tension in the net section σn=1,5pR/t, where the factor of 1.5 was taken because of section weakening 
by crack, length  3,5 mm in thickness 6.98 mm (50%), and is obtained: 
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The obtained values for Kr and Sr in the fracture analysis diagram (FAD) marked the point with 
coordinates (0.7; 0.35), which is located in a safe part of the diagram, Figure 8. 
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Figure 8. Fracture analysis diagram (FAD) for the pipe 

with axial surface crack on the outer surface 
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CONCLUSION 

 this work, using fracture mechanics, integrity assessment of welded seam casing pipes with axial 

nd weld metal, the 

D in all of its aspects, it can be concluded that the welded 

 that can reliably determine 

ot mean that the casing string is useless, but 
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Abstract: This paper presents the results of development and mastering production of flux-cored wires intended 
for wide layer surfacing of machine parts using the EPP procedure. Selected were two metallurgical qualities of 
flux-cored wires, which are the most commonly used in application in repairing machine parts. One of the two is 
the quality of low alloy flux-cored wire which is used as an intermediate-tampon zone, and the other 
metallurgical quality is a high alloy flux-cored wire forming wide layer surfacing on the working surface of 
designed hardness and wear resistance.  
Keywords: flux-cored filler wire, fusion welding, EPP- method surfacing 
 
INTRODUCTION 
 
This paper presents the results of development and introducing onto production of flux-cored wire 
from a narrow steel strip produced in Serbia, with a core of a mixture of metal powders. Flux-cored 
wire is designed for use with the EPP procedure (submerged arc welding) for surfacing in a wide layer 
of new and for repairing of worn machine parts. Surfacing of cylindrical parts in a broad layer with 
electrode flux-cored wire that oscillates provides opportunities for the application of currents of over 
600A, which is reflected in the increase in the width of the surfacing deposit (50 to 100 mm), Figure 
1a.  
In the process of EPP surfacing the electrode flux-cored wire is given lateral oscillation of adequate 
speed that allows the surfacing to be performed in the joint melt pool. Amplitude of oscillation is 
determined depending on the required width of surfacing layers. The increase in line speed of 
transverse oscillations of the flux-cored electrode wire contributes to more than two times lower depth 
of penetration of the base metal in comparison to surfacing with flux-cored wire without oscillation, 
Figure 1b.  
When surfacing in a wide layer the thermal cycle is more favorable than in surfacing in a narrow weld 
therefore reducing the demand for pre-heating massive parts. When surfacing large cylindrical parts in 
a wider layer in powder shielding increased current above 800A does not worsen the forming of the 
surfacing layer. Increased current limits only the depth of penetration and excessive heating of parts 
[1-3].  
Possibility of an increase in productivity is even higher when surfacing cylindrical parts of relatively 
small diameter (50 to 250 mm). Liquid pool becomes wider but significantly shorter compared to 
surfacing without oscillation, the diagram in Figure 1a. This allows a significant increase in welding 
current threshold value, at which the molten metal remains on the surface of the machine part. 
Retention of the liquid metal on the part's surface during welding in a broader layer depends upon: the 
curvature of the surface, the mass of surfacing metal per unit of time, the configuration of weld pool, 
heat conducting conditions and physical-chemical properties of the liquid metal and slag. 
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Figure 1. Dependence of the surfacing width (a) in function of the surfacing current strength 
(Iw=800A, U=40V) and the oscillation of the welding head: 1 - without oscillation, 2 - with oscillation 
(a=50mm). Dependence of the depth of the weld (b) of the base metal on the velocity of transverse 
oscillation of the electrode wire[1]  

Flux-cored welding wire for submerged arc hardfacing can be roughly divided into soft and hard. 
Softer flux-cored wires are designed for tough and medium hard welds, which are subject to wear due 
to rolling. The pure weld metal can, without major difficulties and problems be processed by removing 
shavings, and due to its good toughness that type of flux-cored wire can be used in multi-layer 
surfacing of highly worn parts.  
Hard flux-cored wires are generally used when there is impact action, combined with abrasive wear. 
The harder the alloy the lower its resistance to an impact or compressive load, and the higher the 
resistance to abrasive wear. Weld metal made from hard flux-cored wires contains hard wear resistant 
carbides and nitrides in part, stored in the tough base mass of the metal, which provides significant 
resistance. Weld metal of such alloys is workable only by grinding and has a hardness of 53 to 62 
HRC.  
The basis for the development and introduction to production of new metallurgical quality flux-cored 
wires designed for surfacing in a wide layer are the significant annual costs of repair welding of 
rollers, conveyor rollers and crane wheels in Serbia.  
The subject of this paper is the development of the two selected metallurgical qualities to standard 
(API A5.17) that are purchased from manufacturers Weldclad, regarding quantity mostly used are: 
Weldclad 3 (hardness of HRC 33-48) and Weldclad 9 (hardness 120-140 HV) [1,2-4,6]. 
 
EXPERIMENTAL 
 
The development and experimental production includes two selected metallurgical quality flux-cored 
wires (soft - Weldclad 9 and hard - Welclad 3) that have the highest quantity rate in repairing machine 
parts. One of the two is the quality of low alloyed flux-cored wire marked IHIS FCW-9S (hardness 
120-140HV), which is used as an intermediate-buffer zone, and the second metallurgical quality is 
high alloyed flux-cored wire marked IHIS FCW -3H (hardness of HRC 33-48) which forms a weld in 
a broad layer on the working surface of which high wear resistance is expected. On the line for 
calibration of narrow steel strip flux-cored wire a diameter of 4.0 mm is formed, and then multistage 
drawing leads to a final diameter of 3.2 mm, intended for EPP surfacing (submerged arc welding). 
Experimental surfacing in a wide layer is made with an EPP device Lincoln Electric DC-1000 with the 
application of a universal agglomerated powder to standard AWS A5. 17-89 EM 13K (from the 
manufacturer Weldclad) basic composition: 
 

. 
 

 130



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

                  
Surfacing was carried out at the firm Zmaj and Profiweld - Smederevo on the device with oscillating 
movement of the welding head, forming a surfacing weld with a width of 60 mm and a thickness of 
3x5 = 15 mm. The roller is welded with three layers-passes, the first of which was made with a soft 
flux-cored wire making the transition (buffer) zone and two final working coats made with alloyed 
flux-cored wire[4,6].  

RESULTS AND DISCUSSION  

 
The chemical composition of the wide surfacing was investigated. Chemical analysis of the weld face 
was performed by pre-grinding off a layer 1.5 mm thick, and examining the chemical composition. 
The mean values of the results of chemical analysis of the weld metal for, low alloyed flux-cored wire 
marked IHIS FCW-9S (hardness 120-140HV), and the other metallurgical quality high alloyed flux-
cored wire marked IHIS FCW-3H (hardness of HRC 33-48) are given in Table 1.  

Table 1.  The results of chemical analysis of weld performed with two mastered qualities of flux-
cored wires IHIS FCW-9S and IHIS FCW-3H. 

 
 

 
Figure 2. Changes in hardness of surfacing weld performed using EPP procedure with flux-cored 
wires quality: IHIS FCW-9S and IHIS FCW-3H  
 
The surfacing weld hardness test was performed on the longitudinal cross section of a vertical line 
from the weld face to the base metal of the surfacing weld. The microhardness results of the surfacing 
weld from both electrode wires and hard surfacing after thermal treatment are shown in the diagram, 
Figure 2. 
 
CONCLUSION 
 
The aim of this paper is presenting the results of mastering and introducing into production two 
metallurgical qualities of flux-cored wires which are mostly present in application for repair of 
machine parts. The two metallurgical qualities are: the low alloyed flux-cored wire marked IHIS 
FCW-9S which is used as an intermediate buffer zone, and the other is the high alloyed flux- cored 
wire marked IHIS FCW-3H which forms a broad layer surfacing on the working surface of pre-
designed hardness and wear resistance.  
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The achieved results of development and mastering production of flux-cored wires intended for 
surfacing in a wide layer with the EPP process presents certain technical changes in regard to the 
metallurgical qualities of the flux-cored wires from the manufacturer Weldclad, which is twice as 
thick steel strips for making the jacket of the flux-cored wire, which contributes to the increase of 
current strength, higher intake of metal along the length of the melted wire, thus increasing the 
productivity of surfacing.  
Results obtained in experimental surfacing in a wide layer of cylindrical parts show that:  
• The mastered two metallurgical qualities of flux-cored wire intended for submerged arc welding 
(EPP) process in a wide-layer have good welding-technological properties and can be safely 
recommended for industrial applications;  
• The resulting surfacing weld in a wide layer of 60 mm meets the requirements and technical 
conditions in terms of quality and mechanical-technological properties;  
• Surfacing in a wide layer of cylindrical parts with two new qualities of flux-cored wires show good 
economic effects due to increased current and speed, and thus the productivity of the surfacing with 
good quality of weld surface causing a decrease of the share of machining.  
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Abstract: This paper presents the procedures and results of hardening of parts made of Hadfield steel. The 
characteristic of these steels is that they harden in conditions of excessive impact loads as a result of 
transformation of the structure of the working surface from austenite to martensite. The purpose of this 
hardening is to prevent pronounced initial wear of parts made of this steel, until the moment when the operating 
conditions themselves continue to harden it. The effect of the applied hardening procedures is an increase in 
service life of parts of construction and mining machinery, 1.5-2 times. 
Key words: Hadfield steel, explosion depth hardening, explosive deformation, work hardening, railway switch. 
 
INTRODUCTION  
 
Explosion hardening is significantly different from the methods applied in static conditions. Hardening 
is caused by the wave nature of propagation of the disturbances in metal, short-lived process and high 
pressure values, witch reach hardening depth that can not be achieved by other methods and without 
the use of special equipment. 
Metal, under the influence of the shock wave, changes density and mechanical properties, whereby in 
the material there is an increase in properties of strength, a decrease in ductile properties and a 
significant increase of physical characteristics, such as: electrical, thermal and magnetic. Usually for 
contact method hardening of metals, high brisance explosives are applied with detonation velocities of 
7-8 km/sec and density of 1.5-1.7 gr/cm3, whereby pressures of 20-40 GPa are generated in the shock 
wave front (Fig. 2).  
The subject of hardening is high manganese Hadfield steel, which in conditions of pronounced impact 
or crushing changes its structure and hardens. On delivery this austenitic steel is soft. It is produced by 
quenching steel in water at approximately 1050°C. Quenched steel is tough, has good cold 
deformation properties but is mechanically difficult to process [1-6]. 
 
MATERIAL AND METHODS 
 
In practice various schemes for hardening of metals are used. In principle those are contact methods, 
where the metal and explosives are in direct contact or hardening takes place through a porous 
layer. The metal is hardened under the influence of the front of a flat or sliding shock wave to achieve 
greater depth of hardening (Fig. 1). Often in these hardening schemes combined explosive charges are 
applied, where a lower explosive is laid directly in contact with the metal (Fig. 5). 
The effect of high dynamic pressure leads to phase transitions in metal (transition from one state of 
crystal lattice to another), with rapid changes in metal density. The peculiarity of phase transitions is in 
their unusually high rate of formation. Under the influence of the shock wave new phases are formed 
in a fraction of a microsecond, both in processes without diffusion and those that require mass 
transfer.  
Today more and more frequently the method of hardening through porous layers is used, with the 
application of low brisance - less expensive explosives. The porous layer, in addition to protecting the 
metal surfaces, enables prolonged effect of gaseous explosion products of metal, when the amplitude 
of the waves increases significantly [1-3,5]. 
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Figure 1. Schemes of hardening of metals: flat (a) and sliding (b) shock wave, repeated hardening 
using metal plates (c), hardening of metal through the porous layer (d) where,  
1–electric detonator, 2-explosive, 3-metal being hardened, 4-metal plates used for hardening, 5-porous 
layer  
 
Schemes with repeated hardening mean that the metal which is to be hardened is placed between metal 
plates, and due to the difference in acoustic resistance of the metal and the plate the shock wave is 
repeatedly reflected and returned into the metal hardening it repeatedly (Fig. 2c) [4-7]. 
   

 
                     Hardening depth, mm Hardening depth, mm                          
                         a)                                       b)                                   c)                                      d) 
 

Figure 2. Changes of mechanical properties of Hadfield steel [7]: 
(a) Changes of mechanical properties of Hadfield steel under the influence of a shock wave, 

pressure 4-40 GPa 
(b) Hardening using an oblique shock wave: I-explosive, II-blast products, III-area of metal 

with load, IV-metal without load 
(c) Repeated hardening of Hadfield steel: 1, 2, 3, 4-number of hardenings, 5-hardening with 

strikes of a pneumatic hammer, 6-initial hardness of steel  
(d) Changes in hardness of Hadfield steel: 1- application of a combined explosive charge, 2-

one type of explosive 
 
In practice, we have implemented manufacturing of a number of bimetallic wear-resistant 
combinations, from which we produce cladding panels for baskets in loading and receiving limestone 
bunkers. Distinct requirements demanded mastering of a series of procedures for hardening working 
pieces of equipment in mining and construction [8]. 
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EXPERIMENTAL  
 

• Manufacturing of bimetal for lining baskets in crusher plants 

 

 
 

Figure 3. Production of bimetal (Č0563 + Č3160) for lining of loading baskets 
 

• Procedure of hardening loading bucket teeth in mining and construction 

 
Figure 4. Hardening of loading bucket teeth 

 
• Hardening of the heart of railway switches 

   
Figure 5. Hardening of railway switches 
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• Procedures for hardening of the hammer in crusher for crushing limestone 

    

   

   
Figure 6. Hardening of the hammer for limestone crushers 

 
Hardening process and analysis of the results of hardening a mill hammer BL-V 

 
Figure 8 The process of hardening a mill hammer BL-V and the microstructure of the base material 

(core) of the hammer and the hardened surface of the hammer ČL.3160: dark lines-martensite 
Condition: cast, quenched and hardened by explosion 

 

   
 

Figure 9. Schematic overview of hardness measuring in plane 'A' cross section 'A-A' 
Distance from surface, mm 
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Table 1. Cross section II-II 
Distance from surface  

"B" in mm  1,3  2,4  4,0  6,2  8,2  11,0 14,0  18,7  26,5 

HV30/20  406  343  308  308  308  269  263  263  263  
Corresponds to HRC  41,3  33,7 30,7 30,7 30,7 25,7 24,5  24,5  24,5 

Table 2. Cross section V-V 
Distance from surface ,  "D" in mm 1.5 3.0 4.5 7 12.7 17 

HV30/20 429 385 337 315 269 263 
Corresponds to HRC 43.5 39.3 33.6 31.6 25.5 24.5 

 
RESULTS AND DISCUSSION  

• The highest hardness value of 406 HV was measured directly at the frontal surface "B". 
• Based on the measuring results in cross section VII-VII at a distance of 30-35 mm from 

surface "B", that is at a distance of 13 mm from surface "D" measured hardness values were 
greater than 300 HV.  

• The main micro constituent in the structure is austenite. In addition to the austenite, present 
are carbide phase particles (dark individual elongated particles) and dark particles that are 
non-metallic inclusions and gas pores.  

• Based on the microstructure test results the conclusion is that the appearance of the 
microstructure correlates well with the results of hardness testing. 

CONCLUSION  
a) Explosion hardening is significantly different from the methods applied in static conditions, 

where under the influence of a shock wave, the density and mechanical properties of steel are 
changed, with a lifetime increase by 1.5-2 times for components made of Hadfield steel. 

b) With explosion energy depth hardening is achieved which can not be achieved by other 
methods and without the use of special equipment. 

c) In the interest of a more economical procedure and partly deeper hardening, we apply 
hardening through adequate porous layers using cheaper-powder explosives. 
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Abstract: This paper deals with the static structural analysis of an articulated urban bus chassis, carried out with 
the Finite Elements Method and measurement stress distribution by strain gauges. The purpose of this work is to 
simulate and find out where are critical areas into construction. Accordance to standards requirements is to 
achieve a fast and easy redesign based on an optimization of structure taking into account fastsolution of 
problems. A thorough interaction with the customer company allowed the authors to adequately define the 
loading scheme and to constrain the structure properly. Analyses with FEM parameters have been run, in order 
to achieve an adequate compare with stress strain results obtained measuring by strain gauges. Whole 
experiment is defined in several phases. The results between numerical simulation and experiment have good 
matching, about 8-10%, which is pretty good for these types of experiments. This experiment show that is 
possible to use finite element analyses for improving the critical part of the bus construction. Eventually, the 
customer has been notified of critical issues and the related suggested improvements. 
Key words: Numerical simulation, Optimization, Stress State, Strain Gauges 
 
INTRODUCTION 
 
Damage of metal parts and constructions is a complex process which takes place with effect of one or 
more mechanisms, such as: surface damages (corrosion, wear); distortion (elastic and plastic) and 
fracture.[1] Fracture, which is a most severe form of material damage, is under influence of numerous 
factors, such as: mechanical stresses, temperature, composition and atmospheric conditions, shapes 
and dimensions of a part or construction; structure and properties of material and quality of surface [1-
3]. Analysing the results, obtained by numerical simulation and strain gauges were performed with the 
redistribution of critical stresses, and proposal for the structure optimization. The comparative analysis 
methods have been provided the precise prediction of failure appearance and made possible to define 
the preventive measures [4].A complete characterization of the system implies a better understanding 
and behavior of construction in the presence of failure, and the evaluation of their resistance to crack 
initialization and growth. The vehicle which is under investigation is an articulated bus characterized 
by a length of 18 m, realised by the joining of two chassis (Figure 1), capable of carrying up to 130 
passengers and with a mass at full load of about 25,000 kg. Urban buses, as most part of passenger 
vehicles, are built around a tubular chassis that bears both the weight of the vehicle itself and the 
weight of passengers and luggage. 

 
Figure 1. Model of articulated bus 
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A chassis model shall also meet precise stiffness requirements and good connection between in order 
to allow a safe drive under the most diverse traffic conditions.[6] Problem during the exploitation of 
articulated bus, there was a weakening of links between chassis and bus turntable after a while, a 
fracture of screws that form the connection. The aim of this analyses is to determinate the cause of the 
fracture screws on the front and back of the bus chassis turntable marks screws and nuts that are 
determine the cause of the fracture was carried out, according to the usual practice methodology, 
adapted to existing conditions and the type of test defects. Because it came to a frequent failure and 
accidents due to fracture of screws, there had to be done a thorough analysis of the problems and to 
propose solutions of the design improvement, that was a problem with the whole series, not only one 
bus. Constructor of the bus is suggested inserting a wedge that will take some of the strain on the 
chassis link instead of screws that are carrying the entire link. It was necessary to prove whether this is 
the optimal solution. To avoid installation of wedges and testing of the buses, there should have been 
found an appropriate testing mechanism, therefore is FEM analysis usingsoftware package CATIA 
selected and measuring the existing stress condition using the strain gauges. According to literature 
survey, the studies on this similar fitting process have been rarely reported, while most research efforts 
have focused on the numerical analysis of screwconnection [3–6], its failure analysis [6, 7], and the 
optimum shape design for improving the tightening force [7, 8]. It is because the failure in the 
screwconnection may, but frequently, lead to the overall failure of the screwed structural systems. The 
fastening force of the screw is governed by a number of parameters such as the material properties and 
the shape and dimensions of turntable and type of connection with chassis.[9]Traditionally, the 
selection of design and redesign parameters has relied on the cost- and time-expensive experiments in 
a trial and error manner. 

 
EXPERIMENTAL PART AND DISCUSION  

 
The aim of this study is to determinate the cause of the fracture screws which connected the front and 
back of the bus chassis. The experiment was done in several phases, which serve to give a complete 
state of stresses, which is shown as optimal and as very reliable tool for redesign of bus. In order 
toobtain reliableand accurateresults, it isnecessary to considerall theloadsacting on 
thecriticalcombination ofchassiswiththe turning. For screws that are the main problem in these 
connections that after a while there is a loosening of the connection and fracture. A very 
importantdetail is thatthescrews arecorrectlytightenedto torque, whichin itselfbringsgreat preloading 
stressinto thescrewso thatthe screwbeforetheoperationhasalready beenpre-stressing. 
On the start of experiment is done generation and production of CAD models which is used for 
numerical simulation in software package Catia. Model is faithful to the original design. The modeling 
of the bus structure is made with data collected from producer of bus. In the first phase of the 
experiment initial numerical simulation was done with determined loads in order to locate critical 
areas of the construction and that would also be input for the later phase of the experiment. A thorough 
interaction with the customer company allowed the authors to adequately define the loading 
schemeand to constrain the structure properly. 
The analysis is limited to the chassis and turntable of the vehicle.During this also very important in the 
numerical simulation was included force of tightening the screws which included very large initial 
stress in the connection of turntable.The inputs for the finite element analysis are all the loads which 
acting on bus. These loads acting on the bus during the driving are self-weight of bus, passenger 
weight, luggage, engine weight, fuel weight and extra tire weight. Firstly in the experiment done initial 
numerical simulation was done with maximum allowed loads in order to see the critical points of the 
construction and that would also be opening for the second phase of the experiment.  The first set of 
numerical simulations were done not for the purpose of obtaining the values of stress but to visually 
determine the weakest region in the structure on which  goal is to prepare places for bonding strain 
gauges. The figure 2 presents the model of turntable and critical locationswith maximum stress. The 
simulation shows that maximum stress is obtain in the steam of screw. 
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Figure 2. Connection of turntable with the chassis and areas of maximum stress  

 
In this phase was done measuring of the stress using strain gauges which are positioned at critical 
locations of the construction that we have identified in the first phase. It was done by measuring the 
stress in screws area for connection of the turntable and the front of the bus and turntable and rear of 
the bus. For the purpose of experiment a cause of experiment that is important to measure the real 
stress state in the screws, which is shown,that is critical element in construction. 

 
Figure3. Position of measuring gages on the turntable 

 
Measuring of stress is performed using strain gages at 10 measuring points show on Figure 3 (on this 
figure is shown the 8 measuring places, only). Disposition of measuring points is shown in Figure 5. In 
order to compensate the effect of temperature on the accuracy of the measurements, each measuring 
tape associated with another compensation measuring tape in a semi-conductorSpeed is measured by 
an optical encoder OMRON Figure (4a). From transmission ratio of the gear shaft which is, is derived 
vehicle speed. 
 

  
Figure 4. (a) Optical sensor for measuring speed; (b) the data acquisition device Spider 8 

 
Accelerations were measured in the longitudinal, lateral and vertical directions using tri-axial sensor 
Silicon Designs 2460-010. Acceleration sensor is placed on the floor of the bus. All sensors and strain 
gauges are connected with two parallel connected measurement acquisition device SPIDER 8 
productions HBM (Figure 6b).Measurements have been made in the case of an empty bus mass 15760 
kg and bus tanked with sandbags to the total weight of 25420 kg. Before the measuring on the polygon 
and in driving cases, were measured impact of tightening the screws with the specified torque of 400 
Nm, and the change of the stress state at the measurement place. 
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Table 2. Measured Stress State of screws  

Measuring 
Tapes 

Stress Δσ 
from     

tightenin
g 

[N/mm2] 

Stress in case elevated left 
wheel inthe central 

axleright wheel in rear axle 
   Emptybus – two sensors 

Stress in case elevated 
left wheel in the central 
axle and right wheel in 
rear axle - Empty bus  
single sensor on right 

side 
MT1 35,0 -14,1 -6,8 
MT2 27,8 -0,6 -0,3 
MT3 42,0 14,1 10,3 
MT4 32,0 17,5 12,5 
MT5 32,3 6,6 -1,0 
MT6 44,8 10,7 6,4 
MT7 52,0 -38,7 -9,0 
MT8 44,9 -39,0 -9,7 
MT9 17,2 -0,2 -2,2 

MT10 8,1 1,0 -0,1 
 
Measuring the impact of this torque was done while the bus was on the crane, and then is done release 
and then tightening of the screws one by one. Stress state of strain gages depend on dominantly 
tightening a screw near which the gauges is, the change of the stress state of each gage under the 
influence of proper torque nearest screw is shown in Table 2.After the influence of torque test on the 
stress state in the area of screws, measurements were carried out on the polygon. It is simulated the 
case of climbing and crossing the deformations on the road with a height of approximately 150 mm. 
The measurements were carried out for the following cases:  1. obstacle of 150 mm, climbing one 
wheel of the middle axis; 2. obstacle of 150 mm, climbing one wheel of the rear axis; 3. obstacle of 
150 mm, climbing one wheel of the middle axis, with the simultaneous onset of diagonal climbing one 
wheel of the rear axis. 
Table 2 alsoshows the results ofmeasurements withan empty buswhile climbingthe leftwheel of 
middleaxleandthe right wheel on therear axle is oncamberof 150 mm. Level controlleft and rightsides 
of the vehiclewas independentfrom thetwo sensors. It may be notedthat the stressshownon the 
diagramare not fullystabilized, butthe gradient of further increase isvery small. Table 2 alsopresents 
the results ofmeasurementsduring the transition fromlevel controlwithtwo sensorstoadjust the height 
ofa singlesensor.An emptybuswas standing on theswells,so herewaselevated left wheel inthe central 
axleandright wheel in rear axleby about150 mm.Strain gauges was not possible to measure the stress 
state in the steam of screws, but in place just above and below the screw. So, in this section for 
comparison and validation of numerical simulation, set the sensors to measure the stress on the 
numerical simulation of the same places where were placed and the measuring tape. 
During this experiment it was important to verify that the numerical simulation is authoritative for 
such complex analysis and whether it will give reliable results. All previous tests and simulations were 
carried out on bus chassis which was not modified, without wedges. The goal was validation results 
obtained using numerical simulations. That is why in this phase is done numerical simulation under 
the same conditions and loads that were on the test polygon. Comparison of stress condition was done. 
Repeated numerical simulation of chassis with loads was done, and those were identical, during 
simulated load during the measurements, that were at the test site. The results have good matching- the 
difference is about 8-10%. 
The final phase is to apply this method and stress analyses of bus chassis in a modified state when 
beside the screws, and wedges receive load also. The numerical simulation of rising and lowering the 
rear left and right wheel of the bus here is presented.The numerical simulation is done for equal 
working conditions of the bus like in experiment; it is simulated that wheels of bus coming on the 
prepared obstacles. During the raising is performed the measurements. In Figure 5(a) is shown, the 
analysis done for the turntable assembly with screws to the original non modification state. Where is 
visible, that the shearing is dominant and uneven in the cross sections of the screw. 
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Figure 5(a). Stress state in the screws connection of 
chassis, when the right rear wheel of bus come on 
obstacle +150 mm, case without the wedges, non-

modification case 

Figure 5(b). Stress state in the screws connection of 
chassis, when the right rear wheel of bus come on 

obstacle +150 mm, case with the wedges, modification 
case 

 
Combined loads are visible and uneven distribution of stresses in the cross section of the screw. The 
main load are shearing and bending, and tension on screw. On Figure 5(b) is shown, the stress analysis 
for the turntable assembly with screws to the modified state with wedges. Where is visible, that the 
shearing was reduced to the minimum. In table 5 is shown comparative overview of the stress value in 
screws, (Rising of right sides of bus +150mm) with wedges and without it. The stress value decreased 
quite, for one order of magnitude, which shows, that the solution with the wedge is much better, 
because it reduces the screw load.  
 

Table 5. Comparative overview of the stress value in Screws, (when rising right and left sides) with 
widgets and without it.  

 Rising of right sides of bus +150mm Rising of left sides of bus +150mm 

Without   wedges With wedges Without   wedges With wedges 
Number of screws Stem of  

screw[N/m2] Stem of screw[N/m2] Stem of screw[N/m2] Stem of screw[N/m2]

1 9,691e+008N_m2 1,032e+008N_m2 1,103e+009N_m2 1,123e+008N_m2 
2 1,046e+009N_m2 1,014e+009N_m2 8,447e+008N_m2 9,172e+008N_m2 
3 1,265e+009N_m2 1,262e+009N_m2 6,885e+008N_m2 5,994e+008N_m2 
4 9,856e+008N_m2 9,445e+008N_m2 7,425e+008N_m2 7,945e+008N_m2 
5 1,114e+009N_m2 1,259e+009N_m2 7,711e+008N_m2 9,312e+008N_m2 
6 8,315e+008N_m2 9,27e+008N_m2 1,056e+009N_m2 1,036e+009N_m2 
7 6,388e+008N_m2 5,356e+008N_m2 1,445e+009N_m2 1,396e+009N_m2 
8 7,128e+008N_m2 7,664e+008N_m2 9,465e+008N_m2 8,953e+008N_m2 

 
CONCLUSION 

 
In this paper is shown that results of the numerical simulation can be taken as a relevant in process 
redesigning products in this case redesign and redistribution of stress. Here is also shown the proof 
that is FEM simulation is reliable, by control of values of stress by strain gauges and comparing 
results.  All of these methods are an advanced technology that allows making better decisions and 
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maintain control of the process of product development, modification and its development. The 
measurements and results are the basis for further analysis, to establish the correlation between 
measured stress state, by using strain guges and stress state or load that are appearing and unadjusted 
screw connections with a turntable connection solutions on turnable bus chassis. The whole 
experiment shows that wikest point in the contruction is screws whic connect the turntable with 
chassis of bus. Stress measurement is carried out by using strain gages, which are placed, as close as 
possible to srews which conect the turntable with chasis of articulated bus, while maintaining their 
proper setting, above or below the screw connections. The measurement was performed at the test site, 
during driving with empty and loaded bus. Having in mind that the measuring tapes are physicly 
placed relatively far from the place where the maximum stresses occur in the screw connection, and 
that the gradient of the stress drop in the zone is quite large, it can be concluded that the measured 
stresses are relatively high, indicating the occurrence of relatively high load of elements of connection. 
FEM is done in Catia software. Simulation was done for cases of lifting and lowering right and left 
rear wheel of the bus. Simulation was done for cases with and without wedges in connection of 
turntable with chassis of articulated bus.Results of numerical simulationshows that the stress at several 
measuring points are several times lower than in the case with no wedges. These types of analysis, 
redesign has relied on the cost- and time-expensive experiments, main idea is to find critical locations 
on the construction applying these method. 
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Abstract: This paper presents a software package LMSoft that automate the process of lubrication management 
of technical systems that is a part of the information system of preventive maintenance. Featured software 
package is the result of years of research by the field of information systems and the design of control systems in 
the process industry. The function of preventive maintenance is increasingly represented in a new form known as 
proactive maintenance processes where lubrication play a key role. Processes include lubrication and periodic 
quality control of lubricating oil, the results represent a significant technical support to the technical diagnostics. 
By automating management processes at the same time improving lubrication preventive maintenance and 
technical diagnostics.  
Key words: software support, lubrication management, preventative maintenance, technical diagnostics 

 
INTRODUCTION 
 
Software package for managing processes lubrication LMSOFT (Lubricant Management Software) is 
designed to support organizations with different profiles that have technical systems with a large total 
number of lubrication where manual control was very difficult and unprofitable. The software package 
includes a database that is used to manage the process of preventive maintenance, and also for storing 
the results of technical diagnostics. Technical diagnostics and lubrication are key elements of 
preventive maintenance, which are modeled using FMEA (Failure Modes and Effects Analysis) 
methods. FMEA method is used in the LMSOFT in a particular area of the real work to identify all of 
the lubrication and to store the relevant attributes in the database. 
 
MAINTENANCE – CONCEPTS AND TECHNOLOGIES 
  
Maintenance of the technical systems (TS) represents a set of procedures and activities which is main 
purpose to prevent states of failure and recovering from fails to the state of normal work in the shortest 
possible time and with less expenditure in the given environmental conditions and work organization. 
The purpose of maintenance is to increase the effectiveness of the production process, which will 
result, that costs per unit of production will decrease. Maintenance TS should be considered as a 
function of the primary production, because it contributes to the production to takes place in a rational 
manner with optimum reliability level of TS in the company [1]. 
Basic concepts of maintenance include: preventive, corrective (reactive) and combined maintenance. 
Preventive maintenance, which aims to prevent or delay the occurrence of failure, can be implemented 
in several ways. 
By default, two basic types of preventive maintenance [2]: 

• The first case refers to the periodic preventive maintenance that is based on information on 
the reliability of the system (division of the time of work until failures of the observed system 
or part). 

• The second case, also known as maintenance of the state or predictive maintenance is based 
on the monitoring of parameters that represent the state of the observed system. 

Predictive maintenance resulting in the reduction of the number of unexpected failures, increasing 
reliability and reducing direct and indirect costs of maintaining TS [B]. A latest innovation in the 
field of predictive maintenance is the so-called proactive maintenance, where various technologies 
are used in order to extend the life of the machine and for the practical elimination of corrective 
maintenance. The main part of the program is a proactive analysis of the causes of failure of 
machinery or part thereof. The causes of the failure of the machines in this way can be removed, and 

 146

http://pmf.unibl.org/
mailto:krunicm@gmail.com


III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

_________________________________________________________________________________________ 

the failure mechanisms gradually will be eliminated with engineering approach. Corrective 
maintenance is maintenance concept, which means that maintenance procedures are carried out only 
when there is a failure occurrence. Combined maintenance is implemented as a part of the plant 
maintains preventative, while the remaining part of the maintenance procedures carried out as it 
comes to failure. Choice of area of preventive and corrective maintenance of all technical systems is 
in function of optimization in order to reduce the maintenance costs of the product [3]. Maintenance 
technology is directly linked to the development and production technology, and contains procedures 
and ways of their implementation, including [4,5]: 

• basic maintenance by the operator, 
• preventive periodic inspection and replacement of parts, 
• random inspections regulated by the regulations and laws, 
• lubrication of the technical system, 
• technical diagnostics (determining the actual state of the system), 
• repair and restore of the worn parts, 
• identification and elimination of the weak points of the system (innovation) and 
• general periodic repairs and modernization. 

 
For the implementation of the maintenance technology it is necessary to have a clear concept that 
contain answers to many questions: When is a need for maintenance, why is maintenance carried out, 
what procedure should be used and in what order, in what part of the system maintenance works 
should be carried out, who will be the perpetrators [6]. 

 
TECHNICAL DIAGNOSTICS 

 
Determining the condition of the machines is a key issue in the process of its maintenance. It is 
necessary to monitor changes in the condition of individual parameters of components and machine 
elements, which eventually lead to a drop in performance and to failure. Technical diagnostics (TD) 
checks the correctness of the TS, TD checks the working capacity of the TS, TD checks the 
functionality of the TS. Diagnostic controls are divided in to the next sections [7]: 

• Identification of the working state – the state assessment using appropriate instruments and 
observation with predefined criteria permitted and illicit states of the TS, 

• Maintain of the working condition Analyzing the state of the TS according to a scheduled 
program and taking the actions to reduce the probability of the failure, 

• Preventive examinations - periodic testing of the TS, microclimate, vibration, noise, etc. 
 

For the application of the technical diagnostics there are basically two forms available: a) on-line 
diagnosis (diagnostic devices are built into the machine, an estimation of the state of the key parts is 
performed in the run time and it is based on the measured parameters); b) off-line diagnosis 
(diagnostic measures are implemented after some time the system was in working state, a machine 
may be excluded from the process of the work. 
 
FMEA - FAILURE MODES AND EFFECTS ANALYSIS 
 
FMEA (Failure Modes and Effects Analysis) is a procedure for analysis of potential failure in the 
system and their impact on the system and focuses on the prevention and reduction opportunities that 
cancellation occurs. It is used to detect and prevent problems in the process before they arise. FMEA 
method involves a disciplined and detailed analysis of the processes and the systems (system, 
subsystem, assembly or component). For the final assessment of the risks of the potential damages it is 
necessary to estimate the probability that they will occur. Basic terms used in the FMEA are: 

• Failure of the system (subsystems, assemblies or components) – inability of  the system to  
perform the function, 

• Form of the system failure - form or the condition of the element after the failure, 
• The cause of the system failure - a process or mechanism responsible for the initiation and 

failure, 
• Effect of the system failure - a consequence of the failure to function or system status. 
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The basic concept of the FMEA method involves decomposition of the system into its constituent 
elements, to a level that is estimated to be significant in the analysis. FMEA method is implemented in 
to the worksheets that can take many forms and elements, depending on the system being analyzed 
and the purpose of the analysis. The final FMEA method is to determine the RPN - Risk Priority 
Number: 

• Assess severity (Severity - S) of each of the potential impact of the cancellation, 
• To assess the probability of occurrence (Occurrence - A) Effect of the cancellation, 
• To assess the probability of detection (Detection - D) effect of each failure. 

 
RPN is obtained as the product S x O x D, where S, O and D rated value for a particular job. 
 
LUBRICATION MANAGEMENT 
 
Appliance of the Information technology (IT) in the maintenance / lubrication in order to improve the 
performance of the TS has become a necessity. Lubrication engineers analysis equipment, its 
components and guidance to reach the recommended lubricant. After collecting and processing the 
data of the TS, the lubrication points and lubricant, the main tasks are development plans of 
lubrication and preventive screenings. In order to achieve the effective lubrication plans it is 
necessary to create the conditions for organized planning lubrication to grow into the management 
with computer support. Lubrication Management is based on the planning and implementation of 
plans of the lubrication. Monitoring the state parameters can be carried out continuously or 
periodically, and for each parameter condition it is necessary to determine a value of a cancellation. In 
this way it is achieved a preventive lubrication that meets most practical situations and types of 
technical systems [8]. However, lubrication management is a much broader process. It includes 
activities: 

• Forecasting and prediction, 
• Planning, 
• Carrying out and coordinating the actions of a lubrication, 
• Control deadlines and quality of execution of actions lubrication, 
• Control the actual system performance and 
• Control of the cost of a lubrication. 

 
Planning is a key function of a lubrication management. Lubrication plan must comply with the 
maintenance schedule / production. 

 
LMSoft - STRUCTURE AND FUNCTION 
 
Customer requirements 
 
Software Package Management lubrication should provide, at a minimum: 

• Entering, deleting and editing the data about technical systems, lubricants and lubrication 
points 

• Integrated view of the relevant data sets, 
• Selection of a different search options for the database, 
• Extend the database with new tables, 
• Adaptation of the existing search options, 
• Creation of a new types of searches and masks to show their results, 
• Distribution of the data, 
• Creation of a different reports (documents), 
• Protection of the data from unauthorized access and incorrect entry and 
• Ease of training and use of the program. 
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Database 
 
The main goal of a database design is to provide quick and full access to all of the technical systems, 
lubricants and lubrication points and to provide a support in the management of lubrication using a 
computer. One of the most important tasks of the preventive maintenance is lubrication, which 
requires the study of the technical documentation, equipment and instructions for lubricating and 
finally selection of appropriate lubricants. Database for lubrication management include tables 
correspond key entities, such as lubricants, technical systems of lubrication, specifications, 
classifications, quality levels, lubrication maps, orders. These tables, together with tables containing 
systematized results of FMEA method applied to the infrastructure to be maintained (machines, 
production lines, transport sredatva, equipment, ...) are the basic structure of the database maintenance 
scheme. The database represent an abstract model of the real system [9].   
 
THE PRESENTATION SOFTWARE 
 
The main form – Communication between users and the application is realized through a set of a 
different forms. In that set we can distinguish a subsets of a forms that are characterized by a similar 
use: forms of presentation of search results, entry forms, delete and edit data forms, as well as a 
smaller number of forms to navigate additional choices and a variety of informational and warning 
messages. Starting from the main form (Fig. 1), we will present the structure and functionality of the 
software package LMSOFT. The main form allows the passage to the basic software functions that 
cover the user requirements. The main menu contains nine fields / buttons by which we come to 
associate the form described below. The tenth button closes the program. 
 

 
Figure 1. The main form LMSoft 

 
Form of the technical systems - provides evidence of the TS with all relevant attributes such as: 
Name, Type, Brand, Manufacturer, Lubrication points, Owner. The TS evidence means filling the 
basic information about TS to their records in to the database. This data, later, can be used in the 
operational work. Using this form you can enter information about the technical system, view and / or 
edit existing ones, delete and add new information about TS and conduct searches. In the subform the 
selection of lubrication points can be selected for a specific TS (Fig.2). 
Form Lubricants - It is obvious that the choice of lubricant is one of the main input into the drafting 
process of lubrication. To ensure that this step in the process of lubricating is done correctly and 
efficiently it is neccesary to ensure: 

• Fast access to data on lubricants, 
• Display of all important data on lubricants for lubrication TS and 
• Selection of appropriate lubricants for lubrication points of each TS. 
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Information about lubricants are primarily related to the classification of quality levels, specifications, 
standards, and other attributes relevant to the lubrication process. (Fig. 3). 
 

 

 
Figure 2. Form input / review TS 

 

 
Figure 3. Form input / review of lubricants 

  
Ticket lubrication form - From the main menu, you enter into a form called Map of lubrication, 
where, depending on the type of a technical system, selects lubricant and its gradation for each place 
of lubrication. On this form are available basic data on the TS: name, group, manufacturer, model, 
manufacturer's number, year of manufacture, operation, pictures, of lubrication. 
Lubrication operation includes records about lubrication, lubricants quantity, working hours 
(kilometers traveled) and the comments. Form has an option for a quick overview of expenditure of 
lubricant for each TS and all of lubrication. 
Work Order field - Lubrication Engineer develops a plan of lubrication (lubrication routes) that are 
executed in the future. Lubrication plan is executed through the Order of lubrication, which has more 
options (open, in operation, closed). Form contains a button to view your account. 
Report field - There are several types of reports relating to the consumption of lubricants and 
lubrication points by selecting the four time periods (random, monthly, yearly and overall). The 
available and the list of activities lubrication list by TS drives, sectors, facilities and places where 
lubrication is observed increased consumption of lubricants. 
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Form includes fields for diagnostics: analysis / test lubricants, limitations of the analyzes, the analysis 
of lubrication points, restrictions on service conditions and typical values for field analysis (declared 
by the lubricant manufacturer - catalog value). 
Catalog of lubricants - Any factory that produces lubricants has a catalog of their products, which 
describes in a detail the composition, application and other important properties of lubricants. The key 
advantage of electronic catalogs is reflected in the speed and capabilities of different criteria and 
procedures for the database search. 
 
CONCLUSION 
 
Technical diagnostics and lubrication are key processes of maintenance system, regardless of the 
adopted concept and technology maintenance. On the other hand, the results of periodic control 
lubricants used in TS, with established critical limits for individual characteristics are important 
elements of technical diagnostics. Contemporary concepts of maintenance include proactive 
maintenance computer aided classified in the production function. Maintenance costs are thus treated 
as production costs, so the cost of lubrication is directly involved in the pricing of products. We come 
to the simple conclusion that the use of the software package LMSOFT directly affect the price of the 
product. Software support for a process lubrication maintenance management represent a module of a 
IS, which is opened to connect with the environment, such as a software for the laboratory analysis, 
software for the warehouse management, etc. 
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Abstract: Maintenence  systems of alternative energy sources are subject to all the laws of maintenance, any 
more or less complex, technical systems. For larger wind farms and solar power plants is typical to perform 
remote management from the dispatch center, which also applies to the operation monitoring and maintenance. 
In such circumstances, maintaining focus on the strategy, which includes: basic maintenance by the operator, 
preventive periodic reviews, technical diagnostics, find and eliminate weak points, preventative parts 
replacement, periodic preventive repair, repair and restoration of other parts.  
Keywords: hybrid power systems, solar energy, wind energy, maintenance. 
 
INTRODUCTION - RENEWABLE ENERGY SOURCES 

Renewable energy can be divided into several groups: solar energy, wind energy, water courses, 
biomass energy, geothermal energy, hydrogen energy, energy of environment. 

Solar energy 

Due to the continuous increase in the price of energy, the popularity of solar energy is increasingly 
growing. 
Since the lifetime of the solar system more than 20 years, is evident effectiveness of initial investment 
in the installation of the solar system, not only financially, but also in environmental terms 
The goal of thermal solar collectors is as follows: water heating (Fig. 1), heating swimming pools, 
heating water in the heating system - radiators, air conditioning space. 

 
 

Figure 1. The use of solar collectors for heating and hot water 

1.Circulator pump, 2. Safety valve, 3. Expansion vessel, 4.Termometar, 5. Drain cock, 6. Automatic 
air vent valve, 7. Check valve, 8. Room thermometer, 9. Electric heater, 10.Sanitary heat, 11. Solar 
collector with brackets, 12. Solar Automation, 13. Hot water tank, 14. Valve with electric motor, 

15.Radiator. 

Wind turbines  

Wind turbines are a type of plants that use wind energy, which is a renewable source of energy wind 
turbines consist of support structures in the form of pillars, wind turbines, power generators, the part 
that regulates the speed of rotation of the generator and the voltage output of wind turbines and ports 
on a system for accumulation of energy or the power grid. 
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Figure 2. Wind turbines With hhorizontal axis 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Wind turbines with vertical axis 

Wind turbines with hhorizontal axis 

Benefits of wind turbines with horizontal axis (Fig. 2): placed at higher altitudes with higher wind 
speeds, the possibility of changing the angle of attack propeller (increases efficiency and facilitates 
speed control) 
Disadvantages of wind turbines with horizontal axis: expensive towers taller, vibration during 
operation, the need for ongoing guidance to the wind axis, the complexity of the design, expensive to 
maintain high towers and generator assembly at high altitude. 
Today, the most common type of wind turbines for high power is exactly the horizontal axe. 

Wind turbines with vertical axis 

A common feature of the construction of wind turbines is that the axis of rotation of the propeller or 
turbine vertical (Fig. 3). 
Advantages of wind turbines with vertical axis are: easy to produce, high torque, durability, most 
without the need to move in the direction of the wind, unnecessary mechanism for this purpose, it is 
easier to maintain than horizontal axis wind power as a generator close to the ground itself instituted in 
any wind direction. 
Disadvantages of wind turbines with vertical axis are: lower efficiency of wind turbines with 
horizontal axis, to produce electricity, a higher degree of mechanical transmission required due to the 
lower rotational speed than wind turbines with horizontal axis. 

Geothermal energy 

Geothermal energy can be in their forms into: energy hot water (natural springs, wells), energy, 
money, using energy from hot rocks deep below the surface via insertion and heating of cold water. 
The main advantage of this energy source is its cheapness, stability and durability of the source 
Regardless of whether the heat from the earth, the air and water heat pump is the perfect solution for 
using this type of energy. Depending on site conditions, the type of soil and climatic conditions of the 
location, will select the most appropriate source of heat, and thus the type of pump (collectors, in-
depth probe, air, ground water). 

Biomass energy 

Renewable energy biomass and waste includes agriculture with the food industry, the timber industry, 
forestry, waste and waste water. 
From biomass and waste products are electricity and heat, including motor fuel (biodiesel). 
Under biodegradable municipal waste is any waste suitable for degradation (food scraps, garden 
waste, paper, cardboard, ...). 
Waste treatment can be: biological - composting, thermal - incineration, mechanical-biological, 
including size reduction, classification, useful parts, stabilization and homogenization of the residual 
components and physic-chemical treatment of concentration, neutralization or reduction of harmful 
ingredients 

 153

http://sr.wikipedia.org/sr-el/%D0%A1%D0%BB%D0%B8%D0%BA%D0%B0:Enercon_E-30_Aurich_Okt_2004.PNG�


III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

_________________________________________________________________________________________ 

Hybrid systems 

Hybrid systems are mainly used to generate electricity for more choices 
Hybrid systems that are not related to renewable energy use in buildings which require the existence of 
electricity regardless of the state of the network (hospitals, special facilities, military facilities, banks, 
etc..). 
In such facilities in addition to classic mains or battery packs there. 
Hybrid solutions provide increased security and availability of electricity supply and allow smaller 
capacity battery as the power source (Fig. 4). 

 

Figure 4. A hybrid battery power 

MAINTENANCE OF ENERGY SYSTEMS 

Maintenance of energy systems alternative energy sources is subject to all the laws of any 
maintenance, more or less complex, technical system. 
When designing the system maintenance of energy systems alternative energy sources should be taken 
that these are mostly automated process unattended, or a system that is periodically under the 
supervision of the appropriate professional staff is. 
The main task of maintenance activities is to prevent and eliminate all types of clients. 
Maintenance work are relationship skills and equipment on maintenance to achieve the basic objective 
function works (inspection, cleaning and lubrication, diagnostics, identification and elimination of 
weak points, current and planned maintenance, check-ups) and ancillary works (jobs in workshops 
and laboratories, monitoring conditions, ordering and storage of spare parts and materials, internal and 
external transport). 
On the failure intensity curve shows the area of life means work (Fig. 5) shows that the impact of 
subsequent strategies and preventive maintenance. 
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Figure 5. Density function of the states of failure 
and system failure intensity (curve "bathtub"). 

Terotechnology maintenance concept includes a rounded approach to maintenance functions, which 
starts system design or bows and equipment as well as parts of the system and ends up separating from 
the commercial operation (Fig. 6). 
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Figure.6 Terotechnology approach to maintaining the technical system. 

Maintenance of solar systems 

Solar systems with quality Arbitration and installed solar equipment (Fig. 7) generally do not require 
frequent and costly maintenance. Maintenance of solar collectors involves basically preventative 
maintenance procedures. 

 
Figure 7. Flat panel collector 

Basic maintenance (permanent technical supervision) includes those procedures that are generally 
performed to the fullest extent, I operator (or user) technical system, without any special tools and 
devices. 
Maintenance procedures to be conducted at a higher level (technical diagnostics, repair, etc.)., on-site 
and in workshops with the participation of specialized workers are often unable to compensate for 
gaps in basic maintenance. 
It should be controlled if the glass is damaged or dirty. 
It is clean as needed, with a wash early in the morning while collectors are not yet warmed up to avoid 
spraying glass. 
At least twice a year, after the summer and winter, thoroughly review the glass  
All loose connections must be tightened. 
Causes of the weak points of the solar collector can be structurally weak solution (weak isolation, the 
emergence of higher temperatures than predicted, etc..Also causes of weak points can be found in poor 
operation and maintenance of solar panels. 
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Preventive replacements collectors are performed to maintain operation and reliability of the system to 
the required level. 
During the audit paid particular attention to the connection between the collector and the collector 
pipes. 
If you work provides collectors in winter then later in october to replace the water with antifreeze. 
When replacing the glass panels, after removing the frame should be cleaned from all surfaces of 
permanent whale and at the same time be careful not to damage the surface of the absorber. 
It is necessary to examine internal structures (absorber, connections, insulation, etc.) and damaged 
parts replaced. 
If there is no special manufacturer's instructions, corrosion perform one of the classic ways. 

Maintenance of wind turbines with hhorizontal axis 

Parts of a typical horizontal axis wind (Fig 8) are: The supporting structure in the form of pillars, 
Wind turbine (propeller), Mechanical transmission, which boosts the low speed rotation of the blades 
to a propeller, required for generator, Generator power, The part that regulates the speed of rotation of 
the generator and the output voltage, Connection to the system of accumulation of energy or the power 
supply. 

 

Propeller 
Brake 

Mech. transmits.
Regulates the 
speed 

Casing 

Generator power 

The system for turning 
Management 
system rotor 

Pillar 

Foundations 
The connection to the 
electricity network

Figure 8. The basic construction of wind turbines 

Management is done remotely from the dispatch center, and oversight of the wind turbine 
manufacturer usually does - also from a remote center. 
The wind turbine possible: no big operation and maintenance once the repayment of capital investment 
for the free and low-cost fuel generated electricity. 
Maintenance of the wind turbines is an important part of the total cost of the turbine up to 25% of 1 
kWh over the life of the turbine. Therefore, manufacturers are trying to reduce the maintenance costs 
of new turbine designs that will require fewer services and turbine failure 
Operating costs of wind turbines include: Insurance (13%), regular maintenance, repairs, spare parts 
(26%), Land rent (18%), and legal fees (5%), Administration (21%) and other (17%). 
Maintenance work wind turbines include: 
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• inspection, cleaning and lubrication (periodic oil changes gear, cleaning turbine blades, 
tightening screw propeller turbine 

• preventive maintenance activities based monitoring system using the methods of technical 
diagnostics 

• Medium and large repairs to replacement of certain parts of the circuit. 
Recommendations of the architect is to be planned inspections, cleaning and oiling done twice a year 
for 12 to 18 hours of work breaks wind turbines. 
One of the main tasks of the designer to master a large propeller torque, which is transmitted to the 
gear unit. 
One way to decrease load torque of the gear was broadcast on more generators, thus not only have 
reduced clients gear but with more generators provided greater readiness (availability) of wind 
turbines as a system, as well as simpler repair small generators. 
It is very important comfort to workers in terms of maintaining office space and easy access circuits. 
The goal is the availability of the equipment inside the tower, thereby increasing the safety of workers 
and the quality of the work. 
 
CONCLUSIONS 
 
Efficiency of systems of alternative energy sources in the highest percentage depends on the efficiency 
of maintenance. 
Maintenence  systems of alternative energy sources is carried out on all assumptions of modern 
maintenance principles. 
Maintenence  systems of alternative energy sources requires a high degree of automation of 
maintenance or higher level of sophistication. 
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Abstract : Application of thermography as a method of technical diagnostics within the computer-integrated 
maintenance together with the formation of adequate data base represents a modern approach to maintenance and 
creates prerequisite for reliable and efficient work. This paper presents results of a research on concrete 
examples of computer-integrated system of maintenance in machine manufacturing plant. The subject of this 
anlysys were thermal imagign footages of a few units which are frequently used and where the application of 
thermography as a technic diagnostics was very useful. The application of thermography method  on machines’ 
supply circuits, transmission mechanisms, operating elements, and also performance of tools on machine and 
thermographic examination of power distribution boxes was considered. Application of thermography method 
with computer-integrated maontenance system enables diagnostics of potential outage, shortening of period of 
outage, increase of efficiency and productivity. 
Key words: Thermography, maintenance, machines, diagnostics. 
 
INTRODUCTION 
 
Application of thermography method, the preventive method of technical diagnostics enables 
contactless, fast and efficient way of revealing problems in operation of certain machines. That is the 
method which is applied while the machines operate and it enables discovery of potential cause of 
failure, outage of machines. Thermography method enables diagnostics of excessive heating, 
overheating and outing which can manifest in increase of temperature of certain assembly on a 
machine [4]. 
Thermography can be defined as a technique which registers infra red rays which is characteristic of 
every object whose temperature is above the absolute zero. Thermography is not a pure temperature 
registering, it is a technique which uses a sophisticated equipment and diagnostic software for state of 
objects based on their infra red radiation [2, 6]. IR (infrared) thermography is a contactless method of 
temperature measuring and spreading over the object. It is based on the measuring the intensity of 
infra red rays from the observed object. The result of thermography measuring is a thermogram which 
in grey tones or some code of colours reflects temperature spread on the surface of the observed object 
[7, 8]. The temperature spread, indirectly gives information about different states of the surface itself 
or it reflects the structure and internal state of the object observed.  
In the simplest version, thermography system consists of thermographic camera and the unit for 
processing thermograms (personal computers).There is IR optics, IR radiation sensor, unit for 
transforming electric into video signal, monitor and a card for collecting data integrated inside the 
card. The computer serves to process thermograms using a certain software which reads the data from 
the card inside the camera [1]. Since the characteristics of electromagnetic rays are equal for the entire 
electromagnetic spectra, it is the optics used in the IR devices, although it uses different materials from 
which it is made, the design is the same as in photographic devices.    
Materials used to make lenses have to be permeablefor IR radiation, those are: germanium, zinc 
sulfate, zinc selenide for low-frequency  IR radiation, and silica, sapphire, quartz or  magnesiumfor 
medium-frequency IR radiation. 
In order to calculate the correct temperature of the observed object from the rays on the camera it is 
necessary to know the characteristics of the surface of the object, temperature of the surrounding 
objects, the distance of the camera from the observed object, temperature and relative humidity of the 
air [3]. It is necessary to adjust these parameters as enetering parameters in the camera software. The 
effect of radiation from the environment have to be minimal, especially if the object observed has the 
temperature similar to the surrounding objects or ir has a low emission factor.  
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MATERIAL AND METHODS  
 
Application of thermography in production engineering 
 
Method of thermography diagnostics in technical maintenance in production engineering can be used 
for examination of thermal characteristics in following fields: 

• Examination of supply circuits of machines 
• Examination of transmission mechanisms of machines 
• Examination of operating elements of machines 
• Examination of tools on a running machine 
• Examination of industrial furnaces 
• Examination of power distribution boxes  
• Examination of climate in workspace 

It happens a lot for a failure of machine to occur unexpectedly, and that stops the activity. The main 
reason for that is the higher level of noise in workspace than in other workspaces, caused by operating 
machines and ventilation and due to noise made by processing materials by milling, scraping, etc. in 
such conditions it is hard to notice a change in the sound a machine makes unless it stops working or it 
signalizes a failure.  
By examining  transmission mechanisms of machines  one can check the quality of lubrication of  
transmission mechanisms of machines, on circuits available for his type of control. The main goal of 
lubrication of transmission mechanisms of machines is reduction of resistance during operation, i.e. 
less wear of materials due to moving and touching of work surface, this is mainly applicable to axle, 
gear, bearings, gear lath, lever, etc. [5] 
When the machine stops or it is poorly lubricated, the friction is greater and it leads to damage of 
mechanism and machine failure. Before the failure, the temperature rises, and the worker on the 
machine can not notice it while working, but the occasional thermography control can.  
Frequent cause of termination is the failure  ofcontrol/power unit, i.e. supply circuits of a machine. 
That mostly happens due to failure of electronics or relay switch inside the control/power unit. 
Electronics inside the control/power unit serves to constantly control the working parameters of a 
machine (speed, direction of work, head position, tools’ position, selection of tools, etc.) and it 
happens that certain elements on printed circuit board overheat. This happens, for example due to poor 
cooling if the electronics cooler has stopped working or the filter fan is dirty so the air flow through 
the cooler is reduced. 
Failure of relay switch/set inside the control/power unit happens due to voltage drop on relay contact. 
With the increase of power flow and frequent use of the contacts, the surfaces are damaged and the 
voltage drop occurs. The voltage drop causes heating of the housing of relay and the printed circuit 
board and the contact on the board gradually drops. 
By using thermography one can notice the overheating of printed circuit boards, coolers or relay 
contacts on time. 
Thermographic examination of working elements of a machine means temperature control of 
ventilation elements of a machine, temperature control of the machine engine as well as upgrade kits 
which contain separate power supply [2, 6].  
Noticing the overheating of ventilation engine  which can be caused by poor air flow in the ventilation 
system or the machine engine can prevent a major breakdown.  
Examination of tools on a running machine by thermography can be used for a quick quality check 
and the degree of sharpness of tools. A piece of tool which is dull or badly sharpened will heat more 
and that heating is transmitted to processed materials. More energy for materials processing is used, 
and the processing is imprecise and the material itself can change its shape due to heating.  
Thermography examination of industrial furnaces is the ideal way to examine tightness of furnaces, 
ventilation system and to check the security level for the operator. 
Industrial furnaces due to their dimensions, high working temperature and frequent use, demand 
special fire protection standards and special training. Periodic application of thermography inspection 
can provide on time noticing of disadvantages or security omission in work. 
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Examination of power distribution boxes by thermography method provides quick check of 
compounds, switches, circuits. The breakdown of a machine often happens due to power failure. Since 
the processing machines are huge electricity consumers, they demand quality and reliable installation.  
In the machine processing units, the electric installation is done under special technical conditions and 
it is dimensioned for work in such conditions. This includes a separate power distribution box for that 
unit, special power box for each machine and security power supply for the machine (through ceiling 
to the machine through a metal pipe). 
Apart from stict normative for electro-power installation in machine units, the breakdown occurs due 
to fuse burning, switch burning, poor contacts on serial terminals in power distribution boxes and 
breakdowns of on/off machine switches. This is the result of damage of contact material which causes 
overheating which then leads to deformity of contact material carrier and finally leads to power cut.   
Since each anomaly in power system at first manifests itself by increased local heating, occasional 
thermography  inspection of power distribution boxes can prevent breakdown due to power loss. Also, 
this can prevent a fire due to malfunctioning of power installation, which is often a case in industry.  
Examination of climate in workspace by thermography method includes workspace temperature 
check, ventilation system check, air-conditioning check, heating check, possible leaking check, 
possible flood check,etc. during operation, machines release lots of energy and it is often the case that 
temperature around machines is high and if ventilation or air-conditioning is poor, the operator faces 
difficult work conditions which increases chances of injury, reduces efficiency and productivity and 
has a bad influence on the entire work atmosphere. 
Thermography check of ventilation and air-conditioning.i.e. check of canals for ventilation, filters, 
engines and compressor can reveal cause of poor production and overheating. For example, obturation 
of the air-conditioning channel manifests itself in higher temperature in the channel, a filthy filter does 
not have the satisfactory air flow through the ventilation/air-conditioning system and it results in 
higher temperature in the workspace. Heating system is easy to check by thermography because the 
temperature differences are easy noticeable on heating units, it is easy to measure temperature of 
individual heating units and to detect potential failures. 
In machine processing drives, a great amount of daylight is needed, and it is provided by big roof 
skylights on flat or hip roofs. This can be a weak link of the object where leaking can occur due to rain 
or snow melting. Thermography control allowa easy spotting of such places. 
Potential breakdown spots on plumbing in the drive (plumbing valves, taps, reservoir, etc.) can be 
recognized by thermography inspection and prevented. 
 
Thermography examination of transmission mechanisms of machines 
 
Figure  2 shows normal maximum temperature which is 37,0 ºC which shows that lubrication is correct 
and that oil pump distributes oil correctly through the machine. 
 

  
Figure 2. Thermography examination of pinion 
shaft milling Deckel 

Figure 1. Pinion shaft milling Deckel 
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Thermography examination of industrial furnace 
 

 
 

 
Figure  3. Induatrial furnace – door                                Figure  4 .Thermography examination of the 

         door of  industrial furnace  
 
Figure  4 shows maximum temperature which is 60,4 ºC on the compound of the door and the furnace 
itself. Since the temperature inside the chamber furnace150 ºC, we can say that the tightness of the door 
is satisfactory, but that more frequent control and higher prudence of the operator is necessary. 

  
 
Figure 5. Industrial furnace-ventilation system   Figure 6.Thermography examination of                             

ventilation system of industrial furnace 
 
Figure  6  shows maximum temperature of  75,3 ºC on the ventilation system of industrial furnace. 
Release of heat on the compounds is noticeable. Temperature inside the ventilation pipe is 150 ºC. 
 
RESULTS AND DISCUSSION  
 
Thermography examination information processing 
 
As a result of thermography examination we get two photographs for each examination. One of them 
is in visible part of spectre taken by a classic video camera which is integrated in the common housing 
with thermography camera , and the other photography in the infra red part of spectre taken by 
thermography camera. 
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On thermography photography, depending on camera settings, there are data about the time the shot 
was taken, the temperature in the centre, maximum and minimum temperature with arrows showing 
the position of maximum and minimum temperature. 
Depending on camera adjustment, temperature distribution can be shown as grey shades or in colour. 
When colours are used, white and red represent maximum temperature while blue and black represent 
minimum temperature. There is colour legend on the right part of photography. 
Photographies can be viewed on the screen on thermography camera and analyzed on the spot, and it is 
possible to download the photographies on computer. 
One way to process and anlyze photographies is the application of a program called “THERMACAM 
QUICK REPORT” manufactured by Flirr.  This program arrives with the camera and it possesses all 
the necessary functions for processing and archiving the photogaphs. 
Connecting the camera to the computer with the installed program initiates the guide for transferring 
the pictures. Inside the window of the program one can format the photography base, analyze  
photographs and create examination reports. 
 
CONCLUSION 
 
As a practical part of research on a real example of computer integrated maintenance system in 
machine processed drive, thermography shots were analyzed and it proved to be useful. Method of 
thermography examination of machines within the computer integrated maintenance system is 
applicable and economically  justified. Periodic thermography examination of machines and creating 
data base within the computer-integrated maintenance system is the approach which increases 
efficiency and reliability. Method of thermography examination demands special training and constant 
professional training along with monitoring of production problems. 
Application of thermography  method of examination within maintenance is financially justified 
method if it is used inside the planned programme for technical maintenance. Sinci it is contactless 
method which is used while the machines are operating, it does not disturbe the production process. 
Inside the computer-integrated maintenance system, application of thermography has its place as one 
way to collect data about the equipment which is the target of maintenance.  
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Abstract: This paper explain the most occurring failure mechanisms for pyrolysis furnace radiant tubes. Basic 
damaging mechanism is the combined action of carburization and creep ductility exhaustion. This results in 
bulging, bending and ovalization of the tubes. The second dominant failure mechanism is brittle fracture during 
furnace trips, which can result in large, longitudinal cracks on many tubes.There are several methods for 
estimating and damage detection of furnace tubes. In assessing the state of furnace tubes we use an optimal 
combination of methods, as individual methods can not detect any potential damage. The methods are related to 
the assessment of damage due to creep, and the material carburization which underlying the creep. 
Key words: pyrolysis furnace, furnace tube, tube inspection. 
 
INTRODUCTION 
 
Pyrolysis coils in ethylene cracking furnaces (Fig. 1) are exposed to very severe conditions, e. g. high 
temperatures up to 1150 °C, severe start/stop and decoke cycles, oxidizing and nitriding flue gases at 
the outside and carburizing atmospheres at the tube inside surface. Therefore, high-alloyed centrifugal 
cast Ni-Cr-Fe alloys with adequate high temperature corrosion resistance, good high temperature 
strength, good machinability and weldability (even after years of service) are required. 
Radiant coils have a limited life and failure is caused by a variety of factors, many being related to 
furnace operation. However, each pyrolysis plant experiences specific operational conditions and 
operational philosophies. Therefore, each plant has typical causes for radiant coil failure and it is of 
importance for operators to analyze and to understand the typical failure mechanisms. This will enable 
them to consider the material grades, which would be best suited for those particular conditions and 
also to keep failures within limits by proper furnace operation. Mechanisms which causing the 
majority of failures in radiant tubes are: coke formation, creep ductility exhaustion, thermal fatigue, 
brittle fracture, erosion, overheating, human factor, creeping, carburization, oxidation, nitridation, 
chromium evaporation. Tube sheets and tube supports should be examined to determine their physical 
condition and fitness for further service. Supports should be examined carefully for cracks, oxidation, 
corrosion, distortion and sagging. 
There are several methods for assessing and detecting the damage of the furnace tubes. All heater 
tubes should be inspected, preferably early in life, to establish base-line conditions for tube diameter, 
wall-thickness, microstructure, and metal hardness. 
 

 
Figure 1. Pyrolysis furnaces in ethylene plant 
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FURNACE TUBE FAILURE 
 
Tube failures result from progressive deterioration from a variety of deterioration mechanisms. 
Therefore, one needs to understand the active and potential mechanisms in a particular pyrolysis 
furnace in order to prevent them from causing a failure. Tube reliability not only requires an 
understanding of the mechanisms by which the tubes can fail, but also requires data on how the 
previous operating history has impacted tube life, predictions of deterioration rate, how the future 
operation will impact tube life, and finally, monitoring of operation sand deterioration to ensure the 
analyses and predictions are accurate and appropriate. Historically, inspection data gathered during 
outages assessed the immediate condition of the tubes with varying degrees of accuracy or success. 
Creep is the primary cause of the furnace tube damage. It usually initiates within the tube wall some 
two-thirds of the way through from the outer surface, making it impossible to detect by in situ 
metallography [2].  This is opposite to boiler super heaters and headers where creep damage initiates at 
the outside surfaces, making it much easier to detect. 
Creep elongation (also called stretching) occurs because of creep by the self-weight of the tube and the 
coke layer present in the tube and is influenced by temperature, the load carrying cross section of the 
tube, and the material used. A consequence of a high creep rate is the need to shut down the furnace 
and to shorten the coils (some end-users have lowered to bottom floor). Failures can occur if tubes are 
not shortened before they reached the heater floor (Fig. 2). The coils are warped and bowed, resulting 
in higher tube stresses and creep rates. 

 

 
 

Figure 2. Pyrolysis furnace radiant zone - consequence of a high creep rate 
 
During service, hard deposits of carbon (coke) build up on the inner wall of the tube, reducing heat 
transfer and restricting the flow of the hydrocarbon feedstock’s. About every 20 to 60 days, the 
furnace must be taken off-line and “decoked” by burning out the accumulated carbon. 
Carburization is the carbon enrichment and carbide formation in the tube material under influence of 
the presence of carbonaceous gases and high temperatures. This accelerates carbon diffusion in tube 
material, especially during the decoking period. Carburized material in the inner wall of the radiant 
tube has a higher thermal expansion coefficient and tends to increase in volume and place stresses on 
the tube. These thermal stresses make the tube more susceptible to creep failure [5]. The deposition of 
the coke at high temperature is generally inhibited by the presence of a Cr2O3 layer on the inner 
surface of the tube. When this film in present carbon diffusion into the tube is retarded. However, 
during decoking, the tube may be subjected to severe thermal shock that results in removal of the 
Cr2O3 layer, so the carburization attack increased [8]. Because of exposure of tube at elevated 
temperature, carbon diffusion could promote formation of continuous and/or separated carbides in 
grain boundary and matrix [1, 7,8]. These carbides decrease the creep resistance and ductility at high 
temperature. 
Metal dusting is a catastrophic form of carburization that can result in rapid metal wastage in both 
ferritic and austenitic alloys. This damage mechanism typically has the appearance of localized pitting, 
or grooving, along the inner walls of pipe and tubes [8]. 
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The ductile failure can be recognized by a bulge on the tube and a short longitudinal crack on top of 
the bulge. In the micro-structure creep voids can be observed between matrix and carbides[1]. 
The brittle fracture can be recognized by a long longitudinal crack which “ends” in a fork-like 
appearance. Sometimes, the cracks result in circumferential rupture or “windows” that fall out of the 
tube. The cracks can be many meters long, and many times, a thick coke layer is present inside the 
tube. In the micro-structure can be observed that the carbides have split. This is a marked difference to 
the ductile fracture and can be recognized easily[9]. 
Another failure mechanism is overheating, which results in local melting or overall melting of the 
tubes. Such an overheating can happen due to lack of flow, coke blockage or burner problems (flame 
impingement). Lack of flow can occur when inlet valves fail or in case of compressor problems. 
Above 1100 °C nitriding respectively internal nitride formation occurs from the outer diameter of the 
radiant tube (flue gas side). Nitrogen penetrates through the oxide and reacts with chromium by 
precipitation of nitrides. Due to nitriding the rough as-cast surface disappears and the surface becomes 
a smooth and glazed appearance[4]. The nitrides may cause spallation of the oxides. As a result a thick 
layer of oxides (up to 10 – 20 cm thick) can be found on the furnace floor. Sometimes, this is called 
oxide shedding. 
Another form of elevated temperature degradation of austenitic stainless steel is sensitization. This 
caused by precipitation of chromium carbides preferentially at grain boundaries. The immediately 
adjacent chromium-depleted zone is susceptible to accelerated corrosion in some aqueous corrodents. 
Sensitization has little or no effect on mechanical properties but can lead severe inter granular 
corrosion in aggressive aqueous environments such as polythionic acid. Polythionic acid can form 
during downtime on equipment that has been even mildly corroded by hydrogen sulphide at elevated 
temperature. The iron sulphide corrosion product combines with air and moisture to form the acid and 
induces intergranular corrosion and cracking[4]. 
Erosion can be observed in 90 or 180 bends or in Y-pieces. The most accepted theory is that erosion is 
caused by hard coke particles during decoking. Some investigators believe that this erosion is caused 
by coke particles, which are present during normal operation. The remedy is to modify the decoking 
procedure, so that the coke is gasified instead of being spalled. Second remedy is to lower the gas 
velocity during decoke below 200 m/s. Third remedy is to apply “internally stepped fittings”, which 
have been applied successfully on many occasions. 
 
FURNACE TUBE INSPECTION 
 
Inspecting furnace tube is sometimes not an easy task. Everyone is looking for an inspection method or 
test equipment that will find cracks or leaks 100% of the time. There are a variety of methods of 
inspecting or testing furnace tubes.In assessing the state of furnace tubes we use an optimal 
combination of methods, as individual methods can not detect any potential damage.Test methods 
which involve the removal of pipe from the furnace is the most expensive as it is necessary to remove 
the tube from furnace and then remove the pattern. 
 
Visual inspection 
 
On-stream visual inspection of visible flame patterns can indicate potential areas of concern. An 
erratic, unbalanced flame may be a sign of damaged swirl vanes, improper air/fuel mixture, coking on 
the burner tip or leaking tubes. An erratic flame may impinge on nearby tube walls, causing hot spots 
and areas of potential ruptures.  
Structural components, such as tube supports, that are visible from inspection ports should be 
examined to ensure they are intact. Any external tube suspension systems and pre-load and 
compensating devices should also be subject to routine inspection. 
Tubes should be inspected for bulges, sagging, bowing, localized discoloration or leakage. Hot spots 
may be the result of flame impingement. Tube misalignment may be caused by damaged supports, or 
supports that are preventing the thermal growth of the tube. 
Refractory should be visually checked for cracking, spalling, erosion, and localized discoloration. 
Areas of damage should be monitored for high temperatures and identified for repair during the next 
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planned outage. A visual examination of the external casing should be made to detect any hot spots. 
Infrared thermography was used to online monitoring of pyrolysis furnaces. 
During planed downtime the tube coils should be inspected closely for bulging, bowing, sagging, 
splitting, scaling, corrosion, and deposits from fuel gas. Fittings may show signs of damage, distortion 
or corrosion. Internal inspection of tubes is limited to those types which have removable U-bend or 
plug type fittings. Remote examination may also be utilized, using a boroscope, video camera or other 
visual aids. Suitable record such as videotapes should be maintained. 
 
Tube temperature monitoring 
 
Tube failures are most commonly due to overheating. Therefore close attention must be paid to on-
stream monitoring of tube temperatures. Routine recording of tube temperatures into a permanent 
record is crucial to enable the remaining safe life of the tubing and suitable inspection intervals to be 
established. There are two basic systems for tube temperature monitoring: contact tube- skin 
thermocouple and non-contact pyrometers. They serve a couple purposes. First, the thermocouples can 
alert to abnormal operation if temperatures dramatically change. Second, they provide a means to 
calculate and monitor remaining tube creep life. Strategic placement of the thermocouples is necessary 
so that the entire firebox can be reasonably monitored. Malfunctioning burners or unbalanced firing of 
burners can create local hot zones in the firebox and lead to premature failures. In addition, tubes that 
historically operate hot due to their placement in the coil may need a thermocouple, especially if it 
represents the most severe service of the tubes. 
Infrared thermal scanning of tubes helps fill the gaps created with the tube-skin thermocouples. 
Infrared scanning inspection can determine local tube metal temperatures in the areas not covered by 
the tube skin thermocouples. Generally, tube rupture occur in very local areas of overheat. Infrared 
scanning has proven effective in identifying localized “hot spots” before they cause a failure. A 
periodic scan of heaters is common practice although some heaters whose tubes are particularly prone 
to coke buildup may require more frequent scanning. Additionally, infrared scanning with non-contact 
pyrometers provides a means to check the accuracy of tube-skin thermocouples. 
 
Thickness measurements 
 
Ultrasonic thickness readings should be taken at specified locations on tube coils in the radiant section, 
accessible shock (shield) tubes in the convection sections and return bends. A recent technological 
advance in furnace tube inspection has seen the development of a multi-module pig which can increase 
the number of data points from the typical 200-300 to in excess of 300,000. The tool can be used to 
inspect both the convection and radiant sections. However, since it uses ultrasonic, the inside of the 
tubes must be cleaned prior to inspection. 
 
Tube growth measurements 
 
Tube coils and return bends should be gauged for bulging or creep growth and the history of tubes that 
have been replaced due to thermal growth should be kept. Thermal growth may occur when the tubes 
are subjected to localized short-term overheating, long-term high temperature exposure (creep), or 
localized thinning of the tube through corrosion or erosion. 
The maximum limits of diametrical growth based on acceptable levels of creep must be established 
and readings checked against these limits. Special pre-set gauges can be used to quickly scan the 
length of a tube and a micrometer used to take precise measurements at pre-selected locations or areas 
of concern. 
Inspection methods that are based on laser technology in recent years has experienced rapid growth. 
With the advent of laser measuring profilometry outer / inner diameter of the pipe, as well as 
elongation, is given a new dimension to overcome the disadvantages of an earlier measurement 
methods. Ability to accurately measure and record the growth of creep means that the condition of 
pipes can be measured from the first day. 
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Carburization assessment 
 
Carburization - is the diffusion of elemental carbon into solid steel in contact with a carboniferous 
material at high temperature. This results in a brittle material. Austenitic tubes are essentially 
nonmagnetic. Carburized areas of the tubes become magnetic, and if these areas are large, they can be 
detected with a magnet. A magnet on a string dropped down a tube will indicate areas that are 
magnetic but will not indicate the depth of carburization. An eddy current instrument (Hall Effect hand 
held probe) called a magneto-scope should be used to build up a history of magneto-scope 
measurements. Any tube that indicates higher magneto-scope readings in any region should be 
checked by dye penetrant on the O.D. for cracking. Radiography should be carried out on the region to 
determine the condition of the I.D. 
 
Radiography 
 
Radiography may be used to inspect weldments, tubes, and return bends etc. It will provide evidence 
of wall thinning, deposits, pitting, cracking and internal obstructions etc. In circular heaters the film 
can be placed behind each set of tubes or return bends at a given elevation, and the source can be 
located in the center. One panoramic exposure can then be taken that includes all of the tubes. 
When radiographing a tube to determine if corrosion, deposits or coke is present, it is important to 
remember that these will usually occur on the fire side of the tube, as this is the hottest side of the tube. 
If a radiograph is taken on a horizontal tube, the film should be placed as close to the horizontal plane 
as is practical. The resulting film will show the profile of the fire side of the tube wall and the opposite 
side furthest from the source of heat. 
 
Hardness measurements 
 
Hardness testers -mechanical and electronic hardness testers can be used to determine the hardness of 
base metal, welds, and heat-affected zones. Electronic testers must be used with extreme care on thin 
materials or erroneous readings may be obtained. Hardness tests should only be specified only after it 
has been determined that the base material is suitable; as some materials (i.e. carburized, cast 
materials) may well be damaged if hardness readings are taken. 
Hardness considerably increases with the extent of degradation, compared with virgin material. There 
is a relation between carburization and hardness, and electrical resistivity and carburization, so the 
electrical resistivity is inversely proportional to the hardness [6]. 
 
Metallurgical analysis and mechanical testing 
 
It may be necessary to remove samples to assess the mechanical and metallurgical integrity of furnace 
components that are approaching their design life and cannot be assessed in place due to the design 
(i.e. finned tubes), or when inspection results indicate that sample removal is required to enable the 
overall condition of the furnace to be verified. Metallurgical considerations for sample removal would 
include: suspected high temperature creep damage, sensitization, carburization, decarburization, 
spherodization, oxidation, embrittlement, etc. The investigation included tensile tests, optical 
microscopy, scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), and X-ray 
diffraction (XRD) analysis. 
Scale/deposits- Samples of surface scale and deposits can be analyzed to determine composition, 
source of contamination and provide an indication of the degree of overheating. 
In site metallography- provides metallurgical information to check for material deterioration, creep 
damage etc., without destroying its function. 
Analyses of a pyrolysis furnace tube microstructure show that essential changes in material structure 
and properties appear during the operation at high temperatures. Uncontrolled carburization process 
result in coke deposits on tube causing heat stresses. Therefore, but also due to material creep, radial 
micro-cracks and fracture appear [5]. The fracture propagation is along the grain boundary where 
carbides are extracted in chains [7]. Initial austenitic structure has changed its characteristic in some 
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places appearance of delta ferrite formation and sigma phase, which reduce material ductility together 
with the carbides inside and along the grain boundaries. 
 
Pressure test 
 
Before the furnace is returned to operation, a pressure test on the tube coils will reveal any leakage not 
apparent from a visual inspection. All pressure tests should be performed in accordance with a written 
procedure which includes the safety precautions to be taken, test pressure and temperature, how water 
will be drained from vertical coils etc. A full temperature compensated hydrostatic test is required 
when welded repairs to the pressure envelope have been made. When a full hydrostatic test is not 
practical, a pneumatic test or alternative testing may be conducted. 
 
CONCLUSION 
 
Process furnaces are critical components in the oil and petrochemical industry, and the process 
equipment damage assessments have great importance for providing a safe, highly effective and long-
term work. Traditional means of monitoring these high temperature vessels have frequently been more 
art than science, often relying on highly subjective analyses and/or frequently inaccurate thermocouple 
data.Time interval replacement of tubes is essential in costs reducing and productivity maintenance in 
the process industry.  
Heater reliability often depends on periodic internal inspections and routine, on-stream 
monitoring/inspection. These techniques of tubes inspection provide adequate assistance in collecting 
data about their condition. Typical on-stream inspection programs incorporate visual examination of 
the firebox, external visual examination of casing and components, infrared examination of tubes and 
heater casing, and monitoring of tube-skin thermo couples. Before the inspection, the tools needed for 
inspection should be checked for availability, proper working condition, and accuracy. 
External and internal inspections should be scheduled periodically considering the age of equipment, 
conditions of operation, type of equipment, kind of fuels, previous inspection result, etc. However, the 
length of time between internal inspections should consider the historic and predicted deterioration 
rates for components (including the impact of any process change), the historic inspection findings, the 
results of on-stream monitoring/inspection, previous maintenance activities and their quality. 
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Abstract: Although explanation capability is one of the distinguishing characteristics of expert systems, the 

explanation facilities of most existing systems are quite primitive. This article describes an example of the 
application of the expert automated diagnostic system to the successful diagnosis of machine tool spindle bearing 
problems. 
Key words:  expert system, maintenance, diagnostic 
 
INTRODUCTION  
 
The majority of machines in the industry are very old and their calculated life time is over. In spite of 
that they are in exploitation and it happens that they stop to work or cause harmful damages. Their safe 
work is on very low level. Sometimes a damage to a rotating machine causes the whole working 
process to stop. To prevent the system of damages, the monitoring of vibrations is recommended. In 
the last decade, several effective methods for the detection of machine and equipment primary  defects 
detection in incipient stages of development have been designed. These methods are based 
fundamentally on the analysis of high frequency vibration.  
The so obtained data would give the information about the working conditions of the rotating 
machines but also about the initial damages. 
The level of the required training of the operator in diagnostics is another very important feature of the 
condition diagnostic system. Using the level of operator training as a criteria, the diagnostic systems 
can be divided into three groups:  
• The first group is professional diagnostic systems in which the operator chooses the diagnostic 

technique and measurement instrumentation. The experience and knowledge of the operator 
completely define the depth and accuracy of the condition diagnosis and prediction.  

• The second group is expert diagnostic systems. These systems answer the typical questions of an 
operator, i.e. they help an operator to find solutions in certain cases. The expert systems can be 
used by operators with special training but without the knowledge and experience of an expert.  

• The third group is automatic diagnostic systems. These systems are based on methods that allow 
automatic diagnostics. Automatic systems define for the operator the measurement route and do 
not require any special training in diagnostics.  

 
MASHINERY FAULT DIAGNOSTICS 

 
The machine selected for this case study was a 6 axis milling machine. The machine is quite complex 
from the point of view of machinery vibration analysis. Detailed diagrams illustrate the level of 
documentation of a machine's internal detail that is necessary for accurate machinery fault diagnostics. 
Without good detail information, unequivocal and accurate analysis of a machine's vibration data is 
nearly impossible for a skilled analyst. The same is true when analysis is to be handled by an 
automated expert software system. The presence of several gear meshes, bearings and shafts rotating at 
different speeds inside the machine presents an especially difficult challenge for vibration analysis. 
However, by using the subject expert automated diagnosis system, was able to detect and trend spindle 
bearing wear as it emerged and became more severe.  
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CREATING OF DATA BASE 
 
It is first necessary to document the internal mechanical details of the machine. This documentation 
process reveals the information that is needed to properly select vibration test locations and optimum 
analysis ranges. In this case, vibration test analysis ranges were chosen to span 0-10x spindle shaft 
rotation frequency for low range vibration data, and 0-100x spindle shaft rotation frequency for a high 
frequency range test. Collecting vibration data over two analysis ranges provides adequate data with 
optimum frequency resolution at the lower order shaft harmonics and at bearing tones, plus high 
resolution data that encompasses the gear mesh frequencies, gear mesh frequency harmonics, and 
higher frequency bearing information.  
Once the machine's internal configuration has been documented and sensor locations chosen, the 
important machine configuration details are entered using a fairly simple one-time question answer 
session during which the software prompts for needed shaft speeds, gear tooth counts, and relevant test 
positions. These details describe the entire assembly from motor to spindle and are utilized for 
automated analysis of the vibration data collected. Major components in the machine were identified 
as a motor, a multimesh gearbox, and a machine tool spindle.  
  
Setting the Vibration Baselines  
 
After the database was setup, the machine was monitored for several months before it began to exhibit 
any signs of trouble. During that time, a set of baseline signatures that characterized the machine's 
"normal" vibration signatures was developed. With the averaging utility, the user can select vibration 
tests that are representative of a well running machine and include them in a developing database of 
average data to define acceptable vibration levels. The averaging process automatically normalizes 
each selected vibration spectrum to the machine's running speed at the time the machine was tested 
and adds the data to the growing file of averaged spectra for all the machines of that identical make 
and model in the plant. The averaged spectral files contain averaged, speed normalized vibration 
signatures that are used to determine if newly collected machinery vibration data contain evidence of 
machine problems. This baseline establishment process eliminates the need for setting "alarm 
thresholds" for every frequency of interest in every spectrum to be measured.  
analysis.  
 
EXPERT SYSTEM DIAGNOSTIC METHODOLOGY  
 
Expert systems for technical diagnosis systems represent a new generation of software for modern 
automated factories. The reasons for their application in maintenance (and for the application of 
Artificial Intelligence) , can be expressed as the following facts: 

⎯ requirements for elevated levels of intellectual work, class expertise, 
⎯ requirements for complex decisions based on a large number of alternatives, often 

based on incomplete knowledge, 
⎯ requirements for complex "on-line" information at the factory "paperless" 
⎯ ensure a high level of coordination of all phases of the Maintenance Department (and 

process). 
The characteristics of expert systems for diagnosis resulting from the following requirements: 

• to minimize the probability of no diagnosis made, 
• time of diagnosis to a minimize, 
• to integrate knowledge, historical data about work of equipment, knowledge based on physical 

laws,  
• knowledge -based and functional description of the machine , 
• understanding of the different types of problems, 
• the possibility of⎯ expanding and maintaining the knowledge base. 
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Expert systems for diagnosis based on the recognition that different classes of functional structure of 
diagnosis system are fundamental elements of the blocks of knowledge. Diagnostic recognition relates 
to: 

- class of recognition ( objects , operations, data) 
- relationships between classes, which establishes the relationship between the objects 

and operations a ⎯ space of recognition. 
Space can recognize that there are three levels: 

⎯ level of the real world that refers to the area of origin and corrective diagnostic 
problems , 

⎯ level perceptual world in which editing is performed diagnostic information and 
perform diagnostic reasoning, 

⎯ level reflective of the world that is related to predictive models of human or artificial 
symbols. 

The construction of an expert system for diagnosis is performed on the line of communication: Expert 
maintenance - Knowledge Engineering - computer. So the engineer - engineer the knowledge 
bottleneck between experts in the field of diagnostics (and maintenance) and the computer to which 
they are formalized, for example, the expertise of a diagnosis of the machine. 
One important issue is the acquisition of knowledge. It is a process of transferring and transforming 
knowledge of an expert (for example, the maintenance of the state of the vibration level of a 
component of the machine) . 
The basis for the expert system for the diagnosis are: 

⎯ experience gained in the construction of the previous generation of expert systems for 
maintenance, especially in the field of diagnostics ; 

⎯ the theory of design and construction of expert systems in the field of technical 
diagnostics; 
⎯ application of new engineering principles and knowledge in order to develop 
expert systems in this field ; 

⎯ intensive development of the theory of system design. 
 
Basic stages of development of an expert system for diagnosis are presented. 
The first phase is to identify which conditions the further work on the construction of an expert 
system. It defines the following set of questions and answers: who are the stakeholders and their role 
in the development of expert systems, the characteristics of the problem to be analyzed, resources and 
goals. 
The conceptualization of the second phase in the development of expert systems, in which concepts 
are defined for representing knowledge. They are based on the answers of the following questions: 
what types of data are available (a database of technical systems, documentation, manual 
maintenance), which are identified using the hypothesis (maintenance strategies), the relationship of 
objects in the definition of the field, which flows information and defining the concept of knowledge 
to solve problems of knowledge that is used to verify the solution . 
Based on the concepts defined in the previous phase is carried out the design of structures for the 
organization of knowledge through a phase of formalization. It includes three important factors: the 
hypothesis space, modeling processes and data characteristics. 
Phase of implementation (execution) involves a prototype expert system , which means it was built 
and the knowledge base, that is defined by the model of knowledge representation. 
For knowledge representation in expert system for diagnosis usually use the same principles and 
criteria used in the construction of artificial intelligence expert system for maintenance. These include: 
consistency ( whether methods provide all the important distinctions between the concepts that also 
represent ) the presentation of the structure ; computational efficiency; convenience to change; 
conciseness; uniform representation; logical integrity; adequately ability to search ( search in advance, 
back combined, heuristic) . 
Finally, we stress that the essential problem of engineering knowledge in artificial intelligence as well 
as how to define the search strategy in the area of knowledge base. The last step in the development of 
expert systems is the exploitation phase experiment. In this final stage of development of the system 
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testing is performed on a real example. Based on the feedback effects of the test results may lead to 
amendment, supplement training , as well as the reformulation requirements on which the design and 
draft the new structure for the organization of expert knowledge of the upgraded system. 
After the documentation and database setup are complete, and after a valid average data file has been 
built, the user collected data on a routine basis and analyzed the spectra using the expert system.  
The expert system first detects the running speed of the machine, the scans the data for peaks which 
exceed the average baseline. Peaks at expected frequencies based on the machine tool's components 
are extracted first, the any significant peaks at non-synchronous frequencies are extracted. The high 
frequency spectra is examined for harmonic content using Cepstrum methodology and the results of 
this examination provide the basis for determination of the presence of bearing wear. These screening 
and cepstrum processes are discussed in following sections.  
This accumulative collection of peaks, their levels, frequencies, and exceedances over the baseline 
serves as input to the backward chaining inference engine which checks for the existence of faults 
based on the pattern of vibration peaks observed at each component of the machine tool. Existing 
faults are assigned a severity based on the amount by which they have exceeded the baseline, and their 
absolute levels.  
Upon completion, the expert system software automatically prints a plain language machinery fault 
report. The most valuable report from the Expert system software is the Machine Fault Trend Plot. 
This plot summarizes the past diagnostic findings by quantifying the fault severities and illustrating the 
change in severity over time to allow trend analysis of particular faults not just levels. This is not a plot 
of vibration amplitude trends. It is a trend of the seriousness of detected faults in the machine. It 
represents the conversion of all the collected vibration data from each machine into "bottom line" 
machine condition information in a single graphical presentation.  
 
Vibration Data Screening  
 
The screening of vibration data was developed to provide a matrix summary of spectral peaks as a 
time-saving aid to human analysts. The same screening routine is incorporated in the subject expert 
system and produces a screening output table which includes the following information for each test 
location and axis:  

• Amplitudes at each of ten pre-selected, specified orders, which are referred to as screening 
criteria or fault codes. Simple examples of specified orders include 1X and 2X (one and two 
times rotational rate), MB (motor bar pass rate), PV (pump vane rate), GR (reduction gear 
mesh rate), and FDN (foundation resonance).  

• Amplitude and rotational rate order of the two highest peaks in each of the low range and high 
range spectra, excluding the ten specified peaks.  

• A "floor" level below which are the amplitudes of 75% of the remaining spectral lines of the 
high range spectrum.  

• For each of the above, the change in amplitude from the previous survey and its deviation 
from average plus sigma.  

Thus we have 14 distinct peaks plus the "floor" noise level tabulated for each axis, or 84 peaks for a 
machine with two data test locations. Screening tables typically are printed as a convenient source of 
data review, along with the spectral graphs, for those who wish to examine the basis for the expert 
system report.  
 
Cepstrum Analysis for Bearing Wear Detection  
 
Since indications of bearing wear are not confined to the fundamental bearing fault frequencies, but 
often appear at higher order harmonics and shaft rate sidebands of these frequencies, a automated 
routine was developed to detect and identify non-synchronous harmonics and sidebands in the 
frequency spectrum using cepstrum. Characteristic peaks in the cepstral data occur at positions 
corresponding to frequencies at which there exists a strong series of peaks or spacings in the spectrum. 
A machine with a faulty anti-friction bearing may show a harmonic series of peaks with 3.12 times 
rotational rate spacings in the spectral data. This series of peaks are exhibited in the cepstral data as a 
single peak at a position corresponding to the frequency of 3.12 times rotational rate. The four highest 
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fundamental peaks in the cepstral signatures between 2.0x and 8.0x are extracted. Correspondence 
between cepstral data and screened spectral data is checked systematically by numerous comparisons 
between the fundamental cepstral peaks and their harmonics and 1x sidebands, and the screened 
spectral peaks. If a positive correlation is found, the corresponding peaks may be considered bearing 
tones if other criteria are met.  
A fundamental assumption used in the expert system methodology is that the health of the machine as 
a whole can be assessed by isolating the spectral data pertinent to each major component and, based on 
the data, diagnosing faults by component. Comparison of spectral data of the component being 
analyzed to equivalent data at tests of adjacent components allows the expert system to determine 
which component is the most probable source of the detected fault. This concept is particularly useful 
for imbalance and bearing wear diagnoses. Proper identification of the major components of a given 
machine and the location of test points in relation to each component is key to this type of approach 
and is accomplished through a system of numerical coding.  
Details of machine configuration such as minor component arrangement, types of bearings, gearbox 
details and coupling types are stored in the knowledge base via a component coding scheme. This 
scheme assigns a numerical code to each known type of arrangement and, along with the code, the test 
location numbers associated with the component. Major component groups have been defined as 
follows: Close-coupled Machines, Centrifugal Compressors, Turbines, Reciprocating Compressors, 
Motors, Screw Compressors, Gearboxes, Lobed Blowers, Linked Drives, Generators, Centrifugal 
Pumps, Purifiers, Rotary Thread/Gear Pumps, Couplings, Rotary Sliding Vane Pumps, Diesel Engines, 
Reciprocating Pumps, Marine Propulsion Gearboxes, Fans, Machine Tool Spindles. 
 
THE FAULT DIAGNOSTIC 
 
Analysis of each of the major component groups requires that a unique set of frequencies of interest be 
extracted from the screening matrix and examined. There are two basic processes that lead from the 
screening output matrix to the diagnostic report. The first process transforms the screening matrix into 
a set of Component Specific Data Matrices (CSDMs). The second process analyzes the vibration data 
in each CSDM by passing the two-dimensional array of numerical values (vibration amplitudes and 
exceedances of average) through a series of diagnostic rule templates that serve to pass or fail each 
individual fault diagnosis and compute a relative severity. Testing a motor driven centrifugal pump 
with a coupling, for example, the single screening output matrix of the test spectra would be 
transformed into three CSDMs (motor, coupling, pump). Each CSDM in turn would then be "masked" 
through a whole series of diagnostic rule templates pertinent to that major component group.  
The CSDM has a form similar to the screening matrix in that its rows are designated by test location 
and axis, with vibration amplitudes and exceedances of average plus sigma. Furthermore, there are 
rows designating similar data for adjacent components and the differences between components. 
Column designations go beyond individual peaks at specified orders. In transforming the information 
given in the screening matrix, the specified orders are consulted for principal frequencies of interest 
such as shaft rotational rate, pump vane rate, gear mesh rates, turbine bucket rates and so on. 
Harmonics of such principal frequencies are also examined as well as rotational rate sidebands off the 
principal frequencies and their harmonics. The screening matrix specified orders rarely contain all 
frequencies sought by the CSDM generation program and when a frequency is not found or expected 
as a specified frequency, the unspecified maximum peak orders are checked to see if their frequency is 
that sought. This method allows for the filling of many more frequency columns in the CSDM than are 
specified in the screening matrix.  
Ball bearing wear for various major component groups is detected by generating columns in the 
CSDM tables that include peaks from the unspecified maxima in the screening matrix that are non-
integer orders of rotational rate and have been flagged by the cepstrum harmonic analysis. Prominent, 
known bearing tones identified in the average spectra sometimes are also included as a specified order.  
For each major component group, the CSDMs have a unique form allowing for the identification of 
each element in the matrix by row and column numbers. Each diagnostic rule template is keyed to this 
row and column specification and consists of sets of logic symbols addressing specific row-column 
elements of the CSDM and up to 5 more specific rules which test the data through inequalities. The 
logic symbols used are assigned a row-column address and act as qualifiers for each rule template. If 
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the logic symbols are satisfied and the specific inequality rules are satisfied, the template passes and 
the diagnosis is considered true.  
Once a fault diagnosis is declared, a relative severity needs to be determined. This fault severity is 
determined by defining a diagnostic score as the margin of actual vaules in the CSDM over the 
threshold values required by the rules for any particular fault. This diagnostic score is then compared 
to an adjustable nominal score set for each fault. If the ratio of the two is less than 1, then the problem 
is considered slight. Ratios up to 3 are given a moderate severity, between 3 and 6 is serious, and 
above 6 is considered extreme.  
The linear numerical scoring system used to determine fault severity is well suited to provide trending 
of severity over time, from survey to survey. For each specific mechanical fault diagnosis that is 
detected at least to a "slight" degree for a given machine, the severity score can be plotted using time 
as the abscissa. The ordinate does not directly reflect the numerical score. These remain internal to the 
program. Thus multiple faults can be trended independently for a machine on the same graphical plot.  
 
CONCLUSION  
 
A new generation of rotating machinery monitoring and detailed diagnostics systems now exists using 
vibration, enabling the maintenance and repair of the main and auxiliary equipment in the 
metallurgical industry according to its real condition.  
The expert automated diagnostic system represents the kind of a highly effective maintenance 
resources available that provides accurate detection and diagnosis of faults in highly complex precision 
machinery without a staff of highly trained vibration analysts. Critical to the success of the Expert 
system software are detailed documentation of machinery vibration sources and a simple method to 
establish an empirical baseline for acceptance criteria. The system must also provide a flexible 
rulebase together with adjustable sensitivity so that it can accommodate a wide variety of machinery 
types from smooth running high precision machines to rough running heavy machinery.  
Each logic symbol can be assigned to any vibration amplitude or exceedance of average plus sigma in 
a CSDM. Rule templates also can incorporate up to 5 inequality rules which enable the user to 
compose if/then statements, to add elements of the CSDM together or to ensure that certain amplitudes 
or exceedances are greater than or less than others.  
Repair decisions can be made based in part on a combination of absolute fault severity and its rate of 
increase, and in part on the type and number of indicated faults.  
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Abstract: This paper describes new portable vertical penetrometer design for the agricultural soil compaction 
measuring. The Department of Machine Design and The Department of Electrical Engineering, Automation and 
Informatics on FoE SUA in Nitra are currently preparing a new measuring system with modern electronic parts 
as well as application of new measuring principles for depth and force sensors. Design has  a new arrangement 
of the elements in the body. Major innovation is the use of a colour touch screen which one allows real time 
monitor: the laboratory measurements, the measured data saved on SD card, Excel and formatted data, the 
ultrasound sensors values for the indirect ground depth measuring, the user friendly setup options of the device 
parameters and the incorporation of GPS into the device housing. Connection with personal computer remained 
unchanged from the previous type. In this paper is described the enhanced algorithm for penetration resistance 
measuring of a soil in dependence on depth and on place of the pushed sensing head. 
Key words: soil compaction, portable vertical cone penetrometer, penetration resistance measurement, cone 
index  

 
INTRODUCTION  
 
Harvesting, sowing and protection and mechanisms for tillage negatively affect soil compaction 
despite new design solutions, especially in extreme weather conditions. 
There is necessary to have detailed and accurate information about the condition of land and 
constantly specifies those models of the soil particles spatial arrangement for finding appropriate 
solutions to minimize soil compaction. Monitoring of soil compaction is performed mainly by 
penetrating devices which are mainly used in mapping the immediate condition of the soil. 
Soil compaction is most often defined by penetration resistance (Cone Index, CI) when measured cone 
and sensor, measure the value of the resistive force exerted per unit area at the base of the cone. To 
ensure comparability and reproducibility of results and objectively assess the changes of soil 
compaction it is used standard size cone by American standards ASAE S 313.3. This article describes 
the design of a new penetration device designed at DMD and DEEAI at FE SUA in Nitra (Slovakia) 
and the first results in the implementation of this device. 
 
MATERIAL AND METHODS  
 
Microprocessor and computer technology and research and development in this sphere influences on 
the development of penetration devices in positive direction due to which we can make the 
measurement quickly and results processed into more transparent and comprehensible form. The 
cooperation of work between DMD and DEEAI at TFE SUA in Nitra (Slovakia)  was made 15 years 
ago penetrometer P-BDH 3A (Figure 1). 
This penetrometer was founded on the principle of sensing the force of soil resistance against solid 
shape (cone) pushed into the soil by capturing incremental value after pressing deeper every 
centimetre. For measurements were used optoelectronic measurement systems, digitization and record 
of measured values in memory, which was transported into a computer and processed further. The 
measuring device was very simple and reliable with over 10,000 possible record data. Through digital 
indicator can be adjusted input parameters, calibrate the device and check the measured data values. 
Wide application of penetration method just for its benefits will likely continue in other areas. 
Increasingly sophisticated equipment available with electronics and modern processing methods and 
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evaluation techniques can position the field tests keep at the forefront of scientific and agricultural 
interest.  
 

                       
 

Figure 1. Penetrometer P-BDH 3A                Figure 2. Penetrometer PE 90 

Years of experience in the measurement and evaluation of measurement the authors prompted to 
upgrade the device so as to remove some of the shortcomings of the device in terms of measurement 
system, as well as increased measurement comfort and control. During the measurement at P-BDH 3A 
was not possible to follow the course of the measured forces, depending on the depth and it was not 
able to locate the measurement location by a GPS system. 
Finally, the authors decided technical and technological improving to meet the new requirements of 
the practice. The concept of the new device was based on the requirement of control options during the 
penetration resistance measurement and so extreme values (errors) can be immediately erased. It was 
also our aim to prepare a reliable measuring instrument with a low price that was unlike now 
commercially produced devices cheaper and more accessible for practice (Figure 2). Therefore into 
this new concept were applied commercially produced force and depth sensors (ultrasonic sensors) 
modern electronic and microprocessor technology, including the use of a colour touch screen. 
 
RESULTS AND DISCUSSION 
 
Penetrometer marked as PE 90 is new variant of penetration device, which consists of a steel casing, 
cut out and welded out of sheet metal which one is associated with the metal housing with countersunk 
screws. To this housing is bolted carrying case with attached handles inside which is fixed force 
sensor  (Líška, 2008), the bottom of the sensor is attached to the rod with cone probe. On the top of the 
metal cover is placed colour touch screen (Figure 3a). To measure the force of resistance was chosen 
sensor type EMS 20 with a measuring range up to 5 kN, which has minimal dimensions (Emsyst, 
2008).  
At the new concept were used current possibilities of modern electronic and microprocessor 
technology. The device uses a colour touch screen for entering measuring conditions, parameter 
setting and control over the measurement on the display screen. 
There is mounted ultrasonic sensor for measuring of depth to the bottom of the housing, and is 
clamped sliding reflector plate to ensure a correct reflection of the ultrasonic signal to the measuring 
rod (Figure 3b). The device can be externally connected to a computer to export data and GPS position 
for their further process. It has the ability to connect to an external power source with controlled 
charging of battery capacity. Handles, measuring rod and the GPS sensor is removable, which allows 
better storage-ability and its transfer. 
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a)                                                                      b) 
Figure 3.   Device view: a) view on display unit, b) location of ultrasonic probes 

 
Measurement algorithm of penetrometer resistance depending on the soil depth should take into 
account the following aspects: 

- the measuring system have to do the calibration of sensors due to temperature after power 
on (1), 

- to determine of the GPS signal activity, 
- measuring rod speed in the recess have to be max. 0.01 ms-1, 
- device has an audible alarm to warn the possible destruction of the force sensor under 

strong recess, 
- in case of the wrong methodology recess irregular movements of measuring rod, for 

example impact on stone or finding an air gap, attention to the possible incorrect results. 
 
Built-in temperature sensor is used to calibrate ultrasonic sensor distance covered by the adapted 
known equation: 
 

)).t-.(T+s=( S 15.273305.09.165         (1) 
 
where:  s  -  is sensed soil depth, m  

 Ts  -  is air temperature, K 
 t  -  is measurement time interval, s 

   
After the first layout of the components in the new device were resolved other parts like battery, 
location of some controls, GPS sensor, battery charge and computer connection. It has got GPS sensor 
with SiRFstar III chip, which in addition to determining the exact position of measurement what also 
provides information about the current altitude and the time of measurement. Values of ambient and 
soil temperature is an additional indication of measurement. The measured data are stored on the 
microSD card format in *.csv file that is readable in MS Excel or other spreadsheets (Géci, 2007). 
Today a new variant of penetration device PE90 shown is designed with the technical characteristics 
shown in Table 1: 
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Table 1.  Technical characteristics of PE 90 

 

0 - 10 MPa (cone index) Measuring range  
0 - 600 mm (measurement depth)  

Measuring step depth 10 mm 
Number of measurements  cca  100 000 on 256MB  microSD card  
File type  .csv (.txt, .bin) 
GPS module  SirfStar III 
Connectivity  USB, RS232C, SD card 
Unit Dimensions  120 x 140x 90 mm   (body) 
Length of the rod  600 mm 
Weight  2.6 kg 
Size cone (diameter of base / top angle) 12.8 (20.3) mm/ 30° 
Battery life min. 10 hours 

Nowadays is well known companies Eijkelkamp Penetrologger that has a measuring range up to 
10 MPa, measuring the depth in interval 10 or 20 mm, depth measurement is max. 800 mm. Cone used 
for measuring has got angle of 60° on special request also available with cone according to ASABE. 
The device can be added with GPS without connection to system memory. 
ELE International Company offers Proving Ring penetrometer with ASABE cone, it has analogue 
pointer without electronic record of the measured resistance and depth and no GPS. A few years ago 
they offer ELE CCP model with a measurement range up to 600N, depth measurement up to 450mm 
with a reading offer 15mm, 16 digit display with record up to 600 measurements. Currently, it is not in 
the catalogue. 
Australian company AGRIDRY RIMIK PTY LTD in Toowoomba offers RIMIK CP 40 CONE, which 
one has advanced electronic components, display unit, strain gauge force transducer with a measuring 
range up to 5.5 MPa and depth measurements up to 600 mm at the rate 15, respectively 20 mm. It also 
has a built-in GPS. Measuring capacity is about 2047 measurements. This device appears to be the 
most advanced on the market. 
It may be noted that the PE 90 penetrometer has comparable properties with worldwide manufacturers. 
However, our penetrometer has improved the intuitive management and has bigger recording memory. 
 
CONCLUSION 
 
The reason for the research and development of new penetrometer equipment is not only to design 
lightweight, portable and reliable equipment, but also a consistent device enabling a wider usable and 
able to obtain data comparable to each other. 
Modern penetrometer devices except the new options (GPS, colour touchscreen, high memory 
capacity, autocalibration) must take into account the versatility and ease of use in a variety of 
conditions by affordable price. The new proposal penetration device can meet all these requirements 
and provide greater comfort and productivity. 
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Abstract: This work analizes possibilites of adopting a new approache to project management in order to 
increase sustainability of projects and its broader environment. Majority of human activites are smaller parts of  
larger projects and has effects on its broader environment.  Some interesting questions arise out of this problem. 
How to adopt sustainability principles in different phases of a project management cycle? Which factors needs to 
be considered when adopting sustainability factors in project management? What are the indicators of adopted 
sustainability in project management? This work will also offer a new definition of sustainable projects. 
Key words:  sustainability, project management, environment 
 
INTRODUCTION 
 
The world today is not the same place to live as it was before 10, 20, 50 or 100 years ago. Many things 
have changed in the past and will change in the future, but one thing  remains a constant, our planet. 
Before the industrial revolution nature possessed a large enough capacity to rebuild and recover from 
various human influences. After industrial revolution mankind has generated immeasurably greater 
impact on environment, than in earlier periods.  Planet responds in countless ways- from floods, 
droughts to earthquakes and volcanic eruptions. Greater intensity of these occurencies is a 
consequence of human attitude to the environment.  
Human sustainable development represents conscious, free and participatory process of transformation 
of the relationship between people and their physical environment (natural and man-produced), with 
the intent to obtain to everyone legitimate and effective approach to the creation and use of tangible 
and intangible, as well as social and environmental values that are in their totality assumption of 
authentic full flowering potential of each and every person. This process both in its form and in 
content and meaning must guarantee the maintenance of life of the present and future generations of 
human and other living beings, [5]. 
 
SUSTAINABLE PROJECTS 
 
The connection between sustainable development and projects 
 
Sustainable development represents a change in mindset compared to the way that most people today 
think. Existing problems can’t be solved by using the same mindset that led to the creation of these 
problems. Therefore, the existing economic, environmental and social problems can be solved with 
new ideas which create win-win relations in these three different aspects. 
The question that arises is: What is the best way to apply the principles of sustainability, which could 
soon become the principles of survival on this planet? The first step is to change a mindset that should 
result in concrete sustainable development strategies. However, the strategy itself is not a solution, but 
a path toward a solution. Strategy is a plan to achieve desired objectives. Sustainable projects 
represents an instrument for achieving sustainable development objectives. 
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Figure 1. The connection between sustainable development philosophy, sustainable development 
strategies, sustainable projects and sustainable development objectives,  [6] 
 
It has been said that implementation of sustainability implies change of  a mindset. Today, majority of 
managers  have opinion that adoption of sustainability principles means that they need to sacrifice 
their profits. If things are perceived in that way, then that would mean that those companies and other 
subjects need to sacrifice their economic power and competitiveness in order to adopt sustainability 
principles. Sustainable development and sustainable projects represents the opposite of that way of 
thinking.  Adoption of sustainability and responsibility principles leads to increased competitiveness in 
the medium and long term. That is why an increasing number of studies are focused towards the  
sustainable competitiveness.. One of these studies is the Global Sustainability Competitiveness Index 
2013 which analyzes the sustainable competitiveness of nations. Following table represents top five 
countries and rankings of countries of former Yugoslavia.  
 
Table 1. Global Sustainability Competitiveness Index 2013, [3]   

Rank Nation 
1 Denmark 
2 Sweden 
3 Finland 
4 Norway 
5 Switzerland 

16 Slovenia 
37 Croatia 
42 Montenegro 
50 Serbia 

106 Bosnia and Herzegovina 
144 Macedonia 

 
 
Adopting sustainability in project management 
 
Project management is applied in various areas of human activity such as construction, shipbuilding, 
culture, sports, environment, information technology, etc. Here it is necessary to make a distinction 
between so-called everyday routine activities and those related to the projects (project activities). 
Routine activities are those activities or tasks that are related to the present and are repeated at 
intervals. Project activities are unique activities or tasks that are oriented to the future. Both types of 
activities have their costs and effects. According to the definition of PMI Institute project is a 
temporary endeavor undertaken to produce a unique product, service or result,  [2]. 
Situation in the world today shows that sustainable development should have its place in project 
managament. Adoption of sustainability principles in project management raises a number of 
questions that needs to be answered. 

• How to adopt sustainability principles in different phases of project management cycle? 
• Which factors needs to be considered when adopting sustainability factors in project 

management? 
• What are the indicators of adopted sustainability in project management? 
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Project management cycle consists of five phases: initiation, planning, implementation/execution, 
control and monitoring, and closure of the project. Figure 2 shows results of research which had an 
objective to explore best ways to adopt sustainability principles in different phases of project 
management cycle. 
In the initation phase greatest impact on adoption of sustainability has a determination of project scope 
and definition. Way of thinking applied in this phase can result in (un)sustainability of the project. On 
the other hand, project scope represents a framework within which all project activities will take place. 
Importance of adoption of sustainability during defining of project scope is indisputable. For example, 
project scope for project „Start up of manufucturing plant“ can include or exclude the installation of 
air and water filters. Inclusion of such purifiers increases sustainability and responsibility of the 
project. 
During the planning phase the most important activity is setting up SMART objectives. These 
objectives represents a target within all project activities are aimed. It is very important to use 
appropriate criteria when defining project objectives. For example, project „Bridge construcion“ can 
use „lower cost“ criteria, as the most important criteria, during the planning phase. In this way, project 
managers and investors ignore importance of sustainability and responsibility for the local community.  
During implementation phase, the main focus of adopting sustainability is given to key processes. On 
the other hand, during control and monitoring phase, the main focus of adopting sustainability is given 
to support activites. The largest consumption of material, human and financial resources is conducted 
during implementation phase. This is why project managers can find the greatest possibilities of 
adoption of sustainability in this phase. This phase also represents the biggest challenge, because of 
the greatest number of interelated activities. 
 

 
Figure 2. Adopting sustainability in different phases of project management, [1] 

 
Analysis of objectives represents the biggest opportunity for adopting sustainability during the closure 
of the project. Importance of this analysis can be seen from Logical Framework Matrix (LFM). 
According to the LFM, every project is a an instrument for solving a problem, but a solution of this 
problem leeds to need for a new project. In other words, closing of one project leads to starting up a 
new one. During the closing phase, project managers can analyse the quality of objectives of the 
previous project in order to increase performance of future projects. 
 
Indicators of adopted sustainability in project management 
 
Indicators of adopted sustainability in project management are: 

- application of environmental and social sustainability assessment, 
- managing effects during the entire life cycle, 
- adoption of Triple Bottom Line in project management. 
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The first indicator of increased sustanability of the project is application of environmental and social 
sustainability assessment.  Today, feasibility studies are based on financial indicators. Increased 
sustainability of the project is in direct correlation with paying more attention to environmental and 
social aspects of the project.  How much will the project be environmentaly and socially useful for 
local community today, and how much for 5-10 years?  
Today's projects are aimed at realizing outputs, lower and higher objectives and purpose of the project. 
Such focus is correct, also in terms of sustainability, but with one condition. It is necessary for project 
managers to tako into account that all outputs, objectives and purpose of the project have effects 
during the entire life cycle of the project. Sustainability should not be be realized in only some of the 
phases (e.g. only during the implementation phase). Managing a complete lifecycle of the project 
requires the observation of a much broader perspective, than that of traditional planned and 
implemented projects, covering all phases of planning, implementation and exploatation of the project. 
According to the parameters that are mainly used in project management today, a successful project is 
the project realized within the given parameters of time, scope and budget. The adoption of 
sustainability and responsibility in the project managements creates new constraints for existing 
parameters (time, scope and budget ). These new parameters/constraints are: economic, environmental 
and social components of the project. Accordingly, parameters related to time, scope and budget 
should not be realized through project activites that violate constraints on economic, environmental 
and social sustainability. 
 
Case 1: Construcion of community buliding 
 
Project of construction of community building, kindergarten, should be completed within a year. 
Estimates indicate that the application of planned working dynamics and the construction materials 
will result in completition of the project within one and a half years. The project manager is under 
pressure to complete the project in a shorter period of time. Beacuse of that, project manager has 
approved the use of low quality materials that can be more quickly incorporated into the object. 
This illustrative example shows how achievement of basic parameters of the project does not mean the 
sustainability of the project and that the adoption of triple bottom line viability factors is necessary for 
long-term success of the project. Adoption of sustainability reflects in two main areas: 

• Product use and the extent to which a product is contributing to quality of life, health and well 
being over time. 

• Business practice and the extent to which a project is being managed according to practices 
that will contribute to sustainable development goals, [7]. 

It can be seen that the realization of economic, environmental and social sustainability of projects is 
used as an instrument to achieve economic, social and environmental sustainability of the broader 
environment. These different levels of parameters and constraints that must be respected in sustainable 
projects are illustrated in the Figure 3. 
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Figure 3. Economic, environmental and social sustainability in sustainable project management 
 
This figure shows basic components needed for creating a definition of sustainable projects.  
Sustainable projects are those projects whose goals and activities: 

• are realised in a given parameters of time, scope and budget of the project,  
• do not violate the constraints of economic, environmental and social sustainability of the 

project,  
• and create a positive effect on the economic, environmental and social sustainability of the 

broader environment. 
 
Case 2: Example of sustainable project-Costa Navarino, Greece 
 
Hotel "Costa Navarino" is a new tourist destination in the Mediterranean. What makes this destination 
different from the others is its orientation towards economic, social and environmental sustainability. 
Project of construction of this complex provides a good example of adopting sustainability in project 
management.  
Construction of the complex resulted in a large number of felled trees, but in the draft of project is 
planned the same number of trees to be planted in their new locations within the complex. The 
complex is designed to make optimum use of daylight. In addition, at the top of the complex is 5000 
m2 planted vegetation. Lighting on the beach is adjusted so it does not disturb the movement of sea 
turtles in the area. As for the power supply, hotel is fully powered by renewable energy sources 
(geothermal and solar energy). The golf course is planted with grass that requires 30% less water, and 
the water is supplied from its own reservoir. In addition, the golf course has a an information system 
that analyzes weather conditions and requirements for water so the water reserves exploited in an 
efficient manner. Natural fertilizers are used for the cultivation of plants. Waste management is based 
on the reduction, reuse and recycling of resources. Paper, plastic, glass, used oil, batteries, and organic 
waste are being recycled,  [6]. 
 
CONCLUSION 
 
Sustainable projects are instruments for implementation of sustainable development strategies. Their 
implementation leads to achievement of sustainable development objectives. Project managers need to 
adopt sustainability and responsibility principles in all phases in project life cycle. Adoption of 
sustainability principles means implementing a new set of parameters in planning, implementation and 
exploitation activites. Adoption of this parameters increases sustainability of the project and a broader 
environment. This work offered a new definition of sustainable projects that can be a base for analysis, 
discussion and research in this area. 
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Abstract: The paper presents results of application of matrix transformations that can be applied to solve 
kinemtaike mechanisms of machines, as well as their application in a variety of cases in resolving the kinematics 
of mechanisms, such as for: determination of the vector segments in different coordinate systems, determination 
of the position vector of joints, and the focus points of segments, determining the angular velocity and the 
characteristic points of the segment, determining the angular acceleration of the segment, and the characteristic 
points. The work is part of the scientific work that is being implemented at the Technical University in Zrenjanin 
for the development of industrial systems and its results are suitable in solving mechanisms (reciprocating 
mechanism) and can be used for other purposes in the different branches. 
Key words:  matrix transformations, kinematics, dynamics of motion, crankshaft, connecting rod, piston, piston 
mechanism. 
 
INTRODUCTION  
 
Piston mechanisms can be to present the system of the body (segments) that are interconnected rotary 
and translational relationships, moving under the action of forces and moments. The segments that are 
interconnected are the kinematic chain consisting of three members: the crankshaft, connecting rod 
and ukrsne head slider, whose purpose is to convert linear motion into rotary and vice versa. The 
application of this type of mechanism is large in practice, especially in motor vehicles with internal 
combustion engines [4]. 
In a reciprocating compressor, a model that is presented in the paper, a cylinder with a reciprocating 
charging the suction line and empty the water pressure at the top of the piston. When walking down 
the piston, the cylinder is filled through the inlet valve, and when moving in the opposite direction, 
compressed air (compressed) through the relief valve. Pan piston, piston compressor, through the 
mechanism of the crankshaft turns in the rotation (Fig. 1), [5]. 
To control mechanism, it is necessary to know the mechanics or its kinematics and dynamics. The 
problem consists in solving the mechanics of the relative motion of the system of the body, which, due 
to the complexity of the model and the large number of degrees of freedom of movement is quite 
complicated. Taking into account the real needs in the design of mechanisms, the problem can be 
generalized and simplified using matrix transformations. Given that so far there is no generally 
applicable method for this solution are listed here the results of some studies in this area carried out for 
the piston rotating models using matrix transformations. Special technique of mathematical modeling 
in application transformation matrix are determined by individual problems moving the piston, 
connecting rod and crankshaft [1]. 
 
GENERAL MATRIX ROTATING OF TRANSFORMATION 
 
The kinematics of mechanisms studied the geometry of its motion relative to the adopted fixed 
(absolute) coordinate system, without taking into account the forces and moments that cause the 
motion. Analysis of piston compressor is very complex and gives results strictly related to the specific 
geometry of the simulated machine. The purpose of this paper is to describe a simple model is easily 
adaptable to different piston mechanisms. Therefore, the general model of the compressor consists of 
several sub-models which are related to the different elements that influence its behavior [6], [7], [8]. 
Scheme of the system resulting from such categorization is presented in Figure 1. 
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Figure 1.  Components of the piston compressor 
 

Components of a reciprocating compressor crankshaft and connecting rods are modeled as rigid 
bodies, piston displacement is modeled as a material point and the main shaft is modeled as an elastic 
body. To determine the kinetic characteristics of segments compressors it is necessary to know the 
number of segments, the coordinates of their centers of mass and how their mutual connection, it is of 
kinematic pairs-joints. As the basic kinematic variables analyzed issues of the position, velocity and 
acceleration segments mechanism. On the basis of this analysis, there is a closed condition vector 
outline, reflecting the geometric relationships of the movable joints segments. For example, to 
schedule a piston mechanism shown in Fig. 1 (crankshafts and connecting rods), defined to be 
stationary and moving coordinate systems. 
To define a general matrix is necessary to observe the inertial reference coordinate system IXYZ and 
identified four reference position system (Figure 2). Inertial reference coordinate system is set up for 
the center bearing (point A), while the observed reference positions B1, B2 and B3 connected to the 
crankshaft and the moving reference system B4 is related to the piston rod. System B1 (X1Y1Z1) is 
obtained by rotating, the angle β about the axis X; system B2 (X2Y2Z2) is obtained by rotating B1 angle γ 
around the axis Y1; system B3 (X3Y3Z3) is obtained by rotating the B2, the angle θ around the axis of Z2, 
and system B4 (X4Y4Z4) is obtained by rotating and I angle α around the Z axis, [2], [13]. 
 

 
Figure 2.  Kinematic mechanism scheme and vectors 
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Where: 
I- refers to the observed position of the inertial reference system 
X, Y - refers to the X and Y 
A, B, C - refer to points A, B, C, respectively 
Bi - refers to the i-drive system reference 
ω - speed rotation of the crankshaft, [rad / s] 
θ - angle of rotation of the knee on the Z-Z axis [rad] 
α - angle rotating rod, [rad] 
β - angle rotation around the X-X axis [rad] 
γ - angle rotation around Y1 Y1-axis [rad] 
φ - angle position [rad]. 
 
Transformation matrix moving coordinate system, relative to fixed, determined by taking into account 
the possible movements of the segments with respect to one another, that is types of kinematic pairs of 
entering given segment (taking into account the mobility of the kinematic pairs). Thus, the appearance 
of each matrix is determined by the choice of the coordinate system, placing and mutual orientation of 
the axes in space, so that a selected axis can be changed in further analyzes and transformations. 
Discuss some features of the matrix form of records in the process of converting vector coordinates 
given in different coordinate systems. Some were given two rectangular coordinate systems with a 
common beginning [09], [10]. 
In reciprocating mechanisms are often moving segments drawn so that their rotation is not performed 
simultaneously around all three axes. More often, these developments made gradually, and some 
structural mechanisms kinematic couples allow one or two rotation. Therefore, the practical 
importance of a rotation matrix with respect to a separate axis. Figure 3 presents the coordinate 
systems that are capable of uniaxial rotation around the x axis by angle β, y axis by angle γ , z axis and 
the angle θ. Then we get the rotational transformation matrix. 
 

 
 
          a)                            b)                             c)                             d)                         e) 
 

Figure 3.  The uniaxial rotation of the coordinate system: а) Immovable {N} and moving {P} 
coordinate system, b), c), d ), e) rotation about the axis of the fixed angle 

 
Transformation matrix are determined using the equation: 
Transformation matrix of the inertial coordinate system I the drive moving system for the case B1 

rotation around Ox-axis for angle β, as shown in Fig. 3 has the form: 
1 0 0
0 cos sin
0 sin cos

Tβ β β
β β

⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥−⎣ ⎦

              ( )
1

1 0 0
; 0 cos sin

0 sin cos
xN

BT β β β
β β

⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥−⎣ ⎦

                                                                            (1) 

 
The transformation matrix of a stationary inertial coordinate system into a mobile system B1 to B2 for 
the case of rotation about Oy-axis for angle γ, as shown in Fig. 3 has the form: 
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cos 0 sin
0 1 0

sin 0 cos

−⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥⎣ ⎦

Tγ

γ γ

γ γ
                  ( )1

2

0 sin
; 0 1 0

sin 0 cos

cosg
yB

BT
γ

γ
γ γ

−⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥⎣ ⎦

                                                                      (2) 

 
The transformation matrix of a stationary coordinate system B2 a mobile system for case B3 rotation 
around the Oz - axis by angle θ, as shown in Fig. 3 has the form: 

cos sin 0
sin cos 0

0 0 0

⎡ ⎤
⎢ ⎥= −⎢ ⎥
⎢ ⎥⎣ ⎦

Tθ

θ θ
θ θ                 ( )2

3

cos sin 0
; sin cos

0 0 0
z 0

⎡ ⎤
⎢ ⎥= −⎢ ⎥
⎢ ⎥⎣ ⎦

B
BT

θ θ
θ θ θ                                                              (3) 

The transformation matrix of the inertial  coordinate system moving system B4 for the case of rotation 
around Ox-axis by angle α, as shown in Fig. 3 has the form: 

cos sin 0
sin cos 0

0 0
Tα

α α
α α

−⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥⎣ ⎦1

0
1

              ( )
4

cos sin 0
; sin cos

0 0
x

−⎡ ⎤
⎢ ⎥= ⎢ ⎥
⎢ ⎥⎣ ⎦

N
BT

α α
α α α                                                              (4) 

Rotational transformation matrix around the axis of the B1 to N, B2 to B1, B3 to B2, B4 in N, according 
to Figure 2, written in the form: 

( )
( )

( )
( )

( )
( )

( )
( )

1

1 1 2
2 1

2 3 4
3 2 4

; ;

; ;

x ;β , y;γ

z;θ , x;α

T TN B B B
B N B Bx y

TB B N B
B B B Nz x

T T T T

T T T T
T

β γ

θ α

⎡ ⎤ ⎡ ⎤= =⎣ ⎦ ⎣ ⎦

⎡ ⎤ ⎡ ⎤= =⎣ ⎦ ⎣ ⎦

                                                             (5)           

where the sign  [ ]T denotes matrix transposition. 
Rotational transformation matrix given (1) - (4) are a rotational transformation matrix. For the case 
when the segments between two segments allow two or three rotations, then the total rotational 
transformation matrix can be obtained by multiplying the elementary matrix in a specific order. 
 
Determining the position vector and the equations connections 
 
Equations connections are established in only one case that has accentuated the work. In Fig. 2 shows 
the vector diagram that illustrates how they relate to the main parts of the system considered. Equation 
connections and the position vector for analysis of crankshaft and connecting rods is obtained from 
equation (6), [2], [3], [11], [12], [13], [14].  
Figure 4 is a schematic representation of the mechanism with the parameters required for the 
calculation of the other components. 
 

 
 

Figure 4.  Kinematic mechanism  with rotating segments 
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Case I: Ignoring the lateral displacements and crankshaft angle oscillation is given by: 
I I Ipx l+ = r                                                                                                                                           (6) 
 where, 

3

T
I Br T rθ= ⋅ ;  { }

3
0

T

B c pr -hr = ;   ;   { }0 T
I -lcos lsinl α α= { }0

T

I p B px -hx =  
hp - the length of crankshaft rotation, [mm]. 
l - length of the connecting rod, [mm], 
r - radius, [mm], 
I - relative to the inertial reference frame XYZ 
I - moment of inertia tensor. 

 
Kinematic relations determining the velocity and acceleration 
 
Angular velocity of each of the moving reference system can be written as in Equation (7). 

{ }TI 0=β β& 0 { }1 0 0 TB =γ γ& &;  ; { }2 0 0
T

B =θ θ& & ;  {0 0 TI = − }α α& &                             (7)                          

For a given case, the absolute angular velocity of the crankshaft is derived from ω θ= & , since the β&  
and γ& equal to zero. Thus, in these cases the moving reference frame B3 will be simply obtained by 
rotating I, the angle θ, around the Z axis. 
 
Expressions for calculating the velocity and acceleration of piston compressors ( Bx& , Bx&& ) and 
connecting rod compressors (α& , α&& )  is obtained by differentiating the equation connections in each 
case respectively, Equations (8-9), [1], [2], [12]. 
Velocity: 
1
0

B C

C

l sin x r sin
l cos r cos

α θ θ
α α θ θ

&&
&&

ì üé ùì ü ï ï-ï ïï ï ï ïê ú =í ý í ýê úï ï ï ïï ïë ûî þ ï ïî þ
                                                                                                   (8) 

Accelerations: 
( )
( )

2 2

2 2

1
0

CB

C

sin cos l cosrl sin x
rl cos cos sin l sin

θ θ θ θ α αα
α α θ θ θ θ α α

&& & &&&

&& && & &

ì üï ï- -é ùì ü ï ï-ï ïï ï ï ïê ú =í ý í ýê úï ï ï ï- +ï ïë ûî þ ï ïï ïî þ
                                                                     (9)                          

Equations of motion of the crankshaft and connecting rod compressors for the case is obtained from 
Equation (10-14). As the piston is not subject to the current analysis, it should be noted that the 
friction forces are not included in the modeling of the piston, [3], [12], [14]. 
 
Compressor crankshaft: 

- The equation of force crankshaft 
{ , ,0 T

I C I C I A C C Cm m xf = a fΣ ⋅ ⇒ = && && }y                                                                                     (10) 
- Moment of crankshaft 

( ) ( )3 3 3 3 3 3 3 3 3 3 3B C B B A B B C B B B C B C B C cm B C
d m
dt

M r f τ I ω ω I ω r −Σ = × + = ⋅ + × ⋅ + ⋅ × a                        (11)                             

where, 

3 A IB f T T T fθ γ β= ⋅ ⋅ ⋅ A { }
3

0,0,t T
B z=τ;   ;   { }

3
,0,0 T

B C cm cer − =  
Compressor piston rod: 

- Compulsory equations of force connecting rod 
I cr I cr I A I Bmf a f fΣ = ⋅ = +                                                                                                       (12)                            

where, 
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( )
( )

2

2

cos sin

cos sin
0

B cr

I cr I B I I I cr I I cr cr

x r

ra a α α r α r

α α α α

α α α α

⎧ ⎫+ +
⎪ ⎪⎪ ⎪= + × × + × = −⎨ ⎬
⎪ ⎪
⎪ ⎪⎩ ⎭

& &&&&

& & && && & ; 

- A torque connecting rod equation 

( ) ( )4 4 4 4 4 4 4 4 4 4B B B B A B cr B B B cr B cr B cr B B
d m
dt

M l f I α α I α rΣ = × = ⋅ + × ⋅ + ⋅ ×& & & a                                      (13)                           

where: 

4 A IB f T fα= ⋅ A 4
;   B B Ia T aα= ⋅ B ;    { },0,0I B Bx Ta = &&

Equation of piston: 
- Forced piston equation 

I B p I B I B I N I Pmf a f f f= ⋅ = + +∑                                                                                                   (14) 
where: 

{ },0,0
T

I P g pP Af = . 
In each case the equation of motion can be written in matrix form as in Equation (15), where vector 
b contains the main unknown (that is. Reaction force, torque and acceleration response). 
Where: 

{ }, , , , , , , , , , , ,
x y z x y z z

T

B B B y z A A A C B C Cf f f N N f f f f θ x x , yb α= && &&&& && && .                                                          (15) 

 
For each case the equations of motion may be written in a matrix form as in Eq. (16), where the vector 
b contains the main unknowns (i.e., reaction forces, reaction moments and accelerations). 
A b c⋅ =                                                                                                                                   (16) 
 
RESULTS AND DISCUSSION  
 
Equations 1-4 show the matrix is 3 × 3 and the interconnection between the three variables. 
Calculation of the correlation matrix is the initial step in any factor analysis. It is obtained by matrix 
product more compact standardized data matrix. Its elements include cosines of angles between all 
possible elements within a standardized column vectors. It is possible to display the geometric 
relationships between the vectors whose the cosine correlation presented. For example, in Equation 1-
4 show the three vectors corresponding correlation matrix. Vectors of species data matrices are stored 
in three-dimensional space, based on equations representing the segment specific application presented 
model and Matlab software.  
A simple review of the real mechanism that serves as the basis for calculating the kinematic scheme. 
Kinematic scheme piston mechanism, made from actual mechanism. This paper presents a general 
model of a reciprocating compressor with a cylinder that is used in the industry. This describes the 
basic approach and the advantages and disadvantages of the presented solutions. The results can be 
compared, if they used the same input parameters [16]. 
 
CONCLUSION 
 
To determine the kinetic characteristics of piston mechanism with rotating joints very successfully be 
used rotational transformation matrix whose theoretical basis and method of calculation presented in 
this paper. Included in the calculation of the position of certain characteristic points, velocity and 
acceleration. The above calculation methodology is suitable for computer use, because the kinematic 
calculations amount to solving matrix equations. The convenience of these equations is that it is 
propelled movement of the internal structure can be assigned in any form, which enables the use of a 
realistic model of the motion segment of kinematic chain, ie. complete model of engine. 
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Abstract: This work will present the installation of an industrial UPS system, latest generation, in order to fully 
neutralize the problems related to irregular supply of electricity and all other incidental negative effects on one 
manufacturing facility in West Africa. This is a project, whose implementation is currently in progress, will also 
present data showing the complexity of the environment faced by large businesses in this part of the world. The 
functioning of the dynamic UPS system will be presented with the envisaged modes of operation. 
Key words:  UPS system, power failure. 
 
INTRODUCTION - FACTS AND FIGURES 
 
There is no question that electricity in Africa is inaccessible and unaffordable to most people. Even for 
the wealthy, the limited supply makes its availability unreliable with frequent power outages. Of the 
1.2 billion world citizens who live in the dark, around 550 million live in Africa [1]. Power failures are 
a regular scene in cities, towns and villages across Africa with attendant negative impact on the quality 
of living and business productivity. Power plants and transmission lines across Africa, most of which 
were erected in the 1950s and 1960s, operate today at just a fraction of installed capacity due to 
insufficient maintenance and lack of modernization. Countries with gas/diesel/coal fired power plants 
often find themselves with no electricity whenever there is disruption in supply of these fossil fuels 
due to either high cost or production disruption. Nigeria for example, has a number of newly built gas 
fired power plants which are not producing electricity yet because Nigeria, an exporter of gas and 
crude, is yet to supply gas or diesel to these plants. In Algeria, gas pipeline network from Algeria to 
Europe guarantees natural gas supply to Europe, while urban population and rural residents alike 
suffer scarcity of cooking gas because domestic distribution is not developed [2]. The complexity of 
the situation is best seen from the data on electricity production in all countries on the African 
continent. Presented data is for the year 2012. (Fig. 1)This shows that 44.4% of the countries on the 
African continent do not have its own electricity production or it is negligible. On the other hand, 
among the countries that have the capacity to produce electric energy differences are large. As an 
example South Africa, whose electricity production is greater than the total production of all other 
African countries with the exception of Egypt.   
 

 
 

Figure 1. Electricity production in Africa – year 2012. 
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RENEWABLE ENERGY 
 
The United Nations report launched on March 12 this year says that hydropower could supply all of 
Africa's electricity needs if cross-border cooperation was stepped up. Africa currently generates just 
one third of its electricity from hydropower, but could learn from cooperation and training programs 
with India and some Western countries. Some African governments, according to the report, have 
begun to recognize the importance of cooperative electricity projects. Several strong examples have 
begun to emerge, including the Southern African Power Pool (SAPP) and the West African Power 
Pool. These bring together groups of national electricity companies under the authority of the Southern 
African Development Community and the Economic Community of West African States respectively. 
Unfortunately financial challenges of finding the money for dam and hydropower plants were 
significant and can be a huge obstacle in the future [3]. 
 
POWER SUPPLY INFRASTRUCTURE 
 
There are many international initiatives to start solving the problem of electricity supply in the 
countries on the African continent , but unfortunately the realization of these projects has so far only 
on paper. The unstable political situation in most African countries deters potential investors who 
might use their knowledge and technology to improve electricity production. Across the continent, 
wars and militancy have left power plants and distribution infrastructure disrupted, damaged or 
destroyed. For example, Sierra Leone's Bumbuna hydroelectric project was nearly complete when civil 
war disrupted construction. Most of Liberia's energy power plants and transmission lines were so 
damaged or destroyed during its long civil war that the national electricity company estimates it will 
cost more than $107 million and take several years to achieve restoration to the level they were before 
the war. The situation is similar in Angola and Mozambique [2]. 
 It is well known that the business interests often can be a strong driving force to solve various 
technological problems. Large business entities (corporations) in some cases when they do not get the 
expected support from the host government try to solve the problem on their own, as in the case of the 
implementation of this project. 

 

Figure 2. Electricity transmission lines in Africa  
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THE REASONS FOR THE INSTALLATION OF UPS SYSTEMS  
 
The observed location where the realization of the installation project of the UPS system is ongoing 
unfortunately shares the fate of the rest of the African continent in relation to the problems of the 
power supply. In addition to the frequent failure of power supply a further problem is the large mains 
voltage fluctuations, which are in the range of 352 to 421 VAC. As an example, we present data from 
August 2013th year (Fig. 3) which clearly shows how bad and unstable power supply can affect 
production. 
 

 
 Figure 3. Power failure duration – August 2013. 
 
 
 
Total lost time in production during the month of August amounted to 521 minutes. This is certainly a 
direct loss, but it also should be noted that associated problems and possible risks go hand in hand 
with the outage of power supply. All vital components, both mechanical and electrical, suffer 
enormous stress due to the failure of electricity supply. Besides the mechanical parts, especially at risk 
are electrical components such as programmable logic controllers, drives, servo drivers, industrial 
computers, process measurement equipment, etc... Unfortunately the network of modern equipment 
distributors for industrial automation and electronics is still underdeveloped in Africa. This means that 
in the event of failure of any of these components, there is a risk that the defective part will have to be 
ordered and its delivery will be a minimum of 6 to 8 weeks. Some technological processes require 
continuity which certainly cannot be achieved under these conditions. This results in high costs from 
the losses of discarded materials. All these difficulties led the management of the factory to implement 
a UPS system urgently. In this sense, the best solution proved to be the UPS system. 
 
Solution 
The main idea of this project is to connect all manufacturing facilities on the dynamic UPS system 
with power of 1500 kVA. Why is this UPS system so powerful? In the heart of the NO-BREAK KS® 
[6]‚ is its kinetic energy accumulator, a clever but simple system to store and retrieve kinetic energy. 
The kinetic energy accumulator consists of two rotating parts: the outer rotor runs mechanically-free 
around the inner rotor. The inner rotor, driven by the main shaft, rotates at 1500 rpm (50 Hz) or 1800 
rpm (60 Hz). It contains two sets of windings: a three-phase AC winding and a DC winding. In 
conditioning mode, the AC winding is powered to generate a rotating magnetic field which turns the 
outer rotor to the speed of maximum 3000 rpm. However, the relative speed between inner and outer 
ring of the bearings is only 1500 rpm, since the shaft itself is rotating at 1500 rpm. 
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The outer rotor stores kinetic energy advantageously, since the amount of kinetic energy increases 
quadratically with the distance from the center of rotation. In independent mode, the DC winding is 
powered and the outer rotor is electrically coupled to the inner rotor by induction. Its kinetic energy is 
transferred to the inner rotor, and so drives it. This energy transfer is regulated by accurately 
controlling the current injected into the DC winding. The kinetic energy accumulator is a totally 
brushless system. 
 

  
 

Figure 4. NO-BREAK KS® Dynamic UPS system  
 
The main advantages of this solution are: reliability, monobloc unit, unique system (completely free of 
rings and brushes), absolute guarantee that the diesel engine will start (using the kinetic energy of the 
accumulator should the conventional starting system fail), accumulation of kinetic energy before 
returning to normal service (this allows successive power supply failures to be handled), bearing 
replacement every 10 years, life of No-Break KS® System of at least 20 years, a single unit to handle 
both types of load: critical and essential, service production able to cope with long term power supply 
failures, efficiency up to 96,4 % under full load which minimizes operating costs, small size and may 
be installed in an area without air conditioning and without anti-acid treatment, electrical control panel 
composed mainly of simple components, harmonic filtration and acceptance of deforming loads, 
elimination of micro- failures during normal operation, voltage stabilization at the terminals for the 
load, immune to up-line and down- line perturbations such as: short-circuits voltage spikes due to 
lightning strikes of operator error calls for current, automatic supply of reactive power, guaranteeing a 
power factor close to unity up line of the No-Break KS® installation, operation and maintenance can 
be carried out by a technician without any special training. 
 
Operation description 
In conditioning mode (Fig. 5) [6], when the mains supply is within tolerance (±10% of the nominal), 
the synchronous machine is acting as a motor, driving the main shaft and thus the accumulator, storing 
kinetic energy in it. When the inner rotor rotates at 1500 rpm (50 Hz) or 1800 rpm (60 Hz), the outer 
rotor then rotates at maximum 3000 rpm. The kinetic energy is thus stored. 99% of the time or more, 
the NO-BREAK KS® operates in conditioning mode and guarantees the supply of a clean electrical, 
and conditioned power to the load. 

 
Figure 5. Conditioning Mode 
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In independent mode (Fig. 6) [6] during mains failure or voltage perturbation--the stored kinetic 
energy is now transferred to the stato-alternator, which acts as a generator. This happens without any 
interruption to the user. Shortly after, the diesel engine starts and couples to the stato-alternator by 
latching the electromagnetic clutch. The energy is then relayed from the diesel engine to the 
synchronous machine and then to the loads. Sequence is as follows:  
- QD1 opens 
- The kinetic energy transfered from the outer rotor maintains the frequency at 50 Hz or 60 Hz    
   within +/- 1% 
- The engine starts 
- The electromagnetic clutch closes 
- When the engine reaches 1500rpm (1800 rpm for 60 Hz), it transfers power to the load, until  
   the mains supply returns. 
 

 
Figure 6. Independent Mode 

 
Transfer from conditioning mode to independent mode and vice versa 
 

 
Figure 7. Transfer modes 

 
Graph (Fig. 7) shows the transfer from conditioning to independent mode and back: The frequency is 
maintained within narrow tolerances, the accumulator’s speed decreases and then the diesel engine 
starts to provide power to the load. In the event of a diesel engine start-up failure, the 
electromechanical clutch will close shortly after opening QD1 and the kinetic energy of the 
accumulator will start the diesel engine. This gives the NO-BREAK KS® a redundant start possibility; 
a second guarantee to start the engine. When mains supply return sequence is as follows:     
- The NO-BREAK KS®‚ synchronizes with the mains supply. 
- The outer rotor is re-accelerated to its rated speed.  
- When the rated kinetic energy is stored, QD1 closes. 
- The electromagnetic clutch opens. 
- The diesel engine runs at idle speed for cooling and then stops eventually. 
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CONCLUSION 
 
Africa’s power requirements continue to expand with the rapid growth and development throughout 
the continent driving the need for more widespread and reliable electricity. An example like this is 
described and presented in this work also contributes to improving the supply of electricity, but it is 
not enough. According to the international agencies in addressing the issues of quality of electricity 
supply in Africa is doing very little. Although able to make independent decisions about their energy 
destiny, thanks to their governments Africa still live in the dark. Some companies who choose to do 
business on the African continent will certainly continue to try independently to solve the problem of 
their own electricity supply, but it will not help to improve the overall situation from the perspective of 
the population. African governments need to find strategic partners who have the technology and 
knowledge and who are able to turn the African continent from energy mouse into an energy giant. 
The truth is that this is possible! 
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Abstract: This paper will show the use of industrial frequency inverters for laboratory purposes. It will be 
shown using the CANopen communication protocol versus standard wiring and control via logic and analog 
inputs and outputs. Variable frequency drive is controlled by a programmable logic controller in accordance with 
standard 61131. It will be also given review of the functional blocks that can be used to control the motor via the 
drive over the CANopen network. 
Key words: variable frequency drive; programmable logic controller, CANopen 
 
 
INTRODUCTION 
 
Variable frequency drive (VFD) is a device that controls the speed of rotation of standard 
induction motor. In order to control and regulate the operation of motor, desired speed or torque 
is achieved via reference input signal. Reference input signal can be required from network or 
local via analog input. Modern drives can be completely automated, working on the industrial 
network. It is easy to connect drive to a PC, they are programmable, offer many functions for 
control and protection of motors. They are capable to measure, monitor and save the motor 
parameters. [1] 
Usage of variable frequency drives not only facilitate the motor control, it is also keeps the 
human environment from pollution. Lower electrical power consumption is decrease emission 
of CO2. There is no need for gears; also there is less need for lubrication. With lower speed of 
motor there is less audible noise. Using communication protocols (like CANopen) instead 
classical wire control there is less need for cables and wires, because all control goes throw two 
wires. 

 
Table 1. The advantages of using the variable frequency drive 

Energy saving Energy can be saved if the speed of the motor meets the requirements 
at any given moment loads. This applies primarily to drive pumps and 
fans which is proportional to the square of the energy expended speed. 
Drive that runs at half the speed of taking only 12.5% of the nominal 
power. 

Optimization of Process Adjusting the speed of the production process offers many 
advantages. This includes increasing production while reducing 
maintenance costs and material consumption and wear. 

"Soft'' work of the 
machine 

Whit control of motor speed number of starting and stopping of the 
machine can be reduced. Using a soft start and soft stop ramps, stress, 
jerk and shock of machines can be avoided. 

Lower maintenance costs Variable frequency drives do not require maintenance. When used for 
motor control, drive life is increased. For example, in irrigation, there 
are water hammer phenomena, that depend directly on the pump. 
Whit usage of VFD this phenomena disappear, so there is no valves 
defects. 

Improved working 
environment 

Conveyor belt speeds can be set to exactly the required operating 
speed. For example, bottles on the filling line makes a lot less noise if 
the belt speed soft start and stop while filling.. 
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VARIABLE FREQUENCY DRIVE 
 
Altivar 31 is a variable frequency drive manufactured by Telemecanique. It is designed to control the 
three-phase induction motor with power up to 1.5 kW (2 HP). The supply voltage is range from 380V 
to 500V and rated frequency is 50/60 Hz. [2] 
 
Table 1. Basic parameters of variable frequency drive 

Input parameters 
Maximal line current on 
380V 

6.4 A 

One second current 5 kA 
Apparent power 4.2 kVA 
Start current  10 A 
Output parameters 
Nominal voltage 380 V 
Nominal current 4.1 A 
Drive Interface 
Logical inputs 6 programmable inputs 

Analog inputs 3 of which two are voltage and one 
current  

 
Figure 1. Variable frequency 

drive ATV31 

Analog outputs 2 of which one is voltage and one 
current 

 
VARIABLE DRIVE TERMINALS 
 
Power terminals 
 
The purpose of power terminals is for power supplying of drive and motor. 
 
Table 3. Power terminals functions 

Terminal Function 

 Ground 

R/L1, S/L2 Power supply 

P0 DC bus + polarity 

PA/+ Output to braking resistor 

PB Output to braking resistor 

PC/- DC bus - polarity 

 

U/T1, V/T2,W/T3 Outputs to the motor 

 
Control terminals 
 
Variable frequency drive has two programmable relays, analog inputs and outputs. Analog inputs and 
outputs can be current type (0÷20mA) and voltage type (0÷10V). 
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Table 4. Control terminals functions 

Terminal Function Terminal Function 

AI1, AI2 Analog voltage 
input 

AI3 
Analog current 
input X ÷ Y mA 
(0÷20 mA). 

R1A 
R1B 
R1C 

R1 is a 
programmable relay, 
set as a fault relay. 
As a fault relay, R1A 
is closed and R1B is 
open when the 
controller is powered 
with no fault. 

AOV Analog voltage 
output. 

R2A 
R2C 

N.O. contact of 
programmable relay 
R2. 

AOC 
Analog current 
output 

10 V 
Power supply for set 
point potentiometer 
1 to 10 kΩ 

24 V 
Logic input power 
supply 

COM Analog I/O common. LI1 ÷ LI6 Logic inputs 
 

CLI Logic input common RJ45 Communication 
connector. 

 
Communication connector 
 
Communication connector is dedicated for CANopen and Modbus communication. CANopen is a 
communication protocol and device profile specification for embedded systems used in automation. 
In the next table is shown connector RJ45 pin assignment. 
Table 5. RJ45 connector pin assigment 

RJ45 connector Pin Signal 
1 CAN_H – High level signal CANopen 
2 CAN_L – Low level signal CANopen 
3 CAN_GND – Optional ground 
4 D1 – High signal Modbus 
5 D0 – Low level signal Modbus 
6 Not connected 
7 Power supply 

 8 Common 
 
CANOPEN PROTOCOL 
 
CANopen is a standardized protocol for distributed automation systems based on CAN (Controller 
Area Network) it offers the following performance features [3]: 

- Transmission of time-critical process data according to the producer consumer principle 
- Standardized device description (data, parameters, functions, programs) in the form of the so-

called "object dictionary". Access to all "objects" of a device with standardized transmission 
protocol according to the client-server principle 

- Standardized services for device monitoring (node guarding/heartbeat), error signalisation 
(emergency messages) and network coordination ("network management") 

- Standardized system services for synchronous operations (synchronization message), central 
time stamp message 

- Standardized help functions for configuring baud rate and device identification number via the 
bus 

- Standardized assignment pattern for message identifiers for simple system configurations in 
the form of the so-called "predefined connection set" 
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Figure 2. CANopen layer structure [4] 

 
Physical structure of a CANopen network 
 
The underlying CAN architecture defines the basic physical structure of the CANopen network. 
Therefore, a line (bus) topology is used. To avoid reflections of the signals, both ends of the network 
must be terminated. In addition, the maximum permissible branch line lengths for connection of the 
individual network nodes must be observed. 
 

 
Figure 3. Physical structure of a network 

 
The recommended permissible bit rates for a CANopen network are given in CiA 301: 10 kbps, 20 
kbps, 50 kbps, 125 kbps, 250 kbps, 500 kbps, 800 kbps and 1000 kbps. In CiA 301 a recommendation 
for the configuration of the bit timing is also given. [5] 
 
For CANopen, two conditions must be fulfilled: 
 

- All nodes must be configured to the same bit rate and 
- No node-ID may exist twice. 

 
There are no mechanisms automatically ensuring these conditions. ID of every single network node 
must be adjusted if necessary. 
 
CONNECTION OF VFD AND PLC CONTROLLER WITH CANOPEN AND STANDARD 
WIRING 
 
Programmable logic controller (PLC) used for this application is Schneider Electric Modicon M238. 
This controller offers high performance at low cost with efficient embedded features dedicated to 
simple axis motion control (high speed counting up to 100kHz, high speed pulse train and pulse width 
outputs). Embedded CANopen master allows easy and adaptable architectures for development 
flexibility. There are two serial lines for HMI connection or peripherals devices [6]. 
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Figure 4. CANopen control vs standard wiring control 

 
As it can be seen from picture, with control over CANopen network we need only two wires, but for 
standard control with logical and analog inputs and outputs we need much more wires than for 
CANopen control. Control over network is more flexible. There are a lot of variables that can be used 
over network. In next table you can see some portion of available variables, and its addresses on 
CANopen network. 
 
Table 6. Communication variable [7] 

CANopen address Read/Write Name 

6046/1 R/W Min. speed 

6046/2 R/W Max. Speed 

6048/1 R/W Acceleration – Speed delta 

6048/2 R/W Acceleration – Time delta 

6049/1 R/W Deceleration – Speed delta 

6049/2 R/W Deceleration – Time delta 

 
MOTION FUNCTION BLOCKS IN PLC FOR VFD CONTROL 
 
Integrated in SoMachine programming software, the MFB (Motion Function Blocks) library has been 
enhanced to feature numerous independent axis functions for implementing motion control without the 
need for special modules or cards. MFB offer facilitates application programming, diagnostics and 
maintenance. It meets the simple axis control of any compact, modular or complex machines using 
PLC controllers in accordance with standard 61131 [8]. 
The below table shows which blocks are available on VFD ATV31: 

 
Table 7. FB available for VFD 

FB name Available on ATV31 
MC_ReadParameter + 
MC_WriteParameter + 
MC_ReadActualPosition  
MC_ReadActualVelocity + 
MC_Reset + 
MC_Stop + 
MC_Power + 
MC_MoveAbsolute  
MC_MoveRelative  
MC_MoveAdditive  
MC_MoveVelocity + 
MC_ReadAxisError + 
MC_ReadStatus + 
MC_Home  
MC_Jog + 
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The blocks described in table 7 comply with the PLCOpen standard and the IEC61131-3 programming 
language standard [9]. The majority of blocks use the same input and output parameters, deemed 
basic. The operating principle of the basic input and output parameters is explained below. 

 
Figure 5. Example of MFB 

 
CONCLUSION 
 
In this paper was presented a way of managing the work of the variable frequency drive using a 
programmable logic controller. It was presented a comparative view of control in the standard manner 
via the digital and analog inputs and outputs as well as control via the CANopen network. Advantages 
and possibilities of using control over communications were shown. Using the controller in 
accordance with standard 61131 enables using of simple control functional blocks. In addition, by 
using variable frequency drives there are various following benefits: 

- Soft start and stop of the motor and controlled torque 
- Easy controllable speed of the motor 
- Protection and diagnostic of motor 
- In some types of applications there is energy savings 
- Easier configuration and programming process 
- Improved working environment 
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Abstract: The increasing need to save energy and minimize scrap together with requirements on the accuracy 
and quality of cutting operations in continuous industry lines have necessitated the development of the concept 
of flying shear control. This paper presents realization of one type of machine known as a parallel “flying shear”. 
Main components of the system are PLC controller, AC servo drive and variable frequency drive. Using this 
concept electrical energy can be saved, eliminating start - stop regime equipment life can be increased. 
Key words:  flying shear; PLC; variable frequency drive; servo drive 
 
INTRODUCTION 
 
The flying shear is a common industrial application for cutting a product into smaller lengths, without 
stopping the line, this means that the main production process is not interrupted, and so machine`s 
productivity is maximized. The cutting tool is typically mounted on a carriage that moves either 
parallel to the product flow or at an angle across the product flow. The flying shear drive accelerates 
the carriage to synchronize with the line speed. While they are synchronized the cut is done. After that 
the carriage decelerates and returns to start position ready to cut again. There are also many other 
similar applications where a carriage must be synchronized at line speed. The most of these 
applications can also be accommodated using the flying shear application software. [1] 
This system has a number of advantages in terms of working conditions and safety at work. If we take 
into account that the system is fully automated cutting can be said that the participation of workers in 
this process is minimized. This fact alone shows that the risk of injury at work quite minimal because 
the employee does not need to have any physical involvement in the process, except for the initial 
setup before starting the machine and monitoring equipment at work. Using the power of the system 
and the drive (to be discussed) noise with the engine running is minimized because the speed control 
and synchronization is performed without mechanical transmission which produce large mechanical 
vibration and noise. [2] 
 
PARALLEL FLYING SHEAR CONCEPT 
 
Linear flying shears are used in a variety of applications ranging from cutting material on the fly, 
filling bottles as they are moving on a conveyor. This particular overview describes the flying shear 
(cutting) application, but can be used for any process that requires speed matching to a given axis. 
This application controls the linear axis of the shear to ensure accurate cutting as well as a digital 
output for providing control of the cutting mechanism. 
With parallel flying shears, the carriage travels in the same direction as the material. In the example 
shown below a shear is used to cut through a material, while the carriage and the material are 
synchronized. The shear would then be raised and would return to the start position ready to repeat the 
cycle. The parallel mode is best suited to applications where the tool operates instantaneously across 
the whole material width at the same time, such as a punch tool or a shear. [3] 
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Figure. 1. Flying shear concept 

 
ALGORITHM 
 
Algorithm for flying shear application can be divided into three steps.  
 
1. Homing (Back to start position) 
2. Synchronization 
3. Specific operation (cutting, printing, gluing…) 
 
Homing is process wherein the system is seeking for reference point or home. Homing can be done in 
many different ways, using the reference switch, using limits switches, with encoder, or with some 
mechanical barrier. When the system is referenced, next step in the algorithm can start. 
Synchronization is process wherein linear axis with carriage is pretending to synchronize its moving 
with conveyor. When the speed of the carriage becomes equal to speed of conveyer, these two axes are 
synchronized. During synchronized moving some specific operation can be done. After specific 
operation is done carriage on linear axis go back to start position and wait for next move. 
 
There are two different types of work regime of linear axis. It can be: continuous and discontinues. 
When carriage goes back to a start position also called wait position it is discontinues regime, and 
when there is no time for back to wait position it is continuous regime. [4] 
 
COMPONENTS OF THE SYSTEM 
 
The main components of the system are presented on Figure 3: 
 
1. Programmable logic controller 
2. Servo drive 
3. Variable frequency drive 
4. Servo motor 
5. Master encoder 
6. Induction motor 
 
1. Programmable logic controller 
 
Programmable logic controller (PLC) used for this application is Schneider Electric Modicon M258. 
This controller offers high performance at low cost with efficient embedded features dedicated to 
simple axis motion control (high speed counting up to 100kHz, high speed pulse train and pulse width 

 207



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

outputs). Embedded CANopen master allows easy and adaptable architectures for development 
flexibility. There are two serial lines for HMI connection or peripherals devices [5]. 
 
2. Servo AC drive  
 
Motion servo drive used for this application is Schneider Electric Lexium32M. This motion servo 
drive enables different work regimes: speed, position, torque and electronic gear. For a use in this 
application, servo is working in electronic gear regime. Electronic gear regime represents the 
operation in which two independent axes can be synchronized. The work way is based on getting 
impulses from the master encoder directly into a pulse train input (PTI) on motion servo drive. The 
basic thing which should be set is ratio between impulses from encoders. The purpose is to get good 
ratio between the speeds [6]. 
 
3. Variable frequency drives 
 
Variable frequency drive (VFD) used for this application is Schneider Electric Altivar 312. This 
frequency drive represents standard industrial convertor. It has CANopen port, so the wiring is 
minimized. All commands and reference of speed are being setup throw CANopen communication 
[7]. 

 
Figure. 2. Connection diagram 

 

4. Servo motor is low-inertia AC synchronous servo motors designed for highly dynamic positioning 
tasks. A drive system consists of the servo motor and the appropriate drive. Maximum performance 
requires the motor and drive to be adapted to each other. Motor has SinCos encoder with resolution of 
131071 inc/turn. 
 
5. Master encoder is classical industrial incremental encoder with 1024 pulses per turn. He has two 
phases A and B. Based on the pulses number from encoder length of the cutting peace is tracked. Also, 
the instantaneous speed of line is calculated. 
 
6. Induction motor is standard three phase industrial motor, which power is 180W, and speed 1420 
rpm. 
 
PLC ALGORITHM 
 
PLC controller used in this project is in according with standard 61131-3. The main part of algorithm 
is created using higher abstraction language sequential functional chart (SFC). Steps inside SFC 
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program are created using functional block diagram (FB). Using this type of programing created 
program looks like algorithm [8]. 
 

 
 

Figure 3. Algorithm and SFC program 
 
In the SFC program next steps can be noticed:  
 
Init – in this step the starting initialization of the system is done.  
 
Power – during this step the energetic part of VFD and motion servo drive are enabled. Also, if there 
is a need for device resetting it can be done in this step. 
 

 
Figure 4. Powering VFD and motion servo drive 

Home – this is the step in which system is seeking for reference – zero point. Method used for homing 
is method with limit switch without reference switch. During this operation linear axis is moving until 
stepping on the switch. In that moment linear axis is stopping and returns for couple encoders pulses. 
That is reference or home position. The next Figure 6 shows layout of function block for homing. As it 
can be seen on block the following parameters like: homing mode, homing speed, number of pulses 
for returning, has to be entered. [9] 
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Figure 5. Function block for homing 

 
Synch_and_cutting – in this step synchronization of axes is in progress. When the axes 
synchronization is done, specific operation during synchronized movement can be preceded. After the 
operation is done, axes are ending their work in synchronization and linear axis goes back to reference 
point. Function block for synchronization of axes is GearIn. This block needs parameters like 
numerator and denominator to be entered. And with them the ratio of speeds is achieved. Function 
block GearOut is used, for desynchronization. 
 

 
Figure 6. Function block GearIn 

 
Go_to_start – during this step carriage returns to its start position. This step is very different from 
homing step. Reference point is known so there is no need to seek limit switch, and carriage is sent to 
start point with functional block MOVEABSOLUTE. 
 

 
Figure 7. Function block move absolute 

 
After return to start position, cycle start again from go_to_start point in program. 
 
For this application, graphical user interface in Codesys visualization is also developed. In that way 
the user can enter parameters like speed of the line, length of the peace etc. Beside entered parameters 
user can monitor current values of variables like position of carriage, speed of line. 
 
CONCLUSION 
 
In this paper is presented the realization of parallel flying shear application. Here is presented a simple 
application with standard PLC. More advanced applications require motion controller. By using the 
motion controllers possibilities are much higher. Function block like flying shear is also available. 
Using this type of system has next advantages: 

- Multiple Cut Modes 
Controller is able to accurately cut product for cut-to-length as well as cut-to-registration on the 

registration mark of the material.  
- Matching Conveyor Speed 
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As product is being cut, speed matching is critical to prevent product damage and yield smooth, 
straight cuts.  

- Increased throughput 
Higher productivity should result from the addition of this motion control solution due to higher 

speeds and lower downtime  
- Smooth Motion 

The solution have smooth motion which reduce machine wear produced by jerky accelerations, 
resulting in increased machine life and lower maintenance (more uptime) 
 
Acknowledgement 
This paper presents the part of research conducted under the project III 42013 funded by Ministry of 
science and technological development of Republic of Serbia. 
 
 
REFERENCES 

 
[1] Controller for Flying Operation (Flying Saws, Shears, Punchers etc.), Motrona GmbH, 

http://www.motrona.com/cutter_control_1.html 
[2] Linear flying shear Yaskawa, http://www.yaskawa.com/site/industries.nsf/applicationDoc 

/appflyingshear.html 
[3] Emerson Industrial automation, http://www.emersonindustrial.com/en-EN/controltechniques/ 

products/industrysolutions/flyingshear/Pages/flyingshear.aspx 
[4] Baldor motion, http://www.baldormotion.com/support/supportme/downloads/docslib/ 

AN00116-003-%20Flying%20shear.pdf 
[5] Logic controller modicon M238, manual, http://www.schneider-electric.com/download/ 
[6] Motion servo drive Lexium32, manual, http://www.schneider-electric.com/download/ 
[7] Variable frequency drive ATV312, manual, http://www.schneider-electric.com/download/ 
[8] 3S-Smart Software Solutions, Codesys manual, www.codesys. 

com/support-training/self-help/codesys-manual.html 
[9]  Motion Control, PLCopen organization, www.plcopen.org/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 211

http://www.schneider-electric.com/download/
http://www.schneider-electric.com/download/
http://www.codesys.%0Bcom/support-training/self-help/codesys-manual.html
http://www.codesys.%0Bcom/support-training/self-help/codesys-manual.html


III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

 
ELECTRIC CAR 

 
Nikola Nikolić, Nenad Dajić 

1University of Novi Sad, Technical Faculty “Mihajlo Pupin”, Zrenjanin 
e-mail: roker70@gmail.com 
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INTRODUCTION  
 
The electric car, once the “zero-emissions” darling of environmentalists, is sometimes maligned as an 
“emissions-elsewhere” vehicle, since the electricity to charge its batteries must be generated in 
electrical generation plants that produce emissions. This is a reasonable point, but we must then ask 
how much pollution an electric car produces per mile – accounting for all emissions, starting from the 
gas or oil well where the source fuel is extracted, all the way to the final consumption of electricity by 
the car’s motor. When we work through the numbers, we find that the electric car is significantly more 
efficient and pollutes less than all alternatives. Fluid whose flow or speed is measured, can be gases, 
liquids or liquids mixed with solid ingredients. In the industry, converters and instruments to measure 
flow are often integral parts of the process controller or belong to systems for automatic control by 
computer. In the area of water supply (drinking water, irrigation, wastewater disposal ...), liquid or 
gaseous fuels, flow rate meters are essential parts of the meter, which is measured by the amount of 
fluid past. Given that it is about managing the demanding processing industry and/or collection of 
large sums of money, it is clear that the flow meters requires very high accuracy and reliability. [1] 
 
MATERIAL AND METHODS  
 
Energy Efficiency 
 
To compute the well-to-wheel energy efficiency of any car, we start with the energy content of the 
source fuel (e.g. coal, crude oil or natural gas) as it comes from the ground. We then track the energy 
content of this fuel as it is converted to its final fuel product (e.g. gasoline or electricity), subtracting 
the energy needed to transport the fuel to the car. Finally, we use the fuel efficiency of the car itself 
(e.g. its advertised mpg) to complete the equation.  
 
All fuels can be described in terms of the energy per unit of mass. In this paper, we will express the 
energy content of fuels in terms of mega-joules per kilogram (MJ/kg). Well-to-wheel efficiency is then 
expressed in terms of kilometers driven per mega-joule (km/MJ) of source fuel consumed – a higher 
number is better.  
 
Gasoline Cars 
 
In this section, we will calculate the well-to-wheel energy efficiency of a normal gasoline-powered 
car. First, let’s take gasoline’s energy content, which is 46.7 MJ/kg [2], or 34.3 MJ/l [3]. Second, we 
know that production of the gas and its transportation to the gas station is on average 81.7% efficient 
[4], meaning that 18.3% of the energy content of the crude oil is lost to production and transportation. 
Third, 34.3 MJ/l / 81.7% = 42 MJ/l; 42 mega-joules of crude oil are needed to produce one liter of 
gasoline at the gas pump.  
 

 212



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

The most efficient ordinary gasoline car made was the 1993 Honda Civic VX, which was EPA-rated at 
51 mpg for combined city and highway driving [5]. Converting to metric, this car was rated at 21.7 
kilometers per liter of gasoline. Thus, its efficiency is 21.7 km/l / 42 MJ/l = 0.52 km/MJ. Keep in mind 
that the Honda Civic VX got about twice the gas mileage of typical cars – a car like a Toyota Camry is 
rated around 0.28 km/MJ. [6] 
 
Hybrid Cars 
 
All hybrid cars available today have no provision to charge their batteries except by using energy that 
is ultimately generated by their gasoline engines. This means that they may be considered, from a 
pollution and energy efficiency perspective, to be nothing more than somewhat more efficient gasoline 
cars. If the EPA-certified gas mileage for such a car is 51 mpg, this is exactly the same as an ordinary 
gasoline car that gets 51 mpg. (If a hybrid car could recharge its batteries by plugging in when at 
home, and if its batteries held enough charge for a meaningful drive, this would not be true.) The most 
efficient hybrid car is the 2005 Honda Insight, which gets 63 mpg for combined city and highway 
driving [7]. Using similar math as we used for the Civic VX above, the Insight’s well-to-wheel energy 
efficiency is 0.64 km/MJ. The famous Toyota Prius is EPA-rated to get 55 mpg in combined city-
highway driving, for an energy efficiency of 0.56 km/MJ. [8] 
  
Electric Cars  
 
Even with tires and gearing optimized for performance (rather that absolute efficiency), the Tesla 
Roadster only consumes about 110 watt-hours (0.40 mega-joules) of electricity from the battery to 
drive a kilometer, or 2.53 km/MJ. [9] 
 
The energy cycle (charging and then discharging) of the lithium-ion batteries in the Tesla Roadster is 
about 86% efficient. This means that for every 100 mega-joules of electricity used to charge such a 
battery, only 86 mega-joules of electricity are available from the battery to power the car’s motor. 
Thus, the “electrical-outlet-to-wheel” energy efficiency of the Tesla Roadster is 2.53 km/MJ x 86% = 
2.18 km/MJ.  
 
The most efficient way to produce electricity is with a “combined cycle” natural gas-fired electric 
generator. (A combined cycle generator combusts the gas in a high-efficiency gas turbine, and uses the 
waste heat of this turbine to make steam, which turns a second turbine – both turbines turning electric 
generators.) The best of these generators today is the General Electric “H-System” generator, which is 
60% efficient [10], which means that 40% of the energy content of the natural gas is wasted in 
generation 
 
Natural gas recovery is 97.5% efficient, and processing is also 97.5% efficient. [11] Electricity is then 
transported over the electric grid, which has an average efficiency of 92%, [12] giving us a “well-to-
electric-outlet” efficiency of 60% x 92% x 97.5% x 97.5% = 52.5%.  
 
Taking into account the well-to-electric-outlet efficiency of electricity production and the electrical-
outlet-to-wheel efficiency of the Tesla Roadster, the well-to-wheel energy efficiency of the Tesla 
Roadster is 2.18 km/MJ x 52.5% = 1.14 km/MJ, or double the efficiency of the Toyota Prius. 
 
Hydrogen Fuel-Cell Cars 
 
Hydrogen does not exist in nature except as part of more complex compounds such as natural gas 
(CH4) or water (H2O). The most efficient way to produce large quantities of hydrogen today is by 
reforming natural gas. For new plants, the well-to-tank efficiency of hydrogen produced from natural 
gas, including generation, transportation, compression, is estimated to be between 52% and 61% 
efficient. [13] 
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The upper limit of efficiency for a PEM (Proton Exchange Membrane) fuel cell is 50% [14]. The 
output of the fuel cell is electricity for turning a drive motor, and we can assume the same 2.53 km/MJ 
vehicle efficiency as with the electric car. With these numbers, we can calculate the well-to-wheel 
energy efficiency for our hydrogen fuel-cell car: 2.53 km/MJ x 50% x 61% = 0.77 km/MJ. 
 
This is impressive when compared to a gasoline car, though it is 32% worse than our electric car. But 
real fuel-cell cars do not perform nearly this well. Several car companies have produced a small 
number of demonstration fuel-cell cars, and the EPA has rated the efficiency of some of these. The 
best fuel-cell demonstration car measured by the EPA is the Honda FCX, which gets about 49 miles 
per kilogram of hydrogen, [15] equal to 80.5 kilometers per kilogram. 
 
We know that the energy content of hydrogen is 141.9 MJ/kg, [16] so we can calculate the vehicle 
efficiency to be 80.5 km/kg / 141.9 MJ/kg = 0.57 km/MJ. (Clearly, the Honda fuel cell is nowhere 
near the theoretical 50% efficiency assumed above.) When we calculate the well-to-wheel energy 
efficiency of this Honda experimental car, we get 0.57 km/MJ x 61% = 0.35 km/MJ, not even as good 
as the ordinary diesel Volkswagen Jetta, let alone the gasoline-powered Honda Civic VX or the Honda 
Insight hybrid car.  
 
However, some proponents of hydrogen fuel cells argue that it would be better to produce hydrogen 
through electrolysis of water. The well-to-tank efficiency of hydrogen made through electrolysis is 
only about 22%, [17] and the well-to-wheel energy efficiency of our theoretical fuel-cell car would be 
2.53 km/MJ x 50% x 22% = 0.28 km/MJ, and the well-to-wheel energy efficiency of the Honda FCX 
would be 0.57 km/MJ x 22% = 0.12 km/MJ, even less efficient than a Porsche Turbo.  
 
Even with the $1.2 billion U.S. government initiative to reduce U.S. dependence on foreign oil by 
developing hydrogen-powered fuel cells, a recent report by a panel at the National Academy of 
Sciences shows that Americans should not hold their breath waiting for the cars to arrive in 
showrooms. "In the best-case scenario, the transition to a hydrogen economy would take many 
decades, and any reductions in oil imports and carbon dioxide emissions are likely to be minor during 
the next 25 years," said the Academy. [18] 
 
Comparison 
 
The following table shows the well-to-wheel energy efficiency of several types of high-efficiency cars 
– including an efficiency estimate of the Tesla Roadster – based on the measured performance 
prototypes. [1] 
 
Table 1. Well-to-wheel energy efficiency of several types of high-efficiency cars 

Technology Example 
Car 

Source 
Fuel 

Well-to-
Station 

Vehicle 
Mileage 

Efficiency 

Vehicle 
Efficien

cy 

Well-to-
Wheel 

Efficiency 
Natural Gas 
Engine 

Honda CNG Natural 
Gas 86.0% 35 mpg 0.37 

km/MJ 
0.318 
km/MJ 

Hydrogen Fuel 
Cell 

Honda FCX Natural 
Gas 61.0% 64 m/kg 0.57 

km/MJ 
0.348 
km/MJ 

Diesel Engine VW Jetta 
Diesel 

Crude 
Oil 90.1% 50 mpg 0.53 

km/MJ 
0.478 
km/MJ 

Gasoline Engine Honda Civic 
VX 

Crude 
Oil 81.7% 51 mpg 0.63 

km/MJ 
0.515 
km/MJ 

Hybrid 
(Gas/Electric) 

Toyota Prius Crude 
Oil 81.7% 55 mpg 0.68 

km/MJ 
0.556 
km/MJ 

Electric Tesla 
Roadster 

Natural 
Gas 52.5% 110 Wh/km 2.18 

km/MJ 
1.145 
km/MJ 
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Figure 1.  Well-to-wheel energy efficiency of several types of high-efficiency cars 

 
 
Author’s idea of car batteries 
 
I'm working on the standardization of batteries for electric cars: 
Battery price is greater than half the price of a car, the charging process takes a long time, and driving 
radius is limited. Standardized batteries are universal (shape luggage, trays), all manufacturers use 
them, and the existing infrastructure of gas stations only need to add a "battery cells", which would be 
a "Green Ring". The idea is that as you buy a gas stove and rent a can (supplements), so to buy the 
electric car, and the state rent charge. 
 

 
Figure 2.  Location of car batteries 

 

 215



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

The proposal is that the batteries are the same voltage and amperage agreed. The physical dimensions 
would be such that they can be in the glove compartment, in the floor, the drive motors, and in the 
door there would be located battery supply box for other systems and lighting. 
 
Of course, we're talking about the concept of electric garages, which would be distributed in a "rings" 
around the settlements, along the edges, the periphery. 
 
Let me be clear: as purchased gas stove without bottle and a bottle is supplementing when it is empty, 
or in autogenous welding ... So the car would be a set of batteries required for normal operation of the 
car, and possibly another set, which would be filled in the electric garage somewhere in a ring around 
settlement. 
 
RESULTS AND DISCUSSION  
 
The fundamental trade-off in convenience with electric cars is the advantage of starting every day with 
a “full tank” (and never visiting a gas station) versus inconvenient refueling on the road. While it is 
wonderful never to visit a gas station, this would be a bad trade-off if the driving range was too short. 
 
The fundamental trade-off in convenience with electric cars is the advantage of starting every day with 
a “full tank” (and never visiting a gas station) versus inconvenient refueling on the road. While it is 
wonderful never to visit a gas station, this would be a bad trade-off if the driving range was too short. 
 
Electric cars are mechanically much simpler than both gasoline cars and fuel-cell cars. There is no 
motor oil, no filters, no spark plugs and no oxygen sensors. The motor has one moving part, there is no 
clutch, and the transmission is much simpler. Due to regenerative braking, even the friction brakes will 
encounter little wear. The only service that a well-designed electric car will need for the first 100,000 
miles is tire service and inspection [1] 
 
CONCLUSION 
 
It is now possible build an exceedingly quick lithium-ion powered electric sports car that looks good, 
handles well, and is a joy to drive, at a lower price than most high-performance sports cars. And yet, 
this car will be the most fuel-efficient and least polluting car on the road. You can have it all. 
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Abstract: The present writing is concerned with improvement of the training of artificial neural network (ANN) 
for Dynamic Processes Modelling. Normally, as with the classical methods of identification, neural networks are 
trained only by step input and the respective response (object input-output). The quality of neural models with 
signals different from the step input is unsatisfactory. Here we present the results of a training employing both 
input signals of random type and amplitude, and their response. The results are approbated for linear discrete 
dynamic models. 
Key words: Dynamic process Modelling, Recursive Perceptron, Auto Regressive eXternal input (ARX) Models. 
Training Artificial Neural Networks. 

 
INTRODUCTION  
 
Neural algorithms are applied in various fields of science and engineering. They are typical with the 
following unique properties: 
• A parallel structure composed of uniform logical units (neurons) arranged in layers, characterised 

by an algorithm “solidity” and the ability of generating output (solution) every time; 
• Human-like training process, i.e. through multiple analysis (reviewing) of the images training set 

(TS), instead of comparing particular numbers; 
• Retrieving and storing characteristics (properties) of the input data that is hard to be formalised, i.e. 

ability to summarise the input data and based on it, generate output; 
• The capacity (the memory) of neural algorithms is determined by the underlying structure, also the 

contained quantity of neurons, and the quality of training; 
• Possibility for actuating of linear and non-linear interdependence of the input and output values; 
• Basically they are discrete algorithms but with sufficiently small intervals and fast processing of 

input data, their response may be considered uninterrupted; 
• The flexible underlying structure possible to be made up of linear and non-linear neurons whose 

connections have different gravity  (strength); 
• When using this type of algorithms, two stages are clearly distinguished – setting up of the 

algorithm (training) and execution of the algorithm (simulation); 
• For the numerical implementation significant computing resources are required, as well as unique 

software for the systems and devices; 
• All these properties allow the numerous spheres of application, generally in processes and signals 

modelling, classification of  massive data sets, prediction of values, events, etc. The most common 
applications fall into two trends – input data (images) classification and retrieval, and potentiality 
for retrieving and storing of information on the input data. 

• When neural networks (NN) are used as models presenting the relation between the input and 
output values they do not supply any information about the model's underlying structure, i.e. they 
are to be seen as models of the black box type. 

It is known and proven that the straight Multy Layer Perceptron (MLP) ANN of definite number of 
neurons in the hidden layers are universal approximators of static functions (models) [2]. 
What is challenging in this project is the setting up, simulation and studying of neural algorithms for 
dynamic processes modelling and identification. With dynamic processes the response depends not 
only on the current input values, but also on the preceding ones. Therefore, in dynamic processes 
modelling recursive structures should be applied [1], [3], [4]. The model dynamics may be realised 
employing delay connections (components) between the neurons in the different layers and in the 
feedbacks. 
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The aim of the study is to train the neural networks for modelling linear dynamic models of various 
types and parameters of input signals. 
 
MATERIAL AND METHODS  
 
Modelling of dynamic processes with artificial neural networks 
Since the experimental data identification problems are discrete in their nature, herein discrete models 
and methods are studied. 
If the discrete object input signal is )k(u  and the discrete object response is )k(y , then the general 
equation that is the discrete image of the continuous differential equation may be presented as: 

)mk(ub...)2k(ub)1k(ub
)nk(ya...)2k(a)1k(y*a)k(y

m21

n21
−++−+−

=−++−+−+
                                                                                   (1) 

where mn ≥ . 
Without losing totality, studied here is the type where the values of )k(u  and )k(y  participate in a 
linear way, i.e. it is easy to model an expression with these values but of non-linear type. Often in 
identification these values are called regressors and they are assumed to be known values 
(measurable). 
Finding of an object relevant model of the above type means to determine the coefficients 

]b,...b,b,a,...a,a[ m21n21  in equation. 

)mk(ub...)2k(ub)1k(ub)nk(ya...)2k(a)1k(y*a)k(y m21n21 −++−+−+−−−−−−−=                    (2) 

So that when calculating the response )k(y  by the expression (model) above given, for nk ≥ , the 
difference with the measured value yo(k) to be minimal, i.e.  

0)k(y)k(y)k(e 0 ≈−=                                                                                                                           (3) 

That problem is easy to solve, provided that the necessary experiments are conducted with the object; 
it is far more difficult if the model is non-linear to the regressors. 

 u(k)  
 
 
  u(k-1)  b1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                             Figure 1.  Linear ARX model 
The model type is determined by the ANN model and parameters, and by the input-output data for 
training. 
 
The nature of dynamic models supposes the use of more complex than the straight NN structures, 
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namely the recurrent structures [2]. Characteristic of these structures is modelling of earlier 
(following) values of the quantities through unitary elements (z-1), for retaining the information in one 
stroke (discretization period - Т0). 
For example  Eq.(2) could be presented with structure in Fig.1. Obviously the chart in the square is 
linear perceptron, that is a unitary structure building ANN. In this case it is evident that coefficients in 
Eq.(1) coincide with the connection weights at perceptron inputs , so it is natural that the process of 
finding  the coefficients Eq.(2) be transformed into ANN training process.   
With more complex equation the chart, shall contain a greater number of perceptrons (Fig.2). In this 
figure the blocks  L1  perform respectively the functions f  and generally can be implemented by a 
certain number perceptrons. 
       z-1

 u(k) 

 y(k) 
 L1       z-1 

 
 
 
 
 
 

Figure  2. Neural ARX model.  
 
If it is a linear object, then the perceptron activating function is linear too.  Here the required 
computing capacity is minimal and the training process is the fastest. In many cases the non-linear 
models are modelled with non-linear neurons distributed in several layers, in a similar way. 
 
RESULTS AND DISCUSSION  
 
The identification of actual physical objects is frequently done by experimental transient 
characteristics that contain the basic information of the static and dynamic properties, and therefore is 
used for objective evaluation of the control quality. The models are relevant if they produce one and 
the same response to various input signals. The validation of the neural model is through visual 
comparison between the model response and the neural model response. 
In this writing, for better flexibility, it is being used data simulated with known discrete transfer 
function (TF) - W(z).   
In this writing, through ANN have been modelled TF of second order, object -Eq.(4) and third order 
oscillatory object – Eq.5. 
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t(0)=0; t(end)=4 sec.; T0=0.05 sec. 
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t(0)=0; t(end)=80 sec.; T0=1 sec. 
 
For modelling the discrete TF (4) and (5) we have used networks of one linear neuron with 
respectively four and six input connections, and in both cases with one output connection, i.e. a size of 
NN is proportional to the model's order. The signals of the input connections, besides being 
“weighted” are also synchronously delayed in time by the discretization period. The input )k(u , and 
the output )k(y  signals are sent to respective inputs of the neuron, as in the Fig.1. 
For the NN training it is structured a training set (TS) composed of respective couples of signals – 
input Object Fig.3 and output (response) Object Fig.4. In the TS, input-output characteristics are used 
for three different types of inputs: step, ramp and sinusoidal - Fig. 3 and 4.  Duration of processes is 
from 0 to 80 seconds. 
For the training and testing of the neural models software under MATLAB® has been elaborated. 
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Training of neural models has been performed by classical method for ANN training. By the 
Levenberg-Marquardt method (trainlm), in all trials, the training lasted several (2-5) epochs, reaching 
mean square error (MSE)  between the object outputs and the network within the order of  5*10-22. 
The quality of the model has been tested trough input signals different from those in the TS, yet of the 
same type, but with different amplitudes. In Fig. 5, 6, and 7 are the object response (resp…Obj) and 
the neural models response (resp…NN), for the step (step), ramp (lin), and sinusoidal (sin) inputs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

At the end of the training, the reached values of the training parameters, like number of epochs, MSE, 
and the gradient mean value are displayed by the software, and here is a typical result: 

TRAINLM, Epoch 2/20, MSE 5.54301e-022/1e-010, Gradient 6.79432e-009/1e-010.  

 

In training by the classical methods, the connection weights to the input neuron of the already trained 
NN are at the same time coefficients in (5). The following results are obtained: 

IL=[ 1…-2.5843   +2.2571   -0.6592    +0.0050    +0.0180    +0.0041 ]. 
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Compared to the coefficients in (5), it is obvious that significant is only a deviation between the 
weight and the respective coefficient in front of 3z −   in the denominator. 
Simulated are also other dynamic neural models and objects of the same type, the results of which are 
omitted herein. It is proven that neural models constructed and trained with TS constructed in the same 
manner of input-output characteristics  react in a relevant way to the respective objects with similar 
precision, and the weights and coefficients error is in the same order. 
Tested have been neural models and response to input signals different in type from those of the TS 
(above) – exponential inputs signals, pulse signals in numerous levels, etc. For all trails conducted no 
significant differences between the response of the neural model and the simulated model have been 
observed. 
 
CONCLUSION 
 
All results in Fig. 4, 5, 6 and 7  lead to the following major conclusions: 
• Trough recursive ANN of one linear neuron and number of weights equal to the coefficients in the 

ARX models, dynamic processes may be modelled with sufficient precision. 
• Te training set contains at the same time step, ramp, sinusoidal input signals and their respective 

responses of the object. 
• For the training, the classical methods of training straight neural networks (back-propagation, 

Levenberg-Marquardt, etc) may be used. 
• The discrete model coefficient is obtained as input connection weights to the neurons. The ANN 

training process may be also used for identifying ARX models as well other models that are linear 
in parameters. 

• The training is fast, takes not more than several epochs, reaching network response and object 
response MSE within the order of <10-20. 
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Abstract: Mathematical model of rolling process is used at cold mill rolling on tandem mills in metallurgy. In 
this paper is present mathematical model of  a rolling stand.It is present the rolling stands elastic deformation and 
plastic deformation curve. 
Key words: mathematical model,  rolling stand, elastic deformation, plastic deformation 

 
INTRODUCTION  
 
In hot and cold mill plants were mounted electrohydraulic servosystems for automatic gage control 
(instead electromechanic systems with  screw thread) during modernisation. For the applications  of 
the mostly control algorithms are necessary knowledge of mathematical models as components as 
complete object of automatic control. Detail analysis of these servosystems will help for better 
understanding  and for the next optimisations by apllications of  modern control methods.This work is 
based on results from literature [1]. 

 
ROLLING STANDS ELASTIC DEFORMATION AND PLASTIC DEFORMATION CURVE  
 
Sum of elastic deformations of the all loaded rolling stand parts is rolling stand elastic deformation. 
Elastic deformation of rolling stand can be determined by theoretical or experimental method 
(theoretical method is rarely used because it is hard to determine the clearances between parts of 
rolling stand). 
 

 

Figure 1. Curve of elastic deformation of the rolling stand 
 
From the figure 1 is possible to write equation (1): 

)1(
s

p
osi E

F
HH +=  

 
the following symbols are defined: 

iH - strip thickness at the exit from the rolling stand,  

osH - value of the   initial gap between rolls,  

pF - modulus of rolling stand   elasticity.  
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Therefore equation (1) contains two unknown values (rolling force and thickness of the strip at the exit 
from the stand) it is necessary to know dependence of rolling force from exit strip thickness for a 
concrete rolling conditions (entry strip thickness,friction coefficient,rolls diameters...). 
Desired dependence is given by equation(2): 
 

.....),,( λRHfF up =                            (2) 
 
Curves given by equation (2) are strip plastic deformation curves(curves of plasticity and it is possible to 
obtain its by theoretical or experimental method. Figure 4 shows plastic deformation curve of strip. 
 

 

Figure 2. Plastic deformation curve of strip 
 
From figure 2 it is obvious that greater rolling force enables smaller strip thickness at the rolling stand 
exit. Simultaneously equations (1) and (2) solvings  give rolling force and exit strip thickness during 
strip deformation in real working stand. Graphic equations solution  is shown on figure 3. 
 

 

Figure 3. Graphic determination  of the rolling force 
 
Section n  the straight line 1- the curve 2 determines point A. The coordinates  of the point A (  and 

) determine rolling force  which must act on the rolls to perform exit strip thickness  .                          

The gap between rolls increases from H  1H til thickness of the strip reduced from osH at entry 

of the stand to 1H  at the  exit of the stand.In the process computer are “memorized” straight line 1 
and curve 2 and for demand H t is possible to determinate F  and (it is necesarry to draw a 

vertical line from the point  and  point of section with the curve 2 is point A; From point A it is 
necessary to draw a  horizontal line and obtain  : It is necessary to draw a  line through a  point A 

with angle  and obtain . However,if the strip has  the greater hardness then  the rolling force Fp1 

will not be sufficient to perform  and control system will increase the rolling force  to get 
demand thickness of the strip at the exit of the stand. 
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ERVOVALVE  

 good throught the lower frequency region. According  to 
literature [2  and figure 4 we can write: 

S
 
Therefore a reprensentation of servovalve response throught the frequency range about 50 cps is 
sufficient (literature [1]), and a first-order expression is adequate. The time constant for the first-order 
transfer function is best established  by 0.7 amplitude point (-3 db) (figure 4). Figure 6 shows a 
“Moog” servovalve dynamic response,together with the response of a first–order transfer function. 
The first-order aproximation is a quite

]

ST
Wsr 1+

=
1

1  

while:  

1
1 2

1
πω

=T                              (3) 

 

 
Figure 4. Bode diagram of the “Moog” servovalve 

ATHEMATICAL MODEL OF  A ROLLING STAND  

Linearisation of equation (1) gives equation (4): 

 
M
 

s

p
osii E

F
HH += given: 

+
∂ osiH
∂

−+= i
oosiini

HHHHH )( sin
                           

Pi

PinPi F∂
iHFF ∂

−+ )(
               (4) 

From   equations (1) and (4) we can write equation (5) (in relative variations): 
 

pi
siin

pin
osi

IN

OSIN
i f

EH
F

h
H

H
h +=  

 
                         (5) 

fore piston rod position change is the same as roll gap change. Therefore we can write equation 
(6): 

  (6) 
In the literatures [1] and [3] we can find equation (7) for the any of Sartid Cold Mill stand: 

piiosiii flhl 21 +=h
 
We consider cylinder piston rod, bottom work roll and bottom back up roll as “common” unit and 
there

piicii flylh 21 +=                         
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For the soft steel are: 

3,55 ; 002,12 =a ; =a1 =a 27,03 ; 2,01 =λ ;
E

a
2

4
1 γ−

=  

 

zziF - force of back tension,  

zpiF – force of  front tension,  

R  – work roll diameter,  
tand entry,  

H5- thickness of the strip at 
 

0H - thickness of the strip at the first s
the last stand exit. 

Therefore we can write equation (8): 
),,,( zpizziiuipi FFHHF =                       (8) 

                                                                                                                                                   
We can obtain  equation (9) (in relative variations) by linearisation of equation (8): 
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We can combine equations (6) and (9) and write equation (10): 
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 rolling process with the»steady  
ithout considerations of taking in (accelerating)»  and »taking out(slowing down)”  

he rolling stand), the tension forces change smaller than 5% (lit [1]). Variations   of 

 by 
the mill stand (geometrical dimensions, rolling force, front and back tensions, roll 
 only approximately by a suitable mathematical model (e.g. hardening of the 

rocessed material, friction coefficient between rolls and strip, strip temperature and flatness). 

-Belgrade, 1993.  

l analysis and comparative characteristics of 
servovalves “PPT” and “MOOG”, Technical Faculty Mihailo Pupin, Zrenjanin, 2000. 

] F. Ďurovský et al., Computation of Rolling Stand Parameters by Genetic Algorithm, Acta 
Polytechnica Hungarica Vol. 5, No. 2, 2008 

 

 
 
 

 

In the literature [1] are given all values for the coefficients lg ,  and a .Complete calculations, 
experimental results and producers catalogs give conclusion that in the
rolling speeds ”(w
the strip in (out) t
the strip thickness which enters in the cold rolling mill are very small. 
 
CONCLUSION 
 
Cold rolling of steel is very complex process. Knowledge of conditions in the roll bite is essential to 
achieve a good quality of final production. Some of its parameters may be determined exactly
measurement on 
velocity), another
p
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and cold mill plants in US.Steel. Smederevo for tAbstract:. Electrohydraulic servosystems are used in hot 

utomatic gage control, roll bending and loopers. In the project
he 

 »Supstution  of jet  type of servovalve by flaper 
uced by domestic producer-PPT) » it is made complete analysis of these types of 

lations and experimental measurements. In this paper is present nonlinear mathematical 

a
type of servovalveb (prod
ervovalves, many simus

model of a flaper type of servovalve and mathematical model of hydraulic cylinder with unequal area piston. 
Keywords: mathematical model, flaper type of servovalve 
 
INTRODUCTION  
 
In many precise pneumatic control systems, flapper type servo valves are widely used as proportional 
elements neglecting the torque motor dynamics and flow force on the flapper inside the servo valve. 
Schematic of two stage electrohydraulic servovalve (flapper type) with force feedback is present at 
figure 1. 
 

 
Figure 1. Schematic of two stage electrohydraulic servovalve(flapper type)with force feedback 

A servovalve is an electro-hydraulic device that converts a low power electrical imput into an 
amplified proportional hydraulic flow output.A servovalve consist of the following three 
subassemblies:torque motor,first stage and the second stage. Torque motor comprising the following 
elements: double permanent magnets,upper pole piece,lower pole piece,double coils and 
armature.Armature assembly consist of the following elements:armature,flexure tube,flapper and 
feedback spring. When current is made to flow through the armature coils, the armature ends become 
polarized and each end is attracted to one pole piece and repeled by the other. A torque is thus 
produced on the armature. The first stage of hydraulic amplifier consisting of a flapper and two 
nozzles.Armature end rigidly joined and supported by the thin-wall flexure tube. Main parts of the first 
stage are:two nozzles,two throttles, filter,flapper and firt stage body.Fluid continuously flows through 
both inlet orifices,past nozzles into flapper chamber,through drain orifice to return. The forces of the 
hydraulic fluid are balanced.An electrical signal applied to the coils of the torque motor generates a 
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ed in practice,the flow area is exactly proportional to the stroke 

 construction of jet and flapper type of servovalve is in construction of the first   
s in the design of the 
f servovalve are very 

similar and therefore we will use the same equations for these elements 

TORQUE MOTOR  

For the torque motor of the flapper type of servovalv we can use equation (1) : 

torque on the armature. The permanent magnets of the torque motor provide a de-centring force on the 
armature which offsets the mechanical stiffness on the flexure tube. This increases the net torque 
available for displacement of the flapper. A hydraulic bridge circuit is formed by supplying pressure to 
the fixed orifices via a filter and downstream of each of these,the two variable orifices formed by the 
nozzle-flapper interfaces. As the flapper is displaced,so the pressure output of the bridge circuit 
becomes unbalanced.Second stage of hydraulic amplifier consist of the following main parts:second 
stage body,spool and sleeve (bushing). The essential element of a servovalve is the valve spool,fitted 
as accurately as possible into the valve sleeve,in particular without axial underlap or overlap in the 
central position. As far as this is realiz
or displacement of the valve spool with no lap travel from the central position. Spool pushes ball end 
of the feedback spring creating restoring torque on armature flapper. As feedback torque becomes 
equal to torque from magnetic forces armature-flapper moves back to centered position.Spool stops at 
a position where feedback spring torque equals torque due to imput current. This position of the valve 
spool is proportional to input current. 

The main difference in
A basic  difference between design of the jet and flapper types of servovalves i
first stage of hydraulic amplifier. Torque motor and second stage of both types o

 
e 

oMAAkkt mKK
dt
dB

dt
dIiK +−++= θθθ )(2

2

                 (1)
 

First stage of hydraulic amplifier   
 

 

Figure 2.  Schematic of a first stage of hydraulic amplifier 

ng t
 
Accordi o literature [1] we can write equation (2): 

f

fx
s

k xppΔ
                     (2)                         

here: 
 - difference of pressures in the both chambers of servovalve spool,   

- displacement of flapper,  
- equilibrium flapper position,  

 

=
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Figure 3. Flow forces on flapper 

 

Using Bernoulli's equation we can write equation (3): 
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The fluid velocity at the plane of the nozzle diameter and is given by equation (4): 
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Similar reasoning leads to the equation for the force F2 and the net force acting on the flapper is the 
difference of these forces,and after some approximations (literature [1] we can write equation  (5): 
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Figure 4.  Forces and displacements of the armature assembly for the flapper type of servovalve 

 

 

According to figure 4 we can write equation  (6) 
lflfm fpspso +=                             (6) 
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Where: 
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According to last equations and if we assume that 
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Second stage of hydrauic amplifier-spool  
 
Combination of equations we can write equation (9): 
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MATHEMATICAL MODEL OF HYDRAULIC CYLINDER WITH UNEQUAL AREA PISTON  
 

 

Figure 5. Schematic of servovalve spool and cylinder combination 
 
The equation of motion of the cylinder piston can be written as equation (10): 

+++
dt
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c
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where: 

spF  - load  opposing force,     

kF  - force of Columb friction,  

c s

c – coefficient which depends on velocity. 
K i K - coefficients of Columb friction,  

{ }ceKKF sck
χ−+=  

Applying the continuity equation to each of the piston chambers yields equations (11) and (12): 
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where; 

1kV -volume of forward chamber(includes valve,connecting line and piston volume), 

2V -volume of return chamber(includes valve, connecting line and piston volume) , 

uc -internal leakage coefficient of piston 
 
From the equations (11) and (12) we can write equation (13): 
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According to literature [1] we can write equation (14): 
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Equations (13) and (14) can be combined into  equation (15): 
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Transformation of equation (10) gives equation (16): 
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CONCLUSION 
 
Mathematical models describe  working of systems very well. It is made directives about 
comparations and supstutions of different types of servovalves and we used these directives 
successfuly  in the Sartid Steel Plant.                                 
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Abstract: The paper presents a mathematical model of the system for regulation of rolling thickness on five 
strands twin train. 
Key words: mathematical model, rolling thickness, twin train 

 
INTRODUCTION    
 
The system consists of: self-regulation piston-axial pump 1, filter 2, starting distributor 3, storage 
battery 4, servo-valve 5, hydraulic cylinder 8 with piston 9, lower support roller 10, lower working 
roller 11, rolling strip 12, upper working roller 13, upper support roller 14, device for setting up the 
given strip thickness (worm-pair) 15 together with strand casing 16, (spring with 15 denotes elasticity 
of complete structure) and an empty rectangle 18 which shows the electronic part of the system for 
automatic regulation. Number 17 denotes converter of position signal into electrical signal. 

 
Figure 1. System for automatic control of strip thickness 

 
PRINCIPLE OF OPERATION 
 
Before entry into the strand, distributor 3 is in the position shown in the figure so that the piston 9  is 
withdrawn, and by threaded ring the  clearance of the rollers is set up according to the entering strip 
thickness. After that the spindle is blocked and clearance regulation (i.e. strip thickness) is done by the 
system presented in the figure 1.Piston-axial pump 1 gives the constant pressure p, and the flow which 
is required by servo-valve 5. Computer 18, based on the wanted clearance of rollers and measuring 
value of cylinder position, sends the error signal into regulating part of servo-valve 6. 
Piston 9 presses the lower support roller and the lower support roller presses the lower working roller. 
Lower working roller presses the strip and effects the rolling force. 
Structural diagram of this System for Automatic Control (SAC) is presented in fig. 2. 

Figure 2. Structural diagram of the system for automatic control (SAC) 
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If the system from fig. 1 is drawn in a more detailed form appropriate for modeling, we shall obtain 
the models presented in fig. 3 and 4. 

Figure 3.Schematic diagram of the connection between servo-valve and cylinder 

( )01 YYWA +⋅=   ( )02 YYWA −⋅=  
Figure 4. Hydraulic diagram of servo-valve and cylinder 

 
Comparator, giver and amplifier (booster) of the error signal is the computer 
 
Assumption 1: Flow through servo-valve openings is turbulent. 
This assumption enables application of Bernouille’s equation for 1-3 and 2-3 in the form: 
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Assumption 2: Supply pressure at entry into the servo-valve is constant :ps=const 
1. Inertia forces of working fluid are negligibly small. 
2. The effect of temperature change on working fluid is neglected , which as a consequence has the 

fact that the fluid has a constant viscosity. 
3. Hydro-dynamic forces are very small, so that they are neglected. 
4. Zone or insensitivity threshold in servo-valve is neglected. 
5. The loss of flow though side openings between the piston and servo-valve casing is neglected. 
6. Hysteresis in electro-mechanical converter (torque-motor) of servo-valve is neglected. 
7. In the gear and mechanical connections dead strokes are neglected. 
8. Non-linearity of saturation in each component (electronic booster, hydraulic booster, servo-valve 

piston stroke, slope plate of servo-pump etc.) is also neglected. 
9. Oil compressibility module is constant and independent of pressure and temperature.  
10. In working fluid (oil) the content of free air is negligible. 
11. Pipes under pressure are absolutely rigid. 
12. Flow orifice in servo-valve is rectangular, i.e. the area  gradient of flow orifice 

A
dAW =  is a linear 

function of of servo-valve piston. 
13. Servo-pump driving motor has the ideal mechanical characteristic, i.e. its revolutions are not the 

function of system load. 
14. Coefficient 

sr

sr
e p

QK
∂
∂

=  is the curve slope of a general static characteristic of servo-valve in the 

working point. 
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15. Flow boosting coefficient of servo-valve 

Y
QK sr

q ∂
∂

=  is the slope of servo-valve flow characteristic 

and is valuable only in the limited working area, excluding the non-linear part of the curve and the 
saturation area. Storage battery volume is small. 

 
Servo-valves 
According to the literature [7] and due to the assumption that Tx as a very small value is neglected, for 
the case of distributor with negative overlap, Y0 is written as a Bernouille’s equation for 1-3 , i.e. 3-2 
(fig. 4) so that: 
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One must pay attention to the positive direction of the value Y, so that, if it is assumed that p1≈ 0 one 
obtains: 

( ) pYYWCQ d ⋅⋅−⋅⋅=
ρ
2

02
 

From which it follows that: 
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If one adopts that 

ρ
2

⋅⋅= WCK dq

 then we have: 

( ) ( ) pYYKppYYKQ qsqSR ⋅−⋅−−⋅+⋅= 00
Where: 

SRQ – flow through servo-valve, which goes into the cylinder 

sQQ =1 – flow that goes into servovalve, 

T

W – rate at which flow is effected 
QQ =2 – flow that goes from servovalve to the reservoir, 

Cd – coefficient of outflow. 
Cylinder 
Equation of flow, based on the literature [7] is: 

( )
dt
dpV

dt
dVppCQ cc

iSR ⋅+=−⋅+
β0

 

According to the assumption: according to the literature [8], flow assumption of servo-valve might be  
linearized in relation to the declination of plate from neutral position and difference of pressure acting on 
the piston, the leakage is neglected Ci≈ 0, where: 
Vc – oil volume in the cylinder at any time, 

V0 – oil volume in the starting moment, then we have 
XAVV cc += 0

 
So that: 

•

=⋅+= XA
dt
dXA

dt
dV

dt
dV

cc
c 0  
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Strand casing 
 
Fig. 5 gives schematic diagram of the strand casing. 

 

Figure 5. Schematic diagram of the strand casing 
 
Due to application of the assu mption : according to the literature [8] servo-valve flow assumption 
may be linearized related to the plate declination from the neutral position and the pressure difference 
acting on the piston, the following equation is valid: 

( )
••

⋅=−⋅− XMXXKF HRH 0  

( )
••

⋅+−⋅= XMXXKF HRH 0  
 
Cylinder 
 
Based on fig. 5, it follows that: 

••

=− XMFPA Hc  
••

+= XMFPA Hc  
 
Relying on the literature [7], the following assumption may be written: Piston movement depends on 
input current Iy according to the formula: 

( )ISVY =  
 
Servo-valve supply circuit 

 

Figure 6. Servo-valve supply circuit 
 
Based on fig. 6 with the application of Kirhov’s rules and the equation of current-voltage amplifier [6] 
the following equations are obtained: 
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Converter of position signal into voltage signal 
 
Signal converter effects the amplification Kf. These converters are simple to use but they introduce the 
noise into the system so that because of that this noise is removed by introduction of time constant τf 
by which the effect of that noise is reduced. 
According to the literature [6] one may write the equation: 

S
K

U
f

f
oc ⋅+
=

τ1
 

 
Error signal amplifier 
 
This amplifier reacts to the difference between wanted and achieved voltage and effects the voltage 
which is proportional to that error and according to the literature [6] one may write the equation: 
 
( ) daocbx VKUU −=⋅−  
 
All preceding equations represent a non-linear mathematical model of this system for controlling the 
strip thickness. Fig. 7 presents an analogue diagram of the system for control of strip thickness based 
on all previous equations. 

 
Figure 7. Analogue diagram of the System for Automatic Control (SAC) of rolling thickness 

 
ELABORATION OF THE LINEARIZED MATHEMATICAL MODEL LINEARIZATION OF 
SERVO-VALVE FLOW CHARACTERISTIC 
 
We shall observe the functioning of servo-valve around the zero position (i.e. small deviations from 
neutral position) – Y0<Y< Y0. 
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R4 is neglected as a small value. 
From the equation 

( ) ( ) pYYKppYYKQ qsqSR ⋅−⋅−−⋅+⋅= 00
 

It follows 
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From which one obtains: 
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In the literature [4] it is shown that Cp≈ 0 so that: yCq y ⋅≈  

Casing:      
••

+= xMxKf HRH

Cylinder     
••

=− xMfpA H

 
Equation of the oil flow in the cylinder is: 
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If this equation is developed into Taylor’s series, one shall obtain: 
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R5 is neglected as a small value. 
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If pressure deviations are small,  then we have: 0=⇒=
•

PconstP
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B
VXAq c  

Servo-valve supply is: ( ) IVY S= . 
 
Servo-valve supply circuit 
 
Fig. 8 shows the block  diagram of servo-valve supply circuit. 

 
Figure 8. Block diagram of servo-valve supply circuit 

 
From the block diagram of servo-valve supply circuit (fig.1), one obtains: 
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From which it follows: 
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Converter of position signal into voltage signal 
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Error signal amplifier 
( ) docbxa vvvK −=−⋅  

Previous equations represent a linearized mathematical model of the System for Automatic Control 
(SAC) according to deviations. 
By applying Laplace’s transformations, for zero starting conditions, for each equation from this system 
one obtains the following  system of equations: 
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From equations:   
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With the validity of the assumption from the literature [8] that Tθ1 is a small value which may be 
neglected, it follows that: 
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Accordingly , because of that, we have: 
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Based on previous equations a block diagram may be drawn of the system for controlling the strip 
thickness (fig. 9). 

 

Figure 9. Block diagram of the system for strip thickness control 
 
If the block diagram from fig. 9 is represented in the basic form, we shall obtain: 
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Abstract: This work represents the review of newly developed technology using Liquid Natural Gas (LNG) as 
substitution fuel for transport. Impact of use, and future of use of LNG, safety of technology and ease of use. 
Drawbacks of technology to use LNG and paths for Serbia. 
Key words: Liquid Natural Gas (LNG), Production, Technology, Transport, Maritime and River 
shipping,Danube 

 
INTRODUCTION  
 
For many years world is searching for new ways of using existing technologies or developing new 
ones to meet the stricter forms and legislation of GHG (Green House Gases) emissions and 
environment protection. Imminent fossil fuel depletion pushed civilization to think about alternatives 
for existing fuel options or their substitution with new ones. 
Liquid Natural Gas shortly known as LNG was known to us for many years, but not until a two 
decades ago it raised attention. Primary it was shipped as LNG and then transferred into Natural Gas 
(NG) used for heating, cooking but until recently it was not used as transport fuel. 
Liquefied Petroleum Gas (LPG) with which it is often confused in common people talks is very 
different both in consisting elements and chemical and transport properties. LPG technology is today 
very developed and it reached levels where it would be highly impossible for further significant 
technology development. In our everyday life we use it in our cars for transport, but it has limitations 
to be used only with cars that use gasoline not diesel engines. This barrier is made due to the 
technology difference in the way of ignition of the fuel mixtures. 
 
Basic difference between LPG and LNG 
 
Liquefied Petroleum Gas (LPG) contains mainly Propane (C3) and Butane (i-C4 & n-C4), Liquid 
Ethylene (C2=) and Liquefied Natural Gas (LNG) contains mainly Methane will evaporate at ambient 
condition e.g. 20 deg C at pressure 101.325 kPag. 
 

 
Figure 1. Methane space model, main ingredient in LNG 

 
Methane (CH4) is commonly known as natural gas. It is colorless and burns efficiently without many 
byproducts. Natural gas has odor added as a safety measure since it is naturally odorless. 
LNG (liquefied natural gas) is natural gas cooled down to approximately –163 °C at atmospheric 
pressure and transported as a liquid. It is now rapidly becoming a widely used engine fuel in 
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association with its growing popularity as an energy source worldwide. 
LPG, Liquid Ethylene and LNG can be stored in refrigerated vessel at its bubble point and atmospheric 
pressure. Their bubble point can be as low as -40, -104 and -162 degC are commonly known as 
cryogenic temperature and fluid as cryogenic fluid. 
Heat leaks into the cryogenic fluid will results vaporization and lead to Boil-Off-Gas (BOG) 
generation. Other than heat leak, there are other scenarios can lead to BOG generation: 

1. vaporized vapor due to barometric pressure decrease 
2. vaporized vapor due to ambient temperature increase 
3. cryogenic fluid rundown piping 
4. cryogenic fluid circulation / loading line 
5. ship / truck loading arm 
6. cryogenic fluid storage tank 
7. cryogenic fluid rundown pump 
8. cryogenic fluid in-tank pump 
9. flashed non-condensable gasses 
10. negative Joule-Thompson effect 
11. "hot" rundown LNG into "cold" LNG  
12. cooling of loading arm 
13. cooling of ship / truck 

During transport on tanker ships a specific effect occurred, since it has a very low boiling point, part of 
transported gas heated and was released as boil-off gas to relief the building–up of the pressure. 

        
Figure 2. Tanker ship for carrying LNG from bunker-to bunker (on the left) and cross section of 

typical LNG chamber on the tanker designed by Moss maritime (on the right). 
 
This occurred because of low development of technology for the isolation of pressure vessels. A 
cryogenic fluid is typically kept at low temperatures in a storage vessel. 
The storage of LNG on tanker transporter has a major challenge due to the inherent heat input from the 
environment. 
Effect of the heat input is warming of the cryogenic fluid: 

- If (constant volume) then pressure increase in the storage vessel, other case is  
- If (constant pressure) then fluid boils and “boil-off” vapours are released from the vessel 

(venting) 
The vapours created due to the ambient heat input (while maintaining constant pressure in the storage 
vessel) are called “boil-off”. Discharge of these vapours out of the storage container is called venting. 
Since this technology improved boil-off gas (BOG) was almost eradicated as an effect and new 
systems were developed and they were called “zero boiled-off” gas systems. 
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LNG GASES TYPE GENERATED 
 
LNG quality differences in the engine operation: 
There are two distinct types of gas made from LNG depending on how it is extracted: 

• “natural boil-off gas” which is taken off the top of the LNG tanks above the liquid will have a 
high methane content and some nitrogen and thus have a high knocking resistance. Analysis 
show values typically around MN 100 and LCV between 33 – 35MJ/nm3. (Initial gas 
extraction after uploading may have reduced calorific value because of the high nitrogen 
content at the top of the tanks). This is a somewhat special application typical for fuelling of 
LNG tanker propulsion plants 

• “forced boil-off gas” i.e. LNG extracted from down in the tanks and evaporated separately. This 
gas will contain a mixture of all hydrocarbons in the liquid and its resistance to knocking may 
differ from origin to origin and even from load to load, with the MN typically in the range 
between 70 and 80. The calorific value will be higher than natural boil-off gas and quite stable 
at around 38 – 39 MJ/nm3. This gas type is now becoming very popular as fuel for general 
shipping. 

 
Some reasons why the LNG composition may differ 
 
Per definition LNG is natural gas which has been cooled down so much that it is made into a liquid. 
As is well known the base natural gas from which it is made not only contains methane - although this 
is by far the main component, but also ethane, propane and even some butane, so during the 
condensation process these other components and a certain amount of nitrogen will be present as well. 
Because methane requires the lowest temperature for liquefaction (after nitrogen), other hydrocarbons 
which may be present in the natural gas will all become liquids before the methane during the cooling-
down process. Therefore it is normal to take out most of these in a process called “fractioning” and 
which can be explained by the boiling temperatures and liquid densities. 
Previous technology development concentrated only to the use of BOG, problems of using it was 
solved in the manner that every ship had Boil-off plant mounted on it. 
This technology had many drawbacks, from high price for installation to large space needed and 
economically high investment return for it, and also availability on commercial scale only with access 
to large quantities of LNG (mainly in LNG tankers and re-liquefaction plants). This prevented 
technology to reach commercial levels of LPG which took over the automotive industry in passenger 
cars. 
Until development of dual-fuel technology LNG was not seen as a potential to replace diesel/gasoline 
as transport fuel. 
 
BI-FUEL (or DUAL FUEL) TECHNOLOGY- LNG AND DIESEL 
 
First works on bi-fuel concept were separately developed from the many companies and innovators 
and brought in many shapes, during time it filtered final solution. This solution is very simple but 
effective and this even brought a development for engines which nowadays are produced especially 
for LNG use and even further development where dual fuel energy is slowly shifting towards direct 
use of LNG only without any quantities of diesel.  
This paper will focus on solution which proved as most economically sound and materials used are 
from TRILOBES company, which internationally has installed many power generation plants. Also as 
a possible solution for river shipping will be presented the vision of one man Mr. Gerhard Deen, who 
was the first to completely tie up a solution for river shipping proving economic drive and safety of the 
technology. 
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MATERIAL AND METHODS 
 
EMPLOYED METHODS 
 
Bi-fuel operation means the engine uses two fuels (gas and diesel oil) at the same time. Natural gas is 
intended as the main fuel and diesel oil is used for the ignition of the gas/air mixture inside the 
cylinder (a portion of diesel oil is injected at the end of the compression stroke, thereby maintaining 
the original diesel operation principle). 
Trilobes power systems (or ComAp) provides two conversion technologies – one for slowspeed 
engines (up to 1000 rpm) which are wery reliable and widely used in ship industry and the second for 
highspeed engines (1500 rpm, 1800 rpm) these are new build engine very similar to the truck and bus 
engines. Choice of the appropriate ComAp solution is determined by the existing engine (which is 
considered to be one of the main advantages of this technology)speed and consequent suction/exhaust 
valve overlap (i.e.opening of suction and exhaust valves at the same time). 
Slow-speed engines normally feature a large valve overlap when the pure air is flushing (cleaning) and 
cooling thecylinder. After bi-fuel conversion, it is necessary to continue cylinder flushing/cooling by 
pure air, i.e. gas flow into the cylinder during the valve overlap must be interrupted to avoid the 
presence of gas in the hot exhaust manifold (this would cause a potentially dangerous situation and 
result in substantial fuel losses). Therefore, each cylinder is equipped with the patented 
electromagnetic gas valve with variable gas injection timing controlled by a ComAp electronic control 
system INCON. 
In contrast, high-speed engines have only a small valve overlap, so it is possible to install just a central 
mixer(s) before the turbocharger(s) for the continuous flow of the gas/air mixture. Gas injection is 
controlled by a throttle operated by the ComAp electronic control system InteliGen-BF according to 
the required engine output and speed. 
 
HOW IT WORKS 
 
Gas is injected into the cylinder inlet manifold by individual gas electromagnetic valves installed as 
close to the suction valves as possible. The valves are separately timed and controlled by the ComAp 
injection control unit INCON. 
This system interrupts the gas supply to the cylinder during the long overlap of the suction and exhaust 
valves (just typical for slow-speed and medium-speed engines – within the valve overlap cylinder 
scavenging is performed). 
This avoids substantial gas losses and prevents dangerous gas flow to the exhaust manifold. 
System for conversion of industrial diesel engines to bi–fuel operation by substitution of typically 60–
90% natural gas for diesel or HFO. 
This technology is very suitable for engines with speed below 1000 RPM and output above 500 kW 
which is also important  from the economy point of view, since this technology fails to prove use for 
individual cars since ROI (Return Of Investment) depends on the previously used quantity of the fuel 
and price of conversion to bi-fuel technology. 
Advantages of this technology is: 
      - No reduction of engine power or efficiency 
       - Smooth transition between diesel and bi–fuel modes at any time 
      - Gas is injected directly before intake valve by high speed electromagnetic valves, one valve per  
         Cylinder 

- No modification of internal engine components is required 
- Automatic equalization of exhaust gas temperatures from individual cylinders 

 
BASIC SCHEME OF THE CONVERTED ENGINE 
 
Below is given basic outlook of the converted engine with necessary adaptation to use Bi-fuel 
technology (Figure 3.) 
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Figure 3. Basic Scheme of converted engine, monitoring technology developed by ComAp 
 
ELEMENTS OF THE SYSTEM 
 
Elements of the system are the following (also available to view on the figure 3): 
- Electromagnetic gas valves with gas/air blenders 
- ComAp electromagnetic valves control unit INCON 
- ComAp Bi-Fuel automatic control unit InteliSys Bi-Fuel 
- ComAp bi-fuel governor ECON-2S 
- Safety valve(s) for air filling manifold 
- Gas train (gas manifold, gas governor, double closing valve,filter, ball valve etc.) 
 
MAIN FEATURES 
 
One of very important features in all newly developed technology is automation of the system. Also 
another feature which is very important is the lover emissions with which engine can pass strict EPA 
and IMO regulations, which are proposed to be applied by end of 2020. 

- Completely automatic system 
- Extremely efficient operation – only very small percentage of diesel is necessary 
- Cheaper electricity production 
- Non-derated output power 
- The same response to load steps 
- High stability of the engine 
- Lower emissions 
- Possibility of pure diesel operation maintained 
- Prolonged service intervals 

 
On the figure 4. Is shown the look of the installed system on the engine. 
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Figure 4. Picture of installed bi-fuel by ComAp on Cateroillar engine C15. (Courtesy of ComAp) 

 
ECONOMY FOR TECHNOLOGY ADAPTATION 
 
According to the case study, profit behind this technology is more than promising. Mainly mixtures for 
use in engines are made by 80% of LNG and 20% of diesel. 
Below are given data for a sample engine of Caterpillar model 3512B, 1500 kVA, 1500 RPM (figure 
5.) 
 

 
Figure 5. Case study results in real exploitation. (Courtesy of ComAp) 

 
ENVIRONMENT ADVANTAGES 
 
ComAp Bi-Fuel is a more environmentally friendly solution for Diesel engines and have a positive 
effect on GHG emisssions. 
Emission reductions possible: 
• Reduction of CO2 – 5% to 20% 
• Reduction of NOx – 30% to 40% 
• Reduction of SOx – 70% to 100% 
• Reduction of Particulate emissions (PM) – up to 50% 
Together with the option of the fitment of a catalytic convertor, significant reduction of CO can also be 
expected. 
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THER IMPORTANT BENEFITS AND FEATURES 

is only in the highly 

 the 

tput or performance – ideal for transient loads, this keeps smooth operation and ease 

his technology is fully automatic and dynamic solution which will maximize the substituted gas 
 

O
 
Fuel flexibility stays as very important option since availability of LNG 
developed areas, like Rotterdam port, or on the LNG plant production location. 
Maintenance savings – longer oil life and increased periods between required maintenance intervals. 
Since the lower polluters quantities les pollution is made also to the engine oil which produces
longer exchange periods and overhauling periods, which can significantly reduce operating costs. 
Like in many substitution very important issue is loss of available power, but here no de-rating of 
engine power ou
of use of LNG. 
T

 

 
nd installation technology applied to hold LNG on the sFigure 6. Tank a hip, designed by 
CRYONORM – Holland, to run on bi-fuel technology 

cturer: 
tion 

 every cylinder, which 
 itself. 

 measurement with real time monitoring 

s required which 

s like full history files recording, remote monitoring, control and configuration via PC or 
ia internet. 

 
All engine parameters  can be kept within limits of specified by the engine manufa
• Engine boost air and exhaust temperatures measurement, monitoring/protec
• Minimum & Maximum Gas pressure measurement, monitoring/protection 
• Comprehensive Knocking detection system – Frequency sensors are fitted to
enables the use of different quality of LNG and protection of the system
• Diesel portion mapping and
• Actual Load measurement 
• Minimum Load gas protection 
Other features as we might call them advantages are smooth transition between diesel and bi-fuel 
operations at any time, non-intrusive solution – no change of any engine part
considerably lower the costs of technology implementation, gas/diesel ratio display. 
In addition some feature help to overcome technology gaps between existing equipment and new 
business need
v
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MPLEMENTATION IN RIVER SHIPPING 

erpillar PONCat  made it possible.For this innovation he is awarded 

nd started a new era in river transport. This first ship is called 
ARGONON (shown on figure 7.). 

 
I
 
This technology is shifted from Maritime industry to river shipping first time in 2011. Prearations 
were made and done by a visionary Mr Gerhard Deen, owner of the DEEN SHIPPING and for this 
effort he in cooperation with  Cat
the special recognition from EU. 
First ever built river tanker on LNG fuel (bi-fuel technology) was made in Holland and in 2011 passed 
all safety and other regulations a

  
n to run on bi-fuel technology in the world,Figure 7. First inland tanker Argono  property of the Deen 
Shipping, (www.argonon.nl) 

ESULTS AND DISCUSSION 

arios aspect should be discussed, and technology is at development stage. 

afety of natural gas 

wever, rather than venting into the atmosphere, the gas is 
ollected and used to generate electricity.  

ajor benefits for shipping 

, low cost and excellent performance, 
atural gas is a serious alternative fuel for marine applications.  

 
R
 
V
 
S
 
Working with natural gas is a safe technology. You only have to consider the fact that every Serbian  
household uses it for cooking and heating, and that gas pipelines are laid throughout the Serbia, right 
up to the living room. LNG is a very different product than LPG, with which it is often confused. 
Contrary to LPG, LNG is lighter than air, and dissipates readily. So there are no drastic safety 
measures required for a vessel to be LNG-powered. The gas on a river freighter is held at minus 
170°C. At this temperature it is liquid, rather than gaseous, and it can be safely stored in a cryogenic 
tank, which is a double-walled tank with a vacuum in between the two walls. This maximizes the 
insulation value, and the gas stays at almost exactly the right temperature to remain liquid. Over the 
time, the temperature of LNG slightly increases, causing evaporation. This gas (blow-off) is 
discharged via a pressure relief valve. Ho
c
 
M
 
Sailing with a Bi- Fuel engine is not different than sailing with a diesel engine. The difference is 
hardly noticeable on the bridge. The natural gas tank has sufficient capacity to fuel a journey from 
Rotterdam to Switzerland and back. Natural gas is a simple chemical compound with a simple 
structure. It requires only minor industrial processing to prepare it for use. This makes it much cheaper 
than other fuels. Unlike petroleum-based fuels, the world reserves of natural gas are enormous. 
Equally important is the fact that its combustion generates half as much CO2, so it to reduce the 
emission of greenhouse gasses. Thanks to its reduced emissions
n
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i- fuel on the Argonon ship 

ng fuel also 
llows extended service intervals, yielding economies on both fuel and exploitation costs. 

ONCLUSION 

rding to the 
eeds of the market. From what is seen this combination is the next star of transport fuels. 

EFERENCES 

rew Response Guide for Gas Carrier Damage at Sea and in Port 

IMAC is the International Council on Combustion Engines, 

B
 
Argonon Shipping is owned by Deen Shipping. A cryogenic LNG tank has been installed on the deck, 
with an evaporator that converts the liquid LNG into natural gas. In the “gas fuel system”, the gas is 
drawn in to a venturi (a constriction that reduces gas pressure), mixed thoroughly with the combustion 
air, and subsequently metered into the engine. The ship is equipped with a micro-turbine that is fully 
powered by natural gas, and requires little maintenance. The turbine generates electricity and heat, and 
is built as a combined heat and power (CHP) plant. The exhaust gasses at a temperature of 300°C pass 
through a heat exchanger that heat up water to between 80 - 90°C. The hot water flows to the LNG 
evaporator, the main engines, the central heating system and under-floor heating in all cabins. The 
extent of reductions achieved in emissions of NO2, NO, CO, CO2, CH4 and particulate matter will 
become clear in the course of the pilot study. But reductions there will be certain. The combustion of 
natural gas is cleaner, and produces less soot and particulates. The use of cleaner-burni
a
 
C
 
This technology is here to stay and develop further, for this years of use it shows tremendous potential. 
New development of engines are already happening and engine producers are going to the next step 
and offering engines which can solely run on LNG, this is probably the future of this transport fuel.In 
the world there is also an increasing production of B-LNG, newly developed trade mark. This is LNG 
produced solely from the biomass. By achieving this it becomes virtually available everywhere. This 
brings clean energy to all parts of the world, with sustainable and local development acco
n
 
R
 

[1] A Contingency Planning and C
Approaches –1999, SIGTTO 

[2] Barron, Randal F, Cryogenic Systems,Second Edition, Oxford University Press,1985 
[3] CIMAC WORKING GROUP ‘GAS ENGINES’INFORMATION ABOUT THE USE OF 

LNG AS ENGINE FUEL, C
http://www.cimac.com/.2008 

[4] ComAp, Brochure BI-FUEL CONVERSION OF DIESEL & HFO GENERATING SETS 

ew dimension of 
 Brussels, 1st March 2012 

 gas reliquefaction control system for LNG 

onstruction and Equipment of Ships Carrying Liquefied 

urevich, M., “Liquefied Natural Gas for Trucks and Buses”, SAE Paper No. 

off?, LNG Task Force meeting in Brussels, November 3, 2011, Mihai Ursan, 
PhD., P.Eng. 

 

 

[5] Liquefied Gas Handling Principles on Ships and in Terminals – SIGTTO 
[6] Manuel Lage, Dr. Eng., From GasHighWay to LNG Blue Corridors The n

NGVs development, GasHighWay Final Seminar,
[7] Mooring Equipment Guidelines – 2001, OCIMF 
[8] Safe Havens for Disabled Gas Carriers – 2003, SIGTTO  
[9] Shin Y. et al., 2008, Design of a boil-off natural

carriers, Applied Energy, Elsevier Ltd. Pp. 37-44 
[10] Ship-to-Ship Transfer Guide (Liquefied Gases) – 1995,SIGTTO 
[11] The International Code for the C

Gases in Bulk,(IGC Code) – IMO 
[12] Wegrzyn, J., G

2000-01-2210 
[13] Weisend II, J. G., Handbook of Cryogenic Engineering, Taylor and Francis, 1998 
[14] What is Boil-

 
 
 
 

 250



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

ADAPTIVE CONTROL ODEL REFERENCE 
SYSTEM (AMFC)  

Nebojša Joković1  Novica J rleta3, Ljubiša Josimović4 

3Univer erbia 
4 Textile High School of Professional Studies, Leskovac, Serbia 

 
 SYSTEM WITH M

 
,

1“Danieli”, Italia 
evtić 2, Vojin Ke

2Hidraulic, d.o.o., Smederevo, Serbia 
sity of Novi Sad,Technical Faculty “Mihajlo Pupin”, Zrenjanin, S

 
 
Abstract: The problem of adaptive control of electrohydraulic system is discussed in chapters: servovalve 

 (AFMC), simulation, experimental researches. 
Key words: adaptive control, electrohydraulic system,  

 

ll vary with operating 

ODEL-REFERENCE.ADAPTIVE CONTROL SYSTEM  (AFMC) 
 

controled piston, model – reference adaptive control system

INTRODUCTION 
 
Electrohydraulic servosystems are installed in a various devices and control a great number of 
processes in the industry. In a many  processes are existed disturbances which are hardly predictable  
and which effect significantly on the characteristics of the systems. For a high-quality process control 
it is necesarry to determine exact static and dynamic  characteristics of a process, which unfortunately 
is not ever possible. Working conditions of the system are changed very often or characteristics of the 
system are changed from time to time. These are the reasons that a conventional control systems as 
PID-regulators can not  satisfy demand tasks. Adaptive control systems can solve these problems. In 
this work a synthesis of the adaptive control system is done according to a method which is developed 
by J.S. Yun and H.S. Cho in literature [1] and which is based on Calman's, Bertram's and Monopoli's 
works. We use adaptive control system with model reference system (AMFC). Liapunov's direct 
method  for a nonlinear systems is applied for a synthesis. In the hydraulic control systems for the 
position regulation very often is assumed that the system is without external disturbances, which very 
often is not correct(for example-rolling force on rolling stands is changeable with change of 
deformation resistance). Once a servovalve is built,the actual response wi
conditions as supply pressure,input signal level,hidraulic fluid temperature... 
 
M

 

Figure 1.  Model- reference adaptive control system 
 
We can conclude from the figure 1 that it is necessary to define the reference model which (for the 
given reference entry r(t)) creates demand reference model exit )(txM

. In the model-reference control 
system, the output of the model and the output of the plant are compared and the difference is used to 
generate the control system activity. It is desired that the control system follow closely some model 
system. Our  design problem here is to synthesize a controller that always generates a signal that 
forces the plant state toward the model state. We shall assume that the model-reference system is linear 
and described by equatio

                                                                                                                                                                   
where: 

ns: 

rbx mmm +Ax m =
•
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mK ωω =  

mmK ωξξ 2=  

 
We choose values of coefficients  and  to obtain the demand response of the system. When we 
determine  these coefficients then  we can identify matrix  and vector b. We assume that the 
eigenvalues of have negative real parts so that the model-reference system has an asymptotically 
stable equiliubrium state. Let us define the error vector e by 

ωK ξK

mA

mA
xxe m −= . In the present problem ,we 

wish to reduce error vector to zero by a suitable control vector u. A convenient  starting point in the 
synthesis of the control vector u is the construction of a Liapunov function for the system given by 
equation (1). Let us assume that Q is a positive-definite matrix. Since the eigenvalues of  are 
assumed to have negative real parts then the solution of the Liapunov matrix equation  PAm

 
(2) is positive-definite matrix P. Let us assume that the form of the Liapunov function is given by 
equation (3): 

mA
PAT

m = Q−+

xAAubrbeAe mmm )( −+−+=
•

                     (1)                                

QPAPA T

mm −=+                          (2) 

( ) ePeev T=                            (3) 
where P is positive-definite symmetric matrix. System will be asymptotically stable if the first 
derivative of the Liapunov equation v is negative-derivate for the every values of e. Taking the 
derivative of ( )ev  with respect to time gives equation (4):      
                                                                                                                                                                       
( ) ))((2 xAAubrbPeeQeev mm

TT −+−+−=
•

                  (4) 

 
The assumed ( )ev  function is a Liapunov function if:  
1. Matrix Q is a positive -definite matrix 
2. The control vector u must be chosen to make the second part of equation (4) nonpositive. 
If the matrix A and vector b are known, then exists control u determined by equation (4) which  enable 
that the 0→e  when ∞→t   and then equilibrium state 0→e  is asymptotically stable in the large.  
However the matrix A and the vector b are not known in this case. It is necessary to realize the 
negative-definition of the function v in a different  way. According to last  equations we obtain  
equation (5): 

( ) ( ugfeQeev ee

T

22 θ−+−=
•

)                     (5) 
where : 

( )
M
F

xKxKrKg S
e +−−−= 211 θξωω

 

222112

External force Fs is the greatest force which the hydraulic system can create with the given  supply 
pressure. The second member of the right side of the equation (5) is negative-definite if the control 
sygnal u is defined by equation (6): 

epepf e +=  

  
                          (6) 

ee fgu
max

2min

where: 

1
θ

=
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max
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xKxKrKg s

e +−++=− θξωω

 

Since 
ξθ K〉〉1
  we can change 

max1θξ −K  with 
max1θ

. This u enables asymptotically stability of 
equilibrium state of the system. Block diagram of adaptive system is shown in figure 2. 
 

 
Figure 2. Block  diagram of the model-reference control system 

 
For the complete determination of the control it is necessary to determine parameters    

max2max1 θθ ,
maxM

Fs  and matrices P and Q. Therefore we can write equations (7) : 
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γ

θ                       (7) 

 
Maximum  and minimum values of  the flow gain and the flow –pressure coefficients we can 
determine by the following analysis.Quotient of the difference of  pressures in the chambers of 
hydraulic cylinder and the supply pressure is: 

k
s

L C
p
p

≤  

 
where 

k
 Ck is positive number smaller than 1.According to the definition of the coefficients we can 

write equations (8):                                                                                                                                            
C

 

)1(1
min ksdq CpwcK −=

ρ
 

)1(1
max ksdq CpwcK −=

ρ
                       (8) 

0min =cK  

( )ks

vd
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−
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12
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According to design parameters of the system ( )  and coefficients determined by equations 
(8) we can determine values. 

...,, 21 MAA

Since value of the external force must be smaller than maximum force on the  hydraulic cylinder 
piston rod we can write : 
 

cil

ss

m
PA

M
F 1

max

≤  

 
Matrix Q must be positive-definite symmetric matrix: 
 

011 >q  
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Where  are elements of the matrix Q . According to Liapunov equation  we obtain equation (9) :                                  
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Matrix P must be a positive-definite,symmetric matrix: 
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For the apllication of the adaptive control it is necessary to chose coefficients of reference model and 
matrix  to satisfy conditions (8) and (9). According to equation (10) we can determine values of   
and . 

Q
22

12p

p
 
SIMULATION  
 
Nonlinear mathematical model of electrohydraulic system (consist of servovalve and 
hydrauliccylinder )is given in literature [4]. According to equation and figures 1 and 2 the entry in the 
electrohydraulic servosystem   is formed from reference entry , hydraulic cylinder piston 
position 

c
, exit from reference model  and derivates of

c
 and . According to  many 

simulations we obtained the values of coefficients of matrix Q  which give good work of the system. 
We will give only two samples which are characteristic for the system work. This samples are named 
as I and II.It satisfy conditions and realize stability of the equilibrium state of the system. At the figure 
3a. The bouncing reaction of the system at entrance v  = 0.05 m, is presented at picture 3a), while the 
reaction on snie hange of desired value is presented at picture 3b).   

)(tu )(tr

X mX X mX

      
 

  

 
 

 
 
 
 
 
 
 
 

Figure  3a.Bouncing reaction of the system at entrance v  = 0.05 m 
Figure 3 b. Rreaction on snie hange of desired value 

 
It′s obvious from picture 3a) and 3b) that electrohydraulic system follows the change of desired value 
very well – the position of piston of hydraulic cylinder. 
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EXPERIMENTAL RESEARCHES  
 
The position of piston of hydraulic cylinder and exit value from referential pattern are measured at 
experimental measuring. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 4a. Experimental measuring of the position of piston of hydraulic cylinder 

Figure 4b.  Experimental measuring of exit value from referential pattern  
 
 
It′s obvious from picture 4a) and 4b)that electrohydraulic system follows the change of desired value 
very well and results obtained on the basis of simulation and experiments are precisely in agreement. 
 
CONCLUSION 
 
The advantage of this type of adaptive management of electrohydraulic system is that doesn′t demand 
soliving of linear and non – linear equations at every moment. The advantage is also that only with 
help of summators, multipliers, differentiators and elements for absolute value and with measuring 
only entrance ;  and  carries out all structure of this type of management. The 
calculating of matrixes Q  and 

)(tr )(tX c )(tX m

P  is also easier to methods at which is calculated for example their own 
matrixes′ vectors. 
It should be emphasized that this working method provide asyptomatic stability but good results are 
also obtained at other working moments. 
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Abstract: The problem of this research is the development of modern water meters in both PCD and those that 
are used in households, their role in improving the accuracy of reading the flow of water as well as the way in 
which they could improve. Author of this paper aims to demonstrate the principles of functioning water meters 
and his solution to the problems of direction of water flow in them. Continuous investment in research and 
development enable the emergence of new instruments that can be easily integrated into existing systems 
automation. 
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INTRODUCTION  
 
In more or less of all aspects of life and work a man is surrounded by installations and systems that 
flows through - or spend a fluid (in industry, households, travel, school, health, sports, military, and 
other facilities, etc.). These are usually cold or hot water, steam, natural or other gas, air, refrigerant, 
and some others. [1] 
 
Fluid whose flow or speed is measured, can be gases, liquids or liquids mixed with solid ingredients. 
In the industry, converters and instruments to measure flow are often integral parts of the process 
controller or belong to systems for automatic control by computer. In the area of water supply 
(drinking water, irrigation, wastewater disposal ...), liquid or gaseous fuels, flow rate meters are 
essential parts of the meter, which is measured by the amount of fluid past. Given that it is about 
managing the demanding processing industry and/or collection of large sums of money, it is clear that 
the flow meters requires very high accuracy and reliability. 
 
Plant safety, product quality, process optimization and environmental protection are key factors of 
each measured place. 
 
Applications of flow meters are in all areas of processing and chemical industries, food processing and 
pharmaceuticals where the hygienic conditions are of the utmost importance to the energy and oil 
industries that require robust and reliable devices, which are able to withstand extreme conditions. 
 
Water meters are the cornerstone of commercial systems for water utilities throughout the world; 
revenue is directly derived from the, figures provided by meters. Despite this, little attention has been 
paid, in terms of selection, replacement period and return on investment, to the management and 
optimization of water meters. [3] 
 
MATERIAL AND METHODS  
 
Overview 
 
The number of water meters used by a municipality often runs into tens or hundreds of thousands. 
Ensuring that each of these meters is in a good operating condition and complies with the legal 
metrological requirements is not an easy task, and calls for a carefully planned and systematic meter 
management system. [2] 
 
An effective meter management system needs adequate staff and financial resources. However, the 
cost of such a system is more than compensated for by the financial gains through higher efficiencies 
and lower apparent losses. It also aids the provision of a high level of service to consumers. [2] 

 256



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 
 
It is no secret that the meter shows the consumption decline when rotated so that the water passes 
through it in the opposite direction. 
 
To prevent theft recoverability of water and damage to companies involved in the distribution, I added 
a check valve to the existing water meter that only allows fluid flow in the right direction. 
 
Water theft occurs extensively in the summer, when expressed in watering garden, garden, grass 
courts, etc... Or activities which have significant amounts of water, car wash, etc… 
 
This behavior results in a waste arrogantly towards resources and harm to millions of dinars. 
 
Another advantage of this patent is that in cases when repairing a leak on the network, when it is 
necessary to relieve the pressure in the installation, faulty check valve on the water heater with 
unscrupulous consumers, due to the pressure in the boiler, which in this case behaves like a tank, 
leaking hot water heater, which typically results in the melting of the plastic mechanism in the meter 
counter and even melting of HDPE pipes before promised, to the main line. 
 
So, part of the maintenance company responsible for water supply: mains and connection to the "first" 
valve.  
 
Repair of such damage leak is more complex than just regular leak because the HDPE pipes from 
years of thermal effects under pressure lost its measure, so the diameter is now larger than standard 
connector and does not fit to fitting. 
 
Any such failure depends on the skills of workers in the field, because they have to find the way by 
heating and calibration to narrow HDPE pipes of the old measure. 
 
Meter which have damaged the plastic measuring mechanism, is necessary to replace it, with the 
proper. It's still a big expense for companies that distribute water and maintain the system. 
 
Since I work at Waterworks and Sewerage - Zrenjanin maintenance, all of this I personally had the 
opportunity to see and to repair such defects. 
 
There are other solutions, in the form of plastic clamps, as well as additional security seals that are 
placed on the unions, but they were not functional, they are also expensive. 

 
 

Figure 1.  Water meter  

 257



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 
 

 
 

Figure 2.  My solution of a backflow 
 

 
 

Figure 3.  My solution of a backflow 
 

 
 

Figure 3.  The direction of movement of fluid through the meter and check valve 
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Figure 4.  Additional plastic seals on unions 
 

 
 

Figure 5.  Additional plastic seals on unions – JKP Vodovod Zrenjanin 
 

My solution for backflow preventer is a brass cylinder, hilsna that has flap valves with a rubber seal at 
the bottom, which by its weight closes the passage, as in artesian wells. 
 
Flap as a selection valve has the advantage of not affecting the pressure drop and the flow of fluid 
through the meter, there are no springs to fatigue eventually and lose mechanical properties, and is 
made of brass, because it is water-resistant material, and water meter housing, and reparations are 
possible perspective. 
 
 
Installation of the valve is extremely simple: 
 
Mounted in brass casting, housing, the bucket that is already processed in a certain dimension, 
intended for installation plastic mechanism, before the mechanisms itself. The next phase is the 
installation of a plastic mechanism that is used to record and count water consumption. 
 
This meter is calibrated at the end, ensuring seal and is ready to operate. 
 
Supplemented solution 
 
There is another way to solve the same problem, and it is the valve assembly of the outer part of the 
water meter. 
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Specifically, it is necessary to commit the thread and mount support (sic), which will rest against the 
rubber sealing of valve core, valve fitted with spring wrap at the end of the guide valve core, which is 
also the holder of the second end of the spring. 
 
This mechanism may be obtained from check valve that attaches to the water heater, you just need to 
contact the manufacturer of valves, because the measures are very similar and the technical solution is 
similar. 
 
This significantly reduces the costs of the part that is installed, and hence the modification of the 
meters, which results in a minimum correction of the water meters price. 
 

 
Figure 6.  Another solution - check valve - open 

 

 
Figure 7.  Another solution - check valve - closed 
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RESULTS AND DISCUSSION  
 
The advantage of this second solution is that when a faulty boiler check below, due to reduced or non-
existent pressure in the network while the equally repair the leak, or water supply network is burdened 
by excessive exploitation (intensive watering garden in the wider area, by more users - in rural or 
suburban areas), additional non-return valve in the meter will prevent the penetration of water into hot 
water meter at the entrance, so that the plastic mechanism in a brass case gauge stays cold or 
lukewarm, not thermally loaded. 
 
CONCLUSION 
 
Measuring the flow of liquids, vapors and gases is often measurement in industrial processes, water 
and thermal power plants and homes. It is very important in many industrial applications. Particularly 
significant are accounting measurements, because of the price of gas and liquid determined by the 
flow through the tube. 
 
The math is quite simple: the state has eight million, the average household has four members, which 
is two million households... 
 
Each household give only one euro at average to damage dealers, a significant amount of money 
annually. 
 
A neighboring countries, the world? 
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Abstract : In the Introduction methods for reducing backlash in  mechanical tooth gears are briefly described – 
in particular one such method for using unusual spur gears (the so-called “conical involute gears”).  In this work, 
an original methodology of creation 3D models of such unusual spur gear wheels is revealed. Those gear wheels 
have linear change of the profile shift coefficient along the tooth's length and their 3D models are created by 
means of one CAD software product of middle class. It is shown that the software tool "Equations" of that 
software gives possibilities for automation of the generation of such spur gear wheels with different tooth 
number, module, profile shift coefficient, etc.  
Key words:  3D model, CAD, conical involute gear, profile shift coefficient 

 
INTRODUCTION  
 
In robotics, in measuring instruments, in industrial machines for assembly, in precise engineering and 
in many other areas and fields reversible and cyclic mechanisms and machines are used. Their wide 
range of applications raises the issue of reducing the backlash errors from gaps into joints and into 
gears. Two methods to reduce or eliminate backlash are applied in mechanical tooth gears – a static 
and a dynamic method [1]. The static method concerns means of assembling gears and then making 
proper adjustments to achieve the desired low backlash. The dynamic method introduces an external 
force which continually eliminates backlash regardless of rotational position. The static method 
involves an adjustment of either the gear's effective tooth thickness (gear size) or the mesh center 
distance. The dynamic method is related to the static techniques but it involves a forced adjustment of 
either the effective tooth thickness (gear size) or the center distance. 
One approach [2] to reducing the backlash in gear mechanisms is the use of the so-called “conical 
involute gears”. Due to the linear change of the profile shift coefficient x in the face sections, in these 
“conical involute gears,” spur wheel tooth thickness on the pitch circle also varies linearly and axially 
from one end to the other. In fact, this approach involves the use of cone shaped gears [1], such as 
bevel and tapered tooth spur gears and backlash can be adjusted with axial positioning – Figure 1(c).  
 

 (a)  (b)   (c)   

Figure 1.  Ways of reducing backlash in the case of fixed center distance and adjustable gear size: (a) 
– Rotary Adjustment; (b) – Parallel Adjustment; (c) Axial Adjustment. 

 
In order to investigate and manufacture this type of gear wheels with linear change of the profile shift 
coefficient along the tooth's length, we needed to make three dimensional models of gear wheels in the 
environment of computer aided design (CAD). Currently, there are many software tools for automated 
design in engineering. Those of high-class but also those of middle class have specialized modules for 
automated design of specific machine elements - keys, splines, bolts, etc., and gears as well. However, 
these modules could generate only standard spur gear wheels, so we had to develop our own 3D 
models of “conical involute gears".  This article describes our methodology of creating 3D models of 
spur gear wheels with linear change of the profile shift coefficient along the tooth's length. 
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SHORT DESCRIPTION OF ORIGINAL MECHANICAL GEAR WITH ADJUSTING OF 
THE BACKLASH 
 
The proposed original mechanical gear (Figure 2) has two stages – the first stage is an ordinary spur 
gear with internal meshing while the second stage is a planetary mechanism with spur gear wheels 
with linear change of the profile shift coefficient along the tooth's length ( in short “conical involute 
gear wheels"). In the first stage the backlash is adjusted by means of changing the center distance (in 
other words – using the static method). In the second stage the backlash is adjusted by means of axial 
pressing of conical involute planet gear wheels by means of springs towards the opposite faced conical 
central sun gear wheel and central ring gear wheel (in other words - using the dynamic method). 
 

Figure 2.Mechanical gear with adjusting of the 
backlash 

Figure 3. Mechanical gear with adjusting the 
backlash - only gear wheels & shafts are showed

 
In Figure 3, another view of the described mechanical gear without housings, bearings, gaskets, 
screws, etc. is shown. The input shaft has a pinion with 16 teeth and module m = 1.5 mm. The internal 
gear wheel of the first stage of this mechanical gear, which is meshed with pinion, has 48 teeth. The 
second stage is implemented as a simple planetary gearing with one sun gear, one immovable ring 
gear and a set of 3 planet gears which are mounted on a movable arm (carrier) which can itself rotate 
relative to the sun gear. The sun gear wheel has a number of teeth zs = 24, an immovable ring gear – zr 
= 96 and planet gear wheels - zp = 36. The teeth module in second stage is m = 1.5.  

 
METHODOLOGY OF MODEING OF CONICAL INVOLUTE SPUR GEARS  
 
The methodology of 3D model generation of "conical involute spur gear wheels" is shown on the basis 
of the 3D model's creation of the sun gear wheel because that wheel has the smallest teeth number in 
the planetary gearing. The small number of teeth leads to a more visible change of the shape of teeth 
with changing shift coefficient. It also limits the range of possible change of that coefficient. 
 

(a)        (b) 

Figure 4.  3D model of shaft & sun gear wheel: (a) - shaft, (b) – teeth of the sun gear wheel. 
 

In Figure 4 the 3D model of the sun gear wheel of the discussed mechanical gear unit is shown. The 
wedge-shaped teeth are clearly seen. The sun wheel is a spur gear wheel which has linearly and axially 
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(axially to the shaft) changing coefficient of profile shift from negative value (xm = − 1.064) on the 
right end of the shaft to positive value (xp = + 0.4) to the left. This leads to a linear increase of the 
width of the teeth on the pitch cylinder from right to left.  
The shift coefficient (xm = − 1.064) on the right end is the smallest possible coefficient without 
undercutting of teeth for that teeth number zs = 24. Similarly, the shift coefficient (xp = + 0.4) on the 
left is the biggest possible coefficient for permissible reducing of the thickness of the tip of teeth. 
3D models are generated in the environment of CAD software product SolidWork. This software 
product possesses an advanced tool Equations by means of which it is possible to set relationships 
between elements of geometry mathematically and introduce global variables. This allows us to make 
the models as close as possible to the real and reshape them by setting new values for parameters such 
as number of teeth z, module of teeth m, pressure angle α, profile shift coefficient x, etc.  
After opening the New SolidWorks Part document, the modeling begins with the generation of the 
basic sketch (Figure 5) on Front Plane for cross section with profile shift coefficient x = 0. In 
conditions of this generation and after the activation of Equations (under the menu Tools) the global 
variables are introduced - number of teeth z, module of teeth m, pressure angle α, profile shift 
coefficient x and as global constants the coefficients: of addendum h*

a = 1,0 , of dedendum h*
f = 1,25 , 

of fillet radius ρ*
a etc. Then, the standard pitch circle, the base circle, the addendum and the dedendum 

circles are drawn. Their diameters are determined by means of the tool Equations as follows [3], [4]: 

d = z.m 
db = d.cos(α)  
da= m.( z  + 2.h*

a + 2.x)  
df =  m.( z − 2.h*

f  + 2.x)  

Where: m =1.5, z = 24, x = 0, α = 20 deg, h*
a = 1, h*

f  =1.25. 

 
Figure 5. Basic Sketch1. 

 
In Figure 6 the introduced global variables (as "z" – teeth number, "m" – module, "alpha" – profile 
angle, "p" – circular pitch, "d" – diameter of standard pitch circle, "db" – diameter of base circle , "s" – 
tooth thickness at standard pitch circle, "sb" - tooth thickness at base circle, etc.) and Equations 
controlled dimensions which are needed (as "d@Sketch1", "db@Sketch1", "da@Sketch1" – diameter 
of addendum circle, "df@Sketch1" – diameter of dedendum circle, etc.) for Sketch1 can be seen.  
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Figure 6.  Equations table - first 12 equations and global variables. 

Then, the involute as a spline line through n points is generated, beginning from a point of the base 
circle (Figure 5), which lies at an angle psi@Sketch1 (see Figure 5 and Figure 8- row 22) with respect 
to the vertical axis. In general, this is done in the following way: - the profile angle αamax (see 
"alphaYmax" at row 14 on Figure 7) which corresponds to the addendum circle of cross section of sun 
gear wheel corresponding to maximal profile shift coefficient (here xp = + 0.4 for the leftmost cross 
section on Figure 4) is determined, this angle is divided into n equal intervals in order to determine the 
step of increasing Δαa, this step is used in a FOR … NEXT i cycle in order to calculate the polar 
coordinates (inv αi , ri) of consecutive i-points of the involute by the formulas (see equations 23 to 36 
in Figure 8):   
 

αamax = arccos(db ⁄ da) 
Δαa = αamax ⁄  n 
FOR  i =1  TO  n 
     ri = db ⁄ (2.cos(i.Δαa)) 

invαI = [tg(i.Δαa) − (i.Δαa).π⁄180].180⁄π 
NEXT i 

 

 

 
Figure 7.Equations table - equations 13 - 21. 

 
The involute is stretched through these points. Then, the fillet is drawn between the involute and a 
dedendum circle with radius ρ =ρ*

a ×m  = 0.38×m (see row 37 on Figure 9). After that a mirror image 
of both the involute and its fillet is made about a line that divides tooth thickness equally. The mirror 
line on Figure 5 is the vertical line which passes through the center. The original and mirror evolutes 
and fillets will help to extrude the first tooth. If we want to cut tooth space, then we will need to form 
the third involute and its fillet, which are mirror image of originals about a line which is at an angle 
psi@Sketch1 + ksi@Sketch1 (see Figure 9 – row 38) with respect to the vertical line (Figure 5). After 
closing the editing of basic Sketch1, two new planes (Plane 1 and Plane 2), parallel to and on different 
sides of the Front plane, are generated (Figure 11). The distance between them is the face-width of the 
sun gear. Sketch10 with addendum and dedendum circles for maximal negative profile shift is created 
on Plane 1. Analogically, Sketch 9 with addendum and dedendum circles for maximal positive profile 
shift is created on Plane 2.   
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Figure 8.Equations table - equations 22 - 36. 

The diameters of these circles are calculated by means of the Equations tool – see rows 40 and 41 in 
Figure 8 and rows 46 and 47 in Figure 9. A dedendum (root) truncated cone as a loft feature is 
generated between dedendum (root) circles of the two - Sketch9 and Sketch10. 
 

 
Figure 9.Equations table - equations 37 - 45. 

 
Sketch9 and Sketch10 are also used for determining the angles of location of the involute curve in two 
different cross sections in comparison to the position of involute in basic Sketch1 – see Figure 11(b), 
Figure 11(c), Figure 9 (rows 42-45) and Figure 10(rows 48 - 51). 
 

 
Figure 10.Equations table - equations 46 - 56. 

 

 (a)             (b)            (c) 
Figure 11.Root truncated cone of the sun gear-(a) & sketches (portions) Sketch9-(b) and Sketch10-(c). 
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Using the location of the evolutes from Sketch9 and Sketch10, the closed contours of a gear tooth are 
made by means of mirroring the evolutes and fillets, converting the addendum and dedendum circles 
and trimming unnecessary entities in Sketch 11 and Sketch12 – see Figure 12(a). These contours are 
used to generate one tooth by means of the "Loft" feature (see Loft2 in Figure 12(a)). Then all 24 teeth 
are created by means of the tool "Circular Pattern" – see Figure 12(b).   
 

(a)   (b) 
 

Figure 12.Creation of one tooth (a) and all teeth (b) of sun gear. 
 
The rest features of the shaft are not unusual task – see figure 4(a).  
 
CONCLUSION 
 
This work describes an original methodology for creating 3D models of unusual spur gear wheels, 
which have linear change of the profile shift coefficient along the tooth's length. The used CAD - 
software product has the features necessary for the generation of such 3-D models if its tools are used 
appropriately. The software tool Equations also gives the opportunity for automation of the generation 
of such spur gear wheels with different tooth number, module, profile shift coefficient, etc. 
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Abstract: The paper presents an application of the Additive Manufacturing (AM) technology using a 3D Printer 
to manufacture hip implant patterns for investment casting process. The goal of the paper is to outline the 
manufacturing technology intended for prototype production with the use of PolyJet technology and investment 
casting technology for use in orhopaedics and the surgery of cemented hip joint replacement. At present the 
research is focused on the preparation of STL data and verification of the production technology of prototypes 
made using PolyJet technology. The procedure is defined within the work conducted in the international IPA 
Cross-border Cooperation Programme Romania - Republic of Serbia project where Rapid Prototyping (RP) 
technology was studied.  
Key words: Additive Manufacturing, Rapid Prototyping, hip implant, investment casting, meltable wax model. 

INTRODUCTION 
 
The most recent approaches to technological innovations include technological innovations of 
products and processes as competition factors as well as the new information and flexible 
manufacturing technologies having new properties. Modern development and design of new products 
and technologies is based on CAD/CAM/CAE technology application.  
Additive Manufacturing (AM) is a procedure of direct prototype production by means of the gradual 
addition of individual material layers. The procedure, based on 3D CAD file, is relatively known 
nowadays. Additive Manufacturing technologies is the most frequently used name for a technology 
family: Rapid Prototyping (RP), Rapid Tooling (RT), Rapid Manufacturing (RM) and Reverse 
Engineering (RE). 
When the application of AM technology started in investment casting, the parts produced within the 
first AM systems were applied as meltable wax models in order to shorten the time and costs of 
casting. Economic benefit which the AM meltable models provide is reduced to individual and small 
series production due to high AM material costs. 
The latest researches in technology of development of AM meltable models are redirected to 
development and application of Rapid Tooling technology which ensures fast development of tools/ 
molds for meltable wax models development in investment casting. The name Rapid Investment 
Casting (RIC) is RP and RT techniques application in investment casting. Additive Manufacturing 
technology is optimal for the process of custom implants. These are the reasons why AM technologies 
have such an important role in medicine. 
 
INVESTMENT CASTING OF METAL IMPLANTS 
 
The main feature of technological process of producing cast products by investment casting is to inject 
under pressure an easily melted model mass in tools made of metal or other material: after solidifying 
in the tool the mass assumes the shape of a cast piece. The injecting system is made in other tool. The 
model of cast piece is joined to the injecting system model after it has been removed from the model 
tool. Since the models are of small dimensions, more models are joined for one injecting system which 
makes a wax sprue. Several layers of suspension are applied on the prepared wax sprue, which form a 
solid shell after drying. The shell is made by melting the model assembly and is then put into special 
boxes and sprinkled with sand or grains, [9]. 
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The box containing the shell is heated in a furnace to a relatively high temperature and then is cast. 
After cooling down the cast pieces are removed from the shell and then detached from the injecting 
system and cleaned. If necessary, thermal treatment of cast pieces is performed. Investment casting is 
used for making cast pieces of ferrous, non-ferrous and light metals. Investment casting produces high 
quality and geometricaly complex near net shaped metal parts with tight tolerances economically in 
case of mass production. The economic benefits of investment casting are limited to mass production.  
Limitations of traditional investment casting, [7]: 
• traditional investment casting requires the production of metal tooling for the injection of wax 

material to produce sacrificial patterns which leads to cost justification problems for prototyping, 
pre-series, customized and single casting and small and medium quantity production. 

• major part of the total lead time is consumed in production of metal tooling required for wax 
pattern generation.  

• before committing to manufacturing, numbers of design iterations are performed by tool makers 
by evaluating different mould design which further incorporate an additional cost and lead time.  

Metal orthopedic implants made of meltable models are hip prosthesis stem for cemented implantation 
and Fig. 1 shows tool for meltable-wax model and finished hip implant metal cast piece. The material 
of metal implants is CoCrMo alloy.  
    

  
Figure 1. Tool for meltable implant model (left) and finished hip implant metal cast piece (right) 

(Courtesy of investment casting foundry – Livnica preciznih odlivaka Ada) 
 
There are several companies producing medical implants using stainless steel alloys in the Serbian 
market. This production is mainly carried out by machining or forging. CoCr based alloys are used 
more in the area of  hip joint replacements production in the foundry industry at present. CoCr alloys 
have been utilised for many decades in making artificial joints. They are generally known for their 
excellent wear resistance.  
A very strict certification regarding the material quality causes problems to foundries. Hip implants 
are produced in different sizes, for the left and right hip separately. Producers are trying to satisfy each 
inividual patient’s needs at a surgery. 
The term RIC represents the employment of AM techniques in investment casting. The cost involved 
in designing and fabrication of metal tooling for wax injection process can be overcome by using AM 
techniques to fabricate sacrificial patterns for investment casting. Additive manufacturing also 
facilitates to reduce the overall lead time involved in production of prototype casting with excellent 
quality. By employing AM-fabricated patterns to produce the prototypes, there is no need to commit to 
production tooling for single part or small quantity production, [1].  
Additive Manufacturing techniques provide various cost effective solutions by which preseries casting 
can be produced very economically. Presently, almost all commercialised AM techniques have been 
employed to produce IC patterns with varying success and many AM solutions in investment casting  
are being used by various industries and researchers. The use of Additive Manufacturing in investment 
casting is in three basic forms. Fig. 2 shows the three basic approaches used as RC solutions in RIC.   
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Figure 2. Rapid investment casting approaches [2] 

 
THE DESCRIPTION OF THE 3D PRINTER 

Objet Geometries machines build parts layer by layer combining inkjet technology with photo-
polymerisation (UV curing) process, as shown in Fig. 3. 

 
Figure 3. Polymer jetting printing process 

 
Objet 3D Printer Multifunctional Desktop 30, Fig. 4, used in this study has maximum print size 
defined by the parallelepiped 294 mm x 192.7 mm x 148.6 mm, with a resolution of 600 dpi in the X, 
Y axis respectively 900 dpi in Z axis. The layer thickness on Z-axis direction is 28 microns. Accuracy 
can vary depending on the geometry, orientation and size of the object, up to 0.1 - 0.2 mm. The 
models do not require further finishing, but can still be processed by drilling, soldering, metal coating, 
painting. The wall thickness is 0.6 mm and minimum diameter of the holes is 1 mm. 
      

 
Figure 4. Objet 3D Printer Multifunctional Desktop 30 

(Courtesy of Center for Numerical Simulation and Digital/Rapid Prototyping,  
University "Eftimie Murgu" Resita, Romania 
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The range of material model (material used to print the full part of a model) available include Objet 
FullCure materials: VeroWhite, VeroBlue, VeroBlack, VeroGray, DurusWhite, TangoPlus, 
TangoBlack and FullCure®720. In this research was applied VeroBlack – FullCure870 material, and 
its properties are shown in Table 1. 
 
Table 1. Material properties VeroBlack - FullCure870 

Property ASTM Units Metric 
Tensile Strenght D638-03 MPa 51 
Elongation at Break D638-05 % 18 
Modulus of Elasticity D638-04 MPa 2192 
Flexural Strenght D790-03 MPa 80 
Flexural Modulus D790-04 MPa 2276 
HDT, °C @ 0.45MPa D648-06 °C 47 
HDT, °C @ 1.82MPa D648-07 °C 43 
Izod Notched Impact D256-06 J/m 24 
Water Absorption D570-98 24 hr % 1 
Tg DMA, E″ °C 63 
Shore Hardness (D) Scale D Scale D 83 
Rockwell Hardness Scale M Scale M 81 
Polymerization density ASTM D792 g/cm3 1.17 
Ash content USP281 % 0.005 

 
As support material (material used to print a model empty space) were used FullCure®705 Support a 
non-toxic gel-type photopolymer, that can be easily removed by Objet Waterjet System, Fig. 5, the 
equipment being included in the printer configuration. Waterjet use pressure water jet to remove 
material support.  
 

 
Figure 5. Objet Waterjet System 
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THE CAD MODEL OF THE HIP IMPLANT  

A total hip replacement (THR) is a surgical procedure whereby the diseased connective tissue 
(cartilage) and bone of the hip joint are surgically replaced with artificial materials. The hip joint is a 
ball and socket joint. The ball is the head of the thigh bone (femur). The socket (acetabulum) is a cup-
shaped indentation in the pelvis. During hip replacement surgery, the head of the femur is removed 
and replaced with a metal ball set on a stem. The stem is inserted into the canal of the femur, as shown 
in Fig. 6 (right). It may be fixed in place with cement, or the stem may be designed for placement 
without bone cement. The socket is sanded down to healthy bone, and a plastic cup or socket is held in 
place with screws and/or bone cement, [9]. 
 

  
Figure 6. Hip prosthesis stem for cemented implantation  

 
The 3D CAD model of the hip prosthesis stem was created using the SolidWorks software. The 
geometry of the hip implant is presented in Fig. 7. The maximal dimensions of hip implant are 150.13 
mm x 103.18 mm x 26.65 mm.  

 
Figure 7. The CAD model of the hip prosthesis stem 

 
The CAD geometry of the hip implant was exported on an STL file, resulting in 19190 triangles, as 
shown in Fig. 8. 

 
Figure 8. The STL format of the hip prosthesis stem (19190 triangles) 
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THE PRINTING PROCESS  

Models that are saved in a CAD program as STL files may be inserted into the Objet Studio tray.  Fig.  
9 and Fig. 10 shows the STL files loaded in Objet Studio software. The orientation of models on the 
build tray affects how quickly and efficiently they will be produced by the 3D printer, where and how 
much support material is used, and whether or not model parts will have a gloss finish. To minimize 
printing time, [6]:  
• the longest dimension of a model must be placed along the X-axis;  
• the smallest dimension of a model must be placed along the Z-axis;   
• the tallest model must be placed on the left of the tray.   

 

 
Figure 9. The STL file of the hip implant loaded in  

Objet Studio software and placed on printer tray 
 

 
Figure 10. The 5 STL files of the hip implants loaded in  

Objet Studio software and placed on printer tray 
 
When a tray is ready to be printed, it is sent to Job Manager, where it is placed in the print queue. 
When the job reaches the head of the queue, Job Manager preprocesses the tray file to create slices, 
and feeds them to the 3D printer. The printing parameters for the two case study are shown in Table 2. 
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Table 2. Printing parameters for the hip implant 
Parameter UM Hip implant 

1 piece 
Hip implant 

5 pieces 
Material - VeroBlack VeroBlack 
Model Material g 58 284 
Suport Material g 30 167 
Printing Time h/min 06 h 19 min 12 h 43 min 
Layer Thickness (Z-axis) μm 28  28 
Layer’s number - 956 951 
Triangles number - 18838 94242 

 
Objet Studio software offers the following additional features, [6]: 
• dividing objects - to produce objects larger than the build tray by dividing the model into separate 

parts. With this feature, it is possible to print only a specific section of a model. 
• choosing the support strength - when producing models, support material fills some hollow and 

empty sections. Objet Studio allows to adjust the strength of the structure formed with the support 
material. This adjustment is useful when producing either large / massive models or small / 
delicate models. 

• smartcast - filling models with support material - many objects placed on the build tray from STL 
files are "solid". This means that, when printed, the model will be completely filled with model 
material. Often, especially with large objects, this is unnecessary. Instead, the model can be filled 
with support material, which is less costly. It is also advisable to fill models with support material 
when preparing them for investment casting, since this material burns off more quickly during the 
process of making the cast. Objet Studio enables to print objects on the build tray with an outer 
shell of model material and a center filled with support material. This feature of Objet Studio is 
called "Smartcast/Hollow".  

For optimal efficiency, the two hip implants were decreased in the ratio 1:0.6  and manufactured along 
with a number of other parts. Fig. 11 shows the different stages in the printing of the hip implants. Fig. 
12 shows the removal of the support material with Objet Waterjet System for the hip implant.  
 

  
Figure 11. The different stages of the hip implants printing 

 

  
Figure 12. The support material removal with Objet Waterjet System 
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Fig. 13 shows the final shape of the two hip implants, produced with Objet 3D Printer Desktop 30. 
 

 
Figure 13. The final shape of the two hip implants 

 
Additive Manufacturing technology is used to produce the pattern for investment casting. The acuracy 
of the produced patterns is compatible with the accuracy of those used in medical field especially for 
orthopedic surgery. The use of this semi-finished product is double. Firstly, it is possible to use this 
pattern as non wax pattern for investment casting. Secondly, by using the PolyJet patterns it is possible 
to make a silicon mould and with it cast the wax patterns in the vacuum chamber. Investment casting 
technology is applied hereafter. In [4], an ABS patterns was used to produce a silicon moulds for the 
casting of wax patterns. 
In [5], room temperature vulcanizing (RTV) rubber mould was manufactured following the procedure 
of vacuum casting on a dedicated machine. Fig. 14 shows the silicon mould and a wax part obtained. 
Lost wax parts were obtained with a silicon mould using a hot camera. 
 

 
Figure 14. Models of lost wax and silicon rubber mould [5] 
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CONCLUSION 
 
The application of Additive Manufacturing technology in the medical field, is an invaluable 
contribution of engineering technology to orthopedic surgery field. The PolyJet technology can be 
used to create complex objects, like hip implants and to use these objects for investment casting 
process as non wax pattern or for AM-fabricated molds for wax injection (indirect tooling). The 
following advantages are important: surface quality, smoothness details, great level of accuracy and 
reduced manufacturing time. Advances in Additive Manufacturing material will undoubtedly produce 
″clean″ parts that can be used directly as implants.  
The paper ends with a hope that in the future, Rapid Investment Casting solutions will emerge with the 
capability to provide dimensionally more accurate and better surface finish of medical implant 
castings of any size, shape and material with more speed and low costs. 
 
REFERENCES 
 

[1] Cheah, C.M., Chua, C.K., Lee, C.W., Feng, C., Totong, K., Rapid Prototyping and Tooling 
techniques: A review of applications for rapid investment casting, Springer-Verlag London 
Limited, 2004. 

[2] Chhabra, M., Singh, R., Rapid casting solutions: A review, Rapid Prototyping Journal, Vol. 
17, No. 5, pp. 328 – 350, 2011. 

[3] Gibson, I., Advanced Manufacturing Technology for Medical Applications, Reverse 
Engineering, Software Conversion and Rapid Prototyping, John Wiley & Sons Ltd, 2005. 

[4] Horacek, M., Charvat, O., Pavelka, T., Sedlak, J., Madaj, M., Nejedly, J., Dvoracek, J., 
Medical implants by using RP and investment casting technologies, China Foundry, Vol.8, 
No.1, pp.107 – 111, ISSN 1672 – 6421, 2011. 

[5] Manuelde, A.M., Simoes, J.A., CAD-CAM-RTV – lost-wax casting technology for medical 
implants, Rapid Prototyping Journal, Vol. 15, No. 3, pp. 211 – 215, 2009. 

[6] Nedelcu, D., Raoul, A., Dаnu, F., Rajic, A.: Applications of the Rapid Prototyping 
Technology to manufacture the Pelton runners, Analele Universitatii ''Eftimie Murgu'' Resita 
Anul XX, Nr. 1, 2013, ISSN 1453 – 7397, Article in press.   

[7] Rajic, A., Manic, M., Rapid Prototyping technologies in investment casting of metal 
implants, Journal ''IMK-14 - Research and Development'', Krusevac, Year 16, Vol. 2, pp. 39 
– 44, 2010. 

[8] Rajic, A., Stojadinović, S., Desnica, E., Nedelcu, D., Reverse Engineering application in 
creation of 3D CAD model for investment casting of knee implant, II International 
Conference – Industrial engineering and Environmental Protection (IIZS 2012), Zrenjanin,  
pp. 306 – 312, 2012. 

[9] Medical Disability Advisor, Hip Replacement Total, World Wide Web: 
<http://www.mdguidelines.com/hip-replacement-total> (cit. September, 24.2013). 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 278

http://www.mdguidelines.com/hip-replacement-total


III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

 
PROJECT OF MECHANICAL SYSTEMS DESIGN 

 
Thibault LE GALL 

Polytech Lille, Lille University Graduate Engineering School, Mechanical Design 
Department, France 

e-mail: thibault.le-gall@polytech-lille.net 
 
 
Abstract: This work is a presentation of a project that students do in the Mechanical Design department at 
Polytech Lille (graduate school of engineering in France) during the 8th semester after the A-level. In order to 
complete the formation of the future engineer, the Mechanical Design Department has established an industrial 
project which is included in the schedule.  
Key words: Mechanical design, industrial project, student 

 
INTRODUCTION  
 
During the 8th semester (after the A-level), the students of the Mechanical Design Department at 
Polytech Lille work on an industrial project. They work in groups of 4-5 and there is one supervising 
teacher for 3 groups. This teacher oversee and guide the students. He does regularly a progress check 
of the project. 96 hours, it is about 20% of the ECTS credits of the semester, are reserved in the 
schedule for the realisation of the project: it is between 4 and 12 hours a week. To finish the project 
the students have to work during their free time, but the teachers are already open to answer questions 
and give advices. Each group works on a project which is given by a company or sometimes the 
university or the school. But each time there is a client who require a result, as the students were 
engineers. 
 

 
Figure 1. Schedule of the 8th semester : between 4 and 12 hours project per week. 

 
 
MEANS AND SUBJECTS 
 
To make this projects Polytech Lille gives a lot of tools: computer room with all the softwares that an 
engineer needs (CATIA, ANSYS, OFFICE...), a workshop to make prototypes, resources : an access 
to the ISO norms...etc. 
A large part of the project is done on computers, so each group has a shared space on a server to save 
all the informations about the project. This space has to be tidy for the end of the semester and all the 
information about the project have to be in the file. To use this tool, the students have to respect a 
process to arrange the files : standard formats, standard names of the documents...etc. It is even more 
important to be in order if several people work in the same time on the same model. 
 
 

 279

mailto:thibault.le-gall@polytech-lille.net


III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

The clients: 
 
The Mechanical Design Department at Polytech Lille is in contact with some companies for few years 
and they request studies each year. This studies are for the students of third to fifth year. For all the 
projects there is an engineer from the firm who gives informations and work lines: it is the client. 
When the study is requested by the school, the client is a teacher. It could be to meet a need of the 
school (ex: a test bench for practical works) or to develop a system of the Mechanical Design 
Department (ex: Electric Vehicle). 
For each project the students have to contact the client to identify his expectations. In some cases the 
client gives the specification, and in other cases the students have to write it, ask the right questions to 
the client to obtain specification informations. 
 
Some examples of the projects which did in 2013: 
 

• Design a test bench for hybrid transmission, to simulate a transmission chain with different 
motorizations. It will be used to do practical works in the school. The client was moreover a 
professor of the Mechanical Design department. 

 
• Improve an automatic gearbox for Renault. The objective was to replace the hydraulic torque 

converter by a gearbox with 2 gears. 
 

 
 
 

• Design a test bench for metal rolling. The companny FivesDMS want to recreate the rolling 
conditions of a “Sendzimir 20 cylinders” to improve it. 

 
• Design a gearbox with 2 gears for a small electric vehicle which belongs to the School. This 

car is a support for many projects for students of the Mechanical Design, electronic and 
automatism department. 

 
• Adapt an orbital wheel on a bicycle. MKNIX, a working group of Oxylane, want to create a 

new bicycle concept with a new design. This firm imagines, designs and sells sport and leisure 
equipments. The objective was to make solutions and lines of work to help the MKNIX 
engineers to develop the product. 

 

    
 
 
THE ORBITAL WHEEL FOR MKNIX 
 
The client want a pre-study to adapt an orbital wheel on a bicycle: new concept, new design... 
Target: acquire concepts, solutions and lines of work to help the MKNIX engineers. 
Work and study:  

− guide and keep in position the wheel. 
− transfer the cyclist power to the wheel. 
− the frame shape of the bike. 
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Figure 2. School projects in Spring 2013 

 
 
Tools used for the project 
 

1. knowledges in mechanical design: static, kinematic, bearing calculations, gears... 
 

2. softwares: 
− CATIA V5R21 for the design. 
− ANSYS 14 for the structural calculations. 
− RDM for the stress calculations. 
− Word, Excel, PowerPoint... for the reports and the presentations.  

 
 
CONCLUSION – RESULTS OF PROJECT 
 
This kind of works has a lot of positive aspects. The benefits are for the students and for the clients: 

• For the students it is discover an industrial project and maybe them future job: teamwork with 
a client and obligations, use the knowledges acquired during the formation in Polytech Lille, 
work on a concrete product which will be maybe make. 

• For the clients it is have a free study, maybe not like an engineering office but something very 
close because the teachers deal with the groups through the projects. Moreover, the clients can 
present their company to people who will be engineers in few times. 
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Figure 3. Fram structure calculation with ANSYS 
 

 
 

Figure 4. Transmission design with CATIA 
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Figure 5. CATIA model of the Orbital Wheel at the end of the project 
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Abstract : This paper presents the effect of education , which is classically done so far , and the proposal for the 
constant influence of modern CAD applications - computer animation. Based on a completed research it was 
determined that several hours working on computers can cause a range of health problems. As a sample of the 
study there were selected groups of young people professionally-oriented to working on computers, and as a 
basis we used data from the questionnaire for safe work on the computer that the participants in this study 
completed. For some of the negative consequences of long-term work on computers, which are linked to long-
lasting improper body posture while working on computer, it is planned an impact of animation to constant 
education and health care.  
Key words:  computer ergonomics, education, computer animation. 
 
INTRODUCTION 
 
In contemporary world, the use of computers is growing almost exponentially. Computers are used in 
business, education and for fun and communication. Computer use is especially popular in young 
people who every day spend more and more time searching the Internet, making movies and music, 
participating in social networks, discussion groups, etc. On the other hand, young people unfortunately 
play less sports and go rarely to recreation in nature, all of which mainly results in improper body 
posture, obesity, eyesight problems, unsociability, alienation and other. If a young person is also 
professionally oriented to working on computers, the risk of the aforementioned health problems is 
significantly increased. 
Several hours working on computers every day causes a range of health problems, starting from minor 
ones to potentially fatal ones. 
We are going to mention only some of the adverse consequences of working on computers: eyesight 
problems, dry eyes symptoms, glaucoma, addiction, anxiety, insomnia, headache, nausea, 
discolouration and cancer of skin (due to constant and multi-year holding of laptop in the lap), 
nutritional problems, obesity, diabetes, thrombosis, as well as injuries that according [1] can be 
classified into three groups: 
• injuries due to repeated straining (paresthesia of the hand, injuries of tendons and muscle 
connections, tendinitis, tenosynovitis; a detailed description of the symptoms can be found in [9] 
• disorders of upper extremities function (reduced movability and pains in upper extremities) 
• problems with spine (pains in spine, back, neck, myofascial syndrome; a detailed description 
of the symptoms can be found in [9])  
A more detailed description of the diseases that occur as consequences of working on computers can 
be found in [3-6]. According to these sources, persons who spend more of 30 hours per week working 
on computers have increased risk of the occurrence of some of the aforementioned health problems. 
There is a wide range of measures that can be undertaken with the aim of reducing the risks of 
diseases occurrence connected with long hours of working on computers. Moreover, there is an array 
of ergonomic products on the market, products adapted for human body (keyboards, mouses, chairs) 
which application can significantly reduce the adverse effects of working on computers. We are going 
to single out only some of the mentioned measures that can help proper body positioning, and a more 
detailed list and the description of measures can be found in[1]and (7-12). One of the most wonted 
measures are: proper seating at the table, the monitor should be at a distance of 60-110 cm from the 
eyes,  after an hour of working with the computer make a break of 10-15 minutes, provide quality 
monitors and monitor the protection of reflections and flashes of light. 
The aim of this paper is to show the impact of education on the awarness of proper posture while 
working on computers. Education in the field of computer ergonomics can help us to avoid above 
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mentioned health problems. With classical education we influence on the awareness of the students as 
we have demonstrated and shown through the research. Due to the good results obtained with 
education we continue with our research that has spread in the form of constant influence education.In 
order to give even more effort in computer ergonomy education we are currently working on a 
computer animation, which we plan to set up as screen savers on the computers in our computer labs. 
The animations should remind our student on the correct posture. 
 
CONDUCTED RESEARCH 
 
For the needs of this paper we conducted a research regarding computer ergonomics. 
 
The aim of the research/ Motivation 
 
The aim of the conducted research was to analyse the effects of lecture on computer ergonomics 
presented to students of  Higher Education Technical School of  Professional Studies in Novi Sad in 
the school year 2010/2011 and 2011/2012. The obtained results should serve as a starting point for the 
preparation of material for lectures on the same topic that should be presented in the school year 
2012/2013 to students of the first year of all studying groups in the subject Computers. We should 
single out the questions that the students gave inadequate answers to, therefore pay more attention to 
additional education of students on the topic during ergonomics lectures. 
 Having in mind that the test also contains questions about possible consequences to students’ health, 
the authors of this paper got the idea to elaborate a concise manual by the application of computer 
animation about proper ergonomic position in working on computers. The animation will be going on 
automatically every single hour on computers in computer laboratories. At the end of school year 
2012/2013 the students will be suveyed again. 

Research methods 
The methods applied for the needs of this research are the following: 

- Participants : students of Higher Education Technical School of  Professional Studies in Novi 
Sad. 

- Instruments: Testing in the field of computer ergonomics. The test was a written multiple 
choice or with questions where students are required knowledge of ergonomics computer or in 
another part of the test that the symptoms they feel or how they set up the computer at home.  

- Procedure: Student did the test in terms of lectures in the computer. Testing was carried out 
individually and anonymously. The test for about 20 minutes as needed to each student do all 
the questions in the test. 

Techniques and tools of the research 
The tools for the research is students’ test in the field of BZR/computer ergonomics. 
The aforementioned surveys/tests contain the following groups of questions : 
- questions that test knowledge in the field of computer ergonomics. 
- questions that are related to health problems of students that work on computers for many 
hours. 
In the field of computer ergonomics, a survey list is given in the form of a questionaarire with 
questions in the form of essays for which answers are offered. 
Survey/test in in the field of computer ergonomics is given in the form of essay, i.e. no answers are 
offered in advance for a student to encircle. 

Conducted research  
In October 2012 we conducted the testing of knowledge of students of Higher Education Technical 
School of  Professional Studies in Novi Sad in the field of computer ergonomics. 
The total of  305 students of 16 different studying pogrammes participated in the testing. The testing 
included all the three the years of studying.  
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With regard to the fact that the testing was conducted at the very beginning of the school year, 
students of I year were not able to attend the lecture of the mentioned field, therefore their 
participation in the testing was aimed at obtaining the insight into students’ pre-knowledge in the field 
of computer ergonomics. The obtained results can afterwards be used for a target lecture. 
After the first test completion, once a week students attended lecture on computer ergonomics as an 
obligatory subject Computers. During this education the knowledge was being directed to critical 
points of the first test, i.e. to issues students were bad at or to topics essential to preservation of their 
health. Then the survey was repeated with questions in the field of computer ergonomics and their 
attitude to proper working on computers. In the repeated survey there were questions regarding their 
health problems. 
 
RESULTS OF THE CONDUCTED RESEARCHES  
 
The surveys that the students completed consisted of two parts: part I which represents the test of 
knowledge containing questions in the field of computer ergonomics and part II which represents a 
survey on possible presence of health problems connected to long hours of working on computers.in 
students. 
In the part to follow, we presented only some of the results of the conducted research. 
The question that represents the staring point in the repeated survey is: 
1. After the lecture on proper use of computer, did you decide to change something about computer 

use? 
66% of the examinees answered they changed the way of working on computer, while 34% of 
them answered they preferred their old way of working on it. 
On the basis of greater share of changes in further work, i.e. bigger group that changed something 

in the way of working, we can continue to analyse the types of changes they made and the extent those 
changes influenced their health, as ewll as the influence of education. 
During the lecture it was frequently emphasized that it was essential to make breaks when working on 
computers, to have proper body position, good lighting, adequate distance of eyes from the monitor 
and to buy ergonimic mouses and keyboards. 
We are going to single out the questions regarding proper working on computers and make parallel 
analysis of the first and second test. 
 
Table1 – Questions that point at additional knowledge on computer ergonomics in the questioned 
students  
Questions  False True 
1. The position of monitor in relation to its user? II test 10% 90% 
1. The position of monitor in relation to its user? I test 13% 87% 
2. Write the angle under which elbows should be bent while working on a 
computer? II test 

12% 88% 

2. Write the angle under which elbows should be bent when working on a 
computer? I test 

61% 39% 

3. Write optimal time after which a break should be made when working 
on a computer? II test 

46% 54% 

3. Write optimal time after which a break should be made when working 
on a computer? I test 

73% 27% 

4. How should we position the monitor in relation to light source? II test 54% 46% 
4. How should we position the monitor in relation to light source? I test 65% 35% 
5. Did you adjust the resolution of your monitor? II test 4% 96% 
5. Did you adjust the resolution of your monitor? I test 16% 84% 
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True Answers
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II test
I test

II test 90% 88% 54% 46% 96%

I test 87% 39% 27% 35% 84%
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the monitor

adjust the 
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Gaph 1 –Gaphic presentation of true answers given to control questions in testing knowledge  

From the data presented in Table 1 and Graph 1 we can conclude that there is greater percentage of 
true answers in the second test. On the basis of questions connected to proper computer use, when 
comparing results of the first and second survey, we can conclude that education influenced proper 
computer use and computer ergonomics. 
We can follow further the changes of sudents’ health as a result of their education. 
 
Table 2  – Questions that point at the influence on health of examinees via computer ergonomics 
Questions  No Yes 
1. Eyesight problems in I test 75% 25% 
1. Eyesight problems in II test 83% 17% 
2. Pain  in back in  I test 50% 50% 
2. Pain in back in II test 83% 17% 
3. Pain in spine in I test 50% 50% 
3. Pain in spine in II test 92% 8% 
4. Pain neck in I test 60% 40% 
4. Pain  in neck in II test 92% 8% 
5. Headache in I test 70% 30% 
5. Headache in II test 88% 12% 
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Have No Problems with
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Graph 2 - Graph  presentation of the NO answers to control questions about the influence of computer 
ergonomics  to examinees’ health 

 
We can conclude that surveyd students have fewer complaints about pains in eyes,  spine, neck and 
headaches in the second test, i.e. after the education and application of adopted knowledge on computer 
ergonomics. 
 
THE APPLICATION OF COMPUTER ANIMATION 
 
Aiming at education that includes previously stated topics in all the classrooms of Higher Education 
Technical School of  Professional Studies in Novi Sad there was set a poster with recommendation on 
proper ergonomically projected working on computers. 
The research established that beside technical recommendations to be fulfilled, the awareness of a 
computer user on proper working on computers plays a significant role. If the user becomes aware of 
the position of his body while working on a computer at every moment and is able to sit properly, he 
will have influence on the preservation of his health. This is the idea that is used for further influence 
on the awareness of the users, in our case students. Then we passed to periodical presentation of body 
positioning, i.e. to these three steps. In order to achieve periodicity, we applied computer animation 
that at certain intervals warns the user.  
We are preparing computer animation that will activate itself when starting a programme and also 
periodically during lectures on monitors, warning and reminding of some basic recommendations of 
proper ergonomic work. That will serve as continual education of the students and staff. The results of 
the education will be compared with previously achieved results at the end of school year. 
The aim of this action is to increase the level of awareness about ergonomically designed working 
place and behaviour when working on computers, especially with students of information technologies 
(IT) and designer (D) studying groups. In the second semester (that is to follow) out of total six 
obligatory subjects IT students attend five subjects with classes on computers, and IT students of the 
fourth semester attend all the five obligatory subjects with classes on computers. Design students in 
the second semester have three of six subjects in computer laboratory and in the fourth semester they 
have four of six subjects in computer laboratory. 
 
CONCLUSION  
 
Risk of the occurrences of health disturbances due to improper body posture when working on 
computers is of essential importance with students of informatics and design, therefore education of it 
is necessary. 
 

 288



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

Suggested measures for the reduction of risk are the following; 
• Education within teaching process: For three school years in a row, in the subject 

Computers the lectures on safe working on a computer are being held. The subject is attended 
by students of the first year of all the studying groups It is recommended to continue with this 
education, as well as that the lecture on this topic be held on introductory lecture of subjects 
where the teaching is performed on computers. 

• Setting computer animation: Safe working on a computer – ergonomic of a working place 
on all the computers in classrooms of Higher Education Technical School of  Professional 
Studies in Novi Sad. It certainly must not be omitted the care of teaching as well as non-
teaching staff (especially administrative services where the employees spend most of their 
eight working hours sitting by computers). 

• Spreading awareness about the importance of paying sports: Starting from school year 
2012/2013, the students of Higher Education Technical School of  Professional Studies in 
Novi Sad of studying groups of civil and fire protection have the subject Physical Education 
within plan and programme for two times a week. It is being considered the introduction of 
the same subject for all the other students, therefore for the students of of information 
technologies (IT) and designer (D) studying groups. 
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Abstract: In recent years, the learning technology standardization process is one of the key research activities in 
computer-based education. The US Department of Defense, the European Commission and IEEE have set up 
committees to deliver recommendations and proposals in this area. The objective is to allow the reuse of learning 
resources and to offer interoperability among heterogeneous e-learning systems. This paper provides an 
overview of standards and specifications bodies and processes relevant to e-learning and particularly to learning 
objects and related infrastructures. 
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INTRODUCTION 
 
Standards bring order to the world and e-learning standards are bringing great new benefits to this 
domain. Where would we be without standards like the metric system, international distress signals, 
and TCP/IP? World travelers know how to deal with the absence of uniform electrical standards. The 
lack of interoperability is quite evident when the electric shaver plug won't fit the electrical socket 
[15]. By adhering to standards, courseware builders can construct components completely independent 
of the management systems under which they are intended to run—that's interoperability. The life 
expectancy of a courseware component is greatly increased when we know that we can upgrade a 
management system and it still works, or when we reuse that component in a totally new course. The 
proprietary learning technologies of the past, while providing good service in their time, do not 
provide the benefits available by adopting standards. E-learning standards promise —and deliver—
interoperability as well as reusability, durability, and accessibility. The observation "the nice thing 
about standards is that there are so many to choose from" [14] has been circulating in e-learning 
standards circles for some time. This statement certainly reflects the varied and complex nature of 
standards organizations and standards development processes [5]. 
 
STANDARDS AND STANDARDIZATION 
 
Standards can be defined as "documented agreements containing technical specifications or other 
precise criteria to be used consistently as rules, guidelines, or definitions of characteristics, to ensure 
that materials, products, processes and services are fit for their purpose" [2]. In the context of e-
learning technology, standards are generally developed to be used in systems design and 
implementation for the purposes of ensuring interoperability, portability and reusability. These 
attributes should apply to both the systems themselves and of the content and metadata they manage. 
Standards and standardization processes are important to adopters and ultimately to end users, but not 
always for the reasons given by advocates and promoters. Typical of supporting arguments are claims 
that e-learning standards "will produce better learning, education, and training – which (will have) a 
positive effect upon all societies" [10]. This positive potential or hopeful outcome of standardization is 
certainly reason enough for technology users and standards adopters to be aware of general 
developments in e-learning standardization. However, it is the ambivalent, complex and uncertain 
effects of technical standards on processes and products that are much less often remarked upon, and 
that can be of equal if not greater importance to adopters and ultimately, end users [13]. 
An important part of the standardization process is the development of "specifications." Specifications 
can be said to represent standards early in their development, prior to receiving approval from 
standards bodies, and they tend to be experimental, incomplete and more rapidly evolving [4]. They 
capture a rough consensus, and are meant to enable technology development and the management of 
short-term risk. Standards, on the other hand, are much more conclusive, complete, and evolve much 
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more slowly. They should capture general acceptance, can serve regulatory purposes, and be used to 
manage long-term risk [4]. 
 
THE DEVELOPMENT OF TECHNICAL STANDARDS AND SPECIFICATION 
 
Advances in information and communication technologies, and specifically in Multimedia, 
Networking and Software Engineering promoted a new generation of computer-based training 
systems. Internet is today the ubiquitous supporting environment for virtual and distributed learning 
environments. As a consequence, many institutions, both public and private, take advantage of new 
technologies to offer training products and services at all levels [1]. Nomenclature is given in Table 1. 
 
Table 1. Nomenclature 
 
ACTS Advanced Communication Technology and Services 
ADL Advanced Distributed Learning. Initiative from the US DoD 
AICC Aviation Industry CBT Committee 
ANSI American National Standardization Institute 
ARIADNE Alliance of Remote Instructional Authoring and Distribution Networks 

for Europe 
ATM Asynchronous Transfer Mode 
CBT Computer-Based Training 
CEN Comite Europeen de Normalization, European Committee for Standardization 
DC Dublin Core 
DCAC Dublin Core Advisory Committee 
DC-ED Dublin Core metadata for Education 
DCMI Dublin Core Metadata Initiative 
DCMES Dublin Core Metadata Element Set 
EdNA Education Network Australia 
ERIC Educational Resources Information Center 
GAIA Generic Architecture for Information Availability 
GEM Gateway to Educational Materials 
GEMSTONES 
GESTALT 

Extensions to Metadata Standards for ON-Line Education Systems 

GESTALT Getting Educational Systems Talking Across Leading edge Technologies 
IEC International Electrotechnical Commission 
IEEE The Institute of Electrical and Electronics Engineers 
IETF The Internet Engineering Task Force 
IMS-SEL IMS Standard Extension Library 
ISSS Information Society Standardization System Subcommittee, hosted by CEN 
ISO International Standardization Organization 
KPS 
ARIADNE’s 

Knowledge Pool System 

LDAP Lightweight Directory Access Protocol 
LOM Learning Object Metadata 
LTSC Learning Technologies Standardization Committee, hosted by the IEEE 
PAPI Public And Private Information 
PROMETEUS PROmoting Multimedia access to Education and Training in EUropean 

Society 
QoS Quality of Service 
RDS Resource Discovery Service 
SCORM Sharable Content Object Reference Model 
TFADLT Total Force Advanced Distributed Learning Action Team 
XML Extended Markup Language 
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In this situation, educational systems and resources proliferate, and a need for standardization becomes 
apparent. Like in other standard-driven initiatives, standardization applied to learning technologies 
will enable reuse and interoperation among heterogeneous software systems. To achieve this, a 
consensus is needed on architectures, services, protocols, data models and open interfaces. 
 
In e-learning, both standards and specifications are often multi-part, typically consisting of: 
 

1) a "data model" which specifies the standard's "normative" content in abstraction, 
2) one or more "bindings," which specify how the data model is expressed in a formal idiom, 

which is most often XML, and 
3) an "API" (Application Programming Interface) or "service definition" that is somewhat less 

often provided to define points of contact between cooperating systems [8]. 
 
The development of technical standards and specifications in e-learning can be seen as part of the 
maturation of this recently emergent field or industry. 
 
IMS, IEEE LTSC AND ISO/IEC 
 
This paper provides an overview of standards and specifications bodies and processes relevant to e-
learning and particularly to learning objects and related infrastructures. It focuses specifically on three 
key organizations and on the e-learning specifications and the standards they develop: the IMS Global 
Consortium, the IEEE LTSC (Institute of Electrical and Electronics Engineers, Inc. Learning 
Technology Standards Committee), and the ISO/IEC (International Standards 
Organization/International Electrotechnical Commission). There are, of course, other standards 
organizations (many of them national standards bodies) that may make significant contributions to 
international e-learning standards development, but which fall outside of the scope of this article. 
These include ANSI (American National Standards Institute), NISO (National Information Standards 
Organization), DIN (Deutsches Institut für Normung), BSI (British Standards Institute), and the CSA 
(Canadian Standards Association). 
 
IMS 
 
The IMS Global Learning Consortium, Inc. (IMS) "develop[s] and promote[s] open specifications for 
facilitating online distributed learning activities" [9]. The IMS is a consortium formed by almost 200 
commercial, governmental and other entities. Currently, the IMS has some 80 contributing members, a 
significant number of which are American and British commercial entities, but which also include 
universities and federal governmental agencies. 
The IMS Global learning Consortium asks the question, How do we describe learning content, 
discover and reuse that content, and assure that content is fully interoperable when moving from one 
administrative system to another? XML, itself a specification of theWorld Wide Web Consortium 
(W3C), is the lingua franca of all IMS specifications. That implies a level of built-in interoperability 
and durability. However, the IMS specifications go much further. For example, the IMS Meta-data 
Specification defines a method for describing learning content: a description of the content, the title, 
the author, location (URL), cost and payment structure, prerequisites, learning taxonomy, and much 
more. Once I "tag" a chunk of learning content with meta-data, someone else can discover that object 
and use its description to see if it might fit into their course. Before the meta-data tagging scheme and 
these formal specifications, consumers of learning content had a difficult time determining what was 
out there to reuse. 
 
IEEE LTSC 
 
The IEEE "is a non-profit, technical professional association of more than 380,000 individual 
members in 150 countries" [7]. It is also an accredited standards development organization. Within the 
IEEE, the LTSC (Learning Technology Standards Committee) focuses on standards development 
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specifically in the area of e-learning technologies producing "accredited technical standards, 
recommended practices and guides" [12]. The LTSC also "coordinates formally and informally with 
other organizations that produce specifications and standards for similar purposes" [12]. These other 
organizations include the IMS and the e-learning standards development body in the ISO/IEC. 
Leaders within the U.S. Department of Defense saw a need to fuse a number of more narrow 
specifications; like those of the AICC, IMS, W3C, and Institute of Electrical and Electronics 
Engineers (IEEE) Learning Technology Standards Committee into an all encompassing standard for 
next generation online learning. That work began in with the formation of the Advanced Distributed 
Learning (ADL) initiative in 1997. ADL built upon the work of other initiatives and defined new 
specifications to glue everything together. The result is the Sharable Content Object Reference Model 
(SCORM) [3]. SCORM is a model for defining, packaging, and managing learning objects. The 
sharable content object (SCO), the ADL name for a learning object, is the building block of a topic, a 
lesson, or a course. SCORM defines an API for a learning management system (LMS) to manage and 
communicate with SCOs and for SCOs to communicate with the LMS. SCORM is a model for 
designing an interoperable, durable learning system. It does not specify a programming language, 
authoring tool, or operating system; however, you will find most implementers using XML, Java, 
JavaScript, and HTML. Furthermore, SCORM does not (currently) address instructional design issues, 
nor does it prescribe specific functionality for LMSs. 
 
ISO/IEC 
 
The ISO is an internationally and UN-recognized body for standardization founded in 1946. It is 
responsible for creating standards in many areas, including computers and communications. Its 
members comprise the national standards organizations of approximately 140 countries. The IEC is a 
similar international organization that "prepares and publishes international standards for all electrical, 
electronic and related technologies." [6] To avoid duplication of efforts, the ISO and IEC formed a 
Joint Technical Committee (JTC1) to "develop, maintain, promote and facilitate IT standards" in a 
number of areas of common interest [11]. 
 
THE DEVELOPMENT OF THE IEEE LEARNING OBJECT METADATA (LOM) 
STANDARD 
 
The IEEE LOM, a standard that is central to learning objects and repositories, was originally 
developed in response to the very practical needs of those assembling online collections of reusable 
learning materials that required standardized metadata for the purposes of discovery, management and 
resource sharing within and between collections. In 1996, the IMS (then known as the "Instructional 
Management Systems" consortium), and ARIADNE (Alliance of Remote Instructional Authoring and 
Distribution Networks for Europe) began the joint development of the Learning Object Metadata, (at 
approximately the same time as the emergence of the Dublin Core Metadata Initiative). The 
development of the LOM was subsequently handed over to the IEEE LTSC, where, after multiple 
drafts and revisions, it was developed into an official IEEE standard. 
 
THE IMS LEARNING DESIGN SPECIFICATION (IMS LD) 
 
IMS LD is a specification that has a much shorter history than the LOM. However, the IMS LD has 
been the subject of great interest in a variety of e-learning research communities. This specification 
has its beginnings in the Open University of the Netherlands, in the form of an "Educational Modeling 
Language" developed by Rob Koper. This modeling language was brought more or less mid-stream 
into an IMS working group that was originally charged with the task of developing a specification 
related to instructional design. This working group subsequently undertook the task of simplifying this 
modeling language or system, and adapting it to existing IMS specifications, including the IMS 
version of "Learning Object Metadata". 
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CONCLUSION 
 
Educational technologies standardization is a challenging process. There are many issues that have to 
be addressed. Many different institutions and organizations are contributing to this. From a strictly 
methodological point of view, this field is a melting pot where traditional approaches to 
standardization, driven by rigid, slow-reacting, classical standardization bodies producing 
recommendations from scratch, merge with new approaches driven by users or industry, which 
produce standards from already available expertise and products. This situation also underscores the 
value of research that would help demystify the complex processes of e-learning standards 
development, and (perhaps more importantly) consider the possible and actual effects of these 
standards on common educational organization and practice. 
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Abstract: In this paper, a review of Search Algorithms in Travel Route Planning will be given. A search 
problem will be described. The problem of the shortest route is defined by graph. Moreover, performances of the 
most frequently used search algorithms are shown, as well as the route planner options. A parameter analysis for 
finding the optimal route in comparison to economic fuel management was conveyed, which represents one of 
the most important factors of environmental protection. The paper is a theoretical basis for solving the problem 
of travel route planning. 
Key words: search algorithm, travel route planning, fuel savings 

 
INTRODUCTION 
 
Search is a central topic in Artificial Intelligence. Search algorithms are used for a multitude of tasks 
of artificial intelligence. One of them is path finding. There is a myriad of search algorithms, globally 
categorized to uninformed and informed search techniques. The best known uninformed techniques 
are depth-first search, breadth-first search, iterative deepening, brute force, back tracking and other. 
Known as "heuristic search," informed search strategies use information about the domain. Heuristic 
search methods promise to find the shortest path for path planning problems that are faster than 
uniformed search methods. Among them there are hill climbing, best-first, greedy search, beam 
search, A, A*. 
Dijkstra algorithm, namely algorithm A* as its generalization, is basic and most frequently used to 
calculate the shortest route in graph. Algorithm A* reduces the number of graph nodes which need to 
be examined. This reduction is based on using the heuristics which estimates the minimal distance to 
the target node. Calculating the optimal route in transport between the starting and ending nodes is one 
of the examples of algorithm application on everyday use. It is frequently used while planning car 
routes or public transportation routes. [1] 
A search problem is defined in terms of states, operators and goals, where a state is a complete 
description of the world for the purposes of problem-solving. The initial state is the state the world is 
in when problem solving begins. A goal state is a state in which the problem is solved. An operator is 
an action that transforms one state of the world into another state [2]. Given the defined state space, 
state space search is the set of all possible sequences of legal moves from a tree (the nodes of the tree 
are labeled with states; for each of the legal follow-up moves of a given state, any node labeled with 
that state will have a child labeled with the follow-up state) [3].  
According to [4] many travel planners using heuristic and uniformed algorithms are giving better 
results than the ordinary travel planners. Graph search algorithms are used in the travel planning which 
make any travel planner user friendly and time saving. 
 
THE SHORTEST-PATH PROBLEM 
 
The convenience of a road network is the easy representation in form of graph, i.e., collection of nodes 
V (for junctions) and edges E (for road segments), with each edge connecting two nodes. A weight, 
i.e. values like road length or an estimation of the travel time is assigned to each edge [5]. The 
problem of calculating the shortest path between two nodes is a classical problem, which actually 
comes in several types: 
• point-to-point: calculating the shortest path length from the source node s∈V to the target node t∈V; 
• single-source: calculating the shortest path lengths to all nodes v ∈V for the source node s ∈V; 
• many-to-many: calculating the shortest-path length for each node pair (s, t)∈S × T  for given node 
sets S, T � V; 
• all-pairs: this is a special case of the previous variant with S := T := V . 
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In 1959, Dijkstra [6] solved the problem in the majority of cases by giving an algorithm which solves 
the single-source shortest-path problem, using O(m+n) priority queue operations for a graph G=(V,E), 
where n is the number of nodes and m – number of edges [5]. 
 
 
DIJKSTRA’S ALGORITHM 
 
Dijkstra’s algorithm [6] can be used to compute the shortest paths from a single source node s to all 
other nodes in a given graph. According to [7], if the source node s is assigned the role as root, 
Dijkstra’s algorithm finds the shortest paths from s to all other nodes through growing the shortest-
path tree. During this process, nodes of the graph can be unreached, reached, or settled. A node 
already belonging to the tree is settled. The shortest path P* from s to u can be found and the distance 
d(s,u)=w(P*) is known if a node u is settled. A node that is adjacent to a settled node is reached, as 
well as a settled node. In this case, a path P from s to u (not necessarily the shortest one) has been 
found and a tentative distance δ(u) = w(P) is known. The nodes which are not reached are called 
unreached and in this case δ(u) = ∞. The reached, but unsettled nodes are called queued and are 
managed in a priority queue. Here, the notion of the tentative distance δ (u) presents the priority of a 
node u in the priority queue.  
 
 
MEASURING SOLVING PERFORMANCE 
 
A problem solving algorithm can have either failure or solution as the output. Some algorithms can, 
however, have an infinite loop and never give an output. Algorithms can be evaluated on several 
parametres. Table 1 (retrieved from [4]) gives the comparison of search algorithms by the parametres: 
 
• Completeness – if the solution is possible, is the algorithm guaranteed to find it? 
• Optimality – is the optimal solution possible through the provided strategy?  
• Time Complexity – what time is required to find a solution?  
• Space Complexity - how much memory is needed to perform the search?  
 

Table 1. Comparison of different search algorithms 
Algorithm Time Memory Complete Optimal 
Breadth First O(bd) O(bd) Yes Yes 
Depth First O(bd) O(d) No No 

DF 
Iterative 
deepening O(bd) O(d) Yes Yes 

Bidirectional O(bd/2) O(bd/2) Yes Yes 
Hill climbing O(bd) O(1)-O(bd) No No 
Best First O(bd) O(bd) Yes No 
A*  O(bd) O(bd) Yes Yes 
ID A*  O(bd) O(d) Yes Yes 
Beam Search O(nd) O(nd) No No 
Means End O(bd) O(bd) No No 
Generate & Test O(((bd!)/((bd-d)!))/2) O(d) Yes No 
Asynchronous Dynamic O(bd) O(1) Yes Yes 
Learning   Real Time A* O(bd) O(bd) Yes Yes 
Real Time A* O(bd) O(bd) Yes No 

 
 
Where: 
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d =depth of solution with in search tree;  
b = branching factor of search tree;  
n =subset of b for which algorithm will actually process. 

 
Finding the shortest path with finding the solution for additional conditions is the problem which 
complexity depends on the number and complexity of these additional conditions. Roads can be 
categorized accrding to more conditions, like type of road, its quality (main road/highway), traffic 
congestion, tourist attractions, and speed limit. 
 
 
ROUTE PLANNER OPTIONS  
 
Some of the options (parameters) of route planner are: 

• The shortest distance – for many route planners, this is actually the only parameter; 
• Choice of path points – provided by the ‘via’ option, or directly, choosing a point on map; 
• The shortest time – related to choosing the shortest road or highway; 
• The type of road – any road, highway yes/no, and other options; 
• Sightseeing – for those who want to see the tourist attractions along the way; 
• Economical - the most fuel-efficient route that also avoids toll roads; 
• Minimise delays – chooses the more secure ways because of traffic congestions; 
• Weather conditions while traveling; 
• Type of car; 
• Type of fuel; 
• Fuel consumption. 

 
Figure 1 shows the ViaMichelin Maps and Routes [8], with a wide range of options. In fact, this 
application was one of the most frequently used planner for individuals. 
 

 
Figure 1. ViaMichelin - Options 

 
However, there is a problem of transition from one country to the other. The following example 
presents a very characteristic situation. 
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Example. Figure 2 shows the result of online planner AA Route planner [7], which the distance 
between Bašaid [Serbia] and Makó (Hungary) was programmed on. However, the fact that Kikinda 
border crossing is not international and that, once a person enters Romania, they cannot go to 
Hungary. The result obtained was: Distance: 91.6 km, Time: 1 hr 36 min. 
 

 
Figure 2.  The shortest distance between Bašaid and Makó 

 
Like many others, this planner has an option of additional point choosing, based on which the shortest 
path is calculated. If Szeged (Hungary) is chosen, the result gives the path which is about 50% longer: 
Distance: 148.5 km, Time: 2 hr 35 min. 
 
 
FUEL CONSUMPTION OPTION (PARAMETER) 
 
Official U.S. Government Source for Fuel Economy Information 
 
Fuel consumption is a factor considered more seriously only just in the previous several years.  
U.S. Department of Energy – Energy Efficiency and Renewable Energy section and U.S. 
Environmental Protection Agency – section Office Transportation and Air Quality provides the web 
site, the Official U.S. Government Source for Fuel Economy Information (Figure 3). It helps road 
planning, so as to obtain maximum fuel economy [9]. Search Algorithm finds the shortest path and 
based on it calculates the fuel consumption for the chosen type of vehicle. In this way, a comparison 
can be made in order to calculate the fuel consumption for a chosen path, on the basis of data on the 
vehicle. 
Figure 3 shows the shortest distance between Washington and Sacramento and for a selected vehicle 
types give fuel consumption and price. Selected cars are: 

• Ford Focus FWD (2011), Auto 4-spd, 4 cyl, 2.0 L 
• Cadillac Escalade Ext AWD (2006), Auto 4-spd, 8 cyl, 6.0 L 
• Buick Enclave AWD (2009), Auto 6-spd, 6cyl, 3.6 L 
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Figure 3. Trip Calculator with ‘Fuel Used’ view 

 
Satellite Vehicle Tracking 
 
MIT Technology Review has published the latest achievements in the field of satellite following the 
path and fuel economy through active vehicle directing [10]: for instance, a route-planning system 
developed by German manufacturer Bosch makes significant fuel savings on a journey by taking into 
account the following factors: car’s weight, aerodynamics, engine size, transmission and even driver 
aggression level. This new ECO2 satnav software is said to be able to reduce fuel consumption by 9 
percent on average while increasing the average journey time by only 9 percent. 
Currently existing satnav systems like TomTom [11] and Garmin [12] devices calculate fuel-efficient 
routes according to the speed limits of particular roads, as well as the number and type of intersections 
along the path. However, the route may not be the same for all vehicles and drivers, given that some 
vehicles are more efficient at accelerating than others. For instance, a route that provides greater fuel 
economy for a more cautious driver may not be the best choice for one who prefers to drive faster. 
This, of course, depends on the car’s most fuel-efficient speed.  
Driving styles that can be selected with the ECO2 software are: fast, normal, or economical, which 
influences the operation of the algorithm while calculating the most economical route for the chosen 
driving style. 
This software is designed to access the car’s specifications through connecting to its central computer. 
The details in question are engine size, type of fuel and transmission, as well as air and roll resistance 
(the amount of tire dragging and the way of car handling in turns). From this, ECO2 determines 
‘speed-dependent fuel consumption curves’, i.e. how much fuel the vehicle consumes under different 
driving and road conditions.  
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CONCLUSION 
 
This paper showed the search algorithm theoretical basis. Based on this, the parameters – options for 
doing a search were analyzed. Nowadays, finding the shortest path gets another aspect – finding the 
way with the greatest fuel economy. Based on this, an analysis and comparison of route planners was 
conveyed. The last chapter of the paper shows The official U.S. government source for fuel economy 
information, as well as the MIT Technology Review report.  
The difference between static planner and direct satellite tracking is evident. This comes as the result 
of the satellite ability to additionaly track the vehicle’s performance and driving style. This savings 
difference is reflected in up to 9% fuel savings. 
On the basis of the presented material, a significant development of path finding algorithm can be 
pointed out, as well as the algorithms for choosing the vehicle and driving style which should result in 
fuel economy.  
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Abstract:  The Wireless Sensor Networks (WSN) made major breakthrough in ICT sector in last decade. WSN 
consists of spatially distributed autonomous sensors. These sensors are generally used to monitor physical or 
environmental conditions and to transfer these data through wireless network to a main location. The area of 
usage of WSN is very wide, ranging from agriculture (smart farming), construction (smart home and smart 
buildings), environmental monitoring (smart cities, air pollution) to industrial control and monitoring. This paper 
presents the variety of WSN technologies applicable in industrial systems, the basic of this technologies and as 
well as one simple example of its usage in industrial systems. 
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INTRODUCTION  
 
In past decade Wireless Sensor Networks (WSN) made major breakthrough in ICT sector and there is 
evident growth of usage of this technologies in various segments of our society. Generally, WSN 
consists of distributed autonomous sensors connected in wireless network. These sensors are generally 
used to monitor physical or environmental conditions and to transfer these data through wireless 
network to a main location. The area of usage of WSN is very wide, ranging from agriculture (smart 
farming, Irrigation Systems), construction (smart home, smart buildings, security systems, light 
control systems, multi zone HVAC Systems), environmental monitoring (smart cities, air and water 
pollution), health-care to industrial monitoring, remote control and automation.  
This paper presents the variety of WSN technologies applicable in industrial systems, the basic of this 
technologies and as well as one simple example of its usage in industrial systems. This paper is 
structured as follows. After the introduction, the section presents the basic of WSN and variety of 
WSN technologies. The third section presents vital components of WSN. Fourth section presents one 
simple example of usage of WSN in industrial monitoring. At the end the conclusion and further work 
is presented. 
 
WIRELESS SENSOR NETWORKS  
 
Wireless Sensor Networks (WSNs) can be defined as a self-configured and infrastructureless wireless 
networks to monitor physical or environmental conditions, such as temperature, sound, vibration, 
pressure, motion or pollutants and to cooperatively pass their data through the network to a main 
location or sink where the data can be observed and analyzed. A sink or base station acts like an 
interface between users and the network. [1] 
WSN can contain hundreds of thousands of sensor nodes and the sensor nodes can communicate 
among themselves using radio signals. A wireless sensor node is equipped with sensing and 
computing devices, radio transceivers and power components and as constraints they have limited 
processing speed, storage capacity, and communication bandwidth. Wireless sensor devices can be 
equipped with actuators to “act” upon certain conditions. These networks are sometimes more 
specifically referred as Wireless Sensor and Actuator Networks [1].  
The major concerns within researches connected to Wireless Sensor Networks is to ensure energy 
efficient, low cost devices capable to communicate via wireless technology and to transmits data at 
relatively low speeds. The long battery duration, long operation time and optimization of transferred 
data have very important role in this research. 
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WIRELESS SENSOR NETWORK STANDARDS 
 
There are varieties of standards applicable in the WSN. In this section some of the most important 
standards will be presented. 
 
ZigBee 
 
ZigBee standard defines a set of communication protocols for low-data-rate short-range wireless 
networking [1] and operates in 868 MHz, 915 MHz and 2.4 GHz frequency bands. The maximum data 
rate is 250 Kbits per second. ZigBee is designed for battery-powered applications with low data rate 
and when low cost and long battery life are main requirements.  
The ZigBee standard is developed by the ZigBee Alliance [2,4]. The ZigBee alliance is coposed of 
hundreds of member companies, from the semiconductor industry and software developers to original 
equipment manufacturers (OEMs) and installers. The alliance is formed in 2002 as a nonprofit 
organization. The ZigBee standard has adopted IEEE 802.15.4 as its Physical Layer (PHY) and 
Medium Access Control (MAC) protocols [2]. Therefore, a ZigBee-compliant device is compliant 
with the IEEE 802.15.4 standard as well. 
The application of ZigBee technology can be: 

 Building Automation  
 Remote Control  
 Smart Energy  
 Health Care  
 Telecom Services  
 Industrial Control and Monitoring 

 
Device Types and Roles 
There are two types of devices in an IEEE 802.15.4 wireless network: full-function devices (FFDs) 
and reduced-function devices (RFDs). FFD can communicate with any other device in a network, but 
an RFD can talk only with an FFD device. RFD performs very simple applications such as turning on 
or off a switch and have less processing power and memory size comparing to FFD devices. 
In an IEEE 802.15.4 network, an FFD device can take three different roles: coordinator, PAN 
coordinator, and device. A coordinator is an FFD device that is capable of relaying messages. If the 
coordinator is also the principal controller of a personal area network (PAN), it is called a PAN 
coordinator. If a device is not acting as a coordinator, it is simply called a device. The ZigBee standard 
uses slightly different terminology. A ZigBee coordinator is an IEEE 802.15.4 PAN coordinator. A 
ZigBee router is a device that can act as an IEEE 802.15.4 coordinator. Finally, a ZigBee end device is 
a device that is neither a coordinator nor a router. A ZigBee end device has the least memory size and 
fewest processing capabilities and features. An end device is normally the least expensive device in 
the network [1]. 
ZigBee is not the only standard that adopts the IEEE 802.15.4 PHY and MAC layers. 6LoWPAN and 
WirelessHART also use the IEEE 802.15.4 PHY and MAC layers as part of their wireless networking 
protocol.  
 
IPv6 over IEEE 802.15.4 (6LoWPAN) 
 
6LoWPAN (IPv6 over low-power WPAN) standard allows transmission of IPv6 packets over an IEEE 
802.15.4 network. The Internet Protocol (IP) version 6 (IPv6) [1] is a protocol developed by the 
Internet Engineering Task Force (IETF) [7]. Its goal is to replace IP version 4 (IPv4). One of the major 
improvements in IPv6 compared to IPv4 is the address space. IPv4 supports 32-bit addressing. The 
expansion of Internet and increasing number of computers connected to Internet caused the shortage in 
the IPv4 address space. The smaller number of free Internet address, become problem for further 
expansion of Internet. IPv6 is designed to fix this issue by supporting 128-bit addressing instead of 32-
bit addressing. This significantly increased the address space.  
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There is a wide range of interesting applications where 6LoWPAN technology may be applicable, for 
example [6]: 

 home and building automation, 
 healthcare automation and logistics, 
 personal health and fitness, 
 improved energy efficiency, 
 industrial automation, 
 smart metering and smart grid infrastructures, 
 real-time environmental monitoring and forecasting, 
 better security systems and less harmful defense systems, 
 more flexible RFID infrastructures and uses, 
 asset management and logistics and 
 vehicular automation. 

 
WirelessHART 
 
Highway Addressable Remote Transducer (HART) is a communications protocol for applications 
such as process control, equipment and process monitoring, advanced diagnostics, and closed loop 
control in wired industrial networks. HART supports a data rate of 1.2 Kbps using FSK modulation. 
HART uses a master/slave mechanism, and a slave device only transmits data when it is asked by a 
master device. HART is widely used in process control applications, but it is limited to wired 
networks.[2] 
Wireless HART is a wireless networking standard based on HART that adds wireless flexibility to an 
existing HART network. WirelessHART operates at the 2.4 GHz ISM band and is backward 
compatible with existing HART devices, commands, and tools [2]. WirelessHART supports mesh 
networking. For security, WirelessHART uses AES-128 block ciphers similar to the ZigBee standard. 
Like wired HART technology, WirelessHART therefore supports the full range of process monitoring 
and control applications, including: 

 Equipment and process monitoring 
 Environmental monitoring, energy management, regulatory compliance 
 Asset management, predictive maintenance, advanced diagnostics 
 Closed-loop control (when appropriate) 

Components of WirelessHART technology are [8]: 
 gateway - provides the connection to the host network such as Modbus – Profibus – Ethernet,   
 network manager - builds and maintains the MESH network, 
 security manager - manages and distributes security encryption keys and holds the list of 

authorized devices to join the network, 
 process includes measuring devices – the HART-enabled instrumentation, 
 repeater - routes WirelessHART messages and extends the range of a WirelessHART network, 
 adapter - device which plugs into an existing HART-enabled instrument to pass the instrument 

data through a WirelessHART network to the host and 
 handheld terminal -  may come in two versions, like standard HART FSK configuration unit 

with WirelessHART connection to the gateway and then down to an instrument and could be 
used for reading PV or diagnostics. 

 
Z-wave 
 
Z-wave is a wireless networking protocol developed by Z-wave alliance for 900MHz ISM band [2,4]. 
Unlike ZigBee, Z-wave defines all protocol layers and does not adopt IEEE 802.15.4 PHY and MAC 
layers. Z-wave supports 9.6 Kbps and 40 Kbps data rates using frequency shift keying (FSK) 
modulation. The Z-wave signals are narrowband, and no spreading method such as DSSS or FHSS is 
used to help Z-wave mitigate the presence of interferences and multipath nulls. 
One of the differentiating factors between ZigBee and Z-wave is address space. ZigBee supports 64-
bit and 16-bit addressing. Z-wave supports only 8-bit addressing, so in a single Z-wave network, there 
can be up to 232 nodes which are sufficient in many applications. In the case when larger number of 
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nodes is required, a ZigBee network can be a better alternative because even in 16-bit short 
addressing, there can be up to 65,536 nodes. In Z-wave, as addition to the 16-bit address each network 
is identified by a 32-bit value called HomeID. Both Z-wave and ZigBee, supports mesh networking, 
broadcasting, and multicasting.  
Applications of Z-Wave technology are presented at Fig. 1. 
 

 
 

Figure 1.  Z-Wave technology application  
 
EXAMPLE OF ZIGBEE TECHNOLOGY USAGE 
 
Although there is a significant advance to use WirelessHART technology instead of ZigBee in 
industrial application [10] the ZigBee has a lot to offer industrial automation applications. Zigbee is 
suitable for industry utilization because of: low cost deployment and redeployment, support of mesh 
networking in order to cover entire industrial plants and factories, open standard with multiple vendors 
and battery operation (autonomous functionality). ZigBee is able to provide control functionality in 
systems where certain levels of latency can be tolerated (250Kbps data rate, < 10msec per hop). 
ZigBee will be used for monitoring where control can tolerate only extremely low latencies. The 
advances of ZigBee are: low costs of devices that are generally less expensive than sensors and signal 
conditioners, ease of deployment, multi-vendor products, battery operations that allows sensors to be 
placed anywhere. 
ZigBee can be used in industry in combination with collection of controllers, sensors and actuators 
working in concert to implement monitor and control a discrete or continuous processes. The varieties 
of devices operable with ZigBee technology are: 

 Controllers: Central and/or Distributed PLCs  
 Sensors: Temperature, Acoustic, Pressure, Strain, Vibration, etc. 
 Actuators: Valves, Motors, Solenoids, Relays  
 PLCs running ladder logic programs implement state machines that change outputs based on 

the state of sensor inputs 
 Sensor inputs and PLC outputs are made available to monitoring programs 
 Alarms are generated when process variables exceed preset levels 

In this paper will be presented the usage of DTK Electronics ZigBee device DRF2618A [12] in 
wireless transmission of sensor data.  
 
Table 1. Electronic parameters of DRF2618A device 
Parameter Value 
Power USB port – 5V 
Temperature range -40°C~85°C 
UART Baud Rate 38400bps, 9600bps, 19200bps, 38400bps, 57600bps, 115200bps 
Radio Frequency 2460Mhz,  2405MHz-2480MHz, Step: 5MHz 
Protocol ZigBee2007 
Distance 1600m, clear sight 
Operating Current Send 120mA max, receive 45 mA max, Standby 40 Ma max. 
Receiving sensitivity -110dBm 
Chip CC2530F256, 256KFLASH 
Configuration Mode Coordinator, Router 
Interface RS232, 2-TX, 3-RX, 5- GND 
Size 70·50·24mm  
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Figure 2. DTK DRF2618A device and its appliance in industrial environment 
 

RESULTS AND DISCUSSION  
 
The experiment was conducted with two DTK Electronics DRF2618A devices. One set as ZigBee 
coordinator and one set as ZigBee router. Operating channel is set to 11 and operating frequency is set 
to 2405 MHz. Both devices are connected to two separated laptop computers with USB Type A – 
Type B cables. The transfer of data between two computers is accomplished with usage of SSCOM 
3.2, freeware software for serial communication. This software is used to send data to ZigBee router 
device and to receive transmitted data to laptop on the end of link. The data that were sent for every 
1000ms and were in the form of string: 
QFF,26.80,100533,25.40,45.52,em 
This data format simulates the data sent from remote sensor station with two sensors. One sensor is 
BMP085 [13] for sensing barometric pressure and temperature, and the second one is DHT22 [14] for 
sensing temperature and humidity. The forms of sent data correspond to the following values: 

 Code of sensor station 
 Temperature in Celsius degrees measured with BMP085 sensor 
 Barometric Pleasure in Pascal measured with BMP085 sensor 
 Temperature in Celsius degrees measured with DHT22 sensor 
 Humidity in percent measured with DHT22 sensor 
 End of message delimiter 

The values are separated with “,” to be in accordance with CSV file format and more suitable for 
further processing. Two devices are positioned at the distance of approximately 10m in separate 
rooms, divided with two standard brick walls. Packets were captured using Texas Instruments CC2531 
USB Dongle and Texas Instruments SmartRF Protocol Packet Sniffer software package.  During the 
experiment the following results, were collected (Table 2). 
 
Table 2. Experiment results 
Parameter Value 
SSCOM bytes send 48741 
SSCOM bytes received 40708 
SSCOM packets send 1477 
SSCOM packets received 1234 
RSSI (dBm) -68 to -80 
TI SmartRF packets captured 2961 
TI SmartRF packet errors 2 
Operating channel 11 (0x0B) 
Raw data length (bytes) 33 
DATA packet length (bytes) 60 
ACK packet length (bytes) 5 
Data transfer time (sec) 47892.018 
Average packets/sec 0.062 
Average packet size (bytes) 32.424 
Total bytes 96041 
Average bytes/sec 2.005 
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CONCLUSION 
 
This paper presented the usage of various Wireless Sensor Network technologies in industrial systems. 
Some of WSN technologies are more applicable in industrial and some are more applicable in other 
environments. One example of usage of ZigBee technology devices for sensor data transfer was 
presented in this paper as well. The simulation experiment was made for situation of remote sensing 
the temperature, humidity and barometric pressure parameters, a sending this data to the remote 
central location with wireless technology. Results showed the applicability of ZigBee technology for 
sending data of remote sensor in indoor environments and its efficiency for remote system monitoring. 
The further work on this topic will include experiments with mesh networked multiple devices and 
usage of multiple sensors. Also, the impact of wider building and outdoor connectivity on data transfer 
will be examined as well. Combination of ZigBee with RFID, 3G, Ethernet and other technologies will 
be also in the focus of further research. 
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Abstract: Serbia is abundant in biomass for energy use. Unfortunately, biomass is not sufficiently used for 
energy purposes, although its use would help realize the strategy of environmental protection and sustainable 
development. This paper presents some of the results of biomass briquetting conducted at the Faculty of 
Occupational Safety in Niš, or more specifically – on the identification of technological parameters of the 
briquetting of waste biomass such as: biomass humidity and granulation, minimal pressure of formation, type 
and minimal participation of binding substance, and the possibility to design bio-briquettes with predetermined 
physicochemical and energy properties.   
Key words: biomass, bio-briquettes, environmental protection, sustainable development 

 
INTRODUCTION 
 
The use of biomass, as the first and oldest energy source, for energy purposes is becoming 
increasingly prominent because biomass implies the following [3]: 

- it represents a renewable source of energy, i.e. fuel that is constantly generated and as 
such is practically inexhaustible; 

- from the ecological point of view, its use affects the environment because it does not 
contain sulfur, so the gaseous products do not contain sulfur dioxide and there are no 
emissions of hydrocarbons as incomplete products of combustion; 

- it meets the criteria of a closed system with respect to the emitted carbon dioxide and solid 
combustion products. Carbon dioxide produced by the combustion of biomass will be 
absorbed by the plants through photosynthesis, and the ashes will participate as fertilizer 
in the production of biomass. If the cutting and growth of biomass are in a sustainable 
relationship, the system can be considered a closed one. 

On the other hand, its use for energy purposes would create new jobs and accelerate the overall 
progress of villages, towns, local communities, and all of Serbia. 
Thus, thermal energy from biomass fits into sustainable development from the perspective of 
economic sustainability and production and environmental protection, and from social perspective in 
terms of social stability, creation of jobs, and reduction of energy imports. 
 
BIOMASS AS FUEL 
 
Biomass can be defined as: 

- one of the transformed forms of solar energy, 
- a product obtained through photosynthesis, 
- the remains from cultivated and non-cultivated areas after crop harvesting, 

while biofuel represents only the biomass that would produce a certain amount of heat during 
combustion for rational and appropriate use, provided that all additional requirements for a 
combustible material to be considered a fuel are met. 
Biomass utilization for food and feed from cultivated areas is 20 [%] and from non-cultivated areas 
only 1 [%], which means that there is enough biomass for energy use. 
Biomass is used as fuel [3,4]: 
1) by direct combustion in its original form or in bales, 
2) in the form of bio-briquettes, and 

 
 

308



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

3) as a processed solid, liquid, or gaseous fuel derived from: carbonization, gasification, 
hydrocracking, fermentation by anaerobic bacteria, and fermentation of biomass. 
 
BIOMASS OF SERBIA 
 
The total biomass potential of Serbia from agriculture only, which primarily refers to plant residues 
from agriculture, fruit growing, and viticulture, is 12.5 x 109 [t/year]. 
All representatives of Serbian biomass can be classified into the following groups [3,4,5,6]: 
1) Biomass as waste from agricultural production: wheat, barley, oats, rye, soybean, and canola 
straw, corn cobs, and corn shucks. With some minor variations, it can be assumed that in Serbia it 
amounts to ca. 29.9 x 106 [t/year], of which 77.6 [%] is privately owned. In the territory of Serbia 
without provinces, it is 10.22 x 106 [t/year], of which 95.3 [%] is privately owned. 
 
2) Biomass as waste of industrial plants: sunflower seed husk, waste from hop and tobacco 
processing, husks and other waste from the processing of rice, hemp, cotton, soybean, flax, etc. It can 
be assumed that in Serbia it amounts to ca. 34.25 x 105 [t/year]. With this type of biomass concessions 
should be made with regard to the production of stock feed, but if it becomes a burden or an 
environmental issue, it should be used as fuel. 
 
3) Forest biomass refers to stem wood thicker than 7 [cm], brushwood, and stumps. There is no 
reliable data about the manner and structure of deforestation in Serbia. The Serbian Statistical Office 
only provides information about the cutting of state forests. During forest cutting technical and stacked 
wood are separated, while the waste remains in the forest. The waste makes up 15-18 [%], whereby 
the brushwood, stumps, and roots are not taken into account. Per 100 [m3] of cut forest, there are 15 
[m3] of brushwood and 15 [m3] of stumps and roots, making a total of about 30 [%] and, together with 
the waste, 45 [%] of the total wood mass, or even 50 [%] if we consider that up to 5 [%] is made up of 
leaves and conifer needles [1]. 
 
4) Residues from the wood processing industry. They can originate from mechanical and chemical 
processes. Wood waste in the industrial processing of wood constitutes up to 65 [%] of wood mass [1]. 
 
5) Biomass waste from fruit growing and viticulture. The main representatives are pruning remains 
from orchards (raspberry, blackberry, and blueberry plantations), pruning remains from vineyards, 
husks, and pits. This biomass amounts to ca. 408,279 [m3/year] [5]. 
 
6) Biomass from uncultivated land. Unfortunately, there are no statistics on the annual mass or 
volume increase of this type of biomass. 
 
7) Biomass from special energy surfaces. Unfortunately, this mode of production of "energy forests" 
is under-researched in Serbia, although it is very popular in other parts of the world. Fast-growing 
trees are planted in special areas and the period from their planting to their harvesting ranges from 6 to 
12 years. The yield from these areas is between 10 and 15 [t] per hectare per year [3]. Fast-growing 
tree species are the poplar, the willow, the eucalyptus, etc., obtained by special breeding methods [3]. 
Use of these energy forests would reduce consumption of fossil fuels and the amount of harmful 
substances in waste water, soil, and the air, and would expand the variety of crop plants. 
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BIOMASS THROUGHOUT THE WORLD 
 
Biomass is the fourth largest source of energy in the world. It is estimated that in the year 2050 
biomass will cover 38 [%] of the demand for energy fuel and 17 [%] of electricity demand. In 
developing countries, biomass covers about 40 [%] of energy demand, with inefficient combustion, 
where only 5-15 [%] of available energy is utilized [3]. 
In 2002, Finland covered about 18% of its energy demand with biomass, and in 2006 this went to 25 
[%]. Austria covers 80 [%] of its energy demand with renewable energy, and biomass has the largest 
share. In Sweden, biomass covers nearly 20 [%] of energy demand, aided by well-designed 
cogeneration plants, which produce both heat and electricity. In Slovenia, in the municipality of 
Vransko, a district heating system was constructed with two biomass boilers of 2 and 1.2 [MW]. The 
project was financially supported by the Slovenian Government, the World Bank, and the Slovenian 
Ministry of the Environment [3]. 

The results of the research at the Faculty of Occupational Safety in the production of briquettes from 
waste biomass 

Research material 

For the experimental work for the development of waste biomass briquettes we used the following [2]: 

 
1 Acacia - brushwood 
2 Pine - needles and cones 
3 Peach - pits 
4 Beech - sawdust and chips 
5 Turkey oak - sawdust 
6 Tobacco - dust and scraps 
7 Oak - brushwood and sawdust 
8 Ash - chips 
9 Fir - chips and cones 
10. Hemp - stems 
11. Cherry - pits, whole and ground 

12. Corn - shacks, cobs, and stems 
13. Rice - husks 
14. Raspberry – pruning remains 
15. Timber bark 
16. Walnut - shells 
17. Grape peduncles 
18. Wheat straw 
19. Sunflower – husks and stems 
20. Bulrush 
21. Reed - stems 
22. Willow - brushwood 

 

To the basic material – waste biomass – we added the binding materials, which had been particularly 
studied in order to reduce pressure in the formation of briquettes, to obtain briquettes with high 
humidity, and to obtain special effects during combustion. 

The binding materials include organic or inorganic substances, which a property that, after mixing 
with the briquetting material, bonding, and hardening, they bind the particles of a briquetted material, 
providing it with satisfactory strength and durability. Currently, the briquetting process mostly equally 
utilizes organic and inorganic binders, with a stronger tendency towards non-organic binders. 
 
Production method 
 
Laboratory production of briquettes involved the following equipment: 
I) laboratory manual press and 
II) hydraulic press with extrusion [4]. 
 
Research results 
 
At the Faculty of Occupational Safety in Niš, we obtained a series of briquettes from waste biomass 
(1) with binder, the so-called composite bio-briquettes, and (2) without a binder, the so-called solitary 
bio-briquettes. Their representatives are shown in Table 1. 
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Table 1. Summary of the technological parameters of biomass briquetting obtained at the Faculty of 
Occupational Safety in Niš [2] 

No 

Technological 
process of 

briquetting 

Type of 
biomass 

Binder 
Binder 
share 

[-] 

Formation 
pressure 
[MPa] 

Density 
[kg/m3] 

Granules 
of 

biomass 

Moisture 
[%] 

Calorific 
value 

[MJ/kg] 

1. 
Dry without 

binder 
Beech - 
sawdust 

- 
0 20 1050 0 - 3 6.6 15.15 

2. 
Dry without 

binder 
Beech - 
scraps 

- 
0 20 1083 0 - 10 6.7 15.15 

3. 
Dry without 

binder 
Turkey 
oak - 

sawdust 

- 
0 20 1062 0 - 3 6.5 15.4 

4. 
Dry without 

binder 
Fir - 

sawdust 
- 

0 20 1041 0 - 3 6.5 16.9 

5. 
Dry without 

binder 
Ash - 
chips 

- 
0 20 1122 0 - 10 6.2 15.3 

6. 
Dry without 

binder 
Wheat 
straw 

- 
0 20 1015 0 - 10 6.2 15.4 

7. 
Wet with 

binder 
Vine – 
pruning 
remains 

0.5 0.3 - 0.5 500 φ 10 x 15 5.422 17.5 

8. 
Wet with 

binder 
Vine - 

pomace 0.5 0.3 - 0.5 500 natural 
size 5.398 18.28 

9. 
Wet with 

binder 
Walnut - 

shells 0.5 0.3 - 0.5 420 natural 
size. 13.25 17.6 

10. 
Wet with 

binder 
Cherries - 

pits 0.2 0.3 - 0.5 481 natural 
size 7.475 - 

11. Wet with 
binder 

Beech - 
sawdust 

Paper pulp 
 

0.5 0.3 - 0.5 380 0 - 3 6.675 17.28 

12. 
Wet with 

binder 
Cherries - 

pits 0.3 0.583 502 natural 
size 7.475 37 

13. Wet with 
binder 

Vine - 
pomace 0.3 0.583 380 natural 

size 6.712 38 

14. 
Wet with 

binder 
Vine – 

fermented 
pomace 

0.3 0.583 390 natural 
size 6.712 39 

15. Wet with 
binder 

Peach - 
pits 

Semi cellulose 

0.5 0.583 370 natural 
size - 40 

16. 
Dry with 

binder 
Beech - 
sawdust 0.4 25 760 2 - 15 Up to 7 26 

17. 
Dry with 

binder 
Sunflower 

husks 0.4 25 630 5 - 8 Up to 7 28 

18. Dry with 
binder 

Grape 
peduncles 

Paraffin 
hydrocarbons 

0.4 25 900 Up to 15 Up to 7 21 

19. 
Dry with 

binder 
Beech 

sawdust 
Guar flour 

0.02 6.25 285 0 – 2 42 16 

20. 
Dry with 

binder 
Beech 

sawdust 
Modified starch 

0.1 8 376 0 – 2 42 16 

21. 
Dry with 

binder 
Beech 

sawdust 
Carboxymethyl 

cellulose 0.1 9 487 0 – 2 42 16 

22. 
Dry with 

binder 
Beech 

sawdust 
Dinkol 

0.15 7 303 0 – 2 42 16 

23. 
Dry with 

binder 
Beech 

sawdust 
Glue 

0.1 9 567 0 – 2 42 16 

24. 
Dry with 

binder 
Beech 

sawdust 
Gypsum 

0.3 6.2 539 0 – 2 42 15.5 

25. 
Dry with 

binder 
Beech 

sawdust 
Water glass 

0.2 7 324 0 – 2 42 15.5 

26. 
Dry with 

binder 
Timber 

bark 
Gypsum 

0.08 5 252 Up to 1 
000 40 - 
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Bio-briquettes with predefined physical and chemical properties 
 
A special group of briquettes made from waste biomass involves briquettes with predefined physical 
and chemical properties obtained by briquetting a mixture of chopped biomass, binding material, and 
additives. This purpose-briquette made for combustion in fireplaces belongs to composite energy 
briquettes and meets the following requirements [4]: 
 

1 it is made from waste biomass (in order to protect plant species and biodiversity) 
2 it is easy to manipulate and use directly with the packaging (e.g. paper) 
3 it has a calorific value of 20 to 30 [MJ/kg] 
4 during combustion it forms a high diffusion flame, about 0.5 [m], preferably with special 
colour effects and possibly with emission of aerosols with corresponding pleasant smells, 
5 combustion time between firings is comparatively long, min. 2 [h] 
6 it has a minimal amount of solid combustion products and the firebox is rarely cleaned, 
7 environmentally, it has a "good" composition of gaseous products of combustion, and 
8 its use is exclusive to dedicated rooms with fireplaces (living room, mountain homes, 
houses, hotels with lounges, and reactivated objects of historical and cultural significance with 
traditional heating). 
 

At the Faculty of Occupational Safety, we produced 68 different types of fireplace bio-briquettes [4]. 
The process of fireplace briquette combustion was examined on a laboratory tripod (the effects: 
emission of smell during combustion, coloured and sparkling flame) and in an everglowing fireplace 
manufactured by "Alfa Plam", Vranje (impacts: of the diameter of briquettes on the flame height and 
excess air ratio, the share of the binders, the temperature of combustion products and types of 
biomass) [4]. 
 
CONCLUSION 
 
The research at the Faculty of Occupational Safety in Niš so far involved the following: 

- analysis of existing technology of briquette manufacturing and 
- successful use of briquetting technology with and without binder in dry and wet 

briquetting. 
It can be concluded that during briquetting, moisture and biomass granules are no longer the limiting 
factors and that, with careful selection of the technological process and the type of binder, any 
combustible material can be briquetted (Figure 1). 

 
Figure 1. Connection between moisture content and the used technological process of briquetting: 1. 

Dry with binder, 2. Dry without binder, 3. Dry with binder, 4. Wet technological process of briquetting 
[2] 

 
On the basis of the experimental work conducted at the Faculty of Occupational Safety in Niš on 
obtaining bio-briquettes for fireplaces with a set of physicochemical and energy properties, we can 
conclude that [4]: 
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- addition of specific types of binders in precisely calculated mass ratios results in calorific 
values from 20 to 30 [MJ/kg]; 

- addition of additives for pleasant smell yields better environmental conditions; 
- addition of additives for flame colouring and sparkling produces beautiful and attractive 

visual effects; 
- combustion creates a beautiful diffusion flame, whereby the most heat is transferred by 

radiation (Fig. 8); fireplace ashtray cleaning is rare as the maximum ash content was 
measured in the briquette from rice husks, 15 [%]; and 

- combustion creates no harmful products in fireplaces with a firebox deeper than 900 
[mm]. 

 

  
Figure 2. Combustion of fireplace bio-briquettes made of beech sawdust  (weighing 433.9 g) in a 

fireplace manufactured by "Alfa Plam", Vranje [4] 
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Abstract: In this paper, based on European standards, collected literature and existing methods of laboratory 
testing, results of some chemical and thermal indicators of the quality of the biomass energy pellets after 
extrusion and cooling the compressed material are shown. Based on existing methods, moisture content, ash 
content and calorific values of biomass energy pellets were evaluated .Based on test results obtained by a series 
of data, chemical and thermal characteristics of biomass energy pellets were estimated based on European 
standards and existing literature. Comparing the results with existing standards and literature sources it can be 
said that the moisture content, ash content and calorific value are the most significant parameters for quality 
analysis, which decide on the applicability and practical value of biomass energy pellets as biofuel.  
Key words: biomass, pellet, moisture content, ash content and calorific value. 

 
INTRODUCTION  
 
The term "pellet" comes from English and means small balls. Pellet is a smaller body, usually made of 
pressed material in the form of balls or rollers. It is requently referred to in the plural, because the 
pellet is not used as a single piece, but a group of it. They can be made from different products and 
materials, depending on the type of material or heat treatment. Pellets as fuels can be made of wood, 
plant biomass or waste (Obenberger and Thek, 2009). So, pelleting process involves compression or 
pressing of chopped roughage plant material in a convenient form, which has a significantly smaller 
volume compared to the initial raw material (Brkic et al. 2011).   
Quality indicators of biomass energy pellets can be divided into chemical and thermal, physical and 
mechanical properties. The most important chemical and thermal indices are determined by the 
content of certain chemical components of the pellets, moisture content, ash content and energy value. 
Chemical and thermal parameters of the pellets quality are determined by the quality of material and 
pressing process. Physical and mechanical parameters show geometric parameters of pellets, pellet 
density, abrasion and pressure resistance (Urbanovicevá et al, 2011). Chemical and thermal parameters 
of the pellets quality  are determined by the quality of material for pressing. It is possible to lower the 
humidity in order to increase the quality, but the other parameters are specified by the material 
(chemical elements in the biomass, ash content, energy value...). Physical and mechanical parameters 
are influenced by material properties for pressing (firmness of the materials) as well as the use of 
appropriate technology.  
Producers, suppliers and consumers of solid biofuels, biomass energy pellets as well, is necessary to 
be provide by the system of biofuels quality assurance to be able lead safer business. Thus, quality 
indicators of the energy biomass pellets are shown in standards for energy pellets and literature 
sources. The aim of this paper is that, based on European standards, literature sources and laboratory 
methods examine the quality of chemical and thermal properties, ie. moisture content, ash content and 
calorific value of the biomass energy pellets and therefore show their dependence.  

 
MATERIALS AND METHODS 

 
In preparing this paper, energy pellets of different types of raw materials were used as a working 
material. Raw materials used in production of the final product (pellet) were wheat straw, soybean 
straw, sunflower husks, cornstalks,  beech sawdust and poplar sawdust. Based on these raw materials  
eighteen different types of energy pellets were produced, derived from three different types raw 
material: wheat straw, soybean straw, sunflower husks, cornstalks, beech sawdust and poplar sawdust. 
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The sampling of energy pellets for testing moisture content, heating value and ash content was 
performed in manufacturing plant for the production of pellets. Sampling method was found in 
instructions for sampling grain, UP.05.3.002. Collected samples of energy pellets were from 3 to 5 kg 
and placed in sealed plastic bags and then stored in the refrigerator until testing. The tests were 
performed within 5 days from the time of sampling to avoid any changes in quality.  
The working methods are based on the collection of data for testing of biomass energy pellets from 
literature, European standards, existing methods and laboratory testing of moisture content, ash 
content and calorific values, results analysis and drawing conclusions. 
 
Method for determining the moisture content in energy pellets  
  
The moisture content in the biomass energy pellets means "loss" of the mass fragmented pellet mass 
lose on drying for 2 hours at temperature105°C. Moisture content was determined according to the 
standard SRS E. B8. 012.  
From an average sample for determining the moisture content of the biomass energy pellets  20 g is 
taken and grind. All grist obtained is immediately placed in pre-measured container and quickly 
measure in order to avoid mass of the sample to absorb the moisture from the air. Pots with grist are 
than placed in laboratory dryer (Fig. 1), and then dried for 2 h. Drying time is calculated from the 
moment oven reaches temperature of 105º C. Upon completion of drying, the vials are transferred to 
the desiccator with protective gloves, where it is cooled to ambient temperature. When the dried 
sample is cool, it is placed on electric scale and his total weight measured. From the total weight of the 
sample the mass of the container is subtracted (tara) in order to obtain the net weight of the sample 
(Gluvakov Zorica et al., 2012). 

 

 
      Figure 1. Laboratory dryer 

 
Moisture content of energy pellets is calculated based on the ratio of the masses, in order to get the 
weight percentages according to formula: 
    

   w = x 100 

 
where: 
w – moisture content (humidity) in percentages, % 
m1 – mass before drying, in g 
m2 – mass after drying, in g. 
 
For each determination of moisture content in biomass pellets at least three simultaneous 
measurements should be done. Moisture content of the sample is shown as arithmetic mean rounded to 
two decimals.  
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Method for determination of ash content in energy pellets 
 
Ash content of biomass energy pellets in a sample represents the mass of the sample remaining after 
complete combustion of the sample at a temperature of 575 ± 25° C, expressed as a percentage, 
according to the standard SRS H.N8.136.  
From an average sample for determination of the ash content, 20g is taken and chopped finely. 
Fragmented pieces of the appropriate size are immediately put into a container and carefully burn on 
the open flame untill full carbonation (carbonization of the sample). After a complete combustion of 
the sample to full carbonization a mixture of ash and coke is obtained. 1 g of combusted sample is 
taken and put in a cup. The cup is then placed in a furnace, which is gradually heated. Annealing is 
performed at 575 ± 25° C for next 3 hours. During annealing, coke is completely burned. Upon 
completion of the annealing, pure ash is left. Removing the cup from the electric furnace (Fig. 2) is 
performed by using a metal "catcher". When removing the cup from the electric furnace it is necessary 
to first put it on the lid of oven to cool for 15 minutes, to prevent cracking because of large 
temperature differences. After cooling, the remaining ash is measured on an analytical balance 
(GluvakovZorica et al, 2012). 

 
Figure 2. Electric furnace  

 
Ash content of biomass energy pellets is calculated as follows: first, the mass of a fragmented sample 
of energy pellets in measured before combustion, then we measured the mass of cooled mixture of 
coke and ash, in order to find percentage of a mixture of coke and ash in the total pellet sample. From 
the total weight of a mixture of coke and ash 1 g of sample is taken for annealing. After annealing, the 
cooled mass of ash is measured and percentage of ash in 1 g of the sample mixture of coke and ash is 
calculated. After that, the mass of ash in the total volume of a mixture of coke and ash is determined. 
Finally, based on the mass of ash in the total volume of the mixture of coke and ash, the percentage of 
ash in the total mass of the sample pellet of 20 g is determined.  
 
Method for determining the calorific value of energy pellets 
 
Higher heating power (the value of) energy pellets is determined calorimetrically to the standard EN 
ISO 1716. 1g of dry milled or whole sample is measured on the analytical balance and placed in a 
small bowl. Small vessel with the sample is than placed on the upper part (cover) of the "bomb", 
where electrodes are connected by wire. After that, the "bomb" closes and fill with oxygen up to 
pressure of 30 bar. Before putting the "bomb" into the calorimeter (Fig. 2) it is necessary to check 
whether there is water in it, if not it needs to be filled with water and after that the "bomb" is put down 
into the calorimeter. Electric current is than brought to the "bomb" through the electrodes. The process 
of total combustion starts in the apparatus. Sample combustion releases a certain amount of heat that 
the apparatus is recorded and passed on to the computer. After completion of the procedure it is 
necessary to dismantle "the bomb" and clean the sample container with a brush (GluvakovZorica et al, 
2012).  
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Figure 3. Calorimeter 

 
For each determination of the calorific value of the biomass energy pellets at least three measurements 
should be done and then the average calorific value of the sample is calculated and rounded to two 
decimal places. 
Lower calorific value of the biomass energy pellets is obtained from the form: 

hg = hd + 2500 (9h + w) 
where:  
hg–upper calorific  value (kJ/kg) 
hd –lower calorific value (kJ/kg) 
h – amount of water produced by the combustion of hydrogen (kg) 
w – moisture content in relative units 
 
RESULTS AND DISCUSSION 

 
The main results of these studies are obtained by laboratory testing of moisture content, ash content 
and calorific values of biomass energy pellets. We studied these parameters on energy pellets from 
wheat straw, soybean straw, sunflower husks, cornstalks, beech sawdust and poplar sawdust. Methods 
used in these studies are mentioned in section Material and Methods.  
The origin of all the materials used in this study is straw, cornstalks, sunflower husk or sawdust, and 
the structure of the material milled for 3 to 5 mm. The examined energy pellets were cylindrical shape. 
Diameter of the studied pellets was 6 and 8 mm. The length of all the investigated biomass energy 
pellets ranges from 5 mm to 50 mm, which indicates the average length of about 27.5 mm.  
Table 1 and 2 show the results obtained during tests on three different samples of energy pellets of 
wheat and soybean straw.  

 
Table 1. Test results of energy pellets from wheat straw 

No. Samples Moist content 
 (%) 

Calorific value 
(MJ⁄kg) 

Ash content 
 (%) 

1. Wheat straw 7.78 15.02 8.53 
2. Wheat straw 7.81 15.,25 7.81 
3. Wheat straw 7.73 15.51 6.76 
4. Average 7.77 15.26 7.70 

 
Table 2. Test results of energy pellets from soybean straw 

No. Samples Moist content 
 (%) 

Calorific value 
(MJ⁄kg) 

Ash content 
(%) 

1. Soybean 
straw 

9.12 14.38 8.63 

2. Soybean 
straw 

7.71 15.41 7.43 

3. Soybean 
straw 

8.01 14.72 8.24 

4. Average 8.28 14.84 8.10 
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The moisture content of the examined biomass energy pellets from Tables 1 and 2 is within acceptable 
limits (≤ 12%) DIN standard, EN 14961-1 standard (≤ 10% and ≤ 15%), ENplus standards (≤ 10%) 
and in the literature range (7-12%) of average characteristics of pellets.  
The moisture content of the examined biomass energy pellets from Tables 1 and 2 is not within 
acceptable limits DIN standard (≤ 1.5%), ENplus standard ( ≤ 0.7%, ≤ 1.5%, ≤ 3%), nor in the 
literature range ( 0.4-1.5 %). Ash content of all samples is in the standard values of EN 14691-
1standard (od ≤ 0.5 do ≤10 i > 10%). 
Calorific values of the samples from Tables 1 and 2 are not within permitted interval of DIN standard 
(17.5 to 19.5 MJ / kg), ENplus standard (≥ 16.0 MJ / kg), nor literature sources (from 16.92 to 17.64 
MJ / kg). Calorific values in EN 14961-1 standard are not defined, but represent a minimal value that 
is necessary to identify, as the net calorific value according to EN 14918 standard. It should be noted 
that the standards of EU countries relate mainly to energy pellets from wood biomass.  
Table 3 and 4 show the results obtained during tests on three different samples of energy pellets of 
cornstalks and sunflower seed shells.  

 
Table 3. Test results of energy pellets from cornstalks 

No. Samples Moist content 
 (%) 

Calorific value 
(MJ⁄kg) 

Ash content 
 (%) 

1. Cornstalks 8.,86 14.67 9.21 
2. Cornstalks 11.69 13.93 10.47 
3. Cornstalks 11.31 12.34 11.53 
4. Average  10.62 13.65 10.40 

 
Table 4. Test results of energy pellets from sunflower seed shells 

No. Samples Moist content  
(%) 

Calorific value 
(MJ⁄kg) 

Ash content  
(%) 

1. Sunflower husk 12.12 15.08 7.30 
2. Sunflower husk 9.01 16.43 6.29 
3. Sunflower husk 11.03 15.67 7.05 
4. Average 10.72 15.73 6.88 

 
The moisture content of the tested energy pellets from Table 3 and 4 is within acceptable limits of EN 
14961-1 standard (≤ 10% and ≤ 15%), literature range (7-12%) and DIN standards (≤ 12%), except for 
samples in Table 4 under the number 1. In this sample there are minor variations in moisture content. 
In other samples, compared to the standard ENplus (≤ 10%), there were more variations. Within limits 
of ENplus standards are energy pellets of cornstalks under number 1 and energy pellets from 
sunflower husks under number 2, while other samples from Table 3 (no. 2 and 3) and Table 4 (no. 1 
and 3) deviate from the ENplus standards.  
Ash content of biomass pellets examined in Table 3 and 4 is not within the allowed limits DIN 
standard (< 1.5%), ENplus standard ( ≤ 0.7%, ≤ 1.5%, ≤ 3%), nor literature sources ( 0.4-1.5 %). Ash 
content of all samples is within the standard values of EN 14691-1standard (from ≤ 0.5 to ≤ 10 and> 
10%).  
Calorific values of the samples from Tables 3 and 4 are within allowed limits of DIN standards (17.5 
to 19.5 MJ / kg), nor ENplus standard (≥ 16.0 MJ / kg) except the sample of sunflower husk under 
number 2, nor literature sources (16.92 to 17 64 MJ / kg). Calorific values in EN 14961-1 standards 
are not defined, but represent a minimum value that is necessary to identify, as the net calorific value 
according to EN 14918 standards.  
Tables 5 and 6 show the results obtained during tests on three different samples of energy pellets of 
beech and poplar sawdust.   
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Table 5. Test results of energy pellets from beech 
No. Samples Moist content 

 (%) 
Calorific value 

(MJ⁄kg) 
Ash content 

 (%) 
1. Beech 7.52 16.80 0.64 
2. Beech 7.44 16.68 0.70 
3. Beech 6.45 16.92 0.67 
4. Average 7.14 16.80 0.67 

 
Table 6. Test results of energy pellets from poplar 

No. Samples Moist content 
 (%) 

Calorific value 
(MJ⁄kg) 

Ash content  
 (%) 

1. Poplar 6.23 17.07 0.63 
2. Poplar 6.29 16.85 0.69 
3. Poplar 7.01 16.34 0.71 
4. Average 6.51 16.77 0.68 

 
Moisture content of all examined energy pellets in Tables 5 and 6 is within acceptable limits (≤ 12%) 
of DIN standard, EN 14961-1 standard (≤ 10% and ≤ 15%) and ENplus standards (≤ 10%) of the 
average pellet characteristics. In the literary sources, moisture content is in the range (7-12%), which 
is not the case in all examined pellets. In Table 5 there is a variation in the form of a slight lower 
moisture content of 7% in the sample under number 3, and in Table 6 for samples under number 2 and 
3.  
Ash content in examined biomass pellets from Tables 5 and 6 is within limited range of DIN standard 
(< 1.5%), ENplus standard ( ≤ 0.7%, ≤ 1.5%, ≤ 3%), as well as literature sources ( 0.,4-1.5 %). Ash 
content of all examined samples is in the limited range of EN 14691-1standard (od ≤ 0.5 do ≤10 i > 
10%). 
Calorific values of the samples from Tables 5 and 6 are not within permitted interval of DIN standard 
(17.5 to 19.5 MJ / kg), but are within the permitted interval of ENplus standard (≥ 16.0 MJ / kg). 
According to literature sources (16.92 to 17.64 MJ / kg), within allowed limits, are only the sample 
from Table 5 under number 3 and the sample from Table 6 under numbered 1. Calorific values of EN 
14961-1 are not defined, but represent a minimum value that is necessary to identify, as the net 
calorific value according to EN 14918. 

Moisture content is a major drawback for most biomass samples, such as straw, when not 
dried enough it may have moist content up to 30%. In such cases the material (wheat straw) must be 
redried so it could be used in the production process. Additional drying of materials requires increased 
energy consumption, the extension of the production process of biomass energy pellets and higher 
costs of the production.   
Ash content of biomass, according to literaqture sources, is in the range of 0.40 to 8%. Lower ash 
content is in wood sawdust, the largest is in strawstalks. Based on the above mentiond it can be 
concluded that the ash content of energy wood pellets is within the allowed limits, while in the 
agriculture biomass there are significant deviations, because the crops depend on a number of factors 
(location, agricultural practices, material, etc..) and as such can vary within the same species. For 
example, an increase in ash content may occur if dust or soil enter during collection of biomass.  
Calorific value of biomass energy pellets is certainly one of the most important data to make decisions 
about the use-value of pellets as a biofuel. There is a strong dependence of heat value on moisture 
content of biofuels, because with the increase in the moisture content of biomass energy pellets there 
is a reduction in calorific value of the same, and vice versa.  
Thus, the value of heat energy pellets from biomass are valid only for specified moisture content of the 
pellets. It should be noted that in pellets produced from agricultural biomass heating value is reduced 
because of the increased moist and ash content, compared to pellets produced from wood biomass.  
Examinations of the chemical elements i.e. sulfur, nitrogen, chlorine, arsenic, cadmium, chromium, 
copper, mercury lead, zinc and extracted organic particles are not the subject of this research. 
However, it is worth mentioning that they belong to the chemical and thermal indicators of quality as 
well as the previously mentioned parameters (moisture content, ash content and calorific value).  
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CONCLUSION   
 

Energy pellets are the most appropriate form of biomass used for energy purposes, as manipulation of 
them is quite simple. Due to the high consumption and the need for energy resources, pellets have an 
important place as an alternative energy source. Therefore, it is necessary to develop technologies that 
make the process of pelleting simpler, more efficient, cheaper and more accessible. 
In addition to the above mentioned, for successful implementation of biomass energy pellets quality 
indicators must not be left out, as they aim to increase the use of biofuels so that the seller and the 
consumer can uniformly define the quality of biofuels from biomass origin to the sale of the final 
product and to ensure adequate confidence that the specific requirements for quality are met by current 
European standards.  
Based on study results a series of data are collected which estimate chemical and thermal properties of 
biomass energy pellets according to current standards and existing literature. Comparing the results 
with existing standards and literature we come to the conclusion that the moisture and ash content 
significantly affects the heating value of biomass energy pellets, and with decreasing moisture and ash 
content in energy pellets leads to an increase of the calorific value, and vice versa. Ash content of 
energy pellets from crop biomass depends on many factors: location, agricultural practices, materials 
and such. It is necessary to take into account that when collecting the biomass it is important not 
collected soil, dust and other impurities, which leads to an increase in ash content of energy pellets.  
The pellets produced from agricultural biomass, due to higher moisture and ash content, have lower 
calorific value of pellets produced from wood biomass. 
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Abstract: In this paper will be discussed about biomass as a good resource for producing different ways of 
useful energy. Because, biomass is very specific for use for energy production and need more technology for 
processing in useful form. All conversion biomass to useful energy described with efficiency factor in energy 
chain, from the biomass resource to the produced energySupplying with energy from biomass includes many 
processes starting with growing high energy plants, preparing the remains of the production, collecting and 
storage organic waste until the final use and the conversion of biomass energy in the heat or electricity.  
In BiH there are many possibilities for both growing and using forest for energy producing. Successful examples 
taken from forestry management practice in EU countries can be useful for enterprises, owners, commerce and 
environment in Bosnia.  
• Correct tree growing, cutting, transporting, processing and energy distribution are important for developing 

of good practice in energy production from biomass.  
• Alternative Energy is opportunity to influence both environment and profit. Responsible planning and social 

welfare can be advantage in present and future free market.  
Factor EROI is most important factor for decision what is best way for using energy biomass production.  
Key words: biomass, forestry management, briquette, pellet, possibilities 
 
INTRODUCTION 
 
Any organic matter which is available on a renewable or recurring basis, including agricultural crops 
and trees, wood and wood residues, plants (including aquatic plants), grasses, animal residues, 
municipal residues.  
Biomass is produced from water and CO2 by photosynthesis, solar energy acumulated in construction 
of plants as a chemical energy[1]. In this paper is considered wood biomass, but only remains and 
residues from different wood processing.  
Forest wood residues content:  

1. Forest residue 
2. Mill waste 
3. Urban wood waste.  

 
Forest residues 
 
The primary forestry residues include: logging residues from conventional harvest operations, forest 
management and land cleaning (Fig. 1.). 

 
Figure 1.  Forest residues 

 

 
 

321

mailto:srdjan_vaskovic@yahoo.com
mailto:vlado.medakovic@gmail.com


III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

Mill waste 
 
Mill waste is secondary forestry residues and it can be: 
• Mill wastes  
• Pulping liquors (Fig. 2.).  
 

 
Figure 2. Mill waste and after processing use as wood chips 

 
Urban wood waste 
 
Urban wood waste is actually tertiary forest residues which can be made: 
• during construction and demolition debris,  
• like unusable pallets or   
• tree trimmings from the urban environment (Fig. 3.) 
  

 
Figure 3. Urban wood waste 

 
Unfortunately, even there are possibilities for good forestry management and energy producing from 
wood or wood residues,  those possibilities is not realized yet and it is good opportunity for use for 
bioenergy carriers like as chips, briquettes and pellets.  
Main reason is the fact that there is plenty of forest in Bosnia. Forests like resource aren’t in short 
supply. Also, both government and market still do not recognizing opportunity for this type of energy 
producing and creating new enterprises.  
For growing of wood that can be used in energy producing process we can distinguish some benefits 
and disadvantages[2]. 
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Disadvantages: 
 

• Bio energy activity requires very deep knowledge of wide sector competence, 
• High level of mechanization, 
• Water, soil, climatic, environmental constraints limiting the biomass productivity and the type 

of plants, 
• Need to adopt horizontal and vertical integration of sub-systems to improve the economic 

basis of bioenergy complexes. 
 
Benefits: 
 

• Marginal land recovery, 
• Protecting the land (improve soil quality), 
• Erosion control, 
• Less fertilizer, pesticide, herbicide, and fungicide than annual row crops to purify polluted 

soils (phytoremediation), 
• Sequestration of CO2, 
• Income benefits for farmers, 
• Positive effects on local employment in rural areas for the biomass resource                         

production.  
 

BIOMASS IN ENERGY PURPOSES 
 
The term ‘biomass’ describes the biomass of organic matter (it means that containing carbon). 
According to this, biomass includes: 
 

• Phytoplankton and zoo-plankton (plant and animal),  
• Remains of the production, production waste (egg animal excrement or straw), 
• Dead (but no fossil) phytoplankton and zoo-plankton,  
• All substances with organic origin that are results of technical conversion, for example 

black fluid, paper and cellulose, waste from slaughterhouse, organic waste from 
households, vegetable oil, alcohol etc). 

  
In order to distinguish biomass and fossil fuel, there is a remark that peat, product of secondary 
decomposition, will not be considered like biomass in this paper, even in some countries (Sweden, 
Finland) it isn’t so. 
Biomass can be divided to primary and secondary products:  
 

• Primary products of biomass appear directly under effects of solar energy during 
photosynthesis process and include phytoplankton, agricultural and forest products, some 
species that are cultivated for energy purpose (fast growing trees or grass), the plant remains, 
waste from agriculture and forestry (waste and remains from processing of wood, straw).  

• Secondary biomass products, unlike to primary, indirectly receive energy from the sun; they 
are result of decomposition or conversation organic substances in the metabolism of higher 
organisms (egg animals). This includes, for example, all the zooplankton, animal excrements 
(egg solid waste, fluid waste and sludge). 

 
THE STRUCTURE OF TYPICAL CHAIN FOR BIOMASS SUPLYING 
 
Supplying with energy from biomass includes many processes starting with growing high energy 
plants, preparing the remains of the production, collecting and storage organic waste until the final use 
and the conversion of biomass energy in the heat or electricity[2]. 
 
 

 
 

323



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

The chain includes the life cycle of organic matter from its creation (i.e. primary energy) to the 
preparation- and obtaining useful energy. (Fig. 4.).   

 
 

Figure 4. Availability of energy from biomass (gray shadow fields - different carriers of energy, fields 
without shadow - conversion processes; FAME - fat acid methyl esters, reaction that occurs in fuel 

cells considered as "cold combustion") 
 
The aim of this biomass supply chain is to meet possible changeable requirements for finally usable 
energy and providing of necessary installations for conversion. Those installations or even plants must 
be appropriate for particular size and/or quality of biomass. Each supply chain consists of the life 
cycle of biomass production, supply, conversation, practical use and disposal. Generally, all 
previously listed parts are divided into groups in a number of individual processes. For example, 
derivation of biomass requires, among other things, the preparation of land, fertilizer application and 
protection. After that, various processes that are conducted in entire life cycle does not occur in the 
same place, because the necessary transport biomass to the appropriate place (for example: trucks, 
tractors, pipelines). 
Finally, certain supply chain is determined by the framework of conditions, which depend on the 
production of biomass (supply side) in one hand and the final energy supply (demand side) on the 
other hand. Further decisive factors are economic, technical and administrative, which have a 
significant impact to give a practical function to whole supply chain. For example, choosing the 
appropriate transformation of energy from one form to another depends on the need for some of these 
forms (heat or electric) in accordance with the legislation regarding to environmental protection.  
Furthermore, supply structure is determined by the available (Storage) using and wasted matter during 
the process (such as the remains which occur in the processes of fermentation after the production of 
biogas or ashes that remain after combustion of solid fuels).  
There are various possibilities of treating remains of production and the criteria could be 
characteristics of various types of biomass (such as the shape, size and moisture content) and 
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requirements for the application of appropriate technology for energy production, which must be 
defined before the conversion and providing of energy start. 
Remains of biomass (which are previous sorted) can be secondary energy carriers such as: wood 
pellet, chips, straw bale, etc. More that that, type of biomass (wood or plant biomass), its quality 
(water content, composition), seasonal differences that are present in different types are effecting on 
the variability of energy consumption and distribution.   
Those specified characteristic of biomass require different ways of storage, and the drying of biomass 
is an insurance that biomass will be correctly and safety storage in the warehouse. Beside that, certain 
economic needs must be feasible within the prescriptive conditions and socially acceptable. (Picture 4) 
 
DEFINITION OF EROEI  FACTOR 
 
Energy returned on energy invested (EROEI or ERoEI); or energy return on investment(EROI), is the 
ratio of the amount of usable energy acquired from a particular energy resource to the amount of 
energy expended to obtain that energy resource [4], [5] . When the EROEI of a resource is less than or 
equal to one, that energy source becomes an "energy sink", and can no longer be used as aprimary 
source of energy. 
 

EROEI = USABLE AQUIRED ENREGY / EXPENDED ENERGY 
 
Although many qualities of an energy source matter (for example oil is energy-dense and 
transportable, while wind is variable), when the EROEI of the main sources of energy for an economy 
fall energy becomes more difficult to obtain and its value rises relative to other resources and goods. 
Therefore the EROEI gains importance when comparing different energy alternatives. Since 
expenditure of energy to obtain energy requires productive effort, as the EROEI falls an increasing 
proportion of the economy has to be devoted to obtaining the same amount of net energy. On the 
figure 5. we have different EROEI factors for some kinds of renewable energy also for production. 
There are widely spread this number from 1,6 to 100. EROEI number about 1,6 describes process for 
production biodisel. On the opposite site we have number for EREOI 100, which describes 
hydroenergy production. 

 
Figure 5. EROI – USA, Ratio of Energy Returned on Energy Invested for different kinds of rewable 

energy[4] 
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CONCLUSION 
 
On the figure 5. clearly we see no well-defined value EROEI factor biomass. The question is why? 
Answer is very simple. Biomass is a very demanding as eneregy resource from different parameters 
and needs a revamp. This process requires: cutting hauling, drying, transport, processing into fuel 
transformation. Every part of this process requires a certain amount of energy investment. To get the 
full picture of the state of energy production from biomass must all be considered. Accordingly the 
number of parameters and actions that must be determine. It is huge job but, when we will develop a 
good model than we have good situation for analyzing best way solution for biomass energy 
production. 
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Abstract: Nowadays project based organization success hinges upon many different factors; one of those factors 
is qualified project manager selection. Regarding to this fact that selecting qualified project managers is among 
those complex issues, this process of selection requests for having analytical methods to handle those kinds of 
issues. However, there are varieties of different methods in the literature. Developing a model based on linguistic 
variables due to assessing the candidate ratings in one hand, and determining criteria importance in the other 
hand is the main objective of this paper. The evaluation process is based on new group fuzzy linguistic modeling 
and fuzzy aggregating. By using fuzzy linguistic variables with multi criteria decision making (MCDM), a new 
project manager selection model is offered in this paper. 
Key words:  Personnel selection, Linguistic variables, Project Manager 

 
INTRODUCTION 
 
Experimental and statistical techniques are the most famous approaches that are implemented by 
traditional personnel selection procedure. In the first approach (experimental) selection of qualified 
persons is done based on the experiences and knowledge of decision makers. While, in second 
approach (statistical), decisions are made after interpretation of test scores and also measurement of 
accomplishment for each candidate. As Robertson and Smith [1] proposed, one of the well-known 
techniques concerning the personnel selection is interview. There are myriad of ability and availability 
of interviews for anticipating the performance of the personnel in the job. Considering a number of 
studies that are based on techniques such as interviews, work sample tests, assessment centers, 
resumes, job knowledge tests, and personality tests in human resource management [2], just a few of 
them have implemented the multi criteria (MCDM) techniques in their studies [3].  
MCDM deals with decision problems with a number of decision criteria and it is a branch of 
operations research models and divided into multi attribute decision making (MADM) and multi 
objective decision making (MODM). Each of the above categories consists of several methods. Each 
method can also be classified as deterministic, stochastic and fuzzy methods with its own 
characteristics. Sometimes researchers may use a combination of the methods. The methods can be 
classified as a single or group decision making methods based on the number of decision makers [3]. 
Some of the contributors applied AHP [4-7], ANP [8, 9], TOPSIS [10, 11] and Expert Systems [2, 12-
17] in personnel selection. 
Fuzziness is the main attribute of personnel selection issue. The fuzzy linguistic approach represents 
qualitative aspects as linguistic values by means of linguistic variables [18, 19]; while, regular crisp 
set method does not follow the same rule. Since linguistic reasoning needs fewer assessments 
information, it needs few postulations to be fulfilled. Moreover, regarding to the importance of this 
tool, it is considered as a realistic tool for decision makers [21]. Hence, linguistic MCDM is employed 
in step two. 
Many researchers have used MCDM in selecting project manager. For example, a fuzzy MCDM 
method for information system project manager selection was developed by Chen and Cheng [20]. Bi 
and Zhang [21] analyzed the meaning of selecting an eligible undertaking manager in their study. 
They endeavored to quantitatively assess the skill and quality of undertaking manager by requesting 
fuzzy analytical hierarchy process that was established on triangular fuzzy numbers. Whatever they 
did is believed as a reliable and logical method in words of selecting the right person for undertaking 
manager. Hui et al. [22] endeavored to clarify a suitable competency established framework.  The 
rationality of this paper is examined in methodology section which was constructed principle 
component analysis. This study has been made prominently priceless and referential in project 
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manager selection by all these efforts. Liqin et al. [23] has established an extensive assessment model 
of project manager candidates by implementing principles of fuzzy mathematics. Based on grey 
criteria, a multi criteria methodology for project manager selection has been bolster by Zavadskas et 
al., [24]. In the selection of a project manager a fuzzy comprehensive evaluation methods has been 
adopted by Zhao et al. [25]. Rashidi et al. [26] for choosing a qualified project manager, amalgamated 
fuzzy systems, ANNs, and Genetic algorithm.  
Mitigating the errors in utility values is the result of enhancing the efficiency of decision making that 
can be achieved by conducting the fuzzy linguistic variables. The main goal of this study is to bolster 
and establish a group multi criteria decision making (GMCDM) model based on fuzzy set theory in 
order to candidate assessment in project manager selection. 
 
MATERIAL AND METHODS  
 
Model inputs, processes and output (selection of personnel) are systematically outlined in this section. 
Elements of accomplished algorithm have been drawn in Fig. 1. 
 

 
Figure 1.  Modeling Processes  

 
In following paragraphs, different phases are elucidated based on the algorithm of modeling process in 
terms of personnel selection. 
1) Selecting relevant criteria and sub criteria: The criteria and sub criteria are formed for 
personnel selection based on expert panel opinions and data and information of an organization. Those 
who have significant information about human resources in one side and strategic direction of an 
organization in the other side are selected as the members of experts’ panel. Delphi or Nominal Group 
Technique (NGT) are among the several methods that can be implemented for identifying personnel 
based upon the opinions of experts. 
2) Calculating the importance weight of criteria: In two continuous operations the importance 
weight of criteria is calculated. In first step, the importance weights of sub-criteria are calculated based 
on the experts’ opinions. Afterward, regarding to the equation 1 the importance weights of criteria are 
computed. 
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3) Establishing criteria and forming decision making matrix the importance weight of criteria: 
The criteria and sub criteria for personnel selection are determined by NGT method throughout the 
expert panel. An expert panel was selected by a team of experts. Then these experts were asked to 
specify the project manager selection criteria respectively. All the respondents had more than five 
years experience in project administration with a relevant knowledge and all were among the 
company’s management. Management had selected a panel consisting of procurement deputy, 
engineering deputy, executive deputy, administrative and financial deputy, planning deputy, quality 
and systems deputy, inspection manager, Safety manager, contracts manager, and the Human resource 
Department. A hierarchy is constructed in accordance with the criteria and factors. 
4) Modelling of FMCDM: Modeling procedures of FMCDM are described as follows: 
 1. The first step to construct a FMCDM is defining universe set which is the element of 
universe U= {1 2 3 4 5 6 7}  
 2. Then membership function for each criteria and alternatives is selected. A "membership 
function" is a curve that defines how the value of fuzzy variable is mapped to a degree of membership 
between 0-1. Membership functions are used to calculate the degree of FMCDM in different values 
expressed by linguistic term. 
 3. With considering bell shape membership function, the decision matrix (fuzzy sets of criteria 
and alternatives) is formed regarding  and equation (1). 
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Where XЄ [0, 1] is the element of universe U= {1 2 3 4 5 6 7}, c indicates the standard score for 
determining verbal (linguistic) value of the criteria and personnel and d determines the shape of the 
membership function (here d = 0.2). 
 4. With applying subsequent formula, the utility of decisions (personnel) is calculated using 
equation (2). 
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In terms of experts’ opinions, the importance weights of sub criteria are calculated. Then the 
importance weights of criteria are computed based on equation (1). 
5) Selecting best personnel: In With employing centre of gravity method, fuzzy outputs of 
personnel transform to crisp utility with regards to equation 5.1 [27-30]. 
 
RESULTS AND DISCUSSION  
 
In order to enhance the authenticity of the linguistic model, an Iranian company, MAPNA, which is a 
project based organization, was used as a case study. Engaging in development and implementation of 
power, oil and gas, railway transportation and other industrial projects, MAPNA has 371 employees 
and located in Tehran. Since 1992, MAPNA has been involved in more than 85 projects with a total 
value of greater than 17 billion euro. Among its employees 14 persons have been able to obtain 
international certificate in Professional Project Management (PMP). As the process of selecting the 
right project managers have always been a critical consideration in MAPNA, this procedure have been 
done through conducting a group of experts. The group of decision makers (Expert panel) consists of 
decision makers from different organizational departments and high level managers. Procurement 
deputy, engineering deputy, executive deputy, administrative and financial deputy, planning deputy, 
quality and systems deputy, inspection manager, HSE manager, contracts manager, and the HR 
department are formed the body of the committee for appraising of candidates. 
Based on Phase 3 experts have consensus for establishing criteria and forming decision making matrix 
with regards to Table 1 by equation 1 and NGT method. The FMCDM is illustrated in Table 1.  
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Table 1. Fuzzy multi-criteria decision matrix  
 
 
 
 
 
 
 
 
 

 
C r iter ia 

P e rs on ne l 
C 1  C 2  C 3  C 4  

P 1  V H  H  L  E L  

P 2  EH  M  V H  H  

P 3  E L L  H  M  

P 4  H  M  L E L 

P 5  M  EH  E L L 

P 6  M  M  H  E H  

P 7  L  E L  H  L  

P 8  V L  M  L  H  

 

 
Considering consensus of expert panels and taking figure 3 into consideration, phase 3 fuzzy 
weighting of criteria has been illustrated. The membership function of criteria weighting under fuzzy 
space is depicted and the fuzzy utility of each personnel is calculated by steps 4.3 and 4.4 and 
equations 4.1, 4.2 and 4.3. Then by employing centre of gravity method, fuzzy outputs of personnel 
are converted to crisp utility. Finally, with regards to previous step which determined crisp utility of 
personnel subsequently, the personnel are ranked as illustrated in Table 2. 
 
Table 2. Personnel Ranking  

No. of  
Personnel 

Utility Rank 

P1 0.4005     5      
P2 0.4607     1 
P3 0.3910     6 
P4 0.4563 3 
P5 0.3868     8 
P6 0.4567     2 
P7 0.3880     7 
P8 0.4562 4 

 
CONCLUSION 
As it is mentioned earlier the main objective of this research was to contribute the concept of 
personnel selection. This goal was achieved by establishing an integrated group decision making and 
fuzzy linguistic assessment, which entirely gained through a developed decision methodology. It is 
unveiled that by implementing fuzzy MCDM model, which is elaborated in this research, personnel 
selection can be improved in so many ways. Evaluating of candidates based on the verbal terms is the 
first advantage of implementing fuzzy MCDM for decision makers in the process of personnel 
selection. Less emphasis on detailed data collection, which is achieved by applying linguistic 
variables, is the second privilege of implementing fuzzy MCDM. 
For evaluating personnel, fuzzy linguistic had a key role in the methodology of this research. 
Regarding the future studies, providing anther effective mechanism in making a model for decision 
makers’ preference is highly recommended. Handling the ambiguity of the human decision making 
procedure can be the other potential suggestion in personnel section issues. 
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Abstract: There are common statistical methods  which use to continues improvement such as control charts, 
histograms, scatter plots, sampling methods, inspection plans. These methods pioneered 70 years ago by Walter 
Shewhart and later promoted and enhanced by W. E. Deming, A. Wald, and K. Ishikawa, were targeted at an 
environment where measurements were taken manually and recorded on paper spreadsheets, and where 
calculations were done with slide rules. The production of these charts continues today as a result of customer 
mandates enforced by audits, but they play almost no role in problem solving, even where statistical methods are 
needed. [1]. In this paper was used some of statistical tools known in the analysis of exports in the Libyan Iron 
and Steel company, in order to reach an overview about the general trend of exports and determine the relative 
importance of each of them. In addition to knowledge of the relationship between those exports, and these 
analyzes we can get significant results help decision makers to focus on the strengths and weaknesses related to 
exports. 
Keywords: Statistical methods, Exports, Iron and Steel, Analyzing  
 
INTRODUCTION 
 
The Iron and steel industry is one of the industries that need large capital expenditure compared to 
other industries, most countries resorting to support such industries because they are strategic 
industries are essential for any country. Most countries establish factories for iron and steel to meet 
local needs and the rest is exported.  
The Libyan Iron and Steel seeking since its creation to bring about a balance between domestic sales 
and exports for several reasons including: meet the needs of the domestic market of iron and steel 
products and then export the surplus in order to obtain foreign currency, which is used to buy iron ore 
and production requirements different. 
 
OBJECTIVES OF PAPER  
 
This paper aims to analyze the exports during the period from 2000 until 2010 by using some of 
statistical methods  which used for continuous improvement. And to know the strengths and 
weaknesses of the company with regard to exports. 
 
TOOLS AND TECHNIQUES FOR ANALYSIS AND IMPROVEMENT  

 

Pareto analysis 
If the symptoms or causes of defective output or some other 'effect' are identified and recorded, it will 
be possible to determine what percentage can be attributed to any cause, and the probable result will 
be that the bulk (typically 80 per cent) of the errors, waste, or 'effects', derive from a few of the causes 
(typically 20 per cent)[1]. 

 
Scatter diagram  
This tool using to measure possible relationship or correlation between two factors or variables. 
 
Application:  
• Provide data to confirm a hypothesis that two variables are related. 
• Evaluate the strength of a potential relationship. 
• Follow-up to cause-and-effect analysis. 
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Type of relationship: 
• No correlation. 
• Positive correlation. 
• Negative correlation. 
• Curvilinear correlation. 

 
Steps to Draw a Scatter Diagram 
• Collect the data. 
• Draw the axes of the diagram. 

 
Run Chart  
Run chart is used to understand the trends and shifts in a process or variation over time, or to identify 
decline or improvement in a process over time. In a run chart, events, shown on the y-axis, are graphed 
against a time period on the x-axis. For example, a run chart in a restaurant might plot the number of 
customers served against the time of day or day of the week. The results might show that there are 
more customers at noon than at 3 p.m. and more during weekend than during weekday. Investigating 
this phenomenon could unearth potential for improvement as to how many waiters and waitresses 
should be employed during those time for better customer service. 
 
A case study: Libyan Iron & Steel Company (LISCO) 
 
The Company is one of the largest companies in the Libya with an annual designed capacity of 
1,324,000 ton of liquid steel . The company is situated near the coastal city of Misurata , about 210km 
east of Tripoli on an area of 1,200 hectares . 

 

The company comprises of the following production facilities and supporting facilities : 
1) Direct Reduction Plant . 
2) Steel Melt Shop No. 1 . 
3) Steel Melt Shop No. 2 . 
4) Bar and Rod Mills . 
5) Light and Medium Section Mill . 
6) Hot Strip Mill . 
7) Cold Rolling Mill . 
8) Galvanizing Line . 
9) Continuous Coating Line . 
10) Port & Pellet stock yard . 
11) Power & Desalination plant . 
12) Oxygen & Compressed air plant . 
13) Sedada Quarry & Calcimine plant . 
14) Training Center . 
15) Quality Control Laboratories . 
 
The company is committed to satisfying customer requirements and establishing itself as one of the 
major producers of iron and steel in the world by emphasizing quality as one of its paramount goals . 
It has established quality council that aims at implementing the requirements of the international 
quality system ( ISO ) in all production facilities as one of its major goals . 
Thus, The Libyan Iron and Steel Company has acquired the 12th European Award of quality for the 
year 1998, and it has been rewarded the International Quality Certificate( ISO 9001/2000 ) on 
25/3/2002 . [2] 
 

Exports    
LISCO's products have in the last decade met most of domestic requirements for rolled steel. LISCO's 
products have also found their way into foreign markets world wide in the following main regions : 
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1) African and middle-east countries such as Egypt, Tunis, Morocco, Jordan, Qatar, etc. 
2) European countries such as Italy, Spain, France, Greece, Turkey, etc . 
3) South east Asian countries . 

The yearly quantities sold by LISCO in the last ten years in international markets are as shown in the 
table1, as shown in Fig. 1. 

 
Table 1. The yearly quantities in the last ten years  in international markets [2]. 

year HBI DRI Bars & Rods Sections 

2000 375,798 - 161,520 12,006 
2001 325,933 - 150,815 11,306 
2002 369,711 - 119,854 9,985 
2003 339,434 - 71,804 10,428 
2004 476,675 - 19,935 20,437 
2005 427,785 - - 10,542 
2006 384,435 86,117 - 25,301 
2007 426,210 139,510 - 35,619 
2008 279,654 47,748 - 8,009 
2009 161,474 96,913 - 11,135 
2010 479,816 92,384 - - 
2000 174,440 6,593 4,981 5,695 
2001 270,744 18,857 2,569 2,177 
2002 350,395 4,704 - 1,848 
2003 286,048 1,294 1,706 7,387 
2004 257,123 2,570 271 2,778 
2005 337,464 - 124 772 
2006 438,831 1,214 - - 
2007 377,566 605 - 757 
2008 319,858 2,099 4,415 1,380 
2009 190,096 2,843 6,817 2,840 
2010 1,148 2,099 - - 
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Figure 1. The yearly quantities in the last ten years in international markets 
 
This figure shows that the company's exports began to rise until it reached the highest value in the year 
2007, and then began to decline until it reached its lowest value during the year 2009, which coincided 
with the global financial crisis and then began to rise again in 2010 after the global economic 
recovery. also be attributed to significant decline in exports due to the company stopped exporting 
rebar, and this is due to the Libyan government to take the decision to stop exporting steel because the 
domestic market need to these quantities. 
 

Pareto Analysis for Exports :  
 
Pareto analysis is one of the most important tools used in the statistical analysis and draw conclusions, 
and I have been using this analysis in this study in order to know the most important exports, which 
constitute 80% of the total Exports during the study period, as shown in Fig. 2.  

 

 
 

Figure 2. The results of Pareto analysis for Exports during  the study period 
 

According to Fig. 2 , we can note that there are two types of exports accounted for 80%, the HBI and 
cold rolled coils. Therefore the focus must be on these two types in the future. 
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The Relationship between HBI and Total Exports  
 
The relationship between exports of HBI and total exports can be found by finding the correlation 
coefficient. Fig. 3 shows the relationship between HBI and the total exports, as shown in Fig. 3. 
 

 
 

Figure 3. The relationship between HBI and Total Exports 
 

From the previous Figure, it can be observed that the relationship between HBI and total exports were 
strong through the correlation coefficient, which is equal to 0.731. Therefore, exports of HBI a 
positive impact in the increase in total exports. 
 

The impact of the global financial crisis on the company's exports 
 

The company's exports affected by the global financial crisis, and this is evident through lower exports 
during the year 2009, as shown in Fig. 4. 
 

 
 

Figure 4. The company's exports during the study period 
 

Fig. 4 shows that the global financial crisis has had a clear impact on the company's exports, as the 
figure indicates that the company was able to increase exports in the year 2010. 
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CONCLUSIONS  
 
The results showed that the general trend of exports is declining, and this is due to the following 
reasons: 
 

1) The Libyan Iron and Steel Company is a government Co.  its policies stem from country policies 
in directing the company's products to the local market as a first step and export the surplus. 

2) Pareto analysis results showed that the highest amount of exports during the study period were 
products of HBI, and this shows that this product is very important for the company as well as for 
the global market. 

3) The study results show that the global financial crisis contributed to reducing the amount of 
exports, particularly in the years 2009 and 2010. 
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Abstract: The article presents IT tools used by modern tourism enterprises and it indicates, on the basis of latest 
technical and technological novelties, possible trends in the development of virtual tourism of the future. The 
first part is a presentation of the application of IT tools in various fields of activity of a tourism company, 
including the role of the Internet in the development of tourism services. The results of the research on the 
degree of utilization of the virtual environment by Polish tour operators are also presented in this section. The 
second part discusses the impact of technological development in the IT sector on the emergence of new tools 
that support the activities of tourism organizations. It also indicates possible patterns of development of e-
tourism, marked by new trends in tourists’ needs and behaviour. 
Key words: IT tools, virtual environment, tourism 
 
INTRODUCTION 
 
In the second half of the twentieth century, the world has entered a new economic era, when the 
development of IT and telecommunication techniques changed the face of mankind and led to 
technological, economic, social and cultural revolution.The process, by removing the barriers of time, 
space, and social communication, significantly affected the development of tourism industry and 
determined its current shape. Modern tourism enterprises function, to a large extent, thanks to the 
utilization of virtual environment and its tools used to support every field of their activity. The aim of 
this article is to present the IT tools that support the functioning of tourism enterprises at present, and 
to indicate possible trends in the development of digitalization of the tourism sector in the short and 
long term. 
  
MATERIAL AND METHODS 
 
The utilization of IT tools in the tourism sector 
 
The use of virtual environment enables connecting the organization with external and internal 
elements of the (supply, distribution, logistics) value chain of suppliers and service customers. [1] „On 
the microeconomic level, IT technologies are basic tools for strategic management, operational 
management and the competitive struggle.” [2] Thanks to the diversity of technical, technological and 
organizational solutionsthat they offer, they support the processes of business management [3] on the 
level of operational management and in the sphere of distribution and tourism marketing. [4] The 
management process is usually based on specialized accounting, HR and payroll management 
software, databases, and decision support systems. Communication with contractors usually takes 
place in the Internet, through communicators such as Skype, and GaduGadu, [5] through the transfer 
of business transaction information, EDI data exchange, and B2B sales, where the IT system consists 
of advanced tools supporting the preparation and management of tourism offers. [6] The channel for 
exchanging information with service customers, in turn, includes the information-marketing part, 
where the Internet playsakey role. It enables the functioning of a wide range of software tools such as 
„Expedia, Travelocity, Internet Travel, Network, Priceline,” [7] which facilitate the information flow 
between a tourism organization and its potential or actual clients. Recently, thanks to the development 
of the cellular network (GSM and WAP), mobile and wireless technologies start to assume 
significance. „The proliferation of different mobile devices, such as Personal Digital Assistants 
(PDAs) and 3G mobile phones with Global Position Systems (GPSs)”becomes a reality. [8] New 
generation of mobile technologies (3G and 5G) enable sending multimedia messages, localization of 
the customer and access to a PC. „New possibilities are opened for tourism mainly by such 
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technologies as MMS, GPRS or UMTS, which, along with the Internet, helps popularize the offer.” [9] 
„The majority of tourism enterprises use mobile technologies to contact with their passengers directly, 
and to inform them about the product via SMS or MMS.” [10] Marketing communication functions 
thanks to websites, presenting basic information about an enterprise and its offer. [11] It is also made 
possible thanks to websites with multimedia, such as bars with ads (banners), mostly in the form of 
graphic links, or pop-up windows, which re-direct the user to a different website. [9] Yet another form 
of marketing message is information transmitted via so-called e-WOMs, which are platforms for 
exchanging consumer opinions. [12] Such on-line communication may have various forms: from 
internet forums and discussion groups to social networking websites. The electronic channel of 
distribution of tourism services (e-commerce) consists in managing the sales by means of information 
technologies, [13] including specialized computer reservation systems (CRS) and global distribution 
systems (GDS), [14] which evolved from CRS. GDS include:SABRE, AMADEUS, GALILEO 
INTERNATIONAL and WORLDSPAN. Computer reservation systems not only present the offer of 
tourism services, but also provide information on rates, along with the calculation option, enable 
accepting orders for tickets, vouchers, and complementary services.They provide detailed information 
on the journey, e.g. rates in a given currency, customs and visa regulations. They enable making any 
type of reservation, hiring a car and buying tickets or entrance cards to any event and tourist attraction. 
What is more, they help manage the income of a tourism enterprise. [15] Systems of such a type are 
based on mapping the users' needs and limitations and then matching separate components so that they 
can return to the operators in the form of ready offer solutions. [16] Thanks to their functionality, the 
client can influence the shape of a tourism product, and not only make choice of one product, but also 
adjust it precisely to their needs (e.g. the conditions of their stay in a hotel). [17] Apart from CRS and 
GDS, there is also a wide range of systems that support the process of distribution of tourism services. 
Among them are: the Destination Management System, internet tools such as Expedia, Travelocity, 
Preview Travel, Internet Travel Network, Priceline, mobile devices (PDS, WAP, GPRS), and 
technologies that support automated systems (e.g. telephone exchanges). [7]  
Nowadays, the Internet is the most important medium of tourist information. It is precisely „the use of 
the Internet in the tourism sector as a distribution channel alternative to GDSthat eliminated three most 
important limitations of traditional distribution channels.” [10] It reduced costs, expanded the group of 
target customers and enabled presentation of specific information. [10]By exploiting the Internet as a 
marketing tool, and thanks to resulting significant reduction of costs and increase of income, tourism 
organizations have raised funds for research, development, databases, and customer retention. [8] 
Substantial is also the role of the Internet in the sphere of tourist information exchange, which 
supports internal and external processestaking placein tourism organizations [12] and enabling the 
company to maintain constant and virtually unrestricted digital contacts with clients. [18] What is 
more, as far as its influence on the process of contacting with co-operators is concerned, the Internet 
increases the competence of individual entities, efficiency of their activities, and flexibility of 
responding to changing market conditions. [19] It is also creates new possibilities of increasing the 
overall quality of the final product by offering novel solutions. [8] 
 
The analysis of the use of IT tools by tour operators from the region of Opole 
 
A survey was conducted in order to identify the types of IT tools used by tourism organizations. It was 
administered in the region of Opole, in the third quarter of 2013. This region has a high potential for 
the development of tourism, which is why it was chosen for the purposes of the research. The study 
covered the entire population of tour operators and 40% of the questionnaires were returned. The 
research problems related to two basic organizational areas: the degree of utilization of information 
methods and techniques in internal processes, and the degree of digitalization of external 
communication processes. The following phenomena were identified as a result of the research. 
The results of the study on the utilization of information techniques in internal processes, including the 
use of tools and methods of digital communication, are as follows: 
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Figure 1. Source: own research 

 
74% of the respondents use tools for digital internal communication (Fig. 1): as much as 93% of them 
use e-mail, 67%–websites, and 63%–instant messaging clients such as GG and Skype.However, much 
lower (i.e. only 10%) is the degree of utilization of information methods that support processes in an 
enterprise (Fig. 2). Only 15% of the respondents hold teleconferences. Even less entities take part in 
virtual and video conferences.Slightly higher, though still not too optimistic, is the degree of 
utilization of the cyberspace in internal operation processes (Fig. 3). Respectively: 59% of the 
respondents use their own financial and accounting system, 19% – human resource and payroll 
systems, 26% –e-documents circulation(workflow) systems, 52% – data archiving systems, and only 
11% – specialized decision support programs.Taking everything into account, it can be concluded that 
the use of tools and methods of digital communication is at the low level of about 38% of the available 
tools. What is more, the studied enterprises use 42% of available tools of internal communication. 
44% of them utilize tools for communication with suppliers (Fig. 4)and 40% – for communication 
with customers (Fig. 5). Most of the enterprises – as many as 25 units (93%) – use the cheapest form 
of exchanging information with both suppliers and recipients, which is e-mail. Relatively high is the 
extent of utilization of the instant messaging clients: GG and Skype (67% and 59%–for exchanging 
information with,respectively, suppliers and customers), and the degree of utilization of fax: 59% for 
communication with suppliers, and 44%– for communication with clients. 89% (24) of the studied 
entities have their company website. 
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Figure 2. Source: own research 

 
Much less common is the utilization of e-commerce systems (Fig. 5): 22%of the respondents use them 
for communication with suppliers (B2B), and even less, i.e. only 7%– for communication with 
customers (B2C). The use of CRM is also at a low level. It is used, respectively, by 22%enterprises for 
communication with suppliers and 19%– for communication with customersof tourism services. Even 
less popular is the system of electronic data interchange (4%), and call centre –there is only one case 
of a company that uses this form of communication. Electronic tools such as discussion groups, 
questionnaires, surveys, and e-WOMs, are utilized by only two of the enterprises (7%). 

 
Figure 3. Source: own research 

 
To summarize, the utilization of IT tools, apart from tools used for internal communication, is at a low 
level in the studied enterprises, andat a very low level, in the case of advanced techniques. The reasons 
for such a state of affairs can be found in the unsatisfactory degree of computerization in social and 
economic life, which is caused by infrastructure deficiencies. Thus, the low level of knowledge about 
available IT tools appears to be a natural consequence of this situation. A very important factor that 
influences the low level of computerization of the surveyed tour operators is the fact that the majority 
(i.e. as many as 78%) of the entities are small units which do business of a narrow market scope, have 
limited offer, and increase their activity only in the holiday period.  
 
The future of virtual space in tourism 
 
The connection of tourism with information technology seems to be very strong due to the fact that 
tourism evolves towards significant changes and new challenges, which force new perspectives. Those 
can be identified in at least two dimensions: the development of new forms of individual tourism 
personalized to satisfy specific needs of the clients, and diffusion of increasingly sophisticated 
information and communication technologies in all spheres of social and economic life. [20] It is safe 
to say that all existing spheres of activity of tourism enterprises, such as: organization and 
management, contacting with co-operators, and the sphere of marketing and distribution, will have to 
be strongly supported by more and more recent IT solutions.  
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The overall technological development is not the only reason for the increasing degree of 
virtualization of the tourism of the future. Of great importance is also the „global economic situation,” 
[21] as well as political and climatic conditions. Rising prices of fuels, the effects of global warming, 
[22] armed conflicts, social unrest: all these factors have a huge influence on the present and future of 
tourism. Even now, they have helped to identify a wide range of needs related to searching for new 
communication and cognitive tools. Thanks to the virtual reality, a tourist of the future will be able to 
make a virtual tour around the place of a planned visit and select particular components of the tourism 
service so that they can personalizeits final shape. With the use of the Internet, they will be able to 
monitor the weather conditions before departure, track selected transport connections,be warned about 
possible delays, and find opinions posted by other tourists. Even now, we can access places all over 
the world without leaving home thanks to the 3rd Planet(an interactive guide), or find details about a 
specific localization thanks to Google Maps GL. One of the applications, 3D Jinji Lake, launched in 
July 2013, enables you not only to see the Jinji Lake at your own pace with the use of a smartphone, 
but also to exchange impressions and information with other uses and to share your photos and 
movies. [23] As far as the development of the organization and management sphere in tourism entities 
is concerned, the functionality of many of the enterprises can be in the future reduced to business 
activities performed only in the virtual space: without material resources, and based on the so-called e-
offices that use telework. In the virtual space, business contacts will be in most cases restricted to 
teleconferences and video conferences, and will not necessitate moving to far corners of the world. 
Virtualization of the tourism of the future means also planning of the urbanization of tourism space. 
Thanks to digital technology, it will be possible to create „realistic representations of the development 
of tourism areas in numerous variants according to adopted solutions.” Visual simulations of 
individual solutions will contribute to a large degree to facilitating and accelerating the planning 
processes, e.g. by considerably shortening the period of public consultation. [10] Because of the fact 
that, as Gregory Ashworth has said, „Any attempt to predict the future is a journey into the unknown,” 
[24] this section shall be summarized with an endeavour to create a vision of the tourism of the 
future.The question: „what shall it be?” is left for the reader. Will the word „tourism” mean the same 
in several dozen years as it means today?  
We claim that in the future, tourism will change its character completely. Thanks to the progress of 
civilization and development of information techniques, what seems unrealistic and unavailable in 
tourism today, will soon become everyday reality.The tourism of the future may be divided into 
tourism related to real-life objects and places (physical phenomena), and tourism of the virtual space. 
The emergence of virtual tourismseems to be a foregone conclusion.Its signals can be already found in 
the form of e.g. an application that enables us to visit the virtual Forbidden City or in the Jerusalem 3D 
Tours system providing us with a possibility to walk around Jerusalem. It will surely become an 
alternative to real-life tourism.Reasons for the development of this field should be found not only in 
low cost and time consumption of this form of recreation and education, but also in the fact that virtual 
tourism may constitute the only means of visiting places that are difficult to reach or closed from the 
public. Thanks to its development, the world will open not only for less wealthy social classes, but 
also for people who cannot move because of various ailments and those who just have little time. E-
museums have become increasingly popularfor the same reasons. The ones that already exist, such as 
the Gallery Systems or the International Centre of Photography in New York, enable us to browse 
through the works of most prominent artists in better and better technical conditions. Though it may 
seem mere fantasy, the authors believe that the times of cyber tourism are approaching. A moment 
when we will be able to have a tour inside the Great Pyramid, experiencing the specific character of 
this place with all our senses, is not so distant. In 2010, when 3D laser scanners were introduced for 
the civil public, a whole new reality opened for us. With these devices, it is already possible to create a 
digital multidimensional image of every material object with clockwork accuracy. Such an image, 
with the use of suitable software and equipment, can be recreated at any place and time to make an 
illusion of entering the newly-created reality.It can be stated with a great dose of conviction that 
electronic stimulation will soon become so advanced that apart from sight, our senses will be able to 
register the temperature of the environment, wind, smell and sound. The fact that this process is 
irreversible is supported by the overall development of civilization, the directions of which are 
indicated by specific behaviour of all economic units.  
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RESULTS AND DISCUSSION 
 

Modern IT tools for supporting the operation of tourism enterprises are used in all areas of activity of 
these organizations. They support organizational-management, information-marketing, and 
distribution processes, and play a key role in the exchange of information between all participants of 
tourism activities. Rapid development of the applications of the virtual space has been made possible 
thanks to the overall development of information and telecommunication technologies, which, in turn, 
was caused mainly by the expansion of the Internet. 
 
CONCLUSION 
 
Technical possibilities created by information technology influence the creation of new trends in 
tourismto a large degree. For that reason, further development in this field will trigger inventing new 
applications for IT systems, which, in turn, will lead to developing tools that will substantially 
revolutionize human life in the near future. A tourist of the future will not only have the choice of 
personalizing the tourism product and using e-guide, but they will also experience numerous 
dilemmas, e.g. if they should choose to relax in the actual or a virtual reality. Its products have a 
chance of becoming the „fast food” of the 21st centurytourism. Taking everything into account, it 
should be emphasized that the future of tourism enterprises is undoubtedly bound with the 
development of virtual environment, which may open for us numerous, yet unknown, options.  
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Abstract: The aim of this paper is to show the importance of development agencies on the economic 
development of regions and local communities, and the relationship between development agencies in terms of 
starting and existence of small and micro enterprises. Regional Development Agencies as carriers of 
development for regions directly affect on the steady economic development of the region and therefore on the 
economic development of local communities. 
Key words:  Development Agencies,  small and micro enterprises, local Development 
 
INTRODUCTION  
 
Today, the very presence of the opinion that entrepreneurship and micro, small and medium 
enterprises , the main and most important factor in solving many problems in ensuring a successful 
economy and overall economic development. Entrepreneurship and SMEs undoubtedly have great 
significance in terms of employment , successful business and economic development. To SME sector 
had a significant role in the development should have a much longer tradition than that of in our area, 
where the earlier period of little or no importance has been given to entrepreneurship and SMEs. 
Contemporary theory and practice of development and improvement of SME and their success 
depends on the financial and non- financial support from institutions , whether governmental or non-
governmental organizations. 
Republic Agency for Development of Small and Medium Enterprises in the Republic of Srpska was 
established in accordance with the Law on encouraging the development of small and medium-sized 
enterprises, and it has began work in September 2004th year. It works as a legal entity and non-profit 
organizations. The agency provides support to the establishment and development of small and 
medium sized enterprises in the Republic of Srpska and it is generator of the overall system to support 
the development of small and medium enterprises. 
The main objectives of the Agency are to increase the participation of SMEs in the economy of the 
Republic of Srpska, changes in the business structure by increasing the share of manufacturing 
activities and services in the gross domestic product, increased technological development, 
competitiveness and open new markets for small and medium businesses, increasing the number of 
businesses and new workers in these enterprises and regional cooperation with neighboring countries 
in order to exchange experiences and achievement of regional comparative advantages for 
entrepreneurship. 
The Agency has the task of drafting documents on the development of Small and Medium Enterprises 
of the Republic of Srpska operationally implemented incentive policy, promote employment, 
vocational training, re-training and re-training of workers, establish and encourage communication 
return small and medium-sized enterprises, entrepreneurs and their associations with the Government 
and other institutions in the RS and BiH. Agency should encourage the initiation and development of 
local development agencies and local centers for business development, assist and coordinate the 
development of a network of local development agencies and encourage inter-municipal projects , 
promote entrepreneurship and support business innovator, organize, collect and process legal and other 
information of interest small and medium-sized enterprises, the establishment of a single informations 
system statistical data and information relevant to the small and medium enterprises, to participate in 
international projects and their implementation, to support initiatives of the private sector and  the 
winder experiences of best practices at all levels. 
From the standpoint of supporting entrepreneurship and SMEs, most of the work is, and should remain 
at the entity level and lower levels, ie. at the level of economic regions and local communities, which 
have long lead various activities to support SMEs. Shortcomings in the existing legal framework for 
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SMEs are not being adequate infrastructure to support the business, as well as difficult and 
complicated access to credit. This lead to large obstacle to the development of entrepreneurship and 
SMEs in RS compared to most other countries in the region. 
 
THE WORLD PRACTICE AND EXPERIENCE OF FOSTERING SMEs AND 
ENTRENEURSHIP 
 
At the end of the last century, the pursuit of the creation of a large number of SMEs, entrepreneurship 
has become a significant factor in economic and social development around the world. When it is 
revealed as a very important state role at the national, regional and local level support the development 
of entrepreneurship. 
Start of establishing institutional networks to provide institutional support to the SME sector, the dates 
from the eighties, when he noticed the importance of SMEs in the economic reconstruction of the UK. 
Schematic representation of the possible support network for SMEs is shown in Fig. 1.[1]. 

 

 
 

Figure 1.  Support Network for SMEs [2]  
 
By organizing the first common policy framework to support SMEs in the EU in 1986. he began to 
create the Action Programme for SMEs. Measures of the Action Program initiated a number of 
activities in the elimination of administrative, financial and legal constraints for the operation of SMEs 
and to encourage cooperation and partnerships for SMEs. Forms of assistance for SMEs: Help for 
Beginners Business Assistance to existing businesses in the growth and development, particularly in 
special situations (new products, new markets, innovation, exports, technology transfer, networking 
and co-operation contract, the placement of financial instruments), and support for existing businesses 
that found themselves in difficulty[1]. 
In essence, the structure and form of assistance to small and medium-sized enterprises are varied and 
depend on many circumstances in the respective country, but it is important to learn the practice of 
some countries and the need to adjust the observed environment, during the establishment and 
operation. Also from state to state aid has a variety of programs and performers. Basically these are 
national, regional and local governments, nonprofit organizations, and commercial providers. 
Typically, entrepreneurs are not satisfied with the action of institutions for support and assistance. 
Comments relating to the bureaucracy of the institution, offering abstract knowledge unadjusted needs 
of entrepreneurs, because they tend to view problems in lack of funding. 
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SITUATION IN THE REPUBLIC OF SRPSKA FROM THE ASPECT OF SUPPORT TO 
DEVELOPMENT ENTREPRENEURSHIP AND SMEs 
 
In this way the great historical transformation of the former socialist self-management of the economy 
to a market economy, the state should play a major role. The crucial question that arises for BiH as a 
whole is a question of the ability to find a balance between the power of decision-makers in 
government structures and their functions versus the population as a whole, ie. question of striking a 
balance between the category of authority and responsibility categories. In this context , if the state 
promotes regional economic development, the region continues to face the process of their efforts in 
the promotion and implementation of the development process. At the same time creating and 
accountability region to foster not only their local area, but also to create the conditions for future 
integration process of individual regions of a single economic space, with the aim of improving the 
quality of life both within individual regions, and the entire area Bosnia. To support the development 
of small and medium-sized enterprises in the Republic of Srpska gained in importance 2002nd the 
adoption of the Program of small business development for the period in 2002. - 2005th years, after 
which he adopted the Law on Promotion of Small and Medium Enterprises SMEs.  
The adoption of the Act created the conditions for the legislative, institutional and financial support to 
this area During the 2004th pursuant to the Act have been established: the Department for SMEs and 
manufacturing trades in the then Ministry of Economy, Energy and Development and the Republic 
Agency for Development of Small and Medium Enterprises. At the same time the local establishment 
local agencies for the development of SMEs so that by 2009. was formed of 18 local agencies, and a 
number of municipalities have expressed interest in establishing them. Support the development of 
SMEs at the local level and also provide for the development of municipal departments that together 
with these institutions form a network to support the development of SMEs. Institutional support to the 
SME sector is one of the strategic priorities in the overall system of support the SME sector. Looking 
at the institutional support for the development of the SME sector , we distinguish between two 
support levels: national and local, The Law on encouraging the development of SMEs, in Article 14 
defined by the holders of the Strategy of development of SMEs, some of which are at the level of the 
most important Ministry of Industry, Energy and Mining and the Republic Agency for SME 
Development. It is important to note that the Government of the Republic of Srpska late marta 2009. 
was appointed by the Council for the Development of SMEs and Entrepreneurship of the Republic of 
Srpska with the principle of focusing on small businesses. 
As the process of local economic development taking place within the local government level , and the 
process of European integration the local level is increasingly more active role in creating a favorable 
business environment, strengthening institutional support and infrastructure for the management of 
development processes is gaining in importance.  
One of the main activities of local development agencies is that their work considered strategy 
implemented to encourage the development of SMEs at the national level. However, in practice, it 
often happens that the local development agency primarily tasked to coordinate and facilitate the 
process of local economic development overall. The very role of local development agencies stems 
from the needs of a unit of local government who is the founder of the agency. On the one hand, there 
are agencies that are highly specialized for specific types of support the SME sector, the agency aimed 
at the overall development of the municipality and are the main implementers of the overall local 
development strategies. According to the analysis infrastructure for the management of development 
processes in the Republic of Srpska there are 18 local development agencies or 28.57% of the total 
number of local authorities[2].  
Less government units have been formed separate organizational units outside the institutions of local 
government, but in the very institutions established departments for development, particularly in small 
and underdeveloped local government exists only report that performs the role of managing the 
process of local economic development. Local governments that have this kind of planning institutions 
to processes of local economic development is 31 or 49.18% of the total number of local government 
units in the Republic of Srpska[2].  
A certain number of units of local government has not developed any form of organization 
infrastructure for management of development processes, and 15 local government units or 23.84 % of 
the total number of local government units in the Republic of Srpska[2]. 
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Fig. 2. Shows the territorial representation of SMEs by economic regions. 
 

 
 

Figure 2.  Territorial representation of SMEs by economic regions[2] 
 
EMPIRICAL STUDIES INCENTIVES SMEs AND ENTREPRENEURSHIP FROM 
REPUBLIC AGENCY FOR DEVELOPMENT OF SMEs  
 
The research process was carried out in the territory of the Republic of Srpska, which is divided into 
six economic regions, namely: Banja Luka, Bijeljina, Doboj, Prijedor, East Sarajevo and Trebinje. The 
research involves the extent to which the Republic Agency SMEs in the Republic of Srpska supports 
and services to small and medium enterprises and entrepreneurs in different economic regions. The 
results were relevant municipal services, entrepreneurs, owners of micro, small and medium 
enterprises in the municipalities in which the research was conducted, and the emphasis was placed on 
three economic regions: Bijeljina, Trebinje and East Sarajevo. 
Selection is based on the fact that these three regions territorially linked, geographically located in the 
eastern part of the Republic of Srpska, percentage of small and micro enterprises in the total number of 
SMEs in the RS is lower than in the other three regions, as can be seen from Figure 2, a very small 
number of local development agencies, which presents relevant business unit in terms of a given 
study. 
 
RESULTS AND DISCUSSION  
 
The research, conducted in the Republic of Srpska, ie. in its three economic regions: Region Bijeljina 
Region East Sarajevo and Trebinje region, I came up with an answer to the question: To what extent is 
represented stimulation of your work by the Republic Agency for SME Development of the Republic 
of Srpska? The results of the responses given by the surveyed participants in the study are shown in 
Figure 3. 
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Figure 3.  The level of representation of the stimulus SMEs Republic Agency for 
Development of SMEs[1] 

 
CONCLUSION 
 
Developed countries have identified the importance of regional development agencies and their 
effective use in terms of improving the living standards, raising the level of environmental protection, 
as well as increased employment. Regional development requires the use of regional resources and 
resources as the other Republican Agency is not able to stay up all measures and to manage resources 
in all regions solely because of the lack of information in terms of potential. RDAs should have 
strategies and plans for initiating and encouraging SMEs and entrepreneurs in a given region, which 
will be coordinated with the national level will be realized. 
Each region has its own characteristics, in terms of resources and infrastructure, and directing them to 
be in the direction of achieving the best effect, which is reflected in their efficient use. In the Republic 
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of Srpska gradually creates a favorable environment for the development of SMEs and 
entrepreneurship, primarily to strengthen financial support and infrastructure. 
Local communities and municipalities, should direct their activities towards the improvement of 
infrastructure, to harmonize their rules and regulations with institutions of the region and the state 
work together to provide the best possible environment for start-up and survival of SMEs. 
Local government is the holder of shaping the development strategy of the region and the community 
the municipality and its entrepreneurial advocate. Deliberately encourage the local community to own 
the development of infrastructure and entrepreneurial potential and attract investments automatic is a 
concept of regional development. Each of the six economic regions of the Republic of Srpska has its 
potential for development, including infrastructure, resources used, and potentially exploitable 
resources, each in its own way in terms of the given potential. 
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Abstract: In the globalized economy knowledge becomes the basic resource. Management of the organization, 
which is based on the knowledge involves restructuring the business functions of the company – instead of  the 
equal treatment of all business functions of the company,  the attention must be focused on specific business 
functions inside a strategic dimension. These functions are marketing, quality and research and development. 
These business functions are based on the concept of knowledge management. The focus of the marketing 
strategy is the ratio of product-market. Most companies have to look up to companies in newly industrialized 
countries. These companies have managed to maintain a competitive advantage in times of crisis by insisting on 
improving business productivity, standardization of quality and continuous improvement of knowledge. 
Key words: Knowledge, Competitiveness, Management, Business, Quality 

 
INTRODUCTION  
 
Contemporary business environment demands new methods of action directed towards the achieving 
competitiveness. Management challenges are now far larger and heavier than they were just twenty 
years ago. The global economy affects the overall interdependence and connection of national 
economies and companies. According to Kotler (2009), the world is connected and interdependent 
more than ever. The global economy is characterized by the appearance of hyper- competition. Hyper 
competition happens when technologies and offers are so new that the standards and regulations are 
fluid causing competitive developments that cannot be stopped. It is characterized by intense _ and 
rapid competitive advances in which competitors have to quickly build new advantages and surpass 
their rivals. 
 
According to Sajfert et al. (2006), globalization is a process by which the company operations spread 
to the whole world space and strategic position of competitors in the national markets depends on their 
overall global position. General measures - leverage of business globalization are as follows: 
participation on the global market, global product development, and global business locating within 
the world geographic space, global marketing, and global competitive strategy. Market globalization 
results in the appearance of global companies and global industries - a global industry is one in which 
the strategic positions of competitors on the specific geographic or national markets depends on the 
position of firms in other countries in the world. The result of market globalization is the 
establishment of global competition which is very intense. Companies from developed countries 
compete with enterprises from newly industrialized countries and countries in transition. 
 
China and India have given a new dimension to the world economy, which includes productivity as a 
major imperative. Next to China and India, Brazil and Russia play an important role on the global 
stage, and they are joined by South Africa. By the nineties of the twentieth century, the global 
economy was dominated by the U.S., Japan and Germany. Today, the image of global economy 
leaders seems somewhat different - the U.S. is still the first economy in the world, followed by China 
and Japan. 
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MANAGING THE COMPANY ON THE GLOBAL MARKET  
 
In today's economy the most resourceful and the smartest individuals win no matter where they come 
from. New business conditions, which are defined by rapid technological development, market 
globalization, hyper and negative effects of the global economic crisis, require new responses to the 
management of the company. According to Adizes, management must change proactively and 
synchronize subsystems. This makes the organization strong, (2009). 
 
This market reality requires the establishment of a new model of organizational management. A new 
time has shown that large corporations, burdened by unnecessary bureaucratic administration and 
management lose the race compared to the regular less enterprising corporations, especially those from 
the newly industrialized countries of the world. The crisis of 2008 , which is still ongoing, revealed 
that old and outdated methods of business  and organization management have to be overcome and 
replaced by management methods and techniques that are based on improvement of knowledge 
efficiency. According to Hamel (2009), management is outdated. Like the internal combustion engine, 
it is a technology that has largely stopped evolving, and it is not at all good. Why? When it is less 
successful than it could be, or should be, we all pay the price. What ultimately limits the performance 
of your organization is not its operating model, nor its business model, but its management.  
 
According to Kotler (2009), at the heart of the traditional approach to strategy lies the assumption that 
by conducting the set of powerful analytical tools, managers can predict the future accurately enough 
to choose a clear strategic direction for themselves. When the future is truly turbulent and reaches a 
high level of chaos, this approach is at best only marginally useful, and in the worst case, truly 
dangerous. Managing the organization, which is based on the knowledge, involves restructuring the 
business functions of the company - rather than the equal treatment of all of the company, attention 
must be focused on specific business functions inside a strategic dimension and defining the 
competitive position of firms in the market. These functions are marketing, quality and research and 
development. These business functions are based on the concept of knowledge management. The 
focus of the marketing strategy is the ratio of product-market. The quality is based on the continuous 
improvement of operations which is based on the fight to increase business productivity. Exploration 
and job development is aimed at creating new technical solutions that should give the company a 
competitive advantage in today's turbulent market. 
 
Modern organizations should be intense in accepting knowledge. According to Sajfert et al (2005), 
knowledge intensive organizations are the ones that pay special attention to the knowledge of 
employees, which is why it is said that they are knowledge intensive organizations, which are 
becoming a major resource of the organization. A modern organization has to be innovative. 
Innovation is the basis of business development. The level of innovation affects the acquisition of 
competitive advantage. In the view of Drucker (1995), the main milestones in the entrepreneurial 
economy must be productivity and innovation. Business success of an organization can only be 
achieved by improving the productivity of key business resources and the current level of business 
innovation. 
Most companies have to looks up to enterprises from newly industrialized countries. These companies 
have managed to maintain a competitive advantage in times of crisis, insisting on improvement of 
business productivity, standardization of quality and continuous improvement of knowledge. For 
example, China is insatiable when it comes to its interest to listen, learn and develop in accordance 
with proven best solutions obtained in different parts of the world, and to assess what he calls "the 
trends of time in which we live. China performs a thorough assessment of global and regional 
environment and in accordance with that assessment defines its policy - adapting to the environment in 
this way (Bersten at all, 2011). In the view of American professor and expert for the global markets of 
Indian origin Mahayana (2007), the crisis will show how strong we are and how inventive we can be. 
In this crisis, many companies will start to think about innovation. Future scenario will deal with it 
where to find growth. The growth will come from developing countries. 
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THE ROLE OF KNOWLEDGE IN THE QUALITY DEVELOPMENT OF 
CONTEMPORARY ORGANIZATION BUSINESS 
 
Jay Conrad Levison (2005), the author of the marketing bestseller in the world Guerilla Marketing, 
notes that creativity begins with knowledge. Modern society is a knowledge society according to 
Drucker - knowledge has become the main resource of useful good. In the information society, 
knowledge is becoming the main economic resource. Knowledge is becoming the crucial factor of 
production. In the new knowledge society will become a strategic source of power and wealth, and 
basic social groups will be knowledge users, or people who are able to put their knowledge of the 
function of a business. Drucker calls them “knowledge workers”. It is a society where instead of 
"responsibility for the performance of people" comes "responsibility to apply knowledge and 
performance that is achieved thanks to that." 
 
According to Sajfert et al (2005), the operational definition of knowledge is the purpose of 
understanding and action patterns that govern the senses, the decision of creation, implementation and 
installation. Knowledge implies facts, concepts and perspectives, psychological reference models, 
truths and beliefs, prejudices and expectations, methodologies and know-how. Knowledge is used to 
interpret the information on the basic circumstances or the case how to manage the situation. 
Knowledge is the recognition which facts and information are relevant in the context of the situation. 
Knowledge possesses and represents many conceptual levels, in many forms, many types and many 
areas. Even Deming noted that the path of deep knowledge leads into transformation (1996). The 
system of profound knowledge was drafted in 4 parts and all of interconnectedness - understanding 
and appreciation of the system, knowledge of variation, theory of knowledge and psychology. 
 
Knowledge management according to Sajfert et al (2005), implies a systematic, explicit and deliberate 
building, renewal and application of knowledge to improve the effectiveness of the business functions 
of the company in terms of knowledge and profit based on expert knowledge and the major intellectual 
advantages. This area covers a calculated and systematic analysis, synthesis, evaluation and 
implementation of changes in knowledge in order to achieve a set of goals and test whether the 
activities related to the knowledge management are performed adequately, whether the goals are 
reached. It includes activities required to facilitate the work that is directly related to knowledge: 
involves adapting the ways of thinking about benefits of knowledge management, which are necessary 
for the creation, maintenance and use of appropriate indefinite capital. 
 
THE IMPROVEMENT OF KNOWLEDGE PRODUCTIVITY AND THE DEVELOPMENT 
OF THE COMPETITIVENESS OF DOMESTIC COMPANIES 
 
It is well known that domestic companies are insufficiently competitive on the international market. 
This trend has continued for nearly twenty-five years, and is particularly developed in the last five 
years, due to the cumulative negative impact of the global economic crisis and transitory recession. In 
the late eighties and early nineties of the twentieth century, it was clear that local companies are not 
competent on the international market and that the main reason is the lack of productivity of the 
business. The average age of equipment in Serbia is 29.5 years, which is two decades behind the EU 
average. This is determined on a representative sample of 154 small, medium and large companies in 
six industries with similar production programs. Austria is taken for the criterion because of 
approximately the same natural, social and population characteristics as Serbia. The businesses that 
are lagging behind the most are in the field of textiles (35), followed by enterprises from machinery 
industry (34.5 years). The businesses that are lagging behind the least are the pharmaceutical business 
functions of the company with a delay of 21 years. Regionally seen, equipment, tools and other 
productive assets fall behind in Southern Serbia (41 years), and the best condition is in Backa (lag of 
18.5 years). In Belgrade the lag is 20.5 years. 
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According to the survey of the National Statistical Office (RSO) on innovation activities in companies 
in Serbia in the period 2008-2010, carried out on a sample of 3,982 business entities came to the 
conclusion that of total number of the surveyed enterprises 47.9% participate in any form of 
innovation. Research of the National Bureau of Statistics shows that domestic companies surveyed 
(regardless of the size of the company) are mostly facing the innovation in the organization of (28.8), 
while the second largest representation of process innovation and innovation in marketing with 26.2%. 
The problem is that innovation of products / services is the least present the innovative activities of 
companies which may be related to the still low level of investment in research and development in 
companies. When it comes to expenditure for innovation activities, the greatest part of investments 
relates to the purchase of machinery, equipment and software, and it is 75.1%. The Republic of Serbia 
has analogous to the standard ISO 9000 series and now has fully complied with international standards 
and European commitments in terms of development and improvement of the quality management 
system. The number of companies that has certificates is around 2,200 companies, which is not 
enough. The majority of companies that have introduced quality management system are major 
companies. The reason for the relatively small number of local companies that have introduced quality 
system is in a difficult financial situation in the domestic economy - in the last 10 years, domestic 
companies were in a chronic lack of funds, and the introduction of quality system of business requires 
significant efforts that the company needs to invest in the implementation of this concept. According 
to a new report by the World Economic Forum, which covered 148 countries in the world, Serbia is 
ranked 101 in the world which is a drop compared to the previous year, when Serbia was on 95 place. 
This year, Serbia has found itself with Algeria (100th), Guyana (position 102), Lebanon (103 place) 
and Argentina (104th place). From the countries in the close environment, Hungary is on the 63rd 
place, Bulgaria is on the 57th, Romania is on the 76th place, Greece ranks 91 and Albania is on the 
95th place. 
 
Without constant use of knowledge in processes of governance organization there is no economic 
progress. This is best illustrated in an example of Far Eastern countries which have put the process of 
improving knowledge on the first place priorities and linked with the constant struggle to increase 
business productivity. For example, the Japanese have overcome the problem of resource poverty 
constant improvement of knowledge, using the already existing and proven knowledge that is coming 
from the West, with the aim to present concepts and techniques in advance. Fighting for quality and 
productivity in Japan has always had national significance. According to some beliefs, as well as basic 
courses of action aimed at improving the domestic enterprises can be seen as follows: 
 

 broader and more comprehensive application of the concept of benchmarking in local business 
organizations, 

 wider and faster acceptance of the concept of quality and international standard series ISO 
9000:2000, 

 continuous improvement of the knowledge of all employees in local business organizations, in 
particular executive management, 

 modified behavior based on the application of modern management techniques, 
 market acceptance of business logic, 
 creating successful brands based on combining the effects of quality improvement, product 

differentiation and integrated marketing communication, 
 Achieving customer satisfaction is the basis for the formation of loyalty in relation to the 

brand, (Besic, 2005). 
 
CONCLUSION 
 
Innovation in general, and especially innovation and the development of management skills and 
knowledge of local managers is a key point for the successful restructuring of the national economy. 
From the perspective of domestic enterprises, improving the process of the knowledge management is 
the crucial factor for the successful market positioning and market development. There is a need for 
continuous improvement of knowledge and skills of employees, especially managers. Special attention 
must be paid to the implementation of new approaches to the management of business 
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organizations, both conceptually and in terms of organization. The main direction for the 
improvement of competitiveness of domestic enterprises is the improvement of the quality of 
operations and increase in productivity. This can be done on the basis of a continuous 
improvement in productivity of knowledge of employees in domestic enterprises, in particular to the 
advancement of knowledge managers. 
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Abstract: The main goal of modern business is to achieve operational excellence and achievement of world-
class products and services. This can be achieved only by the continuous improvement of the quality of the 
business, which is based on increasing the productivity and knowledge of each individual employee in the 
organization. Quality and productivity represent a starting point for process improvement business a modern 
organization. 
Key Words: Competitiveness, Productivity, Competitiveness, Management, Business, Quality 

 
INTRODUCTION  
 
In today's economy productivity is one of the most important factors of competitiveness of the 
organization. Improving business productivity is an imperative of contemporary business. It involves 
the creation of conditions for improving the efficiency of knowledge, and consequently productivity. 
The battle for competitive advantage is primarily a struggle for business productivity. The success of 
the company is significantly associated with the concept of integrated quality, enabling competitive 
advantage by improving the productivity of business. Quality becomes the primary development goal, 
objectified through the achievement of operational excellence and achievement of world-class 
products and services, while the holders of the improvement of the quality are employees of the 
organization, from top management. Employees are the ones who created the quality of operations, 
based on improving the productivity of their knowledge and work. 
Quality and productivity are inextricably linked. Improvement of quality affects on lowering operating 
costs because of less rework, errors, delays, rejects and better utilization of equipment and raw 
materials, in a word for better management of business resources. Lowering the cost of doing business 
directly affects the increase of productivity. Lower costs and higher productivity affect the flexible 
price policy - manufacture and sale of standard quality at lower prices than the competition. 
Optimization of cost-quality relation affects the capture of a stable market position, achieving 
development goals - provides jobs and creates new jobs. Successful business, especially at the 
international level, means of product differentiation, quality and efficient marketing communication. 
Domestic companies have had difficulty during the last twenty years with all three of the apron. 
 
BASIC COMPETITIVENESS FACTORS 
 
Integrated quality concept is one of the most important factors in achieving a stable market position in 
modern business. Integrated quality concept includes all the quality elements that relate to consumers 
and users, and to achieve customer satisfaction and quality improvement. The quality of a specific 
product or service is only one element of the concept of market quality, but it also marks the start and 
end point of the entire cycle of improving the quality of operations. The concept of quality 
management is primarily a market concept, which is based on the improvement of all business 
activity, ranging from market research, product development and production, logistics, marketing 
communications and business impact evaluation. General results concerning the application of 
international standards of management and the development of integrated management systems are 
insufficient at the local market. The negative effects of the global economic crisis have led to some 
companies lost certificates of introduced standards, both due to lack of funds needed to maintain the 
system as well as layoffs and the loss of markets. Improving the productivity of the business as one of 
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the imperatives of the modern economy requires improvement of the organizational structure. 
According to Besic and Djordjevic (2007) it is particularly important that the organizational structure 
is propulsive for information as a hierarchical vertical, and the horizontal level . Modern organizations 
require productive project teams, where no existing leader - each team member must have both 
leadership skills and entrepreneurial abilities. Strong leadership personalities of the twentieth century 
were replaced by strong teams of individuals who are willing to work through team answers the 
challenges of the future. Creativity, innovation and the advancement of knowledge are the basis of 
successful project teams. 
According to David Ogilvy, one of the greatest practitioners in the field of marketing and founder of 
the marketing company Ogilvy and Mather, most businessmen are incapable of original thinking 
because they are unable to escape the tyranny of reason. Marketing professionals and executives need 
a new way of thinking, which is not directly burdened by old conceptions of rationality, which have 
their roots in the theories of the early 20th century. Until the beginning of the transition process, 
marketing functions, particularly its communication component had adequate treatment in the mix of 
business functions of local companies. The legacy of the socialist economic system dictated that 
production is crucial to the success of the enterprise, regardless of other factors, such as market 
information, research and development, product compliance with requirements, cooperation with 
competition. 
The main problem encountered by most of the companies on the market in the field of marketing 
practices is the lack of implementation of the marketing concept. The main problems we face in our 
country when it comes to marketing are as follows: 

 Failure to adopt the logic of marketing - marketing must be accepted not only as a business 
function, but also as a concept, as a business philosophy, which is fundamental to every 
company, which operates the market. 

 Misunderstanding of integrated marketing concept - general acceptance of marketing can 
result in counterproductive effects on the company - marketing mystification or voluntary 
approach. Large part of domestic companies marketing serves as an element of business that is 
used in order to distance itself from the legacy of the past, not because of the real need to 
switch to market and profit thinking. 

 What is the characteristic of our company is the misconception of marketing. Marketing is 
identified with the promotion, mostly from advertising. 

 Inadequate treatment of marketing investment - an investment in marketing, particularly in 
the promotion, is not a pure expense, but an investment which will show effects only in the 
future by building a market position and reputation of the company. 

 Issues of organizational structure - it is necessary to clearly define the position of marketing 
within the company in relation to the functions that are strategically signs, as well as other 
functions of the company (the problem of coordination and competence at the macro level).  

 Insufficient speed of adoption of new trends, methods and techniques in marketing - 
taking into account the above-mentioned facts, and the economic crisis which in the early 
nineties affected the local economy, it is evident that even the companies that are really 
marketing behavior, lack space, strength to accept all of the latest trends in marketing 
(Djordjevic et al, 2001). 

 
THE APPLICATION OF CONTEMPORARY METHODS AND TECHNIQUES OF 
MANAGEMENT IN THE ROLE OF THE IMPROVEMENT OF BUSINESS QUALITY 
 
Most domestic companies are insufficiently competitive on global competitive market. This is true for 
most of the companies that come from countries in transition. In order to reach conclusions about the 
need to apply modern methods and techniques of management in the process of upgrading domestic 
enterprises a research was conducted. The study involved the analysis of expert opinion leaders and 
organizations (projected at 50 sample units) in connection with the above defined problem and was 
carried out from January to June in 2012 on the territory of Serbia, in order to obtain the opinion of 
enterprise managers on the application of modern management methods and techniques in domestic 
business organizations. 
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A large number of respondents, 66.7%, believe that the organization in which they work can be 
described as an organization that applies modern methods and techniques of management, while 
33.3% think the opposite. Among the respondents who feel that their organization uses modern 
methods and techniques agreement, majority of them, 42.9% mentioned methods and techniques of 
strategic planning, 23.6% marketing information system, 14.2% the development of innovative 
activities, human resource management, 4.7% time management, cost management of resources 4.7% 
[4]. Respondents rated the organizations in which they work in relation to the technological level of 
the organization and the level of competitiveness of the organization. Results are given in Tables 1 and 
2. 
 
Table 1. Review of the technological level of the organization 

Rank Rating technological level Participation in responses 
1. Satisfactory 60% 
2. High 24% 
3. Average 16% 

 
Table 2. Evaluation of the level of competitiveness of the organization 

Rank Rating competitiveness level Participation in responses 
1. Satisfactory 60% 
2. High 20% 
3. Average 20% 

 
As the main factors to improve the business leaders as analyzed emphasize the following: training 
employees - 21.3%, increase in business productivity - 17.7%, improving the IT basis of business - 
17.7%, improving the quality of operations - 13.5%, the internationalization of domestic companies - 
9.9%. In the basis of the development of local business organizations are the following elements: 
investing in employees - 22.4%, investment in equipment and technology - 18.8% investment in the 
development of new products and services - 17.3% investment in staff training - 12.6% investment in 
the administrative office building - 11, 9 %. The necessary elements for the development of 
competitiveness of domestic business organizations are: improving business productivity - 21.3%, 
permanent training of management and employees - 18.4% investment in the development of national 
brands - 15, 4 development of an entrepreneurial culture in business - 14 7 %, creating strategic 
alliances - 9.6%. As the main obstacles in the development of the competitiveness of domestic 
enterprises can be seen as follows: lack of financial capital - 20%, lack of knowledge - 18.6% , 
outdated equipment and technology - 15.9% , not enough incentive business environment - 13.1% , 
inadequate use of modern methods and techniques of management - 12.4%. 
According to research results, methods and management techniques to be used in domestic business  
organization are: 

  Database Management 18.4% 
  Quality Management System - 17.6% 
  Corporate Social Responsibility - 17.6% 
  Relationship Marketing - 16.8% and 
  Benchmarking - 12.6%. 

 
The need to apply these management techniques, according to the managers of local companies 
analyzed, substantially coincides with the generally accepted theoretical views on the restructuring of 
the business functions of the contemporary organization and giving special strategic significance to 
functions of marketing, quality and research and development. The primary purposes of managing any 
business function, especially those features that are related to the strategy of the enterprise is the 
information. The quality management system is a fundamental tenet of integrated building 
management system - quality is the basis of competitive ability of each organization. Quality and 
productivity are interconnected - when quality is improved the productivity is improved as well. 
Corporate social responsibility has become an imperative of modern business because it takes into 
account the requirements of stakeholders and incorporates them into the business policy of the 
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company. Modern corporations must be responsive corporations. Benchmarking is essential for 
continuous analysis of the competitive position of the Organization. Most of the respondents, 75%, 
stated that their organization has implemented a quality management system according to the 
requirements of the international standard series ISO 9000th. Among the organizations that have 
introduced quality management system according to the requirements of international standard series 
ISO 9000, only 30.4% developed an integrated management system. These data fully reflect the state 
of the local companies that are financially and resource- weak and that have neither the means nor the 
power to develop quality and integrated management systems as a prerequisite to achieve business 
excellence. On the other hand, the greatest number of managers, 66 %, according to the domestic 
market, there are local organizations that can be characterized as a business executive, referring to the 
likely importance of these organizations in the national and regional frameworks, but not the global 
frames. If we considered the global market, we may not be able to find companies that would be 
characterized as a business executive organizations. 
 
CONCLUSION 
 
Contemporary organizations of today need entrepreneurial management rather than technology itself. 
However, rapid technological development demands of modern organizations to improve the 
efficiency of knowledge, innovate and its technological base. This is mainly referred as to high 
technology in modern business, especially information technology, as a prerequisite for successful 
business and achieving business excellence. Higher level of technology allows companies to use the 
opportunities that are in the enterprise environment and directly affects the improvement in labor 
productivity, and therefore the business. 
Methods and techniques of management that local leaders have seen as necessary for successful 
business in the present research are based on knowledge. New management paradigm on a global scale 
is based on the process of improving the efficiency of knowledge. Database management is ultimately 
based on the production and storage of information for management decisions and information is 
knowledge in the flow. Relationship marketing ultimately involves knowledge management Marketing 
is a key tool that makes knowledge productive. Benchmarking involves the technique of learning from 
others' experiences, primarily those best ones. The quality management system originally has a need 
for continuous improvement in productivity of knowledge mostly through quality education. The 
concept of corporate social responsibility involves learning about the needs and demands of other 
stakeholders in the business environment. The question of the application and development of modern 
management techniques which are given in the model is the issue of achieving, maintaining and 
improving the competitiveness of domestic enterprises. 
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Abstract: Energy modeling and simulation of buildings, both existing and new, takes significant part in HVAC 
field and whole building sector in order to achieve defined goals for reducing GHG emissions and energy use. 
The main reason for ever increasing usage of building simulations is the fact that it is the least harmful way to 
check the design ideas or refurbishment measures prior to construction. In refurbishment projects, it is not 
enough just to model the building and its systems. Simulation results obtained for actual weather data at the 
building location and building usage patterns should be compared with available utility data (energy 
consumption or cost) collected for given period of time. The process of reducing differences between simulation 
outputs and measured values is called building energy model calibration. Since the calibration process 
encompasses building energy audit in most general form and site measurements, there is a need to identify 
parameters in the model which influence the simulation results the most, and which should be the first ones to 
measure. One of the ways to identify most influential parameters is to perform sensitivity analysis. In this paper 
Monte-Carlo analysis, which is one of most widely used global sensitivity techniques with 51 input parameters is 
performed for existing commercial building of Feniks BB Company. For output only natural gas consumption 
was selected and as indicator SRRC-standardized regression rank coefficient was selected. Obtained results 
show that the most sensitive parameters are infiltration schedule fraction and zone infiltration air flow rate, 
indoor temperature of heavy manufacturing hall and ground temperature. 
Keywords: building energy modeling; model calibration; sensitivity analysis; EnergyPlus; Simlab 
 
INTRODUCTION 
 
Over the last 30 years simulation tools have been used to analyze thermal behavior, energy 
consumption and HVAC system performance of buildings. With ever increasing power of computers 
and their low cost, computer models were able to help designers in improving building energy 
efficiency and to check how various design options influence building energy consumption and more 
importantly thermal comfort within occupied zones. The use of building energy modeling software's 
like EnergyPlus [1] for example is the best way to check design ideas related to building energy use in 
every stage of the design (architectural, material selection, HVAC and lighting installations etc.) 
before the building is even being built. This approach is far more economically viable, although 
expensive due to the knowledge and effort required to conduct such numerical experiments, then to 
build the building and then to see there were poor judgments in the design. In refurbishment projects, 
all potential measures for improving energy efficiency, have to be checked against the real building. 
Creating building energy model itself is not enough. The real building has to be represented by its 
virtual "twin" - calibrated building energy model. By calibrated model, it is meant that model mimics 
the real building and its energy flows as closely as possible. Term "as closely as possible" shows that 
simulation outputs (i.e. energy consumption, HVAC system performance, indoor air temperatures etc.) 
match within predefined tolerances [2, 3, and 4] these same parameters which are being measured in 
the same time resolution (hourly, monthly or annual). The process of reducing differences between 
measured building energy consumption and simulated one is called calibration [5]. Sensitivity analysis 
plays an important role in finding parameters that influence building energy consumption or other 
preferred output the most. 
 
BUILDING ENERGY MODEL CALIBRATION AND SENSITIVITY ANALYSIS 
 
Calibration is the vital part for improving energy efficiency during operational stage of building life 
cycle because when models are determined to be calibrated, they can be further used to: analyze 
energy use in building; identify possible energy efficiency measures; provide support for investments 
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in energy efficiency measures; provide baseline for comparison of energy efficiency measures and all 
their effects. The main question is when the model is considered as “calibrated” (acceptance criteria). 
Common approach is to use utility bills for at least one year (electricity and fuel consumption), 
typically at monthly intervals, as the benchmark for comparison between model and real building. 
Two parameters need to be calculated in order to compare the utility bills (energy consumption 
measurements) and model outputs: Mean Bias Error – MBE, and Cumulative Variation of Root Mean 
Squared Error – CV(RMSE). In calibrated simulation these parameters need to be calculated at hourly 
resolution, so it means that the conducted measurements of energy consumption or related physical 
parameters should be at least measured in the same resolution. In order to reduce number of 
parameters that should be measured and double checked sensitivity analysis is performed. 
Sensitivity analysis determines the contribution of individual parameter to the model output. There are 
three common types of methods that are used to conduct sensitivity analysis, the screening, local and 
global methods, which can all be applied by using building thermal analysis programs. The screening 
method is necessary in various models that require a large number of input parameters. The main 
objective is to create a short list of important factors for further analysis. It is applied before global 
sensitivity analysis to save time. Local sensitivity analysis evaluates the output variability by changing 
one design parameter while all others are kept constant. This method can be easily compared to global 
sensitivity analysis. Global sensitivity analysis investigates the effects of all the inputs at once. In 
other words, it can be used to quantify the influence of uncertain input parameters on the response 
variability of a model. Usually, Monte Carlo analysis (MCA), which is one of the current global 
sensitivity analysis techniques, is used because the sensitivity of selected parameters can change based 
on the interactions and effects of all parameters. Input values should be randomly sampled with their 
respective probability distribution function. The accuracy of the analysis strongly depends on the 
sampling technique that must ensure a good coverage of the input space. The Latin hypercube 
sampling technique covers better the input space than random sampling. The methodology for 
sensitivity analysis could be described by following steps [6]: 

• determine variations (probability distributions) of input parameters with ranges or statistical 
parameters (mean value, standard deviation) 

• create building energy models based on input variations 
• collect simulation results 
• run sensitivity analysis 
• presentation of sensitivity analysis results 

The first step in SA is to determine the range of the inputs. For global SA, probability distributions and 
ranges need to be defined in order to create input parameter sample [7]. Distribution of inputs depends 
on the research purpose. For example in the design phase wall U-value could be treated as uniform 
distribution in a given range since all values are equally probable, but in model calibration wall U-
value could be treated as normal distribution since wall materials and their properties are known and 
are likely to be around initial value. For most of global SA it is necessary to do sampling in order to 
generate sample of input parameters. The second step is the most time consuming because large 
number of simulations has to be performed. For this step any dynamical simulation software can be 
used. Third step includes both collecting simulation results and pre-processing them for sensitivity 
analysis. Fourth step is sensitivity analysis. Based on selected method appropriate software for 
calculating sensitivity indicators is used. Numerous software are available for this purpose like: Simlab 
2.2 [8], R [9] etc. The final step is post-processing and visualization of results. Results could be 
presented both graphically and in tables. Selection of chart type depends on number of inputs and 
outputs and can be fairly simple like bar graphs (for one output) or very complex (Tornado plot, 
Cobweb plots etc.). 
 
CASE STUDY - FBB BUILDING 
 
For this research Feniks BB Company building was selected (figure 1). This building represents 
combination of office and manufacturing (production) building (this type of building is very common 
in Serbia). 
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Figure 1: Building model created with Open Studio Plug-in for Google SketchUp 

 
Selected building represents combination of office and manufacturing (production) building (this type 
of building is very common in Serbia) of Feniks BB company. The building is located on the outskirts 
of City of Niš, Serbia. The building has 1630m2 of useful floor area. One part of the building 
(approximately half in volume) is a manufacturing hall, while the other part is divided in two stories 
where light manufacturing, servicing facilities and offices are located. Most of the outside windows 
and doors are double glazed with low emission glass. Windows and doors account for 35% of the 
building façade. In one part north-east and south-east façade of the building are realized with semi-
structural glass façade, as shown in figures 3 and 4. All glass fields are double glazed 6-15-4 with 
green stop-sol outside glass layer. Outside walls are masonry with insulation and aluminum panels 
(except north-west wall). 
On a zone level heating system consists of baseboard heaters (radiators) which heat most of the 
building premises, air heaters (for heavy manufacturing premises), and ducted fan-coil unit (serving 
the dining room). Operating regime of all these secondary systems is 65/45oC. In EnergyPlus air 
heaters and fan-coils are modeled as a combination of their base components: heating coil, fan and 
mixing section (only for fan-coils). 
On a plant level, heat is produced by gas-fired condensing boilers. Boiler with nominal capacity of 
92kW is used for space heating. Boiler with characteristics (efficiency curve) provided by boiler 
manufacturer is modeled. 
Electricity and natural gas are being used in the building, and utility bills are available. 
For this research, whole building energy simulation program EnergyPlus was used. Building geometry 
was created using Open Studio Plug-in for Google SketchUp, as shown in figure 1. All rooms in the 
building are treated as separate thermal zones. 
For simulations, weather file in TMY format for City of Niš was used. In addition, since outside 
condition measurements (dry bulb temperature, relative humidity, barometric pressure, wind speed and 
direction) are planned, weather file was modified for the simulation period which is identical to the 
measuring period of gas consumption (October 15th 2012 - March 31st 2013.). Weather data for 2012-
2013 were taken from free "Weather Underground" database [10], although weather conditions 
(including solar radiation) should have been taken from local hydro-metrological station. This form of 
weather file modification is planned for further research. 
 
SENSITIVITY ANALYSIS 
 
Since this research deals with the existing building, and since HVAC systems are used only for 
heating, natural gas consumption is only reasonable simulation output for calibration process. 
Sensitivity analysis will focus on how various input parameters affect simulated gas consumption 
(output - only virtual meter in EnergyPlus simulation file is for natural gas consumption during 
heating season). For the research we selected Monte-Carlo Analysis (MCA) with Latin hypercube 
sampling (LHS), and as sensitivity indicator selected SRRC was selected. 
 
Input variations - input uncertainties 
 
In literature covering sensitivity analysis numerous probability distribution functions are applied in 
order to generate input sample. Number of input parameters to be treated ranges from several dozen up 
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to several thousands [11-15]. For this research input parameters, their probability distribution 
functions and ranges are given in table 1. For physical properties normal distribution has been selected 
with mean values as in [16] and standard deviation equal to 10% or 20% of the mean value. For all 
other parameters uniform distribution has been selected. 
 
Table 1. Input parameters with probability distribution function and ranges 

Input parameter Probability function Range / mean value and standard deviation 
Ground temperature, oC Uniform 3 - 16 
Infiltration schedule Uniform 0 - 1 
Indoor temperature:  Offices 
                                  Electronic department  
                                  Light manufacturing 
                                  Heavy manufacturing 

Normal 

μ=22, σ=2 
μ=20, σ=2 
μ=18, σ=2 
μ=18, σ=2 

Hot water supply temperature, oC   Normal μ=65, σ=5 
Lime cement mortar: thickness, m 
                               conductivity, W/mK 
                               density, kg/m3 
                               specific heat, J/kgK 

Normal 

μ=0.015, σ=0.0015 
μ=0.99, σ=0.099 
μ=1900, σ=190 
μ=1050, σ=105 

Cement mortar:      thickness, m 
                               conductivity, W/mK 
                               density, kg/m3 
                               specific heat, J/kgK 

Normal 

μ=0.02, σ=0.002 
μ=1.4, σ=0.14 
μ=2100, σ=210 
μ=1050, σ=105 

Brick clay:              conductivity, W/mK 
                               density, kg/m3 
                               specific heat, J/kgK 

Normal 
μ=0.61, σ=0.061 
μ=1400, σ=140 
μ=920, σ=92 

Brick:                      conductivity, W/mK 
                               density, kg/m3 
                               specific heat, J/kgK 

Normal 
μ=0.64, σ=0.064 
μ=1600, σ=160 
μ=920, σ=92 

Cast concrete 20:    thickness, m 
                               conductivity, W/mK 
                               density, kg/m3 
                               specific heat, J/kgK 

Normal 

μ=0.20, σ=0.02 
μ=2.04, σ=0.204 
μ=2400, σ=240 
μ=960, σ=96 

Cast concrete 15:    thickness, m 
                               conductivity, W/mK 
                               density, kg/m3 
                               specific heat, J/kgK 

Normal 

μ=0.15, σ=0.015 
μ=2.04, σ=0.204 
μ=2400, σ=240 
μ=960, σ=96 

Concrete block 20: thickness, m 
                               conductivity, W/mK 
                               density, kg/m3 
                               specific heat, J/kgK 

Normal 

μ=0.25, σ=0.025 
μ=2.33, σ=0.233 
μ=2500, σ=250 
μ=960, σ=96 

Cast concrete 30:    thickness, m 
                               conductivity, W/mK 
                               density, kg/m3 
                               specific heat, J/kgK 

Normal 

μ=0.30, σ=0.03 
μ=2.04, σ=0.204 
μ=2400, σ=240 
μ=960, σ=96 

a)Window#1:          U-value, W/m2K 
                               SHGC, - Normal μ=5.68, σ=1.136 

μ=0.766, σ=0.0766 
b)Window#2:          U-value, W/m2K 
                               SHGC, - Normal μ=3.28, σ=0.656 

μ=0.687, σ=0.0687 
c)Window#3:          U-value, W/m2K 
                               SHGC, - Normal μ=2.55, σ=0.51 

μ=0.195, σ=0.0.0195 
d)Window#4:          U-value, W/m2K 
                               SHGC, - Normal μ=2.631, σ=0.5262 

μ=0.499, σ=0.0499 
e)Window#5:          U-value, W/m2K 
                               SHGC, - Normal μ=2.497, σ=0.4994 

μ=0.387, σ=0.0387 
f)Door:                    U-value, W/m2K 
                               SHGC, - Normal μ=4, σ=0.8 

μ=0.9, σ=0.09 
Zone infiltration, ACH Uniform 0.2 - 1.5 
Boiler Efficiency Uniform 0.85-0.95 

Note: window composition is as follows: a) 4mm single clear glass; b) 4-12-4 double clear filled with air; c) 6-15-4 with 
green stopsol glass filled with air; d) 6-15-4 with lowE glass filled with air; e) 4-12-4 with lowE glass filled with air; f) steel 
door 
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Sample generation and simulations 
 
For this research MCA global sensitivity analysis with Latin hypercube sampling (LHS) was 
performed in Simlab 2.2 software which enables defining input parameters from table 1 and Latin 
hypercube sampling, amongst the other features. Requirement is that sample size is at least 1.5 times 
higher than the number of parameters [8]. Since 51 parameters were selected, total of 100 samples was 
generated. After the sample was created, parametric pre-processor feature of EnergyPlus was used to 
run simulations, for both TMY weather file and for the 2012-2013 weather file. 
 
Results and discussion 
 
SRRC as sensitivity indicator was calculated in Simlab 2.2. Figure 2 present the sensitivity of each of 
the building parameters. A positive SRRC means that as the value of the building parameter increase, 
the value of the corresponding output simultaneously increases. A negative SRRC implies that 
changes in the inputs and outputs tend to go in opposite directions. There is no considerable difference 
in the order of building parameters for two weather files selected. Parameters that have the greatest 
influence on gas consumption in the absolute order are: infiltration schedule, zone infiltration ACH, 
indoor temperature in heavy manufacturing premises and ground temperature. 
 

Figure 2. SRRC for TMY and 2012-13 weather files 
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CONCLUSION 
 
This study showed that for calibration, sensitivity analysis can point out which parameters need closer 
attention and if it is possible what measurements should be taken. In our case indoor temperature 
measurements are the easiest to implement since the measuring equipment and acquisition system are 
available through existing building BMS, although additional indoor temperature sensors will be 
placed. Measuring ground temperature has "mid level difficulty", and it is unlikely to implement but 
with available literature this obstacle can be passed. The main problem will be to describe infiltration 
in the model. In the absence of blower-door test, detailed numerical models for infiltration must be 
used. 
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Abstract:  The heat exchangers network that is used in production of nitric acid is analysed by applying the 
pinch method and comparing with literature data. Together, solutions share similarities. Designed new energy 
grid gave good results with new order of heat exchangers. Also, “pinch” method gave good results from 
economic aspect, what is a confirmation that it gives better energy integration, in comparison with literature.   
 
Key words: “Pinch” method, energy optimisation, energy integration, nitric acid production, total costs  
 
INTRODUCTION 
 
The heat exchangers, heaters and refrigerators, along with the currents that connect them or that pass 
through them, form a network of heat exchangers. Network of heat exchangers along with utilities 
represent the most appropriate part of the technological systems through which process costs can be 
reduced by optimization of certain parameters. In this work, comparison of the solution from literature 
and new solution are given on the example of nitric acid production in the plant Petrochemical 
Industry-Kutina, located in Croatia [1,2]. Synthesis of heat exchanger networks i.e. energy integration 
of process allows significant reduction in energy requirements [3-6]. Therefore, the methods for 
obtaining the most suitable arrangement of heat exchangers are developed. One of the latest is "pinch" 
method, by which one can easily perform process optimization and thus better and more efficient 
energy use. "Pinch" technology is very suitable for a detailed energy analysis of the process, but also 
for comparison of alternative networks in the relatively short time [7-15]. 
 
MATERIAL AND METHODS 
 
Software package HINT [16] is used to design heat exchangers network in this work. At the beginning 
of the work it is necessary to enter data such as: temperature (input and output), water equivalent (CP) 
of every stream, enthalpy (H) and ΔTmin. Possible alternatives to the network of heat exchangers can 
be considered from obtained grid diagram. Composite curves of warm and cold currents also can be 
analyzed, as well as total composite curve. 
This process includes 17 heat exchangers, 2 turbines (steam and gases), 2 compressors, 3 filters, 2 
flash vessels and 3 reactors. The high pressure steam generated by heat transfer is utilized for other 
process in Petrochemical Industry. The power generated on turbine is used for compressor work. The 
energy of medium pressure steam (12.2 bar), low pressure steam (4.4 bar), cooling water and boiler 
feed water is consumption for 16 streams. Figure 1 shows the process flowsheet where pinch methods 
are outlined [1]. 
Liquid ammonia is introduced into the evaporator where it is converted to gaseous state by the indirect 
heating with steam (E103, E112 and E113). Gaseous ammonia is further passed through a filter (F102) 
to remove drops or impurities. In this way the gas stream of pressure about 8 atm is produced without 
mechanical compression. The air is compressed (C101) to the same pressure and heated to a 
temperature of 200-300 ˚C. It is also purified in the filter (F101) before mixing with ammonia. 
Gaseous mixture containing about 10% of ammonia is prepared immediately before conversion and 
introduced into reactor (R101) where it is converted over a hot catalyst (850-930 ˚C) consisting of 
multiple layers of platinum-rhodium network. 
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E – heat exchanger T – tank D – drum C – compressor 
CT – turbine R – reactor P – pump F – flash vessel 

The product of the catalytic oxidation of ammonia is hot gaseous mixture consisting of NO, steam and 
no reacted components of air, nitrogen and oxygen. Yield response to a pressure of 8 atm is 95%, 
while at atmospheric pressure reaches 97-98%. The resulting gaseous mixture is cooled in heat 
exchangers (E107, E110 and E111) and the released energy is used to produce steam that is used for 
heating ammonia and air at the beginning of process. Cooling the mixture to moderate temperature 
allows regeneration of the catalyst, which is an important process taking into account the price of 
platinum.  

Figure 1 The process flowsheet of nitric acid synthesis plant 

 
After catalyst regeneration gas blend is rapidly cooled further in the condenser (E109) to a temperature 
of 50 ˚C. Absorption of nitrogen oxides in the water leads to the formation of diluted nitric acid whose 
concentration is 2-30% and it is introduced to the top of the absorption tower (R102). The cooled 
gaseous blend which still contains NO, NO2, N2O4 and a part of non reacted N2 and O2 from air is 
introduced into the lower part of the absorption tower. In the absorption tower the rest of NO is 
oxidized to NO2 and N2O4 with the simultaneous absorption of NO2 in water, which is also introduced 
into absorption tower. In order to complete the oxidation of NO an additional quantity of air is 
brought. If the absorption process is performed at atmospheric pressure concentration of obtained 
nitric acid is 45-50%, while at high pressure acid concentration reaches up to 70% [17-19]. 
 
With the process flowsheet of nitric acid plant and the corresponding material and energy balances it is 
possible to form a data table with all the necessary parameters for each process stream that is involved 
in the energy integration [2]. 
 
RESULTS AND DISCUSSION  
 
The solution of authors Matijašević and Otmačić [1] is firstly shown as result of power network 
synthesis.  
Energy cascade is formed for all considered process streams and the proposed value of ΔTmin=38 ˚C. 
With the help of heat or energy cascade, which shows the heat transfer between the intervals, 
minimum requirements for heating and cooling can be established: 
- Minimum process requirements for heating amounts QH,min=0.48 kW, which is very small so in this 

case it can be ignored 
- Minimum process requirements for cooling amounts QC,min=25114.7 kW 
- Corrected "pinch" temperature is 277 ˚C 
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After increasing the temperature of the hot streams of the value ΔTmin/2 = 19ºC and reducing the 
temperature of the cold streams of the same value, the "pinch" temperature of hot streams is TP,H=296 
˚C and the "pinch" temperature of cold streams is TP,C=258 ˚C.  
Next step is designing heat exchangers network. Process contains 17 devices, 9 heat exchangers and 8 
coolers. As mentioned earlier, process does not require additional heating so in grid diagram shown in 
Figure 2 there is no heaters. 
 

Figure 2 Grid diagram of nitric acid production process given by authors [7]  
 
It is important to note some corrections that are made to get shown heat exchangers and coolers 
network. 
1. Water equivalent is adjusted from CP=18.2 to CP=18.14. As a consequence, enthalpy of this stream 
is reduced from 2584.4 kW to 2575.88 kW. Additional heating of stream 11 is reduced by this 
correction for the value of 9.2 kW. Program accepted this solution although the final temperature of 
stream 11 is 399.9˚C instead of 400˚C. Hence, there is minimal demand for heating process from 0.48 
kW, which have been neglected. 
2. Water equivalent of stream 10 is corrected from CP=4.8 to CP=4.865. In this way enthalpy of 
streams 10 and 14 (in the Fig. 2 it is marked as stream 13 because ”real” stream 13 is divided into two 
streams 16 and 17) are equalled and they are efficiently resolved by linking through exchanger number 
6 with capacity of 360 kW. An important note is that exchanger 7, which connects streams 6 and 15 
has smaller temperature difference between hot and cold stream than recommended value ΔTmin=38˚C. 
Minimum temperature difference for exchanger 7 is 32˚C [2]. 
 
Based on the analysis of the given network it can be seen that exchanger 5 (connecting streams 3 and 
9) transfers heat through ”pinch” point. 
In the program report, there is also analysis of existing solution. As the part of this analysis the number 
of set devices, their sizes, capital costs and heating and cooling demands were presented. From these 
data costs of heating and cooling can be calculated and also total costs that are equal to the sum of 
capital and energy costs i.e. costs of heating and cooling can be obtained. Energy costs were calculated 
using the formula: 

Total energy costs=ΣQuCu 
 

 

 372



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 
 In the case considered, hot utility requirement (water steam) is 5359.48 kW and this roughly 
corresponds to the amount of heat that is transmitted through “pinch” e.g. by heat pump. Demand for 
cooling water as cold utility is 25115.7 kW. Prices of utilities are calculated in dollars per kW annual 
from data taken from literature [20]. When all the necessary parameters are known, total energy costs 
can be calculated. 
Value of capital costs depends on economic factors such as interest on borrowed capital, payback 
time, investment factors etc.  
If ΔTmin increase, less heat is exchanged in system, which means that less surface of heat exchangers is 
required. With increasing area, capital costs will decrease (if c<1), or, if ΔTmin increases then capital 
costs reduce and slowly tend to zero. Meanwhile, with increasing ΔTmin the need for additional devices 
increases i.e. energy costs increase linearly because if less heat is transmitted in heat exchangers then 
more external heat is required (using heaters and coolers). When these two types of costs are summed 
up the total curve of costs is obtained and it has minimum for a certain value of ΔTmin (Figure 3). It is 
best to conduct the process at lowest total costs i.e. at the value ΔTmin,opt which corresponds to that 
minimum. 

 
Figure 3 Total costs as a function of ΔTmin 

During the solving this problem real price values of heat exchangers are entered in program using 
formulas and constants taken from literature [21]. Program itself calculates area of every heat 
exchanger automatically. 
In this way costs, i.e. prices of every heat exchangers in designed network [2], are calculated. Finally, 
total costs per year of designed plant are calculated by summing total capital costs and total energy 
costs. 
 Simulation of new solution 
Another solution which aims to eliminate certain defects that are noticed in first solution from 
literature is shown below. 
Identical value of ΔTmin=38 ˚C is adopted in this simulation so formed energy cascade is the same. 
Therefore heating and cooling demands are unchanged. The same corrections of water equivalents of 
streams 10 and 11 are done in this simulation as in the previous one. Designed network contains 17 
devices (9 heat exchangers and 8 coolers). The difference between this and previous solution is that in 
every heat exchanger of energy network minimal temperature difference of 38 ˚C is achieved by 
different schedule, as is shown in Grid diagram (Figure 4). For area above the "pinch", stream 
connection is similar to the one from previous solution except flow of stream 13 is not divided. For the 
area under the "pinch" heat exchanger number 4 is the most important and it is firstly set. The only 
stream that has enough heat to warm stream 15 to 200 ˚C without disturbing value of ΔTmin=38 ˚C is 
stream number 3 and heat exchanger number 4 connects these two streams.  
In this way there is not heat transfer through the "pinch" and that is another advantage over original 
solution. 
Total heating demands are 0 and total cooling demands are 27688.3 KW, Noting that constants 
necessary to calculate the actual costs of the heat exchangers [21] and prices of utilities [20] are 
identical as in solution from literature [1]. 
Using specified data next results can be reached: 

- There is not heating demands in present process so there are not costs of heating; 
- Total energy costs are equal to the costs of process cooling. 
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Figure 4 Grid diagram of nitric acid production process 

 
CONCLUSION 
 
This work shows how using the "pinch" technology reduces process heating and cooling demands. The 
heat exchangers network, which occurs in the plant for the production of nitric acid, is analyzed by 
applying "pinch" procedure. 
Two solutions are presented in the results: the first solution already existed in the literature [1], while 
the second is a new simulation of energy grid. Both solutions share many similarities. In both cases the 
number of installed devices is 17, of which 9 are heat exchangers and 8 are coolers. Identical value of 
38 ˚C is adopted for minimal temperature difference between hot and cold streams. Both energy 
projected networks do not require additional process heating so no heater is used. Certain 
approximations and corrections that were made are also identical. 
Two the biggest lacks of the first solution are certainly not keeping the minimum temperature 
difference between hot and cold streams in one heat exchanger and heat transfer through the point of  
"pinch". In the second solution a different arrangement of heat exchangers is made in order to 
eliminate those shortcomings. 
Designing the energy grid with new schedule of heat exchangers gave good results. All rules of 
"pinch" technology were taken into account, the minimum temperature difference of 38 ˚C was held in 
each heat exchanger and there was not heat transfer through the point of "pinch". 
If new solution is looked at from the economic aspect obtained results are satisfactory, too. Annual 
saving of about 14 % and it is the most striking evidence that using a "pinch" technology and better 
energy integration of process can achieve significant financial savings for each plant. 
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Abstract: The paper represents an introduction of changes that large scale ERP implementation project issues 
for big companies. The implementation shows a modern, integrated information system that aims to improve the 
effectiveness of Marketing and Logistics in a large vertically integrated oil company. Special consideration is 
given to the necessary preparations leading to the successful integration of existing business processes to a new 
information system which manages the logistics processes. Increasing the efficiency of ERP  implementation 
requests the redesign of business processes and changes in the organization of logistics. When top management 
determines the target internal level, which anticipates a significant increase in the efficiency of logistics 
processes, project management must deliver a clear message to all the participants in the implementation through 
selected communication channels. 
Key words:  oil and gas industry, marketing, logistics, communications, ERP implementation 

 
INTRODUCTION 
 
The global economic crisis and changes of macroeconomic conditions in the countries of South 
Eastern Europe adversely affect energy consumption, and add more challeges to the market conditions 
in which production and processing of oil and gas take place. In the dynamic environment there are 
unexplored areas with potential for exploitation of raw materials and further development of the oil 
business. However, for most companies in this industry branch basic objectives are not only set in 
research, processing or distribution but in the streamlining of logistics processes, reduce of inventory 
and logistics costs. The market leaders in this field are building a competitive advantage based on 
informations from the advanced information system for efficient data collection and analysis. So 
creating new quality in management and marketing decisions has been based on timely and accurate 
data from database of marketing and logistics information system. 
 
MATERIAL AND METHODS 
 
Marketing Logistics and developement of ERP system 
 
This paper highlights the changes in the understanding of the importance of marketing and logistics in 
the business structure of the company. Guided by the idea that corporate governance must be in 
accordance with customer needs, marketing experts are finding different ways to reach out to 
customers, using all available elements of the marketing mix. Marketing, using its tools to transfer the 
sphere of influence of market factors, as well as internally to staff training, thus changing the corporate 
culture at all levels of the company. Marketing modeling and creating value in the supply chain 
operational strategic actions have supportive role in the development of products and their accurate 
delivery to the consumers. Customer service has become an essential element of the marketing mix in 
all phases of innovation and new product development. Since the preparation of oil and gas 
production, through transportation, refinery processing and distribution of finished products, the 
system requires very high level of customer service, as the impact on the business result of the 
company stands alligned with logistics management. Logistics management is the force that controls 
the flow of materials through the distribution channel and is a strong support for the basic activities of 
the company [3]. 
Through the analysis of the positive and negative influences during the implementation project of a 
new information system, company management meets changes in various channels (organization, 
processes, communication channels, etc…) . Experiences in projects show that the large-scale changes 
are time consuming and that the introduction of new IT solution is an expensive investment process,  
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accompanied by a significant risk of unsuccessful implementation. Great speed of changes in the 
entire matrix and expected high quality results require extensive preparation for project 
implementation and the additional dynamic engagement of all participants in the project. After the 
completion of the overall project, there is allways a need for further improvements and new 
development costs, so that the process of investment in ERP system never stops. Budgeting for future 
development is not always obvious, unless funds for maintenance of the system perceive in the 
business requirements for development of existing solutions during adolescence phase. 
The significance of the new information system for the management of a vertically integrated oil 
company and achieving standardization process for several organizational units: oil and gas-
exploration, refining, trading, etc. All parts of the quoted companies had previously used its own 
logistical information systems of various development level, and could not emit a consistent and 
reliable information about logistical changes or provide a perspective for the further development of 
monitoring of commodities, monetary and financial flows. 
 
Metodology of implementation  
 
Implementation methodology is one of the first major decisions management needs to focus onto, in 
the serch of effective project implementation. 
Although all manufacturers of ERP software can be implementers, there are other, specialized 
companies that allow the introduction of a new information system. What the customer expects from 
the ERP system are supported and connected all the basic processes of the methodology that will 
enable the mastering of new solutions, managing business risks and the transition to a new way of 
working. In this sense, the definition of strategies is to implement appropriate approach to create 
positive atmosphere for the public that has a major impact on the success of the project, as well as the 
selection of ERP solutions. 
The strategy is, in large part, determinated by the size of the company, the scope of the planned 
changes and the financial capabilities of the company. Other factors of influence can be further 
investigated, but basically they are grouped into several types: 
• The geographical scope - the company's local, regional, or global view (how the implementation 
should be different from country to country); 
• The needs of the customer - if a particular group of customers needs information that the current 
system can not provide; 
• User needs - which part of the company leads further development and installations (FI , ICT and 
marketing); 
• Time and urgency - if the further development and use of the previous system (Legacy information 
system) are associated with high costs and too many errors; 
• The impact of the previous information system involving ratio of coverage process. 
 
Big Bang is an example of frontal implementation popular in the late nineties when the process 
included the simultaneous introduction of a new ERP system in all modules in all parts of the 
company. With a limited budget and financially compressed time implementation of this method can 
achieve fast resulting implementation, at a great risk. Advantages and disadvantages of this type of 
implementation can be represented as follows [2]: 
Advantages: 
- Shorter implementation time and lower cost of the project; 
- Have the necessary software for data defined in the previous system to the new because of input of 
all modules into service at the same time; 
- Simultaneous high motivation of all the participants in the project; 
- High efficiency because it avoids repetition of system adjustments; 
- Optimal integration of all components related to the integration of business processes. 
Disadvantages: 
- Complexity of the higher need for coordination and integration; 
- Intensive use of all resources in a short period of time; 
- All employees are under high stress at the same time; 
- The need for simultaneous work of more consultants; 
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- Organizational changes must be limited in scope to overcome the effect of simultaneous resistance of 
employees to the package of introduced changes.  
As a side effect of this type of implementation, there is a temporary decline in operating performance 
of the company for all employees gradually learn about the new way of working and this can not be 
easily solved without a period of increased number of errors. 
 
Phased Implementation involves the gradual implementation of ERP solutions that takes place in a 
clearly pre-defined stages. This methodological approach is acceptable to the diversified company, 
first time together in an integrated information system. Phased implementation leads to a gradual 
change, to a lower risk of failure and less stress for the participants. Phased implementation can be 
realized in different ways, depending on the needs of the business: 
• Implementation of the modules are most commonly used , involves the gradual introduction of basic 
modules (needed for daily activities) or simple modules that are not critical to operations and 
subsequent upgrade of complex modules; 
• Implementation of the business units starts in one or two functions at the same time developing 
according to plan, other business units building on their experience, gradually increasing efficiency; 
• Implementation of the geographic principle is applicable for companies that are located in several 
regions and have the independent outlets. In this case, so-called ERP pilot projects can be used in 
several parts of the company in one location. 
Advantages of the concept of phased implementation: 
- Lower the complexity of organization, coordination, monitoring costs of the project; 
- A small number of key users and reducing the involvement of end-users ; 
- The higher the quality of the project as project participants continue improving knowledge; 
- Internal consulting team can engage in additional work, reducing project costs; 
- Less resistance to changes in the company, as people gradually adapt to changes; 
- Project costs are increasing and reprogrammed for a longer period of time; 
Disadvantages: 
- Longer duration and higher costs of the project; 
- To maintain the current system must develop transfer programs (interface) from other systems ; 
- Project integration advantage - it can be a step by step ; 
- Adjustments must be optimall, as Integrated Systems parameters have not yet been implemented ; 
- Return on investment usually late in the plan. 
 
Parallel implementation of the strategy and methodology is one of the least spoken. It presents the 
least risk to the company and includes two processes running in parallel, the previous and the new 
ERP solution. Such key users can learn to operate the new system while still working on the previous 
one. After the ERP system parameters are achieved, the previous system stops working. This is a " 
middle way " between the big bang strategy and a phased approach. The changes are slower than the 
big bang but faster than a phased approach, so for the user it is easier adaptation than the big bang, and 
heavier than the phased approach. 
The biggest difference is in the cost of implementation for parallel implementation is the most 
expensive way of implementation. In addition, involvement of users to enter data in both systems are 
not efficient or recommended process. In any case, these additional costs are lower than the costs 
incurred by a failed big bang implementation. Companies are not able to recognize the cost overruns 
that may arise from errors big bang implementation, while the parallel implementation easily 
recognize the high costs and rarely to this way of ERP implementation. 
Advantages of the concept of parallel implementation: 
- Low stress employees involved in the implementation; 
- The workforce developes together with the new system, anticipating change and new environment; 
- A small probability of error due to multiple tests. 
Disadvantages: 
- Long implementation period and high cost; 
- Additional strain and pressure on employees due to parallel operation of the two systems… 
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According to data gathered by the experts for the implementation of the company's "Software Advice" 
in April, 2010, for a sample of 45 companies from the U.S., who carried out the actual ERP 
implementation gave the following information on implementation strategies [4]: 
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 Figure 1. Usage of typical implementation strategies  
 
From the above analysis of the advantages and disadvantages of specific strategy stands out as a 
phased implementation strategy best suited for large oil companies with no previous ERP experience. 
The risk of unsuccessful implementation should be minimized because adverse effects may lead to 
blockage of business processes or bankrupt companies. Gradual implementation provides the ability to 
detect problems and fixing bugs in preparation and setup of business systems, which reduce the 
number of errors in the subsequent phases of the project. 
In the overall usefulness of information that is available right out of the information system is 
necessary to differentiate the needs of users and stakeholders of the four major factors: 
1. Quality of information - how much good information from the standpoint of accuracy, precision, 
completeness, availability of time and resources; 
2. Access to information - how easy it is to gather information to manipulate them; 
3. Presentation of information - the level of summary and presentation format to the user, regardless of 
the quality and access to information; 
4. Information security - how the information is under the control and protection due to improper, 
unauthorized or unlawful access to and use of data. 
Professionals dealing with theoretical considerations of information technology developed a 
formulation of utility that is much more elegant than practical. This concept implies that the value of 
the information is possible only if it reduces uncertainty in practical decision-making [1] . 
Regarding these aspects previous information systems, before the decision on the implementation of 
an integrated information system did not allow automation of data collection on the same logistics 
processes in the company, diferent ways for access and manipulation of the same data, limited levels 
of reporting in different systems and different systems of authorised access to the data. Thus, the 
reporting problems were solved thru development of reporting in each business unit separately. Such 
approach is not appropriate for the expected level of results and only wide ERP implementation offers 
a solution for many different processes.  
 
Organizational aspects of implementation project 
 
The organizational structure of the framework for the work of consultants and project teams is 
essential, but the people are the source of data and power to modify the ERP to the best solution from 
portrayed processes to the redesigned ones, in all aspects of logistics. The final solution must ensure 
that all relevant logistics data can be entered quickly and accurately and control the flowlines to 
improve the quality of reporting and enable effective business decision- making at all levels. 
Defining internal operational resources involved in the realization and motivation are core activities in 
the preparation of a large project. The positive effects of marketing are passed on to the teams, but if 
management does not allow lower participation and motivation for the best staff, significantly 
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increasing the likelihood of errors in the implementation and decreases the quality of the implemented 
solutions. Correlation of logistics of procurement, storage and transportation in a supply chain 
conditions require equally high quality of work in all its stages. 
For example, as a common approach, support services on the lowest level are organized as a customer 
self supporting resources. Some future organization can emerge as these units are recommended by 
SAP, as well as from the worlds best practices. Some of the most important are:  
• Core Team - management of information systems for major processes; 
• CCC Team - (Customer Competence Center) - IT support for managing and distributing of 
troubleshooting reports for the hardware or software; 
• Authorisation Team - takes into account the consistency of permissions to users with different roles 
and levels of management, according to the approved Authorisation scheme and period of validity; 
• Masterdata Maintenance Team - maintains a central database of materials, services, suppliers. 
Logistics services managers coordinate logistics and new work model and organizational processes 
that are executed by a large number of employees with different tasks in a defined stream of materials 
and information. End-users of information systems managers and employees from all parts of the 
organization to which the implemented modules integrated information system . 
 Users of information systems can be [6] : 
1 Knowledge workers - those who create new knowledge and information; 
2 Workers with the data - those who use the information and distribute them. 
Knowledge workers (knowledge workers) are the managers who KERIR new knowledge and 
information in the planning , reasoning and decision making. These are the activities at the strategic 
level .Operational level managers take account of the use and distribution of information , instruct 
workers to make different types of reports , this group includes logistics personnel engaged in 
specialized professions (economists , engineers , lawyers, etc.) . 
Workers with the data they have lower levels of education and spend more time in the interpretation of 
information than their creation . This group includes secretaries, storage, transport, procurement 
officers, dispatchers, etc.  
According to the recommendations of the consultant system users ( key specialists ) is to foster the 
development and optimization of a new system with at least 50 % of the activities in relation to IT 
specialist staff from the Department of IT . Logistics jobs have become closely associated with IT, 
therefore in logistics there are certain functions that were reserved for IT professionals. 
• System Analyst - in planning combines data from SAP data out of the system in general , which is 
presented to the decision maker ; 
• Database Administrator - Perform data entry and correction of records in the database in accordance 
with established company policies and internal regulations.With the introduction of the SAP system 
specific logistics activities and related activities took on new importance. Jobs in which he was 
engaged a large number of officers have been redesigned in line with the new organization of business 
units and profit centers and the direct responsibility of the director of manufacturing and service 
facilities for revenues and expenditures . Thanks to module business intelligence (BI), all changes in 
costs and revenues Plant immediately visible in the balance, which allows management to react 
rapidly to changes and micromanagement during the billing month. 
 
Table 1. Required skills for selection of Code system maintenance Team 

Requested skills 
Roles of Team members communicational organizational specialist urgent situation 

solving 
Team Leader for  
Code system maintenance  very advanced advanced advanced very advanced 

Analyst Class I developed developed advanced advanced 
Analyst Class II basic basic developed basic 
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RESULTS AND DISCUSSION  
 
Quality, value and customer service are the focus of top management, because the marketing concept 
must achieve a high level of customer satisfaction and long-term profitability of the company. 
Logistics and men who are the perpetrators of logistics processes play a key role in this process. 
Adaptation, continuous improvement, employee autonomy and unity of the system have surpassed the 
optimal design, consistency of operations, management, process control, and the size of the economy. 
The development of logistics systems, there are different opinions about the values and issues that 
brought the marketing concept, but in developing functional solutions to business operations all 
identified similar business challenges. 
The most common barriers to the implementation of modern logistics of the program are[5]: 
- Change of corporate culture, 
- Establishing a shared vision of organizations, 
- Establishing employee ownership over the quality of the process, 
- Winning the trust of senior management, 
- The change management process, 
- Training and education of employees. 
Strengths of the company are human resources that need to be developed through specially developed 
programs to improve their knowledge and skills, and work on integration with other participants of the 
business process. Key users must be prepared to overcome obstacles in order to reach accurate 
information on business processes, and cultural barriers must be broken in the transfer of requirements  
to the consultants. Power of quality staff is used for correction of participants in formed teams, but it is 
difficult to quickly replace an experienced consultants who has expected to perform specified tasks 
and apply suitable solutions. It takes more work to improve the general level of knowledge about the 
implementation and communicate positive effects and future capabilities to the project staff. Without 
inner positive attitude there is a great risk of implementation delay or missing a target of development.  
 
CONCLUSION 
 
Production and distribution of Oil and gas is deeply connected with the usage of advanced Information 
technologies. During the preparation and implementation of ERP solutions in the large oil companies 
in parallel it is mandatory to plan and implement a number of activities that result in not only the 
unification of business processes, but also modifications in the organization and the labor process. 
During the test, and setting the parameters manager can detect and correct a number of errors, but it is 
not possible to evaluate all the changes in the organization and business processes that will be 
followed after the commissioning of the entire process scenarios. What was first recognized as a 
positive effect of implementation, significantly improved communication between users on the same 
job with the wiring of all the users in a supply chain business scenario. New training and experience 
are pushing the boundaries of understanding the process modeled in the ERP system and the 
possibilities for self- resolving minor system problems. An important effect of the implementation of a 
unification and standardization of financial statements (minimizing redundancy in reporting). ERP 
enables an understanding of logistics activities and networking in a unique process of all participants 
in a number of business scenarios.  
Large scale changes brought with new IT solutions are risky, and should be prepared by the people 
who are aware of perceived shortcomings in the implementation but belive in success and can 
communicate the benefits to the future users through various communication channels. 
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Abstract: The research aims to analyze individual factors in the technological process of superficial exploitation 
of coal at WU Mine “BogutovoSelo”, as well as to define those factors which most contribute to increased risk 
in individual workplaces, and identify dangers and hazards in the workplace and work environment. In this way 
the defined sources and their contribution to the total risk are the basis for defining necessary measures for 
protection in organizational and technological aspects. The ultimate goal is elimination of risk or reduction of 
risk to an acceptable level; that is complete control of dangers and hazards in the technological process of 
exploitation of coal at WU Mine “BogutovoSelo”.  
Key words:  risks, injury, effect, safety 
 
INTRODUCTION 
 
Working unit (WU) Mine Bogutovo Selo-Ugljevik is a part of Mine and Thermal-electric Plant 
Ugljevik Corporation Ugljevik, which represents an organization withlongstanding experience in 
conducting complex technological processes which include research and preparation for coal 
excavation, excavation, transport, and enrichment of coal, followed by production of electrical energy 
and subsequent processes. In the scope and role in the economic system of Republic of Srpska, and 
Bosnia and Herzegovina as a whole,   M and TP Ugljevik comprises the backbone for maintenance 
and developement of the economy, as well as a springboard for expected development. Energy in 
general, and in particular that based on fossil fuels, is the focus of concern for the environment 
because of negative effects on the population. To increase productivity in the mining industry, the 
need for larger scale mechanized equipment and improved technology emerged. Increasing 
mechanization resulted in increased levels of risk, which led to mines and facilities for processing of 
minerals and other activities within it, to generate considerable risks and hazards for workers, [1].  
 
RISKS IN THE WORK ENVIRONMENT 
 
Risk assessment at WU Mine was done on the basis of a modified AUVA 
(AllgemeineUnfallversicherungsanstalt- the method of an Austrian group which produces pulp and 
paper) and BG (Die gewerblichenBerufsgenossenschaften- methods of a German professional 
association) methodology. In determining data regarding risks and hazards in the workplace and work 
environment, grouping of risks and hazards was completed according to Regulations on the procedures 
for risk assessment in the work place and work environment , and the final grouping is shown in Table 
1, [2].  
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Table 1.List of risks and hazards in the workplace and work environment with possible consequences 
[3] 
 

IDENTIFICATION OF RISKS AND HAZARDS IN THE WORKPLACE AND WORK 
ENVIRONMENT AND POSSIBLE CONSEQUENCES 

Mechanical hazards that occur with use of work equipment 
R.B. Work Activity Possible danger or hazard Possible consequences 

1. Vehicle control and 
vehicle inspection 

Insufficient protection from 
rotating or moving parts 

Various types of mechanical injuries, 
wounds, cuts, contusions. 

2. Internal transport Free movement of parts or 
materials that could cause injury to 

an employee 

Various types of mechanical injuries, 
wounds, cuts, contusions, 

lacerations, etc. 
3. Driving vehicle in traffic Internal transport and movement 

of machines and vehicles, as well 
as the movement of certain work 

equipment 

Bone fracture, soft tissue injury, 
serious injury, or fatal injury 

4. The process of 
electrolysis 

The use of dangerous instruments 
of labor which can produce an 

explosion or fire 

Various types of mechanical surface 
and internal injuries, burns of various 

scope and degree 
5. Work in disposer cabin Inability or limitation of timely 

removal from the workplace, 
exposure to closure, mech. shock 

Bone fracture, soft tissue injury, 
serious injury, etc. 

6. Reviewing of documents 
on risk assessment 

Other factors that may occur as a 
mechanical source of danger 

 

Hazards which appear in connection with characteristics of the job 
7. Work surfaces Hazardous areas (floors and all 

kinds of walkways, surfaces with 
which an employee comes into 

contact with that have sharp edges- 
edges, protruding parts) 

Sprains, contusions, abrasions. All 
types of mechanical, surface, and 

internal injuries 

8. Work at heights or in 
depth, in terms of 

regulations on health and 
safety at work 

Control of unqualified workers All varieties of mechanical or 
internal injuries can occur due to 
employee falls or falling objects 

from above 
9. Areas on thermo-electric 

plant 
Work in restricted, or dangerous 
area (between two or more fixed 
parts, work in a confined space 
that is not well lit or ventilated) 

All types of injuries, internal and 
external mechanical injuries, head 
injuries, injuries to blood vessels, 

etc. 
10. Work surfaces The possibility of slipping or 

tripping (wet or slippery surfaces) 
Sprains, contusions, abrasions, 

breaks 
Dangers that arise with use of electricity 

15. Daily inspection The risk of direct contact with 
electrical parts and energized 

electrical equipment 

Due to its thermal effects (burns) the 
impact on the chemical composition 
of the blood, internal bleeding, etc. 

16. Incorrect installation Risk of indirect contact Burns caused by foreign impact 
17. Work on the actuator Risk of thermal effects developed 

from electrical equipment and 
installations (overheating, fire, 

explosion, electric arc, sparks, or 
others) 

Irritant damage to the upper 
respiratory organs, irritant skin 

damage, etc. 

Hazards that arise or occur in the work process 
20. Control and tour of the 

plant and machinery 
Chemical hazards, inhalation of 

dust and fumes, choking, 
ingestion, penetration into the 

body, poisoning 

Irritant damage to the upper 
respiratory organs, irritant skin 

damage, etc. 
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21. Control and tour of the 

plant and machinery 
Physical hazards (noise, vibration, 

electro-magnetic radiation, and 
barometric pressure) 

Temporary or permanent hearing 
loss, increased sweating, impaired 

peripheral circulation of the nervous 
system 

23. Control of settings of 
technological processes 
in the Operating units 

Adverse effects of microclimate 
(high or low temperatures, 
humidity, and air velocity) 

Prolonged exposure to high 
temperatures can cause increased 
fatigue, feelings of exhaustion, 
decreased concentration, etc. 

24. Work on the actuator Inadequate or insufficient lighting Unfavorable influence on the quality 
and productivity of work, physical 

condition of workers, and especially 
on the organ of sight, etc. 

25. Work with a computer Damaging effects of radiation 
(ionizing and non-ionizing, 

thermal, laser) 

Damage to skin, infrared thermal 
effects, the occurrence of cataract 

conjunctivitis, etc. 
26. Work on all locksmith 

jobs 
 

Adverse climatic influences 
(outdoor work) 

Increased fatigue, feelings of 
exhaustion, reduced concentration, 
impaired cardiovascular systems 

27. Process of storage 
hazardous substances 

Risks arising from use of 
hazardous substances in 

production, transport, storage 

Poisoning, burns, fires, and 
explosions 

28. Shooting fittings with dry 
saturated steam 

Other damages that occur in the 
work process and which may be 

the cause of injuries to an 
employee, nesses related to work 

Burns of I, II, III, and IV degree, and 
lasting consequences 

Hazards arising from work requirements which relate to physical and psychophysiological efforts 
29. During repairs Efforts or physical stress (manual 

handling of loads, pushing or 
pulling loads) 

Damage to the musculoskeletal 
system, particularly the spine, etc. 

30. Surveying layout details 
and technological 

schemes 

Non-physiological body position 
(prolonged standing, sitting, 

squatting, kneeling) 

Osteoarticularic changes of the spine, 
strain of muscles of the back, neck, 

and abdomen, etc. 
31. Archiving, copying, and 

issuing operating 
instructionsas needed 

Strain of individual organs and 
systems (vision and hearing), 

mental strain 

Disturbances to organs of vision, 
asthenopia, disturbance of attention 

and concentration, fatigue, 
exhaustion, nervousness 

33. Collecting and archiving 
daily reports, charts, 

books, and other 
technological 

documentation 

Responsibility for receiving and 
transmitting information, use of 

appropriate meaning and 
capability, responsibility in the 

rules of conduct, customer service, 
lack of motivation to work, 

responsibility in management 

Mental fatigue, maladjusted behavior 
(smoking, alcoholism, drug 

addiction, job dissatisfaction, 
conflict, lack of discipline, etc.) 

 
MEASURES TO PREVENT, ELIMINATE, OR REDUCE RISK 
 
Beginning with estimated risk, established priorities, and respecting the principle of prevention, and in 
compliance with regulations on protection of health at work, technical regulations, standards and 
generally accepted measures, the following measures are determined to prevent, eliminate, or reduce 
risk at WO Coal Mine: 

• Regularly provided funds and equipment for personal protection at work and their 
observance; 

• Mandatory use of personal protective equipment at all positions for which protective 
equipment is provided; 

• For work resources which do not have them, complete instructions for safe operation, 
handling, maintenance; 

• Set up warning signs at all facilities where use of personal protective equipment is 
obligated; 
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• Provide medical kits and trained staff to provide first aid in all facilities; 
• Mandatory use of personal protective equipment for the protection of hearing; 
• Carry out systematic measurements of working conditions for winter and summer 

periods for all jobs; 
• Perform general vibration level measurements in all workplaces where workers are 

exposed to vibration; 
• Evacuation routes must be maintained as clean and walkable spaces; 
• In case of injury of an employee, immediately initiate first aid, call an ambulance, or if 

necessary transport the injured to the nearest health facility;      
• Daily visual checkfor accuracy of line connections of machinery and equipment;  
• Regularly completing inspection of electro-energy lightning protection by an 

authorized institution;   
• Work on electrical installations to be done with proper tools and in a safe manner; 
• All (Wo) Work organization must have single-line diagrams, protection for elements 

inside cabinets, insulating mats in front of the Wo; 
• Regular cleaning of stationary and mobile crushing plant from waste and dust; 
• Conduct preliminary and periodic inspection in accordance with Regulations on 

previous and periodic examinations of workers in workplaces with high risk; 
• Jobs in offices designed in accordance with ergonomic principles (desk, chair, 

computer); 
• Fortification of methodology and programs for employee training for safe operation of 

all jobs, and in accordance with specifics of the workplace and risks in individual 
workplaces; 

• All potential harmful and hazardous materials must be stored in appropriate facilities 
and kept under labeled conditions and in special containers; 

• All planned mechanical equipment and installations should comply with applicable 
BAS standards and norms of quality. All installed equipment and installations must be 
protected with covers and tested with trials of required pressure and airtight insulation; 

• Before every re-starting the plant must be inspected and set up with safety equipment 
and it must be determined that there are no uninvited workers or unwanted objects 
present in the working area, and when beginning work a designated sound signal 
should be given; 

• Schedule of work resources must be such that workers handling as well as workers 
who are in the immediate vicinity are not endangered by possible mechanical injury; 

• Conduct regular technical inspection, examination, maintenance, and repair of 
machines and equipment used in the manufacturing process; 

• Regularly perform control and record keeping for accuracy and maintenance of 
machinery and equipment; 
 

Organizational and normative safeguards 
Under current legislation the organization has the following obligations in relation to the 
implementation of safety measures, conservation of work ability and health of workers: 

• To implement timely measures for protection at work; 
• To provide workers with personal protective equipment and safety equipment; 
• In case of need, to organize fire protection service; 
• To fulfill these obligations through existing service of safety at work and fire 
protection; 
• The existing potential threat of chemical and physical hazards indicates the need to 

regularly monitor the situation in the workplace so that, if needed, all necessary 
measures of protection can be promptly taken; 

• In accordance with current regulations, periodic testing (winter and summer) should 
be implemented for chemical and physical hazards, microclimate and lighting 
conditions, by an authorized institution; [4], [5], [6]. 
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For needs of operational monitoring of the impact of chemical and physical hazards, that is working 
conditions in work environments, they are determined by the organization for work safety through the 
following activities: 
 

• Recording and analyzing the parameters of dust, harmful gases, noise, vibration, 
climate, and lighting conditions in the work environment; 

• Control of functioning of embedded devices for dust collection and air conditioning 
systems; 

• Control of equipment and machines from the viewpoint of measures undertaken for 
 protection from injury; 
• Management of specific documentation and reporting on the state of chemical and 

physical hazards in work environments; 
• Manner of completion of these jobs should be regulated by the general act- Rules of 

Safety at Work; 
• It is necessary to carry out periodic medical examinations, put warning signs for 

danger or dangerous places. With a work program, ensure that conveyor belts and 
similar devices must be stocked with equipment for immediate stopping at any time, 
sloping platforms, and pedestrian crossings. Stairs and ramps must be equipped with 
handrails, foot stoppers, and non-slip surfaces.  

In accordance with applicable regulations, in the further process of implementing safety at work, 
technical documentation on jobs with special conditions of work and workplaces should be provided.  
 
CONCLUSION 
 
Implementation of measures to prevent, eliminate, or reduce risks, dangers, and hazards in the 
workplace and work environment wouldreduce to the lowest level, the monitoring of risks could be 
controlled at all times, and most importantly, the number of injuries to workers in WU Coal Mine 
would be significantly lower as compared with today. In this manner, the potential problem of 
increased risk would be approached in an integrated way, which involves the application of active and 
passive protection measures, based on research and supported by appropriate legislation.  
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Abstract: Micro hybrid trigeneration systems are small plants for production of heating, cooling and electricity 
which take advantage of renewable energy soruces. The structure of such system depends on availability of local 
energy sources and on-site energy demands. In this paper, results of simulations of possible layouts of micro 
hybrid trigeneration systems, based on renewable energy sources: solar energy, geothermal energy and fossil 
fuels are presented. Simulations are performed using TRNSYS software. System sizing is done based on energy 
demands of a small residential building. Feasible trigeneration systems layouts are determined and simulations of 
annual production of heating, cooling and electricity, using solar thermal collectors, photo-voltaic, heat pump, 
internal combustion engine and hot water boiler, is performed. Analysis of obtained results implies positive and 
negative aspects of using each of the technologies as part of a micro hybrid trigeneration system and determines 
boundaries for using renewable energy sources in small residential buildings. 
Key words:  micro-trigeneration, annual performance simulation, renewable energy sources 

 
INTRODUCTION 
 
Trigeneration represents a process of energy conversion for combined heating, cooling and electricity 
production. Application of trigeneration systems provides possibilities for significant overall energy 
efficiency improvement and reductions of green house gas emissions [4,8]. Trigeneration plants are 
complex energy systems which take advantages of combined energy production technologies [13]. 
Application of an energy system depends on real local demands, available resources as well as 
justification and profitability of their use. Available technologies bring possibilities to use renewable 
energy sources (RES) as well as fossil fuels. 
In this paper, different layouts of micro trigeneration systems are analyzed. Solar energy, geothermal 
energy and natural gas applications are considered in the system design phase. System sizing was done 
according to energy demands of an energy efficient residential stand-alone building. Analysis included 
the following micro trigeneration concepts for residential buildings (figure 1): (1) Photo Voltaic (PV) 
array with a ground source heat pump, (2) Photo Voltaic - Thermal solar array with a ground source 
heat pump, (3) Solar thermal collector array with a hot water fired absorption chiller and a gas fired 
internal combustion engine. Only roof mounted solar collector array are considered, with the same 
available area in all three cases. TRNSYS software simulations are used to determine performance of 
the possible designs. Results are compared and discussed in the paper. 
 
SIMULATED PERFORMANCE OF MICRO TRIGENERATION SYSTEMS 
 
The possibilities for using fuel cells, stirling engines, internal combustion (IC) engines for households 
can be analyzed using TRNSYS software. According to the authors belief, fuel cells and stirling 
engines are still not as mature nor available, especially in the domestic market, so the cogeneration 
block should be based on a micro gas turbine or a gas fired IC engine [16,21]. Micro-turbines offer 
electricity production efficiency of around 30%, possibility to use more types of fuel, and total 
efficiency in cogeneration mode can reach above 80% [16]. Compared to IC engines, Gas turbines 
have better quality of waste heat, lower maintenance and vibrations. Nevertheless, in small scale 
applications, IC engines provide better efficiencies [16,2], their usage is both economically and 
financially more profitable [13,14]. Due to their lower initial costs, they are used for power ratings 
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bellow 30kW, leaving them more popular for small scale cogeneration (trigeneration) systems. Waste 
heat temperature can be up to 160 oC, with pressures up to 20 bar [16], which is enough for meeting 
space heating or cooling demands. Temperature of the water used for engine cooling is usually in a 
range of 85-90oC, while the temperature of cooling air (or low pressure steam) ranges between 100-
120oC, which is suitable for hot water heating, low pressure steam production, sanitary hot water 
preparation or cooling using sorption devices [16]. 
Waste heat of the cogeneration block is usually used directly for heating, or indirectly for cooling via 
heat fired chillers or heat pumps [19]. For utilizing low temperature energy sources, heat pumps taking 
advantage of gas adsorption or sorption, when thermo-chemical energy of a reversible chemical 
reaction is used to change the temperature level of available heat [12,20]. According to the review of 
the performances, an absorption Li-Br/water device was chosen as most suitable for small scale 
residential applications, requiring input and output temperatures of 80-90°C and 6-7°C [20]. 
Heat acquired by solar collectors is used directly for water heating, indirectly for cooling using heat 
fired refrigeration units, or it is stored in heat storage units [7]. In this paper,  PV/T collectors are 
considered, as water cooled PV panels mounted on the absorber of a flat plate solar collector. For 
utilization of low temperature energy sources, heat pumps which change the temperature level of 
available heating energy by heat source and adsorption of vapour or gas sorption can be used [11,20]. 
Application of trigeneration systems based on use of PV/T collectors has already been analyzed [3] in 
combination with absorption heat pump and supplementary water heater and concentrating PV/T 
collectors [15]. The performance of PV/T solar collectors is further analyzed in [2,3,6, 8,15]. Water 
temperature at hybrid PV/T collector outlet is usually not sufficient to directly power the sorption 
chillers, thus imposing the need for additional heating. Higher price of sorption cooling devices and 
the low cooling energy demand of the model, give advantage to the use of water-water heat pump 
[18]. 
For energy demands of the building model, micro trigeneration systems are designed and their 
performance is investigated. Photovoltaic (PV) technologies are recognized as one of the most suitable 
for decentralized electricity production in urban areas [1,5]. Adequate technical approach implies 
economical PV production  for maximum electricity generation by mounting the panels only on the 
south roof surface of the house [5]. Houses equipped with heat pumps as main source for heating are 
considered to have the lowest energy consumption and the lowest energy intensity [12].  Availability 
of acquired heating energy is increased by a low temperature thermal storage tank, which is heated by 
a water-water heat pump. Hence, solar energy can be utilized by use of solar collectors for production 
of heating and electricity. Obtained thermal energy can be used directly for heating water or cooling 
by heat powered cooling systems, or for accumulating the energy by thermal storage [1,5,18].  
The investigated trigeneration systems are designed for the energy demands of a single residential 
building, with the net heated area of 160 square meters. The investigated model is a simple two floor 
house model, with a basement, and compact shape. The building thermal loads are simulated using 
TRNSYS 17 software multi-zone building model.  The building is modelled as energy efficient, with 
an U-value of the building envelope non transparent elements of less than 0.2 w/m2k and 1,3 
wW/m2K for the transparent elements. Building ventilation is natural. Aluminium-wood windows 
with a "thermal brake" are considered with glazing of low emissivity, three-layer glass with inter-sheet 
space filled with argon. The building was divided into three zones: non-heated attic space, non-heated 
basement and residential area. Energy balance of heating and cooling loads was calculated for the 
residential area, with defined interior temperature of 20oC. Typical Metheorogical Year (TMY) 
weather data for Belgrade is used in the simulation. 
In this paper, the effect of trigeneration is achieved as follows: (1) electrical energy is obtained by 
application of hybrid solar PV/T collectors [9], PV collectors, or by use of an internal combustion  
engine (ICE); (2) heating energy is acquired by use of ground source heat pump (water-water), solar 
thermal collectors waste heat from PV/T collectors and waste heat from the ICE; and (3) cooling 
energy is provided using the Heat Pump, or the hot water fired absorption chillier. A scheme of 
possible system configurations is presented in Fig. 1.  
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Figure 1.  Scheme of simulated micro trigeneration configurations: 

PV- Photo voltaic array; PV/T- photo-voltaic/thermal collectors, FPC - flat plate solar thermal 
collectors, ICE -  Gas fired Internal Combustion Engine, GRID - national power supply network, 

ABC- Hot water fired absorption Chiller, HP- water-water heat pump 
 
RESULTS AND DISCUSSION 
 
Simulation results are obtained using TRNSYS simulation environment, for the micro trigeneration 
system configurations described. Results are summed over time to obtained monthly performance 
data, which is presented in this paper. A monthly annual production balance of each of the components 
is given in the paper. The simulated performance of the components represents their behaviour as part 
of a given system. All components of the system are sized according to the demands of the given 
building model.  
Availability of solar thermal systems was improved by adding a 1m3 thermal storage to the system. 
Thermal storage is assumed to be ideally mixed for the purpose of the simulation, i.e. thermal 
stratification within the storage tank is negligible. Available south side roof area for mounting solar 
collectors is 28,3m2, with a slope of 45o.  The simulation envisages the use of this entire area for 
mounting solar collector arrays. Utilization of vertical facades for mounting solar collectors is also 
possible, but has proved inefficient for electricity production [10]. 
Identified possible configurations of micro trigeneration system are the following: 1) trigeneration 
system based on PV collectors and water-water heat pump; 2) trigeneration based on PV/T collectors 
and water-water heat pump; 3) trigeneration system based on ICE and absorption chiller, 4) 
Trigeneration system based solar thermal collectors aided by ICE and absorption chiller. Performance 
of each of these system is given in a component wise manner in the following figures. 
The simulation of performance of an array of roof mounted PV collectors is given on figure 2. Total 
simulated annual electricity production summed to 6652 kWh, and the average electric efficiency was 
12%. PV/T collectors showed a slightly better performance, with total annual electricity production of 
7159kWh, and the average electric efficiency of 0,14. (Fig. 2).  In adition, PV/T collectors provide 
waste heat which is fed to the heat storage unit, for further utilization in the system. Electricity 
produced by PV and PV/T collectors are compared in Fig. 2. The electricity produced can be used to 
power a water-water heat pump, or exported to the grid. 
Monthly annual electricity production of a 4.5 kW natural gas fired ICE is compared with the 
performance of PV and PV/T collectors in Fig. 2. The ICE is operated to follow heating load of the 
building in heating season and to fire the absorption chillier in cooling season. It is available to 
provide heating in winter, when the performance of solar applications is poor, and can produce high 
temperature heat capable to fire a single effect absorption chillier unit. 

 
Figure 2. Comparison of electricity production of proposed units 

 
Average electrical efficiency of the engine was below 40% during the simulation. Heating production 
using different units is presented in Fig. 3.  
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Figure 3. Comparison of heating performances of the investigated units 

 
Available heat from either PV/T collectors or Solar thermal collectors is not sufficient for space 
heating during heating season, but the natural gas fired ICE is capable of providing sufficient heat 
when needed. Water-water heat pump can also be used for both heating and cooling, but it requires 
electricity for its operation. Annual performance of the heat pump is given in Fig. 4. 
  

 
Figure 4. Comparison of performance of water-water heat pump and absorption chiller 

 
Heat pump can utilize electricity from the grid, or locally produced electricity by one of the proposed 
production units. While solar applications do imply any direct operation costs, ICE requires 
considerable quantities of fuel and water-water heat pump consumes electricity for its operation. 
Annual monthly consumption of natural gas required for operation of ICE and electricity required to 
power the heat pump are given in Fig. 5. Operation cost analysis is not performed in this paper.  
The simulated absorption chiller is a single effect unit with minimal input source temperature of 85.6 
oC. Although better cooling efficiencies are achieved with higher input source temperatures, heat 
supply was for the purpose of the simulation was set to provide at least the minimum required 
temperature, but not greater than 95oC. Solar thermal collector array is capable of reaching simulated 
temperatures in this range in July and August. However, the simulation showed that the use of an 
additional heating source is required to provide constant flow of hot water with such temperatures, 
even with the use of 1m3 heat storage. This is achieved by using waste heat from the ICE. The 
simulation assumes, that 40% of the total available ICE waste heat (Fig. 3) can be utilized further 
effectively. 
Electricity consumption of the building was not analyzed in this paper. It is assumed, that surplus 
electricity can be exported to the grid, and taken from the grid when needed. However, total 
production rates of investigated units are compared in the paper.  

 
Figure 5. Monthly annual balance of  natural gas consumed bythe ICE and electricity 

consumed by heat pump 
 
Total annual production of heating, cooling and electricity of the investigated units is given in Fig. 6.  
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Figure 6. Annual balance for heating, cooling and electricity per investigated unit 

 
Fig. 6 shows that greatest electricity production can be achieved by the ICE engine. In addition, the 
ICE is capable of producing enough heat to fire the absorption chiller or enough electricity to power 
the water-water heat pump. Neither PV nor PV/T collectors are capable of producing enough 
electricity to meet the demand of the heat pump; hence electricity deficit in this system must be 
compensated by electricity import from the grid. Heat acquired by use of PV/T collectors is low 
temperature heat which is not sufficient to power the absorption chillier, however it may be possible to 
utilize as heat source for the water-water heat pump.  
 
CONCLUSION 
 
Different possible design configurations of micro trigeneration systems are compared in this paper for 
the demands of small building. With the limited available roof area for mounting neither PV nor more 
efficient PV/T collectors can provide enough electricity to meet the annual demand of the water-water 
heat pump. In addition, output temperature of the PV/T collectors is not high enough to fire the 
absorption chillier; hence an additional heating source is required in such case. Contrary, use of solar 
thermal collectors can provide high enough temperature heat to fire the absorption chillier, but an 
additional heating source is required for space heating and ensuring input source temperature for the 
absorption chillier at all times. Although ICE is used for this purpose in the simulations, other 
conventional heat sources can also be used. Simulated performances of the ICE engine showed that it 
is capable of providing high enough temperature heat to fire the absorption chillier for the cooling 
season as well as provide enough heat to meet the heating load in the heating season. Electricity 
produced by the ICE can also be used to power the ground source water-water heat pump. In such 
case, total annual electricity produced by the ICE is greater than total annual electricity required by the 
heat pump. Although the ICE raises significantly availability of the simulated trigeneration systems, it 
also requires significant amounts of fuel to operate. 
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Abstract: As an emerging technology, Cloud computing poses important questions about its environmental 
sustainability. While the extent literature gives numerous examples of financial benefits obtained through Cloud 
computing, its energy efficiency has not been analyzed in sufficient detail. Utilizing large shared virtualized 
datacenters, Cloud computing can offer large energy savings. However, Cloud services can also increase the 
Internet traffic and its growing information database which could decrease such energy savings. Thus, this paper 
explores the environmental sustainability of Cloud computing by analyzing various technologies and mechanism 
that support this goal.  
Key words:  Cloud Computing, Sustainability, Energy Efficiency, CO2 reduction 

 
 
INTRODUCTION 
 
Being one of the newest trends in the world of information technology, cloud computing gives rise to 
the following strives, present in almost every aspect of today’s life: to be cheaper, faster and greener. 
In order to be more competitive and therefore successful in any aspect of modern life, one needs to do 
things at a lower cost, greater speed compared to the others and with the least possible negative impact 
on the environment. This is the reason why cloud computing is being rapidly implemented in 
companies across the globe.  
However, as [7] state, the growing demand of Cloud infrastructure has drastically increased the energy 
consumption of data centres, which has become a critical issue. High energy consumption both 
reduces the profit margin of Cloud providers and leads to high carbon emissions, which is completely 
opposite to green. 
Hence, this negative impact needs to be minimized through energy-efficient solutions. These solutions 
can be designed only after a deep analysis of Cloud, with respect to their power efficiency.  
 
 
MATERIAL AND METHODS  
 
Company Cloud Benefits 
 
Business people are becoming more and more aware of the amount of energy IT systems consume and 
their environmental impact nowadays. This is the reason why the business world is increasingly seeing 
the implementation of a greener solution - Cloud computing. The idea behind this notion is storing 
data not locally, but on an external, outsourced server. This practically means that the need for bulky 
hardware and expensive software does not exist anymore. The advantages are numerous for an 
organization – environmental footprint of using cloud computing, as compared to having an internal 
IT system, can be reduced by up to 90%; moreover, it leads to the elimination of hardware obtaining, 
administering and maintaining, which provides great cost reduction. Apart from that, the problem of 
space lack and cooling is avoided in this way. Technology efficiency is greater in Clouds than in 
traditional data centers due to idle time optimization.  
 
Cloud service providers need to keep their cost low. Therefore they need to ensure there is no energy 
waste through focusing on performance. In fact, as [5] states, they provide maximum of services with 
the least resources (including energy), which in the final instance is the basis of being green. 
 

 394

mailto:colicv88@gmail.com


III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 
When comparing Cloud computing to in-house data centers, one can see that utilization rates in shared 
data centers can be, most frequently, around 60 to 70%, while at the same time they amount only 5 to 
10% in most corporations. Therefore, the shared resources and energy costs lead to maximum cost 
reduction through increased energy efficiency. On the other hand, with in-house data centers, 
companies may not be able to afford to keep upgrading to energy-efficient equipment, lacking space 
and finances. Anyway, they will often be forced to purchase more machines than necessary in order to 
handle peak data loads. In Cloud computing option, these resources can be allocated dynamically 
where needed. 
 
Cloud and Environmental Sustainability 
 
As it could be seen from the previous chapter, the notion of Cloud computing evokes the thoughts of 
sustainability, greenness, and significant energy savings. Indeed, one of the main driver technologies 
for energy efficient Clouds is ’virtualization’, which allows significant improvement in Cloud energy 
efficiency by leveraging the economies of scale associated with large number of organizations sharing 
the same infrastructue. In this way, companies can gain high savings in the form of space, 
management, and energy.  
 
On the other hand, commercialization of thousands of simultaneous e-commerce transactions and 
millions of Web queries a day, today known as Cloud computing, brought to an alarming rise in 
internet usage during the last decade. Architecturally, this trend is supported through large-scale 
datacentres, which consolidate thousands of servers with cooling, strorage infrastructure and network 
systems. The basic idea behind it is that the data in use are not stored locally, i.e. on hard drive of 
individual user, but on a remotely located server owned by so-called cloud vendor. In fact, most 
Internet users nowadays already use cloud computing, being completely unaware of that fact (e.g. 
web-based e-mail). This is the reason why, at a first glance, Cloud computing looks green. 
 
However, when transferred to the business field, its implications on both company’s profit and 
environment still need to be questioned. Traditionally, companies needed to invest great deal of capital 
and time in acquisition and maintenance of IT resources. Cloud computing shifts this approach from 
owning to subscribing, by providing access to scalable infrastructure and services on-demand. 
Therefore, the issue of purchasing, configuring, administering and maintaining own computer 
infrastructure is no longer present – now users can store, access, and share any amount of information 
on cloud, which the vendor is resposible for. Thus, the companies can focus on their core 
competencies, while the vendors provide all the necessary services to maintain the infrastucture 
working. 
 
Not so Green a Cloud 
 
As already stated, providing Cloud services to companies significantly reduces client company’s costs 
regarding manipulation of own IT resources. However, a question needs to be posed: is Cloud 
introduction a real solution or the problem is merely being shifted from the core to the outsourcing 
company? 
 
In fact, while on one hand this significantly reduces company-purchasers’ cost, on the other, it 
increases the carbon emission to a critical level (Figure 1). Therefore, various elements of Clouds 
which contribute to the total energy consumption need to be revised, as well as the more efficient 
solutions to be provided in order to make Cloud which is factually ’green’. 
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Figure 1.  Cloud and environmental sustainability (Source: Bianchini, R., Rajamony, R., Power and 

Energy Management for Server Systems, Computer, Vol.37, No. 11, pp. 68-74, 2004.) 
 
Due to the high-level energy consumption (estimated to 2% by [6]), the carbon emission by Cloud 
infrastructures has become a key environmental concern. According to a report published by the 
European Union, a decrease in emission volume of 15-30% is required before year 2020 in order to 
keep the global temperature increase below 2 °C. [4] observe that the Cloud phenomenon deepens the 
problem of carbon emissions and global warming. According to this source, the main problem is that 
the collective demand for computing resources is expected to further increase dramatically in the next 
several years. This means that even the most efficiently built datacenter will only mitigate, but not 
eliminate the harmful emissions of carbon dioxide. One of the main problems here is the idle time. In 
fact, no company ever uses 100% of its IT resources, 100% of time – which practically means that the 
great deal of power is being spent inefficiently. Apart from that, this problem is aggravated by the fact 
that the cloud vendors seek to reduce their electricity cost, but not the carbon emission as well.  
 
 
Efforts to Make Clouds Green 
 
Even though various components were made efficient in terms of power and performance, the unified 
picture still does not exist. If the file sizes transferred to and from cloud are large, the network will 
become a major contributor to energy consumption, leading to the state where it is still better to run an 
application locally, from hard drives, than from clouds. In fact, various research strives focused on 
individual components of Cloud computing, while neglecting the effects of the other, which gives the 
results not suitable for overall energy efficiency. Therefore, a unified solution should be proposed so 
as to achieve Green Cloud computing in the real sense of the word.  
 
The ultimate goal of Green Cloud architecture is to make cloud ecological from both user and 
provider’s perspective. It is, as [7] propose, done by introducing a middleware Green Broker that 
manages the selection of the greenest Cloud provider to serve the user’s request. He does it by 
obtaining the information on current status of energy parameters for using various Cloud services from 
Carbon Emission Directory (which maintains all the data on Cloud service’s energy efficiency). 
Afterwards, the Green Broker calculates the carbon emission of all the Cloud providers who are 
offering the requested service and based on that, selects the set of services that will result in minimal 
carbon emission.  
 
The design of this architecture is aimed to keep track of the overall energy usage when serving a user’s 
request. Its two main parts are Carbon Emission Directory and Green Cloud offers, which track energy 
efficiency of each Cloud provider, stimulating them to make their service ‘green’ at the same time 
(Figure 2). 
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Figure 2.  Green Cloud Architecture (Saurabh, K. G., Rajkumar, B., Green Cloud Computing and 
Environmental Sustainability, p.20, 2011.) 

 
This was proved through several individual researches. For instance, a case study conveyed by [7], 
focused on IaaS (Infrastructure as a Service) providers who offer IT resources to execute users’ HPC 
applications. Its results show that the green policies reduce the carbon emission by almost 20% in 
comparison to profit-based ones, having the minimal effect on the provider’s profit at the same time. 
However, this cannot be achieved only by improving the efficiency of equipment, but through making 
Cloud computing usage more carbon efficient from both user and provider’s perspective. Cloud 
providers need to shift towards using renewable energy sources and give priority to their computation 
resources energy efficiency in comparison with mere cost minimization. 
 
When transferred to the private cloud model, used for internal organizational users (and thus provided 
to a smaller number of users), the provider needs to size its ICT infrastructure for the peak usage. This 
practically means that the private cloud providers suffer greater load variations, since their users, most 
often a company’s employees, will probably use it significantly less during night, compared to day, 
and weekends, compared to weekdays. This is the reason why this type of cloud can save energy by 
optimizing the infrastructure to run the load with the lowest energy consumption, meanwhile 
preserving the service level agreements with respect to their users. 
 
 
CONCLUSION 
 
This paper explores the issue of Cloud computing, with regard to its impact on the environment. As it 
could have been seen, the researchers’ opinions vary, mostly due to the lack of a general overview of 
cloud energy efficiency. While on one hand numerous researchers praise the energy- and cost-saving 
nature of cloud, viewed from the customer company’s position, on the other, many of them focus on 
the actual energy consumption by Cloud servers. To sum up, both of these viewpoints need to be taken 
into account so as to acquire a complete picture. 
 
Cloud computing already does have a green lining, by providing computation resources to many 
customers, which increases their utilization rates. Nevertheless, in order to handle peak times and 
simultaneous requests from multiple customers, these servers need to be powerful and therefore they 
consume a great deal of energy. This all can be tracked in the sense of its carbon footprint, which is 
actually the first step towards making Cloud technology greener. The following step is, as proposed, to 
introduce the middle tier, which role would be to manage the customers’ requests towards Cloud 
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providers, with regard to greenness. Specifically, this means that, having information on current use of 
cloud providers’ resources, the middle tier decides which server to send the user’s request to, 
according to the usage. The server which is less used at the moment will be assigned for the task and 
therefore, less electric power shall be used. In the final instance, the carbon footprint of the cloud will 
be reduced, which is the main goal. 
 
The future research direction should be in the sense of the middle tier request directing speed, since at 
this point a problem is likely to occur – the final users’ requests need to be solved, obeying the green 
policy at the same time. After addressing this issue, the following period make Cloud have a factually 
positive impact on companies’ eco policy. 
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Abstract: This paper presents an overview of sources of funding and crediting the projects which promote 
energy efficiency and renewable energy sources and presents all necessary information, in one place, for all 
interested parties. The paper includes some of the funds and credit facilities that are available in the Republic of 
Serbia. Energy efficiency is becoming a priority since it helps reducing greenhouse gases emissions and allows a 
reliable energy supply with significant energy savings. Therefore, one of the most important priorities that are 
being pursued by the government is increasing energy efficiency, which also means savings in the use of energy, 
but also the promotion and increased use of renewable energy sources.  
Key words:  energy efficiency, renewable energy source, fund, credit facility 

 
INTRODUCTION 
 
Energy consumption in the Republic of Serbia is at relatively high level, which is especially evident in 
the public and residential sectors. In order to protect the environment and to reduce climate changes, it 
is very important to use energy and energy resources rationally. The key measures of the rational use 
of energy are to increase the reliability of energy supply, reduce dependency of imported energy and 
to increase competitiveness and standard of living. These measures contribute preservation of 
environment and as such they are very important element of sustainable development.  
Improving energy efficiency and increasing the use of renewable energy represents continuous process 
that requires an organized and systematic approach of relevant government institutions and community 
organizations, local governments, companies and individuals. 
However, a lack of systematic incentive measures, complex administrative procedures and unenviable 
economic situation are the reasons that Serbia is still very energy intensive country. In recent years the 
number of energy efficiency projects that have been implemented in Serbia increased, as a result of 
different public, private and individual initiatives and increased awareness. 
The aim of this paper is to present methods of funding, i.e. to present some of the funds and credit 
lines that are currently available in the Republic of Serbia for financing the projects in the field of 
energy efficiency and renewable energy sources. 
 
IMPORTANCE OF ENERGY EFFICIENCY 
 
Investments in energy efficiency and projects that promote renewable energy sources, increasingly 
take place in thinking and planning of public and private sectors in the Republic of Serbia.  
Energy efficiency is becoming a priority since it helps in reducing emission of greenhouse gas (GHG) 
and allows reliable energy supply with significant energy savings. Energy efficiency involves a series 
of measures taken to reduce energy consumption, which in fact does not have negative influence on 
the working and living conditions. The goal is to reduce energy consumption to minimum and 
maintain or increase the level of convenience and comfort. The results of increased efficiency in 
energy use are significant savings in terms of finance, but also better working and living environment. 
In order to increase energy efficiency in Serbia a set of systematic and well synchronized measures are 
necessary. There is number of strategic documents and its action plans aimed to contribute to this 
target.  
Over the last decade, EU has extensively dealt with the energy sector, primarily from the strategic 
point, setting the framework and goals for future activities. The latest document in this area is adopted 
on 27th of March in 2013, entitled "Green Paper - A 2030 framework for climate change and energy 
policies" [3]. This document also confirms and determines the objectives of EU energy policy, taking 
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into account long term perspective, by three headline targets for GHG emission reductions, renewable 
energy and energy savings, known as the "20-20-20" objectives. These are:  

- Reducing the GHG emissions in EU by at least 20 % compared to the level of in 1990,  
- 20 % of EU energy consumption to be from renewable energy sources;  
- 20 % reduction in primary energy usage, compared with projected levels, to be achieved by 

improving energy efficiency. 
The estimations of the European Commission have shown that EU was on course to achieve only a 
half of the targeted 20 % of the reduction in primary energy usage compared with projected levels. 
This is the reason why the European Commission has developed a new comprehensive Energy 
Efficiency Plan 2011 (EEP 2011), which represents a significant potential for energy savings [1]. 
Also, EU is committed to reduce GHG emissions by 80-95 % compared to the level in 1990 for the 
period until 2050, in context of necessary reductions of the developed countries as a group [2]. Energy 
Roadmap 2050 (ERM 2050) is the basis for development of long-term European framework together 
with all stakeholders.  
The greatest potential for energy savings still lies in buildings, which is confirmed by both above 
mentioned documents [1, 2]. Existing buildings are responsible for more than 40% of the world 
primary energy consumption, and the cause of about 24 % of global CO2 emissions [1].  
The basis for energy efficiency improvement in the Republic of Serbia is the first National Energy 
Efficiency Action Plan (NEEAP) for the period 2010-2012, which determines the middle indicative 
energy savings target for this period of 1.5% of final domestic consumption in the household sector, 
public and commercial sectors, industry and transportation [5]. The NEEAP was made based on the 
obligation of the Republic of Serbia that arise from the Energy Community Treaty [4] and the decision 
of the Ministerial Council of the Energy Community number 2009/05/MS-Enc, which the Republic of 
Serbia accepted the obligation to implement the Directive 2006/32/ES on energy efficiency in energy 
consumption. 
In order to encourage responsible, rational and long-term sustainable use of energy the Republic of 
Serbia adopted, in March 2013, the Law on Efficient Energy Consumption (LEEC). This law regulates 
the terms and conditions of the efficient use of energy and energy sources in production sector, 
transmission, distribution and energy consumption; policy of efficient energy use; system of energy 
management; labeling of energy efficiency level of products that affect energy consumption; minimum 
requirements of energy efficiency in production, transmission and distribution of electricity and 
thermal energy and natural gas delivery; financing, incentives and other measures in this area, and 
other issues relevant for the rights and obligations of individuals and legal entities. The LEEC goes 
toward the strategic plan and the international obligation of Serbia to save at least 9% of gross final 
energy consumption up to 2018, and to reduce GHG emission by approximately 9% until 2030 [6]. 
 
TYPES OF FUNDING 
 
This part of the paper considers some of the funds and credit facilities available in the Republic of 
Serbia for financing projects in the field of energy efficiency and utilization of renewable energy 
sources.  
EU assistance to the energy sector in Serbia in the past period has been enormous. EU funds that are 
made available for projects of energy efficiency and using renewable energy sources are available 
through various EU programs for pre-accession assistance. EU allocates significant resources from 
common budget to help less developed regions and its member states. However, certain funds for 
development EU gives to the states that are not its members, as well as the candidate states, potential 
candidate and to developing states.   
For all local and regional authorities in the Republic of Serbia, for the financing the projects dealing 
with renewable energy sources and energy efficiency, is available the Instrument for Pre-Accession 
Assistance (IPA) [8]. The main goal of IPA Programme is to help the candidate countries and 
potential candidate countries to harmonize their legislation with the EU acquits and to prepare for the 
use of structural funds. IPA funds are grants of development assistance, intended to reform policies 
and development projects that create the conditions for Serbia approaching to EU, as well as a 
potential candidate country for EU membership. For all projects and activities funded by the IPA the 
Republic of Serbia must also provide a proportionate share of funds.  
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The mission of the Green for Growth Fund, Southeast Europe (GGF) is to contribute, in the form 
of public-private partnerships, to improve energy efficiency and promote the use of renewable energy 
sources in the region of Southeast Europe, primarily through purposeful funding to economy and 
households through partnerships with financial institutions or by direct financing [9]. GGF was 
launched by the European Investment Bank and the German Development Bank (KfW- KfW 
Entwicklungsbank). GGF also provides an opportunity to help the projects through technical 
assistance, which may include feasibility studies, project documentation, and so on. The Fund was 
established as public-private partnership. 
One of the programs that have existed up to this year is the Program for Competitiveness and 
Innovation (CIP). CIP program for the period 2007-2013, was divided into three operational 
programs, of which the Intelligent Energy for Europe (IEE) program covering the area of 
environmental protection and energy efficiency [10]. The main objectives of the IEE program are the 
following: 

- To increase energy efficiency and the rational use of energy resources; 
- To promote new and renewable energy sources and encourage the diversity of energy sources; 
- To promote energy efficiency and use of new and renewable energy sources in transport. 

The new program for Competitiveness of Enterprises and Small and Medium-sized Enterprises 
(COSME), who will replace CIP, will last from 2014 to 2020 [11]. 
European Bank for Reconstruction and Development (EBRD) established in the 2008th as a 
special fund called the Western Balkans Sustainable Energy Direct Financing Facility 
(WeBSEDFF) aimed for financing projects of sustainable energy development in the Western Balkans 
[12]. This credit line is intended for local small and medium enterprises (SMEs) and investors who 
wish to invest in energy efficiency projects in industry or the utilization of renewable energy sources 
[7]. In addition to the financial assistance the EBRD provides expert advisory and technical assistance.  
All projects funded under WeBSEDFF fund must comply with the energy policy of the Republic of 
Serbia and in accordance with specific standards related to energy efficiency and the requirements 
relating to the protection of the environment. So far, 16 projects financed by this fund were 
implemented in Serbia. 
Another program that will end this year is Seventh Framework Programme (FP7), which lasted 
seven years, from January 2007 to the end of 2013.   
FP7 was the EU's main instrument for funding scientific researches and development, and activities 
included organization of cooperation between universities, research centers and industry (including 
SMEs), as well as providing financial support for joint projects. 
A successor of FP7 program, for the period 2014-2020, is called the Horizon 2020 program. Horizon 
2020 is the new EU financial instrument for the development of research and innovations. The goal of 
this program is to increase the level of improvement of the European scientific base and ensure safe 
flow of global research activities and thus ensure a long-term European competitiveness [13].  
SEE (South East Europe) Transnational Cooperation Program is a unique instrument, which in 
the framework of regional policy and territorial cooperation aims to improve the integration and 
competitiveness in the area that is complex and diverse [14]. The program supports projects developed 
within four Priority Axes: Innovation, Environment, Accessibility and Sustainable Growth Areas - in 
line with the Lisbon and Gothenburg priorities, and also contributes to the integration of non-EU 
countries. Priority axis Environment includes projects in the areas of energy efficiency and renewable 
energy sources. 
Since 2007, the German Agency for Technical Cooperation (Gesellschaft für Internationale 
Zusammenarbeit - GIZ) has established a new instrument, the Open Regional Fund for South East 
Europe, to finance regional development projects [15]. GIZ projects are often oriented towards 
achieving the technical requirements in local governments so that they itself applying for projects 
financed by EU funds, or to work in partnership with other local governments.  
Within the Open Regional Fund for South East Europe operate four different funds, and one of them is 
the Open Regional Fund for Energy Efficiency and Renewable Energy Sources for South-East Europe. 
The goal of the Open Regional Fund for Energy Efficiency and Renewable Energy Sources for South 
East Europe is projects funding for the security of energy supply in South East Europe through more 
efficient energy consumption and increased the use of renewable energy sources. 
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In the Republic of Serbia, there are several credit lines intended primarily for SMEs for the 
implementation of projects dealing with energy efficiency and renewable energy sources. The 
following are some basic information about credit lines.  
First of all, it must be mentioned the international financial institutions, especially the World Bank 
Group. The World Bank is an international financial institution that provides low-interest loans, 
interest-free credits and grants to developing countries around the world, and in Republic of Serbia 
finance a number of projects in the area of energy efficiency [16]. So far, the World Bank funded 
projects in Serbia by providing grants and credit conditions that are, according to its rules, available to 
the poorest countries in the world called "Soft" loans, under IDA - International Development 
Association conditions, with long repayment periods and low interest rates. However, since last year 
the projects in Serbia, are also financed by IBRD conditions (International Bank for Reconstruction 
and Development), intended to the countries that are on the middle level of income and are less 
creditworthy, in order to promote sustainability, equity, increase employment, reduce poverty and 
resolving other regional and global issues. IBRD achieves its goals by crediting the projects that are 
important for the national economy, for which the private capital is not interested, since the value of 
investments and the risk are high. 
The banks in Serbia also follow the trends and according to key issues at certain times they introduce 
new things in their offer. Currently, especially popular types of loans are loans for energy efficiency. 
Some of the banks have already taken active participation in the financing of projects in the field of 
energy efficiency and renewable energy sources. The purpose of these loans can be for: 

- Replacement of exterior doors and windows; 
- For insulation; 
- Installation of energy-efficient furnaces and boilers; 
- Installation of heat pumps; 
- Installation of equipment for biomass combustion; 
- Installation of solar panels, etc. 

Below is a list of banks that have in offer loans for projects dealing with energy efficiency and 
renewable energy sources: 

- Banca Intesa; 
- Bank “Čačanska banka”; 
- Hypo Alpe-Adria Bank; 
- NLB Bank; 
- Societe Generale Bank; 
- Volksbank; 
- UniCredit Bank; 
- Raiffeisen Bank; 
- Commercial Bank; 
- Eurobank EFG; 
- Erste Bank; 
- OTP Bank; 
- ProCredit Bank. 

It should be noted that in addition to the above mentioned financing sources, the Republic of Serbia 
participate in the funding of almost all projects, through its ministries and local authorities. Besides the 
state the projects were co-financed through individual initiatives, public-private partnership, through 
various associations from individuals to the private sector etc. Very often the state or local partners co-
financing is pre-condition for approval of financing certain projects. 
The Republic of Serbia has decided to establish the Energy Efficiency Fund, which starts in 2014. 
Funds from this budget fund, either directly or indirectly - through banks will be able to use, not only 
citizens and businesses sector, but also various institutions and organizations that want to improve 
their energy efficiency and thereby achieve savings. 
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CONCLUSION 
 
The European Community encourages local initiative in the field of sustainable development, 
including policies on energy efficiency and use of renewable energy sources. Energy efficiency and 
renewable energy sources become a priority since it allows reducing of GHG and secure energy 
supply with significant energy savings. 
The basic motivation for the implementation of projects dealing with energy efficiency and renewable 
energy sources is financial profitability of projects. Reduction in energy consumption or use of 
cheaper energy sources provides significant financial savings, which would be if the project is viable, 
that within a reasonable period exceed investment in the project, as well as operation and maintenance 
costs of the system and make adequate income. 
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Abstract: In thise paper are given the temperature characteristics of massive ("passive" and "active") solar walls. 
Tests program included measuring of distinctive temperatures at the time when the fan ran (during daytime/sun 
shining) and at the time when the fan did not run (at the time when the absorbing wall surface was not being 
shone - on day and night). The results of this experimental testing, as well as the previous ones point out the 
better temperature effects of the "active" walls in relation to the "passive" ones.  

 
INTRODUCTION - EXPERIMENT 

 
Comparative testing of massive - "passive" and "active" (with the central duct - chamber) solar wals 
with aim to the distinctive temperatures (their relation) was performed when in a certain period during 
the day was running a fan at the wall model with the inner duct - hollow space ("active" walls). 
Back wall side is thermo-insolated with a mineral wall layer, 50 mm thick, of the next characteristics:  

ρ = 27,0 kg/m3; λ = 0,037 W/mK (at 0 0C).  
 

For the forced air circulation was used a radial fan of the next characteristics: 
- diameter of the fan rotor: 60 mm, 
- length of the set: 180 mm, 
- power: 20 W, 
- number of revolutions: 1450 min-1 

- capacity: 30 lit./s 
 
Tests program included measuring of distinctive temperatures at the time when the fan ran (during 
daytime/sun shining) and at the time when the fan did not run (at the time when the absorbing wall 
surface was not being shone - on day and night). The moveable key 3 (Fig. 1) was in the opened 
position during the fan running (the opened inlet duct in the central hollow space - 1), and the air 
freely circulated from the entering zone into the central duct - the chamber. During the ceasing of fan 
work, the key was put into the closed position, i.e into the position of closing the upper entering 
aperture leading into the central wall chamber. 
In this experiment testing of both types of massive walls is performed, and in the central duct of 
“active” wall is fixed a mechanical obstacle (pos. 1) that prevents free air circulation through it (Figure 
1). That obstacle is specially formed of steel plate (the resistor to the air flow) with air gaps between 
the surface of the duct walls and the edges of the resistor - the figure 1 - b. Free cross-section of the 
central chamber where air could directly circulate (the part of the cross-section where there was not a 
mechanical obstacle) was 25 % of the total cross-section surface. 
The fan (2) was during the testing a certain period of time at work (daily - mostly at the direct sun 
radiation action) and the rest of time in 24 - hours period - switched off (in the evening and at night). 
During the (time) period the fan ran, on account of such prevented full circulation, there happened, to 
a certain degree air whirling in the entering zone - between the transparent and the absorbing wall 
surface. 

 
Temperature characteristics 

 
In the figures 2 to 4, is presented the diagram (for several days) measuring results of the ambient 
temperature (T0), the transparent medium temperatures (Ts), the medium air temperatures in the 
entering zone - between the transparent and the absorbing wall surface (Tz) - for both tested types of 
the massive walls. 
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Figure 1. Massive “active” wall with forced circulation and the mechanical resistor to the air flow (1- 

resistor to the air flow, 2- fan, 3-the central duct-chamber, 4 - moveable key) 

b)a) 
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Figure 2. Comparative survey of  curves of  temperature changes for the outside glass covers 
“passive” (P) and “active” (A) massive wall when fan runs during daytime and when resistor to air 

flow is fixed in the central duct (for two days) 
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P

Figure 3. Comparative survey of curves of the air temperature changes at the entering zone at 
"passive" (P) and "active" (A) massive walls when the fan runs during control duct 

Time 
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Figure 4. Comparative survey of curves of  temperature changes at the entering zone at "passive" (P) 
and "active" (A) massive walls when fan runs during daytime and when resistor to the air flow is fixed 

in the control duct 

Time 

 
CONCLUSIONS 

 
The results of this experimental testing, as well as the previous ones point out the better temperature 
effects of the "active" walls in relation to the "passive" ones. The higher temperature of the "active" 
wall back surface is better from the exploitation aspect, taking into consideration that surface is in 
contact with the heated room. Fixing an integral collector of the solar energy to the collecting side of 
the massive wall, heat losses to the outside environment are reduced from the heated room and the 
massive wall. 
At "active" massive walls the inner duct-chamber is filled with material of good heat accumulating 
characteristics. The filling structure offers as less as possible resistance to the air circulation and the 
surface in contact with the air flow is larger. The relation of the material filling surface is in  direct 
function with the foreseen heating time for those pieces, along their depth. 
The filling material can be made of homogenous material with appropriate duct system that enable 
uniform contact of hot air along the whole filling or from the loose material of different size-
granulation (gravel or others). The size of the used granulate enables the location of larger mass in 
determined volume and larger contact surface for heat exchanging. Meanwhile, resistance to the air 
flow are greater and it requires a stronger fan and higher plant costs of electrical energy. Uniform 
airflow distribution is then more difficult, so one must make a combination of homogenous and loose 
material. A homogenous material may be any perforated plate (metal or other) so that granulates can 
not fall through it, and there is a free passage for the air flow. 
The fixing of the regular system of the air flow distribution, the granulates of the filling and the duct 
system schedule undergoes optimisation considering. 
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Abstract: In this paper will be proposed solutions for a transistor converter for electromagnetic vibrators. These 
electromagnetic vibrators are used in dose and heave systems for scraped material. Earlier standard solution with 
thyristors and triacs are with phase angle control. This type of converter have poor power factor and they 
produce a harmful harmonics in the main power network. The new class converter now works in pulse domain 
and they have power factor correction and also the possibility to eliminate a harmful harmonics. 
Key words: Electromagnetic vibrator, transistor converter 
 
INTRODUCTION 
 
The vibratory conveyors are widely used device in various technological processes for transporting 
and finishing materials. Conveying process is based on a sequential throw movement of particles. 
Vibrations of tank, i.e. of a “load-carrying element” (LCE), in which the material is placed, induces 
the movement of material particles, so that they resemble to a highly viscous liquid and the material 
becomes easier for conveying. In the processing industry are often used mechanisms based on  the 
vibratory conveyors with electromagnetic drive. Vibratory conveying drives with electromagnetic 
vibratory actuator (EVA) are a very popular because of their high efficiency and easy maintenance [1], 
[2]. 

 
Figure 1. Typical construction of vibratory conveyer with electromagnetic drive 

 
 A typical arrangement of electromagnetic vibratory conveying drive (EVCD) can be seen in Fig.1. Its 
main components are LCE-1, EVA as source of excitation force and flexible elements-2. Flexible 
elements are made of composite leaf springs. These elements are rigidly connected to the base-3, 
which is resting on rubber pads-4 to the foundation. Magnetic core-5 is covered by continuous 
winding coils- 6. Electromagnetic force acts on armature-7 attached to the LCE. This element carries 
the vibratory trough-8 along with transporting material. The vibratory displacement is measured by 
non-contact inductive sensor- 9. The granular material comes to the trough from storage hopper- 10. 
Input flow is adjusted by movable shutter- 11. f 
Application of electromagnetic vibratory drive in combination with power converter provides 
flexibility during work. It is possible to provide operation of the vibratory drive in the region of the 
mechanical resonance. Resonance is highly efficient, because large output displacement is provided by 
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small input power. In this way, the whole conveying system has a behavior of the controllable 
mechanical oscillator [3], [4].  SCR converters are used for the EVA standard power output stage. 
Their usage implies a phase angle control [4-6]. Firing angle varying provides the controlled AC or 
DC injection current of EVA or controls his mechanical force. This force is squared function of 
current in EVA winding coils [3], [5]. 
 
TYPES OF VIBRATORY CONVEYING SYSTEMS 
 
Electromagnetic VCS are divided into two types: single-drive and multi-drive. The single-drive 
systems can\ be one-, two- and three-mass; the multiple-drive systems can be one-or multiple-mass as 
shown in Fig. 2. Description of one-mass system is shown in Fig 2 (a). It comprises following 
elements: LCE, with which the active section of the EVA is connected, elastic element, connecting the 
active section with the reactive section, having been fastened on the frame. 

 
Figure  2. VCS with electromagnetic drives 

 
The main components of the two-mass systems are shown in Fig. 2 (b): LCE, to which the active 
section of EVA is attached, comprising active section and reactive section, with built-in elastic 
connection. The vibratory machine base is separated from the load-carrying structure by means of 
plate springs. A special drive, comprising two identical actuators, which oscillate in mutually 
perpendicular directions like in 
Fig. 2(c), is used for elliptical oscillation. The multipledrive multiple-mass system as shown in Fig.2 
(d), has a LCE on which a number of identical actuators with elastic connections are tied.  
A description of one type single-drive two-mass electromagnetic vibratory conveyor is shown in Fig. 
3(a). Its main components are the LCE, to which the active section of the EVA is attached, comprising 
an active section and reactive section, with built-in elasticconnection. Flexible elements, by which the 
LCE with material is supported, are composed of several leaf springs, i.e., plate springs. These 
elements are rigidly connected with the LCE on their one side, while on the other side, they are fitted 
to the base of the machine and sloped down under angle .  
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Figure 3. Two-mass vibratory conveyor with plate springs. (a) Electromechanical model. (b) Static 

equilibrium forces in y-direction. 
 

SCR POWER CONVERTER IN RVCD 
 
In regulated vibratory conveying drives (RVCD), thyristors and triacs are today employed as standard 
elements of output power stages. Basic topologies of the power converters of this type are shown in 
Fig.4. Their use implies adjustment of vibratory displacement and vibratory velocity of the LCE by 
using phase angle control. 
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Figure 4. SCR topology for exciting of electromagnetic vibratory conveying drives 
 

One type of these converters realized by using only one thyristor i.e. unidirectional, are characterized 
by a pulsating output current, makes use only one half-period of the network voltage. In this type of 
converter the thyristor is triggered only during positive half-periods. In this way the network voltage 
of frequency 50(60) Hz at the input is converted to a pulsating direct current (DC) supplying the coil 
of the EVA which generates a discrete spectrum of vibrations: 3000 (3600) cycles/min, 1500(1800) 
cycles/min, 1000(1200) cycles/min, 750(900) cycles/min, 600(720) cycles/min, 500(600) cycles/min, 
etc., depending upon the instant of triggering of the thyristor. 
A serious problem arises when the mass of the conveying material is changed, i.e. mechanical resonance 
of the system has changed. In such case the vibratory system will not operate efficiently. It is possible to 
tune amplitude but not the frequency of the vibrations. In addition, the thyristor converter brings in a DC 
component and undesirable higher harmonics. Application of triacs results in somewhat better situation 
as regards the harmonic content, but the same problem arises if the resonant frequency is changed. 
Variation of the mechanical resonance due to variation of the mass of the conveyed material, or even 
variation of the system parameters (characteristics of the springs, damping, etc.), leads to reduction of 
efficiency of the RVCD. In order to accomplish an optimal and efficient operation at a new resonant 
frequency, it is necessary to change the frequency of EVA supply current, i.e. of the excitation force of 
the vibratory conveyor. 
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Figure 5. Characteristic waveforms in case of phase control.  

 
In this case thyristor firing is achieved only in positive half wave as shown in Fig.5 (a). The output 
voltage (50Hz or 60Hz) is converted to pulsating DC current of EVA i.e. pulsating force of EVCD. In 
this way, generate vibrations of discrete spectrum like in Fig.5, depending on the moment of thyristor 
firing. 
With these power converters is the mains frequency 50Hz/60Hz converted to AC power supplied to 
the same frequency coil EVA as shown in Fig.5(b). 

 
SWITCH MODE POWER CONVERTERS IN RVCD 
Today, a great deal of work is done on implementing switch mode power converters (SMPC) for 
obtaining sinusoidal or triangle current pulses in the EVA [6]. Application of SMPC enables 
accomplishing the amplitude and/or frequency control of vibratory conveying. The use of SMPC makes 
the excitation of a resonant conveyor independent of the supply network frequency. The frequency 
control ensures operation in the region of mechanical resonance. As in the case of SCR one can talk 
about unidirectional and bidirectional converter types, depending on whether there was DC pulsating 
or AC excitation of EVA. The generally accepted mechanical construction of resonant vibratory 
conveying drive and driving switching circuits are shown in Fig.6. 
The topology consisting of two switches and two return diodes is used in designing the unidirectional 
type of converters, i.e. the asymmetric half-bridge as shown in Fig. 6(a), while the full-bridge and half-
bridge topologies are used for designing the bidirectional type of converters, as shown in Fig.6(b) and 
Fig.6(c), respectively. The required sine-wave (half-wave) can be realized by these topologies if the 
applied current control is based on tracking the reference sine-wave of adjustable length, amplitude, and 
frequency. This method of generation of the excitation current has the advantage in that it allows 
independent tuning of the frequency and amplitude of the electromagnetic excitation force F. 

 
 
 
 

 
 
 
 
 

Figure 6. SMPC topologies for exciting of electromagnetic vibratory conveying drives; (a)-
asymmetrical half bridge, (b)- symmetrical half bridge and (c)-full bridge 
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In this paper the considerations will be focused on the electromagnetic drives having asymmetrical 
switching topology shown in Fig.6(a). The switching converter described in [7], despite its advantages, 
suffers from a serious shortcoming that at high frequencies its switching losses become dominant. In 
addition to these losses, the losses in iron of the magnetic circuit and in copper of EVA coil become also 
significant. This reduces the efficiency of the vibratory conveyor and it is not unusual that the power of 
losses in the system converter-EVA-vibratory drive is higher than the power required for maintaining the 
resonant oscillatory mode. This reduces considerably the efficiency of the drive as a whole.By a suitable 
switch-mode current control in this topology and generating triangle waveform of EVA current, it is 
possible to overcome this problem and accomplish the expected vibratory effect, i.e. the required 
amplitude of LCE oscillations and optimal operating frequency of the vibratory conveyor. However, 
irrespective of the pulse excitation of LCE, the output displacement is a “smooth” sinusoid, as a 
consequence of the character of the mechanical part of the system, which, attenuates higher harmonics, 
as shown in [6]. Despite many advantages, previously described switch mode RVCD under certain 
conditions can have negative influence on the supply network. In the remainder of this paper will be 
analyzed in a number of specific cases which express the negative effects mentioned topology to the 
supply network. 
 
PFC CONVERTER FOR SUPPLYING RVCD  
 
Block diagram for implemented AC/DC transistor converter is shown in Fig. 7. The transistor 
converter comprises two power converters. One is input AC/DC converter with power factor 
correction, while the other one is DC/DC (pulsating current) converter for driving EVA.  
Input converter is in fact a controllable transistor rectifier with two “boost” stages (M1-D3 and M2-
D4) and inductance on the AC side. This converter with advantages over the conventional power 
factor corrector (diode bridge rectifier-power switch-diode-inductance on DC side) is described in 
detail, in [6-7]. 

inL

  

 
Figure 7. Principle block scheme of PFC control circuit for supplying switch mode RVCD 

 
The basic functional block in the PFC control circuit is a hysteresis controller. The controller has the 
ability to adjust the width of the hysteresis ΔH. To the input of a hysteresis controller is error signal i.e. 
the difference of two signals Iin and Iref . The controller output is brought to the PWM circuit that has the 
implemented function ENABLE or DISABLE. The signal Iin is a in fact the actual value of network 
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current, while the Iref  is  signal  from the output of multiplier AB/C2. Input A of multiplier is signal 
which is obtained by measuring and rectifying of the input mains voltage Um. Input B is filtered mains 
voltage, while input C is output of voltage controller (PI regulator).  
When the switch S1 is a turned on and when the signal ENABLE = "0", the entire system can be easily 
reconfigured in the basic circuit without PFC. In fact, the experimental results obtained for both of 
configurations. 
A block diagram for implemented ac/dc transistor converter is shown in Fig. 8. The diagram is utilized 
for observance of the VCS behavior according to conveying mass change. The transistor converter 
comprises two power converters. One is an input ac/dc converter with a power factor correction 
(PFC), while the other one is a dc/dc (pulsating current) converter for driving EVA. The input 
converter is in fact a controllable transistor rectifier with two “boost” stages and inductance on the ac 
side. This converter with advantages over the conventional power factor corrector (diode bridge 
rectifier-power switch-diode-inductance on the dc side). 

 
Figure 8. Principal diagram of implemented ac/dc transistor converter for driving of EVA 

 
Fig.9 presents the FFT spectrum of the input current of RVCD with PFC converter, for the case when 
the driving frequency of EVA is equal 48Hz. In this spectrum are clearly observed dominant 
fundamental harmonic of 50Hz and two less dominant harmonics 18 kHz and 28 kHz.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

Figure 9. Input current FFT spectrum of PFC converter of RVCD for EVA driving frequency of 48Hz 
 
The last two harmonics are the result of implemented hysteresis regulation in PFC circuit. These 
harmonics have very small impact on the power supply network. 
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CONCLUSIONS 
 
In regulated vibratory conveying drives the thyristors and triacs are today employed as standard 
elements of output power stages. Their use implies adjustment of vibratory displacement and vibratory 
velocity of the load-carrying element by using phase angle control. The spectrum of the input current, 
in addition to a DC component, contains both lower and higher harmonics relative to the main 
component of 50Hz. The spectral composition in this case is very dependent on the spectrum of 
vibrations. Today, a great deal of work is done on implementing switch mode power converters for 
obtaining sinusoidal or triangle current pulses in the electromagnetic vibratory actuator. Application of 
switch mode power converters  enables accomplishing the amplitude and/or frequency control of 
vibratory conveying. The use of switch mode power converters makes the excitation of a resonant 
conveyor independent of the supply network frequency. For this reason it is necessary to carry out an 
additional optimization of a switch mode i.e. optimization of the input (AC/DC) rectifying circuit. In 
the paper is proposed a solution to the power factor correction circuit, which provides a sinusoidal 
input current. 
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Abstract: Transportation experts agree that the beginning of the 21st century is characterized by directed 
activities for successful solving of growing problems of traffic and transport performance. These activities can 
no longer be applied without the use of comprehensive concept and technology of ITS (Intelligent Transportation 
Systems). 
Keywords: intelligent transportation systems, traffic, transport infrastructure,  
 
 
INTRODUCTION 
 
Transportation management includes planning, monitoring and controlling of traffic. It aims to: 
increase effectiveness by using the existing infrastructure, provide reliable and safe traffic, to make 
reference to the economic goals and to make proper arrangement of infrastructure (roads, railway 
stations, etc.). This is an essential element in increasing the efficiency and safety of transport networks 
and operations that are performed at the same.  
The concept of intelligent transportation systems (ITS) is a system of measures and technologies 
applied to transport systems that integrate IT and telecommunication technology. The goals of 
establishing of these systems are reflected in the increase of traffic safety, efficient traffic flow with 
less downtime and a lower level of environmental pollution. 
 
INTELLIGENT TRANSPORTATION SYSTEMS 
 
ITS is managerial and information and communication upgrade of classic traffic and transportation 
system by ensuring a much higher bandwidth, safety, protection and environmental acceptability 
compared to the solution without ITS applications. This does not mean that before the ITS was no 
intelligence in traffic, but through the real time data gathering and processing as well as network 
distribution of information achieves considerably congestion reduce, queuing, traffic accidents, 
unproductive transportation, environmental pollution, etc. "Intelligent" means the ability of adaptive 
action in the condition and situation changing where it is necessary to gather sufficient data and 
process them in real time. The concept of intelligent information system (IIS) is close to the IT staff as 
well as a variety of advanced techniques that are common to IIS and ITS. Concepts and techniques of 
artificial intelligence (AI i.e. Artificial Intelligence) - pattern recognition, machine learning, intelligent 
calculation and so on, are used in the design, development and implementation of various ITS 
applications. The European city resident lost approximately one year of life in additional waiting 
because of traffic congestion and lack of updated information about traffic development. ITS solutions 
include a redesigned transport infrastructure with a new traffic solutions, organizing and managing 
flows, intelligent guidance on routes with lower loads, information about available parking lot spaces, 
remote monitoring of cargo and vehicles, controlled - telematics toll, incident management traffic etc. 
We can say that ITS is: an advanced concept of solving traffic problems, a scientific discipline, a set of 
technologies and new technological movement. That proves the programs and projects of ITS in all 
developed countries, the establishment of ITS as an academic discipline and study programs at 
universities, as well as the successful operation of numerous of national and international associations 
of ITS. Compelling reasons "for" ITS following the catastrophic level of security and external costs of 
traffic. According to the WHO organization (World Health Organization - WHO), more than 1.2 
million people each year die from traffic, and 50 million are injured. Total direct and external costs of 
road accidents is 3 to 4% of GDP in some countries. ITS reorientation of transport policy means 
adapting the principles, measures and instruments for directing the development of transport 
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infrastructure and technology aligned with the general social and economic objectives. Sustainable 
development of the transport system involves the use of ITS solutions to the integration of different 
transport modes and the creation of intelligent transport and logistics networks (ITLS). 
 
EXISTING FUNCTIONAL AREAS AND SERVICES OF ITS 
 
International Organization for standardization by ISO (International Standard Organization) has 
defined the following fields of ITS: 
1.Traveler information (Traveler Information) 
2. Traffic Management and Operations 
3. Vehicles 
4. Freight Transport 
5. Public Transport 
6. Emergency 
7. Transport Related Electronic Payment 
8. Road Transport Related Personal Safety 
9. Weather and Environmental Monitoring 
10. Disaster Response Management and Coordination 
11. National Security 
 
In the field of traveler information services (traveler information) includes static and dynamic 
information on the transport network, pre-trip services and travel information, as well as support to 
services that perform the gathering, storage and management of information for the planning of 
transport operations.   
Pre-trip information service (pre-trip information) enables users to get useful information from their 
home, workplace or other public location about available methods, time and travel costs.  Travel 
information (on-trip information) includes real time travel information, travel time estimation based on 
existing conditions of parking lot space availability, traffic accidents, etc. Information is provided via 
terminals at bus and train stations, streets, transit point, the screens in the car or portable personal 
terminal.  
A cross-country guides and navigation services can be related to pre-trip and travel information about 
the optimal route or path to the specified destination. Choosing the best route is based on information 
about network traffic and public transportation and includes the most effective ways of different types 
of transport, taking into account the transportation costs that are minimized.  
Trip Planning Support provides information on traffic flow and transport demand for the purpose of 
transportation planning. They are the current and historical data from the traffic management and 
information systems, as well as data from a moving vehicle (Probe Vehicles). In the ITS field called 
Traffic Management and Operations, there are several services: 

- traffic management,  
- traffic incident situation management, 
- demand management,  
- management and maintenance of transport infrastructure, 
- identification of offenders. 

Traffic flow management service (Traffic Control) refers to the management of traffic flows as to 
network of city streets, as to out of town (on the highways and elsewhere). 
Examples of such services are: 

- adaptive control of traffic signs and traffic lights,  
- variable traffic messages,  
- access control on the highway,  
- speed control,  
- parking control, etc. 

 
Monitoring and removal of incidents on the roads (Transport Related Incident Management) includes 
detection, response and clearance of incidents on the roads or in their immediate vicinity. Only a 
minority of the total number of incidents are related to traffic accidents in which take part vehicles and 
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there are injuries or fatal injuries. In addition to a posteriori action, detection and cleanup, there is 
performed prediction and prevention of accidents. It is especially important to prevent secondary 
accidents (Post Incident Management). The focus is on traffic accidents and accidents although the 
system includes a response to the other causes of small incidents (puncture, missing of vehicle, etc.), 
as well as large accidents and disasters (earthquake, landslide, wildfires, and the like).  
Demand management is a set of services which affects to the level of demand at different times of the 
day as well as to way inflection. 
Demand management services include: 

- tariff management of public transport, 
- access control to certain urban areas, 
- parking rates-payment of contribution to congestion (Congestion Pricing), 
- induction of special tape for special vehicles with multiple passengers (High Occupancy Lane 

Management),  etc. 
Maintenance management of transport infrastructure is a set of services based on the application of 
ITS technologies in the maintenance of roads and associated communication and IT infrastructure.  
Violations of traffic regulations monitoring (Policing / Enforcement) includes automatic detection of 
the vehicle type, license plates, speeding with effective back-office procedures.  
The ITS area called the vehicle (Vehicles), there are several services that improve the operational 
safety of the vehicle: 

- Vision enhancement, 
- assistance to driver and automated vehicle actions, 
- preventing collisions,  
- safety warnings, etc. 

 
In the Freight Transport area there are merged functions, as services related to administration of 
commercial vehicles, mutual coordination of transporters and other participants involved in freight 
transport. 
Examples of services are: 

- management information on the transport of goods, 
- management of dangerous goods, 
- Automatic verification of documents and the vehicle's weight, etc. 

In the area of public transport is defined more services that allow regular and effective actions of 
public transport by providing updated information to users. 
Examples of these services are: 

- advanced public transport system, 
- rolling stock management, 
- advanced dispatching system, 
- shared transport. 

In the area of emergency services there are integrated functional processes that enable fast and 
effective intervention ambulance, fire, police and other emergency services. The area of emergency 
services increasingly integrates with the incident management team and become part of an integrated 
traffic management system. 
Service examples are: 

- automatic accident test  
- automatic call in case of accidents  
- coordinated management of emergency vehicles, etc. 

In the field of electronic payments related to transportation there are services:  
- electronic payment of public transport  
- electronic toll collection,    
- electronic collection of parking  
- remote payments, etc.  
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CONCLUSION 
 
The objectives of the national transport policy and strategy development of transport communications 
and IT infrastructure at the beginning of the 21st century are closely interacting with the development 
of ITS. There should be a transportation policy, focused on the corridor, complete ITS and logistics 
orientations. Experience of the PE "Roads of Serbia" in the application of ITS reflected primarily in 
the automation of toll collection, automatic traffic counters, especially with regard to the Travel 
Meteorological Information System PMIS - developed in the road maintenance pilot - project in 
Macvanski and Kolubara District.  
To prove the above assertion is enough insight into the current programs and directions of 
development of European transport infrastructure. The emphasis is on the reorientation of the road to 
other environmental and energy better ways of passenger and goods transport service with a complete 
end-to-end. 
Since the ITS is a key determinant of transport development, transport and logistics in the first half of 
the 21 century, we can expect the inclusion of a significant part of the IT community in these projects. 
In ITS development there are applied object-oriented methods and tools, which is in line with the 
development of information technology. 
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Abstract: This paper describes the design solution of technological milling - grinding, transport and production 
of briquettes from straw. The project is designed and implemented for "Victoria Group" in Zrenjanin. The paper 
contains a description of technological process scheme of technological process, specification machine 
technological equipment and energy needs. 
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INTRODUCTION  
 
The units of the former factory for the production of sugar, "Victoria Group" in Zrenjanin has built 
production facility - briquettes biomass. Biomass that is specifically used in this case is the rest of the 
wheat plant "straw". Figure 1 shows the technological scheme of production of biomass briquettes 
from straw. Lower calorific value of straw is about 12 MJ / kg. It can be seen that there are two 
hammerhead, one for coarse grinding of straw, and the other for fine grinding of straw pellet mill and 
two machines for the production of the final product - pellet biomass (Dimitrijevic et al., 2012). Each 
project of the production process - the system has its own characteristics. Depending on the type of 
installation and plant projects in some of its parts may have some similarities. This applies to general 
and technical requirements, which must be an integral part of every major technological and 
mechanical design. 
 
The aim of the design is:  

1. The increase in production volume.  
2. Reconstruction of existing production systems.  
3. Construction of new technological systems.  

Design is the first and basic stage capital construction, which ensures the construction of new and 
reconstruction of existing technology systems and manufacturing processes.  The aim of the project 
production process - the system is to develop a production system that will meet the requirements of 
quantity and quality, in the most economical manner.  When designing the production process - the 
system, the system designer needs to integrate the following elements: 

− Production equipment,  
− Means of transport,  
− Storage equipment and 
− Equipment for computer control. 

Construction investment projects can be divided into three phases:  
1. Making an investment program with a project. 
2. Development of the project. 
3. Performing the building and monitoring. 

In the framework of this paper is to give some basic elements of the project such as: description of the 
technological process, the design of technological processes, budget, equipment specifications, support 
of safety and so on. 
 
TECHNOLOGY PROCESS 
 
Straw bales are fed into debaler. Conveyor belt put the straw in the hammer for rough grinding. 
Pneumatic pipeline is performed to transport straw hammer for fine grinding. Minced straw is then 
transported by pipeline to the cyclone 1 and 2, where the separation is performed, ie. extract the straw 
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from the air. From the cyclone 1 and 2, by stopping the air - the rotating extractor, minced straw goes 
into the screw conveyor 1 and 2, and then the mixer continues to be fed to the briquetting machine, ie. 
pellet press 1 and 2 Aspiration system by using a bag filter for dust and fan 2 Pneumatic conveying 
line is suction type and transport is carried out using two centrifugal fan 1 and 2 Briquettes are then 
transported by conveyors and elevators lančastog, the refrigerator and the vibrating sieve. After that 
briketrana mass is transported to the storage and boiler room combustion. Technological scheme of the 
process is shown in Figure 1. 
Within this paper a conceptual technology solution systems - Installations for the production of 
briquettes from biomass. Biomass that is specifically used in this case is the rest of the wheat plant 
"straw". The project envisaged two hammerhead, one for coarse grinding of straw, and the other for 
finer grinding and two pellet mills to produce finished products, biomass pellets. The solution 
includes: Description of technological process scheme of technological process, calculation of 
pneumatic transport of ground straw, specification of mechanical and technological equipment. 
(Dimitrijevic, 2012; Prvulović, et al., 2012; Tolmač, 2008). 
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Figure 1. Technological scheme of briquettes from straw 
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Figure 2. Detail of installation ciclon (cyclone diameter D = 1245 mm, rep1 and 2) 
 
The total installed power is 423 kW. For the production unit in two shifts tj.16 hours, if the coefficient 
of coincidence of 0.95, the power consumption is: 423 x 16 x 0.95 = 6.430 kWh. 
 
SPECIAL CONTRIBUTION OF WORKING 
 
Organizations working to protect the facility, should provide primarily preventive care, according 
litetaturi (Tolmač, 2008; Orban, 2012; Prvulović, et al., 2007): 
 
Precautionary measures to protect 
 
All working parts (joints, pulleys, etc.). Protected with protective sheeting. Order the removal of static 
electricity, machinery and equipment associated with each other and earthed. 
All flange - Flange with elevators, pipelines and the like. bridging the copper tape. 
All machinery and equipment must be enclosed and therefore it is strictly forbidden to open the lid 
during operation, and other elements. In the case of audit and related activities on the machine, it must 
be ensured that the worker will look to avoid a sudden release of machines in operation. 
Machinery and equipment should be maintained as per the supplier. If you need welding, etc.. this will 
only work when the machines and equipment out of service prior to the preparations. 
Staff in this facility must fully understand the basic rules of safety at work, preventative measures to 
prevent fire and operate fire extinguishers. 
Every employee must know the function of certain machinery and equipment, and in a prominent 
place must be displayed prohibition of the use of faulty equipment to warn of danger when operating. 
Before the start of some lines or machines beep personnel must be alert. 
Work organization is required to carry out training of workers in health and safety matters and to 
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inform workers of their rights and obligations in the field of occupational safety, working conditions 
and hazards in the workplace, measures and means of Occupational Safety and verify training workers 
for independent and safe operation . 
 
 CONCLUSION 
 
Plant for crushing - grinding and pneumatic transport straw capacity of 4.000 kg / h, built in "Victoria 
Group" in Zrenjanin, enables the preparation of chopped straw briquetting. Agglomeration is 
performed on two machines for pelletizing. After that, the pellet mass is stored in a separate silo cell. 
The pellets are used for combustion in boilers to produce steam. Lower calorific value of briquettes is 
(16 to 18) MJ / kg. 
Factory "Victoria Starch" in the process of wet processing in the most modern way of producing corn 
syrup and starch. Some capacity used for the storage of crop residues for the company "Victoria 
Group" which owns "Victoria Starch" and the straw will be used to produce energy. This kind of 
business is a good example to close the cycle of procurement of materials, processing of raw materials, 
production, and that all this is done in one facility to cut costs in particular to reduce the energy 
consumption will be 2-3 times cheaper. Victoria Logistic company buys raw materials for all 
manufacturing facilities. Annually purchase about 70.000 tons of barley straw, wheat and soybeans 
needed to produce cheap energy in these capacities. To produce steam in a future corn processing 
plant daily consumption is estimated at 300 tons of crop residues. According to current calculations, 
construction of the "Victoria Starch", among other things rationally designed production elements and 
the energy produced in this way, facilitate return on investment of 50 million. EUR in only three years. 
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Abstract: This paper has aim to show how a solar panel for active room heating can be built with little effort and 
investment. It is known for a long time that solar collectors are very expensive in Serbia, whether imported from 
abroad or due to some private producers in Serbia, which later formed the European market price. The paper 
shows how it is possible to make an improvised solar collector with minimal investment. Presented is method of 
work, all working procedures, cost of production, as well as statistics, or output power of this collector 
Key words: solar collector, independent work, solar energy 
 
INTRODUCTION 
 
Today, the use of information technology can inform and inspire people in many ways. Technology 
keeps improving, and with her progress costs are growing as well. But for most of the products made 
industry there is possibility to develop them in “our own” workshop. This paper presents an example 
of very useful tool that has been created with relatively low cost and thereby may provide similar 
benefits as wall as being made in the industry. It is about a solar collector for supplemental home 
heating with directly air heating. It is important to note that this is solar panel that is almost entirely 
made of aluminium cans. 

 
Figure 1. Solar active wall 

 
Solar collector housing is made of wood (polywood 15mm), while its front side is made of 
plexiglass/polycarbonate (glass is also usable), 3 mm thickness. On the back side of housing is placed 
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glass wool (styrodur 20 mm is also usable) as isolation. The solar absorber is made of beer cans and 
soda cans that are painted with matt-black color resistant to high temperatures. The upper part (cover) 
of can is specifically formed to provide greater efficiency during heat exchange between can and air. 
When the weather is sunny, regardless of the outside temperature, canned air is heated very quickly. 
The fan is used to return heated air back into the room that is heated. 
 
METHOD AND MATERIAL OF SOLAR COLLECTOR 
 
Firstly, the empty cans are collected with the purpose to make this solar panel. Cans are generally 
made of aluminium, but there are some that are made of iron. To determine which material are they 
made of, magnet is appropriate tool for it. 
Each can floor is drilled using a drill toll as shown in Figure 2. 
 

 
Figure 2. Can drilling process 

 
It is necessary to pay attention to the precize drilling to form a small fins on the top of each can. Their 
task is to stimulate turbulent flow of air inside the tube of solar panel, so that air collects as much heat 
form heated wall of the can  as it passes throught the tube. Therefore, it is important to carefully cut 
top cans in the form of stars and bend them with pliers. 
Before gluing cans, it is necessary to clean grease and dirt from the can surface. Any synthetic 
degreasing agent will serve very well to this purpose. Degreasing would be desirable to do in 
ventilated room or clean ared. Since the procedure is highly flammable, there is potential danger of 
explosion, and therefore a special note is given. It is dangerous to work with this near open flames or 
burning cigarettes. 
Cans can be attached using any glue or silicone resistant to high temperatures, at least up to 200 °C. 
There are also products for gluing that can withstand up to 280 °C ili 300 °C. Can cover and bottom of 
other can fits perfectly into each other. Glue/silicone is placed on the edge of the can and bottom of the 
other can is pressed on her. In this way glue/silicone will not leave the edge. The detailed section of 
glued can is shown on Figure 3, and finished and taped can sequences are shown on Figure 4.  
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                    Figure 3.                                      Figure 4.                                        Figure 5. 
 
After that, the stacking can template is prepared, as shown on Figure 5. Two ordinary flat boards 
connected with nails can be also used. The template will provide support during the process of drying 
cans in order to obtain flat tube, also known as “solar tunnel”, Additional fastening of can to template 
is done using jar rubbers. 
Boxes of intake and exhaust part are made of wood or aluminium foil (thickness of 1 mm) and gaps on 
the edges are filled with adhesive tape or heat-resistant silicone. Box covers have cutouts of 55 mm 
made by stationary drill. Drilled parts are shown on Figure 6 and Figure 7. The first row of cans is 
glued to the cover of intake box. Figure 8 presents the view of assembled parts, and collector is ready 
for painting.  
 

 
                     Figure 6.                                        Figure 7.                                        Figure 8. 
 
The glue dries very slowly. It is necessary to leave it to dry for at least 24 hours. 
The solar absorber fits into housing made of wood (Figure 9). The back of the box of solar collector is 
made of chipboard. To further consolidate the design, the inner strip partions can be created. Between 
these partions is placed isolation – glass wool or styrodur. All this is covered with a thin plywood 
board. Installed isolator is presented on Figure 10 and Figure 11. In particular, there sould be more 
attention to the isolation around  the opening for entering and leaving air. 
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                    Figure 9.                                   Figure 10.                                     Figure 11. 
 
At the end, the solar absorber is painted black and placed in the diy solar panels casing. The casing is 
covered with plexiglass that we attach to the frame and thoroughly complained silicone. Polycarbonate 
/ plexiglass is slightly convex in order to gain greater strength. You can see installed solar absorber 
without plexiglass in Figure 12. Complete solar collector is shown on Figure 13, and finally, installed 
solar system can be seen in Figure 14. 
 

 
                  Figure 12.                                   Figure 13.                                           Figure14. 
 
Important note: Our solar system is not able to accumulate thermal energy after producing it. When 
it’s sunny, the solar collector produces heat, but it is necessary to use it immediately for heating the air 
inside the house. If the sun does not shine, it is necessary to interrupt the supply of air in the solar 
collector, because otherwise the room will begin to cool off. This can be solved in a simple way – by 
installing the valve, which will reduce the heat loss to a minimum. 
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                             Figure 15.                                                       Figure 16. 

Differential thermostat (snap disc Figure 15.) controls the fan. This thermostat can be bought in better-
equipped electronic component stores. The unit has two sensors. One placed inside the top opening for 
warm air, the other inside the lower opening for the supply of cold air in the solar collector. Fan 
characteristics are 120 mm 1300 rpm (speed propeller) and make a noise of 17 dB, which means that 
the noise level is minimal. Fan is shown in Figure 16. 
 
Costs of production: 
The following table shows a list of materials needed for the production of solar can ( tin ) heater. In 
the bottom of the table you can see total costs of making a complete solar panel. 
 
Table1. List of materials for solar panel. 

Material Amount Unit RSD EUR 
Plexiglass 2.5 m2 2,500.00 24 
Alu Scheet 0.55mm 0.50 m2 540.00 5.4 
Wood 15mm 1.2 m2 1,200.00 12 
Wood 4mm 2.5 m2 950.00 9.5 
Paint for wood 2 Canikin 600.00 6 
Paint, black mat 3 Spray 200.00 2 
Styrodur 20mm 4 m2 600.00 6 
Silicon HI-temp 2 Tube 250.00 2.5 
Silicon, red 2 Tube 250.00 2.5 
Electric fan 1 Piece 350.00 3.5 
Alu. Profiles 6.5 Meter 850.00 8.5 
Dif. Thermostat 1 Piece 2500.00 24 
   RSD EUR 
In Total   10,790.00 105,9 
 
Table 2. Technical characteristics of the panel: 

Width 1010mm 
Height 2200mm 
Depth 160mm 
The total area 2.4 m2 
Ef. Collector Area 2.3 m2 
Diameter inlet 100mm 
Diameter of drain hole 125mm 
Number of cans 225pieces 
Orientation Vertical / Horizontal 
Weight 66kg 

Note: Given that the plexiglass is more UV stable, it is more expensive like other materials. The solar 
panel can be made from lexan (which is considerably cheaper), but keep in mind that the panel will 
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then have a slightly lower efficiency. It is important to choose a lexan or plexiglass that is UV 
stabilized so you will have not to make replacement after a few years due to the deformation caused by 
constant exposure to sunlight. 
 
RESULTS AND DISCUSSION 
 
If on/off temperatures are set carefully, diy solar panels are able to produce an average 1 -2 kW of 
energy for home heating. This generally depends on how much sun do we have during the day. Dress 
rehearsal of solar collectors carried out in the backyard before installing the system on the house. It 
was a sunny winter day, no clouds. As a fan is used a small cooler extracted from a faulty power 
supply of PC. After 10 minutes in the sun from the solar collector is out hot air temperatures of 30°C! 
The test results have encouraged us to install solar heater on the house as soon as possible. 
 

 
Figure 17. The average daily energy of global radiation on horizontal surface in january and july in 

Serbia 
The highest annual income of energy is obtained if the surface is oriented towards the south and has a 
slope of 30 °C, the orientation and slope are optimal for the period March-April and August-
September.The energy potential of solar radiation is about 30% higher in Serbia than in Central 
Europe and the intensity of solar radiation is among the largest in Europe. 
After completing installation of collector, the outside temperature was -3 ° C, and from the solar 
collector is coming out 3 m3/min (3 cubic meters per minute) of heated air. In the home version we 
used more powerful fan than for the test. Heated air temperature went up to +34 °C. Temperature was 
measured by digital thermometer. To calculate the heating power of the collector, we took the air flow, 
and average air temperature exiting from the device. Calculated power that the solar panel produced, 
was approximately 1950 W (watts) which is almost 2.6 HP. 
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Abstract: The design and packaging construction of a product play a vital role in determining the expiration date 
of a product. The right choice of packaging materials and packaging technology maintain product quality and 
keep the product in good condition during storage and distribution. Packaging is no longer used only for 
transport of goods to distant markets, but is an important factor when selling products to customers. 
Key words:  plastics, polymers, packaging, materials, design. 

 
INTRODUCTION - THE DESING AND MATERIALS 
 
The meaning of the word design is a drawing, blueprint, pattern or a project. The design is used as a 
replacement for: technical aesthetics, industrial aesthetics, industrial design and modeling. Technical 
aesthetics refers to aesthetics of technical products. The industrial design refers to the activities of 
creating the shape of a product. Modeling a product indicates the formation of the final product as a 
model. When it comes to design the next terms should be distinguished: Industrial design (design of 
cars, household appliances, furniture, phones, clothes, toys), graphical design (design of books, posters 
and packaging), web design, fashion design, jewelry design, design of ceramics and glass and eco-
design. [1] 
Materials are substances of which something is composed or made. Under substance it is assumed for 
example: pure metal, chemical compound or a group of substances or alloys. Materials relevant to 
technology should meet the following criteria: to have technically usable qualities in at least one state 
of matter and to be technologically and industrially reproducible. Materials that are traditionally used 
for packaging include: glass, metals, paper, cardboard, wood and plastics. Several different forms of 
plastics is used in rigid and elastic form. Today’s packaging is often made up of several materials to 
take advantage of functional and aesthetical benefits of each material. [2] 
Scientific and technical discoveries improved the technologies and materials for packaging. Small-
sized cubes, aluminum tubes and packaging made of foil products are designed to provide protection, 
comfort, affordability and longer expiration dates. [3] 
Manufacturers with many branded products have come to acknowledge the need for engineers to be 
part of the development team for wrapping and packaging of a product and the designers the 
marketing team. The demand for convenience and valuable products has dictated many aspects of the 
development of materials and marketing. The need for efficiency, reusability and the environmental 
concerns also gained in importance as a reflection of changes in the values of consumer society. [3] 
The packaging is today fully integrated in overall development strategy of a company’s brand. With 
their long history of brand management, packaging designers are of vital importance for the 
partnership business and they are required not only to be able to create a visual design of a product but 
also to understand marketing, finances, sociology, psychology, economy and international trade. [3] 
Packaging is increasingly used not only for transportation of goods to distant markets, but also 
represents an important factor in selling the products to demanding customers. In recent years the 
importance of packaging is increasingly emphasized as one of the main factors not only for transport 
of goods but also in selling them on demanding foreign markets. The packaging plays a very important 
role in attracting the attention od customers, providing information about the product and often 
influences the decision for buying the product. Today packaging represents an integral part of a 
product and it need to be adjusted to the needs and demands of the consumers. The design and 
construction of a package play a vital role in determining the lifespan of a product. The right choice of 
packaging materials and technologies will maintain product quality and good condition during storage 
and distribution. [3] 
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POLYMER MATERIALS 
 
There are several advantages in the use of polymer materials for food packaging. Polymers can be 
produced as sheets, figures and structures providing significant flexibility in the design. Polymeric 
materials are chemically resistant, inexpensive, and lightweight with a wide range of physical and 
optical properties. Some of the polymeric materials have the ability of heat welding, they are easy to 
print, can be integrated in the production processes where the package is formed, filled and closed in 
the same production line. The main drawback if the polymeric materials is their variable permeability 
to light, gasses and steam. [3] 
Polymeric materials can be: 

• Thermosetting plastic, and 
• Thermoplastic plastic. 

 
Figure 1. Plastic packaging 

 
Thermosetting plastics are polymers which become rigid or permanently shaped when heated and 
cannot be re-shaped. Due to their strength and endurance their primary use is leaning towards the auto 
industry and in construction as adhesives and coatings. [3] 
The use of polymers in food packaging has continued to grow thanks to the low cost of the material 
and functional advantages such as welding, optical properties, unlimited size and shape. Multiple types 
of plastic is used for packaging food including: polyethylene, polyester, polyvinyl chloride, polistrilen, 
and polyamide. The main packaging materials are poliofileni and polyesters. [3] 
 
POLYETHYLENE AND POLYPROPYLENE 
 
Polypropylene and polyethylene are commonly used for food packaging. Polypropylene and 
polyethylene have good combination of properties including elasticity, rigidness, brightness, stability, 
resistance to moisture and very suitable for recycling and repeated use. Polyethylene can be of low or 
high density. High density Polyethylene is used for making bottles for milk, juice and water, cereal 
boxes, margarine boxes, shopping bags and garbage bags. Low density Polyethylene is elastic, strong, 
sturdy, easy to close and moisture resistant. Low density Polyethylene is relatively transparent, mainly 
used in cases when thermal closure is necessary. Bags for bread, frozen food, flexible lids and bottles 
are examples of low density Polyethylene. High density Polyethylene containers are mainly recycled 
from plastic packages. [3] 
Polypropylene has good resistance to chemicals and efficiently stops water vapor. Polypropylene has a 
high melting point which makes it suitable for applications where thermal resistance is required. 
Polypropylene is used to make yoghurt pots and margarine. [3] 
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Figure 2. Packaging of polyethylene 

 
 
 

 
Figure 3. Packaging made of polypropylene 

 
POLYVINYLIDENE CHLORIDE (PVDC) 
 
PVDC has the capability of thermal welding and serves as an excellent barrier to water vapor, gases, 
and fat and oil products. It is used for inelastic packaging as a monolayer film and coating. PVDC is 
used for packaging of canned meat, cheese, snacks, tea and coffee. PVDC is also used for storage at 
low temperatures. [3] 
 
POLYSTYRENE 
 
Polystyrene is a polymer of styrene. It is a hard, clean and highly flammable material with a relatively 
low melting point, used for protective packaging of cookware, disposable cutlery, lids, cups, plates, 
bottles and trays for food. [3] 
 
POLYAMIDE (NYLON)  
Polyamide is mainly used in the textile industry. Nylone offers good chemical resistance, strength and 
low gas permeability. [3]  
 
POLYESTER 
 
Polyethylene terephthalate (PET), polycarbonate (PC), polyethylene and oil (PEN) are polyesters. PET 
is the most common polyester for food packaging. PET has good resistance to gas and moisture, has 
good heat resistance, mineral oils, solvents and acids. PET is used for creating packages for many food 
products, beverages and mineral water.  The main reasons to use PET packaging are its transparency 
like as glass, corresponding barrier for keeping the carbonation of drinks, light weight and resistance 
to breaking. Recycled PET bottles are used for insulation and nonfood packaging. [3] 
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Figure 4. PET 

 
POLYCARBONATE (PC)  
 
PC is clean, heat resistant and durable. Polycarbonate is used as a substitute for glass in case of large 
water bottles for multiple use and small bottles that can be sterilizes. [3] 
 
POLYETHYLENE NAPHTHALATE (PEN)  
 
Polyethylene Naphthalate is a polyester with high heat transfer coefficient. PEN show better results at 
high temperatures than PET, making it possible to have multiple hot filling, cleaning and use. PEN is 3 
to 4 times more expensive than PET. It also provides protection against flavor and odor transfer. [3] 
 
POLYVINYL CHLORIDE (PVC) 
 
Polyvinyl chloride is a tough, heavy, flexible and amorphous material. PVC is highly resistant to 
chemicals, fats and oil and has stable electrical properties. PVC packaging is used in medical and 
nutritional purposes. Its use in the food industry includes bottles and films for packaging.PVC is 
difficult to recycle and its burning is a major environmental problem due to the high chlorine content. 
[3]  

 
Figure 5. PVC 

 
CELLOPHANE  
 
Cellophane is obtained by chemical processing of cellulose but it has no fibrous structure like the 
paper. Cellophane is used for packaging consumer products. Unpainted cellophane is transparent like 
glass, with a smooth and shiny surface. It serves as an excellent barrier to air, odor and dust. It is used 
for packaging products that need to be protected from dust, packaging of food products, tobacco 
products and textiles.  
High resistance to water and water vapor also makes it a very widely used packaging material, 
especially in packaging confectionery dried products containing fats and oil. [3] 
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CONCLUSION 
 
The new trend of developing plastic materials is in the production of biodegradable materials. Plastic 
packaging provides excellent protection for products and it is also cheap and durable. Production of 
packaging from renewable resources has a significant contribution in terms of lower energy 
consumption during production and disposal. Bioplastic products are characterized by biodegradability 
and functionality of products that will be much wider used in the future. 
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Abstract: This paper analyzes the importance of geothermal energy to the human community. There are 
analyzed the benefits that renewable energy contributes to various spheres of human life. This article aims to 
show that geothermal energy is present everywhere and that there are technological features that it very 
effectively used. The research was carried out by interviewing residents, whose purpose was to examine the 
awareness of the people in the town of Zrenjanin on the application of geothermal energy. 
Keywords: geothermal energy, heat cougars, potential savings, Serbia. 
 
INTRODUCTION 
  
Nowadays most people understanding energy is reflected only as a form of coal, oil and gas , and is 
produced by thermal power plants and hydro power plants. Given that in humans is not fully 
developed awareness of the different types of energy, geothermal energy, which is the most frequent 
and most accessible is hidden and not used. Under geothermal energy means energy that can be 
downloaded from water, soil and rock whose temperature exceeds 10 ° C. One of the most common 
ways to use this energy as heat pumps. Since january 2009. The use of heat pumps is definitely 
included into renewable energy sources [1]. A heat pump uses one of the basic laws of 
thermodynamics that energy can neither be created nor destroyed but only change its form and its 
place of existence, it transfers 80 % of the energy from the environment with 20 % of electricity. 
Climatic conditions in Serbia are ideal for the application of heat pumps , because of the winter 
working in the heating mode , a fly in the cooling mode . Heating with heat pumps is cheaper 9 to 16 -
fold compared with equivalent fossil fuel heating, wood or electricity in conventional boilers. [ 1] The 
use of geothermal energy for heating and cooling is a primary route in the world and the European 
Union. In Europe, they set very high goals regarding the use of renewable energy and reduced 
emissions. In early 2007a. The Council of Europe has announced its goal of achieving 20 % share of 
renewable energy in the structure of energy production 2020th year. Set high goals for the reduction of 
primary energy consumption by 20% by 2020th year while reducing carbon dioxide emissions by 20% 
led to the fact that renewable energy sources are considered as the backbone of savings [2]. In these 
savings application of heat pumps will take a significant share of 22%. Council of the European Union 
adopted a decision to the 2020th every year, a brand new residential or commercial building needs to 
be energy independent. Geothermal energy is the most appropriate for achieving those goals, and 
therefore the only one of all renewable energy in several European countries entered into a legal 
obligation to use to heat the new building. Given that potential of geothermal energy in the country in 
a large percentage is not used , it is necessary that its activities related to energy is channeled into the 
direction in which they are directed by the European Union and other developed countries. 
 
MATERIAL AND METHODS 
 
For insight into the real state of Zrenjanin what people think of geothermal energy was carried out 
empirical research. The research methodology is based on the formulation of the survey on geothermal 
energy , which is shown in Table 1. Questions are normally designed to incorporate awareness of the 
respondents about the problem, respectively basic statements , information and opinions. Part of the 
survey are further sub- target students Technical Faculty "Mihajlo Pupin" in Zrenjanin , in order to 
comprehend the mind of young and educated people. The second part of the questionnaire were 
randomly distributed in order to look into the minds of people with different levels of educational 
attainment and of different ages. Information based on data from surveys are basically quantification 
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type, with elements of qualitative type in a few questions. Data were statistically analyzed after which 
the results are displayed on a graph for better visibility. The objectives of this study were:  
1. Research of awareness on geothermal energy in the city of Zrenjanin.  
2. Determining the opinion of the people that will apply in future geothermal energy.  
3. Determining the attitude of the citizens of the benefits of using this energy.  
4. Analysis of the awareness of the citizens in the operation of geothermal power through heat pumps. 
5. Detection of bottlenecks and find solutions that would affect the use of geothermal energy in the 
city of Zrenjanin to a higher level. 
 
Table 1. Survey "Geothermal Energy ” [3] 

 

Dear Sir / Madam, the survey is carried out to the student writing on the faculty. The survey was anonymous and the data from it in any way will not be 
abused. Please carefully fill out the survey. Thank you for your cooperation and for your time. 
* Note: The possible responses are regulated by the numbering so that circling number 1 give complete denial of the question, and by rounding the number 
up to 5 confirm the question. For example: 1 - no, 2 - way, 3 - maybe 4 - a, 5 - to (descriptions of numbers are adjustable according to the set question). 

GEOTHERMAL  ENERGY 
r.br. Questions Answers 
1 th  
 

Do you know what is geothermal energy? 
1        2        3        4        5 

2 th Do you know what it can be used geothermal energy ? 
1        2        3        4        5 

3 th Did you know that Serbia has a very good potential for geothermal energy? 
1        2        3        4        5 

4 th Do you think that geothermal energy has a positive impact on the environment ? 
1        2        3        4        5 

5 th Do you think that the use of geothermal energy provides financial savings for energy consumers ? 
1        2        3        4        5 

6 th Do you think the country is sufficiently motivate their residents to use geothermal energy? 
 1        2        3        4        5 

7 th If the 6 question is given a negative answer , write your suggestions on how to increase the motivation of using 
geothermal energy 1        2        3        4        5 

8 th Are you informed about what is in the municipality of Zrenjanin done regarding the use of geothermal energy? 
1        2        3        4        5 

9 th Were you instructed to geothermal energy for the benefit of people across the heat pump ? 
1        2        3        4        5 

10 th Do you know what the heat pump ? 
1        2        3        4        5 

11 th If you were able , would you decide to use geothermal energy for their own needs (heating domestic hot water 
, heating and cooling ) ? 1        2        3        4        5 

12 th If the 11th given the negative response , write why. 1        2        3        4        5 
13 th Have you heard that the geothermal energy as " clean energy "? 

1        2        3        4        5 

14 th * If it is a 13 was answered positively , write why you think they call it . 
1        2        3        4        5 

15 th Do you think that in the future, more use of geothermal energy ? 
1        2        3        4        5 

RESULTS AND DISCUSSION 
 
 We will now graphically presents the research results, which are based on surveys of geothermal 
energy. The following Table 2 provides insight into the social characteristics respondents and 
respondents who underwent a survey of geothermal energy. 
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Table 2. Social characteristics of the respondents of the "Waste Management" 
  

Social characteristics of respondents (rounded) Total 
What is your 

gender? 
M Ž                          

 55 42    
How old are you? 15-30              30-45              >45   

 35 34 28   
The level of 
education? 

OŠ SSS                VŠ               VSS  

 22 33 17 25 97 

 
 
Based on the perceived informing of citizens, depicted in Fig.1. It can be concluded that the majority 
of respondents referred to the term "geothermal energy". It should be noted that a significant 
proportion of respondents pleaded that is very indefinite that might be addressed, while a very small 
percentage of respondents pleaded not addressed. The positive side, respondents if not entirely, but 
what is referred to geothermal energy. It can take some time in which to apply this energy intensive, 
and that the knowledge of this term was higher. Media attention, a variety of education and the most 
important practices should be directed to familiarize people with the operation of this power. 
When respondents perceived familiarity of what can be used geothermal energy is shown in Fig.2., It 
can be concluded that familiarity is lower than familiarity with the concept of energy as shown in the 
previous Fig. 1. 
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Figure 1. Knowledge of the term "Geothermal Energy" 

0
5

10
15
20
25
30

1 2 3 4 5

Number of respondents

 
Figure 6. Familiarity of citizens on the application of geothermal energy 

 
When we look at the knowledge of the respondents that Serbia has good potential for use of 
geothermal energy as shown in Fig 3, it can be seen that the lack of information increases relative to 
the familiarity of the concept and application of energy. Most of the respondents who are not familiar 
with and are not sure if they are well informed. People often think that their environment is not the 
most appropriate and do not have with good potential for a lot of things, and therefore need to 
emphasize more on the advantages and potential of our country. 
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Figure 7. Citizens are informed about the potential for the application of Serbia geothermal energy 

 

Based on the results of the respondents are shown in Fig.4., It can be seen that in the majority agreed 
with the statement that geothermal energy has a positive impact on the environment. It is interesting 
that the respondents were in a much greater number declared that they were not sufficiently informed 
about the concept, implementation and geothermal energy's potential, and yet believe that it has a 
positive impact on the environment. From this we can see that even people not familiar with what 
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constitutes a term are considered to realization it can contribute to a better life in a city. People's 
willingness to accept that something important in their own settings to use and expand their 
understanding revolve around. 
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Figure 8. Awareness of the impact of geothermal energy on the environment 

  

Based on information analyzed subjects depicted in Fig.5. it can be concluded that the highest 
percentage of respondents were not sure that the use of geothermal energy provides financial savings 
for consumers. To potential users opted to use the energy necessary to put emphasis on short-term 
repayment and financial savings to be realized. Citizens' opinions in a very high percentage that the 
state does not motivate people to use geothermal energy, as shown in Fig.6. 
Through the efforts of the state to motivate citizens to a greater extent, would be drastically increased 
awareness and the awareness of the people, and the very use of this power, it is therefore necessary 
that the state take larger and educate residents about the benefits of this energy. Suggestions on how 
the state can motivate people to use geothermal energy are shown in Fig.7. 
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Figure 9. Informing citizens about the financial savings to the consumer when used geothermal 

energy 
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Figure 10. Citizen`s opinion about the motivation of the state for the use of geothermal energy 
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Figure 11. Suggestions on how the state can motivate people to use geothermal energy  

 
Based on the results of the survey are that the knowledge of the respondents about what is in the 
municipality of Zrenjanin done as far as geothermal energy is very low ( Figure 8). Respondents were 
most pleaded not informed until a few pleaded addressed . It is necessary to promote a much greater 
extent when the municipality apply this energy , would have created a positive attitude about it and the 
various biases and uncertainties could be eliminated, if the residents see how it goes in the middle of 
them . In the municipality of Zrenjanin is also the first school " Jovan Luci " it's installed geothermal 
heating , funds granted through the IPA CBC programs [4]. It was built and a residential building ( 
buildings ), which will provide users over heating heat pumps , with a lower price of heating with 
district heating . Such examples will be provided to Zrenjanin citizens clear picture of the application 
of geothermal energy, will raise awareness about the importance and benefits of this energy source , 
which will result in the use of geothermal energy on a large scale . 
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Figure 12. Awareness of what is in the municipality of Zrenjanin done in terms of geothermal energy 

 
On the basis of familiarity of respondents to geothermal energy for the benefit of people across the 
heat pump, it can be concluded that familiarity partially broken, respondents have a slightly higher 
percentage of whom were sent as shown in Fig. 9. When informing the public about the benefits of 
energy necessary to put emphasis on how it can all be used and what are the devices that make up this 
energy usable for various purposes. Familiarity of the respondents what are the heat pump, is more 
strongly positive. The respondents have stated that if they are not fully addressed, at least partially 
addressed as shown in Fig. 10. In applying this energy on a large scale, will be expanded and insight 
into what people are heat pumps, how to use and what is the advantage of using them. 
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Figure 13. Familiarity citizens to use geothermal energy through heat pumps 
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Figure 14. Familiarity citizens what the heat pump 

 
On the basis of results of determination for the use of geothermal energy , the highest percentage of 
respondents said they would perhaps decided , the rest in the highest percentage of respondents said 
that they would have opted for the use of geothermal energy as shown in Fig.11. 
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Figure 15. The commitment of the respondents for the use of geothermal energy 

 
Respondents who had a question: "If you allow the possibility, would you use geothermal energy? " 
Pleaded not choose to use this power, have expressed their reasons for which are shown in Fig. 12. 
The first reason is that a high percentage given is that it is considered that this form of energy does not 
function as a standard, it is necessary to show people how it works in the peaches and the best example 
of this practice is that it be implemented in their city . Another reason is that the respondents believe 
that technology in our country does not work good enough for you, you should not generalize The 
technology , manufacturers and importers is still a high quality and technologies and not quality. It 
should be noted that in our country there are systems that work flawlessly for over 30 years [5]. 
 The third reason represents a lack of information, education of the population through school and out 
of school systems is very important to increase awareness. 
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Based on the perceived familiarity of respondents, that geothermal energy is called "clean energy", 
which is shown in Fig.13. It can be seen that the majority of respondents said that they might be 
addressed, not sure of the date the claim, while the remaining majority pleaded addressed. All types 
off the energy needed in a larger scale closer to the people, that is advantages of using this energy and 
point to practices in our country and other developed countries. Based on the questions on the 
awareness that geothermal energy is called " clean energy " as shown in Fig. 13, of those who were 
sent were required to explain the reasons for this energy is called pure. All respondents have stated 
that the reason for the naming of geothermal energy is clean energy because it does not pollute as 
shown in Fig. 14. It is very positive that the reason given is correct and that the proportion of 
respondents aware that the use of clean energies reduce pollution that are harmful to the environment. 
Addition, based on a forensic patients, the results are very positive , because the majority of 
respondents stated that they believe that geothermal energy is applied to a greater extent in the future 
Fig. 15. A significant number of respondents were not sure, which is quite expected because the lack 
of familiarity of respondents about the problem usually results in an undefined prediction. Very small 
sample of only 5 of them are declared negative, which is still positive as the number of respondents 
who declared himself negatively in relation to the declaration of the previous statements and opinion 
between decreased. 
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Because I think that technology in our
country is not good enough

 
Figure 16. Reasons why you would not choose to use geothermal energy 
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Figure 17. Familiarity that geothermal energy is called " clean energy " 

 
 

 
Figure 18. The reasons why geothermal energy is called "clean energy" 
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Figure 19. The application of geothermal energy on a larger scale in the future 

 
CONCLUSION 
 
Based on the research it can be concluded that people's awareness of geothermal energy is not fully 
developed. It is necessary to approach to the citizens the significance of this energy and its use to 
facilitate their various subsidies, competitions and benefits. The use of this energy in the city of 
Zrenjanin and therefore in the Republic of Serbia would directly impact on the conservation of natural 
resources affecting the quality of life. Since the estimated quantity of geothermal energy that could be 
used much more than the overall quantity of energy sources based on oil, coal, natural gas and 
geothermal energy should certainly be given more importance. Especially if you take into 
consideration it is a cheap, renewable energy source that is also the environmentally friendly. The 
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increasing unpredictability of the price of energy generated from fossil fuels, environmental pollution, 
as well as compliance with the Legislation of the European Union calls on the urgency of establishing 
a coherent state policy in this field and the integration of measures to stimulate the use of geothermal 
energy. 
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Abstract: Basics of raw and gray iron production are presented, with a view to the blast furnace processes and 
the accompanying chemical reactions. Classification and manner of production of cast iron is given, emphasizing 
technological details related to gray iron casting. Production of steel in the converter is explained, following all 
interphases. All these processes are generally overviewed through the phases of  Fe3C process. 
Key words:  pig iron, gray iron, steel, Fe3C diagram 

 
INTRODUCTION  
 
The greatest application of all technical alloys are alloys of iron (Fe), which are classified as iron, steel 
and ferro-alloys. Widespread use of these alloys (90% of total world production of metallic materials), 
is based mainly on the following factors: iron ore is found in large quantities in the Earth's crust, iron 
alloy are produced in a relatively inexpensive procedures, good combination a of different properties 
is relatively easily achieved. The basic elements of all kinds of steel and iron as iron (main 
component) and carbon (alloying component). 
Today,  iron is generally obtained with oxide, and less carbonate ore: magnetite (Fe3O4), hematite 
(Fe2O3), limonite (2Fe2O3·3H2O) and siderite (FeCO3). Red iron ore contains mineral hematite. Other 
minerals include magnetite, which is black and magnetic. Iron is rarely found in elemental form 
(except from some volcanoes and meteorites). Oxide of iron ore is obtained by reduction of ore coke 
i.e. carbon monoxide in the furnace. The reduction can be done directly using the carbon from the used 
coke as a fuel, or indirectly by carbon monoxide resulting from burning of coke. Iron that is processes 
into steel and gray foundry iron usually is obtained in the furnace because the process in electro-
reduction furnaces is more expensive. Iron cast straight from the oven is called pig iron. The main 
difference between the white pig iron (which is processed into steel) and gray (foundry) pig iron, both 
obtained in a molten state from a furnace, is in the chemical composition and the way of curing that 
takes different cooling rates. Gray iron is obtained by slow cooling, often in sand molds, which 
provides extrication of carbon in the form of graphite. Iron for processing into steel is obtained by 
rapid cooling, which is achieved by casting in metal molds, with the carbon extracted in the form of 
cementite. 
 
PRODUCTION OF RAW IRON IN BLAST FURNACE 
 
Basic materials for the operation of blast furnace are iron ore, fuel and melting material. 
In nature there are oxide, sulphide and carbonaceous ore. The most commonly used are oxide ore and 
hematite (Fe2O3) and magnetite (Fe3O4). Before insertion into a furnace, sulphide and carbonaceous 
ore are translated into oxide via roasting. The iron content in the ore ranges from 23% to 70% and 
represents the basic measure of ore grading for the processing of metal (richer in minerals, the more 
suitable for processing). Iron ore includes other metal oxides: silicon dioxide (SiO2) , alumina (Al2O3) 
, lime (CaO) , magnesium oxide (MgO)... They contain compounds of sulfur, phosphorus and arsenic, 
which are sometimes considered harmful impurities. Most of the ore is not suitable for direct 
processing, so it is necessary to prepare them, which mainly includes the removal of overburden, ore 
drying and grinding or consolidation (briquetting). 
Melting materials are solid additions which, during melting process, transform hardly soluble 
ingredients of overburden into easily soluble ones. Melting materials may be alkali, usually limestone 
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(CaCO3) or acidic, such as SiO2, which is used in the form of quartz, gravel or sand. Limestone in a 
blast furnace breaks into lime (CaO) and carbon dioxide (CO2). Lime binds excess silica in calcium 
sulfide (CaS), which reduces the sulfur content of the iron, which, as a harmful impurity can be found 
in ore and coke. If mine overburden contains mainly silicon dioxide, ore has acidic character and if it 
contains mostly lime and magnesium oxide, then is alkali. Ores in which the content of silica, lime and 
magnesia is balanced are called self- melting ores, because no melting material adding is required. 
Role of fuel is to provide the necessary amount of energy for operation of the blast furnace process 
and the necessary amount of carbon that allows the reduction of ore - deprivation of oxygen (de-
oxidation): 
1. Combustion of fuel achieves temperature  required for melting; 
2. Incomplete combustion fuel provides carbon monoxide for indirect reduction of ores; 
3. Part of its carbon is used for the direct reduction of ore; 
4. Part of its carbon goes into pig iron. 
First fuel for the blast furnace was charcoal, and now the most commonly used is furnace coke 
(stone coal containing at least 90% of carbon). Coke is more suitable because it has a high calorific 
value, appropriate hardness and, because of its porosity, burns completely.  
The blast furnace is constructed of fireclay in a steel sheath. Coke, ore and melting material 
(limestone) are put in furnace through the top opening (hatch) in certain quantities and in a specific 
order. Raw materials are brought by a special transport unit on the upper platform furnace and 
extradited to the charging station. Total furnace height ranges from 20 to more than 30 meters. 
During operation furnace is being refilled so it works continuously. At the bottom of the furnace 
(oven) are open drain molten iron and slag (slag). Blowers are located at the bottom of the furnace, 
through which overheated air is blown (600-900°C), required for the combustion of coke. Excess 
gases generated in the process of obtaining iron leave the furnace through the top opening. In the 
temperature range of 250-480°C raw material is heated by the heat of excess emissions. At a 
temperature of about 480°C begins ore reduction, which ends in the middle of the oven. At 
temperatures of 1150- 1250°C begins formation of the first drops of liquid iron which are flowing to 
the bottom of the oven. At 1650°C melting of oxides within overburden is over, which, with the ash 
and melting material form a liquid slag. Slag floats on the surface of liquid iron and protects it from 
oxidation. Liquid pig iron is released from the lowest part of the furnace every few hours into the 
prepared pans, which drains iron into steel mill for further processing. Liquid slag is also being 
released and transported to the slag granulation plant or for other processing. 
Since at the higher temperatures the affinity of carbon and oxygen is greater than between iron and 
oxygen, chemical processes in the blast furnace include indirect and direct reduction of ores, as well as 
carburizing liquid iron. Indirect reduction is gradually taking place in the temperature range 480- 
1200°C with carbon monoxide (CO), according to the following reactions: 
3Fe2O3 + CO → 2Fe3O4 + CO2             Fe3O4 + CO → 3FeO + CO2                    FeO + CO → Fe + CO2 
Direct reduction is carried out in the temperature range of 1000-1200°C, according to the following 
reactions: 
Fe2O3 + 3C → 2Fe + 3CO                Fe3O4 + 4C → 3Fe + 4CO                       FeO + C → Fe + CO 
Carburizing is done using carbon in the high temperature region, where the affinity of iron to carbon is 
high enough, according to the following reactions: 

2CO → C + CO2                     3Fe + C → Fe3C 
Fuel in the blast furnace does not burn completely and furnace gases contain enough carbon monoxide 
and hydrogen, so it can be used for heating of air heater and boilers. So they're caught in the maw of 
the blast furnace under the battery charger and drain through pipes for further exploit. Gas furnace is 
treated before usage to remove fine dust which can clog  combustion chamber and thus disrupt the 
blast furnace. 
Produts of blast furnace are melted iron, liquid slag and blast furnace gas. They are not final products, 
but are used as raw material for further processing. Molten iron, depending on the chemical 
composition and solidification rate is used as a raw material for processing into steel or cast iron. 
Chemical composition of iron for the processing of steel is 2.5- 4% C, 0.9- 1.4% Si, 0.5- 1.5% Mn, up 
to 0.25% P and up to 0.12% S. Chemical composition of the cast iron is 3.6-3.8% C, 1.25- 3.75% Si, 
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0.7- 1.1% Mn, 0.3-0.7% P and 0 0.04 to 0, 06% S. After solidification, slag can be processed and used 
in construction. Blast furnace gas at the exit of the furnace has temperature of 250- 400°C and it can 
be used for heating of small furnaces in foundries. products of blast furnaces are also ferro- alloys such 
as. ferrosilicon and ferromanganese.  
Carbon monoxide is produced in reaction of oxygen from the air and carbon from the coke in two 
phases: 

C+O2 → CO2                             CO2+C→ 2CO 
Iron produced in the blast furnace is very rigid due to the high content of carbon, phosphorus and 
sulfur. Only very small quantity of it is cast into molds that are not subjected to large mechanical 
strain, e.g. stovetops. Most of the pig iron is melted in electro- ovens: addition of melting materials 
increases level of purity while suitable batch keeps the composition in certain boundaries. This is a 
secondary cast iron or cast iron. 
Cast irons are alloys of iron with more than 2.0% carbon. Cast irons have a low plasticity and 
relatively low resistance to impact. They are used because of the good properties of casting, broad 
range of strength and hardness, good machinability by cutting (in most cases), and low cost. If 
improvement of some properties is required, e.g. resistance to wear and corrosion, cast iron is 
additionally alloyed. Advantages of cast iron compared to steels have better casting properties, lower 
melting temperature (up to 300- 400°C) and lower price. The structure of cast iron depends primarily 
on the chemical composition and cooling rate of cast. In practice, cast iron contains 2.0-4.0% C, 1-3% 
Si, Mn, P and S. The content of Si is very important for the properties of these alloys, and is therefore 
often classified as triple alloy Fe-C-Si. Cast iron is obtained by melting gray cast iron (with the 
addition of scrap metal) in cupola furnaces, smelting and electric furnaces. 
According to the composition and structure, cast iron can be:  
1. Gray cast iron (cast iron) - carbon in the form of lamellar graphite. 
2. White cast iron (white - hard cast) - carbon bound in the form of cementite. 
3. Nodular cast iron (ductile iron) - the carbon in the form of spherical graphite (nodules). 
4. Tempered iron (malleable cast iron) - in the form of temper carbon-graphite. 
5. Vermicular cast iron, where graphite is separated in vermicular (worm) form. 
6. Alloy cast iron (iron alloy). 
 
Table 2. Chemical composition of gray, nodular and tempered iron 

 C Si Mn S P 
Gray cast iron 2,5-4,0 1,0-3,0 0,25-1,1 0,025-0,25 0,05-1 
Tempered iron 2,0-2,6 1,1-1,6 0,20-1,0 0,04-0,10 0,18 max 

Nodular cast iron 3,0-4,0 1,8-2,8 0,10-1,0 0,03 max 0,18 max 
 
In the above casting, influence of the chemical composition can be traced to the influence on the 
process of carbon sequestration. The elements are divided into those that help extract carbon (C, Si, 
Ni, Cu, Al), and those that help extract the cementite (Mn, S, Cr and W). The increased content of C 
and Si, as the most influential elements, acts the same as the increase in castings cross-section to 
obtain the same microstructure. Castings with large cross- sections cool more slowly, which helps 
extract graphite. Sulfur is considered harmful because it reduces the fluidity of iron and promotes the 
creation of pores. At a higher sulfur content, sulphide eutectic at metal grain boundaries is created, 
which adversely affects the mechanical properties. If there is a manganese, MnS inclusions are created 
that are less harmful. Phosphorus increases casting possibilities, so it is especially important for the 
production of thin-walled castings. However, at higher phosphorus content, phosphide eutectic at the 
metal grain boundaries is formed, which adversely affects the properties of iron. If phosphorus occurs 
in the form of Fe3P and if its properly distributed in the metal matrix, it increases the resistance to 
wear. Structure basis of cast iron depends on the cooling rate, and can be: 
perlite cementite (hard cast) - high speed cooling, perlite graphite (pearlitic gray cast iron) - average 
cooling rate, and ferrite graphite (gray cast iron ferrite) - low speed cooling. 
Gray cast iron is produced from gray iron by slow cooling that allows abstraction of carbon during 
solidification in the form of graphite lamellae. Quality and mechanical properties of gray cast iron 
depend on the structure of basis, quantity, size and distribution of graphite lamellae. Gray cast iron 

 444



III International Conference Industrial Engineering and Environmental Protection 2013 (IIZS 2013) 
October 30th, 2013, Zrenjanin, Serbia 

__________________________________________________________________________________________ 

metal base can be ferrite, pearlite or mixed-ferrite - pearlite. The more perlite in cast, greater the 
tensile strength and hardnes. Lamella graphite adversely affects the properties of gray cast iron, 
reducing the resistance to impact load. Therefore, the carbon content is limited to 4%. Gray cast iron is 
resistant to wear and corrosion, good cutting processes, conducts heat well and dampens vibration. 
Gray iron castings are cheaper than other castings. By adding 0.3-0.8% of ferrosilicon in molten iron 
just before pouring, we get a modified cast iron, in which lamella graphite are reduced and 
transformed into more favorable form. This modified cast iron has many advantages such as increased 
tensile strength, hardness and toughness. 
 
BASICS OF STEEL PRODUCTION 
 
Steels are alloys of iron with carbon and other elements. Steels are the most used group of mechanical 
materials. Couple of thousands of different kinds of steel are known and they are used in almost all 
areas of mechanical engineering. Steel is produced from white pig iron by oxidation of excess 
impurities: C, Si, Mn, P, S, which are extracted in the form of slag and gases. 
Production of steel in the converter is a main stage in the production of liquid steel and consists of 
several stages: batching steel peaces into converter, infusion of iron, adding of non- metallic additives, 
oxygen processing- blowing, steel- casting, deoxidation and alloying. Production of is basically 
refinement of iron from blast furnace and addition of ferro- materials. Iron for steel-processing 
contains up to 4 % C , 1.4% Si, 1.5% Mn , 0.25 % P and 0.12 % S. Therefore, in the production of 
steel, contents of these elements are reduced to the required value. Molten iron is processed into steel 
in the Siemens- Martens furnace (flame process), in the electric furnace (melting) and in Bessemer or 
a Thomas converter. The main difference between the Siemens - Martens process and the electro-
furnace melting (conversion process) is reflected in the way of getting the heat required for the 
production of steel. While in the first case, an external heat source (combustion of gas in the Siemens - 
Martens process or electric arc as the most common variant of the electric furnace) is needed, in 
conversion process required amount of heat is provided through chemical reactions used for 
purification of steel, primarily oxidation with pressured oxygen. 
Selection of processes for the production of steel depends on several factors, the most important are 
the quality and price of the obtained steel and chemical composition of iron, i.e. its purity. Iron with a 
higher content of silica is used in the converter processes (Bessemer procedure), or with a higher 
content of phosphorus (Thomas procedure), which in the purification process of iron gives an extra 
amount of heat. Pure oxygen reacts with iron: 

2Fe + O2 = 2FeO,                           
FeO oxide reacts with carbon and impurities: 

FeO + C = Fe + CO    2FeO + Si = SiO2 + Fe     FeO + Mn = MnO + Fe      5FeO + 2P = P2O5 +Fe. 
This reaction is followed by release of heat, which is sufficient for steel to remain in a liquid state, and 
oxidation products (CO, SiO2, MnO, P2O5. In this way, the content of C, Si, Mn and P is brought to a 
necessary level, while for the reduction of sulfur content calcium from melting materials is used. That 
way a chemical compound CaS is build, which also goes into the slag.  
Before casting, manganese, silicon and aluminum are added to steel as deoxidizers. Deoxidation is 
carried out according to the following chemical equations: 

FeO + Mn → MnO + Fe             2FeO + Si → SiO2 + 2Fe          3FeO + 2Al → Al2O3 + 3Fe. 
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Figure 20. Reduction of chemical elements during the oxidation process [4] 

\ 
he resulting chemical compounds are removed in the form of slag. The next stage in the production of 
steel is molding during of the transition from liquid to solid state. Liquid steel is cast in metal molds, 
where solidifies into so-called ingots. They are then heated to about 1200°C and wallow into blooms, 
billets and slabs. Subsequent cold or hot rolling produces thicker or thinner plates and wires. 
Traditional way of casting ingots is increasingly being replaced by continuous casting. The molten 
steel is poured into the auxiliary vessel, where the dirt is removed from the surface. After that steel 
passes through a copper crystallizer in which solidification begins and, in the end, through the cooling 
chamber, where the solidification ends. Drip molding is extracted, bend and straightened so it will 
enter cutting machine with the speed equal to the speed of discharge into the auxiliary container. The 
procedure has a number of advantages over ingot casting, because you get a more homogenous and 
small- grained steel structure due to higher cooling rates. On the other hand, the process is more 
economical. In the process of production and casting, steel easily dissolved gases (O2, N2, H2, CO2 and 
CO) that cause porosity and inhomogeneity of the structure, which primarily reflects badly on the 
mechanical properties. Considering the amount of residual gases during solidification, steels are 
divided into un-calmed, semi-calmed and calmed. Un-calmed steels contain up to 0.3% C and about 
0.02% Si, and they are incompletely deoxidized with Mn and Al (deoxidizers). They are characterized 
by the presence of gas pores along the outside of the ingot, which provides a softer surface layer, and 
thus easier cold deformation processing. They are used for making plates and rods. The pores present 
in un-calmed steels impact the reduction of toughness, fatigue strength and the ability to weld. Calmed 
steels contain more than 0.3% C and from 0.15 to 0.6% Si. They have homogeneous and void-free 
structure and are suitable for use at low temperatures. Semi- calmed steels contain 0,3-0,9% of C and 
about 0.15% Si. In addition to Mn and Al, Si is also used as deoxidizer. They are used for economical 
production of profiles and thick plates.  
 
Fe-Fe3C DIAGRAM 
 
Following phases exist on Fe-Fe3C diagram:  liquid solution of iron and carbon, ferrite (α)- an 
interstitial solid solution of carbon in Feα -body centered, austenite - an interstitial solid solution of 
carbon in Feγ-face centered and cementite (Fe3C)  
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Figure 21. Phase diagram Fe-Fe3C [4] 

 
Figure 2 shows the equilibrium diagram for combinations of carbon in a solid solution of iron. The 
diagram shows iron and carbons combined to form Fe-Fe3C at the 6.67% C end of the diagram. The 
left side of the diagram is pure iron combined with carbon, resulting in steel alloys. Three significant 
regions can be made relative to the steel portion of the diagram. They are the eutectoid, the 
hypoeutectoid, and the hypereutectoid. The right side of the pure iron line is carbon in combination 
with various forms of iron called alpha iron (ferrite), gamma iron (austenite), and delta iron.Allotropic 
changes take place when there is a change in crystal lattice structure. From 2802°F-2552°F (1529°C- 
1392°C) the delta iron has a body-centered cubic lattice structure. At 2552°F (1392°C), the lattice 
changes from a body-centered cubic to a face-centered cubic lattice type. At 1400°F (760°C), the 
curve shows a plateau but this does not signify an allotropic change. It is called the Curie temperature, 
where the metal changes its magnetic properties. Two very important phase changes take place at 
0.83% C and at 4.3% C. At 0.83% C, the transformation is eutectoid, called pearlite, while at 4.3% C 
and 2066°F (1130°C), the transformation is eutectic, called ledeburite.  
Microstructure depends on composition (carbon content) and heat treatment. When alloy of eutectoid 
composition is cooled slowly it formsperlite, a lamellar or layered structure of two phases: α-ferrite 
and cementite (Fe3C).The layers of alternating phases in pearlite are formed for the same reason as 
layered structure of eutectic structures: redistribution C atoms between ferrite and cementite (6.7 wt%) 
by atomic diffusion. Mechanically, pearlite has properties intermediate to soft, ductile ferrite and hard, 
brittle cementite. Hypoeutectoid alloys contain proeutectoid ferrite (formed above the eutectoid 
temperature) plus the eutectoid perlite that contain eutectoid ferrite and cementite, while 
hypereutectoid alloys contain proeutectoid cementite (formed also above the eutectoid temperature) 
plus perlite that contain eutectoid ferrite and cementite.  
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CONCLUSION 
 
The greatest application of all technical alloys are alloys of iron, which are classified as iron, steel and 
ferro-alloys. Iron is extracted from its ores: magnetite, hematite, limonite and siderite. 
Pig iron is usually obtained in crude furnaces, due to lower prices of the process. It is, because of the 
higher content of impurities and carbon, very fragile and unsuitable for processing or use. It can be 
used only for the casting of roughest massive objects that are not mechanically or thermally loaded. 
To obtain higher quality iron or steel, pig iron is processed, which includes the reduction of all the 
ingredients and adjustment of the desired carbon content, which essentially determines the quality of 
the steel. The main difference between the white and gray pig iron, which are produced in the same 
way in a furnace, is the chemical composition and method of curing that takes different cooling rates. 
Steels are the most used group of mechanical materials. Production of steel  is basically process of 
refining iron obtained from the blast furnace and adding alloys. Molten iron is processed into steel in 
the Siemens- Martens furnace, the electric furnace or Bessemer or a Thomas converter. Advanced 
stage in the production of steel is casting during transition from liquid to solid state. Liquid steel is 
cast in metal molds where it solidifies into ingots, which are then heated to approximately 1200°C and 
wallow into semi- products. 
For studying of steel and cast iron two diagrams of state are used: metastable (Fe-Fe3C) and stable (Fe-
Cgr), because the carbon in iron ore can be in bound form (cementite Fe3C) or free, such as graphite. 
The diagrams describe processes and the changes that are taking place at different temperatures of 
melting or cooling. 
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Abstract: The world without pneumatics would be something that cannot be imagined nowadays, which is why 
it's important to know how they are created and recycled when their deadline date has come. And like in any 
other industry people do their best to minimize their energy (money) loss and in doing so elevate the industry in 
a variety of ways for the better. 
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INTRODUCTION - RUBBER HERITAGE 
 
The ancient heritage of the rubber-giving plant (Hevea brisiliensis) comes from Brasil, and today this 
plant is bred plantationally in almost all areas of the warm belt. The milky juice, that leaks out of the 
cut tree of hevea is called latex. By coagulation of this milky juice caoutchous is made, this word 
incites from the aborigin word "Cahuchu", which means the tree that cries. 
Caoutchous (natural rubber, Indian rubber) is an elastomer (elastic carbonhidroxide polimer) which is 
originally derived out of latex, the milky coloid which is created by some plants. The tree crust is cut 
and then the sticky milk-a-like latex is harvested and refined into rubber. The refined form of 
caoutchous is polyzopren, which can be made sinthetically. Natural rubber is extensively used in many 
products. It is naturally very tensile, flexible and highly waterproof. (fig. 1, fig. 2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                Figure 1. Hevea tree                                          Figure 2. Pneumatics 
 
PRODUCTION - RUBBER MANUFACTURING 
 

• Mixing blends 
• Calandering 
• Tyre rate 
• Inserts 
• Tread layer 
• Vulcanization 
• Control 

 
 
 

                                                       Figure 3. Stages of pneumatic production 
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Blending a mixture: 
Raw materials that include pigments, chemicals and up to 30 different forms of caoutchous, on a 
extremely high temperature and under very high presure are mixed in giant mixer called Banbury. All 
components are blent into a black, sticky mixture which needs crushing afterwards. 

 
Calandering: 
The cooled rubber is then flattened into plates that are transported to the next machine. Mixture is  
prepared there, which is then cut open the corresponding bands such as the hips, tread and other rubber 
parts. Other types of rubber grommets are designed for fabrics that are used for the production of 
construction tires. Fabrics can be very different: polyester, nylon or region. 
 
Tyre rate: 
The following is part of a ring and is called the rate. The rate should lie flat against the car wheel rim. 
 
Insert: 
Followed by two layers of fabric, so called. textile cord. A pair of protective strips are added,  that 
prevent the rate of damage during mounting tires on rim. 
 
Tread layer: 
The garment now adds steel strips that prevent drilling and keeps tread firmly on the road. Tread is an 
integral part which is added at the end. Automatic rollers then firmly squeeze all the parts and the tire 
is ready for vulcanization and control. 
 
Vulcanization: 
During vulcanization of rubber gets its final shape and tread or tread pattern. Tire shaping and 
vulcanizing in hot molds. The mold has tread marks on the side of that specified by the manufacturer 
and that are required by law. Tires are 12-25 minutes vulcanized at temperatures higher than 300 
degrees, depending on size. 
 
Control: 
 
If the tire has any deficiency, or if you just suspect that you might have a deficiency, the tire is 
discarded, even if the lack is unimportant. Some defects will be determined by the experienced eye 
controler, and the other will be revealed on special machines. Control, however, does not end at the 
surface. Some tires are taken out of production lines and sent to X-ray examination, where any hidden 
defects or errors in the interior are shown. In addition to this quality maintenance engineers regularly 
arbitrarily select a certain number of tires and then study every detail of construction that affects the 
durability, driving characteristics and safety. 
 
PNEUMATIC RECYCLING 
 
Pneumatic recycling methods are used in a large number of countries. It is estimated that country 
members of the EU produce approximately 250.000.000 wasted pneumatics, and in eastern Europe, 
North America, South America, Asia and the Middle east pneumatic waste is approximately 
1.000.000.000. Over the years new amounts of wasted pneumatics are added to the bilions of already 
stored ones, or buried in depots, along with the uncharted milions found in illegal places, warehouses 
and fields all over the world. Wasted pneumatics are a specific type of garbage created by all vehicles. 
Lapsed pneumatics are usually stored on big piles in the physical and social environment. The 
environment is disposed to a long-term effect on it's look and potential risk of uncontrolled fire. 
Wasted pneumatics can be easily picked up, processed, and recycled. Pneumatics can be an important 
alternative material in certain rubber products, aswell as in creating energy. The material recieved by 
recycling pneumatics is regularly used as a valuable resource and it's use contributes to sustainable 
development. 
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METHODS OF RECYCLING AND PROCESSING PNEUMATICS 
 
The most used methods of pneumatic processing are: crushing and pyrolysis. The first step in 
recycling pneumatics is crushing, after which comes separating materials by type (rubber, steel and 
textile). According to the used technology and temperature of the crushing process, we differentiate 
two basic methods of crushing: 

• Crygenic crushing 
• Mechanical crushing 

 
PNEUMATIC RECYCLING BY CRYOGENIC CRUSHING 
 
In the cryogenic process of crushing, a pneumatic is initially frozen with liquid nitrogen to a 
temperature of -80°C to -100°C. On this temperature rubber loses it's elasticity and can with relative 
ease be cut. Steel and textile parts are divided even easier. The downfalls of this process are high 
energy demands, problems in manipulation and usually high cost. The rubber grain produced by 
cryogenic crushing is bigger in comparison to the grain produced by classic crushing. The final 
product - granulate - has a high price, and on top of everything, the basic features of rubber change. 
For 1 kg of pneumatics, 0.6 kg of liquid nitrogen is spent. (fig. 4) 
 

 
Figure 4. Use of nitrogen in cryogenic crushing of pneumatics 

 
PNEUMATIC RECYCLING BY MECHANICAL CRUSHING 
 
In the process of mechanical crushing on normal temperatures, pneumatics are crushed in the facility 
entrance so that the homogeneity of the ingress resource and quality of production are secured. There 
is a difference between granulate made of pneumatics from cars and those of trucks. It is important to 
extract old pneumatics, because after ten years they partially lose their features and granulate 
exploiting is impossible. Since bigger pneumatics (tractors and field vehicles) have steel threads of up 
to 8 mm, and considering the deadline date of knives and the whole crushing line, these threads are 
removed. Steel threads are removed by cutting pneumatics to lenth. When free of steel threads they are 
thrown into the crusher with toothed rollers on the axels which are spinning in the opposite directions, 
where they are crushed into pieces to dimensions of 4x5cm. For more effective production, this proces 
is repeated two to three times. (fig. 5) 
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Figure 5.  Mechanical crushing of pneumatics 

 
PNEUMATIC PROCESSING BY PYROLYSIS 
 
Pyrolysis is based on heated separation of macromolecules with the preservation of bonds between 
carbon and hydrogen. These processes are possible on high temperatures in a reactor without the 
presence of oxigen. Certain igredients are separated by condensation and other physical-hemical 
processes. The quality and amount of certain products is based on the technology used and the 
conditions of pyrolysis. In some cases blends of pneumatics and plastic dump are processed 
pyrolytically. 
Pyrolytic gas which is created in so doing is used as a source of heat, and in the case of a co-
generating unit, as a source of electrical energy. The facility becomes independant of electrical energy 
and can be built, so to speak, on an arbitrary place. Other products are also valuable resources such as: 
ashe, pyrolysis oil, heavy oils, oils with alkan content, benzene, toluene, metal and steel shavings. 
Rubber dump presents a resource with high carbon content. During pyrolysis, under the influence of 
heat, rubber dissolves to lower hydrocarbons with simpler bonds and non-organic materials. Carbon 
gas leaves the reactor and excess is left without carbon content. By cooling the created gas condenses 
into liquid, called "bio oil", which has the following features: 

• light oil which can be used as destillate oil or diesel fuel, 
• medium oil with features suitable for production of lubricants, and 
• heavy oil suitable for production of carbon threads (carbon laminate) 

Bio oil does not contain sulphur or any other noxious compounds. It's aptle for diesel engine drive or 
for burning in petroleum burners of all kinds. It's also a suitable resource for production of plastics, 
lubricants and carbon composites. Uncondensed gas is usually spent in it's own technology. The 
carbonised excess after the metal separation is so to speak porous carbon, which almost has the same 
features as active coal. It's used for filling filters for water and gas, or for further processing in the 
chemical industry. 
Size degraded pneumatics in circular rotational ovens are transfered into a gas state under the 
influence of high temperature with no oxigen. Gas produced in this manner is transfered into the next 
section of the system, where solid matter is extracted. Gas gradually cooles, pressure changes and it 
transfers into a liquid state, so that in the end we get the following products: 

• gas, 
• oil, 
• carbon powder 

During the drive of the facility there is practically no waste left, only excess of steel shavings from 
pneumatics and ashe from impurity. Other losses are only in heat. All aforesaid products are sold 
easily, usually as cheap fuel or fuel for agrocultural and construction plants. Created gas is used for 
oven heating and burning in co-generating units which produce electrical energy for driving the 
processing plant. From an energy point of view, the processing line is enough to sustain itself as long 
as it has a constant inlet of dump material. The effectiveness of a classic pyrolysis plant is 9500 tons of 
plastic and pneumatics a year, that's 92%. While loading 90% plastic and 10% pneumatics, we get 
50% destillate oil, 37% gas and 5% carbon. Losses are 2-3% ashe and 5-6% heat. This usage of 
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dumped pneumatics are is interesting not only from an economic, but also from an ecologic aspect, 
because the whole technologic process is a closed cycle and is created without any possibility of 
harmful emission into the atmosphere and without water and earth contamination. (fig. 6) 
 

 
Figure 6. Pyrolysis oven 

 
CONCLUSION - APPLICATION OF RECYCLED PNEUMATICS 
 
Physical characteristics of pneumatics, such as nontoxicity, biodegradibility, shape, mass and 
elasticity, make them candidates for a wide range of applications in all shapes - whole, cut, in 
granulate form or in dust form. During the last ten years, material diversity created from dump 
pneumatics has increased. Construction engineers use higher amounts of material of bigger 
dimensions, for example whole pneumatics, shreds and pieces for use on sound ramps, isolation, light 
fillings, bridge pillars, almong everything else they've encouraged development of new ways of use in 
designing depots and ecologic rehabilitation. Industrial producers use materials of smaller dimensions, 
made by new technologies, and blends of material for products such as car parts, sealing compounds, 
protective layer, pigments, also different materials for new road surfaces. By processing dump 
pneumatics we get crushed rubber or shred, granulate, which can have a size from 0.5 up to 10mm, 
and dust. Granulate has the widest application, then shred and the use of is slowly rising. 
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Abstract: Due to the many negative anthropogenic impacts, the planet Earth has reached a very high level of. 
vulnerability. Polluted is air, water, land, and all that will be left behind the present generation to future 
generations. Sustainable development is a harmonious balance between the environment and the economy, to the 
natural resources of our planet and preserve for future generations. Sustainable development is development that 
meets the needs of the present so as not to jeopardize the ability of future generations to meet their own 
needs.The main environmental problems in the municipality of Zrenjanin the disposal of solid waste, drinking 
water quality, contamination of natural surface water, excessive noise and air pollution. As the main problem is 
the low level of awareness of the population on environmental protection and sustainable development in genera 
 
Key words: sustainable development, environmental protection, Zrenjanin municipality, population 

 
INTRODUCTION 
 
City of Zrenjanin is the  Central City  of Central Banat District , which includes five municipalities: 
Zrenjanin, Žitište, Nova Crnja Novi Bečej and Sečanj. End of 2007. , the new territorial division of the 
country level and the adoption of related laws , then Zrenjanin municipality receives administrative 
and territorial status of the city. According to the census of the 2011th In the municipality of Zrenjanin 
live 122 714 inhabitants, of which 75 743 people live in the town of Zrenjanin. The population 
structure is mixed, in terms of ethnicity, level of education , professional qualifications , etc. .  
The notion of sustainable development leads most often in connection with environmental protection , 
social development planning , environmental, economic and political issues. The concept of 
sustainable development is a new paradigm , a new strategy and philosophy of social development. In 
line with this , sustainable development is closely linked to the environment , to conserve natural 
resources for future generations.  
One of the big problems today is environmental pollution . Pollution are harmful changes to physical, 
chemical and biological properties of the environment ( air, water and land) , which may adversely 
affect the living organisms or impair their ecosystems. The environment is a complex physical, 
chemical and biological conditions specific to a particular organism in a given place at a given time . 
The environment is an ecosphere that is composed of the biosphere, the world of nature and natural 
resources and technosphere , the world of human invention and created material values.  The 
environment includesnatural and man-made values and the total area in which one lives and where 
settlements are located, goods in general use, industrial and other facilities. 
 
 
 
 
 
 
1Internet literature, http://www.zrenjanin.rs/, downloaded from the website of 21.05.2013. 
2 Internet literature, http://sr.wikipedia.org/, accessed on 15.01.2013. 
3Prof. Miroslav Lambic, Prof.. Živorad Milosevic, Professor. View other Kopanja Lidija Milosevic, 
"Environment and Energy", Association for Energy Efficiency of Bosnia and Herzegovina, Banja Luka, 2009, p. 
4Mr. Dragoljub Todić, Dr. Vukasović View, "International organizations and international cooperation in the 
field of environmental protection", Novi Sad, pp. 15 
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THE CONCEPT OF SUSTAINABLE DEVELOPMENT 
 
The concept of sustainable development is defined as an integrated economic, technological, social 
and cultural development, in line with the needs of protection and improvement of the environment 
that allows the present and future generations to meet their needs and improve the quality of life6. The 
notion of sustainability is not new. Its roots can be found in the works of classical economics in the 
early attempts to answer the question what is the perspective of human development7. Figure1 
provides an overview of sustainable development.8 

 

The sustainable 
development

Environment 

Economic Society 

     

Figure 1: The sustainable development 

 
Sustainable development should be counterbalance the destructive and disruptive effects of human 
activity on the planet and that the main goal is survival. This idea will enter into all human activities 
and lifestyles9 . The concept of sustainable development is focused on the conservation of natural 
ecosystems and the rational use of natural resources and land associated with it to improve the quality 
of environment and quality of life. The concept of sustainable development foregrounds the quality of 
the environment , with the aim of continuous improvement of environmental quality shall apply 
appropriate procedures  

• Consideration and evaluation of the potential adverse effects of development activities in 
economic and social life in the environment; 

• Prediction of risk that the processes of environmental threats ( of dangerous , toxic and other 
substances ); 

• The elimination of the causes of environmental threats; Code of man's relation to the 
environment , which includes a healthy environment for all generations; 

• Active protection of the environment through reasonable human behavior ; 
• The new consumer style, which takes into account the quality of the product in consumption 

(eco-label ); 
• A balanced demographic growth that is consistent with the capacity of the environment. 

 
 
 
 
 
5The Law on Environmental Protection of the Republic of Serbia, article 13 
 6Sustainable Development (2008). Excerpt from a lecture by Prof.. Dr. Milan Pavlovic, Zrenjanin. 
7 Kula, E. (1998) History of Environmental Economic Thought. London and New York: Routledge. 
8 Internet literature, http://www.odrzivezajednice.org/, accessed on 15.01.2013. 
9 Prof. Milan Pavlovic, Sustainable Development, excerpt from a lecture, Zrenjanin, 2008th 
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SUSTAINABLE DEVELOPMENT AND ENVIRONMENTAL COMMUNITY ZRENjANIN 
 
In the municipality of Zrenjanin created the strategy of sustainable development, however, is one of 
the major problems in the implementation of this strategy is actually very low awareness of people's 
lack of information on sustainable development. For the strategy of sustainable development has space 
for successful implementation, it is essential that people understand sustainable development and to 
direct their behavior accordingly. In the municipality of Zrenjanin a local environmental action plan, 
however, the population of the municipality Zrejnanin NGOs have a very low environmental 
awareness. Environmental awareness can be seen as an environmental problem, because he is one of 
the factors of environmental pollution. 
 
The main environmental problems of Zrenjanin are 

• Disposal of solid waste- building the city dump barely meets the minimum requirements that 
must be met in order to enable the disposal of solid waste . 

• The quality of drinking water - Drinking water quality is inadequate , because the 100 % 
testing of drinking water samples were chemically incorrectly , and 50 % were bacterially 
contaminated. 

• Pollution of surface natural water - surface water analyzes show that the concentration of 
pollutants exceeds the maximum , even for a few dozen times. The most endangered river 
Bega , then Tisa and lakes in the city center . The main cause of this is the discharge of 
industrial waste water into a river or lake , without any pre-treatment , and sewage spills  

•  Air pollution - the problem is that it greatly disturbing , however , the growing stock of 
Zrenjanin is significantly reduced , and the area is classified in the lowest level of forestation 
in Europe. Also , the occurrence of odor is the result of the city's mills and rendering plants , 
and synthetic rubber factory in Elemir , which is the only of its kind in Serbia. 

• Excessive noise - loud noise source in Zrenjanin are industrial facilities , transportation and 
utility noise of different origin 

 
INVESTIGATION OF CONSCIOUSNESS PEOPLE ON SUSTAINABLE DEVELOPMENT 
AND ENVIRONMENTAL PROTECTION IN THE AREA ZRENJANINA 
 
The following diagram presents the results of studies conducted over 72 randomly selected subjects. 
Offered to answer are regulated by the numbering so that the rounded number 1 give complete denial 
of the question, and by rounding the number up to 5 confirm the question. For example: 1 - no, 2 - so, 
3 - maybe 4 - very, 5 - yes (descriptions of numbers are adjustable according to the set question) 
 
Sustainable development 
 

                                              
 

Figure 2: Informing people about the concept of sustainable development 
 
 
10Dejan Jovanov, Vladimir Šiper, Mirjana Dželetovic, Aleksandra Vasilić,Radislav Žeravica,  Local 
Envionmental Action Plan of Zrenjanin, p. 15th 
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Figure 3: Opinion of the populations on the importance of sustainable development in the 
municipality of Zrenjanin 

 

                                             
 

Figure 4: Opinion  of the population of the contribution of sustainable development to improve the 
lives of people 

 

 
 

Figure 5: Opinion of the population of the contribution of sustainable development of economic 
factors in Zrenjanin 

 
                                              
 

                                             
 

Figure 6: Opinion of the population of the contribution of sustainable development for the 
environment in the municipality of Zrenjanin 
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Figure 7: Opinion of the population on the level of awareness of people about sustainable 
development 

 

 
 

Figure 8: Opinion of the population of the contribution of human factors to sustainable 
 

 
 

Figure 9: Opinion on population changes of human consciousness on sustainable development 
 

 
 

Figure 10: Opinion of the population on the need to motivate individuals by the state for a better 
understanding of sustainable development 
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Protecting the environment 
 
 
 

 
 

Figure 11: Informing people about the term "Protecting the environment" 
 
 

Respondents who gave a positive answer to the previous question gave the following answers to the 
question "What is for you the concept of environmental protection?" 
 
 

                                      
 

Figure 12: Defining the concept of environmental protection by the respondents 
  

                                                
 

Figure 13: Informing people about the existence of the competent authority for environmental 
protection in the municipality of Zrenjanin 
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Figure 14: Opinion of the population on the need for greater emphasis on environmental protection in 

the municipality of Zrenjanin 
 
 

 
 
 

Figure 15: Opinion of people about who is to blame for endangering the environment 
 
 

 
 

Figure 16: Opinion of people about whether the awareness of the environment is sufficiently 
developed among citizens 
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CONCLUSIONS 
 
How we succeed to secure a healthier future for generations, it is essential that the entire global 
community of people connected, "action the rescue of the Earth." In order to achieve something like 
this, it is necessary to raise awareness of sustainable development at a much higher level than he is 
now. More specifically, the present time is very low awareness of the sustainable development, which 
has the effect pollution daily living environment. 
 
In the near future in it is necessary to the municipality of Zrenjanin put increasing emphasis on 
sustainable development through environmental protection, to future generations, ensure better living 
conditions. 
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Abstract: In this work we represent mathematical model and fault tree analysis to determine probability of 
occurrence of malfunction on some technical system. The nature of system is irrelevant. Models can be applied 
on any process. Work show importance of determine specific malfunctions, that can lead to system malfunction, 
and importance of calculating probability of occurence of malfunction in order to improve maintenance to 
provide better functionality of technical system.   
Key words: malfunction, mathematical probability, fault tree analysis 
 
INTRODUCTION 
 
The aim of maintenance is to provide functionality of technical systems. We should try to keep the 
systems and their functionality, and not only operational aspect used by operators. Redundancy 
improves functional reliability but also increases the costs of life cycle in the sense of preparations and 
keeping the level of work of technical systems. 
Types of malfunctions are specific malfunctions of equipment which result in functional malfunction 
of a system and/or a subsystem. Dominant types of system malfunction are those which are 
responsible for importance of proportion of all malfunctions within them. Not all the types or causes 
of malfunctions justify preventive maintenance or maintenance according to the condition due to low 
probability rate in their appearance and their inconsistent effect. For addressing technical content, 
analysts and planners have to establish if the existing maintenance activities cover all identified 
potential types of malfunctions and result in desired/expected levels of reliability. Type of malfunction 
must be envisaged or the existing maintenance activities will not be effective in identifying type of 
malfunction. Later, it can result in incorrect identification in distribution of fundamental probability in 
malfunction of function. A lot of information can be proved or upgraded through reliability checks. 
 
MATERIAL AND METHODS  
 
Reliability can be presented as probability of a unit to function successfully in a defined operational 
period under specific operational conditions, without malfunctions, which is usually expressed as a life 
cycle, period until malfunction, or period between two malfunctions. Conditional probability in 
appearance of malfunction measures probability of a unit with defined operational period of work 
without occurrence of “state of malfunction” which will eventually lead to malfunction within the 
interval. If the conditional probability of occurrence of malfunction increases with time elapsed, 
technical system will show characteristics of wearing out. Level or frequency of malfunction is 
relatively insignificant for maintenance program, being too simple to be measured. Frequency of 
malfunctions is useful for the process of decision making regarding expenses, as well as for 
establishing maintenance intervals, but gives us no information on what maintenance activities are 
suitable or which, on the other hand, will be a consequence, i.e. result of malfunction. Solutions 
regarding malfunctions should be estimated within sphere of safety and economic consequences which 
we want to prevent. Maintenance activities must be applicable, with the aim of their efficiency. 
In Table 1. a possible method of quantifying probability of malfunction is presented. In case historical 
data is available, “powerful“ tool for establishing rank can be provided. In case historical data is not 
available, ranking can be estimated based on experience with similar systems within a company. 
Contemporary maintenance methods are focused on a whole technical system. They are meant more 
for maintenance of functionality of whole system than functionality of its components. Reliability is 
the base for making decision. Characteristics of malfunction of technical systems must be understood 
in order to establish efficiency of preventive maintenance. For successful realization it is necessary to 
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constantly search for knowledge of conditional probability in occurrence of malfunction in specific 
time period (possibility that malfunction will occur in every supposed operational period). 
We should always consider safety first, and then economic reasons. Safety must always be preserved. 
When safety is out of question, preventive maintenance must be based on economic reasons. 
 
Table 1. Categories of probability in occurrence of malfunction 

 
Rank Effect Description 

1. 1/10000 Small probability of occurrence of malfunction, i.e. it would be unreasonable to 
expect it 

2. 1/5000 Low probability of occurrence of malfunction, similar to previous plans in the past 
which had low level of occurrence of malfunction for given volume / load 

3. 1/2000 Low probability of occurrence of malfunction, similar to previous plans in the past 
which had low level of occurrence of malfunction for given volume / load 

4. 1/1000 Accidental occurrence of malfunction, similar to previous plans in the past which 
had low level of occurrence of malfunction for given volume / load 

5. 1/500 Medium probability of occurrence of malfunction, similar to previous plans in the 
past which had low level of occurrence of malfunction for given volume / load 

6. 1/200 
Medium – high probability of occurrence of malfunction, similar to previous plans 
in the past which had low level of occurrence of malfunction for given volume / 
load 

7. 1/100 High probability of occurrence of malfunction, similar to previous plans in the past 
which had high level of occurrence of problems 

8. 1/50 High probability of occurrence of malfunction, similar to previous plans in the past 
which had high level of occurrence of problems 

9. 1/20 Very high probability of occurrence of malfunction, almost certain to cause a 
problem 

10. 1/10 Very high probability of occurrence of malfunction, almost certain to cause a 
problem 

 
Reliability theory – mathematical model 
 
Reliability theory is a part of applied mathematics that explores the methods of calculation of system 
reliability, methods of evaluating the reliability of finished products, and optimization and increase the 
efficiency of complex technical systems and their components in the process of exploitation (including 
storage and transport). 
The basic concept of reliability theory is failure – gradual or immediate loss of functional ability of the 
device. At any point in time technical system is in a particular state x(t). The set of all possible states 
of the system is the phase space X. State of the system can be described with a single, finite or infinite 
numerical parameters. Over time the system state x(t) changes (evolution of the system state) 
depending on the operating conditions – thermal and mechanical stress, aggressive environment,... 
During this time associated point of the phase space is describing a trajectory. A device that does not 
work also loses the properties, it ages under influance of moisture, dust, bacteria, etc.. The set X is 
allocated a subset of A such that if the system comes in one of the states of A, it is considered that the 
system failed. Experience shows that the function x(t) can be regarded as a random process. 
Reliability is a property of the system to constantly keep working ability. It can be expressed 
quantitatively: Reliability R(t) is the probability that for time t the process does not reach the set A 

NnNtRtsPtR /)()(),()( −=>=  
where is s time until first failure; N is number of elements in moment t, n is number of failed elements 
in some experiment. The unreliability is the probability of failure 

1)()(,/)()( =+=<= tRtFNntsPtF  
Swedish scientist Weibull, with extensive studying of behavior of nodes has obtain an approximate 
distribution of their unreliability 

0,0,0,1)( >>≥−= − actetF
act  

A special case of his distribution is exponencial distribution 
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ctetF −−= 1)(  
that, under specific conditions, well describe longevity of technical systems. 
Another feature of the reliability is ability of technical system to work in a long period of time with 
fulfiled conditions of proper techical maintenance, including current and capital repairs, and the cost-
effectiveness of further use. Most of the products longevity is a necessary condition for their industrial 
production. 
Function for intensity of failure is 

)(/)()( , tRtFtL =  
and can be interpreted as density of failure distribution. With accuracy up to infinitely small of higher 
order, the product L(t)h is equal to the probability that a system or product, failed in the time interval 
from t to t + h, provided that it has worked time t. 
Function failure intensity of the product by rule has the form as shown in Figure 1. 
 

 
Figure 1. Function of intensity of failure [2] 

 
For Weibull distribution is 

1)( −= acattL  
With increasing complexity of the system, the greater is the need to develop better mathematical 
models. 
 
Fault Tree Analysis and Event Tree Analysis 
 
A fault tree analysis (FTA) is a deductive, top down method of analysing system design and 
performance and is sometimes used in QRA. It involves specifying a top event to analyse, such as a 
fire, followed by identifying all of the associated elements in the system that could cause that top event 
to occur.  
Fault trees provide a convenient symbolic representation of the combination of events resulting in the 
occurrence of the top event. Events and gates in fault tree analysis are represented by symbols. 
FTAs are generally performed graphically using a logical structure of AND and OR gates. Sometimes 
certain elements or basic events may need to occur together in order for the top event to occur. In this 
case these events would be arranged under an AND gate, meaning that all of the basic events would 
need to occur to trigger the top event. If the basic events alone would trigger the top event then they 
would be grouped under an OR gate. The entire system as well as human interactions would be 
analysed when performing a fault tree analysis. The primary events of a high-order tree may be the top 
events of lower order trees. 
Besides fault trees, event trees can be used in QRA. An event tree is a simple model that shows an 
“initiating event” for a potential accident, i.e. it shows how an accident scenario might start, for 
instance, with a pipe break. Safeguards that are designed to prevent or mitigate the accident are also 
shown (for example a relief valve or backup cooling system). Again, event trees would require to be 
developed with extra cost. [1] 
 
Fault tree analysis methodology 
 
The methodology includes failure analysis [4] determination of adverse event, introduction of the 
system to be analyzed, the fault tree construction scheme, the acceptance of fault tree analysis, 
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structural evaluation scheme; providing recommendations and alternatives for decision making. 
Schematic representation of the methodology of failure analysis system is shown in Figure 2. 
Adverse event is one that aims to prevent, and that is of primary importance, and that is the unintended 
result. Logical and complete analysis can be performed only by a complete knowledge system, its 
composition and data elements and their relationships. All information should be obtained and 
evaluated. Such documents include schematic drawings, technical scheme of the procedure, diagrams, 
manuals for operation and maintenance, and so on. First, it exposes how the system under 
consideration is to operate as normally. On the basis of this review can be enumerated the ways in 
which elements of the system may fail which leads to adverse events. Keeping records of incidents 
that led to the poor performance of manufacturing or unexpected downtime can be useful. This is 
usually reflected in the report on the production and maintenance, and in the technical reports. From 
these reports we can provide insight about the cause of poor functioning and production losses. 
According to these documents it can be determined the probability of input events that will allow you 
to calculate the probability of adverse events. One should be careful in determining the probability that 
the event was failed by the human factor. 

 
  

Figure 2. Failure analysis methodology [4] 
 
After the specified adverse event, compiles the analytical scheme using logic circuits and standardized 
symbols of the event. One must go to the appropriate logic to ensure that all events meet the necessary 
and sufficient criteria. Every event is important for logic Scheme (required), and no other information 
is required (enough) to get the above output. All other events are excluded as irrelevant or add a 
primary or lower right. This procedure leads to the development of the scheme clients with Boole 
logical drive that connect events that could give the above output. The resulting scheme clients should 
satisfy the purposes intended. Operation of the system should be fully described clearly, and events at 
the entrance of logic circuits need to be necessary and sufficient. 
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After the approval of the scheme of fault tree, its study can be both qualitatively and quantitatively. 
Qualitative assessments related to roads linking the adverse event. If necessary, propose changes to the 
system. In this, install the appropriate risks and the application of the most effective controls to 
prevent adverse events. Quantitative estimates are made using appropriate statistical techniques to 
determine the likelihood of adverse events with these possible paths. From the results, one can propose 
various recommendations and alternative solutions corrective changes, decisions on control 
procedures, modification, repair and risk-taking, and so on. 
After defining adverse events in the next lower order schemes included are those events that are 
necessary for the removal of unwanted events. Then, after the order of each of these events separated 
into constituent parts in order to detect those events that contribute to adverse events. 
 
RESULTS AND DISCUSSION  
 
On this basis it can be concluded that with FTA we can determine parts of the technical system where 
we can reduct probability of occurrence of malfunction. The methodology of FTA presented in the 
paper, can be applied in many areas of technology. There are numerous examples in practice where it 
has been shown that it can be effectively applied. 
For the application of this methodology, it’s required to have a complete knowledge of the analyzed 
system and its component elements, their technological connections, as well as related information. 
 
CONCLUSION 
 
Probability of occurrence of malfunction represent important topic in system analysis. It has impact on 
improving and cost-reduction maintenance. Fault tree represents one of the tools for determing and 
reducing occurrence of malfunction. 
Fault tree is constructed in the form of logical progression, based on knowledge of the system 
components and inductive reasoning. 
Compared to other models of the theory and practice applied to reduce probability of occurrence of 
malfunction, there is an obvious advantage of the application of Boole algebra and its laws, which 
describe the connection and possible events or logical relationship of logical AND and OR by car or 
by standardized symbols , and end of logical relations. Hence, it must understand the logical structure 
of the observed structure of the system. 
In the design of technological systems and processes is necessary to take into account the required 
reliability as one of the important data, given that today the design from the standpoint of reliability is 
under-represented in practice by designers . 
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Abstract: This work represents the possibility of automatic diagnostic control of system condition. In present, 
mobile communications and the internet have become an integral part in human life. Using these technologies, 
we can implement a system that will monitor and inform us about the state of the system considered, wherever 
we are. This allows us, in case of failure or irregularity in system operation to quickly react and to eliminate 
defects and faults of the monitored system. Also, the data allow us to provide easier maintenance of the system, 
and thus reduce the cost of maintaining and monitoring the system. 
Key words: automatic diagnostic control, remote monitoring, remote access 
 
INTRODUCTION 
 
Intensive development of IT technologies has enabled a qualitatively new approach to the problem of 
automatic control of a technological process, and likewise the path of automatic diagnostic control of 
the condition of the system. The generation of process computers has been developed with 
considerable advantages in relation to the commercially developed computers. Main pattern of a 
process computer system for controlling the condition of the system is shown in Figure 1.  
In this way the following can be monitored: bearing temperature, bearing vibrations, temperature and 
pressure of lubricating oil, rotor vibrations (specific), axial displacement of the rotor, relative rotor 
elongation, bearing housing dilatation, level in the oil tank, iron and copper temperature of the 
generator stator, temperature of the cooling water, drop in the pressure at the pump suction line, 
cooling water flow, etc. 
 

 
Figure 1. Main pattern of the computer system fir the control of the condition of the system 
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Thus, the majority the methods of diagnostics of the condition can be reduced to the systematic 
application of monitoring the following: vibrations, thermal state, lubricant control, corrosion, etc., 
which cover a wide area of application, while some methods correlate with special types of technical 
systems. Today, in steel industry worldwide, in 80% of the cases for the analysis of the condition of 
the system is used the method of vibrations and it is used for the control of the condition of: all power 
transmission, hoisting devices and cranes, rotary presses, conveyors, piston engines, systems for 
continuous steel casting, agglomeration systems, systems for oxygen production, etc. 
 
MATERIAL AND METHODS  
 
Application of remote monitoring of diagnostic parameters in practice 
 
Remote monitoring has found its first application in electricity transmission and distribution network, 
which is by nature spatially chopped up system. Information on the state of the technical system is still 
mostly still in practice today loading up on the spot. 
For many systems there is a possibility of remote monitoring of system parameters, which in the past 
was specific and dependent on the manufacturer and therefore their data collection and processing 
have caused additional costs. Faster access to or reading data using routines Oscillography current and 
voltage or device information such as contact time or internal pressure switch was in the past, although 
in principle feasible, was the exception though sometimes this information may contribute to the 
localization of errors or even its elimination. 
 
Models of remote access technical systems 
 
Most of the current automation system is easy to configure and offers a wealth of data on the status of 
which can be controlled. However, most of this information is only available locally, which makes the 
integration of such systems into centralized control and management information systems. To 
overcome this problem it is necessary to allow for remote access control system. System for remote 
monitoring must meet the following criteria: 
 

• transparency (to provide the image of the complete processes and delivers timely information 
on the current process) 

• openness (ability to integrate into systems, ie. ability to exchange information with systems 
operating in other protocols) 

• stability (upgrade option at minimal cost, and to thereby maintain the functionality of the 
system) 

 
The goal of every remote control that is remotely controllable parameters. Supervision should enable 
maintenance personnel to detect problems in time and organize their removal. The main goal is to 
make preventive interventions prevent interruptions in the unit to be monitored. 
Mobile communications and the Internet have become an integral part of everyday life. Also products 
that surround us use these technologies and offer features such as remote add new content and remote 
diagnostics using this interface from any location in the world. All of these additional features are 
possible solutions for remote access and potentially improving the automation of digital systems 
because they allow simple interface to system management information and reduce the need for 
human presence at the site. Seen from the hardware point of view, two simple solutions for remote 
access modems and Ethernet cards; software from the point of view that the TCP / IP, SMS or 
solutions based on own developed protocols. 
 
Application of remote access in process automation 
 
Remote monitoring is a system where a person (the user), which supervises and monitors the process 
that are not directly connected, but are used to interconnect communication system. The role of the 
communication system is a fast, trustworthy transmission of information between two or more points. 
Remote monitoring does not apply to wireless data. Remote unit of technological processes simply 
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networking in public or private wired or wireless network. A common case is that the location that 
should be supervised there made wireline infrastructure. In this case, we rely on a wireless network. 
Easy to implement local area networks, but with them you can reach longer distances. Another 
possibility is the use of public mobile networks (Telecom, Telenor, VIP in Serbia). 
The power plant near Belgrade, all substations are connected to a central monitoring and control 
system (SCADA Wonderware in Touch). Supervision and management of heat substations from the 
web browser, as well as the SCADA system (Figure 2., And Figure 3.). Substations are the nodal 
points in the mains. They are equipped with components such as circuit breakers, grounding, 
transformers, and other measuring equipment. A favorable option is to use these systems remotely 
diagnose and monitor using Internet technologies. Information on switches, transformers are 
continuously monitored, either directly or via fieldbus and stored in the database. From this database 
data is then made available to the user via a web browser via intra, extra and the Internet. Remote 
monitoring of parameters is found wide application in elektodistribuciji to personal maintenance and 
service users have the information about the quality of supply. Typical events that accompany the 
large phase deviation, transit surges, power outages, voltage exceeding the limit and so on. 
 

 
  

Figure 2. Remote monitoring and control of heat substation in Obrenovac via Web browser [2] 
 

 
 

Figure 3. Remote monitoring and control of heat substation in Obrenovac via SCADA  
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Telediagnostic center may be intended for early warning in the event of abnormal operating conditions 
of machines and equipment in the plant and thus contribute to the availability and reliability of the 
entire plant. Siemens offers both. Power Diagnostics Services as telediagnostic center for steam 
turbogenerator. Telediagnostic process steam turbo generator starts collecting data which are of 
interest for diagnosis. Telediagnostic center uses tools to simultaneously collect and obtain operational 
data. Figure 4 shows the flow of data from the remote systems to the remote telediagnostic center. 
This configuration is designed to meet the needs of data security. Data prior to entry into the remote 
diagnostic center passing through the area checking data, and the database is protected by a firewall. 
  

 
Figure 4.  Data flow from remote turbo generators to telediagnostic center [1] 

 
RESULTS AND DISCUSSION  
 
The structure of the system for remote monitoring 
 
The structure of the system in an industrial setting usually consists of a central control center and 
several remote units, which operate independently, but are linked into a whole. Type of applied 
technology of remote monitoring based on need, purpose, available equipment, the required 
compatibility, distance, you can set the communication system... 
Remote units are equipped with PLC, input – output modules and an appropriate communication 
interface. Control unit is a communication center, where you can monitor events from all remote units 
or only GSM terminal, using it to track important events. 
Digitally driven processes are already more than 20 years implemented for the collection and 
processing of diagnostic data, management, control and monitoring, and data that have a protective 
purpose. Remote access to this data eg. Evaluation of setting regulatory circuits or failure analysis 
time, it was in the past, can be realized only with specific hardware and software manufacturers. This 
conditionality is true only when it is in this particular case in a remote village and mounted through a 
modem over a telephone line connected to the technical system. 
Next difficulties in many existing systems that process conditions such as. temperature and pressure, 
the processing system may be required, but fully informed information eg. associated with the 
calibration, maintenance history and maintenance needs, but is available in the technical system and 
often only on specific devices for programming. 
To avoid problems with quality in optimization and flow control are often closed control circuits, 
which assumes availability over time regulation size or appropriate good indexes. While this 
information from the site is already available, require complex manufacturing processes, eg. in the 
chemical industry or specific knowledge of experts, who can no longer be at a local manufacturing 
plant.  
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CONCLUSION 
 
Remote monitoring enables access eg. group of experts in a decentralized business enterprise, mobile 
maintenance personnel on the road between the parts of systems or monitoring systems after the 
change process from the user. Internet technologies allow therefore in addition to access to 
information, as well as new forms of maintenance and work organization. 
The next big advantage of web application technology : without any cost information can be integrated 
from multiple sources in a common form. This allows you to show the measured process variables 
together with the processing scheme of the technical system. In general, the use of remote access 
technical systems have the following advantages: quick support in case of delays at remote locations, 
efficient use of resources, reduce costs and minimize system downtimes. 
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