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Determine the metrology characteristics of an optical device Talysurf 
CCI Lite produced by Taylor Hobson 

 
prof. dr hab. inż. Stanisław Adamczak, dr h.c., mgr inż. Łukasz Gorycki 

Kielce University of Technology, Faculty of Mechatronic and Machine Design, Department of Mechanical 
Technology and Metrology, al. Tysiąclecia Państwa Polskiego 7 

Kielce, Poland, {Adamczak}@tu.kielce.pl 
 
Abstract. The main target of this paper is to determine the metrology characteristics of an optical device 
Talysurf CCI Lite produced by Taylor Hobson. The characteristics were determined by performing a series 
of measurements, in which they where using properly selected reference samples. The obtained results where 
analyze using the appropriate statistical models. 
 
Keywords: coherence correlation interferometer, measurement, roughness, line profilometer 
 
1. INTRORODUCTION 
 

Measurements of the surface using coherence correlation interference methods are not 
standardized in any way. One reason for this kind of situation is the fact that this is a rather the new 
measurement method which capabilities are not yet fully defined. Lack of such standards causes 
difficulties in comparing the results of measurement of optical devices such as the Talysurf CCI 
Lite, with devices using other measurement methods like a stylus profilometer. 

In this article there were examined the possibility of an optical device Talysurf CCI Lite. This 
was achieved by measuring the roughness patterns and comparative measurements. In the 
comparative measurements the stylus profilometer Form Talysurf PGI 1230 was used as a reference 
device. Thanks to such kind of measurements the difference between different measuring methods 
used on the same surface can by observe. A similar analysis was presented in article [6], in which 
the measuring results of Talysurf CCI Lite where compared to SEM (Scanning Electron 
Microscopy) device JOEL 5400. 
 
2.TALYSURF CCI LITE 
 

 
Fig. 1. Talysurf CCI Lite [13]. 
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Talysurf CCI Lite (shown in Fig. 1) is a modern scanning interferometer, able to perform three-
dimensional surface topography measurements using a contactless method. For this purpose 
Talysurf CCI Lite use a coherence correlation algorithm developed by Taylor Hobson. 

This device is able to perform the high resolution measurements of almost any kind of surface 
(polished, rough, curved, flat) or material (with a capacity to reflect light located between 0.3% and 
100%). Optical method used in the Talysurf CCI Lite allows to study soft surfaces that could be 
damage during tests using stylus method. Number of measurements points taken for each 
measurement is recorded in the matrix of 1024x1024. For each measurement only one algorithm is 
used, which simplifies different measurements, additional reducing the time of each measurement. 
Execution time of a measurement on the Talysurf CCI Lite after setting the device may take a few 
seconds, while the same measurement on a stylus device may take several hours. 

The accuracy of measurements and the size of the study area dependent on the lens selected for 
measurement. There are 5 different types of lens used in Talysurf CCI Lite: 2,5x; 5,0x; 10x; 20x; 
50x. 

 
3.RESULTS OF MEASUREMENTS 
 
3.1 The measurement results of surface roughness patterns. 

In this measurement there were uses four standard samples, each sample was measured 50 times. 
The result of each measurement value is obtained by superposing 1024 sections obtained in a single 
measurement. Then, thanks to the software an average profile is determine. From it the 
measurement results are obtain. Each measurement was performed using a 10x lens, in the 
analyzing the results a Gaussian filter was applied (λc = 0.8), confidence interval was adopted α = 
0.05. The result of individual measurements are presented in Tab. 1 
 

Roughness pattern  DP [%] 

pattern hnom=0,42µm 0,6533 

pattern hnom=2,72µm 0,7716 
roughness pattern Ra=0,66µm, measurement 
Ra 3,3211 

roughness pattern Ra=0,66µm, measurement 
RSm 0,4087 

roughness pattern Ra=0,068µm, 
measurement Ra 8,8508 

roughness pattern Ra=0,068µm, 
measurement RSm 0,5822 

Tab. 1. The results of measurement accuracy of the analyzed method (DP) to the patterns of surface roughness. 
 

Roughness parameter examined DP [%] 

Ra – arithmetic average 23,1736 

RSm – surface material volume 20,2425 
Tab. 2. The results of measurement accuracy of the analyzed method (DP) to the comparative measurementChyba! 
Nenašiel sa žiaden zdroj odkazov.. 
 
3.2 The measurement results of comparative measurement. 

In this measurement there were used 50 samples of a polished steel surface. All measurements 
were performed on the Talysurf CCI Lite 10x lens was used. A Gaussian filter was used for the 
analysis of each measurements (λc = 0.25). The results obtained accuracy included in Table 2 

 

Roughness parameter examined DP [%] 

Ra – arithmetic average 23,1736 

RSm – surface material volume 20,2425 
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Tab. 3. The results of measurement accuracy of the analyzed method (DP) to the comparative measurement. 

4. ANALYSIS OF RESULTS 
 

When assuming that the accuracy of the measuring instrument used in measuring the GSP 
standard should be within the limits of up to 5%. Without the result of the Ra parameter for the 
roughness pattern Ra=0,068µm, the results of the comparative measurements are satisfying. The 
results of the roughness pattern Ra=0,068µm measurements (which amounted 8.85%) indicates that 
it has been saddled with a big mistake. For more detailed analysis a measurement of the roughness 
pattern were performed on stylus profilometer Form Talysurf PGI. Obtained result was very close 
to the result obtained on the Talysurf CCI Lite, the result amounted 8.93%. Due to the inaccuracies 
occurred it is necessary to conduct additional measurements 

For the second measurement adopting the assumption that the accuracy of the measuring device 
used in the GSP technical controls should be within the range of 10% - 25%. The results of 
measurement accuracy for the comparative study profilometers Form Talysurf PGI and Talysurf 
CCI are satisfying. 

 
5. DETERMINATION OF THE SELECTED CHARACTERISTICS OF  THE 
INSTRUMENT 
 

The results obtained in the measurement of surface roughness patterns are in the range of 0.41 ÷ 
8.85% (Tab. 1), on the basis of these results, it is difficult to evaluate the accuracy of the device, 
assuming that the experimental measurement error is a measure of the accuracy and the adoption of 
generally accepted assumptions that the measurement of the pattern of surface roughness, waviness 
and contour shape and in basic research should be 2 to 5%, in research 5 to 15%, and accuracy of 
the technical inspection of surface geometry measuring instrument should contain the range of 10 to 
25%. 

The results most different from the rest of are the measurement results of Ra parameter (the 
roughness patterns: Ra = 0.66 µm and R = 0.068 µm). Such results are caused by the "construction" 
of the measuring tip ("optical needles"). For a lens with a magnification of 10x accounts of the end 
is 7.7 ° (it is the angle between the measured surface and forming a cone). A difficulty in the 
measuring of inequalities appears when the angle of these inequalities is greater or equal to the 
angle of the "optical needles". In order to obtain more accurate results it is necessary to use a lens of 
higher magnification, which has a larger angle of the "optical needle" (eg, a lens with a 
magnification of 50x is the angle between the base and forming a cone equal to 27.7 °). 

Changes of the lens only affected the measurement results the last two samples of the first 
measurement. The lens doesn’t significantly influence the first two samples (patterns of depth). 

The results of the statistical survey of the measuring instrument Talysurf Series PGI 1230 and 
Talysurf CCI Lite are in the range of 20.24 ÷ 23.17%. They are in the range adopted for quality 
control accuracy of an instrument measuring surface geometry, which is from 10% to 25%. The 
results have been obtained in both cases are quite large. The different measuring methods have 
influence on the measurement accuracy: 
−Form Talysurf PGI 1230 use contact method, in the contact method a needle was used with a 

radius of 2µm and being the apex cone angle of 90 °; 
−Talysurf CCI use optical method, in the optical measurement there is a "optical needles," which 

for the 10x zoom lens is cone apex angle of 164.6 ° [4]. 
 

6. CONCLUSION 
 

Determination of metrological characteristics using roughness pattern gave satisfactory results. 
Satisfactory results were also obtained when measuring comparative measuring instruments, yet 
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they can be inferred that in such studies should use samples with as little difference in the measured 
roughness parameters on the surface. 

Significant influences on measurement results perform by Talysurf CCI Lite or any other 
coherence correlation interferometer are the properties of light which is reflected by the surface. 
The most frequent errors in the measurements using Talysurf CCI Lite arise when the beam is 
dissipated in the crash or spike. In addition, an error appears when the beam is not able to examine 
the whole profile. The reason is the smaller angle of the "optical needles" in comparison to the line 
of the profile. The software allows to make some adjustments in case of no desired light scattering 
or filling the gaps in the profile, so that measurement error is smaller. 
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Abstract. The paper presents simulation investigations on the impact of the ratio of cooled and uncooled 
exhaust gas recirculation on the basic parameters of the engine operation and specific nitrogen oxides and 
particulate matter emissions. It is demonstrated that the use of a of recirculated exhaust gas cooler reduces 
the emissions of nitrogen oxides and particulate matter, while concurrently increasing the engine power and 
torque. Differences in the amount of recirculated exhaust gas affect the combustion process in an IC engine. 
A higher amount of recirculated exhaust gas results in reduced heat release rate, thus producing a lower 
temperature in the cylinder, which cuts the emissions of nitrogen oxides.  

Keywords: Combustion engines, exhaust gas recirculation, simulation. 

1. Introduction 

The development of motorisation over the recent years has been affected by environmental 
concerns, which for decades have provided an effective stimulus to progress, especially for piston 
internal combustion engines [1, 3, 4, 5, 6, 7]. Presently, a large volume of research is conducted on 
solutions that aim to reduce the exhaust gas harmful components and to satisfy the standards that 
are presently in force. Such solutions are provided, among others, by the exhaust gas recirculation 
(EGR) systems, which reduce the exhaust gas pollutants, especially nitrogen oxides, and 
considerably affect the course of the combustion process. The presence of the exhaust gas in the 
combustion chamber when the air-fuel mixture is prepared and combustion takes place, lowers the 
temperature and intensity of all the physical and chemical processes that occur inside the cylinder 
[2, 8]. Too large amount of the exhaust gas in the combustion chamber can lead to many negative 
effects, such as increase in the fuel consumption, the exhaust gas opacity and particulate matter 
emissions. Therefore, determining the EGR ratio under specified conditions of the engine operation 
must be performed in such a way so that the engine economic and power parameters are 
maintained, while the emissions of the exhaust gas pollutants are reduced. That constitutes a very 
important and viable research problem. 

The simulation investigations conducted for the study were intended to determine the impact of 
recirculated cooled and uncooled exhaust gas on the basic power, economic and environmental 
parameters of the IC engine. Particular attention was paid to specific nitrogen oxides NOX and 
particulate matter PM emissions.  

2. Research Object  

Simulation investigations were conducted using DIESEL-RK software. The specifications of 
the engine under consideration are presented in Table 1. The engine is equipped with the exhaust 
gas recirculation (EGR) system. The engine operated and at single working point for n=2000 rpm, 
and at full load. In simulations, the EGR ratio and the exhaust gas temperature were changed.  
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CI engine  

Parameter Unit Value 
Cylinder arrangement - in-line 
Number of cylinders - 3 
Type of injection - direct 
Compression ratio - 16.5 
Displacement volume dm3 2.502 
Piston travel mm 127 
Cylinder bore mm 91.4 

Tab. 1. The engine specifications.  

Table 2 presents the following: the recirculated exhaust gas temperature TEGR, power P, torque 
T, specific fuel consumption SFC, mass of the air applied to the cylinder mair, mass of the exhaust 
gas diverted back to the cylinder mEGR, maximum pressure in the cylinder pcmax, maximum 
temperature in the cylinder Tcmax, specific nitrogen oxides NOX and particulate matter PM 
emissions for CI engine operating at n=2000 rpm. In simulations, only the temperature of the 
recirculated exhaust gas was changed.   

 

Item TEGR P T SFC mair mEGR pcmax Tcmax NOx PM 
K kW N·m g/kWh kg/s kg/s MPa K g/kWh g/kWh 

1. 276 25.9 123.6 246.9 0.042 0.005 7.4 2533 1.34 0.79 
2. 339 24.9 118.7 252.0 0.041 0.005 7.2 2536 1.34 0.9 
3. 421 23.8 113.8 256.8 0.041 0.005 7.0 2541 1.39 0.99 
4. 502 22.8 109.0 261.3 0.040 0.004 6.9 2551 1.57 1.03 
5. 600 21.7 103.4 268.2 0.039 0.004 6.7 2553 1.56 1.17 
6. 734 20.2 96.5 276.8 0.037 0.004 6.5 2564 1.78 1.28 

Tab. 2. Power, economic and environmental indicators at different temperatures of the recirculated exhaust gas.  

Simulation investigations demonstrate that for the same settings, together with an increase in 
the exhaust gas temperature, both the effective power and the torque decrease slightly, while the 
specific fuel consumption grows continually. An increase in the exhaust gas temperature results in a 
small drop in the maximum pressure in the cylinder, whereas the maximum temperature grows 
slightly. Specific nitrogen dioxides emissions decrease and those of particulate matter increase with 
an increase in the temperature of the recirculated exhaust gas. Table 3 provides the following data: 
EGR ratio XEGR, power P, torque T, specific fuel consumption SFC, mass of the air applied to the 
cylinder mair, mass of the exhaust gas diverted back to the cylinder mEGR, maximum pressure in the 
cylinder pcmax, maximum temperature in the cylinder Tcmax, specific nitrogen oxides NOX and 
particulate matter PM emissions. The data were obtained for the CI engine operating at n=2000 rpm 
and for uncooled recirculated exhaust gas. In simulations, only the amount of the recirculated 
exhaust gas was changed.   

 

Item XEGR P T SFC mair mEGR pcmax Tcmax NOx PM 
 kW N·m g/kWh kg/s kg/s MPa K g/kWh g/kWh 

1. 0 28.1 134.1 241.0 0.047 0 7.8 2689 5.7 0.68 
2. 0.05 23.5 112.3 260.7 0.042 0.002 7.0 2625 3.2 1.08 
3. 0.1 20.2 96.5 276.8 0.037 0.004 6.5 2564 1.8 1.28 
4. 0.15 17.5 83.4 291.7 0.033 0.006 6.2 2507 0.97 1.37 

Tab. 3. Power, economic and environmental indicators at various EGR ratios 

Simulation investigations show that for the same settings of the engine, together with an 
increase in the EGR ratio, both the effective power and the torque decrease, while the specific fuel 
consumption grows. Increasing the EGR ratio leads to a drop in both the maximum pressure in the 
cylinder and in the temperature. Specific nitrogen oxides emissions decrease, whereas specific 
particulate matter emissions increase. Fig. 1 shows an impact of the temperature of the recirculated 
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exhaust gas on combustion temperature in the cylinder of the CI engine. In simulations, the EGR 
ratio was 0.3. 
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Fig. 1. Profile of changes in combustion temperature for various temperatures of the recirculated exhaust gas. 

The graph indicates that the pattern of temperature changes in the cylinder is similar for 
different values of the exhaust gas temperature. With an increase in the exhaust gas temperature, the 
temperature in the cylinder also grows.  
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Fig.  2. Profile of changes in combustion heat release cumulative and rate for various temperatures of the recirculated 
exhaust gas.  

As can be seen in Fig. 2, the maximum value of the heat release rate of 0.054 1/°CA was 
obtained for the lowest exhaust gas temperature of 276 K. With an increase in the exhaust gas 
temperature, the maximum heat release rate decreases, and its lowest value of 0.03 1/°CA was 
found for TEGR=734 K. Fig. 3 shows a profile of changes in the temperature in the cylinder for 
different ratios of uncooled exhaust gas recirculation.  

19



 

 

340 360 380 400 420 440 460
crank angle, degree

600

800

1000

1200

1400

1600

1800

2000

2200

2400

2600

2800
Tc, K

XEGR=0
XEGR=0,05
XEGR=0,1
XEGR=0,15

 
Fig.  3. Profile of changes in the temperature in the cylinder for different ratios of uncooled exhaust gas recirculation. 

In the experiment, the highest maximum temperature in the cylinder was obtained when no 
exhaust gas was recirculated. With an increase in the EGR ratio, the maximum temperature in the 
cylinder decreased. That results from lower combustion intensity due to the presence in the cylinder 
of a greater amount of the exhaust gas which is inert to the chemical reaction. Lower temperatures 
in the cylinder generate lower emissions of nitrogen oxides. Fig. 4 presents a profile of changes in 
the heat release cumulative and rate in the CI engine for different ratios of recirculation of the 
uncooled exhaust gas. 
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Fig.  4. Profile of changes in the heat release cumulative and rate for different ratios of recirculation of the uncooled 
exhaust gas. 

The highest maximum heat release rate of 0.06 1/°CA was found when the exhaust gas was not 
recirculated. When the EGR ratio increased, the maximum heat release rate dropped.  For XEGR=0.1 
and XEGR=0.15, the maximum heat release rate was comparable, and it amounted to 0.03 1/°CA. 
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3. Conclusion 

 The simulation investigations conducted for the study show that: 
− with an increase in the recirculated exhaust gas temperature, the engine power and torque 

decrease, 
− lower temperature of the recirculated exhaust gas results in the lowering of the maximum 

temperature in the cylindered, and thus lower specific nitrogen oxides emissions, 
− with an increase in the EGR ratio, the maximum temperature of the working medium in the 

cylinder decreases. Lower temperatures cause lower emissions of nitrogen oxides. The rate 
of formation of nitrogen oxides is also diminished by hydrocarbons in the exhaust gas, 
which act as reducers in  hydrocarbon reactions, 

− with an increase in the EGR ratio, particulate matter emissions increase, 
− an increase in the EGR ratio leads to lower engine power and torque, whereas specific fuel 

consumption is higher.  
To sum up, an increase in the EGR ratio produces a positive effect as regards emissions of 

nitrogen oxides. Increasing the exhaust gas recirculation, however, leads to higher emissions of 
particulate matter. It is important and justified to use a cooler of the recirculated exhaust gas, 
because that advantageously affects the engine operation parameters, namely power, torque, 
specific fuel consumption, and also emissions of nitrogen oxides and particulate matter.   
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Abstract. The paper present the results of investigations into the impact of the size of the diameter of nozzle 
orifices, and of injection pressure on the basic parameters of the fuel spray, namely droplet Sauter mean 
diameter SMD, tip spray penetration S, fuel spray cone angle Θ and the velocity of the fuel flow from  
the nozzle vinj, and also on unit emissions of the exhaust gas harmful components: carbon dioxide CO2, nitric 
oxides NOX and particulate matter PM. It was shown that the whole fuelling system should be treated  
in a comprehensive manner. A few parameters of the injection apparatus need to be manipulated to improve 
the quality of the fuel spray atomisation. In the conclusions, the importance of the issue and its effect  
on further advances in the development of piston combustion engines are emphasised.  

Keywords: diesel engine, injector, injection process, emissions. 

1. Introduction 

Improving the combustion process in internal combustion engines is vital for decreasing and 
neutralising toxic exhaust gas components. Improvements also contribute to the reduction in fuel 
consumption, which is important due to economic reasons and because of the possibility of limiting 
the greenhouse effect. Presently a lot of research on the combustion process and its improvement  
is conducted worldwide. Designing the quality of the combustible mixture affects the combustion 
process efficiency. Hence investigations into the process of fuel atomisation in the combustion 
chamber are of major importance [1, 2, 3]. Appropriate pattern of combustion has a major impact 
on essential parameters of piston internal combustion engine operation. The quality of spray 
radically affects the formation of the air-fuel mixture and its combustion. Presently thorough 
research is carried out to upgrade the fuelling system. It primarily focuses on the optimum selection 
of fuel injection pressure in CI engines, and also on injector design advancement [4, 5]. The correct 
operation of the nozzle, which is an important part of the injector, together with the selection of its 
design parameters determines obtaining desirable power, economic and environmental 
characteristics. 

2. Research object 

Simulation investigations were conducted using DIESEL-RK software. The specifications  
of the engine under consideration are presented in Table 1. The engine operated at full load  
and at n=2000 rpm. During simulation investigations, the diameter of the nozzle orifice changed:  
0.15 mm, 0.2 mm and 0.25 mm and the fuel injection pressure before the injector was: 164.1 MPa, 
90.8 MPa and 41.1 MPa.  
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CI engine  
Parameter Unit Value 
Cylinder arrangement - In-iline 
Number of cylinders - 3 
Type of injection - direct 
Compression ratio - 16,5 
Displacement volume dm3 2,502 
Piston travel mm 127 
Cylinder bore  mm 91,4 
Number of the nozzle orifices - 4 
Injection advance angle  °CA 20 
Distance between spray centre and bowl axis mm 0 
Distance between sprays centre and cylinder head plane, mm mm 0,871 

Tab. 1. The engine specification. 

Fig. 1 shows the injected fuel sprays and the angle of their inclination to the wall  
of the combustion chamber. 

  
Fig. 1. Arrangement of the injected fuel sprays β and the fuel spray inclination angle to the wall of the combustion 

chamber α. 

Basic physical and chemical properties of diesel oil are presented in Table 2. 
 

Parameter Jednostka Wartość 
Cetane number - 51,4 
Heating value of fuel MJ/kg 42,5 
Density of fuel at 323K kg/m3 830 
Surface tension factor of fuel at 323K N/m 0,028 
Dynamic viscosity coefficient of fuel at 323K Pa·s 0,003 
Sulfur fraction in fuel % 0 
Average fuel elemental composition:  

                                           C 
                                                            H 

                                          O 

  
0,87 
0,12 
0,004 

Tab. 2. Basic physical and chemical properties of diesel oil. 

3. Experimental results 

Table 3 presents values of droplet Sauter mean diameter SMD, unit emissions of 
carbon dioxide CO2, nitric oxides NOX and particulate matter PM obtained  
for three different values of the nozzle orifice diameters. 

 

Item Nozzle orifice diameter do, 
mm 

SMD, µm CO2, 
g/kWh 

NOX, 
g/kWh 

PM, 
g/kWh 

1. 0.15 13.5 776.0 10.5 0.16 
2. 0.20 17.0 784.2 14.2 0.071 
3. 0.25 20.0 782.0 13.6 0.11 

Tab. 3. Droplet Sauter mean diameter SMD, unit emissions of carbon dioxide, nitric oxides and particulate matter. 
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Fig. 2 shows the dependence of the penetration and cone angle of the fuel spray injected  
into the combustion chamber on the size of the diameter of the nozzle orifices.  
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Fig. 2. The fuel spray penetration and cone angle for different diameters of the nozzle orifices. 

On the basis of simulation investigations, it can be stated that an increase in nozzle orifice 
diameter results in a deeper penetration of the fuel spray, which is equivalent to an increase  
in the penetration and cone angle of the fuel spray. Table 4 illustrates the impact of the injection 
pressure on droplet Sauter mean diameter SMD, unit emissions of carbon dioxide CO2, nitric oxides 
NOX and particulate matter PM for the nozzle orifice 0.2 mm in diameter. 

  

Item Maximum fuel pressure 
before the injector 

SMD, µm CO2, 
g/kWh 

NOX, 
g/kWh 

PM, 
g/kWh 

1. 164.1 16.1 785 14.5 0.065 
2. 90.8 18.5 783 13.3 0.091 
3. 41.1 22.2 777 10.7 0.192 

Tab. 4. Droplet Sauter mean diameter SMD, unit emissions of carbon dioxide CO2, nitric oxides NOX and particulate 
matter PM for different maximum fuel pressures before the injector. 

For the same nozzle orifice diameter and increasing injection pressure, droplet Sauter mean 
diameter SMD and unit emissions of particulate matter decrease, whereas the unit emissions  
of nitric oxides increase. The impact of injection pressure on the spray length and cone angle  
is shown in Fig. 3.  
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Fig.3. The fuel spray penetration and cone angle for different injection pressures 

An increase in the injection pressure results in an increase in the fuel spray penetration  
and cone angle. Fig 4 presents the impact of the injection pressure on the fuel pressure before  
the injector and on the velocity of the fuel flow from the nozzle. 
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Fig. 4. Profile of pressure changes before the injector and the velocity of the fuel flow from the nozzle for different fuel 
injection pressures. 

An increase in the injection pressure leads to an increase in the values of the velocity of the fuel 
flow from the nozzle and to a decrease in the injection time. 

4. Conclusion 

On the basis of the investigations conducted for the study, it can be stated that the modification 
of the fuelling system should involve a few parameters, not just a single one. Changing only  
the diameter of the nozzle orifice can deteriorate the quality of fuel atomisation, thus adversely 
affecting the preparation and the quality of the air-fuel mixture. Inappropriately prepared 
combustible mixture can result in an incorrect pattern of the combustion process. Sole increase  
in the injection pressure, and the resultant velocity of the fuel flow, improve the fuel atomisation 
only on the fuel spray periphery, causing a deeper penetration of the fuel spray. Therefore, the 
fuelling system should be approached as a whole. Reduction in the diameter of the nozzle orifice 
together with enhanced injection pressure yields improvements in the fuel spray atomisation, 
decreasing droplet SMD, and the fuel spray penetration depth, and increasing the fuel spray cone 
angle. With a sole increase in the injection pressure, droplet SMD is lower, due to which droplets 
vaporise faster, mixing with the air present in the cylinder. That can lead to a more intensive 
combustion, thus increasing the emissions of nitric oxides. An increase in the injection pressure 
causes lower emissions of particulate matter. The issues, presented in the study, concerning  
the selection of the nozzle parameters show how difficult it is to synchronize all the parameters  
so that they would satisfy the demands set to modern CI engines. Improvement in the injection 
apparatus is one of the most important criteria as regards modern engines when environmental 
concerns, i.e. standards for emissions of the exhaust gas harmful components, are taken  
into account.   
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Abstract. Availability and use of simulation technology currently provides an ideal opportunity for 
businesses that based on them can easily and efficiently optimize primarily their manufacturing, assembly 
and logistics processes in order to increase productivity and the actual earnings of the company. The article 
is dedicated to the use of simulation to support virtual reality - VR, which forms an essential part of the 
Digital Factory (DF) and describes its use in robot navigation AGV through visual signs. 
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1. Simulation 

Currently, enterprises must continually increase their productivity in order to maintain or 
improve the competitiveness. This process requires a shortened delivery times, reduced operating 
costs, optimum capacity utilization, optimized material and information flow. Based on these 
requirements, the current trend occurs in the design of complex production systems, from 
simulations created in the environment of digital business.  

The advantage of this method of design is to eliminate the risks arising from the introduction 
and implementation of systems in various business structures. 

 
Simulation gives us a precise 

and relatively quick answer to the 
question "What if ...?"  (What if we 
increase the capacity of the facility? 
What if the machine breaks down? 
What if merge operation? ...). 
Understand The term simulation 
experimentation with computer 
models of real manufacturing, 
assembly, and logistics system in order 
to optimize the manufacturing process, process, or system. 

Simulation eliminates the shortcomings of analytical methods, it is also difficult to time (build 
the model, model testing, planning and conducting experiments) and the preparation of input data 
and it is therefore even more expensive than other analytical modeling techniques. 

 
Typical questions or problems that can be solved through the simulation project are: 

• What type and number of machines and ancillary equipment to be used? 

Fig. 1. To improve business processes 
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• What tools and products are needed? 

• What is the throughput of the device? 
• What should be large warehouses and 

tanks? 

• What is the best arrangement work? 
• What is the most convenient system 

management? 

• What is the optimal dose? 
• How are resources used in production? 
• Where are the bottlenecks? 

• How many watts are needed operators, 
plumbers and the like.? 

• What is the impact of failures and the casting of the behavior of the system? 
 

1.1. Planning, verification and simulation 

Areas of application systems in DF are very broad and cover all stages of production 
planning, the receipt of product models from CAD systems to provide data necessary for production 
management in ERP systems. In their focus DF systems can be divided into three main groups: 

1. Systems for production planning processes are support tools for comprehensive 
planning of manufacturing processes and resources. Then processes the resulting graphs 
provide a clear overview of continuity and links between processes, products and 
resources since the conceptual stages of product design. 

2. Systems designed to verify the manufacturing processes use structures and phase 
diagrams of planning applications specific to each production area. It is used for process 
verification methods using those models to detailed product specification production 
processes. 

3. The third group are the simulation of manufacturing systems, which provide tools for 
the development, production and deployment of manufacturing resources and then 
simulate their operation. They allow to define resources, such as robots, machines, tools, 
fixtures, features automatic control, people etc. create a comprehensive manufacturing 
plans. 

2. Simulation for AGV navigation robot through markers 

The Processing of image information is nowadays confined to capture visual information. 
After capturing images, they can also be followed by subsequent processing of the image pixels. 
Its purpose is treatment that can prevent the recognition of objects captured.  

Our aim is using the brand image - a marker that will be used to determine the precise 
location in space and position information obtained will be used for navigation and control of 
mobile robot AGV. The solution will be designed and simulated in a virtual reality environment 
in ELLA platform.  

 

Fig. 2. The principle of computer simulation 
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2.1. Tags and augmented reality – AR 

Augmented Reality English name of augmented reality (AR) is a physical insight into the real 
environment, whose elements are augmented by a new computer-
generated sensory perceptions. View of reality is modified on the 
computer and enhanced with new knowledge. This technology 
allows us to enhance the perception of reality that is seen. The most 
common element to calculate the position of virtual objects is a 
visual tag., Which is a two-dimensional brand that carries within it 
inf. data. Areas of application in industrial systems where tags for 
marking parts, or carry such information. transport data (MaxiCode, 
Data Matrix, QR Code). Furthermore, the use of logistics, where 

tags are used for localization. Example of such AR markers is 
shown in Fig. 3. 

2.2. Navigation and management 

Tag solutions, we introduced the use of the transport data are not very suitable for systems that 
use location tags in the area. They are not intended to sprawling 
visual field of view and different perspective distortion. Extent 
to which the marks are used, it is therefore very limited. 
Ultimately insufficient points in the image, which allow three 
dimensional position calculations. This does not apply to an AR 
Marker marks that were designed just to be recognizable even 
from a distance for a variety of adverse conditions. Other 
information stored inside the markers, may be a little too thick, 
as this would reduce the distance at which data can be obtained. 

There are many systems for navigation and control of 
robots. One of the existing system of AGV shown in Fig.4. is a 
mobile robot that is navigated by magnetic tape affixed to the 
ground with tracking RFID tags and on the basis of the inf. is 
controlled. Complete solution of the product from CEIT SK was deployed in Volkswagen SK. 

The proposed solution attempts, under certain conditions some elements and replace them with 
brand image, after reading robot which can be controlled or navigated in an unfamiliar environment. 
The robot will follow the camera through the space around you, where will find well-known brands 
(markers). To search tags are used detection algorithm based on edge detector. 

2.3. Simulation in platform ELLA 

Ella is an industrial software platform for complex video systems developed to design robotic 
control systems, physical simulation, logistics systems, and industrial buildings. Possibilities of 
using VR in the design of algorithms and control systems bring us many benefits. The VR can test 
the detection algorithm and control system without the need for physical device, which can reduce 
the requirements for an application.  

VR provides us with a complete physical simulation environment where we can design and 
partly to test the proposed algorithms. Example simulation AGV robot, the camera picks up the 

Fig.3. AR Marker 

Figure 4. Model AGV 
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surrounding environment is 
shown in fig. 5. In the hall there 
are two mobile robots. First robot 
is stuck on the back of the image 
AR marker. The robot is 
controlled by the keyboard. The 
second robot is on its top 
mounted virtual camera through 
which senses the ambient image. 
The image was captured by the 
detection algorithm treats. Once 
detected, the robot is navigated 
using the control algorithm. 

 

This article was prepared by within the project KEGA 029ŽU-4/2011 named as Implementation of 
innovative image recognition systems solutions in laboratory of automated assembly processes 
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Abstract. Ergonomics is a very demanding discipline that which is difficult to completely to handle even 
for ergonomics. We have lots of experienced and excellent ergonomics, but higher quality and more efficient 
they would be the work with the appropriate software support, which should take full advantage. It is 
necessary to know about ergonomic software to prove compare their options, selected based on the specific 
workplace the most interesting. The efficient and productive use for the ergonomic is important too. Authors 
presents digital human model used in software ergonomic and closer describes one of the software 
Tecnomatix Jack. 
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1. Digital human model - Basic element for digital ergonomic analysis 

1.1. Development of digital human models 
 
From 1980 the advanced computer 3D CAD technology are developed. This has led to the 

necessarily needed tools for 3D design and modeling of human labor and workplace design. 
Although it was developed more than 150 models of ergonomic manikins (mannequins) in different 
softwares (Hickey, Pierrynowski & Rothwell, 1985; Porter Case, Freer & Bonney, 1993; Seidl & 
Speyer, 1997), only a few systems have been able to successfully enforce in the global industrial 
base. With the increasing influence DHM - digital human model, we can still use its potential and 
wide range of uses. The development of a computer model of a man  originally came from NASA. 
 

 
Fig. 1.One of the first digital human models. [Bridger 1995] 

 
1.2. Basic elements for mannequins 

 
Every created digital human model had to fulfill five basic elements mannequins since the 

beginning of the creation of such models. Basically mannequins are basis for multilateral 
applicability in a wide range of different applications. Orientation of generated model is tailored to 
a specific application area. Morphology and biomechanics of the human body is available in a 
question concerning the quality required for a specific problem. 
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1.3. Design of mannequins 
 

Design of mannequins takes into account the kinematics of the  model, which means that the 
number and joint mobility  relates with parts (segments) of model. Account is taken of the surface 
of the model, which must correspond to real human skin. There are three important  properties for 
the design of design mannequins. Number of articulated couplings defining kinematic flexibility of 
mannequins called mathematical and biomechanical simulation of joint affects movement all bodily 
elements (segments) that are connected with joints.  

Selection of limit  the angular ranges of each joint  ensures that even in case of extreme 
positions location digital human model will remain correct. In addition to the physiological  
simulation of skeletal model, real outer surface of the model represents second contact point in the 
design mannequins. Surface of the DHM must not only be able to correctly adapt to changes in 
anthropometric data and changes positions segments when moving, but must also meet the 
requirements for appearance, because these systems usually used to present the results of various 
analysis. 
 
1.4. Anthropometric database 
 

Most of DHM models include extensive anthropometric database. Very few mannequins 
support other modern approaches, such as the calculation of anthropometric data with correlation 
coefficients, such as the "RAMSIS" and "Safework". The user can take into account the correlations 
of bodily data and recalculate the model of figure with optional  or the relevant critical sizes, then 
the mannequin is more realistic. Digital model mannequin "RAMSIS" was  more elaborate. The 
user had the choice of age, gender, nationalities and so on.  
 
1.5. Biomechanical position 
 

The third basic element in the creation of DHM is biomechanical position and simulation of 
movement  mannequin. Thanks to inverse kinematics have now modern systems available extensive 
solution process. Many of these processes are not take account actual movements and 
human behavior. They rely on robotics and simulation of positions and movements with angular 
margins and minimize energy. But as Ergomas/Ergoman system has simulation of movements 
which has about 60,000  values of 3D data.  
 
1.6. Ability to create analysis 

 
The fourth characteristic of DHM is the ability to create analysis with regard to the reason for 

their implementation. As the most popular ergonomic analysis as Owase, NIOSH, MTM, and so on. 
were included in many cases at the beginning of development into DHM. Modern DHM specialize 
in enlargement  of the deals analysis and their greater sophistication. When developing DHM I also 
remember the basic analysis as analysis of manipulation and of visual space. 
 
1.7. Integration into the design process 

 
The final and main characteristic of DHM is the ability to integrate into the design process. 

DHM can be used and integrated into the design of virtual environment. [Bridger 1995]  
The following sections are mentioned most famous software tools in industrial ergonomics. 

Based on the long term and continued research are collected basic information about various 
software applications. The information obtained was subsequently tested and confirmed working in 
some software, studying of their manuals, descriptions and various document  which were available 
on the Internet, literature and communication with distributors and users of software. 
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2. Technomatix Jack - Module Task Analysis Toolkit 

Software is an ergonomic tool for the simulation and optimization of the working environment 
and is used in the CEIT, a.s. Allows users to primarily improve the work tasks. In Figures 2 and 3 
are examples of software environment. It is used for ergonomic designing for ergonomic products 
and at ergonomic human activities. This system offers a digital mannequins in a virtual 
environment, assigns them tasks and  analyze their implementation. The program includes a variety 
of ergonomic analysis, time analysis and  so on. [Ingalls 2004] 
 

 
 

Fig. 2. Examples of environmental Technomatix Jack [www.plm.automation.siemens.com] 
 

Technomatix Jack is a 3D interactive ergonomic CAD package developed at the University of 
Pennsylvania, a center for human modeling and simulation (Center for Human Modeling and 
Simulation). Digital mannequin manufacturers named after names. Jack name for the male and Jill 
for the female. Model of work environment (cabin for car or plane, office, interior of the building), 
can be created directly in the Jack software, or import from CAD system. [The University of 
Pennsylvania 2003] 
 

 
 

Fig 3. Anthropometric database in Technomatix Jack. [Baumruk 2006] 
 
Model of man in the environment Technomatix Jack has real biomechanical properties with the 
natural motion and  with range of  joints. This model consists of 71 segments and 69 joints, some of 
which have multiple axes and  more degrees of freedom. Total offers a 135 degrees of freedom. The 
study can be static (the view from the car) or physical (replacement parts). The result is a workplace 
which takes into account abilities and  needs of the worker and leads to a more efficient, more 
productive and  safer production with less work-related accidents. 

Technomatix Jack is a separate program, but the basic ergonomic analysis can be done directly 
in the CAD environment  in UG NX in module Human Modeling  called NX-Jack module. This 
module is  in currently used only a minimum because Technomatix Jack offers a many other 
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advanced tools for detailed analysis of human factors in design. The downside is the need to export 
and import data. Standard formats to support Technomatix Jack are IGES, VRML, and  many 
others. 

A significant ergonomic tools that this software provides are for example assessment of 
external perspectives, identify obstacles in the view, generating  zone for coverage and zone for 
visibility of colors (green, red, yellow, blue, black and white area called blind spot). The function 
Reach zone  generates maximum and comfort outreach opportunities of mannequin with the 
analysis of comfortable position 3D Dreyfuss. [www.muzeum-umeni-benesov.cz] 

The most famous and  the most basic ergonomic analysis that offers Tecnomatix  are analysis 
of visual space and impact analysis. Also allows collision detection, analysis of fatigue, analysis as 
OWAS, RULA, or NIOSH. The software analyzes the energy consumption and not least  time 
analysis, for example MTM. [http://www.cardsplmsolutions.nl]  

3. Conclusion 

To keep good health man, raising humanization of work while raising labor productivity can 
only be achieved comprehensive solutions in the field of ergonomics. Digital tools in the field of 
ergonomics allow for implementation of quality solutions in a virtual environment that accurately 
reflect the real state of business. Without any restriction the existing production process can quickly 
implement solutions. Through the knowledge of ergonomics solution positive influence the 
productivity, quality and  employee health. A proactive approach is the advantage of fast and 
accurate start-up of new production without undue risk overloading of employees. 
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Abstract. The utilization of installed power output of internal combustion engines (ICE) in motive power 
unit (especially in shunting locomotives and locomotives for industrial transport) is very low. This is the 
reason that most of the time the ICE work far from the optimal regime. Measurement results to confirm that 
it’s true. Measurements were made on shunting locomotives but also on express train. There are ways to 
increase the utilization of installed power output. 
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1 Introduction 

Because the resources of non-renewable energy are being spend, more and more often we 
come into contact with „green power“ term. For there are placed still higher demands on reducing 
consumption, resulting in a reduction of CO2 emissions. Therefore, each producer, whether to 
a greater or lesser extent is to produce a eco-friendly vehicle. In this context we meet mostly with 
terms such as: electromobile or vehicle with hybrid propulsion. 

This progress isn't so intense in railway vehicle transport. However some types of 
operational regime locomotives require similar solution. This is especially so with the shunting 
locomotives and locomotives operating in industrial enterprise. Utilization performance in this case 
is approx. only 15% of the installed performance. Characteristic for these types of operations are 
frequent changes in work mode of ICE, which increases fuel consumption and emission production. 
In some cases, the proportion of the engine running at idle exceeds 70% of total time of operation 
ICE. One of the ways to improve this situation is to use a hybrid propulsion or another 
unconventional solutions drivetrain traction of rolling stock. 

2 Actual utilization of performance locomotive ICE 

The basis for any consideration of unconventional powertrain traction of rolling stock is 
good knowledge of the actual operating modes (operation of the internal combustion engine and 
transmission performance, work auxiliaries and braking modes). 

2.1 Industrial and shunting locomotives 
The character of utilization of installed engine power in the industrial and shunting 

locomotives are similar. This was shown in many measurements at different times and at different 
locomotives [3,4,5]. Since the operational conditions may significantly vary in different cases, the 
results of measurement can vary as well. 
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Fig. 1 Output power, average power, Kladno 2009 [5]. 
 

Fig. 1 shows course output of shunting locomotives class 740 at sidings of OKD Kladno. It 
deals with reconstructed shunting locomotives with ICE, which output is 403 kW. The mean output 
in this case is only 95 kW. Shunting services is characterized by short power peaks, frequent 
braking and spending a lot of work time on idle. Fig. 2 shows utilization of each power modes. It 
shows that the engine worked third of time to idle. 

 
Fig. 2 Distribution of outputs stages [5]. 

2.2 Locomotive with passenger  and express train 

Situation with passenger and express train is different. The operating mode is characterized 
by the need for high performance over longer periods of time to achieve the maximum speed in the 
shortest time. The number of stops is significantly lower than in the case of shunting locomotives. 
During braking to a stop and the holding braking on a slope, it generates a lot of energy, which 
could be recovery for reused. Fig. 3 shows course output of locomotive class 757 (installed 
performance of ICE was 1550 kW) with express train Banská Bystrica-Margecany. Red course 
shows the use of electrodynamic brake. That is power, which is wasted at braking resistors. Green 
course shows input power auxiliaries (compressor, cooler of ICE, cooler of traction engine, cooler 
of TG ). The maximum value of this input power is approx. 90 kW, what isn’t insignificant value. 
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Fig. 3 Output power of locomotive class 757, 15.9.2012. 

3 Ways to upgrade utilization pf performance locomotive 

Chapter 2 shows possible ways to increase the use of installed performance traction rolling 
stock. Because the size of the article is limited, we will follow briefly a few examples. 

3.1 Waste heat recovery 

During the combustion of liquid or gaseous fuels in combustion engines, over 60% of the 
energy stored in the fuel remains unused. It is dissipated in form of waste heat, either via exhaust 
gasses or into cooling water. With the SteamTrac system developed by Voith, some of this energy is 
reconverted into usable torque and redirected into the driveline. In a diesel drive for rail vehicles, 
fuel consumption and CO2 emission can be therefore cut down by 4%-12%, depending on the 
operating profile.  

 
Fig. 4 Block scheme of system SteamTrac [6]. 
 

Something about function: the operating medium is pressurized by a pump and delivered in 
the operating cycle. In a heat exchanger which is integrated in the exhaust silencer or exhaust 
recirculation cooler, the operating medium is warmed up by the heat in the exhaust gas, evaporated 
and superheated. The superheated steam is expanded into a piston expansion machine. This creates 
additional mechanical energy, which is fed back to the driveline. The expanded operating medium 
is condensed in the condensing heat exchanger and redirected to the fuel tank in a closed circuit. 
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3.2 More equal ICE with low output 

The reconstruction of a shunting locomotive by CZ LOKO SM42 for the Polish carrier is an 
example of reconstruction involving substituting the original ICE with two ICE with lower output. 

 
Fig. 5 Layout main power groups at shunting locomotives and measurement results of work each ICE[4] 
 

This locomotive was used into shunting operation at the station. Graph in the picture Fig. 5: 
right shows, that this configuration is reasonable. Individual work one of the ICE represented 62% 
of the total working time. This concept locomotives with two equivalent ICE provides mainly 
savings by fuel during idling, when it is running only one ICE. More details about this concept is 
describe at [4]. 

3.3 The used hybrid propulsion 

A possible solution to increase the efficiency of power utilization for some types of traction 
rolling stock could be use hybrid propulsion (consisting more surces). For example: cooperation 
internal combustion engine (as the primary source of energy) with accumulator of energy 
(electrochemical battery or flywheel). Hybrid propulsion would allow:  

- accumulation of kinetic energy in electrodynamic braking of the train and reuse it, 
- instal a primary energy sources with significantly less power, it is allow running ICE in 

optimum regime (in terms of fuel consumption and air pollutants), 
More details about hybrid propulsion is describe at [1,2]. 

4 Conclusion 

This article presents the results of measurements of the operational regimes of locomotives. 
It shows the currently used instaled ICE power. The Fig. 3 shows that hybrid propulsion may not be 
suitable for all types of traction rolling stocks. In the end we presented some possibilities for 
improving utilization of instaled performance. 
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Abstract. Subject of the article is a static structural analysis of magnetic spur gear solved in FEM 
application Ansys. This article presents general steps how to design a static structural model of magnetic 
spur gear. The main results of the analyses are forces between interacting elements and maximal torque that  
the gears can transform. 
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1. Introduction 

This article deals with magnetism and its applications used in mechanical engineering. The 
potential of this research and development in magnetism is significant. It offers wide range of 
opportunities for new practical applications of innovative thinking. The potential can be achieved in 
the main field such as: contactless gear system, power system, energetic system and the safety 
system. Magnetic gear systems have remarkable advantages against conventional mechanical gear 
systems. The most important advantages of contactless gear systems are: contactless energy 
transformation, high efficiency, absence of lubrication and cooling, high durability, overload 
protection, very high and low ratios.  

1.1. Contactless magnetic gear systems 

Contactless gear systems based on interaction of magnetic fields are one of the most interesting 
gear systems because of capabilities they offer. Nowadays, some of the practical applications 
depend on these modern gear systems. Usage of the magnetic gear systems in the future is going to 
be predicted in electricity generators, electric vehicles, energy storage flywheels, wind and water 
turbines, braking systems, and in speed - torque applications.  

 Tab. 1 summarizes the magnetic gear system divided by the size of the possible transmitted 
torque. 

Type of magnetic gear system Possible transmitted torque [Nm] 

Magnetic worm gear 2-4 

Magnetic bevel gear 5-7 

Magnetic radial gear 7-10 

Magnetic spur gear 10-20 

Magnetic planetary gear  45-90 

Toyta Camry HEV Synergy drive 80 

Magnetic coaxial gear 70-100 

Magnetic double-row cykloidal gear  75 

Magnetic harmonic gear  110 

Integrated magnetic gear / el. devices 60-130 

Magnetic single-row cykloidal gear 140-180 

Tab. 1. Overview of magnetic geas divided by the size of possible transmitted torque 
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2. Structural model of magnetic spur gear 

Magnetic contactless gear systems cannot be designed like the conventional mechanical gears. 
Forces between interacting magnets and maximal possible transmitted torques during “security slip” 
are analyzed in structural analysis. Safety slip is an inherent feature of magnetic gearings and also 
one of the biggest advantages of magnetic gears. 

Once the torque exceeds the maximum  the magnetic gear will lose the primary function of 
transfer and it will become a safety clutch. Once the torque decreases, it is possible to restore the 
primary function of transfer without any damage to the transmission and maintenance operations. 

Distance between magnets, respectively air gap between the magnet faces is the leading 
parameter that most affects the size of the magnetic force. The magnetic field has an exponential 
character. Air gap or interaction distance between magnets decreases force between magnets 
exponentially. 

Air gap is a key parameter during designing process. The size of air gap affects the size of the 
maximum transmitted power.  Dependence of magnetic forces with interaction distance is essential 
knowledge during design of magnetic gear system. Curves can be determined only experimentally 
by measurement or calculation. These curves are different for each magnetic structure.  

2.1. Magnetic spur gear 

We can find the main dimensions of the magnetic gear in conventional transmission geometry. 
Magnetic gear wheel can be created by placing permanent magnets on the pitch surface of the 
wheel. Permanent magnets must be placed on pitch circles so that the surfaces of magnetic poles of 
magnets are tangent to the surfaces of pitch cylinders. Number of magnets can be defined by the 
number of gear teeth by the gear ratio, gear pitch diameter or by the length of magnets. From 
conventional spur gear was derived magnetic spur gear. Fig. 1 shows derived magnetic spur gear. 

 
Fig. 1 Derived magnetic spur gear 

3. Finite element model of magnetic spur gear 

Magnetic forces between interacting members of the magnetic gear were calculated in FEM 
application ANSYS module EMAG. A computational model of magnetic gear was established in 
this module. Calculation model was optimalized in the immediate surroundings, where the 
interaction of magnets (respectively magnetic wheels) is taken its place.  

 Fig. 2 shows a computational model of magnetic spur gear from application Ansys - modul 
EMAG. 
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Fig. 2 Computational model of magnetic spur gear 

The wheel 2 (see Fig. 2) was simulated as a static brake and wheel was loaded on the maximum 
torque. During simulation magnetic wheel 1 slips about angle α respectively, about the length of the 
magnetic teeth (see Fig. 2). This simulation is static and main aim of this simulation is to detect 
magnetic forces (FXI, FYI, FZI) during "security slip". Fig. 3 shows the magnetic forces in 
magnetic spur gear. Interaction distance at which the forces were examined was x = 1 [mm]. 

 

Fig. 3 Magnetic forces in magnetic spur gear 

3.1. Results from FEM analyses  

Fig. 4 shows magnetic forces in the neutral position (position 0 degree) and during "security 
slip" when the wheel was loaded by maximum torque Mkmax (position 0 degree to 22,5 degree – 
angle α). 

 

Fig. 4 Magnetic forces in neutral position and loaded position 
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After the simulation the maximum torque was computed. Size of the maximum torque was 
Mkmax = 1,02 [Nm] at interaction distance x = 1 [mm]. Advantage of the magnetic gear is that the 
maximum torque is determined by interaction distance. Fig. 5 shows dependence interaction 
distance and maximum torque.  

 
Fig. 5 Dependence interaction distance and maximum torque 

4. Conclusion 

This article presents the methodology of compiling computational model of magnetic gear. A 
finite element analysis of magnetic spur gear is included. Subject of the FEM analysis was to 
determine magnetic forces in magnetic spur gear and compute maximum torque, which gear can 
transmit.  

The results of this analysis can be used in design process of the real magnetic gear for practical 
application. FEM simulation is a modular algorithm. By changing variables, we can simulate any 
form of magnetic gear. 

This article was supported by scientific grant agency VEGA of the Ministry of Education of the 
Slovak Republic. Reg. number of project: 1/0881/11, title of project: "Výskum magnetickej väzby 
spoluzáberu prevodového súkolesia." 
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Abstract. This article shall closely describe HRSG mechanical design approach. To pointed out on basic 
differences between conventional boiler and HRSG. Mechanical design aspects have significant influence at 
performance of constructed unit and also environmental output. If there is clearly defined how the design 
shall be defined, energetic unit can ensure better conversion chemical energy abounded in fuel to the electric 
and heat energy. 
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1. Introduction 

Until early 1970s, the HRSGs were merely simple HXs placed behind GTs for heat extraction. 
As the GTs became bigger, the oil or gas package boilers were modified for the GT exhaust. As the 
GTs grew enormously in size and complexity, the HRSGs also kept pace. They assumed a distinct 
form of their own. Today, they are made in vertical and horizontal designs [3]. 

The exhaust gas temperatures range from 415°C (780°F) to 630°C (1166°F) and flows up to 
2660 tph (740 kg/s or 1630 1bs/s) in power plants from which the HRSGs have to extract steam 
(Fig. 1). 

 
Fig. 1. Horizontal and vertical HRSG steam generator. 

2. Conventional Boilers versus HRSGs 

In most ways, HRSGs are different from other boilers. Unlike a coal-based power plant, which 
is built around the boiler, the gas-based power plant is planned around the GT and ST, with HRSG 
in a secondary position of importance.  

An HRSG is nowhere near the size and complexity of a utility coal-fired boiler, although it has 
importance in the CC because:  

� The delivery of the HRSG is the most critical aspect in a gas-based power plant,  
� The overall efficiency of the cycle is governed by the efficiency of the HRSG, 
� The price of an HRSG may exceed the price of the ST. 
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Even in the largest CC power plants (CCPPs), the size of the HRSG is only as big as a large 
industrial boilers. HRSGs are different in concept and construction with multiple pressure and 
temperature levels, no fans, no firing in many cases, no refractory, no ash concerns, and completely 
finned tubes.  

Main HRSG is light on control instrumentation. Multiple pressure levels with multiple drums 
require one to three sets of water-level controls. Likewise, there may be multiple attemperator 
controls. There are no draft, combustion, and load controls. In the GT cycle, the LP heater is 
avoided and replaced by the preheater section of the HRSG. Condensate from the condenser an 30 
to 40°C is admitted into the preheater section of the HRSG for direct heating by the gases [1]. To 
prevent the corrosion of preheater tubes, hot condensate from preheater exit is recycled by pumps to 
a temperature of 65–85°C, depending on the sulfur content of the gases. This way the exit-gas 
temperatures from the HRSG can be lowered dramatically compared to the conventional boilers. 
Carbon steel (CS) tubes are employed for preheaters unless stainless steel is warranted due to 
indifferent water conditioning. A deaerator is also integrated into the HRSG as an LP feed water 
heater (FWH) followed by the LP evaporator (EVAP). The HP FWH is turned into an HP 
economizer (ECON). 

Attemperation in a conventional sense is not applicable for the HRSGs as they are downstream 
of the GTs and merely extract heat as it comes. There is no control or turndown. 

3. Main defined issues in Mechanical Designs in HRSG boilers 
1. Bank depths. Considerations are nearly the same as in conventional boilers. The depths are 

limited to 3 m from access requirements. There is no soot blowing requirement in HRSGs. 
2. Tube and casing clearance. With the tube banks tightly packed with finned tubes and gases 

flowing at high speeds, the gaps between the end tubes and casing assume great importance. 
Unless they are properly closed, gas bypassing can sharply reduce the performance. 

3. Soot blowers. Soot blowers (SBs) are rarely installed, as the gases are usually clean. With 
certain fuels such as kerosene, there may be fouling of banks by soot. Soot deposition can be 
predicted by Bacharach index of the fuel, but previous experience can determine the need 
for SBs. 

4. Insulation. In HRSGs the insulation can be on (1) the inside (hot casing), (2) the outside 
(cold casing), or (3) on both sides. With no water-cooled membrane panels, the hot gases 
directly contact the casing. In smaller HRSGs, where the exhaust gas temperatures are lower 
than 480°C, MS casing with external insulation can be adopted. The method for higher gas 
temperatures is insulating the casings from inside and securing by alloy liner plates. As the 
gases cool down after a few banks, it may be possible to adopt insulation from the outside. 
Glass and slag wool are usually limited to 500°C and sometimes up to 650°C in blanket 
form. In fi re ducts with supplementary fi ring, the gas temperatures range from 900 to 
950°C and require ceramic fiber blankets. 

5. A weather damper between the last bank and the stack is typically an HRSG feature. 
Weather damper is a pair of eccentrically supported semi-circular halves that close 
automatically when the upward flow of gases ceases. It prevents ingress of water from rain 
or snow into the unit to avoid corrosion of internals when it is stopped for long periods. 
Dampers are extremely useful in conserving the heat when the unit is taken off the range for 
short periods. As cycling of the HRSGs is gaining importance, weather dampers are 
considered essential for horizontal units as well.  

6. Duct burners or in-line circular burners are employed for fi ring supplementary fuel. 
Because minimal upstream duct is provided, fl ow straighteners in the form of perforated 
plates are used.  

7. Fire duct. Design is complex, more so in the horizontal design. The footprint of the duct and 
the length of the HRSG can be minimized by increasing the slope of the fire duct roof 
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consistent with the fi lling of the duct with gases. This is usually monitored by flow 
modeling or data from previous installations. 

8. Stack is an integral part of the vertical HRSG and independent in the horizontal design. With 
natural gas fi ring, the stack height for gas dispersion is not a consideration. The stack must 
be higher than the surrounding buildings. However, as the gas volumes are very large, the 
stack velocities are higher in 20–25 m/s range to reduce the diameter. As the gas 
temperatures are low, 80 to 120°C, the stack is usually insulated from the outside to avoid 
condensation of moisture, which can cause corrosion. 

3.1. Fins and Tubes 

Finned tube is the raw material for HRSGs. The progress achieved by HRSGs could not have 
been possible without the development of finned tube making. Fig. 2 shows a typical finned tube 
and its basic parameters [2]. 

 
Fig. 2. Typical fin tube and its parameters. 

3.2. Fin Types 

A strong tube-to-fin bonding is the basis an HRSG. 
� Start-up conditions when the bypass stack is not ahead, impose the most severe duty on any 

boiler tube, as the GT exhaust gases abruptly enter a cold unit and reach 60–70% of their full 
temperature in 5 to 10 min. Unless the bonding between the tube and the fi n is robust, the 
differential temperature would loosen the fins. 

� For predictable heat-transfer rates and strength, the uniformity of bonding between tubes and 
fi ns is also highly important. 

 
High-frequency resistance-welded fins alone can withstand the conditions and are the only 

recommended types today.  
Plain tubes among the fin tubes are the HRSG entirely made of fin tubes except of the front 

tubes of the RH and the final SH, where containing the fin temperature due to high gas and steam 
temperatures can be difficult. Also, for achieving desired steam temperature, plain tubes are 
required as the additional HS of the fins may not be required [3]. The remaining tubes are finned. 

3.3. Fin Parameters 

� Heavy fins are for heavy fuels, and thin fins are for gases, 
� Maximum height of the fin is governed by the cooling effectiveness of the steam or water 

inside the tubes. Normally fin height is limited to 15 mm. 
 
Serrated fins provide more heat transfer surface for the same size and are cheaper. 

Unfortunately, they are suitable only for clean fuels that leave no deposits between serrations, 
which reduce the heat transfer. More than 90% of the HRSG is built with serrated fin tubes with 
clean gases (Fig. 3 - left). 
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Even with clean fuels the final SH and RH sections are made of solid fins, as the fin cooling is 
better (Fig. 3 - right). 
 

                                        
 

Fig. 3. Tube with serrated or segmented fins (left) and with solid fins (right). 

3.4. Tube Materials 

Tube material selection is governed by the metal temperature limits specified by the applicable 
boiler construction codes. Tube metal temperatures, in the absence of radiation from flames, are 
10°C higher than the bulk water temperature for ECON and EVAP tubes, and 35°C higher than the 
average steam temperature for SH and RH. Although common tube materials in conventional 
boilers are adequate for HRSGs, the high fin temperatures (half way between the gas and the tube 
temperatures, depending on the fin thickness, height, and cooling effectiveness of the fluid in the 
tube), require superior metallurgy. Normally, any combination of tube and fin can be made in this 
range because the welding poseslittle difficulty. 

3.5. Tube Length 

The most important dimension of the HRSG is the tube length that decides the length and 
height of the unit. The intent is to increase it to the maximum, consistent with the ability of the 
exhaust gases to sweep the entire length properly and prevent performance shortfall. Gas velocities 
of 15 m/s are employed to balance the pressure loss and good heat transfer. The width of the unit 
automatically follows this. The site location, erection procedures, and transportation limits are also 
factors [2]. 

For the largest HRSGs, tube lengths as long as 26 m are employed. Actual tube lengths will be 
a little larger than the finned tube lengths. 

4. Conclusion 
HRSG as back-end equipment of the gas turbines that are highly standardized, HRSGs are also 

expected to be standardized at least in the CC. But it does not work out that way because: 
� The steaming conditions in most cases vary, as the incremental improvements differ, 
� The fuels vary, 
� Cycle optimization differs, 
� Ambient conditions change. 

 
As a result, the HRSGs are always engineered separately, like conventional boilers. Several 

parts, however, are standardized to allow modular construction. 
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Abstract. The purpose of this article is to demonstrate the various methods of emission reduction, in 
connection with the cost of installation, operational cost and experience of operation as well as good 
environmental performance. The work had been performed mainly for the study of the BAT (Best Available 
Techniques) for valid Environmental Slovak legislation. 
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1. Introduction 

A basic approach is to reduce emissions by reducing the formation of pollutants such as NOx, 
and/or cleaning the flue gases after combustion. Another approach is to develop more thermally 
efficient systems so that less fuel is used to generate the same amount of power, together with 
improved techniques for flue gas cleaning, for effluent treatment and for residues use or disposal 
[1]. Emissions considered are: particulate matter, SO2 and NOx Reduction Measures considered, are 
primary and secondary: 

� particulate emissions control technologies are mainly secondary measures, 
� NOx emissions, primary measures & secondary flue gas treatment, 
� SO2 emissions, primary difficult & mainly secondary measures FGD etc. 

2. Particulate emissions control technologies 

Primary particulate matter is generated by a variety of physical and chemical processes. It is 
emitted to the atmosphere through combustion, industrial processes, fugitive emissions and natural 
sources. Secondary particulate matter is formed in the atmosphere from condensation of gases and 
is predominantly found in the fine range [3]. 

Technologies used to control particulate emissions from fuel especially coal combustion are: 
 

a) Electrostatic precipitators (ESP’s) – Characteristics for this equipment can be concluded in 
several steps as: removal efficiency >99->99.99%, Particle size range 0.01- >100 µm, Installation 
availability: High, Electricity consumption: increase at about 1.2-1.8%, Installation cost: >70 
EUR/kWth, Operational cost: 100 EUR/t. 

Precipitator types: 
� Cold side (dry) ESP downstream air preheater, operating Temp.: 130-180°C 
� Hot side (dry) ESP, in USA & Japan, upstream air preheater, operating temperature: 300-

450°C. 
� Wet ESP, using spray nozzles. No rapping; the liquid film removes any deposited fly ash 

particles  
� BUT generates waste water and sludge and operate at low temperatures. 
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b) Fabric filters (baghouses) - Characteristics for this equipment can be concluded in several 

steps as: removal efficiency >97%, particle size range 0.01- >100 µm, installation availability: 
High, Electricity consumption: small, Installation cost: 50 EUR/kWth, Operational cost: 90 EUR/t. 

 
c) Wet particulate scrubbers - Characteristics for this equipment can be concluded in several 

steps as: removal efficiency 90%, particle size range 0.01- >100 µm, installation availability: High, 
Electricity consumption: small, Installation cost: 50 EUR/kWth, Operational cost: Unknown. 

 
d) Mechanical-inertial collectors (cyclones / multicyclones) 
Cyclones are robust technologies that can deal with the cyclic operation and load changes, 

which is quite common in these types of plants [2]. However, their efficiency is moderate when 
compared with ESP or fabric filtration. Characteristics for this equipment can be concluded in 
several steps as: removal efficiency  45-87%. particle size range 0.01- 100 µm, installation 
availability: 99%, electricity consumption: small, installation cost: Low, operational cost: 
Unknown. 

3. Gaseous emissions control technologies 

3.1. NOx emissions reduction and control - abatement and control by primary measures 

Emissions of NOx can be either abated or controlled by primary measures or flue gas treatment 
technologies. Primary measures for NOx control may be divided into the following categories: 

� Burner optimization (excess air control, burner fine tuning), 
� Air staging (overfire air or two stage combustion), 
� Flue gas recirculation, 
� Fuel staging (some burners out of service, reburning), 
� Low NOx burners. 

 
a) Burner optimization for NOx control (excess air control, burner fine tuning) - Characteristics 

for this equipment can be concluded in several steps as: retention efficiency 20-30%, installation 
availability: 100%, electricity consumption: none, installation cost: 1 EUR/kWth, operational cost: 
1 EUR/kWth. 

 
b) Flue gas recirculation for NOx control - Characteristics for this equipment can be concluded 

in several steps as: retention efficiency ≈15% (for solid fuel), 30% (for oil fuel), up to max. 75% 
(for gaseous fuel), installation availability: 100%, electricity consumption: none, installation cost: 2 
EUR/kWth, operational cost: Unknown. 

 
c) Air staging for NOx control (overfire air (OFA) or two-stage combustion) - Characteristics 

for this equipment can be concluded in several steps as: retention efficiency ≈40% (for solid fuel), 
45% (for oil fuel), up to max. 65% (for gaseous fuel), installation availability: 100%, electricity 
consumption: none, installation cost: 5 EUR/kWth, operational cost: Unknown. 

 
d) Low NOx burners 
Low NOx burners are designed to control fuel and air mixing at each burner in order to create 

larger and more branched flames. Peak flame temperature is thereby reduced, and results in less 
NOx formation. Characteristics for this equipment can be concluded in several steps as: retention 
efficiency ≈40%, installation availability: 100%, electricity consumption: none, installation cost: 5 
EUR/kWth, operational cost: Unknown. 
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3.2. NOx emissions reduction and control - abatement and control by flue gas treatment 

Flue gas treatment for NOx control can be categorised into three areas: 
� Selective catalytic reduction (SCR), 
� Selective non-catalytic reduction (SNCR), 
� Combined SO2/NOx control techniques. 

 
a) Selective catalytic reduction (SCR) for NOx control - Characteristics for this equipment can 

be concluded in several steps as: Retention efficiency ≈95%, Installation availability: 95%, 
electricity consumption: increase 0.6%, installation cost: 50-70 EUR/kWth, operational cost: 1300-
1500 EUR/t. 

 
b) Selective non-catalytic reduction (SNCR) for NOx control 
In SNCR systems, a reagent is injected into the flue gas in the furnace within an appropriate 

temperature window. Emissions of NOx can be reduced by 30% to 50%. The SNCR reagent storage 
and handling systems are similar to those for SCR systems [3]. Characteristics for this equipment 
can be concluded in several steps as: retention efficiency <50%, Installation availability: 95%, 
electricity consumption: increase 0.2%, installation cost: 15-30 EUR/kWth, operational cost: 750-
900 EUR/t. 

 
c) Combined SO2/NOx removal processes(WSA-SNOX Method) 
Combined SO2/NOx removal processes remain considered fairly complex and costly. However, 

emerging technologies have the potential to reduce SO2 and NOx emissions for less than the 
combined cost of conventional FGD for SO2 control and selective catalytic reduction (SCR) for 
NOx control [2]. Characteristics for this equipment can be concluded in several steps as: retention 
efficiency ≈ up to 95% for SO2 & 95% for NOx, installation availability: Unknown, electricity 
consumption: increase 0,2%, installation cost: 80-110 EUR/kWth, operational cost: 600 EUR/t. 

3.3. SO2 emissions reduction and control - Primary measures and Secondary measures 

Flue gas desulfurization (FGD) can be classified into the following main categories: 
� Wet scrubbers, 
� Spray dry scrubbers sorbent injection processes, 
� Dry scrubbers, 
� Regenerable processes. 

 
a) Wet scrubbers for SO2 control, Characteristics for this equipment can be concluded in 

several steps as: Retention efficiency ≈ 70% to 98%, with fuels which have S from 0.3% to 4.8% & 
for sea water method 70% to 99%, with fuels which have S from 0.35% to 0.5% for coal and up to 
3% for oil, Installation availability: 90%, Electricity consumption: increase 2-3%, Installation cost: 
80-120 EUR/kWth & 100 EUR/kWth for sea water method, Operational cost: 175-600 EUR/t & 
450 EUR/kWth for sea water method. 

 
b) Spray dry scrubbers for SO2 control 
Spray dry scrubbers require the use of an efficient particulate control device such as an ESP or 

fabric filter. The sorbent usually used is lime or calcium oxide. The lime slurry, also called lime 
milk, is atomized / sprayed into a reactor vessel in a cloud of fine droplets. Water is evaporated by 
the heat of the flue gas [3]. The residence time (about 10 seconds) in the reactor is sufficient to 
allow for the SO2 and the other acid gases such as SO3 and HCl to react simultaneously with the 
hydrated lime to form a dry mixture of calcium sulphate / sulphite. 
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Characteristics for this equipment can be concluded in several steps as: retention efficiency ≈ 
50% to 70%, in coal fired installations with 0.5% to 1.9% S content, installation availability: 
95%, electricity consumption: increase 0.5%, installation cost: 40-80 EUR/kWth, operational 
cost: 700-1000 EUR/t. 

 
c) Sorbent injection systems for SO2 control 
Sorbent injection systems can be divided into four types. These are: 

� furnace sorbent injection; 
� economiser sorbent injection; 
� duct sorbent injection; and 
� hybrid sorbent injection. 

 
d) Dry scrubbers for SO2 control 
 
e) Regenerable processes for SO2 control 

4. Conclusion 

The purpose of this article was to demonstrate the various methods of emission reduction, in 
connection with the cost of installation, operational cost and experience of operation as well as good 
environmental performance. The authors examined the various methods for pollutant reduction, for 
all kind of fuels but mainly focused on solid fuels. Especially, the authors examined the various 
pollution reduction methods on a common basis as bellow, for BAT technologies related to the 
environmental legislation of EU and Slovak republic: 

� Method used, 
� Retention efficiency, 
� Electricity consumption, 
� Installation availability, 
� Installation cost per kWth, 
� Retention cost per tonne of pollutant. 
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Abstract. The paper describes a constructional realization of a traction battery shelter and its air exhaustion. 
The air exhaustion is dependent on air elements. These air elements are the exhaust system and a ventilator. 
The exhaust system contains the inlet from the shelter, where the medium is flowed. The shelter is supposed 
to be a part of the exhaust system, because the environment, where the shelter will be built, is defined as 
dangerous (EX). 

Keywords: Traction battery shelter, air exhaustion, CFD analysis. 

1. Introduction 

The construction of the exhaust system and the shelter influences the flow character. character 
of the flow should satisfy rules such as maximum flow velocity in the exhaust system, whereby the 
characteristic of the ventilator is known. Also, it allows to figure out the velocity field of medium 
and mass flows through the inlet of the exhaust system [2]. 

If the mass flows and the velocity flow are known, it can be considered the irregularity of the 
flow through the inlet of the exhaust system. Requirements, which are started up, are able to be 
solved by the CFD - method. The CFD also provides a visualization of the flow field. 

2. Exhaust system 

The exhaustion is supplied by the radial ventilator (Fig. 1). This ventilator works with the speed 
n = 1600 min-1 and exhausts the medium of Q = 0,55 kg.s-1. Minimum static pressure loss for the 
ventilator to work problem free is 150 Pa. 

The ventilator has the same cross-section as the exhaust pipe and it is built practically and 
simply into the exhaust system. Damping equipment and location of the ventilator on silent blocks 
are able to prevent the system from noise and vibrations. The outlet of the exhaust system is 
designed resistant to the atmospheric conditions and environment foreign bodies penetration [1]. 

    
Fig. 1. Radial ventilator and its characteristic. 
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In compliance with the conditions, dimensions of the system were designed to 250 x 250 mm, 
dimensions of inlets from the shelter are 65 x 625mm (Fig. 2) and eligible velocity in piping is cca 3 
m.s-1. 

 
Fig. 2. Inlet: 1-grid, 2-fixative frame, 3-regulation. 

When the basic parameters and design requirements are defined, a virtual model of the exhaust 
system can be done and used for CFD analysis. 

3. Geometric and computational model for CFD 

The geometric model consists from two volumes. The first volume is created by geometric 
elements, which belong to the exhaust system and second volume belongs to the shelter whence 
the medium is exhausted [2]. The ventilator field and construction of the inlet from the shelter was 
not modelled. The effects on the flow field were replaced by the characteristics of these elements at 
the point where they are set, Fig. 3. 

 

    
Fig. 3. Shelter geometric CAD model. 

 
The non-conformal mesh was used for creating of the computational model from the geometric 

CAD model. The mesh consists of tetrahedral and hexahedral elements (Fig. 4). 
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Fig. 4. Shelter computational model with mesh applied. 

4. Results 

When the characteristics of the main elements were defined and parameters for the initiation of 
the solution were defined too, the solution could be realized and find out important parameters. The 
velocity field could be obtained (Fig. 5) and also the flow of the medium from the inlet of exhaust 
system. 

 
Fig. 5. Velocity vectors of the flow. 

The inlets are numbered according to Fig.  5 from the nearest to the farthest one. Media 
velocities thru the inlets are presented in Tab. 1. Maximum velocity in the exhaust system is 3,5 
m.s-1, where the mass flow through the ventilator is 0,63 kg.s-1. 
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Inlet number 1 2 3 4 5 

Inlet velocity (m.s-1) 1,044 1,275 1,506 1,275 1,044 

Tab. 1. Exhaust system inlet velocities 

5. Conclusion 

The CFD analysis validated correct choice of the exhaust system and the ventilator. Maximum 
of the velocity is kept in acceptable range. The value of the velocity is overlapped at Fig. 5. It is 
caused by mass flow through ventilator and its pressure loss. This inaccurancy can be assigned 
towards boundary conditions and geometrical model. 
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Abstract. The paper deals with the need to determine the proper heat dissipation power of static converter 
for optimum cooling designed. Static converter is a device that is used to change the parameters of electric 
current and voltage. His operation produces heat, which is dangerous for the device itself. Decreases his 
electrical resistance and therefore must be the heat discharged. For this reason it is necessary to know how 
much heat cans a static converter for its plant to produce at different ambient temperatures, that it can be 
suggested sufficiently powerful refrigeration. To determine the thermal performance of the static converter, 
respectively his maximum temperature, thermostatic chamber was constructed. 

Keywords: heating, cooling, static converter 

1. Introduction 

Static converter is a device that is used to change the parameters of electric current and voltage. 
It is used in various applications, either static or mobile. The contribution is focused on the 
experimental determination of the heat loss electrostatic converter, designed for use on mobile 
devices in rail transport. Electrostatic converter is placed at the bottom of the carriages in assembly 
box. During his operation static converter generates heat. Dissipation of heat is dependent on the 
conditions under which the static converter works. Great influence on the heat removal had 
seasoned, as well as whether the vehicle is in motion or statically. The most unfavorable operating 
conditions may be the ambient temperature of static converter to 70° C. In normal operation, the 
temperature is about 40° C. This device is a pulse source. Therefore it is not possible to determine 
his thermal output based on the incoming voltage and current. 

2. The model of static converter 

Static converter is supplied with current at high voltage and current values. In order to 
determine his heat output, it was constructed model of static converter, which had the same total 
resistance. By controlling the current and voltage passing by this resistance to releasing appropriate 
Joule heat. The base model (Figure 1) consists of container to be used in mass production of static 
converter. Within this package are fitted with thermocouples for temperature sensing in the 
characteristic points. Apart from them, there were inserted resistances to heat and everything was 
drenched modeler matter. As a source of electric current was applied continuously adjustable DC 
power source to 3A. Thermocouples were connected to the measuring panel, where the data were 
transformed into a computer. This way the finished model ready for testing  

3. The thermostatic chamber 

Heat loss measurement was carried out in a thermostatic chamber (Figure 2). The chamber is 
basically a container with a defined volume of 1 m3. From the outside, to minimize heat loss, 
thermostatic chamber is isolated by polystyrene layer with a thickness of 10 cm.  
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Fig. 1. Model of static converter with resistors. 

 
Inside on the walls is in the shape of a spiral wound plastic coated tube, which is connected to 

the flow thermostat. The thermostat ensures a constant temperature throughout the space 
thermostatic chamber. As the heat transfer medium water was used because of its high thermal 
capacity. The direction of flow cooling or heating medium can change it, as well as its volume. At 
the top of the thermostatic chamber is built-in thermometer that reads the temperature in the 
chamber and if necessary turn on or off heating or cooling heat transfer medium. To change the heat 
transfer medium is possible in a thermostatic chamber to simulate the temperature below freezing. 

 

 
 

Fig. 2. The figure caption is of the style Description; the figure itself is of the style Figure. 

3.1. Thermostatic chamber measurement in 

Electrostatic converter during operation works at different ambient temperatures and different 
loads. Therefore, in the thermostatic chamber was simulated heating at 30 ° C, 50 ° C and 70 ° C, 
and under load 30W and 50W. In real terms it is possible to achieve even the 70 ° C due to the fact 
that the electrostatic converter is enclosed in a box mounting and in summer often exceed the 
ambient temperature 30 ° C. Figure 3 shows the selected characteristic points of measurement, 
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which has been brewing for modeler material embedded thermocouples. The results of the 
measured values shows that the highest temperature reached in point 4 If you go to the actual static 
converter, this temperature is the most dangerous, because it may be due to a breach of isolation and 
consequently a short circuit or discharge between the windings and thus the destruction of the static 
inverter. 

 
Fig. 3. Characteristic points embedded thermocouples 

 

 
Fig. 4. Temperature in some characteristic points. 

The highest achieved temperature was noted at an ambient temperature of 70° C and 50 W the 
performance. The value was 140 ° C. These are exceptional cases where there is such a great 
overheating. In practice, to increase the heat transfer is using air flow provided by the fan. In the 
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event that there is a fault fan, static converters can achieve such a high temperature and thus to his 
potential damage. 

4. Conclusion 

The contribution describes the determination of the place and value of the maximum 
temperature in the model of static converter and thereby approximate value of the real static 
converter. Individual measurements were performed in a static chamber, whose task was to ensure 
the required ambient temperature. In such a way that the working environment was simulated static 
converter for the case that would be at a standstill and thus cooling should only convective character 
of. In employment terms, it was a real static converter for the most adverse conditions. Measuring, 
for reasons of safety, the thermostatic converter used model given that the real static converter 
operates with a higher voltage or current. Model static converter was installed thermocouples at 
predetermined points for sensing temperature. The measurements show that the highest 
temperatures are in the middle, near the heart. Original intention was to use the core due to transport 
heat from inside a static converter. Based on the measured temperatures can be expected that the 
actual aluminum core is to transport heat from inside a static converter and security acceptable 
temperatures the lack of. 

 

Acknowledgement 

This contribution was created within the solution of project APVV – 0557 – 10. 
 

References 

[1] LENHARD, R., GAVLAS, S. CFD simulation of passive chilled beam in room. Journal of engineering and 
technology for young scientists. Vol. 3. no.2, 2011. 

[2] LENHARD, R., NEMEC, P. Boost of cooling power the roof cooling convectors. Experimental fluid mechanics 
2010. 

[3] SMITKA, M., MALCHO, M., NEMEC, P., KOLKOVÁ, Z. Use of LHP for cooling power electronic components. 
Experimental fluid mechanics 2012 

[4] PAPUČÍK, Š., PILÁT, P., KADUCHOVÁ, K. The air transport analyse in tunnel tube with swing angle jet fan of 
longitudinal system ventilation. IN-TECH 2011, Proceedings of international conference on innovative 
technologies 2011 

[5] KADUCHOVÁ, K., LENHARD, R., PAPUČÍK, Š., JANDAČKA, J. Modelling of heat transfer indirectly heat 
water heater. ERIN 2011 - education, research, innovation, 2011 

[6] FUKÁTKO, T., FUKÁTKO, J. Teplo a chlazení v elektronice II, BEN – technická literatura, Praha 2006, 1. vydání 

[7] NEMEC, P., MALCHO, M., SMITKA, M., MATUŠOV, J. Performance parameters of closed loop thermosyphon. 
Communications : scientific letters of the University of Žilina, 2012 

[8] NEMEC, P., ČAJA, A., MALCHO, M.: Mathematical model for heat transfer limitations of heat pipe, 
Mathematical and Computer Modelling, 2013, Volume 57, pp. 126-136. 

[9] NEMEC, P., ČAJA, A., LENHARD, R.: Visualization of heat transport in heat pipes using thermocamera, 
Archives of thermodynamics, 2010, Vol. 31, No. 4, pp. 125-132. 

58



 
 TRANSCOM 2013,  24-26 June 2013 
 University of Žilina, Žilina, Slovak Republic 
 

  

Computer simulation – support tool for human resource planning 
*Ing. Slavomír Dilský,  ** prof. Ing. Milan Gregor, PhD. 

*University of Žilina, Faculty of Mechanical Engineering, Department of Industrial Engineering,  
Univerzitná 8215/1, 01026 Žilina, Slovak Republic, slavomir.dilsky@fstroj.uniza.sk 

**  University of Žilina, Faculty of Mechanical Engineering, Department of Industrial Engineering, 
Univerzitná 8215/1, 01026 Žilina, Slovak Republic, milan.gregor@fstroj.uniza.sk 

Abstract. Article deals with possibilities of using computer simulation as tool for decision support of human 
resource planning. Paper discusses about using software Plant Simulation for verification of workers 
activities distribution, design and experimental determination of staff workload proportion while operating 
machinery, maintenance and repair activities, before applying changes into production.   
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1. Introduction 

Using one operator to run multiple machines and specialist transformation to multiprofessional 
employees used for example in maintenance for entire company means increased demands on 
proper planning and estimation of resource needs. Computer simulation is one of tools that can 
dynamically verify impact of changes in number of production machines and manufactured product 
on number of needed employees . Computer simulation allows examining large number of solutions 
for defined problems in short time. One of software tools for dynamic simulation if Plant 
Simulation, component of solution Tecnomatix from company Siemens. 

2. Plant Simulation and human resources 

Plant Simulation is comprehensive tool for simulation of production and logistics systems. It 
contains large number of specialized modules. One module is module for simulation of human 
activities. As each source in company, human labor is limited resource and also program considers 
about workers as resource that is consumed. The main activities that we can define in program are: 

� handling machines, 
� manipulation with products, 
� setting up and maintenance activities. 
 
All these activities require interconnection of information about availability of human 

resources, machinery and production plan, because maintenance respectively using of machines 
depends on machinery parameters, such as operating times, availability of machines, information 
about machines set-ups and needs resulting from business plan such as sequence of production 
orders etc..  Important element of human resource planning in large companies is human walk, 
which must be included in planning of worker activities and depending on activity can significantly 
affect number of needed workers. Therefore, systems capable of simulating walk and clearly divide 
workload of staff to all activities performed by workers are preferred nowadays.  
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2.1. Operating devices 

Work undertaken on devices can be divided according to character of activity performed on 
machines on: 

� Constantly operating device – worker is needed to ensure proper operation of machine. 
This type of work can be operating older types of machinery without computer control, 
jobs on assembly lines etc.. Software allows monitoring not only particular person, but 
can track entire group of people and evaluating their activities with help of clear 
diagrams. 

 
Fig. 1 Simulation model of production line showing workload of workers 

� Interrupted control of device (multiple machine operation) – use of computer-controlled 
machines allows humans to leave machine while operating program runs and creates 
conditions for multiple machines controlling. Operating the machine has changed into 
inserting products into machine, products inspection and correction of deviations in 
program. Using this system of work we can define jobs in manufacturing cells with one 
piece flow as well as controlling of multiple devices, where we can define number of 
machines that can worker serve without reducing of machines performance by machine 
waiting for service.      

 
Fig. 2 Simulation model of manufacturing cell showing composition of worker activities 
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2.2. Manipulation of  products 

One of activities, which program is able to simulate is carrying materials. After receiving 
manipulation task system can calculate the shortest distance worker need to get to place, where the 
task was created and system, after product loading, can calculate the shortest track for employee to 
deliver the product. Advantage is monitoring and including of all activities, that person performs 
during delivering either carrying itself, walking to transport task (walking idle), waiting for job etc..        

 
Fig. 3 Simulation model using human for manipulation showing composition of worker activities 

2.3. Setting-up and maintenance activities 

The last category of jobs includes maintenance activities and setting-up. This category takes 
full advantage of simulation opportunity to define duration of activity not as exactly time but as to 
define activity as statistical distribution (such times are duration of failures).  Software can manage 
need of worker regard to type of task, which can handle particular worker (mechanical, electrical, 
hydraulic failure, etc.), and availability of staff.  System is able to evaluate priority of each task and 
in case of arrival of task with higher priority task, system can recall worker from task with lower 
priority to complete task with higher priority.     

 
Fig.4 Simulation model showing activities composition of maintenance workers 
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3. Advantages of using computer simulation by human resource planning 

Any technology that is used to plan brings several benefits to user. Advantages of using 
computer simulation to verify planned working resources can be summarized as follows: 

� Ability to work with real or planned system, use of stochastic time duration of each 
activity — human resource planning for new production facilities is done far before the 
system is built. Therefore we work with expert estimates and variances of activities 
duration at this stage, which are frequently updated, what causes frequent updates of 
capacity calculations. To cope with this calculation and testing computer simulation is 
appropriate tool, because of ability test large numbers of variants in short time.   

� Possibility to combine tasks for worker – simulation allows combining activity carried 
out by one person, such as, machines operation, material handling or maintenance 
activities. Simulation can reproduce personal responsibility matrix of departments and 
evaluate need of trainings or need of new employees for department depending on 
changes made in company. 

� Determination of priority actions – by carrying out various activities by one person 
program can make list of activities, that have to be done and categorize them according 
desires priority or discontinue any less important activity in favor of more important task, 
which has to be done. 

� Thinking about walking by doing various activities – system can define walk as one of 
activity, what allows defining impact of worker walk on performed tasks. 

� Exact distribution of human workload – system can track percentage of various human 
activities and walk during reporting period of time what improves overview about human 
work system and allows testing and evaluating changes in this system. 
 

4. Conclusion 

Planning of human resources in production and logistics processes is complex process that 
involves many steps that are linked to each other. Testing these systems before they are built can 
shorten as system design itself as well implementation stage, by revealing bottlenecks and testing 
possible solutions to these problems. Simulation as decision support tool cannot find solution of 
problem, but can test proposed solutions and allows complex view about functioning of system, 
what improves quality and accelerates design of system and increases productivity of human work. 
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Abstract. Bogie Y25 is the most widely used running gear for freight wagons in central and western Europe 
nowadays. It was the French design originally. It is produced in several countries and in more modifications 
nowadays. 

This paper is aimed to the freight wagons with bogies Y25 dynamic simulations. Virtual model and 
dynamic simulations is performed in ADAMS/RAIL package. The vehicle is running on a track model. The 
main concern of investigations is the comparison ride qualities of the freight wagon equipped with friction 
damper under various running conditions. 

Keywords: Y25 bogie, computer analysis, curving, derailment quotient 

1. Introduction 

The largest development of the freight wagon bogie designs in central and Western Europe 
originated after 1950. The main reason was the constant increase customers’ requirements to 
increase speed and axle load while reducing damages on transported goods. The one of the most 
widely used freight wagon bogie is Y25 bogie. 

2. Y25 bogie 

In 1960 the French National Railways (SNCF) started to develop a new type of freight wagon 
bogie. The bogie should be lighter and occupy less space than the standard bogie of those days, the 
link bogie Type 931. The bogie known as Y21 was designed to be interchangeable with the Type 
931 bogie. The Y21 bogie had an axle distance of 2000 mm and used wheels with a diameter of 920 
mm. Due to the use of coil springs instead of leaf springs the bogie frame could be made shorter and 
lighter. When the standards for freight wagon bogies were revised in 1966 the design was changed 

and the Y25 bogie was born.  
The Y25 bogie, shown in Fig. 1, has an 

axle distance of 1800 mm and 920 mm 
wheel diameters. The suspension of the Y25 
bogie consists of coil springs and friction 
dampers. The vertical load that is carried by 
the outer coil springs located towards the 
bogie centre, is transmitted through the 
inclined Lenoir links connecting the bogie 

frame with the spring holders. The resulting longitudinal force on the spring holders depends on the 
vertical axle box load and is transmitted to the axle boxes by pushers. This friction forces, 
approximately proportional to the vertical load, are created in the friction surfaces between the axle 
boxes and the bogie frame via the pushers [3]. Today the Y25 bogie is most commonly designed for 
freight wagons running at speed up to 100 km/h and axle load of 22.5 t, respectively 25 t or at 
speeds up to 120 km/h and axle load of 20 t [7].  

 
Fig. 1 Y25 bogie 
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The Fig. 2 shows the principle of the friction damper 
function used in the Y25 bogie. The friction damper 
function performs the axle box and the axle guide stay. The 
one friction force couple value is 

               F = H.f = B.f.tgα                                   (1) 

where B is spring force, f is friction coefficient, α is Lenoir 
link angle (on this bogie type α = 21̊ 43 ́) . 

As in the one axle box are two friction force couple the 
total friction force in the one axle box is double [5]. 

3. Computer model 

 The freight wagon model is created in ADAMS/Rail package. The wagon model consists of 
two Y25 bogies and a body model (see Fig. 3). 

 
Fig. 3 The computer wagon model 

 On Tab. 1 and Tab. 2 are reported the inertial and stiffness data of the model. For the body is 
composed of two parts jointed by the revolute joint and with a torsion stiffness so on Tab. 1 is 
reported only data of one body part. 

 

Inertial data Mass Jxx Jyy Jzz 
Body [kg] [kgm2] [kgm2] [kgm2] 

Wagon (tare) 7 900 8.611E3 2.82109E4 2.79423E4 
Wagon (laden) 40 000 4.75E4 5.1E5 5.0E5 

Bogie frame 2220 1975 1560 2850 
Wheelset 1300 688 688 100 

Tab. 1 Inertial data 
 

Stiffness kx ky kz 
 [N/m] [N/m] [N/m] 

Primary suspension 700 000 700 000 500 000 
Secondary suspension 

Center-pivot 6e6 6e6 6e6 
Side bearers 3.00126E5 5.8E3 1.8684E5 

Tab. 2 Stiffness 

In the Y25 bogie the damping of vertical motion is given by a mechanical device placed in to 
primary suspension called Lenoir link, that use a portion of the wagon weight to support the normal 
load to the friction surface, so vertical damping is also load sensitive. 

The secondary suspension is reduced to a center pivot with a very high stiffness and the 
damping of hunting mode given by a couple of side bearers, two friction surface mounted outboard 
of the bogie pivot an preloaded with springs. The side bearers also support the rolling stiffness of 
the car [1]. 

 
Fig. 2 The friction damper schema [5] 
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4. Computer simulations 

In order to the model verification and to the dynamic properties determination of the wagon 
model was performed a linear analysis. Results of linear analysis are eigen values and eigen modes. 

Later were performed dynamic analyses on a curved track. These allow evaluate the dynamics 
of railway vehicle.  

Railway vehicles dynamics evaluation by computer simulation issues from same regulations 
and standards as experimental evaluating and operation acceptance.  

In European countries are the UIC standards mainly as well as the new European regulations 
lately.  

In the UIC 518 standard are defined test needed for vehicle acceptance to operation. This 
standard defines three main sections: 

- safety, 
- track fatigue, 
- running behavior. 

In term of safety are criterions: 
- sum of lateral forces, 
- Y/Q ratio, 
- instability [6]. 
The lateral forces between the rail and the wheelset must be limited within a certain value in 

order to avoid a failure in the rail or in the armature. The limit for the total lateral force is founded 
from the Prud’homm works [4], [6] and it is given as: 

���� =����	
� + ������ = �. �1000 + �3�	�N� (2) 

where  Q [N] is the maximum vertical load on the wheelset, therefore a limit of 63294 N is found 
for the laden vehicle and of 18771 N for the tare wagon, 

α is coefficient, for the goods wagon α = 0.85 [ - ]. 

On table 3 are reported the results for the wheelset 1 (which is the first in the running direction 
and have the worst behaviour) on various curve radius. 
 

Wheelset 1 Curve Lateral Force 
Load condition Radius Left wheel Right wheel Sum Ymax 

 [m] [N] [N] [N] [N] 
Laden 1000 6127 5005 1122 63294 
Laden 400 38561 22821 15740 63294 
Laden 200 66733 32157 34576 63294 
Tare 200 21920 9245 12675 18771 

Tab. 3 Lateral wheel – rail forces 

  The Y/Q ratio is criterion of the safety against derailment. The Y/Q ratio has been evaluated 
running the vehicle on curve with different radius and at the different speed. On Tab. 4 are reported 
the Y/Q values obtained from computer analyses. 
 The limit value of 0.8 is given for the average Y/Q value measured on two meters section for 
curves with radius over 250m. For curves with fewer radiuses and for superelevation ramps 
according to UIC 518 is the limit value of 1.2. 
 The UIC 518 standard states an average square deviation of the lateral forces sum as instability 
criterion and that is the average value on the section of 100 m with the step of 10 m. The limit value 
is a half of the Prud’homme limit value (see above) [4]. 
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LOAD Curve Radius [m] Speed [m/s] Y/Q ratio [-] 

LADEN 
400 11 0.053 
200 11 0.489 
60 6 0.607 

TARE 
400 11 0.348 
200 11 0.502 
60 6 0.623 

Tab. 4 The maximum of the Y/Q ratio 

5. Conclusion 

In this paper were investigated the dynamic properties of wagon equipped by Y25 bogies. They 
were performed by computer analyses in ADAMS/Rail software. The vehicle in exam was test both 
in the laden condition of the axle load 22t and in the tare condition. The vehicle was run on the 
track with the various curve radiuses and at the various speeds in order to validate the achievement 
of railway vehicle dynamics criterions according to the UIC 518 standard. 

The lateral forces sum as well as the Y/Q ratio is evaluated for the wheel which have the worst 
behaviors. It is the outer of the first wheelset in the running direction. To both criterions was not 
reached limited values. The Y/Q ratio is increasing with the decrescent speed and curve radius. 
Over and above, when the vehicle is unloaded, instead of having better performance, these are 
heavily reduced. 
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Abstract. An important aspect of rail dynamic analysis is a ride comfort analysis and a prediction when 
passengers and cargo can experience adverse conditions. The use of computational software helps to 
determine forces and accelerations at various positions through the body of passenger car in order to predict 
ride characteristics or evaluate ideas for ride comfort advance. 

This paper is aimed at the dynamic simulation of a passenger car running on an actual track. The 
vehicle model creating, computations performance and determination of accelerations needed for the ride 
comfort evaluating is performed by ADAMS/RAIL package. Parameters of passenger car model correspond 
to the four-axle two-bogie passenger car known as ERRI Wagon. The track model on that the vehicle is 
running corresponds to the actual track section in Slovakia. 

 
Keywords: ride comfort, passenger car, computer analysis, accelerations 

1. Introduction 

The ride comfort is one of the most important passenger vehicle assessment phenomena. The 
ride comfort is specified by several different adverse effects which passengers are subject. These 
effects include mainly noise, air humidity, lighting, temperature, ventilation and vehicle vibration. 
The ride comfort is one of fundamental assumptions of vehicle achievement and popularity for 
passengers and transport operators. For this reason is given the big emphasis on the vehicle analysis 
before its operation. For analysis are used computer simulations and detailed analysis of measured 
experimental values widely 

2. The ride comfort assessment 

During the vehicle running arise dynamic movements of body. These movements effect as 
vibrations.  

The ride comfort is the total sensation which the vehicle body movement generates in the 
passenger body. These vehicle body movements are transmitted to the whole passenger body in 
passenger – vehicle points.  

These sensations are classified as: 
� average sensation – due to vibrations, 
� immediate sensation – due to the immediate changing of the average sensation by the short 

effect [3]. 
Body accelerations are used not only in order to evaluate the passenger ride comfort but also to 

evaluate run properties and vehicle vibrations. Whereas comfort criterions are stricter as criterions 
for vehicle run properties in order to operation approval, there is concentrated to the comfort 
optimization at the railway vehicles dynamic analysis mostly, therethrough good run properties are 
achieved. 

The ride comfort is valuated mainly in accordance with ENV 12299 based on the UIC 513 
standard. There is used ISO 2631 standard also, eventually the grade quality running Wz by 
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Sperling. Ride comfort criterions appear from the accelerations body measured namely in the 
vertical, lateral, eventually longitudinal direction [3], [4]. 

For the ride comfort evaluating are used the weighting filter that deliberate the human body 
sensitivity by particular of frequency. These filters are different for vertical and lateral direction. 
Weighting filters accordance with UIC 518 standard (measurement on the floor) for the lateral 
direction are consistent to the ISO 2631 filters, they are different for vertical direction a bit only. 
Compared with the older grade quality running Wz are particularly filters for lateral direction 
significantly different, therefore the different criterion can reach to different ride comfort quality 
results in spite of the same vehicle [6]. 

3. Computer simulation use for the ride comfort 

In the development and manufacture railway vehicles process is given care of a test and 
validation their static and dynamic properties.  There is lain emphasis to the effective resources 
exploitation in a competition, therefore there are used preferably a lot of types of railway vehicle 
computer simulations as a mechanical system, its subsystems and its particular parts. 

Generally is there an experimental process of data obtaining that are needed to optimization of 
new products designing and creating. The computer simulation is characterized by the real vehicle 
system replace computer model created especially for the specified conditions. 

The dynamic analysis evaluates changes of vehicle behaviors as a mechanical system under the 
influence of equilibrium change. 

3.1 ADAMS/Rail utilization 

The ADAMS/Rail is the specialized module of the MSC.ADAMS package. It allows 
performing dynamic simulations for the parameterized mechanical system of an arbitrary structure 
[4]. The ADAMS/Rail allows indices ride comfort evaluating by Comfort toolkit in Postprocessor 
menu.  

 
Fig. 1 The calculation process for the NMV index [6] 

The ADAMS/Rail includes a comfort toolkit for plotting. The Comfort toolkit contains indexes 
that calculate comfort and safety criteria according to UIC and ISO standards. It can use the comfort 
toolkit for any signal in the time domain, either coming from an MSC.ADAMS analysis or 
imported into MSC.ADAMS some number data set. 
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The passenger car ride comfort assessment is performed by dynamic analysis results. 
Assessment standards are set according to UIC 513, UIC 518, ISO 2631 and Sperling criterion.  

Analyses in this paper are centered on the NMV index computation. To calculate this comfort 
index, it must input the accelerations in longitudinal (x), lateral (y) and vertical (z) direction of each 
point of interest (see sec. 3.3). The Fig. 1 shows the calculation process for the NMV index. The 
input signals have to cover a minimum time interval of 10 seconds (according to UIC 513, a 
minimum signal length of 300 seconds is required).  

The resulting plot should contain as many points as the signal length (in seconds) divided by 
five. The signal will be truncated to a round number of five – second blocks. Because the 
processing can obviously only be done for a round number of data points per five seconds, this 
might in some cases lead to output results containing one point less than expected. In this case, it 
must add extra points in the input time series [1, 2]. 
  The Fast Fourier Transformation (FFT) was performed for a data set in each time interval 
defined by T1 and T2. Next the CAW computation was performed for the frequency from 0.4 Hz to 
80 Hz. In a statistical way by the weighting function was modified acceleration values in 
corresponding directions and summating functions were determined in histograms [3]. 

The NMV index for the floor is formulated: 

��� � 6.��	
��� � ��
��� � ��
���  (1) 

where axWd95, ayWd95 and azWb95 are values of an acceleration in direction x, y and z multiplied by the 
weighting function Wd (Wb respectively) at 95% quintile of the summating function. 

3.3 Computer model of passenger vehicle 

  An analyzed reference vehicle is a four – axle passenger wagon. The wagon is equipped with 
primary and secondary suspension. Accelerations are known necessary for the ride comfort 
assessment, therefore acceleration measures are applied in several specific body points as shows 
Fig. 2. 

 
Fig. 2 Location points for the ride comfort assessment on the railway vehicle body floor  

  The vehicle is run on a track which model accrues form real geometric parameters of the 
Šurany – Úľany nad Žitavou section track. The UIC60 rail profile and the S1002 wheel profile are 
used. The total track distance is of 5882 m, there are 5 right – hand curves and 3 left – hand curves. 
The ride comfort index is computed for an analysis both without irregularities and with measured 
irregularities. The vehicle is run at the constant speed of 60 km/h. 
 Values of the NMV index calculated by Comfort toolkit using are reported on table 1 and table 2. 
 

Point NMV index Point NMV index Point NMV  index Point NMV index Point NMV index 

6 0.197200 11 0.146636 5 0.130495 10 0.147185 4 0.207390 

12 0.197132 14 0.149564 15 0.136778 14 0.150910 9 0.204880 

1 0.199915 7 0.151844 2 0.137365 8 0.154200 3 0.203437 

Tab. 1. The NMV index for analysis without irregularities 
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Tab. 2. The NMV index for analysis with measured irregularities 

N < 1 very comfortable 4 ≤ N < 5 uncomfortable 

1 ≤ N < 2 comfortable N > 5 very uncomfortable 

2 ≤ N < 4 medium   

Tab. 3. Comfort index evaluation scale 

4. Conclusion 
The ride comfort is the criterion for passenger operators, whose judgment is very topical today. 

The ride comfort is assessed from acceleration signals mainly. The UIC and ISO standards states 
conditions, which assessment is performed. Signals are obtained by measured at various vehicles 
body points. When neither the real vehicle nor measured acceleration data are available computer 
simulation tools allow obtaining these acceleration data. Through them can we perform computer 
simulations of modeled vehicle on the track for various excitement values and prescribed 
parameters of assessment. Consistent with valid standards can we calculate then ride comfort 
indices for passengers on the basis of used model dynamic analyses results. 
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Abstract. In this paper have been analyzed multifunctional sandwich panels with prismatic and truss cores. 
Their behavior have been compared with panels designed using honeycomb cores. The optimal dimensions 
and the minimum weight of sandwich panels with prismatic and truss cores have been evaluated and their 
mutual comparison. Non-dimensional expressions are obtained for combination of bending moment and 
shear force for both coress. A quadratic optimizer is used to ascertain the dimensions that minimize the panel 
weight. Honeycomb core panels are more weight efficient than prismatic and truss core panels at low load 
capacity. The benefit diminishes as the load increases. The large the yield strain of the material used to 
manufacture the panel, the grater the performance, and the larger the benefits of the prismatic core. 

Keywords: Sandwich panels, Prismatic cores, Truss cores, Optimal design 

1. Introduction 

Sandwich plates with prismatic cores are widely used because of its open structure, high 
stiffness and load capacity.  

The well manufactured structure with the prismatic cores can be very effective from the 
viewpoint of the mass reduction, i.e., the small weight, what will be shown for the plate in this 
paper. These structures have a wide range of applications.  They can be used both as a bearing 
element and the element of heat transfer. The cavity between the cores may also be used as a 
storage facility for liquid or pressurized gas bottles. Sandwich panels with honeycomb or truss cores 
structures do not have any of the above options. 

This paper presents an attempt to optimize the sandwich plate with prismatic and truss cores, 
which is loaded by the bending moment and the transverse shearing force. The optimal 
configuration that is obtained is compared with each other and to the optimal plate with the 
honeycomb core. 

2. Problem Formulation 

Sandwich plates which are analyzed in this paper are shown in Figure 1. The plate, shown in 
Figure 1(a), has the tetragonal truss core, with the three-fold (120°) planar symmetry, whose each 
member has the length Lc and the circular cross-section with radius Rc. The core thickness is Hc. 
The 120° symmetry of plates ensures that their bending and in-plane stretching stifnesses are 
isotropic, [1]. The isotropic plate's thickness is tf, while the angle between the core members and the 
faces (skins) is: )/(sin 1

CC LH−=θ . In Figure 1(b) geometry of the sandwich plate makes prismatic 

core member with thicknes dc. The angle between the folded core plate and the horizontal is θ. The 
core thickness and the isotropic plate's thickness are same as the truss cores, i.e. Hc and tf. 
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 The significantly more efficient structure can be obtained if for the plates and the prismatic core 
are adopted different materials. Here is assumed that both the plates and the prismatic core are made 
of the same material, which has the elasticity modulus E, Poisson's ratio ν, yield strength σY and 
material density ρ. 

  
(a) 

 
 

(b) 
Fig. 1. Loading and geometry of the sandwich plate with: (a) the truss core and (b) the prismatic core. 

 
  The mass per unit area of the plate with truss core is, [2]: 
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 The task is to minimize the mass defined by equations (1) and (2) in terms of four dimensionless 
geometric parameters: )/,/,/,/( llll dHRt CCf  for the plate with truss core and 

)/,/,/,/( llll dHdt CCf  for the plate with prismatic core.  

 The corresponding restrictions in the dimensionless form for the plate with truss core are, [4]:  
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where: 22
CC HLd −= . 

 The corresponding restrictions in the dimensionless form for the plate with truss core are, [3]: 
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where: θsin2/)( fC tHd +=  and  233 )]1)/(cos2.1/()1)/(cos4.2[( ++= fCfCf tdtdk θθ . 

In equations (3)-(6) and (7)-(10) appear two dimensionless parameters, material dimensionless 
parameter, EY /σ  and load dimensionless parameter, )/(2 EMV . In equation (4) also appears the 
Poisson's ratio for which the adopted value is ν=1/3. 

3. Results and Discussion  

In this paper aluminum was taken as the sandwich plate material with 007.0/ ≅EYσ .  

 
 

(a) (b) 

  
(c) (d) 

 
Fig. 2. (a) Minimum weight in non-dimensional form. (b) Optimum face thickness. 

(c) Optimum panel height. (d) Optimum core member thickness. 
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Optimization solution was obtained by the symbolic programming routine Mathematica®. The 
relation between weight in the dimensionless form, lρ/W  and the load dimensionless parameter, 

)/(2 EMV is presented in Figure 2(a) for panels with truss and prismatic cores. In order to compare, 
Figure 2(a) shows also, the optimal weight sandwich panels with the honeycomb core. Details of 
the analysis of sandwich plates with the honeycomb core were found in [2]. 

From Figure 2(a) one can see that the sandwich plate with honeycomb core has the lowest 
weight over the entire load range, though this advantage is not very prominent, and disappears with 
increasing load. 

The optimal values of face plate's thickness, tf, depending on the load dimensionless parameter, 
)/(2 EMV for panels with truss and prismatic cores, are presented in Figure 2(b).  

From Figure 2(b) one can see that for the same load face plate's thickness of sendwich plate 
with truss core smaller than for plate with prismatic core. The opposite case is with the height and 
thickness of the core. They are less for the same load for plate with prismatic core than for plate 
with truss core, which can be seen from Figures 2(c) and 2(d).  

The optimal values of core height, Hc, depending on the load dimensionless parameter, 
)/(2 EMV  for plates with truss and prismatic core, are presented in Figure 2(c). Figure 2(d) shows 

the optimal values of the core member thickness, Rc i.e., dc.   

4. Conclusion 

 Sandwich plates with truss and prismatic core are almost as efficient as the sandwich plates with 
honeycomb core, optimized to carry the combination of loads by the bending moment and 
transverse shear force. The sandwich plates with prismatic core are slightly more efficient in terms 
of weight compared to the sandwich plates with truss cores. Considering that the difference in 
weight is very small, in selecting which type of structure should be chosen for certain construction, 
one should take into account other major advantages of plates with prismatic core, like easier 
manufacturing, sensitivity to delamination and humidity, and above all multi-functionality. In all 
those aspects sandwich plates with truss and prismatic core have advantages over plates with 
honeycomb core. 

Based on the analysis in this paper, it can be conclude, that the sandwich plate with prismatic 
core is the most weight efficient among designs amenable to simultaneous load bearing and active 
cooling. 
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Abstract. The article deals with the influence of structural parameters of the cutting chamber to change the 
performance of crusher device, designed for processing plastic waste. Performance of crushing device 
influences countless council parameters such as cutting chamber, number of stator holders, number of rotor 
holders and segments, rotor speed, rotor diameter, which have a major impact on reducing the required 
electric power driving the cutting chamber. A suitable combination of design parameters cutting chamber can 
achieve minimum power consumption for the required performance of shredding device. 
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1. Introduction 
Annual production of plastic waste exceeds 150 million tons, which more than half end up in 

landfills than plastic waste. Contribute to disposable products used in homes and various packaging 
materials used in the industry. Landfill does not solve the problem of the accumulation of waste, so 
is the need to recycle waste. 

For this reason, during the economic crisis is developing increasingly sophisticated crushing 
device handling the plastic waste. It is therefore important that the energy consumption of these 
devices is as low depending on the amount of material processed. Then the operating costs as low as 
possible. 

Reducing energy consumption crushing device can be achieved either by optimizing the design 
of nodes. Reducing energy consumption can usually be achieved by a few tens of percent, the 
proposal or innovative device with a new concept, which may be a new conceptual advice to the 
device. 

2. Throughput crushing device 
Throughput crushing device affects countless number of factors, from concept to device design 

parameters cutting chamber. 

2.1. Conceptual layout of the cutting chamber 

Currently, there are single-shaft, two-shaft and four-shaft crushers. 
Single-shaft crushers: 
There are different conceptual manufactured cutting chamber. Crushing principle is the same in 

all cases. In the rotor of holders are located mostly made of high speed steel, scripted material along 
the edges of the stator blades engaging.  

Two-shaft crushers: 
The principle consists in grinding cutting edge material for the blind rolls stored on a pair of 

shaft rotating in opposite directions. Bursting discs are made of the same width and each contains 
one cutting tooth. 

Four-shaft crushers: 
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The material was earliest shred in the first stage resulting in a coarser fraction and followed 
transition from the first stage through the second stage to obtain finer fraction. The principle 
consists in grinding cutting edge material for the blind rolls stored on two pairs of shafts rotating in 
opposite directions. 

2.2. The impact of the change parameters in throughput 

Throughput crushing devices mainly affect the following design parameters cutting of cutting 
chamber: 

� Rotor diameter 
� Rotor speed 
� Number of stator blades 
� Number of rotor blades 
� Number of rotor segments 

The throughput crushing devices can be affected by only one or several crushing parameters 
simultaneously. These changes affect the size of the drive capacity, i.e. required electric power 
driving the rotor grinding device. A suitable combination of design parameters is achieved by 
cutting the chamber change the required throughput at minimum power consumption.  

Input data are constructed from the parameters of crushing devices constructed by competitors, 
each chart contains one conceptual parameters advice crushing devices. 
 

The impact of rotor speed on the throughput of the device: 
Change of throughput can be achieved by changing the parameters of some of the main cutting 

chamber. One of the major change relating to rotor speed which is variable parameter, where the 
other design parameters are constants. The only exception is the change in the diameter of the rotor, 
which affects the volume number of the processed material. With increasing rotor speed can be 
increased grinding device required throughput while simultaneously increasing need for electric 
power. Fig. 1 dependency graph specifies the throughput of the device due to rotor diameter, rotor 
speed and drive capacity. These values because of better data reading are given on a logarithmic 
scale. In the final analysis we can only affect the throughput of the rotor speed while keeping the 
other parameters, which are treated as constants Tab. 1. 

 

 
Fig. 1. The impact of rotor speed on the throughput of the device 

Parameter Status 
Throughput [kg/hod] Change request 
Drive capacity [kW] Dependent 
Rotor diameter [mm] Constant 
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Rotor speed [ot/min] Variable 
Number of stator blades [-] Constant 
Number of rotor blades [-] Constant 

Tab. 1. State of parameters to change throughput 

 
The impact of rotor blades on the throughput of the device: 
Change of throughput crusher devices may be varied number of the rotor blades, which stand 

out as a variable parameter. Increasing number of rotor blades increases throughput grinding device, 
increasing the need for electric power. Fig. 2 dependency graph specifies the throughput of the 
device due the number of stator blades, rotor blades, rotor speed and drive capacity. These values 
because of better data reading are given on a logarithmic scale. In this case the throughput of the 
device may be varied (increased or decreased) only by the number of rotor blades, while 
maintaining the other parameters constant Tab. 2. 
 

 
Fig. 2. The impact f rotor blades on the throughput of the device 

 
Parameter Status 

Throughput [kg/hod] Change request 
Drive capacity [kW] Dependent 
Rotor diameter [mm] Constant 
Rotor speed [ot/min] Constant 
Number of stator blades [-] Variable 
Number of rotor blades [-] Constant 

Tab. 2. State of parameters to change throughput 

 
The impact of stator blades, rotor blades, rotor diameter on the throughput of the device: 
Throughput of the crushing device can be simultaneously affected by several design parameters 

at a time, while maintaining only a single parameter such as existing as a constant. Change of 
throughput crusher devices can be achieved by changing the number of stator blades, rotor blades 
and rotor diameter. These changes affect the size of the drive capacity. These parameter affecting 
throughput of the device impact on production and operating costs, which ultimately can be said 
that such a change in throughput is achieved more efficiently. Graph Fig. 3 specifies the 
dependence of throughput device for the number of stator blades and rotor blades, rotor diameter, 
rotor speed and drive capacity. These values because of better data reading are given on a 
logarithmic scale. The impact parameters on the throughput of the device indicates Tab. 3 
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Fig. 3. The impact of stator blades, rotor blades, rotor diameter on the throughput of the device 

 
Parameter Status 

Throughput [kg/hod] Change request 
Drive capacity [kW] Dependent 
Rotor diameter [mm] Variable 
Rotor speed [ot/min] Constant 
Number of stator blades [-] Variable 
Number of rotor blades [-] Variable 

Tab. 3. State of parameters to change throughput 

3. Conclusion 

For graphs show the impact of structural parameters of the cutting chamber to change 
throughput of the crushing device. Design parameters of the cutting chamber greatly affect energy 
consumption device, i.e. drive capacity driving the rotor crushing device. 

Throughput of the device can affect either only one design parameter while maintaining the 
other, or more parameters simultaneously, that allow more effective design cutting chamber due to 
energy consumption. 

Using indicator of efficiency crushing crushing devices can determine the optimal parameter 
between design parameters crushing device by which to achieve high throughput in kilograms per 
hour, i.e. number of processed material kilograms per kilowatt hour. In other words, the 
consumption of energy for throughput was the lowest. 
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Abstract. This article deals with a problem of investigation of stresses caused by rolling contact of two or 
more bodies by means of the finite element method. Numerical procedures based on the Hertz contact theory 
were utilized for finding the contact stresses. Size of the contact area are calculated by means of this theory. 
Numerical simulation of the rolling technological operation is described and subsurface stresses, plastic and 
equivalent strains are evaluated. 
     

Keywords: Finite element method, residual stresses, contact problem, contact surface, Hertz theory. 

1. Introduction 

The contact between two or more bodies is frequently occurred phenomenon in machine 
industry as well as in daily life. Simulation of various physical problems requires the ability of 
modeling the contact phenomena. This is included for example in analyses of rubber gaskets, tires, 
high or low velocity impact, technological and manufacturing processes, etc. Contact of bodies can 
be classified as the point contact, line contact or elliptical contact. During the contact, the 
subsurface stresses arise under the contact surfaces. These stresses have a high influence on the 
resistance of the structure to loading conditions [1]. 

The finite element method is a robust numerical tool and can be utilized for accurate prediction 
of magnitudes and distribution of these stresses. This method spares time and costs for performing 
various mechanical tests such as tensile testing machine test, etc. In numerical simulations the 
subsurface stresses are evaluated in specified time steps. By this process we can obtain information 
about behavior of stresses under the contact surfaces in certain time points. We can find out the time 
and conditions by which the surface deterioration (pitting) or plastic deformation of the material 
will occur. 

 

2. Theoretical background 

Contact analyses are difficult since accurate tracking of motion of several geometrical bodies as 
well as motion in consequence of the interaction between these bodies have to be preserved. This 
includes the friction between the surfaces and eventually heat conduction between the bodies. The 
goal of numerical simulations is to catch the motion of bodies, apply constraining conditions in 
order to prevent penetrating and apply boundary conditions for simulating frictional behaving and 
heat conducting. Several procedures have been developed in order to solve these problems such as 
Lagrangian method, penalty method, direct constraint method, etc. [2, 3]. 
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Fig. 1. Detail of finite element model of bodies before contact [4]. 

 
Modeling of contact problems in various FEM softwares can be treated in several ways. For 

example MSC Marc software allows analysis of contact automatically without using special contact 
elements [4]. In Fig.1 model of the flexible body in this software is shown. This body has three 
main aspects: 

- elements which discretize the body, 
- nodes on outer surfaces which could be in contact with other body or with itself. These 

nodes are considered as potential contact nodes, 
- edges (2-D) or  surfaces (3-D) which describe the outer surfaces of other bodies (or of 

itself). These edges or surfaces are considered as potential contact segments. 
The rolling contact problem has always two parts: finding the normal forces, which prevent the 

penetration of bodies, and finding the tangent forces, which are the result of the friction between 
bodies. In the case of solving the rolling contact and considering rigid bodies, only the forces 
pressing the bodies are being transmitted in the normal direction. The tangent forces follow the 
well-known Coulomb’s law of friction. When considering bodies in contact as deformable, they 
deform around the area of contact and magnitude of the normal force is proportional to the shape, 
material and magnitude of the theoretical penetration of undeformed bodies. 

Hertz contact theory arises from the following assumptions [5]: 
- bodies in contact have similar mechanical properties, 
- their surfaces have constant curvature in the area of contact, 
- the contact area is elliptically shaped. 

When denoting 
)2()2()1()1( ,,, yxyx RRRR    as the surface curvatures, the principal curvatures A and 

B can be computed as follows: 
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Then the function of distance between surfaces has the form of 
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where A and B are the principal curvatures of the contact pair and h is the penetration of 
undeformed surfaces. If the distance dcs in given point is greater than zero, then there is a gap 
between the surfaces. If the distance is less or equal to zero, the bodies are in contact. As a result of 
the condition of elliptically shaped contact area the contact pressure has ellipsoidal distribution: 
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where pmax is the maximal contact pressure and ace, bce are length of the semi-major and semi-minor 
axis of the contact ellipse, respectively. The ratio between these variables depends on the shape of 
surfaces in contact. 

3. Numerical example 

In this example the analysis of contact stresses for three rolling bodies using the finite element 
method is presented. Computations were performed using dynamic explicit method. Scheme of the 
simulated rolling technological operation is shown in Fig. 2. The rolls were considered as rigid. 
Material properties for deformable specimen are listed in Tab.1. Multilinear material model with 
isotropic hardening was used. 

 
Young’s modulus (GPa) 210 

Poisson’s ratio 0.3 
Plastic properties 

True stress (MPa) Plastic strain 
200.2 0 
246 0.02353 
294 0.04740 
374 0.09354 
437 0.13770 
480 0.18000 

Tab. 1. Material properties of the specimen.  

 
The rolls rotate about their axes with constant angular velocity and perform reversing 

translation motion in axis direction with constant velocity. The angular velocity of both rolls is 
ω=20 rad/s, velocity of their translational motion is 0.3 m/s. The rolls can move in the range of 30 
mm in axis direction. The rolled specimen cannot move in axis direction. The contact force between 
the rolls is F=157 N. Boundary conditions are set in order to fulfill the above mentioned 
restrictions. Both rolls have the radius of R=100 mm, radius of the rolled specimen is 6 mm. Rolls 
have the length of 10 mm and specimen is 75 mm long. 

 

 

 

Fig. 2. Scheme of the rolling operation. 
Fig. 3. Distribution of the plastic strain in the longitudinal 
cross-section of the rolled specimen. 

 
The solution was carried out in 400 time substeps. In Fig. 3-5 results of the rolling 

technological operation simulation after ten reversing transversal motions are shown. Maximum 
values of von Mises stress as well as equivalent and plastic strains are observed nearly under the 
surface.  
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Fig. 4. Distribution of the equivalent logarithmic strains 
in the longitudinal cross-section of the rolled specimen. 

Fig. 5. Distribution of von Mises stresses in the 
longitudinal cross-section of the rolled specimen. 

4. Conclusions 

The presented paper briefly describes theoretical background and numerical example of FEM 
simulation of steel specimen under dynamic contact loading. Numerical procedures based on the 
Hertz contact theory were utilized for finding the contact stresses. The resulting subsurface stresses 
and plastic and equivalent logarithmic strains were evaluated. The subsurface stresses have a high 
influence on the resistance of the structure to loading conditions. Results show that maximum von 
Mises reached the value of 456.83MPa. The maximum plastic strain observed in specimen was 
0.03939. 
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Abstract. This paper is dealing with experimental measurements and the subsequent analysis of acoustic 
comfort in interior of passenger-service coach series BDshmee. Analysis deals with comparing the measured 
sound pressure levels and frequency response before and after the modernization, which was carried out on 
calibrated section. 
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1. Introduction 

 Noise has a disruptive effect on the human body and is likely to be harmful to health. All 
structural parameters of cars must be adapted to meet the prescribed noise limits. When operating 
a railway wagon, combined noise source is produced from rolling a wheel on a rail, from noise 
emitted during braking and in modern coaches also from the noise of air conditioning. By 
introducing TSI guidelines, noise levels have to be reduced by about 5 dB from original state for 
modernized rolling stock. 

2. Noise measurements of the coach before and after modernization 

      The measurement was carried out with the purpose to evaluate the impact of modernization of 
the interior of the coach on the interior noise during operation, while at Bdghmee wagon the 
original running gear was pertained. For objective assessment of noise parameters before and after 
the modernization of series BDshmee wagon into series Bdghmeer and  Bbdgmee wagons, 
measuring microphones were placed at three locations, namely: over both bogies and in the center 
wagon. 

 2.1 Measuring point and measuring conditions 

For all three coaches the measurements were carried out on a certified track section between 
stops Báhoň - Cífer in both direction and at the maximum speed [120km/h]. 

 
 
Measured coaches:   
BDshmee 50 56 8248 005-9  
Bdghmeer 61 56 2870 008-5  
Bbdgmee 61 54 8471 002-0 
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Fig. 1. Measured passenger and service car series BDshmee  

 

  
Fig. 2.  Measured modernized passenger and service coaches (left series Bdghmeer, right series Bbdgmee) 

 
 

Fig. 3.  Diagram of placement of measurement apparatuses 
 
 
 
 
 
 
 
 
 
 
 
 

  
Fig. 4.  Measurement in compartment above the bogie before and after modernization of rail vehicles 

 
1. Measuring microphone luggage compartment 
2. Measuring microphone - coach center  
3. Measuring microphone over the bogie in compartment 
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4. PULSE 3560B analyzer by Brüel & Kjaer 
5. Notebook 

3. Evaluation of acoustic parameters  rail  

 
 

Fig. 5. Measured noise levels 

 
From the measurements, we found that the lowest noise level was recorded in the center of the 

coach, followed by a compartment no. 11, which is located above the bogie and the highest noise 
levels were measured in the luggage compartment. 
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Fig. 6. Measurement frequency analysis 

 

Conclusions 

 Measurements in the modernized wagons series Bdghmeer and Bbdgmee showed a significant 
improvement of acoustic comfort for passengers over the previous outdated passenger wagon series 
BDshmee. This is true especially for the center of the coach, where noise has been reduced by about 
10 dB. For areas with new upholstery, the high-frequency components in the measured spectra 
significantly were reduced. In the luggage compartment a substantial reduction of the internal noise 
was not recorded, which we expected, since this area has hard and solid surface walls. For 
comparison of modernized wagons, modification of  damping on the bogies of coach series 
Bbdgmee did not improve acoustic parameters compared to the wagon series Bdghmeer where only 
the interior of the coach was upgraded. Due to the complexity of the evaluation we expect to carry 
out more detailed measurements and make subsequent evaluation of the measurement results. 
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Abstract. Currently it is looking for different solutions for increasing energy consumption in the world. One 
of the solutions without negative consequences on the environment may be using alternative energy sources 
in micro-cogeneration. The article deals with the principle of hot-air engines, their use in combined heat and 
electricity production from biomass and with heat exchangers as primary energy transforming element. . In 
the article is hot air engine presented as a heat engine that allows the conversion of heat into mechanical 
energy while heat supply can be external. In the contribution are compared cycles of hot-air engine. Then are 
compared suitable heat exchangers for use with hot air Ericsson-Brayton engine.  In the final part is proposal 
of heat exchanger for use in closed Ericsson-Brayton cycle .  
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1. Introduction 
 

     Nowadays we can see talks about saving energy, while energy consumption is rising. This is 
mainly due to the fact that world population is growing and their need for technological 
developments and higher comfort of life is getting greater. It is assumed that the price of electricity 
will continue to rise.Due to the depletion of coal and other fossil fuels, humanity is forced to seek 
other fuels and energy conversion means contained therein for electricity. One possibility can be 
use of biomass energy. However, at present level of energy conversion of biomass to energy 
reaches a maximum around 40%. For effective using of biomass is necessary to use all energy of 
biomass what means use of low potential heat also. When the producer of electricity delivers heat 
energy to consumers in some way, this is a combined heat and electric power. Transforming 
biomass into electricity using the heat is possible in several ways, while there are used different 
devices. There are many theoretical possibilities how to do it. One of these is improving of used 
systems or invention of new unconventional devices like hot air engines. 

2. Hot air engines 
     Hot air engine is a heat engine in which atmospheric air is used as the working substance. It uses 
the expansion and compression of air influenced by its temperature change, which makes possible 
to convert heat to mechanical energy. The principle of operation is significantly different from the 
various engines used in thermodynamic circulation. One of the principles is as follows: into engine 
cylinder is supplied heated compressed air. Air pressure can be obtained either by heating the air in 
a closed container or by a compressor. Furthermore, compressed air is heated at constant pressure in 
the heater. There it makes expansion work in the working cylinder. The air is discharged into the 
atmosphere or it is transported to the cooler from where it is sucked back to the compressor. There 
are several different types of hot air engines.We distinguish three basic classes of hot air engines:  

     · Open hot air engines, which are supplied with each cycle of a new working substance into     
          where are fuel combustion products. 
     · Open hot air engines, which are supplied with each cycle of a new working substance while it                          
         is using a separate external heating of the working substance. 
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     ·Closed hot air engines, where the working substance is used again. 
 

     In so far as gas turbines and two-stroke or four-stroke internal combustion engines can, strictly 
speaking, be regarded as varieties of hot-air engines. In actual fact, these theoretical and ideal 
thermodynamic cycles of reference bear only a very superficial resemblance to practical cases, but 
intelligently used they can serve a good purpose in allowing performance potential to be predicted 
and compared. [1] There are several types of hot air engines, some of which during their invention 
time enjoyed great popularity. The best known are Stirling engine and Ericsson engine.  

3. Stirling engine 
     Stirling engine (Fig. 1) is a heat engine which belongs to reciprocating engines with external 
combustion. These engines are different from the other piston machines mainly in that they have 
permanently two interconnected linear spaces with different temperatures. They work with a closed 
circulation of the working substance, which is alternately heated and cooled. As the working gas 
can be used air, but is preferable to use helium or hydrogen for their smaller molecular weight and 
higher thermal conductivity, making it possible to achieve a higher efficiency of the machine. The 
engine operates between two reservoirs of heat supply and heat dissipation to working substance in 
the system at constant temperature (as in the Carnot cycle). The engine consists of a 2 cylinders 
with pistons on each side and regenerator in the middle. As the regenerator can serve ceramic grid, 
or any kind of porous plug that has a high heat capacity and low thermal conductivity. It is used for 
temporary "storage" of heat. 

            

 

            Fig. 1     Scheme of Stirling engine principle and Stirling engine in p-v, T-s diagrams 

     Stirling cycle (Fig. 1) begins with isothermal compression, in which the work needed to 
compress the working substance is equivalent to the heat dissipated into the environment. The 
internal energy of working substance is unchanged. The cycle continues by isochoric action in 
which is the heat supplied by regenerator to working substance what increases its temperature and 
thereby increases the pressure. Follows isothermal expansion, in which heat is supplied from an 
external source to working substance, and it made an equivalent work. The cycle is closed by 
isochoric action in which is the working substance transmits the heat to the regenerator, thereby 
reducing its temperature and pressure. [2] 

3. Ericsson engine 
     Ericsson engine (Fig. 2) cycle is similar to the Stirling engine activity with the difference that 
heat to working substance is not supplied and not collected isochoric but isobaric. The principle of 
Ericsson engine operation consists on engine that contains two cylinders with pistons of different 
sizes. This engine allows complete separation of working substance - air and combustion products 
and effectiveness of the device significantly increases the regenerator like at Stirling engine. 
Ericsson cycle (Fig. 2) from 1853 consists of two isothermals and two isobars. It consists of four 
phases:  
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           1.       Isothermal compression (4-1) - during this phase, air is sucked into the compressor 
where it is compressed at constant temperature, using the intercooler, to compressed air reservoir. 

2.       Isobaric heat supply (1-2) - during this phase, the compressed air is heated at constant 
pressure in the heater. 

3.       Isothermal expansion (2-3) - during this phase cycle leads to expansion of air at 
constant temperature in the working cylinder. In this phase work is obtained. 

4.       Isobaric heat removal (3-4) - during this phase air is cooled in cooler at constant 
pressure. Transmitted heat can be used. [2] 

 

 

             Fig. 2     Scheme of Ericsson engine principle and Ericsson engine in p-v, T-s diagrams 

     Hot air engines based on Ericsson cycle have potential to be used in installation for combined 
production of heat and electricity from various forms of biomass. For this reason we decided to deal 
with the issue of using hot air engines in micro-cogeneration from biomass. 

4. Heat exchangers 
 

     Heat exchanger is a technical equipmennt used for heat transfer between 2 or more working 
fluids. There are many types of exchangers, we can divide them into 3 basic groups: recuperative, 
regenerative and mixing heat exchangers. In the recuperative heat exchangers the working fluids are 
separated by a wall, in the regenerative, the hot and cold fluid are alternately in contact with heat 
mediate solid. In the mixing heat exchangers both fluids are mixed in the same volume.[7] Another 
division is by construction features. Basically we can classify heat exchangers by construction 
features into these types: plate heat exchangers, tube heat exchangers, double pipe exchangers, 
spiral exchangers and special monoblock exchangers. Every class of exchangers has a special 
working conditions. There are limitations in maximal pressure, maximal temperature. Of course, the 
working fluid has a huge influence by heat exchanger design. [5] 
     Our apllication with Ericsson-Brayton hot air engine sets wide range of specifications, not only 
on the heat exchanger, but also on the whole system. The whole unit should work as a micro CHP 
unit and supply energy for houdehold. In the determining of the operating conditions we have 
preliminary set the highest temperatures from 500°C up to 620°C , according to [3]. In this article, 
autors presented highest temperature 600°C. Another autors [1] have presented systems with 
different working fluids and also different hot air engine configurations. The engine could have 
these functional parts: pre-heater, primary heater, cooler and also there can be an external 
combustion chamber. Our system should work with Ericsson-Brayton closed cycle, with dry air as 
working fluid.The closed cycle enables heat recovery from working fluid, so the heating power is 
bigger than in opened cycle, where the most part of heat energy is used to pre-heat the air after 
compression. And also we can use another working fluid, for example nitrogen or some of the noble 
gases. 
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5. Heat exchanger proposal 
 

     After estimation of working conditions we have step to heat exchanger proposal. The working 
conditions have determined possible construction and also material options for our heat exchanger. 
For the high pressure are only the tube exchangers suitable. Tube exchangers similar to our 
aplication are commonly used in the steam power plants. One example is on the Picture Nr. 4.  
 

                            

                                                           Fig. 3     Steam overheater [2]  

It is a part of steam overheater, that heats the steam up to 550°C. We will use tube exchanger with 
tubes in bundles, similar to the Picture Nr. 4. The tube bundle has one multiple collector on inlet 
and outlet. The dimensions are set only preliminary, there must be lead through an  exact 
calculation of heat transfer and also material strength. Another solutions must be done for the heat 
load, because the material will be stressed with temperatures over 400°C, where the plastic 
deformation takes part. 
 

6. Conclusion 
 

     Cogeneration unit with Ericsson could be used as an autonomous source of electric and thermal 
energy for household to ensure efficient energy supply with regard to high reliability. Universality 
of used fuel and also the operating undemanding of the equipment are the main advantages of the 
deployment.     
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Abstract. This article presents design of the turntable for the double-column band saw machine JAMP-PTX  
1096 CTSA which is able to cut a semifinished product in the range from 0 degrees to 60 degrees. The article  
analyses  issues connected with rotation of arm saw and with compensation of overturning moments. 
Conceptual design consists of analyzing of various options and a selection of the most suitable solutions 
using criteria-based assessment. In the design of band saw machine is included analysis of suitable variants 
and optimalisation of supporting trucks of arm saw. In the other part it focuses on position optimization of 
supporting trucks and on dimensioning. 
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1. Introduction 

Double-column band saw machine JAMP-PTX 1096 CTSA is designed for cutting different 
types of material and large proportion profiles. The arm is movably stored on the slide columns and 
it moves up and down thanks to hydraulic cylinders. Cut semifinished product is firmly clamped 
between the jaws of a vise and band saw gradually cuts into it until the total cutting through the 
cross section. Band saw blade is opposite the vice load area inclined at an angle of 3 ° to cut into the 
semifinished products gradually. The band saw blade is enclosed in a never-ending loop, and it is 
led by the drive and tension wheel which are horizontally placed on the arm. The cutting part of the 
saw band is in place in front of the cut material twisted into the vertical plane. Move to the cut is 
hydraulically secured. 

2. Conceptual turntable double-column band saw machine design 

One of the most important parts of the 2-column rotating band saw machine is a turntable.  
Accuracy and quality of cut surface depend on rigidity and accuracy of this turntable. Therefore it is 
necessary to choose the optimal design of the turntable to enable to smoothly tilt (rotate) arm 0-60 ° 
and also that the structure remains sufficiently rigid. To ensure high rigidity of turntable structure, 
even with its large size, it will be necessary to secure capturing of overturning moments. 

2.1. Variants of capturing of overturning moments: 

Variant A (Fig. 1) – the overturning moment will be primarily captured by using trucks while 2 
trucks will be pressed against the bottom plate and the others against the upper plate. That will 
secure capturing of overturning moments and axial forces in both directions. Correct plates 
adjustment a plane perpendicular to the axis of rotation is achieved with swing set screws using a 
digital micrometer. Pivoted arm is provided with two radial tapered roller bearings whose optimum 
bearing clearance (preload) is achieved by properly tightening the KM nut, which is secured against 
loosening with MB washer. These bearings will also transfer part of the axial and all of the radial 
forces. 
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Variant B – this variant is structurally very similar to the variant A with the only difference that the 
truck is replaced by a supporting plate and the top and bottom plates are replaced by a roller track. 
In one direction the overturning moment (larger) will be captured mainly by means of rollers, that 
will be pressed by the supporting plate and in the opposite direction (lower torque) will be retained 
by pulleys. Individually setting of the rollers must be secured in the vertical direction so that the 
rollers can be compiled into a single plane to transmit responses evenly. The pivoted arm is secured 
the same way as in alternative A. 

 

 
Fig. 1. Variants of capturing of overturning moments 

Variant C – overturning moment is mainly captured by axial tapered roller bearing. Pivoted arm is 
provided with two radial tapered roller bearings whose optimal clearance is achieved by the correct 
KM nut tightening which is secured against loosening with MB washer. 

Tab. 1. Properties of variants 
 

2.2. Evaluation: 

Solution 
variants 

Dimensional 
difficulty 

Solutions 
suitability 

Financial 
difficulty Feasibility Sum 

Variant A 3 1 2 1 7 

Variant B 2 3 3 3 11 

Variant C 1 2 4 1 8 

Criteria-score 
1 - excellent, 2 - very good 3 - good, 4 - sufficient, 5 - poor 

Tab. 2. Rating of variants  

 

 Variant A Variant B Variant C 

Advantages 
• Simple design, 
• easy adjustability 
• reliable function 
• High  stiffness 

• compared to the A variant 
it takes less space 

• Simple design, 
• easy installation 
• space-saving 

Disadvantages 
• space-consuming • complex design 

• lengthy setup of rolls to 
the plane 

• less stiffness 
• high cost of tapered roller 

bearings 
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According to the given criteria, A variant is the best solution out all designed variants (according to 
table 2).  

2.3. Determination of the optimal position of the truck 

For determination of the optimal position of the truck is necessary to identify the key 
magnitudes that will be compared and according to them will be stated the optimal position of the 
truck. As the key magnitudes can be considered: 

• reaction of the truck Rv - from size reaction of the truck depend size of the radial force, 
which will be loaded the upright truck bearings with. 

• Size bending moment of turntable in place of trucks attachment Mo- from its size will 
depend a size of deflection the turntable. Optimal position of trucks will increase rigidity of 
the turntable . 

However, the values of these parameters (Rv, Mo) are going to vary depending on the position 
of the truck. Position of the truck is defined by parameter c. The size of this parameter can vary 
from 0 to 1860 mm and is necessary to establish an optimal position for parameter c, so that the 
quantities Rv and Mo would be minimized. These values had to be noted to be dependent from 
parameter c. The expression is based from the conditions of static equilibrium: 
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Fig. 2. Turntable beam load  

 
Fig. 3.  Dependence of bending moment and load from the truck position
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From dependence shown in Fig. 3 we can see, that the bending moment of the turntable beam 
linearly decreases with increasing distance c from the axis of rotation. Loading reaction of the truck 
exponentially decreases with increasing distance from the axis of rotation, with the steepest decline 
in the distance of 700 mm from the axis of rotation. It is clear that the ideal truck position from the 
point of its load size as well as the size of a bending moment of the turntable beam is in the distance 
of 1850 mm (border distance) from the axis of rotation arm. It would be very difficult to reach this 
truck position following the current concepts. Therefore it was proposed a compromise solution in 
terms of load and structural limitation, that the distance between the trucks and the axis of arm 
rotation is 800 mm. 

2.4. Final design 

The final version is slightly different from the selected variant A. One of the trucks is 
modified into brake, because accurate lock tilt position of the arm in position cutting must be 
secured. As well as more precise turntable breaking by using the arm in an exact cutting position is 
necessary. Final design together with the description can be found on fig. 4. 

 
Fig. 4. Design of the turntable. 

3. Conclusion  

The aim of this report is to show the conception of design of the turntable for the two-column 
band saw machine JAMP-PTX 1096 CTSA for company JAMP s.r.o. ILAVA. With an appropriate 
methodology was drawn up the best design solution and the conception was created in order to 
fulfill all the specified input conditions. During the development of this conception the strength 
properties of the final solution was checked analytically and by FEM. 

This concept serves as a basis for preparing of drawing documentation and for prototype 
production. 
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Abstract. This paper describes possibilities of international connections for industrial engineering teams. In 
the introductory part of the article there is described the concept of ICC (International Cave Clouding), as 
well as its hardware solutions. In the next part of the paper is described the connection of advanced 
visualization with equipment CAVE with software solutions of digital factory Siemens Tecnomatix. In the 
final part of the paper there is described process of making connections between individual CAVE devices 
from workstations all around the world. The conclusion summarizes benefits of ICC concept.

Keywords: ICC (International Cave Clouding), Cave, Siemens Tecnomatix, PLM (Product Life 
Management) 

1. Introduction 

International Cave Clouding represents the international, interdisciplinary, digital data 
management (Product Data Management) throughout the life cycle of the product in the 3D virtual 
environment.  The overall ICC conception is based to use the virtual world supported the integration 
powerful hardware and software solutions. International Cave Clouding also is accessible in the 
virtual environment for people from all over the world and interdisciplinary manage and manage the 
product design in respect during entire life cycle of product. 

2. ICC conception 

International Cave Clouding integrates powerful hardware systems with the robust software 
applications of digital factory. The overall hardware solution consists of the equipment CAVE 
(Cave automatic virtual environment). The actual device CAVE so, as is designed on research and 
development workplace ZIMS of Žilina (Zilina Intelligent Manufacturing System), consisting of 
several basic components. 

2.1. CAVE environment 
 The device is designed for use four projection boards, to which is projected the 3D image so, as 

it is illustrated on Fig. 1. This 3D image is broadcasting of 3D of data projectors, which is used 
back-projection. This means, that 3D image is not directed on projection boards directly, but the 
image is directed on the mirrors and these images subsequently refract on   projection boards. 
Projected 3D image is created by shifting the two images for right and left eye. Between individual 
3D data projectors is created so called PC-cluster, which absentminded image after projection 
boards. The user perceives the resulting 3D image virtual reality through 3D data glasses. 
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Fig. 1. Schematic device CAVE (Source: Author) 

CAVE represents very powerful visualization tool what open large possibilities of use 
everywhere, where is used visualization in digital form in three dimensions. Advanced visualization 
is only one of sites conception by ICC. International Cave Clouding   integrates site of visualization 
as well as connection for analysis software tools of digital factory. In the concept of ICC developed 
in the workplace ZIMS is integrated software tool Tecnomatix of digital factory from Siemens.  

2.2. Software tools 

Tecnomatix integrates software applications supporting the product development and 
management of the entire life cycle, as it is shown on Fig. 2. The overall concept of the software 
tool digital factory Siemens Tecnomatix consists of several modules on a common platform GTAC. 
All of these tools are designed to its special use using 2D and 3D environment. Individual modules 
use common trafficker’s formats files for data conversion. The overall data management and project 
management is above all modules placed module Teamcenter.  

 

Fig. 2. The concept of digital software tool Siemens Tecnomatix (Source: Siemens) 
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By connecting such powerful visualization tools such as CAVE device is with analytical 
software tools, providing quality data with respect to the overall life cycle is possible to obtain 
highly efficient tool in sectors such as automotive, mechanical, electronics, aerospace engineering 
and in education and research. ICC concept is designed to be not isolated in the environment of 
individual organizations. 

2.3. FactoryCAD, VisMockup and CAVE 

FactoryCAD is a software solution from Siemens Tecnomatix and it is using to rapid design 
and optimization of available 3D production and assembly systems or complete production halls. It 
contains a set of libraries of 3D parametric models, which can be divided into several basic 
categories such as building blocks, industrial objects and automotive. Using these 3D parametric 
models can be modeled manufacturing and assembly systems and save them as .jt which represents 
a standard for 3D models. Thus prepared model of production system can be opened in an 
VisMockup environment where after importing the model user has all the rights for model. This 
means that the model may be transformed, parts deleted and to be supplemented. Software solution 
VisMockup supports visualization in a CAVE environment also allows you to create 3D meetings. 
This means that the model shown in the device CAVE can consider people from around the world. 
The process of 3D meeting is relatively simple and is described in the following part of the article. 

2.4. 3D virtual workshops 

With using 3D digital virtual reality environment and internet networks allows create 
subcontracting engineers around the world and to contribute so participate of such in the 
development new construction units and products so, as it is shown on Fig. 3. 

Possibilities of creation 3D meeting in device CAVE allow suitable configuration software 
solution Teamcenter Visualization Mockup. 3D meeting is initialized one of the cooperating parties 
and other teams have the possibility to log on in the process of solving the necessary tasks. Each of 
the participants can be sent 3D model and to grant them necessary rights. 

 

 
Fig. 3. Schematic connection of devices CAVE (Source: Author) 
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This means that individual participants can review 3D model projected in the CAVE device. 
After allocation the other rights they can perform the necessary operations with model such as 
transformation of model, completion the tree structure of 3D model, removal of parts of the model 
and more. Individual participants meeting can in CAVE device of course use also audio 
transmission and so communicate with each other. With advanced hardware solutions participants 
may project other participants 3D virtual image of your digital avatar responding to participant 
meeting located in the device CAVE. 

3. Conclusion 

Concept of ICC provides engineering teams completely new concept of digital workshops in 
solving various tasks. The concept combines extremely powerful visualization tool with software 
solutions digital factory providing the necessary analytical data. This solution also supports 
connection between individual research and development centers with using the internet and 
realizing international solutions necessary tasks. 
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Abstract. The paper describes the design of experimental workplace, in the premises of common workplace 
of the University of Žilina and CEIT (Central European Institute of Technology) – ZIMS (Zilina Intelligent 
Manufacturing System), which will be dealt with the issue of using augmented reality in the process of 
picking and logistics. The article describes the different parts of the experimental workplace, the hardware 
and software requirements. This article contains a simple case task, which illustrates the different steps of the 
process of picking with augmented reality, further it describes the operation principle in the context of 
experimental workplace. The result of this task case is a practical demonstration, which samples can be 
found in this paper.  

Keywords: Augmented Reality, picking, Unifeye Design, Workflow 

1. Introduction 

In the difficult conditions of competition, enterprises must go through new methods and 
applications. Augmented reality is now technology that promises a number of innovations. Potential 
for its use in daily life is a lot. It is one of the most dynamic information technology sector. Its use 
is a growing range of social life and industrial applications. Options to optimize logistics processes 
are almost exhausted, so industry is looking for new technologies and their potential. Augmented 
reality is a technology that is looking for its application in the production. In the area of planning, 
logistics and stock picking process, it aims to shorten order processing, improve the quality of the 
processes, to provide support for the work of employees, reducing their cognitive load at work and 
allows the introduction of new and innovative technologies in the enterprise.  

2. The proposal for experimental workplace 

For testing the picking items from the store using augmented reality is needed to propose parts 
of experimental workplace. Our experimental workplace must include following parts: 

� Rack storage systems – racking and shelving systems have a high technical level and 
quality, stability, load capacity and a broad range of dimensional. 

� Plastic boxes – plastic containers. 
� Trolley – with handle, metal glove areas, two rigid casters and two swivel. 
� Software support for augmented reality – Unifeye Design is a software solution for 

augmented reality from German company Metaio, which is now the European leader on 
market in software solutions in the field of augmented reality. Unifeye Design is software 
that can place virtual object “teal-time” into the real space in several ways and it also 
contains a powerful workflow tool, which can generate scenarios of displaying and behavior 
of the virtual objects in real space. 

� Picked items – for this case task were used models of connecting fork. 
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2.1. The case task solved in Unifeye Design from Metaio 

The text of task: 
The workplace of manual assembly sent to the warehouse an order for picking five basic 

structural parts for mounting the connecting fork. The order is shown in the table. The role of 
warehouse worker is to pick these items according to the order in the shortest possible time and 
with zero errors using the technology of augment reality (glasses and software support).  

 
Item Pcs 
Fork body 1 
Fork head 1 
Casing 1 
Phase pin 4 
Reinsurance nut 1 

Tab. 1. Order for picking. 

The specified task will be solved in the experimental workplace created on common workplace 
ZIMS. To fulfill the task is needed to follow these steps: 

� to create 3D models of components of connecting fork, 
� to save them to VRML (Virtual Reality Modeling Language) for import into the software for 

augmented reality, 
� to decide what form of placing objects into the real environment will be used: marker, 

markerless or 3D extensible tracking, 
� to create a set of markers and decide how will be they replaced into the space, 
� to create a scenario of displaying and controlling objects in Workflow, 
� test scenario and edit any gaps. 
 
To solve the task is needed the following equipment: 
� shelving racks, 
� plastic boxes, 
� the construction of the connecting fork, 
� the handling trolley, 
� the computer, 
� the glasses for augmented reality Vuzix iWear VR920, 
� the licensed software for augmented reality Unifeye Desing by Metaio, 
� set of markers (65 pieces) on paper form, 
� Logitech HD Pro Webcam C910. 
 

 
Fig. 1. Needed equipment for picking with augmented reality 

 
Creating the Workflow scenario is one of the most difficult part of solving this task. The first 

step is to decide what marker system will be used. To solve this problem was chosen marker 
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system, which is based on classic black-and-white square markers. These markers are placed in the 
area and after assigning coordinate systems, it is possible to save these virtual objects. Markers are 
spread over in two ways: 

1. On the shelves with blue plastic boxes are markers located on the third and fourth shelf. Set 
of markers placed on third shelf can cover series of boxes in the second and third shelf and 
set of markers places on fourth shelve can cover boxes in the fourth and fifth shelf.  

2. The layout of markers in shelves with red plastic boxes is a little different, but based on the 
same principle. Set of markers located in the middle row of boxes is covering the range from 
the left and from the right side at once. 

For this case task was created the set of markers from ID1 to ID65. This set has been saved in 
XML (eXtensible Markup Language) format and used later for creating the scenario. The layout of 
set of markers is shown in Fig.1. 

 
Fig. 2. The layout of markers. 

The type of displayed information is following: 
� The table presenting the order  –  five items have to be picked. In the beginning all five lines 

are marked in red. After picking a particular item, its name will change from red to green. 
� Yellow arrow – yellow arrow is a directional arrow that indicates the direction of the nearest 

location of items in a row for picking. By following the directional arrow operator is 
passively navigated.  

� Green arrow – green arrow shows to the specific plastic containers, from which has to be the 
item picked. 

� Numerical information – number located above the plastic box represents the number of 
items which have to be picked from a particular type of stored items. 

2.2. Scenario for picking in Workflow 

Scenario in Workflow (a part of Unifeye Design software) is formed of the arrangement of 
blocks and creating links between them. Scenario for picking of individual subassemblies of 
connecting fork using augmented reality is following: 

1. In first step worker takes: 
a. the box, into which will be stored selected structural parts, 
b. the truck, where is placed the computer with software for augmented reality 

Unifeye Design, 
c. special glasses for augmented reality iWear Vuzix VR920, which is connected 

to the computer. 
2. In the second step the worker can see the table, which is placed on marker. The table 

contains a list of items which have to be picked and it represents the order. All items are 
marked in red color, progressively, as they will be picked the color change from red to 
green. 

3. In the third step, after the confirmation with the button on the keyboard appears yellow 
directional arrows to navigate worker which direction he needs to move.The directional 
arrows are shown from two sides, from left and the right side of shelf, to the case of 
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disorientation the worker can quickly orient. In addition to the yellow direction arrows 
worker can see a green arrow pointing to the box, from which need to be picked a 
number of pieces, which shows numerical information directly over that box.  

4. In the fourth step, the worker confirm taking the items and he can see the table again, 
where the first line representing the ordered item changes color from red to green 
(because it is already picked).  

5. After confirming the system again displays arrows and directed staff to the nearest point 
of picking the next item in the list order. 

6. This process is repeated until it is picked the last item. 
 

     
Fig. 3. Direction and picking information displayed through augmented reality 

2.3. Other Recommendations 

For using this methodology for picking in large storage it is necessary to expand the technical 
device by: 

� wireless glasses, 
� connection with navigation system, 
� use the small computer wearable at the waist instead of laptop, 
� use the confirmation button wearable at the waist instead of keyboard button, 
� using the technology pick-by-voice. 

3. Conclusion 

The terms of functional of demonstration for experimental workstation are: 
� static location of shelves, 
� unchanged location of storage plastic boxes, 
� each box has its own marker, which belongs exclusively to her, 
� satisfactory lighting conditions (daylight is the best without direct sunlight). 

 
Current research in the field of augmented reality focuses on minimizing equipment of 

components for augmented reality. Next it is the development of head mounted display that would 
be ergonomic with transparent glass like dioptric glasses and would not hinder to the work. 
Currently are developing “mini computers” that should contain video card suitable for augmented 
reality applications. The aim of modern science is to combine these components into one 
comprehensive and portable units. If they were successful in the foreseeable future, the application 
of augmented reality would be for industrial practice enormous potential. 
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Abstract. This article is focused on a diagnostics and an evaluation of gearbox malfunctions by 
vibrodiagnostics. Article describes diagnostic device used on the Department of Design and Mechanical 
Elements which has been built in order to test planetary gearings by vibrodiagnostics. Individual phases of 
malfunction´s creation on tested gearbox and summary of measured results are included as part of this 
article. Measurements on real gearboxes which occurred in selected manufacturing plants are also included. 
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1. Theoretical research 

Main aim of laboratory research was to identify artificially created malfunctions on every 
single gear wheel of every planetary gearing of gearbox for whole frequency spectrum. 

The measuring system IMx-S (by SKF) equipped with the @ptitude Analyst software (by 
SKF) and acceleration sensors 100mV/g (by SKF) is installed in the laboratory. The diagnostics 
device shown on Figure 1 consists of a 2-pole asynchronous electromotor controlled by a phase 
shifter with power output of 15 kW, two planetary gearboxes A 2000 orientated against each other 
(i.e. gear ratio of both combined gearboxes is equal to 1) and a dynamometer. Diagnostics device’s 
components are coupled together by cardan shafts. 

 

Fig. 1.  Diagnostic device 

The research was sequential with more phases following each other. Frequency spectrum of 
undamaged gearbox (figure 2) was used as a standard in order to be able to compare measured 
values of artificially damaged gearboxes with undamaged gearbox (first phase). 
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Fig. 2. Frequency spectrum of an undamaged planetary gearbox A2000 

The frequency of input shaft (fot=25Hz) is clearly visible in Figure 2 as well as the frequency 
of second planetary gearing (fz2=116 Hz) with its lateral range, frequency of the first planetary 
gearing (fz1=730Hz) with its lateral range and its first harmonic frequency (fz1h1=1460 Hz). 

Second phase of laboratory tests consists of artificially created damage on the tooth surface of 
one tooth of the sun gear of the first planetary gearing (high-speed gearing) of the gearbox A 2000 
(as shown on Figure 3). 

 

Fig. 3. Damage on tooth surface of one tooth of sun gear of first planetary gearing of gearbox A 2000 

Laboratory measurements continued with artificially created pitting on the opposite tooth 
surface of same (already damaged) tooth (second phase). This required to reverse rotation in order 
to test out significance of created pitting. 

Gearbox was disassembled after the end of second phase and pitting was extended to every 
tooth of the sun gear (phase 3). Area of pitting zones was measured by optical ratio method by 
stereo-magnifying glass OLYMPUS SZX 16 on selected teeth. Damaged sun gear can be seen on 
Figure 4. Damage represents 68,2% of whole tooth surface area.  
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Fig. 4. Teeth of the sun gear of the first planetary gearing damaged by pitting 

Comparison of frequency spectrum of three measured devices is shown on Figure 5 in form 
of a Waterfall-type graph. Data measured with one damaged tooth of the sun gear (first phase) are 
shown on the top of the waterfall type graph. Data measured with one tooth of the sun gear 
damaged by pitting (second phase) are shown in the middle of the graph. Data measured with all 
teeth of the sun gear damaged by pitting (third phase) are shown below data collected from second 
phase. Lines between phases indicate time during which measurement device was not working. 

 

Fig. 5. Comparison of three separate measurements in a waterfall-type graph 

 Increase of maximum value of amplitude of the first planetary gearing (fz1=730 Hz) is 
clearly visible on Figure 5 because of tooth damage (first phase). On the contrary there is almost no 
change in second phase (single tooth damaged by pitting) compared to an undamaged gearbox. 
Second harmonic frequency of first planetary gearing also begins to appear. Increased value of 
amplitude with its significant lateral range of first planetary gearing with all teeth damaged by 
pitting can be clearly visible from the graph. Also first and second harmonic frequencies and their 
lateral range can be visible. 

 Artificially damaged sun gear was replaced by the sun gear with pitting created during 
common working load from already used gearbox. This sun gear is clearly damaged by pitting, 
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which is not present on every tooth. Measurements are in progress now in order to compare results 
with previous measurement devices.  

2. Application in practice 

First measurement was made on a gearbox of mixer of tire mixtures with maximum power of 
1675 kW, mass of 9750 kg, mechanical efficiency 95,5% and with life cycle of 100 000 hours. The 
gearbox consisted of one straight-cut gearbox and one planetary gearbox with planetary differential 
on input and with two output shafts. First output shaft has clockwise rotation and second has anti-
clockwise rotation. Output shafts are connected together kinematically in order to achieve equal 
revolutions per minute (RPM) on both shafts. 

Second measurement was made on a power drive gearbox of extruder. The gearbox consisted 
of one straight-cut gearbox and one bevel gear gearbox. The gearbox worked under non constant 
mode with constantly changing RPM. 

Main aim of practical trials was: 
− vibrodiagnostics of gearboxes under full load during several days of constant workload with 

specification of faults which are possible to identify thanks to measured data; 
− to acquire initial data for next, following measurements and to be able to create growth trend 

of possible failures; 
− specification of parameters which can be used for next measurements. 

 
Almost identical measurement system was used for both laboratory measurements and 

practical measurements with one exception. More sensitive acceleration sensors 101mV/g (by SKF) 
coupled with RPM sensor were used in practical measurement in order to use Order-type analysis. 

3. Conclusion 
 

All previous measurements show clear possibility to diagnose damage of individual parts of 
measured gearbox by frequency spectrum analysis. Selecting suitable method of diagnostic and 
frequency spectrum evaluation is most essential part in order to get correct results. We are able to 
recognize individual failures of working gearbox by comparing frequency spectrum of that 
particular gearbox with laboratory measured frequency spectrum. We are able to evaluate gearbox 
state this way. We will continue with laboratory measurements in order to be able to diagnose and 
evaluate every possible failure on every part of given gearbox. 

This article was created with support of Slovak Research and Development Agency 
(SRDA), project no. APVV 087-10: “Inteligentné diagnostické systémy prevodoviek a ich 
komponentov”. 
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Abstract. The report deals with the impact of rib thickness to the floor convector in natural convection, heat 
transport from floor convector, in order to achieve the largest heat output from floor convector using the 
various options (different heat transfer fluid gradients, varying thickness of the rib and various interior 
temperature). 
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1. Introduction 

The floor convectors are heating elements used in places where is necessary to install heating 
elements (radiators) with low overall height, respectively, when these bodies need to be placed in 
the floor of the building structure. To achieve the greatest thermal performance of floor convectors 
with natural convection with a maximum building height 100 mm, was carried out optimization of 
design parameters of floor convectors, which will ultimately achieve a reduction of material and 
capital costs to produce them. 

2. Heat transfer in the floor convector 

The process of heat transfer by floor convector with natural convection from the medium to 
surrounding air can be divided into (figure 2): 

 
1. heat transfer from hot water to the tube wall 
2. heat conduction through the wall of tube and heat conduction in a rib (conduction) 
3. heat transfer from the outer tube wall and heat transfer from the wall of rib to free air with 

natural convection 

 
 

Fig. 2.  Heat transfer of floor convector from medium to surrounding air. 
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 The problem of heat transfer from the floor convector with natural convection can be solved 
analyzing the basic equations of conservation of (mater, energy, and impulse) and equations of state 
describing a thermodynamic situation of flowing gas, on the basis of loss calculations for flow, 
equations of heat transfer and relations for properties of substances. The quantification of thermal 
flows in real equipment is, owing to the complicated flow fields, most frequently carried out by 
means of criterion equations [1], [2], [3], [4], [5].   

3. Optimization of structural dimensions of passive floor convector 

 To simplify and accelerate the optimization process model was created model of heat 
transfer from the floor convector with natural convection in program Ansys, based on the criterial 
equations. As first we were detected the best possible spacing of ribbed surfaces at different heights, 
rib, and then we were looking rib thickness at which the floor convector has the highest heat power. 
The optimization was carried out on a sample floor convector with length of ribbed surface 740 
mm. Experimental measurements were made on the floor convectors with the same length that 
allowed us to compare and verify the computational model with actual measurements of floor 
convectors in the thermostatic chamber. 

3.1. Analysis of structural parameters  

The analysis of structural parameters was made by CFD method in program ANSYS-Fluent.  
At first we investigated the best rib spacing, to maximize the thermal performance of floor 
convector. The height of rib was 80 mm, because it is common height of floor convector used in 
practice. The thickness of rib was 0,2 mm and rib spacing was changed from 2 mm to 15 mm. 
Surrounding temperature was 15°C and heating temperature was also changed from 30°C to 90°C.  

 
Similarly as we analyzed spacing parameter, we created the model in program ANSYS for 

analysis of dependence of rib height on performance. Height of the rib was changed from 60mm to 
80mm. Surrounding temperature and heating temperature was also analogy like in the previous 
case.  

 
The last measurement we made dealt with the influence of rib thickness on performance. The 

calculation was the same as in cases before. We changed the rib thickness from 0,1 mm to 1 mm at 
rib height 30 mm with surrounding temperature 15°C and heating temperature from 30°C to 90°C. 

 

 
 

Graph 1. Dependence of performance on rib thickness 
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Fig.3. Visualization of thermal field from rib with height 34mm and thickness 1 mm at surrounding temperature 15°C 
and heating temperature a)30°C, b)50°C, c)90°C. 

 
 

 
 

Fig.4. Temperature distribution in the rib with thickness 0,2 mm at surrounding temperature 15°C and heating 
temperature 50°C 

 
 

4. Results 

As we can see on Graph 1., by enlarging of the rib thickness also increase the thermal 
performance. But it does not make sense to increase thickness, because as we can see on the Graph 
1, the performance do not increase anymore and over the time is constant. At the figure 4 we can 
see temperature distribution in the rib. Eventually we can say that the rib thickness has considerable 
influence on performance of floor convector. In another aspect, it does not make sense to increase 
rib thickness, because we can´t transmitted heat to ambient by natural convection. 
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5. Conclusion 

Aim of the experiment was to optimize structural parameters of floor convector in order to reach 
the best possible performance. From analysis of individual simulation calculations revealed, that it 
makes sense to occupy with structural parameters of floor convector. After all these measurements, 
analysis and calculations we can say that spacing, height and thickness of the rib have noticeable 
influence on performance of floor convector. 

 

Acknowledgement 

This paper was created within the project VEGA-1/1127/11 

References 

[1] REMSBURG, R. Thermal design of electronic equipment. Boca Raton:CRC Press LLC, 2001. 

[2] INCOPERA, P. , DEWIT, P. Fundamentals heat and mass transfer. 6st ed. John Wiley, New York, 2007. 

[3] SHANG, D. Free Convection Film Flows and Heat Transfer. Springer Berlin Heidelberg, New York, 2006. 

[4] CENGEL, Y. A. Heat transfer. A practical approach. McGraw-Hill, 2002. 

[5] MORAN, M.J. SHAPIRO, H.N. ,MUNSON, B.R.  Introduction of Thermal Systems Engineering: Thermodinamics, 
Fluid Mechanics and Heat Transfer. John Wiley&Sons, Inc, USA, 2003. 

[6] LENHARD, R., JANDACKA, J.  Numerical Modeling of Passive Roof Cooling Convectors. In: Fluid dynamics 
2008 colloquium: proceedings Prague, October 22-24, 2008, Czech Republic. - Prague: Institute of 
Thermomechanics, Academy of Sciences of the Czech Republic, 200. 

 

110



 
 TRANSCOM 2013,  24-26 June 2013 
 University of Žilina, Žilina, Slovak Republic 
 

  

The integration of Advanced industrial engineering in next generation 
of manufacturing systems 

*Michal Haluška, *Vladimíra Biňasová, ** Branislav Mičieta 
*University of Zilina, Faculty of Mechanical Engineering, Department of Industrial Engineering, Univerzitna 

1, 01026 Žilina, Slovakia, {michal.haluska, vladimira.binasova}@fstroj.uniza.sk 
**  University of Zilina, Faculty of Mechanical Engineering, Department of Industrial Engineering, 

Univerzitna 1, 01026 Žilina, Slovakia, {branislav.micieta}@fstroj.uniza.sk 

Abstract. The article deals with possible approaches to the development trends in the industrial engineering 
in manufacturing organizations. The authors emphasize the need for integration of management with 
industrial engineering, which responds to new trends of production, innovation and advanced technology. 
This integration represents a sustainable development, so that humanization of work are increased, more 
effective use of natural and energy resources are achieved and production costs are reduced. The second part 
of this article deals with specification of these approaches in next generation of production systems. 
 

Keywords: Advanced industrial engineering, development trends, manufacturing  enterprise, intelligent 
agent, autonomous control 

1. Introduction 
For nowadays production organizations it is not enough just to do things more effective. They 

must be unique in something. The advantage and higher chance for success could be achieved by 
substantial competitive advantage through innovations. Advanced industrial engineering must be 
able to use the opportunities of information technology and scientific methods of industrial 
engineering. Currently, enterprises are unable to adapt to rapidly changing market and to increasing 
demand requirements, therefore we focused on clarifying the possibilities for further development 
of today's modern techniques AIE. 

2. Advanced industrial engineering  
Advanced industrial engineering (AIE) is based on the standard industrial engineering and 

pursues a goal and change companies by using new methods and approaches. It deals with the 
implementation of these systems and the approaches to manufacturing.  

2.1. Development trends in the industrial engineering 

The significant way in advanced industrial engineering is: 
 

1. The first such a significant way that can be expected in advanced industrial engineering is 
the development of information and communication technologies that will continue to 
influence all engineering disciplines, including the education of industrial engineers.  

2. The second direction is the artificial intelligence (AI) in combination with robotics create a 
space for the development of adaptive manufacturing, intelligent devices, and for the 
development of intelligent manufacturing systems.  
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Fig. 1. Future advanced industrial engineering 
 

3. AIE will more and more move into consulting and service area at the expense of traditional 
production (research and development services, services related to the use of information 
and communication technology, management consulting, services related to enterprise 
management). 

4. Significant development of virtual reality and digital factory and their integration into design 
applications and make process optimization in laboratory conditions and the following 
implementation in an industrial environment is then very fast. This is a major competitive 
advantage. 

5. Another change or direction, which is to be expected and advised him to problems AIE is a 
question of a new form of cooperation. They should use the knowledge of supply chain 
management in virtual enterprises. Get in the virtual factory knowledge of all partners to 
work together in future production. 

6. It will require a synergy of networking to create added value. 
 

 
 
Fig. 2. Future advanced industrial engineering 
 

7. In the future, more use of operations research techniques to advanced of the Base PC models 
for the analysis of manufacturing and service problems. 

8. With the expansion of e-business, companies will need more advanced and accurate 
techniques for predicting the outputs. These techniques are based on computer simulation. 

9. Modern IE must be able to use the opportunities of information technology and scientific 
methods of IE. Must be able to work with the principles of the new Taylorism - human 
knowledge base and its manufacturing expertise. We also realize a new paradigm of 
development of industrial engineering. 

10. The integration of man and his knowledge base in manufacturing processes. 
 
That's the premise of its success in the future. 
 

If we expect new directions in relation to the technology platform that is being developed in 
Europe as a distinct area covers advanced industrial engineering. The idea advanced industrial 
engineering was well developed by the German professor Westkamper. Advanced industrial 
engineering is focused mainly on subgroups (Fig. 3). They form the core of the changes through 
which the European Union intends to increase its competitiveness. 
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Fig. 3. Subgroups of advanced industrial engineering  
 
Decisive role of the rapid adaptation of production is depending on the production variability and 
reduced the time for outsourcing. Requirement for adaptive production requires a high degree of 
control complexity composed into the company network. 
 
2.2 Integration of advanced industrial engineering to the next generation of manufacturing 

companies 
 Importance is placed on the ability to adjust quickly to the new production of existing 
requirements and the turbulent states, which may be internal or external. The aim of the system is 
the ability to maintain their competitiveness in the market through the production of sufficient 
quantities of low-cost, high products quality that meet customer demand. Due to the fact it is 
necessary that future generations of manufacturing companies could autonomously react to 
generating changes. 
 Enterprises need to have an integrated telecommunications network and information 
technology through which they can transmit the necessary information and dates within the 
organization. Customers requiring specific and innovative products, which can have adverse effects 
on the environment. Due to the fact for the development of new product platforms it is necessary to 
ensure mutual cooperation with partner companies to provide the necessary knowledge to develop 
new products and solutions on base of  sharing experience. At the same time the intention is the 
development of advanced materials and new approach for analysis. Simultaneously, the customer 
must specify requirements the through communication interface over which will enterprise obtain 
documents on draft products. 

• Implementation of unique information technology 
• Reliable modelling, monitoring and simulation of manufacturing processes 
• Reliable detection of abnormalities 
• The sustainability of production 
• Fast reconfiguration depending on the external environment 
 

 
Fig.4. Network Architecture Of Future Manufacturing Enterprises 
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 The development of sophisticated information technology and intelligent control of business 
processes is the key to the humanization of human labour. The trend will accelerate depending on 
the production environment. In production is necessary to use a number of information technology 
with support of digital engineering (control systems), modelling and monitoring systems. 
 In view of turbulent external environments it is requires a high complexity of supply chain 
management, witch affect the development of software platforms for enterprise resource planning, 
management of finances and time efficiency performance the contracts. 
 
2.3 Digital manufacturing 
 The turbulent market and global competition affect the requirement for shorting innovation 
cycle. As a result of aspects and complexities of inter-network cooperation causes the growing 
numerous of enterprise tasks. Disposition of product models allow more simultaneous realization of 
product development and manufacturing. By the way, it will reduced construction time of the 
required dose and it is possible to performer simulation procedures. 
 

 
 

Fig.5. Digital Manufacturing In Enterprises Processes 
 
 Digital manufacturing provides effective support to business process in manufacturing 
companies. New product development and meeting deadlines of orders forms an essential 
application area of supporting tools for digital production. 
 
2.4 Integration of artificial intelligence 
 
 In to an enterprise-wide system should by integrate an artificial intelligence that ensures 
autonomous tasks directionally through the agent communication. Individual agents can transmit 
tasks and in the frame of interactive activities conduct evaluation activities. Mutual communication 
is based on priority rules for the realization the current transformational needs of the defined roles 
in meeting of corporate goals. To build adaptable manufacturing enterprise with embedded 
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intelligence is needed the key technology, witch can be achieved through the establishment of 
transparent agent's infrastructure. 

 

 
 

Fig.6. The Integration Of Artificial Intelligence Into Enterprise Infrastructure 
 

 Intelligent control mechanism should ensure the transfer of data and information which 
subsequently performs analytical procedures, evaluation action and remedial activities. The aim of 
the integrated control system is the sustainability of the production company in a competitive 
environment, witch includes the prerequisites.  
 
2.5 An intelligent learning mechanism 
 
 The mechanism is designed to educate the manufacturing facility for the purpose of 
autonomous operation. The emphasis is on acquiring knowledge from external and internal 
environment, which is necessary for optimization the design of products, manufacturing processes, 
operations and production plan. Output parameters are monitored by the sensory disposition witch 
converts the signals into actual data values and initializes activity of detection mechanism for detect 
abnormalities through simulation model. 
 

                                             
 
Fig.7. Intelligent Learning Mechanism Of Manufacturing Resources 
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 The increasing complexity of system architecture may result in adverse effects on the 
autonomous control system tasks and system reliability. In view to the fact that manufacturing or 
assembly system must by equipped with reconfigurability, which provide quick configuration of 
maintenance system and switch generating variants by switching generating tasks depending on the 
need of production of a particular family of work pieces and subassemblies parts by adding or 
removing functional elements. 
 The purpose of the reconfiguration is to change system functionality and ensure the 
scalability of production capacity. Through Reconfiguration activities can independently add, 
delete, modify and convert machines (handling units) based on rapid response to changing 
requirements and the actual behaviour of the system. System with given ability may increase life of 
production and should offer a cost-beneficial solution in the long term. 
 

3. Conclusion 
In conditions of the debt crisis is necessary to promote Advanced industrial engineering, which 

is leading to greater efficiency, reducing environmental impact, achieving a more efficient use of 
natural resourcing and production costs. Advanced industrial engineering cannot function without 
the excellence industrial engineers. As a result of the competitive struggle it is necessary for 
existing enterprises rapidly and flexibly adapt to the changing requirements of the current market 
environment. Through approaches AIE. In view of the fact it is necessary to rebuild the thought 
architecture of today's manufacturing companies. 
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Abstract. This article describes the new concept for virtual factory which was designed by the partners 
consortium of the Virtual Factory Framework (VFF) project. VFF project has been funded by the European 
Union through the 7th Framework Programme. VFF concept brings the next generation of Virtual Factory. 
The VFF will promote major time and cost savings while increasing performance in the design, management, 
evaluation and reconfiguration of new or existing facilities, supporting the capability to simulate dynamic 
complex behavior over the whole life cycle of Factory, approached as a complex long living Product.    
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1. Introduction 

One of the current problems of industrial engineering is the integration of product, process, 
resources (data and tools) and synchronization of their life cycle. Major IT players offer the 
comprehensive PLM solutions supporting most of the business processes. However, these solutions 
do not offer all the functions and often are characterized by insufficient interconnection and 
cooperation. The Virtual Factory Framework (VFF) project is trying to find the answer to this 
problem. 

2. Virtual Factory Framework 

The Virtual Factory consists of an integrated simulation environment that considers the factory 
as a whole and provides an advanced planning, decision support and validation capability. The VFF 
implements the framework for an object oriented collaborative virtualised environment, 
representing a variety of factory activities meant to facilitate the sharing of factory resources, 
manufacturing information and knowledge. VFF promotes major time and cost savings while 
improving collaborative design, management, (re)configuration and evaluation of new or existing 
facilities. This requires the capability to simulate dynamic complex behaviour over the entire life 
cycle of the factory that is considered as a complex and long living product [1]. 

The VFF architecture (see figure 1) is based on four Pillars: (I) Reference Model, (II) Virtual 
Factory Manager, (III) Decoupled Functional Modules and (IV) Integration of Knowledge. The key 
characteristics of the pillars are openness, scalability and easiness to plugin the decoupled software 
tools, thus reducing the investment costs compared to “all-in-one” software suites. Moreover, the 
VFF aims at promoting major time and operating cost savings, while increasing the performance in 
the design, management, evaluation and reconfiguration of new or existing factories [4]. 

All the functionality needed for factory planning are provided by various independent VF 
Modules (Pillar III) which work on a consistent Reference Model of the factory (Pillar I) thanks to 
VF Manager (Pillar II), which plays an important integration role by linking all the modules 
together.  
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Fig.1. VFF concept scheme [5] 

2.1. Reference Model 

Reference Model – Pillar I - the objective of a reference model is to support planners and 
interdisciplinary teams in different phases of the planning activities. The VFF Reference Model for 
Factory and Process Planning (RMFPP) implements this concept and approaches all phases and 
activities required as standard and mandatory for the purpose of factory and process planning. 
Furthermore, the VFF Reference Model provides possible planning entities for the virtual factory 
data model in the VFF project. 

2.2. Virtual Factory Manager (VFM) 

Virtual Factory Manager (VFM) – Pillar II - is the core of the VFF and handles the common 
space of abstract objects representing the factory as defined by the common data model (Pillar I). 
The VFM orchestrates the decoupled functional modules and provides a controlled access to the 
different virtual factory instances. 

2.3. VF modules 

VF modules – Pillar III - are the software tools that implement the various methods and 
services to support the activities related to factory design, performance evaluation, management, 
production monitoring, etc. The VF modules can be located on a remote workstation or on the 
server where the VFM resides. Considering the scope of the VFF approach, the VF modules can be 
grouped into categories. For each category, different solutions can be adopted according to the 
specific needs and the availability of commercial applications. The integration of VF modules 
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endowed with different functionalities and level of detail but insisting on the same factory 
representation will offer the possibility to reach a wide range of users. 

2.4. Knowledge 

Knowledge – Pillar IV - integration of Knowledge at different layers as engine for the modules 
aiming at giving reality to the envisioned Learning Factory. The primary objective is to use 
contextual knowledge to model a wider range of complex systems and support greater 
comprehension of the modelled phenomenon. Moreover, the integration of knowledge throughout 
the VF has the potential to deliver fundamental advisory capabilities as a companion to factories 
development in all its scales and complexity dimension. 

2.5. Real Factory 

The collaboration of the four pillars leads to the realization of the Virtual Factory concepts. The 
Virtual Factory itself, deployed according to the VFF concept, will be permanently synchronized 
with the Real Factory to achieve time and cost savings in the design, ramp-up, management, 
evaluation and reconfiguration of the real production itself. The Real Factory, interacting in terms 
of feedbacks and of data needed to set-up and up-date the simulation system, closes the loop. 
Communication between Real and Virtual Factory (see Figure 2) is realized through the Factory 
Image, which represents a picture of the company at that time. This image is created from data that 
are collected from the real production using connectors (hardware devices). 

 
 

Fig.2. Communication between Real and Virtual Factory [3] 

2.6. Validation 

Since the final goal of the Virtual Factory is to improve the performance of the Real Factory, it 
is necessary to verify the impact of the VFF approach. This need asks for the cooperation of 
industrial companies to define demonstration scenarios that aim at testing and validating the 
framework. Within the VFF project four demonstration scenarios have been designed by pairing 
different factory planning processes and industrial sectors represented by the project partners 
(Figure 3): 
1. Factory Design and Optimisation in the machining sector - Compa S.A. and Ficep SpA. 
2. Factory Ramp-up and Monitoring phases in the automotive and aerospace sectors - 

Volkswagen Autoeuropa and Alenia Aeronautica SpA  
3. Factory Reconfiguration and Logistics in the automotive and white-goods sectors - Audi 

Hungaria Motor Kft. and Frigoglass S.A.I.C. 
4. “Next Factory” scenario aims at demonstrating the applicability of the VFF on the entire 

factory lifecycle. This integrated scenario focuses on the woodworking and automotive sectors 
- Homag AG and Comau Powertrain SpA. 
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Fig.3. Demonstration scenarios [5] 

3. Conclusion 

In this article it has been presented the basic structure and goals of the Virtual Factory 
Framework project. Thirty partners from 11 European countries worked on this project. The project 
has been finished on February 2013.  
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Abstract. Energy is necessary for many processes that take place in industry, households and it is a very 
influential factor affecting the development of the society. During the combustion process of fossil and 
renewable  fuels are generated pollutants into the atmosphere. These have a negative impact on human and 
animal health, the Earth's climate and environment. The most monitored pollutants are: particulate matter, 
carbon monoxide, nitrogen oxides, sulfur dioxide. In this article are analyzed different types of dendromass 
and production of particulates during the combustion. The effect of various dendromass to formation of 
emissions in small heat source is evaluated as well. 

Keywords: dendromass, particulate matter, gravimetric method, heat source. 

1. Introduction 

The combustion of solid fuels causes formation of emissions and particulate pollutants at 
different concentrations. It is necessary to reduce the amount of pollutants to acceptable levels. 
Obtaining long-term ambient data in areas that are polluted from large industrial sources, it was 
found the increase of substances that contribute to changes in the atmosphere. This involves small 
combustion installations in homes where they are burned different types of solid fuel.  

From the combustion chamber of boiler are solid particles entrained with flue gas stream and 
are now one of the most watched emissions.  

The solid particles are entrained with flue gas stream from the combustion chamber of boiler 
and are now one of the most watched emissions. Particulate matter (PM) consists of soot, inorganic 
matter (ash) and organic matter (non-volatile flammable). Particles are imported into the flue gas by 
ash, non-volatile and combustible soot. Various type of wood have different composition and 
properties such as calorific value, ash melting behavior of temperature, which greatly affects the 
production of PM. In this work, experimental measurements were carried out, focused on the 
formation of PM during combustion of different types of dendromass in a small heat source. 

2. Methodology for measuring particles (PM) 

Methods for measurement of pollutant emissions can be carried out for particulate matters and 
gaseous substances. Available methods for measuring solid emissions are based on a basic fluid 
properties. 
 
Gravimetric method 
 

Gravimetric method is the manual single method with sampling of the flow gas by probe. It is 
based on determination of the median concentrations by sampling from multiple points of 
measurements cross-section and their subsequent gravimetric assessment. Solid contaminants are 
usually separated by an external filter. 
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Representative sampling is performed by sampling probe suitable shape and the correct speed 
under isokinetic condition. 

The cumulative collection can provide in the cross section average concentration but not 
concentration profile. Flow velocity, or flow of the sample gas is measured by ensuring of 
isokinetic, for example by aperture track and a total collected amount of gas by gas meter. The 
principal scheme of a gravimetric method is shown in Figure 1. 

 

 

Fig. 1. Scheme of gravimetric method 
 
The advantage of the gravimetric method is its simplicity. In particular, mutual reproducibility 

and comparability of measurement results regardless of the type of device, the air flow, type of filter 
material, the suction speed etc.  

 

3. Experimental measurements 

As the heat source was used fireplace with rated power 6kW , which can be seen in Fig.2. 
Bottom of the combustion chamber is topped with grate and under is the container where the ash 
falls. Access to the combustion chamber is  through the doors that are glazed with high heat 
resistant glass. During the combustion of the fuel door must always be closed in order to prevent the 
rapid burning of fuel and overheating of device. 

Dust sampling was performed 5 minutes after the start of experimental measurement and 
sampling duration lasted 30 minutes. Sucked volume passed sampling probe towards to device 
which was collected solids sample is the flat filter. The amount of collected particles was converted 
into gas sample volume. Mass of the collected PM is found so that after sampling all the captured 
particles were dried and weighed. 
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Fig. 2. Scheme of gravimetric method 
 
During the experiment, the different types of wood were tested. Every measurement lasted 1 

hour and was burned to about 1,5 kg of fuel. For the experimental measurements were used the 
following types of wood that are listed in Tab.1. 

 

Type of fuel Calorific value [MJ/kg] Humidity [%] 

Beech 17,5 7,64 
Spruce 19,3 7,87 
White birch with bark 28 18,15 
White birch without bark 19 18,15 

Tab. 1. Types of wood and their parameters. 

 

4. Experimental measurements 

Formation of emissions is largely influenced by type of fuel that is burned in heat source. Every 
fuel has different properties and chemical composition, which ultimately affects the combustion 
process, the amount of actual emissions and ash content. During the experimental measurements 
were secured the same combustion conditions, i.e. uniform supply of primary, secondary and 
tertiary air, the same pressure in chimney (12 Pa) and a maximum dose of 1.5 kg of fuel. 

Particulate measurement were conducted on all types of wood for 30 minutes. During this time, 
the individual samples collected PM that were captured the filter. These were subsequently stripped 
of moisture and weighed. Concentrations of particulate matter were determined by difference 
weight of the filter before and after the measurement. The highest amount of particulate matter was 
observed in measurements of white birch with bark and beech (Fig. 3). 
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Fig. 3. Average concentrations PM for different types of fuel 

5. Conclusion 

In this research work was carried out analysis of the impact of different types of dendromass to 
the formation of particulate matters during the combustion process. The results of measurements 
indicates that the type of fuel has a considerable influence on the combustion process and the 
formation of particulate matters. This phenomenon is largely influenced by the different properties 
and chemical composition of different types of dendromass. 

In the case of birch without bark, the lowest values of PM were measured, suggesting that the 
bark of firewood has a significant proportion on the formation of solids particles. 

The measured results show that the type of firewood affects emission parameters of the heat 
source. 
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Abstract. The paper deals with development and application of an energy efficient position control 
algorithm for minimization of power consumption.  There are two control strategies how to improve 
efficiency of position controlled drive with induction motor.  The first algorithm improves efficiency as a 
result of losses minimization and the second one is based on MTPA control.  Both algorithms are verified by 
simulations and experimentally for indirect vector control of IM. 

Introduction 
Drives with three-phase induction motor (IM) are widely used for their low costs, simplicity, 

and ruggedness.  Nowadays, energy consumption of electric motors all over the world is between 
43% and 46% of global electricity consumption.  Therefore, it is very important to increase the 
efficiency of the electric drives [1].   

 Motor model of IM considering core loss 
The voltages of stator and rotor windings for squirrel-cage rotor are expressed as: 

 qmm
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where ωs is the slip frequency, which is given as: ωs=ω1-ωr.  
Stator and rotor magnetic fluxes are expressed as follows: 

 dmmdslsds iLiL +=Ψ               qmmqslsqs iLiL +=Ψ  
(3) 

 dmmdrlrdr iLiL +=Ψ               qmmqrlrqr iLiL +=Ψ  
(4) 

The branch currents are described by the following equations: 

  dmdFedrds iiii +=+               qmqFeqrqs iiii +=+  (5) 

For IM running in motoring mode, REMF (rotating electromotive force) is larger than TEMF 
(transformer electromotive force).  Neglecting TEMF and according to Fig. 1, the currents via 
magnetizing inductance and via iron-loss resistance are as follows: 

 
Fe

qmm
dFe R

iL
i 1ω

−=                      
Fe

dmm
qFe R

iL
i 1ω=  (6) 

 
 
The machine developed torque is as: 
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 ( )qrdrdrqre iipT Ψ−Ψ=
2
3

, (7) 

where p is the number of poles in pairs [2,4]. 
 

 
a) d-axis equivalent circuit 

 
b) q-axis equivalent circuit 

 

Fig. 1  Equivalent circuit of induction motor in d-q rotating frame 

Losses of induction motor 
There are two types of IM losses, direct and indirect.  Direct losses consist of winding loses and 

iron losses, which are represented by hysteresis loss and eddy current losses.  Fan cooling and 
friction losses are lumped together as indirect losses.   

1) Stator  losses in steady state : 

  . ( )222

2
3

3 qsdsssscus iiRIRP +⇒=∆  (8) 

2) Rotor losses in steady state 

 ( )222

2
3

3 qrdrrrrcur iiRIRP +⇒=∆ . (9) 

3) Iron Losses 
IM working at nominal conditions produces iron losses in stator iron only, due to very low slip.  

According to Steinmetz equation the iron loss of the motor is: 

 seshehFe mBkmBkppP 2
1

2
1 ωωβ +=+=∆  , (10) 

where kh and ke are hysterezis and eddy current constants and β is the Steinmetz constant, B is flux 
density in [T], ω1 is frequency of magnetic field in [rad/s], ms is mass of stator core in [kg].   

In equivalent circuit, the dissipated power of iron-loss resistance is as follows: 

 
( )

Fe

qmdm
Fe R

P
222

1

2
3 ψψω +

=∆  . (11) 

Rotor-flux orientation meets conditions ψdm= ψdr; ψqm=0, therefore (11) can be rewritten as: 
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4) Friction and windinge losses 
These losses are represented as a function of the IM angular speed caused fan rotation. 

 32
rwrfmech CCP Ω+Ω=∆  , (13) 

where Cf is friction coefficient, Cw is windage coefficient and Ωr is angular rotor speed. 
5) Stray load losses 

The stray losses are limited to 1-2 % of IM input power. 
6) Input Pin and output Pout power 
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 ( )qsqsdsdsssin iuiuIUP +⇒=
2
3

3  . (14) 

 reout TP Ω=  (15) 

Input power expressed as output power and motor losses is given: 

 lossoutin PPP +=  , (16) 

where: 

 straymechFecurcusloss PPPPPP ∆+∆+∆+∆+∆=  . (17) 

Algorithms for minimization of energy consumption 
For minimization of IM energy consume two control algorithms are investigated.  The first 

algorithm is based on motor losses evaluation where optimal mg. flux of IM is calculated from 
motor losses taking into account values of desired speed and load torque.  Second algorithm is 
based on Maximum Torque Per Ampere control, where relationship between IM current 
components in d-q axis is based on the condition ids=iqs. 
 

I. Control Algorithm respecting Optimal Flux of IM 
The control strategy is based on motor losses of IM according equation (17), where stray-load 
and mechanical losses are neglected.  Motor losses are then given as [6]: 

 Fecurcusloss PPPP ∆+∆+∆=  (18) 

Then optimal mg. flux is calculated as: 

 4

41

632

XX

XXX
optdr +

++=ψ  , (19) 

where X1 – X6 are defined in (20). 
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II. Maximum Torque Per Ampere Control 
Operation at ‘Maximum Torque Per Ampere’ is achieved if IM slip frequency is adjusted 

according to given torque, to minimize the stator current magnitude.  Such operational mode is then 
described as MTPA.  Where the algorithm for optimal flux as given as [3,6]: 

 e
r

dr T
p

L
MTPA 3

2
=ψ  (21) 

Comparison OF Control Algorithms  
By comparing of both proposed control algorithms it can be found that optimal mg. flux 

algorithm is more accurate than MTPA, but the differences are very small.  Fig. 2a shows 
differences between these algorithms, where optimal flux of IM is adjusted at low speed.  For 
nominal speed the difference between algorithms completely disappears as it is shown in Fig. 2b.  
On the other hand the optimal flux algorithm depends on IM parameters, which can change under 
operation, while MTPA algorithm is very simple for implementation [7]. 
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a) at low speed 

 
b) at nominal speed 

 

Fig.2 Differences between control algorithms of rotor flux 

EXPERIMENTAL RESULTS 
The IM parameters used for experiments are listed in Appendix.  For comparison the ordinary 

indirect vector control of IM (with corresponding iron losses) is implemented via dSPACE system 
for constant rotor flux Ψdr=1 Wb.   

 

 
 

Fig.3  Block diagram of IM indirect vector control taking into account iron losses 
 
Experimental results are shown in figures below.  
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Fig.4  The curve of position control of IM 

 
Fig.4 a) shows all three defined position measurements during data collecting interval.  Fig. 4b 
clearly demonstrate minimum differences between clasicall vector control and applied energy 
minimization algorithms.   
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Fig.5  The curve speed and load torque of IM 

 
Motor angular speed as a function of time is shown in Fig. 5 a).  The same time function for 
machine torque calculated using torque observer [7] is shown in Fig. 5b. 
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Fig.6 The curve optimal flux and consume power 

 
Optimum magnetic flux of three position control strategies shows Fig.6.  Magnitude of ordinary 
vector control is constant while optimized magnetic fluxes are function of speed and load torque.  
Fig.6 b) shows power demands whole measurement interval. 
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Fig.7 Consume energy during position control 

 
Comparison of consumed energy during whole control interval shows Fig. 7.  As can be seen the 
highest energy demands has ordinary vector control with constant flux.  Both investigating flux 
optimized control algorithms show lower energy demands if compared with classical one.  In detail 
observation the ‘Optimal flux control’ is more efficient then MTPA because it respects rotor speed 
and load torque while MTPA depends on load torque only.  This is the reason why is this control 
technic economical than others methods. 

CONCLUSION 
As presented both optimized control algorithms improve drive efficiency during position control.  
Highest energy savings are achieved during constant value of position as can be seen from Fig. 4a) 
and Fig. 7.  In spite of slightly negative influence of optimization control technics on drive’s 
dynamic response due to applied slow position changes the minimum differences in drives 
dynamics were recorded.  In the future it is highly desirable to investigate energy saving control 
strategies also for drives with high dynamics. 
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APPENDIX 
Parameters of induction motor 

Rs 5.155 Ω Rr 4.426 Ω 
RFe 1755 Ω Lm 0.271 H 
Lls 0.019795 H Llr 0.019795 H 
J 0.0035 kg.m-2 p 2 
UN 400 V nn 1420 r/min 
PN 1.5 kW Te 10.1 Nm 
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Abstract. The article deals with the introduction of the OPC standard that is used for designing SCADA / 
HMI application. The article describes the methods of communication with a commercial SCADA / HMI 
system Control Web. This article is an example of visualization system deployment and management of 
intelligent measuring system. 
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1. OPC standard 
OLE for Process Control (OPC) introduces the first successful communication interface 

between programmable logic controllers, sensors, actuators and on the other hand there are operator 
panels or industrial information systems. OPC is used by users who do not have to be more bounded 
to technical equipment and to protocols from different companies. Standard OPC is secured by a 
non-profit organization that is called OPC Foundation. Using this standard is for free hence we do 
not need to pay more money for a license fee.  

OPC creates a program layer between technical equipment and programs that communicate 
with this equipment (hardware). Elements of industrial automations equipped with an OPC server 
are applicable without any problem. For instance there are graphical cards equipped with a driver 
for a concrete control system. Nobody needs to study technical details about a chip of the graphical 
card. There is only the need to install the driver and everything works instantly. We might see the 
same example with OPC server. There is also a need to install the driver of OPC server for concrete 
hardware and programs that can be connected to the OPC server (OPC client).  

Standard OPC is really large so it can cover a variety of industrial automation areas. The 
fundamental equipment is also OPC Data Access which is used by OPC client for a Control web 
system. 

 

1.1. Methods of communication in OPC 

 
Users or clients have a huge pile of requirements and so the standard OPC defines a lot of ways 

of communication to satisfy that requirements.  
 
Synchronic communication (always waits for a transmission of data to/from a system. 

• Synchronic communication (working with a buffer storage for a server ) 
• Asynchronous communication (always communicating with system) 
• Periodic communication of a server with a system and a callback to the client when data 

change. 
 

The first and the second way of communication assume that the communication could 
be created by the server. In the first case there is storing the data in the buffer storage and in 
the second case changing the data by calling back the client (asynchronous communication).      
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Fig.  1 Principle of communication in OPC standard. 

 

2. DEVELOPMENT ENVINRONMENT - CONTROL WEB 
 

Control Web is a universal tool which is usually used for a development of visualizations, 
control systems, data capturing, data processing and applications of HMI (Human machine 
interface).     

Object oriented architecture provide to applications of Control Web an appliance from the basic 
(time unassuming) visualization to the control systems that are performed in real time. The goal of 
designing Control Web is to provide to users the ability to create any type of system in an easy way. 
All of those activities have to be in collaboration with Standard OPC (Fig.1). 

 

2.1 CONFIGURATION OF THE OPC CLIENT IN CONTROL WEB.  

OPC client in Control Web might be configured by a program-routine - configuration of the OPC 
client. This configuration represents all available OPC servers and their versions. In the next step 
there is a need to define tags, which we would like to visualize or control. After those steps, we are 
ready to generate a parameter file, which is consequently imported in the development environment 
as a source of the data.  

 
Fig. 2. Browsing the available OPC servers. 
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3. Description of SCADA/HMI (Intelligent modular system of quality 
control) 

 
Fig. 3. The main window of the application. 

 

Modular approach is used during designing of this application. Every module from this 
application has its own three dimensional model and a window that is used to visualize and control 
a technology. The 3D models are created by the data from the technology. The data are received in 
real time, therefore, the user has an information about an actual status or about an activity of 
modules. Moreover, the user can control the modules by the applications created in Control Web. 
Above all those applications, there is a main application, which is used to manage every module 
(starting, stopping modules …).  

If there is a requirement, this application will be able to be expanded by new modules and 
functions. 

Two kinds of applications can be generated by Control Web. The first one is a development 
application, which can be edited, and it is used during designing in real conditions. The second one 
is a client application, which cannot be edited and there is no need to have a development edition of 
Control Web. On the other hand Run Time edition, which contains a file of functions and libraries, 
has to be installed in client´s computer.  

 
Essential parts of our application (Fig.3): 
 
1. The main window of the application which contains basic information about the measuring 

system and a menu for management of every module.   
2. This window contains three dimensional model, which reproduces the real technology in the 

real time. And what is more, we can change the three dimensional model viewing angle. 
3. Setting the basic parameters, which belong to concrete model, is realized in the control 

panel. After selection of the measuring and manipulating models we can activate the process 
by pressing the button on the screen.    

4. Here we can see part the source code of the application.  
 

  

1. 2. 

3. 

4. 
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4. Conclusion  
 
The goal of this article was to describe the principle of OPC standard. Moreover, following 

this article we can understand advantages of using OPC instead of closed architectures. The 
application created in Control Web and using OPC standard sends and receives the data from the 
technology via Ethernet network and standard TCP/IP. The Ethernet networks are typically used for 
communication in various industries which makes the implementation of OPC standard to the 
manufactural process in the industrial production.  

The additional possibilities of receiving the data from the technology (a process layer) are 
intelligent modules of control systems. These intelligent modules can export the data straight from 
the process layer to databases, which are used by manager´s system (MES, ERP …) 

 
Research and development of a prototype based on unmanned technologies and subsequent 

application of knowledge gained in practical terms ITMS code 26220220122 "on the basis of 
Operational Programme Research and Development financed by the European Regional 
Development Fund. 
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Abstract. The article is focused on use of the module "machinery" of the MSC.Adams. Adams/Machinery is 
designed for rapid and thorough designing simulations of gearboxes. With Adams/Machinery has been made 
design of simple model of two-stage gearbox, with permanent overdrive. Basic simulations have been made 
these are aimed at finding the characteristics of describing the behavior of the shafts in bearings. The 
characteristics were monitored in a manner comparable with real measurements on real devices. Due to use 
of the complicated geometry and mechanics of contacts, the simulation has been conducted in two steps for 
highlighting of the important differences between the direct and step method of loadings. 

Keywords: gearbox, MSC.Adams/Machinery, accelerations, mechanics of contacts  

1. Introduction 

The Adams/Machinery will guide the users in pre-processing via automation of such activities 
as geometry creation, subsystem connections, and so on. This will also help users in post-processing 
by providing automated plotting and reporting for commonly desired output channels. It has the 
GUI-driven wizard-style user interface which prompts users more for physical quantities than 
virtual ones. It has user friendly in-line help and general useful information about the components 
and connections and applicability of the modeling fidelity options. The users provided with the 
options in the GUI to edit, modify and to change the modeling fidelity options by going back to the 
input wizard Adams Machinery Gear used to create simplified or detailed involute spur/helical and 
bevel gears in Adams/View. Both external and internal gears can be created. The Machinery Gear 
creates gear forces as well as gear geometry. The gear force and the gear geometry will be acting on 
and added to existing Adams Parts (Bodies) created by Machinery Gear. In spur and helical gears 
both external and internal gears are created. The Machinery Gear creates two things: 2D or 3D gear 
forces and contact gear geometry. The gear force and the gear geometry will be acting on and added 
to existing parts. The Machinery Gear creates external and internal spur and helical gear shell 
geometry. A hole for shaft can be included for the external gear geometry (optional), while for the 
internal gear geometry it is possible to enter an outer radius of the gear. The created geometry is a 
closed solid geometry, which makes it possible for Adams/View to automatically calculate the 
correct mass and inertia for the gear, with any given material or density. It is possible to define the 
level of detail for the gear geometry (solids). With a more detailed geometry, a better, smoother, 
result will be achieved (this is not valid for the Simplified Gears). 

1.1. Simplified Gear Method 

The Machinery Gear's simplified gear method calculates the gear forces for spur, helical and 
bevel gears. The contact routine consists of two major parts, the backlash calculation and the gear 
force calculation. Friction forces between the teeth are not included. The Adams Machinery Gear's 
simplified gear method is very computational efficient and therefore suitable to use in complex gear 
applications like complete manual and automatic gearboxes. 
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1.2. Detailed Spur Gear Method 

The Machinery Gear's detailed spur gear method calculates the contact forces by using the 
involute function (which describes the tooth profile) and the contact properties specified by the 
user. By measuring the relative displacement and velocity between the two mating gears, together 
with the tooth profile information, it is possible to calculate when and where contacts between the 
gears occur (up to 3 teeth can be in contact at the same time). This concept makes the Adams 
Machinery Gear's detailed spur gear method extremely computational efficient and therefore 
suitable to use in complex gear applications like complete manual and automatic gearboxes. 

1.3. Contact Gear Method 

The Adams Machinery Gear contact based gear method lets the user easily create detailed 
involute gears in their Adams model. The gears are fully 3-dimensional both in terms of the gear 
tooth contact, but also in terms of how the pinion and gear are allowed to translate and rotate 
relative each other. This means that the gear pair does not need to be constrained to the same plane 
as for the 'simplified gear' and 'detailed spur gear' methods. The Machinery Gear version uses the 
new faster Adams Contact Statement and takes advantage of the shell to shell contact capabilities. 

2. Subject of Diagnosis 

The subject of diagnostics was two-step gearbox with helix gears. Insight and scheme are on 
the pictures “Fig. 1” and “Fig. 2”.  

 

 
 
Fig. 1   Two-stage gearbox insight 

 
 
Fig. 2   Two-stage gearbox scheme 

2.1. Tuning of simulations 

Input speed has been defined with magnitude 900/rpm.  Angular velocity then equals    
ω=95rad /s. Angular velocity was given in to input shaft with help of STEP function in form: 

 

)95,2,0,0,(timestep  (1) 

 
Purpose of STEP function is gradual increasing of momentum to an input shaft “Fig. 3”. This 

solves complications of transient phenomena, which are modulated in processes with stable 
working regimes “Fig. 4”, caused by direct loadings via DIRECT input “Fig. 3”.  Using mechanics 
of contact with the DIRECT input of momentum causes a modulation of errors on the rest of spectra 
“Fig. 4”. The final effect is the regular spectrum without interferences from transient phenomenon 
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on the beginning of loadings. Due to use mechanics of the contacts the accuracy of solution depends 
on size of the time step. 
 

 
Fig. 3  Velocity on the input shaft STEP(red) and DIRECT (blue) 
 

 
Fig. 4   Comparison of a transients after effects 
 

2.2. Objectives of simulations 

The aim of the simulations is acquisition of characteristics from mounts of shafts. The aim is to 
compare the fair value measurement. The target characteristics are therefore acceleration at the 
bearings as shown on figures Fig. 5 and Fig. 6. 

 
Fig. 5   Axial acceleration in output shaft 
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Fig. 6   Radial accelerations in output shaft 

3. Conclusion 

Adams Machinery Gear enables you to work faster and smarter with gears - creating forces and 
geometry. Creating gear trains at the level required; simplified gear without using detailed gear 
tooth geometry to advanced contact with detailed gear tooth geometry. You could use the one of the 
following methods of creating your gear pair. 

 
At the moment we are interested about analysis of the steady-state acceleration signal of 

bearings in this steady state, because we intend result of simulation confront with results of dynamic 
measurements in the diagnosis of gearbox. 
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Abstract. Range Extender System  – RE – is a special kind of a hybrid drive which fulfills two conditions: 
the batteries powering the electric motor allow for covering the distance of about 50km, the combustion 
engine has enough power to continue driving once the batteries are discharged, but the accelerations and 
speeds are much lower than the performance of a car driven by an electric motor and /or a combustion engine 
[1,2]. The presented way of use means imposing special requirements on the engine working in the Range 
Extender. In the case of an average car driven exclusively by a combustion engine, its random use has been 
examined quite thoroughly; there are characteristics formed of, inter alia, defining the engine work time 
share in particular points which make up the whole area of the general characteristics. In the case of an 
engine operating in the Range Extender, the most frequent areas of engine use are not known, which 
obviously results from a relatively new concept of the system. The market acceptance of the idea is also 
unknown, since so far the Range Extender has not been proposed next to classic vehicle drives by the biggest 
passenger car manufacturers. In the presented situation one can, however, anticipate what engine work 
parameters result from the concept of the system and examine what possible effects of engine use there may 
be in the area of its most frequent parameters of work. The authors of this article were particularly interested 
in the efficiency and durability of the piston-cylinder group during frequent engine stops and starts as well as 
instantaneous maximum load. Such cycles of use in a classic car drive would lead to a rapid abrasive wear of 
the bearing surface of the cylinder and the lateral surface of the piston. Counteracting the described processes 
is possible by applying enriching layers onto the surfaces in contact. The authors tested the results of 
enriching the bearing surface of the lateral surface of pistons with a layer of carbon nanotubes (CNTs). 

Keywords: range extender, oil film parameters, friction, piston skirt coating, carbon nanotubes 

1. Introduction 

The main requirements imposed on combustion engines of the RE are as follows [1,2]: 
- low weight and engine capacity, expressed by the mass and volumetric power indicator 
- the possibility of frequent engine start and stop,  
- extended engine durability 
- high overall efficiency of use under the conditions of generating maximum engine power,  
- a small number of cylinders, 
- generating the least noise, 
- a compact size,  
- a low cost of production.  
Unfortunately, the presented requirements are partially internally contradictory, i.e. while 

deciding on a small number of cylinders (mostly 2 or 3), one automatically assumes that such a unit 
will emit more noise than, say, a 4-cylinder inline engine. Frequent engine stop and start does not 
favor long durability understood as resistance to  engine abrasive wear, which results from the  lack 
of oil film on the bearing surface of the cylinder during engine start. The shown contradictory 
requirements can be partially met by synthesizing a layer of CNT [3] on the lateral surface of 
pistons. The authors of this article have developed a method to synthesize CNT layer on the surface 
of AK 12 aluminum alloy of which pistons not exposed to high temperatures are most frequently. 
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2. Research program 

High durability and reliability of the internal combustion engine is usually accompanied by low 
frictional resistance. In particular, the frictional losses occurring in the cylinder-piston group have a 
significant impact on the frictional losses of the whole engine. During average conditions of engine 
use the frictional losses in the cylinder-piston group constitute over 50% of the entire frictional 
losses [1], therefore, even a relatively small decrease in the friction force of the piston on the 
bearing surface provides a noticeable increase in the mechanical efficiency of the whole engine. 
Fig. 1 presents, inter alia, the course of the friction force of the piston on the cylinder bearing 
surface of a two cylinder combustion engine with the 700cm3 cylinder capacity in the naturally 
aspirated version.  

 
Fig. 1. The course of the thickness of the oil film, the thickness of the layer, and the frictional force of the piston on 
the bearing surface of the cylinder; the main parameters accepted for the simulation are combined above the graphs, and 
the resulting parameters below these graphs. 

Supercharging the engine causes a significant change in the parameters of the oil film. If the 
supercharging pressure amounts to 0,19MPa, the analogous curves as in Fig. 1 proceed as it is 
presented in Fig. 2. 

 

 
Fig. 2. The course of the thickness of the oil film, the thickness of the layer, and the frictional force of the piston on 
the bearing surface of the cylinder for an engine supercharged by pressure equaling 0.19MPa; the main parameters are 
combined above the graphs. 

While comparing the courses of the frictional forces of an naturally aspirated engine – Fig 1 
and a supercharged engine – Fig 2, one can notice significant differences in the compression stroke 
– the crankshaft rotation angle in the range of <180 °, 360 °> - and the expansion stroke –  the 
crankshaft rotation angle in the range of <360o,540o>. It is quite an obvious regularity, since 
supercharge causes an increase in the normal forces of the piston. However, it appears that the 
increase in the normal forces of the piston, which is due to the supercharge, does not necessarily 
lead to an increase in the frictional forces. The course of frictional forces is affected to a large 
extend by the position of the piston caused by its transverse motion. Although this motion is limited 
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by installation clearance, but as it appears even small transverse motions of more than ten 
micrometers [4], connected to oscillating motion of an angle of several miliradians have a 
significant impact on the thickness of the oil film between the piston skirt and the bearing surface of 
the cylinder.  Whereas the thickness of the oil film, which is  marked by means of the thickest line 
in Fig 1 and 2, affects the course of the frictional forces. As a result, during the compression stroke 
and for the crankshaft rotation angle  equaling 280°, the frictional force in the non-supercharged 
engine is larger than in the supercharged engine. In the first case, the force reaches the value of 
27N, and in the other – only 23N. Taking into consideration the entire cycle of the engine work, the 
mean value of the frictional force of the piston on the bearing surface increases along with 
the increase in supercharge pressure. The average piston friction power on the bearing surface of the 
cylinder for a non-supercharged engine stood at 161W, and for a supercharged engine – 187W.  

Supercharge pressure has little effect on the frictional force of the rings against the cylinder 
bearing surface.  Figures 3 and 4 show the courses of frictional force, the thickness of the oil film 
and the oil layer left on the cylinder bearing surface by the piston gas ring, for the non-supercharged 
and supercharged engines respectively. 

 
Fig. 3. The course of the thickness of oil film, thickness of the layer and frictional force of the gas ring against the 
cylinder bearing surface for a non-supercharged engine; the main parameters are combined above the graphs. 

 
Fig. 4. The course of the thickness of oil film, thickness of the layer and frictional force of the gas ring against the 
cylinder bearing surface for an engine supercharged with the pressure of 0.19MPa; the main parameters are combined 
above the graphs. 
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Depending on the level of supercharge, the slight differences in the average piston friction 
power result from the supporting down-force of the ring to the cylinder sleeve by gaseous forces 
and this is so only when there is a difference in pressure above and below the ring. Because the 
pressures do not vary above and  below the oil control ring, therefore the friction power of this ring 
in both analyzed instances amounted to 0,149kW.  The value of this parameter is marked in the last 
row as Nr3 in Fig. 3 and 4. As a result of friction, the piston gas ring dissipates power at an average 
level of Nr1 = 0,120kW in the case of a non-supercharged engine, and 0,130 kW in the 
supercharged version.  

Friction power of the gas ring in the supercharged engine is then about 8% greater than in the 
naturally aspirated version, which is due to a significant difference in pressures above and below the 
ring. However, the situation can be improved by reducing the curvature radius of barrel shaped 
piston ring sliding surface which is mapped by the ring sliding surface. By a double reduction of  
the radius of curvature one obtains the course of frictional force of the gas ring as it is presented in 
Fig 5. 

 
 
Fig. 5. The course of the thickness of oil film, thickness of the layer and frictional force of the gas ring against the 
cylinder bearing surface for an engine supercharged with the pressure of 0.19MPa; at a double reduction curvature 
radius of the gas ring sliding surface; the main parameters are combined above the graphs 

The friction power, which amounts to 0.112kW, is in this case even smaller than for the same 
ring in the non-supercharged version – Fig 3. Experimental verification of the results confirms the 
possibility of supercharging the engine working in the Range Extender without deterioration of its 
properties, especially its mechanical efficiency. However, in order to prevent negative effects of the 
local discontinuity of the oil film, the authors are conducting studies on the impact of applying  
CNT layers on the lateral surface of the piston on frictional losses. For this purpose, a test station 
was built whose main unit is a piston combustion engine coupled with an asynchronous electric 
machine which could operate as a motor or generator. 

3. The test station 

The test station is a unit consisting of an internal combustion engine and an electric machine. 
These devices are connected by a shaft which is a torque meter at the same time. A general view of 
the station is presented in Fig. 6. 
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Fig. 6. The test station with a visible internal combustion engine on the left-hand side.  

The combustion engine is shown on the left-hand side in Fig. 6, whereas the electric machine 
coupled with it is obscured by a heat exchanger and a fan which enable to maintain a highly 
accurate desired temperature of the combustion engine.   

Fig. 7 presents an exemplary course of the coupling moment of the station units, once 
the components generated by the vibrations of the shaft are filtered out. 

 
Fig. 7. The course of the coupling moment of the combustion engine and the electric machine – the blue line, and 
the course of the moment once the components generated by vibrations are filtered out – the green line; the red line 
indicates the course of the filtered signal; the courses were obtained for a factory piston 

The course of the moment generated by gaseous, inertia and frictional forces – marked green 
in Fig. 7 – causes resistance to motion whose mean value is 3.365Nm. Taking into account the 
engine shaft speed of 1000 rpm, one obtains the resistance-to-motion power amounting to 0.352kW. 
These are large energy losses which significantly reduce the mechanical efficiency of the engine. In 
order to reduce these losses which are mainly caused by the friction of the piston against the bearing 
surface of the cylinder, more and more frequently the lateral surface is coated with an enriching 
layer which reduces friction when an oil loss occurs.  

The authors have examined the impact of applying a layer of carbon nanotubes on the lateral 
surface of the piston. Certain beneficial effects of such a process have been observed. Fig. 8 
presents the measurement results of the coupling moment of  the electric machine and the 
combustion engine whose pistons were coated with a layer of carbon nanotubes which are 5µm 
thick. 
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Fig. 8. The course of the coupling moment of the combustion engine and the electric machine – the blue line and  the 
course of the moment once the components generated by vibrations are filtered out – the green line; the red line 
indicates the course of the filtered signal. 

The torque generated by gaseous, inertia and frictional forces results in resistance to motion 
whose mean value is equal to 3.963Nm. Taking into account the engine shaft’s angular velocity 
which is equal to 1000rpm, one obtains the resistance-to-motion power amounting to 0.415kW. 
Therefore, this power is greater than the power which was recorded in the case of pistons without a 
coating layer of nanotubes on their lateral surface. This is probably the result of reducing the 
installation clearance of the piston in the cylinder. Coating the factory pistons with a layer of 
nanotubes which are 5µm thick caused a decrease in the installation clearance of 10µm, which 
means that the clearance eventually amounted to about 20µm, instead the designer’s anticipated 
clearance of 30µm. At present, work is being carried out aimed at matching the piston with the 
cylinder sleeve of a similar clearance for the piston with and without the applied layer of nanotubes. 

4. Summary 

The research conducted by the authors proved that supercharging small spark-ignition engines, 
working in the Range Extender, makes it possible to significantly increase their power while 
maintaining high efficiency, which is the idea of this system. A correction in the micro-geometry of 
the sliding surface of  the gas ring in the supercharged engine makes it possible to decrease 
frictional losses of this engine below the level defined for the non-supercharged engine version. 

Due to the higher thermal load of the supercharged engine it is reasonable to use coatings 
enriching the lateral surface of the piston, which is extremely desirable in the areas of the least 
values of the thickness of the oil film, so as it results from Fig. 1 and Fig. 2 – for the angle of the 
shaft rotation in the range of <260o,380o>. It should be emphasized, however, that the coatings 
enriching the lateral surface of the piston should not enlarge the diameter of the piston, which 
means that the piston intended for coating must be smaller in diameter than the factory piston by as 
much as the double thickness of the enriching layer. The conclusion exemplifies the main results 
and the fundamental ideas presented in the manuscript. 
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Abstract. At this time, however, the emphasis on the transition more sustainable forms of energy, renewable 
energy sources which are gaining in importance. Predictions based on existing facts suggest that renewables 
will contribute significantly to the total energy production. The article deals with a comparison of heat 
pumps with different types of fuel energy not only in terms of primary energy consumption, but also in terms 
of the efficiency of conversion of low potential of renewable energy to heat. 
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1. Introduction 

The principle of the heat pump has been known for over 100 years. The idea of heat pumps 
(HP) first formulated as early as 1852, Lord Kelvin (William Thomson) in its second low of 
thermodynamics. First constructor of HP in Europe,  was a Slovak native Aurel Stodola in 1928. 
The heat pump still works in Switzerland and heated town hall in Geneva with heat removal from 
the water of the lake. 

The time from idea to the realization was not given the demands of the technical solutions, but 
the economic and operational  difficulty of HP compared to other heating systems. World energy 
crisis in 70-years has brought a wave of global expansion heat pump installations. The result of the 
significant increase in the price of all types of energy,  have previously uneconomic these devices 
have gained their place in the market heat sources. 

Heat pumps are the most widespread in the USA, Canada, Japan and Scandinavia, which are 
used in the summer for cooling, ie. the air conditioning of building, in the winter for heating them. 
Currently all over the world tens of millions of these devices, which confirms their merits in terms 
of energy, environmental, but also social. 

2. The principle of the heat pump work 

Heat pumps need for its function a low-potential heat source ie. energy from another source 
(air, water, ground). 

HP has four main components: a compressor, condenser, expansion valve and evaporator 
involved in a closed circuit as shown in figure number 1. The principle of operation is based on the 
phase behavior working fluid in the inner circle of HP.  

Especially the characteristics of working substance such as boiling point and condensation 
depending on the pressure, must accomplish the thermal parameters of heat flows from the 
condenser to the evaporator. 
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Fig. 1. Working cycle of heat pump 

3. Electric heat pump versus Gas heat pump 

Gas heat pumps (GHP below) are constructional identical with electric heat pumps, the 
difference is that the electric motor to drive the compressor is replaced by a gas combustion engine 
with its own cooling circuit and the exhaust system. GHP work only in the air - water system but 
obtained heat not only from renewable energy sources, but also the engine cooling and exhaust 
system are participating of the total production of heat. Based on current analysis, it appears that  
transformation of primary energy into heat more effective in GHP. 

3.1. Coefficient of Performance COP  

Energy efficiency of thermal energy by heat pumps can be expressed by quantity of energy 
produced per unit of fuel energy supplied to the system. The higher the COP the more efficient the 
system is. 

 

      ��� �
����

�	

,        (1) 

 
where ��� [kW]   is energy produced at temperature  ���,	���  [kW]  is energy supplied to the 
heat pump (electric power or energy contained in natural gas). 

3.2. Primary energy ratio PER 

The value of COP is therefore an imperfect expression of the energy-efficiency thermodynamic 
circuits of heat pump, because it can not be generally used for comparison of heat energy systems 
with different types of fuel energy. 

 

      ��� �
∑��

∑��
,                                           (2) 

 
where 		∑ ��  is total fuel consumed energy, ∑� is the sum of useful energy flows received from 
the device. 

It is clear that the lower value PER system has, the use less primary energy per unit of useful 
energy and that is energy efficient. 
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4. Experimental measurement 

Heat pumps are installed at the area of University of Žilina. Measuring energy efficiency GHP 
and also EHP was realized in time from 02/19/2013 - 02/24/2013. Because heat pumps work in the 
system air - water, it was necessary to measure the weather data by the meteorological station at the 
time. The greatest impact on performance of HP air - water has outside temperature of  low 
potential heat source. Average daily temperatures were in the range - 6.1 to 4.9 ˚C. The outlet 
temperature of the HP was set to 45 ˚C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Schematic diagram of gas heat pump air – water (heat exchangers air / refrigerant (1), compressor (2), 
combustion engine (3) and exchanger for preheating of refrigerant (4), technology  unit called AWS (air water systems - 
5),  heat exchanger from engine cooling called HOTKIT (6) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Schematic of electric heat pump air – water installed in laboratory NE109 
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HP worked all the time in the heating mode. Because of were measured two systems with 
different input power was not possible to compare them on the coefficient of performance. 
Therefore, was determined the primary energy ratio PER for both the heat pump, which is in the 
picture number 4. The graph also contains average daily temperature during the measured period. 

 
Fig. 4. Comparison of PER heat pumps depending on the outside temperature 

5. Conclusion 

Measurement to obtain the relevant data on the gas heat pump in real conditions. The 
experimental measurements showed that the electric heat pump is more energy efficient under the 
same climatic conditions as compared to gas heat pump, the outdoor air temperature from - 6 ˚C to 
5 ˚C. 
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Abstract. The article deals with the combustion of biomass. As the heat source used wood stove rated at 
6kW. In stove is burned beech wood with a moisture content of 7.8%. Experimental device was designed to 
measure the impact of the type of combustion air emission parameter of the heater. Stove was joined on 
measurements section of gas with sampled measurements of gas temperature, gas composition and operating 
thrust. The article describes the main factors that affect the combustion process. 

Keywords: biomass, stove, emissions, the primary combustion air, secondary combustion air, tertiary 
combustion air 

1. Wood biomass 

Wood biomass is organic material that has been around for thousands of years for people one of 
the most important sources of fuel. This is based on its availability, good combustibility and 
calorific value. The largest share in the composition of woody biomass interested cellulose (about 
42%), hemicellulose (26%), lignin (25%), and other elements. A specific feature of wood and 
biomass in general is that among the fossil fuels has the largest share of gaseous matter (75-85%), 
which are released during the combustion process. 

Log wood as firewood in the most common form, which is intended for direct use for heating. 
Moisture content and calorific value of wood are among the key features of the wood. The burning 
damp wood combustion temperature decreases, leading to an incorrect oxidation of all combustible 
components. Consequently causing a foaming, clogging pipes smoke and to reduce the life of the 
boiler. For proper combustion and proper humidity wood ignites easily, burns almost without 
smoke and ash is low (about 1% of the original weight). 

1.1. The combustion process of biomass 

The burning of biomass in terms of the emission of harmful substances main criteria: 
• type of fuel (biomass, chemical composition, moisture biomass) 
• type of furnace (combustion technology, combustion technology equipment) 
• combustion air 
• combustion control. 

The article deals with proper redistribution of combustion air. The combustion of fuels 
contribute three different air currents: 

• primary (front) current is distributed through the grate directly into fuel. The amount 
can always control-to ignite the fire and control the speed of combustion 

• secondary (back) current process utilizations residual flammable gas that would 
normally escape the fumes unused chimney. Tends to increase efficiency and therefore 
lower fuel consumption. 
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• tertiary (top) - is used for blowing the windshield and prevents clogging and also 
contributes to a more ideal combustion and reducing emissions. 

2. Experimental device 

The measurements were performed in the test room. Stove was installed in the test corner. To 
stove has joined chimney, which was located on section measuring gas. Stoves are linked on the 
supply pipe of combustion air. The design of the stoves allows to change the position of the 
secondary combustion air. The secondary combustion air is carried in 4 positions. The amount of 
combustion air supplied to the combustion process is measured by the indirect method by 
anemometer. 

             
Fig. 1. Involvement of the stove. 

 

2.1. Regulating of combustion process 

Inlets of combustion air were ensured a primary, secondary and tertiary air. Optimal regulation 
was set to on the supply pipe measure of control flap IRIS 80.At each supply pipe was built fan RM 
100L, which has been linked to frequency inverter VQFREM. With fan was ensure a require 
amount of combustion air. Supply lines were connected to capacity storages used to control 
regulation of combustion air. Task was to eliminate the pressure drop on the supply pipes. 
Removing the pressure drop was provided by micromanometer. Linking supply pipe with 
micromanometer was secured through a silicone tube. Pressure drop was eliminated continuous 
variable speed fan. 

           
Fig. 2. Involving of fan and anemometer in the supply pipe. 
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The required dosage of fuel is calculated according to: 

η.
..360000

u

bn
n H

tP
B = . (1) 

Pn – nominal heat output of fireplace insert [kW] 
tb – shortes interval of the fuel supply according to STN EN 13 229 
Hu – calorific valve of the test fuel [kJ.kg-1] 
η – the lowest efficiency [%] 
 
Thermal power of fireplace insert is calculated according to: 

3600000

.. ηun HB
P = . 

(2) 

3. Experimental measurements 

The following section gives an impact dose of fuel and redistribution of combustion air on 
emission parameters of the stove. During the measurement, there were various mass flow rate of 
combustion air on supply pipe as a result of regulation of pressure drop. Chimney draft was set to 
12 Pa by fun. During the measurements were monitored and recorded values of CO, CO2, SO2, NO, 
O2, TOC in the flue gas. Tests were conducted at different doses of fuel: 1,5 kg.h-1, 2,0 kg.h-1, 2,5 
kg.h-1.The following figure shows the concentration of carbon monoxide at different doses and for 
different positions of secondary combustion air. 

 

 
Fig. 3. Average values of carbon monoxide according to the doses of fuel. 

 
From measurements results can be seen as affecting doses of fuel and secondary combustion air 

on emission parameters of the stove. The smallest concentration of CO at a dose of 1,5kg is 
achieved at 3 position of the secondary combustion air. Seen from the figure that the optimal setting 
for all doses is on 1 and 2 position of the secondary combustion air. To minimize the concentration 
of carbon monoxide, future measurements must be done. 
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Fig. 4. The time course of CO. 

4. Conclusion 

The combustion process is affected by several factors such as fuel type, combustion air and his 
redistribution of the primary, secondary and tertiary, structure of focal point and regulation of the 
stove.  

Control of the combustion process in the focus of the management of supply of combustion air 
is a natural and easy way to influence the combustion process. From our measurements show that 
the dose of the fuel and amount of combustion air affecting on emission parameters by stove. 
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Abstract. The contribution is listed possible application of heat pipes in systems for obtaining heat from flue 
gas of small heat sources. It is also stated in the contribution design an experimental device on which to 
study the impact of fill (the quantity, type of load) at various temperature parameters (temperature heating 
and cooling) thermal power transferred to the heat pipe. Is listed measurement methodology using heat pipes 
designed experimental facility, measurement results and analysis of the results obtained. 

Keywords: Heat pipe, heat exchanger, hot water, heat source. 

1. Introduction 

At present, the energy policy of the European Union but also in the Slovak Republic devoted 
high attention to the effective use of various forms of energy. A growing emphasis on energy self-
sufficiency, to increase the efficiency of energy facilities, as well as the use of renewable energy. 
Such an energy source (wood biomass) is also used in small heat source, usually to ensure thermal 
comfort in the homes. 

To a significant extent, affects the efficiency of energy transformation plants primary energy 
fuel for combustion and heat transfer heat from the flue gas into the heat transfer medium. Heating 
hot water and heating water, currently used mostly convective heat methods, which intensification 
is carried out based on a proposal of sufficient heat exchange surface area for a given temperature 
gradient dependent heat process used, respectively type of fuel. Proper design of heat exchange 
surfaces largely affects the overall efficiency of primary energy in the fuel. Hot water brings with it 
the problem of ensuring the safety of operation of the heat source. Therefore need to be installed in 
those facilities safety features, such as valves, expansion tanks and the like. 

2. Utilization of heat pipes for extraction of heat from the flue gas 

One of the unconventional ways heating of heating water, respectively hot water, which should 
increase the efficiency of converting primary energy in the fuel and safe operation of such devices 
is the application of heat pipes (with different kinds of materials and contents). Advantage of using 
heat pipe heat transfer is that they have a greater density of the transmitted heat flow, which gives 
rise to substantially lower the heat exchange surface in relation to the convection heating methods. 
Heat pipe based on its principle can be designed to ensure that the heat transport limitation in 
achieving the desired temperature on the condensing side heat pipe. Another advantage of the use of 
heat pipes is that the pipes with heat can be used the waste heat cannot be effectively used for the 
convection method hot water heating. 

A heat pipe is vacuum closed tube filled with a suitable working substance at a defined 
pressure. The use of heat pipe is necessary to consider a number of factors affecting its proper 
functioning. Selecting the heat pipe is mainly dependent on the technical applications, temperature 
range, and compatibility with substances tube material. An important factor is how much the 
working substance is used as a heat pipe filling. It is necessary that the required range of operating 
parameters, there is no lack of wetting evaporating surface of the tube, which would result in a 
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decrease in performance. Conversely too much working substance could lead to the formation of 
large bubbles of steam when the shock of phenomena. 

Heat pipe on the bottom of heated by gas so that the working fluid in the heat pipe will 
evaporate. Consequently, steam flows tube for colder end where cooled and condensed. Liquid due 
to gravity goes back to the warm end, which again heated, boils and evaporated. In this way, there is 
a movement of the working media associated with the transfer of heat to the boiling and 
condensation. 

Heat pipes are used to transfer heat - heat output while maintaining a small temperature 
difference between the evaporation and condensation section. This technology can be transferred at 
high heat performance small size equipment. The advantage of heat pipes is particularly intense 
heat transfer, and also a simple design, reliability, durability and sturdiness. At present, the heat 
pipe applied in many fields (communication and computer technology, space technology, etc.). 
Examples of the use of heat pipes is their application in power electronics cooling, waste heat 
recovery in the heat or removing ice from critical sections of road and rail communications. 

3. Experimental equipment 

To determine the performance of the heat pipe is proposed experimental device, which can be 
used to measure performance heat pipe with different parameters (amount of filling, heating 
temperature, cooling temperature, etc.). Based on the measurement results will be possible to design 
such a heat pipe, which can be safely heat the water in the tank hot water heat flue gas at the outlet 
of small heat sources. 

Performance putting the heat pipe is measured by wiring, which is shown in Fig. 1. 
 

 
Fig. 1. Description of measuring state. 

Heating of evaporating heat pipe is made with hot air (hot air gun) with a temperature of 
heating from 120 °C to 260 °C. Input and output air temperature sensed temperature sensors Pt 100 
type. 

Cooling of the condensation heat pipe was carried by the water flow and cooling thermostat. 
The heat from the condensation of the heat pipe is sourced water, to which the thermostat 
temperature was maintained at 20 °C, 40 °C and 60 °C. Volumetric flow rate was measured at the 
inlet cooling water temperature was recorded at its inlet and outlet. On the basis of these values to 
determine the performance of heat pipe for transferring heat from evaporating to the condensing 
section. 

Heating and cooling of the experimental facility was due to heat loss to the environment and 
objective measurements using calorimetric methods insulated Armaflex insulation. 

All measured values (input and output air temperature, inlet and outlet water temperature, 
ambient temperature, cooling water flow, the pressure in the heat pipe) was recorded using AMR - 
WinControla measurement panel AHLBORN ALMEMO 5690 to computer. 
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4. Evaluation of experimental measurement equipment 

Measurement carried out on the gravity heat pipe, in which the working fluid used as the 
distilled water with a volume of fill of 15 % (19.2 ml) and 20 % (25.6 ml), the volume of the heat 
pipe. Power tube heat transferred from the evaporating to the condensing section was determined by 
calorimetric method based on the known mass flow rate, specific heat capacity and the temperature 
difference of cooling water. 

Mean performance of heat pipe [W] was determined from the measured values with respect to 
the calorimetric method (1): 

∆t . .c m = Q 
.

, (1) 

where 
.

m  is the mass flow rate of the heat transfer medium - cooling water [kg·s-1]; c is the specific 

heat capacity [J.kg-1.K-1]; ∆t  is the difference of secondary cooling water temperature [°C] 

→ 12∆t tt −= , 2t  where is the mean value of the outlet temperature cooling water [°C]; 1t  is the 
mean value of the cooling water inlet temperature [°C]. 

Until now two measures were implemented. The first measurements was implemented with 
15 % filling and the second measurement is implemented with a 20 % charge. For both types of 
heat pipe to carry out measurements of the air heating temperatures of 120 °C to 240 °C and 
temperature of cooling water at 20 °C, 40 °C, 60 °C. 

Every measurement of a heating temperature taking 10 minutes. Heat output calculated from 
individual measurements at different volume filling the heat transfer medium are shown in Fig. 2 
and Fig. 3. 

 
Fig. 2. Heat output at 15 % filling. 

 
Fig. 3. Heat output at 20 % filling. 
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The above picture shows that thermal power transferred heat pipe is at 15 % filling volume of 
working fluid heat pipe increased by 30 %. It is also seen that the cooling liquid at 20 °C is 
significantly higher transmitted output volume for both filling. To set the cooling water at 40 °C and 
60 °C of the graphs we can see that the transmitted heat capacities are different at lower 
temperatures but at higher temperatures the heat is gradually cleared. 

5. Conclusion 

The initial analysis of the measurements of the proposed experimental device tested and proved 
that the proposed calorimetric method is relatively easy to measure the performance characteristics 
of the heat pipe filled with different types of substances and volumes heating the evaporating 
temperature of the heat pipe and the coolant temperature in condensing section. The proposed 
experimental facilities will implement additional sets of measurements combined volume load and 
type of media while maintaining the same conditions during heating and cooling heat pipe. These 
results then provide comparative data for database implementation measurements on a real 
prototype hot water tank to heat it using heat of combustion through the heat pipe. 
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Abstract. Technologies of Digital factory are still very expensive for small and middle enterprises. At 
present they are used mostly in automotive industry. Companies use these technologies to shorten designing 
time of new workstations and assembly systems. There are several software solutions for ergonomics. The 
best solutions are Tecnomatix Jack and Delmia V5 Human. The first software solutions allowed measuring 
of only static postures but current software versions allow measurement of dynamic loading of operator too. 
You can create movements of figure manually. It takes long time but TX Jack suggests us also two other 
possibilities how to move a virtual operator. We can use Tracking systems. They can work on several 
principles. In this article we will introduce two of them. 

Keywords: Ergonomics, Tecnomatix Jack, Motion Capture, Kinect  

1. Introduction 

Tracking systems deal with movements recording. There are several categories of these 
technologies. First category is tracking of one point. We track only position of the beholder. 
Movement is saved in three axes x,y,z. Second alternative is to track whole body of user. This is 
called body tracking. We can track whole body with scene identification systems (for example 
Microsoft Kinect) or by adding several markers on user´s body. This method is usually done via 
special suit called Motion Capture with precise disposition of markers. Last alternative are special 
tracking systems focused on special areas of tracking like eye or face tracking. 

In this article we focused on second category and we will introduce both alternatives body 
tracking and Motion Capture and their usage in ergonomics software Tecnomatix Jack 

2. Tecnomatix Jack 

Tecnomatix software is products package developed by company Siemens PLM Software. 
Tecnomatix includes software solutions from different production areas that are mutually 
connected. This software helps us to prepare manufacturing and assembly process quickly and 
precisely. Thanks to the simulation and optimization in development phase we can ensure high 
quality product, without need to additionally apply financial and time-consuming changes. 

Tecnomatix Jack is one of the several modules and it was developed at the University in 
Pennsylvania. It is focused on ergonomic analysis and correct working environment proposal. In 
this software you can create a workplace from the individual components. Simple 3D models can be 
created directly in Jack and complex 3D models can be imported in several formats. Best 
compatibility is when using .jt format. 3D models in .jt format can be created in other modules of 
Tecnomatix like NX or FactoryCAD. Disadvantage is that it is impossible to copy 3D models, so if 
we want use the same 3D model several times we have to import it more times or we can use 
special plug in, which is made for it, but we have to download it from community page. Fact that 
TX Jack is opened software is high advantage because if you need some functionality very often 
you can code it for yourself. 

In Jack we prepare workplace at required dimensions and then we put in the anthropometrically 
and biomechanically accurate mannequin of a man with natural human motion and joint range. 
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Ranges and dimensions were taken from NASA studies. Mannequin consists of 71 segments and 69 
joints, some of them have several degrees of freedom. Mannequins figure has 135 degrees of 
freedom. Dimensions of a mannequin body can be selected in extensive library of exact 
anthropometric dimensions from different areas of the world. The mannequins can be changed into 
any detail, for example: color of hair, eyes, and clothes ... Mannequin has "plastic skin" from 
version 6.0 as we can see in Fig. 1, because of that it is very similar to the real man and aesthetically 
pleasing, previous versions worked with segmented mannequin. 

  
Fig. 1. Mannequins with plastic skin  

Software provides several options for adjusting working postures. It is possible to use library 
with 30 basic postures and 27 basic grips. Alternatively, it is possible to modify these basic postures 
in several ways. The program enables to adjust mannequin posture to last fingertip. When the 
posture is set, it is possible to evaluate visual field, view cone for one or both eyes or evaluate reach 
zones of operator based on several rules.  

All well known ergonomics analysis like OWAS, RULA, NIOSH, Low Back Analysis, Static 
Strength Prediction or MTM we can find in Task Analysis Toolkid. For example RULA is analyses 
which doesn´t give specific advice how to change work procedure. It is designed for quickly assess 
of working posture and determine whether it will be necessary to use more detailed analysis of the 
evaluated work. Analyze OWAS shows us the four-place code indicating back position, hands 
position, feet position and load level for the selected working posture and shows result of corrective 
recommendation. 

Occupant Packaging Toolkid module is specifically designed for automotive industry. It 
includes further analysis as a detailed assessment of the visual area, color recognition, visibility of 
selected objects… 

Software can also create animations of movements to evaluate the load of operator 
continuously in motion. There are two ways how to make movements manually. We can use 
animation and simulation mode. These ways of movement’s creation are very time consuming 
because you have to create every simple movement through joining static postures (Fig.2.). 

 
Fig. 2. Sequences of movements in animation mode 
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2.1. Motion Capture 

Jack also supports connection with data suit called Motion Capture, using which you can record 
the movements of operator very accurately. This technology is indeed very expensive. Price is about 
15000-40000 €. This Special suit can work on few technologies for example at optical principle. 
Man has suit with optical sensors. He is tracked with more than two special cameras, whose detect 
his position at workplace. 

Another tracking technology provides company Animazoo. Motion Capture from this company 
was used for the first time in Škoda Mlada Boleslav in Czech Republic (Fig. 3). For connection 
with Jack it is necessary to use special software IGS Jack. It is part of the Motion Capture package. 
This Suit works on detecting position on sensors consisting from gyroscope and accelerometer. A 
gyroscope is a device for measuring or maintaining orientation, based on the principles of angular 
momentum. Mechanically, a gyroscope is a spinning wheel or disk in which the axle is free to 
assume any orientation. At present it can be based also at electronic or fiber optic principles. An 
accelerometer is a device that measures proper acceleration. For example Motion Capture IGS 180 
has 18 sensors tracking movements. 

  
Fig. 3. Motion Capture Animazoo IGS 180 

2.2. Microsoft Kinect 

It is device used for body tracking. It was originally developed for game console Xbox 360. But 
some people have started thinking about industrial usage too. The first Kinect can recognize 
movements from 1,2 m. In 2012, Microsoft introduced Kinect for Windows (Fig. 4). This device is 
designed for operation system Windows and versions Win 7 or Win 8 and can recognize 
movements from 0,5 m. Microsoft also released Kinect´s SDK (Software development Kid). It 
allows developers to write their own applications in programming languages Visual Basic or C++.  

Kinect for Windows consists of RGB camera that capture three basic color scene (it enables 
human recognition ability), depth sensor that enables 3D space recording, microphone that enables 
also voice commanding in applications and from tilt motor that enables tilting of Kinect. 

  
Fig. 4. Kinect for Windows 
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For using Kinect with Tecnomatix Jack you have to use special Plug in. This Kinect Plug in has 
two different modes. Exploration mode is focused on developing of surrounding. You select one 
human figure and you fly through created scene. For orientation you use hands. Right hand enables 
movements to the sides and to the front. Left hand enables movements up and down.  

Posture mode is focused on quick postures creation. Kinect records your movements and they 
are carried to virtual figure in Jack. Current version can well recognize only movements, when 
human is oriented directly on Kinect (Fig.5.).  

 
Fig. 5. Posture creation using MS Kinect 

3. Conclusion 

Using these tracking technologies in Tecnomatix Jack can significantly shorten time of 
animation creation and of dynamic loading appraisal. They can save hours of time when evaluating 
longer movements, because you don’t have to create movement manually, you create it thanks to 
the saving your own movements. These technologies don’t work always properly yet, but they are 
rapidly developing. I believe that in the future this type of operator loading appraisal will be 
common and often used. 
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Abstract. The article deals with the working cycle design of movement-arresting mechanism for deep 
drilling device, known as Plasmabit. The design of working cycle includes a definition of several operations 
and the determination of lossless power of the Plasmabit’s hydraulic actuators at the different speeds. 
Defined parameters, we considers as a input data for accurate design of hydraulic components as well as for 
the other design stage of innovative deep drilling system. 
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1. Introduction 

Nowadays, Geothermal energy offers a great potential for massive application in the industrial 
fields. One of the problems of using geothermal energy is the fact, that to achieve the desired 
efficiency is necessary to work at great depths as currently used geothermal sources (up to depth 
about 10 kilometers). This fact resulted into a need of developing a new drilling system as a 
replacement for existing principles of mechanical destruction of rocks. The replacement can be 
found in system created by corporation Geothermal Anywhere intended for creating an ultra-deep  
wells, which eliminates the shortcomings of mechanical excavation and the exponential increase in 
the price and the time needed to create the well. One stage of the overall design of the system 
Plasmabit is a working cycle design of movement-arresting mechanism, which involves the 
definition of operations when moving downwards and upwards while establishing the necessary 
lossless performance of the hydraulic actuators. The process of definition of Plasmabit’s working 
cycle starts with the consideration of the intermittent during motion, as in the case of continuous 
movement would be achieved a considerable complexity of the construction equipment. From the 
requirements of the intermittent motion, the device should be composed of two tubes, each 
containing the two anchoring modules, respectively six anchoring pairs. 

2. Working cycle design of the Plasmabit system 

For the design of the working cycle with the intermittent movements is necessary to define the 
speed of the movements for upward and downward direction. The value of the overall speed of 
movement is limited by the speed of rocks disruption, respectively of the used technology. During 
the downward direction, we expect the two values of a speed (v1=5m.h-1,v2=3,3m.h-1). While 
moving upwards, the speed of rocks disruption is not a limiting factor  for the speed of movement, 
whereas the disruption of rock is not included in this stage of working cycle. Therefore, the upward 
movement includes two variants, the speed v3=5m.h-1 and the speed which is designated from 
getting-out of the depth h=10km for the shortest time.  

From the intermittent movement then arise the actions of working cycle: 
• Anchor of the tube 
• Release of the tube 
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• Infeed and removal of tubes to each other 
• Infeed and removal of plasmatron (head of the Plasmabit which is ensuring the rock 

disruption) to the tube  
 

 
Fig. 1 The working cycle of the movement-arresting mechanism downward and upward 
 

The working cycle of the movement-arresting mechanism (Fig. 1) while moving downward 
starts from the initial position of the tube B, which is locked, respectively anchored. Then a member 
A1 is anchoring, the member B1 is releasing, the member A2 is anchoring and finally the member 
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B1 is releasing. After performing the following operations it occurs that the tube A is fully anchored 
and the tube B is infeed to the member A. Then, there is the opposite process, where the member B2 
is anchoring, the member A1 is releasing, the member B1 is anchoring and at the end of the process, 
the member A2 is releasing. Plasmatron extends from the initial position at a constant speed until 
the time, when plasmatron with his own actuator begins to strike back. The operation is performed 
because of the removal of tube A from B, when it is necessary to compensate  this movement on the 
plasmatron, because of maintaining the constant speed of rocks disruption. For the stage of the 
Plasmabit movement upwards, the operations are analogous, respectively identical with the 
movement down, but the difference can be found in plasmatrons inaction (the actions of disruption, 
infeed and removal are not performed). 

 

3. The determination of the lossless power of Plasmabit hydraulic actuators 

By defining the single steps of working cycle and their corresponding time intervals and speeds 
(the calculations are not presented because of its length) were determined lossless power of 
corresponding actions, in order to create the input data for the design of hydraulic actuators. 
Similarly as in the previous subsection, we expect the same speed of the movement. Reported 
powers are theoretically maximum achievable powers of hydraulic systems at the specified speed 
and configured pressure. In fact, the energy input of the drive motor as a source of pressure fluid 
will be higher because of mechanical and volumetric efficiency of mechanical and hydraulic 
components of the system. At the same time, the power of hydraulic actuators will be lower, 
because the working pressure is not always at its peak, but it will be lower due to less resistance to 
movement. E.g. in anchor action, the elements implementing the action are first moving without the 
resistance and after creating the contact with a well wall resistance increases and also increases the 
pressure in the hydraulic system to configured maximum value. At that time, the speed, the flow-
quantity Q and the power are decreasing. Tab. 1 shows the defined lossless power for hydraulic 
drives which are optimized to flow-equivalent amount. 
 

Direction of movement Downward Upward 

Speed of movement v1=5m.h-1 v2=3,3m.h-1 v3=5m.h-1 

Name of the action Power (W) Power (W) Power (W) 

Lossless power for infeed tube A to B 744,9 485,7 744,9 

Lossless power for removal tube A from B 744,9 485,7 744,9 

Lossless power for anchoring one pair 248,3 161,9 248,3 

Lossless power for anchoring one member of tube 744,9 485,7 744,9 

Lossless power for releasing one pair 248,3 161,9 248,3 

Lossless power for releasing one member of tube 744,9 485,7 744,9 

Lossless power for ejecting plasmatron 98,2 64,8 0 

Lossless power for retracting plasmatron 369,6 240,5 0 

Tab. 1 Defined lossless power for hydraulic actuators 
 
From the defined values of power, we can say that in the case of the upward movement, 

defined powers are inadequate because the Plasmabit at the prescribed speed will reach the surface 
from the depth h=10km at the time t=2000 hours. Lossless power for that reason can be increased, 
but with respect to the total time of one cycle and the dimensions of the drive itself. For illustration 
(Fig. 2) we present the relationship between the power necessary to achieve the shortest possible 
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time at the upward movement of Plasmabit, the time of one cycle and the speed of the whole 
movement of Plasmabit. 

  

 
Fig. 2 Speed of the Plasmabit movement, time of ascent, relationship between the time of one cycle and lossless power 

 

4. Conclusion 

By setting the working cycle of Plasmabit and required lossless power of hydraulic actuators 
were created the input information into the next stages of design of the innovative drilling system 
for deep drilling. From the calculations, we can conclude that the final power of the drive for each 
stage of working cycle depends on the power required for upward movement. But in this case is 
required the minimum time of reaching the surface of Plasmabit from the depth h=10km, which is 
associated with the maximum possible power. However, the choice of the drive power is limited by 
several factors, such as maximum size of drive but also the length of time of one cycle stage. It is 
necessary to consider the extent to which we can increase the power of drive with the respect to the 
limiting factors in order to avoid counter-productive in the other stages of the system design. 
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Abstract.  The usage of heat pipes seems to be an appropriate alternative to the established technology of 
obtaining heat through in-debt probes. Therefor a lot of effort is devoted to looking for the ideal working 
fillings in order to achieve high performances but in regard to rigorous Security standards. This paper 
discusses about properties of these working fluids specifically carbon dioxide and ammonia. 
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1. Heat pipe usable in the geothermal field 

Heat pipe is a device for intensive heat flux transfer while maintaining a small temperature 
difference. In principle, the heat transport is ensured by means of evaporation and condensation of 
the working substance. 

Main areas of standard gravitational heat pipe are shown in figure 1 Heat pipe in a longitudinal 
direction consists of evaporator, condensator and the adiabatic area. Adiabatic region is a dividing 
element between the evaporator and condenser regions. 

 

 
Fig. 1. The principal scheme of the heat pipe. 

 
In the evaporating part of the working fluid in liquid form is heated, and consequently begins to 

evaporate. Vapor of the working fluid passes through the adiabatic region to the condenser, where it 
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releases its heat. This cooled material returns in the form of condensate to the evaporator (by 
gravity in gravity tubes, or by capillary depression in capillary tubes), which again passes into the 
steam phase and the circuit is closed.  

Performance of the heat pipe is at first determined by temperature gradient between the 
evaporator and condenser, it also affects the value the heat of evaporation of working fluid, but also 
the walls of the tube material. 

Heat recovery by heat pipes is over standard way of raising geothermal heat advantage, it does 
not need to use the mechanical work of circulation pump to transporting working medium trough 
the geothermal probe, as transport of the work medium is as due to the correct function of the heat 
pipe - thus working fluid evaporation.  

2. Carbon dioxide as a working fluid of the heat pipe 

Carbon dioxide is atmospheric trace gas (atmospheric content 0.0314% by volume) composed 
of two oxygen atoms and one carbon atom. It is colorless, flammable, reactive and less heavy than 
air. Carbon dioxide produced as a product of normal biological processes, such as respiration and 
fermentation and as a product of burning carbon compounds in the air.  

3. Ammonia as a working fluid of the heat pipe 

Ammonia is a binary compound of nitrogen and hydrogen with the formula NH3. Under 
normal temperature and pressure it is toxic, corrosive, colorless gas with a characteristic pungent, 
sharp, strong odor. The molecule of ammonia is substantially polar and dissolves in water.  

4.  Experimental assembly 

Measurements were performed on a laboratory simulator of transport of heat by the geothermal 
heat pipe. There are essentially two simulators which one works with carbon dioxide, and the other 
for ammonia, ammonia whereas the higher safety standards as in carbon dioxide. 

 

Fig. 2. The cross section of simulator. 
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5.  The analysis of measurements with carbon dioxide 

The measurement was performed without function of glowing wires. They were used only 
when heated simulator to the temperature of 18.829°C, which is the average temperature throughout 
the simulator. This applies also to the measurement with ammonia.  

After filling simulator certain amount of experimental fluid has seen changes in pressure in the 
simulator, the initial pressure in the simulator was equal to the barometric pressure. The amount of 
carbon dioxide required for proper function of the heat pipe was checked by several experiments. 
As the optimal mass it appeares to by the weight 4.5 kg of CO2. At the figure ...is shown thegraphic 
record of the measurement. On the left the temperature of the closest thermocouples in 
measurement chain, which have the greatest ability to notice the temperature inside the heat pipe. 
At right is displayed the performance. The course is declining because the simulator has no heat 
input. 

 

Fig. 3. Graphical dependence of the temperature (left) and heat flux (right) 

6.  The analysis of measurements of carbon dioxide  

 Measurement with ammonia was made under the same initial conditions, with more caution 
because of ammonia higher security standards. However, measurements was done at different 
temperatures in order to show the ability of ammonia to react more flexibly to changing conditions. 
Grafical dependence of temperature is shown in figure 4. (Tch means temperature of cooling system 
fluid – Thermal G) and dependence of heat flux is shown in figure 5.  

 

Fig. 4. Graphical dependence of the temperature of measurement with ammonia. 
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Fig. 4. Graphical dependence of the temperature of measurement with ammonia. 

7. Conclusion 

 Based on the behavior of carbon dioxide in the measurements it can be determined by its main 
advantages as its minimal effects on human health, relatively high inertia and low gas price. The 
main disadvantage is the need for high pressure and low heat of vaporization, also referred to as a 
large change in pressure when the temperature changes. On the other hand the characteristics of 
ammonia are substantially completely contrary. Its disadvantages consist in its chemical properties: 
the possibility of threat to the human health, reactivity, and higher demands on safety features. Its 
advantages are the high heat of vaporization, the minimum change in pressure when the temperature 
changes and high tolerance to the changes of conditions (the changes of change).  

 Based on these measurements it is possible touse the list of advantages and disadvantages 
determined as a criterion for the selection of the other possible media used for heat pipes in the 
purpose of obtaining a geothermal heat. Measurements should be paid much more systematic effort, 
mainly because determining the optimal amount of working fluid. 
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Abstract. This article describes numerical analyses of absorbing earth’s heat with the heat pipe in the deep 
borehole. The work explains the heat transfer from the soil into the gravitational heat pipe depending on the 
time. It analyzes the temperature sequences over time and over distance to the heat pipe. These analyses are 
simulated for the most common soil types, which appear in Slovakia and they are compared and evaluated to 
each other. 
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1. Introduction 

The heat conduction describes Fourier law of heat conduction, which is based on the law of the 
conservation of energy: 

�� � ��� � ��� (J) .        (1) 

Where:   
dI – enthalpy change, 
��� � ��� – algebraic sum of the heat, which is brought to the volume during the time dτ due 

to the thermal conductivity of the body ��� and the heat ���, which at the same time release the 
internal volume sources. 

 

Fourier law of heat conduction: 
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If it is supposed, that physical properties of the body are constant, then the equation (2) can be 
written in the form:  
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Then instead of (3) Fourier law of heat conduction is possible to be written in the form: 
��
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���  (K/s).       (6) 

For the cylindrical system is Fourier law of heat conduction given by: 
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The equation (3.6) shows, that in the same conditions is rate of change of the temperature of the 
same body point proportional to the thermal diffusivity	".  

The equation (3.6) is farther reduced, when internal volume sources are not in the body:  
��
� � a#$%  (K/s).        (8) 

Temperature % in the axis of the cylinder can be expressed by the form 

%+,, ./ � %0 � 12
34� 5

678
�

9:;
� �% � %0 � 12

34�<+=/
0  (°C).    (9) 

The temperature field around the linear source with the constant heat flow q can be expressed 
using the substitution:  

= � &�
3> (-),         (10) 

into the form: 
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Indefinite integral can be expressed in the form of an infinite sequence: 
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where: 
C – Euler-Mascheroni constant (0,5772). 
 
Then it is possible to formulate temperature in the axis of the cylinder % by the equations (9 

and 12) to the final form: 
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2. Analysis of the heat transfer from the soil into the gravitational heat pipe 
depending on the time. 

The heat pipe absorbs all the time constant amount of the heat and the soil around the heat pipe 
gradually cools. This process of cooling it is possible to simulate on the knowledge based on the 
corrected Fourier law of heat conduction for the cylinder (14) and the specific heat flow will act in 
the direction from the axis of the cylinder. The temperature t0 will be the temperature of the 
undisturbed soil area (in the infinite distance from the heat pipe axis) and the temperature t will be 
the temperature in the distance r from the heat pipe axis: 

%+,, ./ � %0 � ��
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3.3!�⋯	/ (°C)       (14) 

 
Analyses of the heat transfer from the soil were calculated for different types of soils, which are 

limestone, dolostone, granodiorite, claystone, loam, sand and gravel (Tab. 1). In the all cases was 
set constant temperature of the undisturbed soil area t0=10°C, which is the constant year-round 
temperature at a depth of at least minimal 2 meters below the surface. The specific heat flow was 
set to the constant value qt=-50 W/m. The interval of the radius of the distance from the heat pipe 
axis was set from 0,2 meter to 20 meters. 
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  limestone dolostone granodiorite claystome sandstone loam sand gravel 

λ [W/(mK)] 2,77 2,6 2,5 2,9 2,08 5 0,95 0,54 

cp [J/(kgK)] 810 800 800 754 1380 880 960 1840 

ρ [kg/m3] 2700 2700 2700 2700 2310 2310 1750 2050 
 

Tab. 1. Physical properties of analyzed soils. 

The temperatures at the distance of 0,2 meter from the heat pipe axis dropped by 4 – 7,5°C 
(Fig. 1.) from the baseline constant temperature of the soil after 15 days of taking constant heat 
from the soil. 

Analyses shows, that the sand and the gravel are not appropriate to be a good thermo-
accumulation material, because their temperatures dropped by 16 - 18°C. It is not suitable to create 
geothermal boreholes in the areas with these types of soils and it is better to choose different kinds 
of soil compositions. From that reason they are not in the other comparisons in this paper.  

The best storage ability has loam, which has the highest temperature near the axis. In the 
distance of 2 meters from the heat consumption are temperature curves in all materials stable and 
they have same behavior in the range of 0,5°C. In the distance of 6 meters from the axis all 
materials have temperatures of the undisturbed soil area.  

 
Fig. 1. The temperature sequences of the soils after 15 days. 

 
After one year is the temperature of the loam in the lower distances (0,2 – 4 meters) from the 

axis higher in comparison to the other soils (Fig. 2.). The same situation was appeared in the Fig. 1. 
These temperature differences disappear in the distance of about 8 meters. Farther, in the distance 
of 10 meters, all materials have the temperature about 9,5°C. In 18 meters they will have the 
identical temperature sequence and their temperature will be of the undisturbed soil area.  

After two years temperatures decrease moderately, as it was in previous intervals, with an 
increasing time interval. This makes temperatures stabilized and thus gives accurate data on the 
usefulness of the heat potential of the soil at a certain time interval. 
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Fig. 2. The temperature sequences of the soils after 1 year. 

 
Fig. 3. The temperature sequences of the soils after 2 years. 

3. Conclusion 

All types of soils except sand and gravel have good thermo-accumulation abilities, those are 
necessary to heat supply to the heat pipes. A little bit better results has loam, what is probably 
caused by significantly lower density and higher thermal conductivity in compare to other soils. 
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Abstract. These work aims to determine the impact of the different orifice plate thicknesses on the 
deformation of the orifice plate caused by the differential pressure at the high-pressure natural gas pipelines. 
The article contains CFD deformation analysis of the orifice plate with various thicknesses and differential 
pressures. Whole research is based on the elimination of the negative influence of the deformation on the 
precise flow measuring of natural gas at the high-pressure pipelines. 

Keywords: Pressure deformation, differential pressure, orifice plate, high-pressure natural gas pipelines. 

1. Introduction 

Measurements with high accuracy play nowadays still more important role. The increasing 
tendency of measuring accuracy is supported worldwide by the sale of large amounts of natural gas 
and oil, where each small mistake in measurement is calculated by millions of cubic meters of fuel. 
This mistake means great financial loss. 

In the European Union are mostly used pressure differential devices, turbine flowmeters and 
ultrasonic flowmeters for accurate measurement and flow verification in the high-pressure natural 
gas pipelines. The most common used are pressure differential devices. According to ISO 5167 
(Measurement of fluid flow by means of pressure differential devices inserted in circular cross-
section conduits running full) are standard pressure differential devices divided into orifice plates, 
nozzles, Venturi nozzles and Venturi tubes. The most common are orifice plates, which deals with 
part ISO 5167-1:2003 (Orifice plates). They are used mainly because of their high accuracy in 
measurements and relatively small production and operation costs. The fundament of the orifice 
plate operation consists of introducing a located restriction in the point where the measurement 
should be obtained. Such restriction changes the speed of the flow and causes a differential of 
pressures that is proportional to the fluid flow. 

The objective of this work is to determine the applicability of the international standard ISO 
5167-2:2003 in high-pressure pipelines. 

 

2. Model preparation 

As an ideal model for simulation was chosen model of orifice plate embedded in the steel case 
with flange tapings arrangements. All dimensions of the model were constant except the thickness 
“ t”, which was linearly increased from 10 mm up to 20 mm by one millimeter long step. All models 
were created in Ansys Workbench. 
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Fig. 1. Model of the orifice plate with changing thickness “t” . 

 European standard ISO 5167-2:2003 defines maximum allowable 1 % deflection from the 
plane unloaded by the action of differential pressure or any other tension. 

Measuring tracks for measuring natural gas flow in high-pressure conduits are ordinary these 
dimensions Dout = 1000 mm, Din = 730 mm, d = 413 mm. Parameter Dout was outer diameter of the 
orifice plate, Din was inner diameter of the orifice plate, where natural gas flows (same value as 
inner diameter of the conduit, which is connected with the orifice plate) and d was diameter of the 
hole. 

Material of the orifice plate was structural steel and thickness of the plate was from 10 mm to 
20 mm. Input pressure was 5 MPa and differential pressures ∆p at the orifice plate (difference 
between input and output side of the plate) were 50, 30 and 10 kPa. Daily volumetric flow was 
about 11 millions Nm3/day. 

3. Deformation analyses 

Deformation analyses were prepared in Ansys in the part called Static structural. The biggest 
shift in all prepared simulations was appeared around the aperture of the plate. Undeformed and 
deformed model is shown in figure 2.  
 

 
 
 
 
 
 
 
 
 

Fig. 2. Cut through undeformed and deformed model of the orifice plate (∆p=50 kPa, t=10 mm). 

In this case differential pressure was set to ∆p=50 kPa and the thickness of the plate was set to 
t=10 mm. Scale of deformation was raised 15-times to be good visible and to show the shape of the 
deformation. The shift, caused by the pressure deformation, gained maximal value 1,23 millimeters.  
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The results of the other simulations are shown bellow in the Table 1.  
 

 

∆p= 50 kPa ∆p= 30 kPa ∆p= 10 kPa 
Plate thickness 

[mm] 
Deformation of the 
orifice plate [mm] 

Deformation of the 
orifice plate [mm] 

Deformation of the 
orifice plate [mm] 

10 1,23 0,74 0,25 
11 0,94 0,56 0,19 
12 0,74 0,44 0,15 
13 0,59 0,35 0,12 
14 0,48 0,29 0,10 
15 0,40 0,24 0,08 
16 0,34 0,20 0,07 
17 0,29 0,17 0,06 
18 0,25 0,15 0,05 
19 0,22 0,13 0,04 
20 0,19 0,12 0,04 

 

Tab. 1. The impact of the orifice plate thickness on the deformation of the orifice plate. 

 

Values from the pressure analyses shown in the table 1 can be transformed into the graphic 
representation, which better shows the impact of the orifice plate thickness on the deformation of 
the orifice plate (figure 3).   
 

 
Fig. 3. Graphical dependence of  “the impact of the orifice plate thickness on the deformation of the orifice plate”. 

If trend lines are inserted through values in the graph, shall be received three different 
polynomials of the fourth grade with reliability equation R² = 1.  

Numerical dependence for differential pressure ∆p= 50 kPa is valid  in (1), for ∆p= 30 kPa is 
valid in (2) and for ∆p= 10 kPa is valid  in (3): 
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4. Conclusion 

This article shows that differential pressure causes shape deformation on the orifice plate. Size 
of deformation is related to selected differential pressure and thickness of the plate. Deformation is 
decreasing with increasing thickness of the plate, what was supposed at the beginning of this 
analysis. Aim of this research is to numerically show how big impact has changing thickness of the 
orifice plate on its deformation.  

Next research will be focused on behavior of flowing natural gas through different models of 
deformed orifice plates embedded in the pipelines. Impact of their shape deformation on the flow 
direction and pressure fields will be analyzed. 
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Abstract. With the intensification of heat transfer from electrical equipment research increasingly examines 
the use of pulsating heat pipe. For an understanding of work these pipes were made of glass pipes.  Number 
of meanders was 11, internal diameter was 1 mm. Through the glass tube can be observed formation of  
liquid and vapor phases in the process of filling and pulsation in operating activity. Developing of phases can 
not be influenced and gradually develops as a result of pulse movement. As the working fluid heat pipe was 
used water and fluorinert  FC-72. It has a high dielectric constant and therefore there is no fault in the case of 
damage to electronic equipment. 
 
Keywords: visualization, pulsating heat pipe, heat transfer, fluorinert FC-72 

1. Introduction 

 Pulsating, or oscillating, heat pipes comprise a tube of capillary diameter, evacuated and 
partially filled with the working fluid. When one end of the capillary tube is heated (the evaporator), 
the working fluid evaporates and increases the vapour pressure, thus causing the bubbles in the 
evaporator zone to grow. This pushes the liquid towards the low-temperature end (the condenser). 
Cooling of the condenser results in a reduction of vapour pressure and condensation of bubbles in 
that section of the heat pipe. The growth and collapse of bubbles in the evaporator and condenser 
sections, respectively, results in an oscillating motion within the tube. Heat is transferred through 
latent heat in the vapour and through sensible heat transported by the liquid slugs. Closed loop 
pulsating heat pipes perform better than open loop devices because of the fluid circulation that is 
superposed upon the oscillations within the loop. It has been suggested that further performance 
improvements may result from the use of check valves within the loop; however, due to the 
inherently small nature of the device it is difficult and costly to install such valves. Therefore, a 
closed loop device without a check valve is the most practicable implementation of the pulsating 
heat pipe. 

Pulsating heat pipes can be divided into three groups (Fig. 1.):  
� cloosed pulsating loop heat pipe, 
� cloosed pulsating loop heat pipe with check valve to ensure the movement of fluid in a 

particular direction,  
� ends cloosed pulsating heat pipe, which is closed at both ends, 
� pulsating heat pipe with open ends. 
 

The parameters that affect the performance of the closed pulsating heat pipe, summed Groll. 
They are working fluid, internal diameter of the tube, total length of the tube, length of the 
condensing and evaporating section, angle loops and thermo-physical properties. 
 

177



 

 

 
Fig. 1.  Types of pulsating heat pipes 

 
 A lot of parameters influence the formation of different phases in the evaporating section, 
such as the Bond number, defined by equation 1 must be less than ∼2. 
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Where: 
σ – surface tension[N.m-1], g – acceleration due to gravity [m.s-2], ρliq – density of liquid [kg.m-3], 
ρvap – density of vapor [kg.m-3]. 
 The inner diameter of the tube is a parameter that affects the correct functioning of pulsating 
heat pipes. They work optimally only in a certain range of diameters. The value of the critical 
diameter can be determined from the equation (2) of Bond (Eötvös) number as: 
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2. Experimental setup 

In Fig. 2. is the experimental device for visualization of phase changes in the pulsating heat 
pipe. It was constructed with glass tubes. Combining two glass tubes were through silicone tubing 
to provide a leak was applied vacuum silicone paste. The evaporating section were 6 meanders and 
condensation section were 5 meanders. Construction of a pulsating heat pipe with closed ends. 
When both sides are connected to the control valves. The inside diameter is 1 mm. It can be made 
two ways of filling tubes. It can vacuum tube and then fill the required amount of working fluid. In 
our case, the performance was 100% tube volume. Evaporation section was heated and there is 
evaporation of the working fluid from pipe. Liquid vapor to pass through the cooler. The volume of 
condensed liquid was measured using birettas and after evaporation the desired amount of fluid has 
been closed valve. Heat the tube was filled to 50%. Empty, full and filled tube were weighed to 
check compliance. Heating of the evaporating section was electrical. The evaporating of pulsating 
heat pipe was wound resistance wire and connected to the autotransformer. Autotransformer ensure 
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constant voltage to achieve the desired temperature at the evaporating section of the tube. Cooling 
of the condenser to ensure two fans Dospel Turbo 100 with air velocity 3,5 m.s-1. The evaporating 
section was connected Pt100 temperature sensor for monitoring the temperature of evaporating 
(Fig. 2.). HD camera recorded the movement of the individual phases. Distribution of phases can 
not be affected (Fig. 3. and Fig. 4.) 

 

 
Fig. 2. Device for visualization of phase changes 

 

   
Fig. 3. Distribution phase of the evaporating section        Fig. 4. Distribution phase of the condensation section 

3. Results 

 Length of evaporating section was 60 mm. Filling of pulsating heat pipe was fluorinert         
FC-72. When evaporating section was heated, voltage was 10V and electric current 0,6 A. In this 
setting, the temperature of evaporation section was 58ºC. Visualization of start-ups and oscillating 
flow are important to show pulsations. The initial volume of fluid in a pulsating heat pipe is 
randomly distributed on the bubble vapor phase and liquid phase columns. When heating the 
evaporating time, the pressure in the tube is increased by the formation of bubbles, their 
disappearance and condensation process occurring at random phases. Bubbles vapor is condensed, 
and one of the tubes has a downward flow direction. Pulsating movement is ensured, if the heat is 
continuously fed into the evaporating section and transferred to the condenser section. Bubbles of 
vapor phase have the internal diameter approximately the same than the diameter of the capillary 
tube, but have the length larger than the internal diameter of the tube. When heating of evaporating 
temperature increases difference between evaporation and condensation section, and this causes an 
increase in pressure in the heat pipe. While the pressure difference between the straight portions 
large enough to overcome the frictional forces occur in these parts of the pulsation. If an increase in 
amplitude, phase, they begin to move in the U-sections and transferred to other channels and 
pulsatile motion is carried out in all parts (Fig. 5.). 
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Fig. 5. Distribution of phases in the condensation section 

  4.   Conclusion 
 For proper operation of pulsating heat pipe will create bubbles of vapor phase, long bubble of 
vapor phase and columns of liquid phase. It is necessary to choose a suitable working fluid and 
filling ratio. When evaporation section is heating and condensation section is occurs  of pulsating 
motion of each phase and this phenomenon is used to remove heat from electronic devices. Above a 
critical value of the heat flux leads to drying and evaporating part to inadequate heating pulsating 
heat pipe does not pulsating.  
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Abstract. The improving of performance electrical components requires intense cooling from these systems. 
One of the solutions available is to use a closed loop pulsating heat pipe, where development meets the 
current requirements for the intensification of heat transfer and removal of moving parts of cooling systems. 
Heat pipes work on the basis of the phase change of the working fluid, the evaporation and the condensation. 
They have a meandering shape and are characterized by high intensity of heat transfer, high durability and 
reliability. 

Keywords: heat transfer, pulsating heat pipe, thermal performance, filling ratio 

1. Introduction 

Akachi described pulsating heat pipes as a two-stage passive heat transfer devices that do not 
require a mechanical pump. Pulsating heat pipes are usually constructed of copper tube. They have 
meandring shape. Are initially evacuated and then partially filled with a working fluid. Effects of 
surface tension give rise to liquid phase, which is interrupted bubble vapor phase. Supply heat to the 
evaporating section, the working fluid evaporates. The effect of evaporation increases the vapor 
pressure inside the tube, which causes the bubbles in the vapor phase of the evaporating grow and 
push the liquid phase towards the condenser. Given that a condensation of the cooling, the pressure 
vapor phase is reduced, and it is condensed vapor phase bubbles. This process between evaporation 
and condensation section is continuous and pulsatile motion occurs inside the tube. Heat is 
transferred through the latent heat in the vapor phase and sensible heat transported through the 
liquid phase. 

These tubes have the advantage that it is necessary to create the internal capillary structure for 
the transport of liquids. Also in this system is not necessary to pump so it is a passive system and 
operation does not need force effect but the reception of heat in the evaporating section. Although 
the overall resistance pulsating heat pipe is usually greater than the basic types of heat pipes. These 
pipes can operate at higher heat flow than the system used for boiling and evaporation is not limited 
to the limit as critical heat flux. 

Calculation of heat output is based on the similarity of three numbers: Karman (1), Prandtl (3) 
and Jacob (4), respectively, the combination of angle (measured in radians) and the number of turns 
N. 

νρ ..
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Where: 
f – friction factor, Reliq – Reynolds number liquid[-], ∆p – difference of pressure [N.m-2], D – 
diameter [m], Leff – effective length [m], ρliq – density of liquid [kg.m-3], ν – kinematic viscosity 

181



 

 

[m2.s], Le – length of evaporator section [m], Lc – length of condenser section [m], La – length of 
adiabatic section [m]. 
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Where: 
cp,liq – specific heat of liquid at constant pressure[J.kg-1.K-1], µliq – dynamic viscosity [Pa.s],           
kliq – thermal conductivity [W.m-1.K-1], hfg – latent heat of vaporization [J.kg-1], ∆T - difference of 
temperature of the working fluid passing through the evaporator to the condenser [K]. 
 Heat flux heat (5) can be expressed as: 
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Where: 
q – heat flux[W.m-2], Q – heat throughput rate [W], N – number of turns [-],β – inclination angle 
from horizontal axis [deg/rad]. 
 This correlation holds provided the surface tension forces are large relative to gravitational 
forces. For this to be true, the Bond number, defined by equation 6 must be less than ∼2. 
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Where: 
σ – surface tension[N.m-1], g – acceleration due to gravity [m.s-2], ρliq – density of liquid [kg.m-3], 
ρvap – density of vapor [kg.m-3]. 
 The inner diameter of the tube is a parameter that affects the correct functioning of pulsating 
heat pipes. They work optimally only in a certain range of diameters. The value of the critical 
diameter can be determined from the equation (7) of Bond (Eötvös) number as: 

 








 −
≈

vapliq

crit

g

D

ρρ

σ

.

.2 . (7) 

2.   Proposal for a method for measuring the cooling power of pulsating heat  
      pipes 

 For investigating the performance parameters pulsating heat pipe was constructed, which has 
21 river meanders and the inner diameter is 1.8 mm. As the working fluid used was distilled water. 
The critical diameter for water is 5.34 mm. The condition affected the proper operation of internal 
diameter has been satisfied. Orientation of the heat pipe is vertical. At the top of the heat pipe were 
over T-pieces connected two capillaries. One was used to evacuate the air from the heat pipe and 
the other to carry the heat pipe (Fig. 1.). After some time the pressure reached 6 hPa.             
 Volume of the working substance ranged from 0 - 80%. Heat pipe dimensions 235 mm x 200 
mm. Length of evaporating, condensing and adiabatic section were the same.The beginning of the 
measurement was set temperature of evaporating at 50°C, 60°C and 70°C and cooling water at 
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15°C. It also was determined length evaporating, condensing and adiabatic section. Condensation of 
the heat pipe was placed in a heat exchanger.                                                              
 Exchanger was constructed of plexiglas and the coolant water. Coolant circulation ensured 
Julabo Model SE. The inlet and outlet of the heat exchanger were placed in temperature NiCr-Ni, 
which panned coolant temperature. Coolant flow was measured by an ultrasonic flowmeter 
KAMSTRUP TYPE 66C22A1372. Evaporation of the heat pipe is heated the water heater 
thermostat. 12 temperature sensors NiCr-Ni was placed on adiabatic part of the heat pipe to provide 
sensing temperature changes in employment tube. All thermometers and ultrasonic flow meter are 
connected to the input of measuring units AHLBORN ALMEMO 5690-2 (Fig. 2.).                          
 The control panel transmits information using special software to personal computer in the 
form of a Microsoft Excel spreadsheet. 

   

            Fig. 1. Pumping air through a pump Fig. 2. Experimental measuring device 

  3.   Evaluation of the measured variables 
 
 The survey was carried on pulsating heat pipes in a vertical position. Destilled water was used 
to determine transmission characteristics of different filling ratio 0-80%. Calculation of the 
temperature difference of cooling water in evaporator scanned on entry and exit  is calculated 
according to equation (8) in the form   

                              pi ttt −=∆ 0  .                                                      (8) 

Where: 

it∆ - the difference of middle temperatures the cooling water in fixed state[°C],0t  - the middle 

value of output temperature the cooling water [°C],pt - the middle value of input temperature the 

cooling water [°C]. 
 The calculation of middle heat pipe power value from measuring values is determined by the 
formula (9): 

                                                       ip tcmQ ∆=
•

..  .                                                    (9) 

Where: 

Q  - the middle power value in fixed state [W], 
•
m  - mass flow rate of cooling water [kg/s],             

pc  - the specific heat capacity on constant pressure [J/kg.K], it∆  - the difference of middle cooling 

water temperatures in fixed state [°C]. 
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  4.   Conclusion 
 The results of measurements shows that pulsating heat pipes give the best performance with 
the transmitted Te = 70 ° C. In examining the charge ratio based on the best to be the best ratio of 
30%. At lower filling ratios leads to drying of evaporating because of the small volume liquid 
filling. At inflation ratio above 70% there is a reduction of heat output, it is a lot of liquid and no 
pulsation motion. In examining the performance parameters can raise the temperature and size of 
evaporating. 

 
Fig. 1.  Values of thermal performance depending on the filling ratio and the temperature of the evaporating 
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Abstract. This article discusses creation of noise of air conditioning in the modernized passenger rail wagon 
Beer series. These noises are measured at specific locations and analyzed subsequently. 
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1. Introduction 

 There are more than 150 years since the first air conditioning system, since these devices have 
undergone many changes and improvements. Air gradually penetrated into private homes, offices, 
stores and a significant means of transport. It has become standard practice that improves the 
quality of housing, work, transport, and creates a suitable environment. Even railway coaches are 
air-conditioned - from more than 1,200 coaches ZSSK, a.s. is conditioned only 340 pieces. 

2. Air conditioning parameters  

 The basis for optimal functioning air conditioning is the right proposal, which determines the 
extent of treatment required indoor climate in order to meet health standards for the space to be 
conditioned air. We also design the required supply air is different for different areas, so it is very 
important to correct dimension distribution piping and diffusers. Increasing air velocity of 0.1 m / s 
feel cool at 2-3 ° C. Subjective significant adverse impacts of the operation air conditioning noise is 
emitted. At its objective assessment is usually determined by measuring the sound pressure level 
and frequency analysis is performed. 

2.1 Factors causing noise 

 
Cause of wind noise is turbulent fluid flow and fluid pressure pulsations occur. If it is a 

pulsation in the audible frequency range, there is at this point generating sound in the environment. 
The following are briefly the most important factors of wind noise: 

 
•Ventilators 
 
      The main cause of noise ventilator Fig.1 turbulent airflow through the fan wheel and the 
spiral casing. This noise is characterized by a continuous broadband spectrum, the acoustic 
power increases with the square of the higher air velocity. The basic sound is sometimes 
superimposed noise siren, whose spectrum is discrete. The overall fan noise, of course, is the 
mechanical noise of bearings, gears, motor, clutch and so on. Aerodynamic fan noise is spread 
mainly by air ducts, this is suction and discharge pipe in ventilated area, respectively to the 
outside. [1] 
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Fig. 1. Ventilator air conditioning coach advice Beer 

• Noise of pipe network elements 

 The pipe networks ventilation equipment, it's in channels, branches, diffusers, elbows, 
bends, diffusers, etc.., air flows turbulently. In addition, turbulent noises may occur due to 
noise and aerodynamic excitation of oscillations duct wall. [1] 

• Noise generated at the knees pipeline network 

 When a sudden change in direction of air flow in the duct wall of the pipe break away from 
the nozzle and there is dead space. By creating dead space increases turbulence for knee 
pipelines, resulting in increased generation of aerodynamic noise. [1] 

 
• Noise generated by flaps 
 

Flaps are inserted into the pipe to increase the pressure loss of a pipe segment and to obtain 
the desired air flow. Flaps may be single or multi-blade. Wrap flap (thin plate) disrupts the air 
flow valve for a significant increase turbulence. The team is also linked to a significant increase 
in wind noise. [1] 

 
• Noise of terminal elements 
 
Pipelines are terminated outlets, which removes air and fed into the pipeline system. From 

the aerodynamic point of view to the wrap blade grille, different flow perforated holes, 
respectively nozzles. Mostly airflow is turbulent, the resulting generation of unwanted audio 
signals. 

3.  Evaluation of acoustic parameters KV 

Acoustic environment variables are evaluated in accordance with applicable laws, regulations 
and standards. In the research, evaluation of quality stock, we at the Department of DMT made an 
initial measurement noise conditioned coach, Beer Series during his State of the stabling track, 
ensuring the supply of electricity for the operation air conditioning. Measured the noise level and 
frequency analysis was performed at the same time FFT noise in coupe, wagon and on the floor in 
front of aspirated air conditioning in the middle of the wagon outside. All experiments were carried 
out with the system Brüel & Kjær PULSE. 
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Fig. 2. Noise levels of activity in stationary air conditioning coach for advice Beer 

 

   
Fig. 3. Frequency analysis of noise in stationary air conditioning business coach for advice Beer 
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Abstract. The optimization of the maintenance system can be performed by adequate creation of the 
maintenance model. This problem can be solved if all the significant requirements and restrictions are 
precisely determined. The basis of the methodology, presented in this paper, consists of reliability parameters 
of the analyzed engine, which were obtained by monitoring its behavior, from the aspect of appearance of 
failure in real exploitation conditions, as well as the maintenance costs. Results of determination of the 
optimal maintenance periodicity are presented for the two criteria: maximum availability of the driving 
aggregate and minimal costs of its maintenance. Since those two criteria produce different solutions for the 
engine maintenance, the compromise – acceptable solution for the given exploitation conditions and 
restrictions must be sought by the multicriteria optimization process. 
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1. Introduction 

In order to plan the motor vehicle's maintenance, to predict its working life and to estimate 
quality of its parts, as well as the vehicle as a whole, it is necessary to determine its reliability 
parameters. The most frequently determined reliability parameters are: failure appearance 
frequency, unreliability, failure intensity and failureless operation time. If it was possible to 
determine the law of the reliability distribution function variation it would be possible to determine 
all the mentioned reliability parameters. The law of distribution function variation can be defined if 
the data exist on appearance of vehicle failure, based on which one can determine variation of 
failure appearance with time. Determination of adequate mathematical model, which would 
represent that variation, from the aspect of failure appearance, is one of the fundamental elements 
for predicting the vehicle's behavior and optimization of the maintenance system. Taking into 
account that all the maintenance measures depend on adequacy of defining the vehicle's reliability 
distribution model, special attention should be devoted to this part of analysis. Based on the 
established distribution model one could plan dynamics of spare parts purchase and the conclusions 
could be drawn about the cause of failure appearances. 

2. Determination of Driving Engine Preventive Maintenance Periodicity 
According to the Maximum Availability Criterion 

In the special purposes vehicle was built the four-stroke "V" Diesel engine OM403 with 10 
cylinders at an angle of 90° and with direct injection, with the chamber in the piston and cooled by 
liquid. It is placed within the engine-transmission space, parallel to the vehicle's longitudinal axis, 
fastened by four elastic supports to the holder that is welded on the vehicle's floor. The engine is 
positioned so that its back side (flywheel) is facing the front side of the vehicle. 

Applying the usual methodology for determination of the reliability distribution law [1, 2] and 
based on deviation of the theoretical distribution results from the values estimated based on 
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exploitation data, the conclusion was reached that the most acceptable model for the analyzed 
engine is the Weibull's two-parametric reliability distribution. Accepting this law of the reliability 
distribution, the function of the engine reliability can be written in the form: 

   

2.1666
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 − 
 = .                                                                 (1) 

Based on expression (1) can be determined the optimal periodicities of the operational time, after 
which should be performed the preventive checkups, reparations or general revision, as well as the 
optimal quantities of the spare parts supplies [2]. When the maximum availability is required from 
an engine, optimization of its parts maintenance is done according to criterion of maximum 
availability, while the maximum, still acceptable maintenance costs represent the restriction. For 
application of the maintenance model, based on availability, it is necessary that one knows the 
reliability distribution law, as well as times in operation and in failure [3]. The availability function 
reads: 
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where: top is the operation time, tw – the waiting time for normal operation, tpm – the preventive 
maintenance time, tcm – the corrective maintenance time, F(t) – unreliability function.  

By varying the periodicity of the time between the two preventive maintenance of the engine, 
the functional dependence is obtained of availability on maintenance periodicity , based on which 
one can determine the maintenance periodicity which ensures maximum availability. Data on time 
of preventive (tpm) and  corrective (tcm) maintenance were taken from the accounting documentation 
of the accredited maintenance workshop. The maximum availability top is within interval 50 to 150 
motor hours (mh). In Figure 1 is presented the relationship between availability and periodicity of 
the driving aggregate preventive maintenance. 

 
Fig. 1. Dependence of availability on periodicity of the driving aggregate preventive maintenance. 

 
As a result of discretization and based on Figure 1, a conclusion can be drawn that the 

maximum availability of the driving aggregate (Gmax = 0.9940) was obtained for the maintenance 
periodicity tr = 113 mh. This is considered as the optimal maintenance periodicity according to the 
maximum availability criterion. 

3. Determination of Driving Engine Optimal Maintenance Periodicity 
According to the Minimum Costs Criterion 

Through application of the optimization model of the driving engine maintenance periodicity, 
according to the maintenance costs, the optimal periodicity of preventive maintenance procedures is 
being determined which ensures the lowest costs with simultaneously providing for the required 
availability. Maintenance costs can be expressed as: 
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where: C(t) are the total specific maintenance costs, Ccm – corrective maintenance costs and Cpm – 
preventive maintenance costs. In Figure 2 are presented values of the maintenance costs, obtained 
by application of expression (3), for different values of periodicity of the driving engine preventive 
maintenance costs. It can be seen that the lowest maintenance costs of the driving engine OM403 
are obtained for 163 motor hours. The minimal maintenance costs are obtained for the maintenance 
periodicity within the period of 150 to 350 mh. By discretization of the maintenance periodicity 
interval between 50 and 500 mh, with step of 1 mh, the minimum total specific costs were 
calculated as well as the maintenance periodicity for those costs.  

 
Fig. 2.  Dependence of the total specific costs on the preventive maintenance periodicity 

 
As a result of discretization and based on Figure 2 can be concluded that the minimal costs 

amount to Cmin = 73.1427 [monetary units] for the maintenance periodicity of 163 mh. The function 
C(t) reaches its minimum at that moment, thus it is considered that this is the optimal maintenance  
periodicity according to the minimal costs criterion. 

4. Determination of Driving Engine Optimal Maintenance Periodicity 
According to Multicriteria Optimization 

In literature exist numerous methods of multicriteria optimization, one of the most frequently 
applied is the Analytic Hierarchy process – AHP [4-6]. The set of alternatives i is presented by the 
set of alternatives' indices i = (1, 2, 3, … I), where I is the total number of considered alternatives. 
The problem is represented by the matrix F = [fik]1xk, where fik denotes the value of the optimality 
criterion k for alternative i. In the general case, the optimality criteria are of different natures, they 
have different values and different measurement units, what implies that values of the optimality 
criteria for the alternative i are not comparable. This is the reason why the normalization procedure 
must be done first, through which all the values fik are mapped within interval [0, 1]. Regardless of 
the fact which type of normalization is used, different analytical expressions are used for benefits 
and costs optimality criteria [7-9]. Normalization of the fi,k values is done by application of the 
expression for vectorial normalization and with use of the benefit optimality criterion. Values of the 
factor, based on which the best alternative ai for the maintenance periodicity is determined, is 
obtained by use of the assumption that significances of the adopted optimality criteria are equal and 
set normalized, by: 
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The considered time interval from 50 to 300 hours of the driving engine operation, was divided 
into 7 equal parts, with step of 50 mh. The best alternative is the one for which the value of the 
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factor ai has the least value. The optimal preventive maintenance periodicity of the tested vehicle, 
from the aspect of its driving engine OM403, is obtained based on expression (4), and it amounts to 
162 mh, Figure 3. 

 
Fig. 3. Presentation of obtaining the optimal periodicity of maintenance of the OM403 vehicle's driving engine 

5. Conclusion 

Results of numerous investigations of the motor vehicle's driving engine reliability, which were 
obtained by considering 250 vehicles in the real exploitation conditions, have served as a basis for 
finding the optimal periodicity of the driving engine maintenance, taking into account maximal 
availability criterion (113 mh) and minimal costs criterion (163 mh). As the two optimal 
periodicities for conducting the procedures of preventive maintenance were different, it was 
necessary to determine the optimal periodicity taking into account both criteria through the 
optimization procedure. By application of the multicriteria optimization the value of optimal 
periodicity of 162 mh was obtained. 

The presented methodology of multicriteria decision making can be applied for obtaining the 
reliable value of periodicity of conducting the preventive maintenance procedures of a motor 
vehicle. 
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1. Introduction 

Creating technical systems, which are socially needed, accessible, first-class and safe - is the 
main activity, purpose and aim of the constructor. Consequently, other derived technical activities 
are connected to these technical systems. The technical systems and their characteristics are 
necessary to be analyzed because of these technical activities. [3] 

Technical system and constructional process are liable to analysis in each stage of their 
lifecycle. It starts with the preparatory stage, which analyzes all available input information, 
continues with setting of layout, and ends with the operation stage when device doing certain 
activity, performs its function and provides information for its improvement and optimization. And 
the optimization could be one of the reasons for the project of the new improved technical system. 

The optimization can be simply described as the process of selecting realizable methods 
leading to achievement to the best result. Some of these attempts don´t lead to success. The success 
is affected by a lot of factors. The base for the optimization is need for improvement of the 
technical system. Causes of formation of need are diverse: from strengthening of competitiveness to 
saturate constructor's ambition. During this stage of optimization main stated aims can be 
formulated abstractedly, or can be specific and precise. 

We try to find out and describe purpose and aim of optimization of automated measuring 
device AMD-01 in this article. AMD-01 is used for automated measurement of large-scale 
chipboard components. This device was developed for practical requirements of the University of 
Žilina. The second generation of device AMD-02 is prepared at the present time. Knowledge which 
was obtained during the operation for optimization of some parts of the device will be used for this 
improvement. 

2. Identification of optimization´s reasons for AMD-01 

The need for optimization of AMD-01 was resulted from several reasons occurred during 
different phases of the device´s lifecycle.  

We detected problems during the implementation phase. The main problems occurred with the 
establishment of the device, more concretely with accurate positioning of the device´s subsystems. 
These problems caused long lasting setup and the need of use additional corrections in the 
measurement program during the installation of AMZ 01. All these aspects complicated setting the 
device into operation and retarded the possibility of movement the device to another location. 
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The problems also have occurred during the measurement itself.  The measurements´ series of a 
particular panel showed abnormal values in measured data. We detected discontinuity of measured 
values in each measurement Fig. 1. This change of discontinuity of values was reflected on the 
values of x- axis, which consist of linear motors that are parts of the camera´s positioning system 
Fig. 4. The change of discontinuity of values appears at the same place, which is approximately in 
the middle of measuring device - specifically it is near the 36th element of measuring device Fig. 1. 

 
Fig. 1. Initial (incorrect) measured values of AMD-01 

Therefore it was necessary to identify the specific causes of formation defects and minimize 
them by the optimization. The diagram (fig. 3) shows how we proceeded in identifying the reasons 
and aims of AMD-01´s optimization. 

 
Fig.2. The schema of finding out the reasons of optimization 

2.1. Description of automatized measuring device 

Analyzed measuring device is used for controlling of chipboard components in the furniture 
industry. It measures and evaluates dimensional production of the parts. The measuring process is 
based on data of defined patterns from wooden units which are stored in the database. Industrial PC 
positions the camera below the expected object by a positioning of the device, which works 
according to data from the database. The appropriate subprogram is started after the positioning of 
camera on defined position according to type of measured entity. We next make a picture of entity 
which is detected and identified. The end of measuring process is based on sending deviations from 
the expected object position and object size to the industrial PC. There comes the comparison of 
these measured data with model data. 

The construction of measuring device AMD-01 comes out from measuring principle of this 
mechanism. It consists of attachment of measurement part and positioning of the measuring 2D 
camera below the required part of the object. The mechanism can be divided by measuring principle 
into three functional units shown in Fig. 3.  

 
Fig. 3. Construction of AMD-01 

The base frame contains of the support plate of the device, where all functional subsystems of 
mechanism are placed on. The support plate consists of two separate frames. The connection of 
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these two units is accomplished by connecting plates that are welded to the frame. There are also 
plates for attaching the camera´s positioning mechanism on the support plate. 

         
Fig. 4. Base frame with positioning system, clamping system 

  The clamping system of device helps it to be automated and it also measures the whole 
component part by itself. This system fasten measured object and at the same time it does 
positioning, rotating in all demanded directions. This system is located above the camera. 

2.2. Interferometric measurement 
The laser interferometer system Renishaw XL-80 is a good tool for monitoring geometric 

inaccuracy of automated measuring devices. It is a highly modular system which allows to measure 
the linear distance of the machine axes, straightness, flatness, perpendicularity, angles, division 
accuracy of rotary axis. The system works due to light interferometry. 

                                    
Fig. 5. The principle of interferometry                                                          Fig. 6. The real interferometric measurement                                 

The measurement principle for measuring linear distance is shown in Fig. 5. Fig. 6 shows the 
real measurement. One of the linear mirrors is attached to the beam divider and the second mirror is 
placed at the moving table, which are the portals in our case. The beam entering from the laser head 
(1) goes to the beam divider, where is divided into two beams. The first beam (reference) (2) directs 
to the moving mirror attached to the beam divider and the second beam (measuring) (3) passes 
through the beam divider   into the second linear mirror. Both beams are reflected back to the beams 
divider and they join together here. (4) They are directed back to the laser head. This combined 
bunch consists of two beams which have different polarization. The first beam is vertically 
polarized and comes from the reference linear mirror. The second one is horizontally polarized and 
comes from the measuring (moving) linear mirror. When the laser beams enter into the laser head, 
then pass through the lens, which ensure that two beams will interfere and produce a uniform beam 
of polarized light. The measurement is proceeded by recording the differences between two 
returning light beams. The balancing unit is a part of measuring system. It ensures the independence 
of measurement in environmental changes and also ensures linear accuracy of ± 1 µm. [2] 

2.3. The result of interferometric measurements 

The interferometer’s measurement confirmed the existence of a step change in the measured 
data Fig. 7. The reason for this significant deviation of data were inaccuracies in the constitution of 
two parts of the base frame and the absence of elements which should correct flatness´s deviation. 
The measuring also revealed insufficiency of the flatness of the base frame´s plates, where linear 
motors were placed. 
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Fig. 7. Measured inaccuracy of the construction 

The gauging (measuring) magnetic tape, which is placed on conductions of linear motors, 
contributes on the inaccuracy of the measuring process. The magnetic tape has the manufactural 
error ± 20µm/m, but it was additionally calibrated because of all measured deviations (Fig. 8.). 
Double measurement of x-axis (forward and backward measuring at the same time) provided 
information about the positioning´ s accuracy of linear motors. The positioning of engine Master 
and Slave was according to the norm prescripted by the manufacturer. 

 
Fig. 8. Deviation of magnetic tape 

3. Conclusion 

Implemented interferometric measurement confirmed the fact that the construction, the 
manufacturing accuracy of construction and the assembly of measuring device do affect the 
measurement process. The important finding is that it is inadequate to insist on perfect accuracy of 
construction in large-scale measuring machines. The application of additional setting components is 
the better approach. This application ensures the right set up of all subsystems of device in any 
location and also ensures the accuracy of the measurement. 
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Abstract. In the industry it is desirable to get a geometric models of existing objects, for which virtual model 
is not available. This paper reviews the fastest way to create digital models. Each of the available technology 
is not perfect, so the scanned model will always be different from the real model. The basic optical 
digitization methods are analyzed and characterized in this paper. The scale of digitizing errors of scanning 
systems show the different between information which we get from producer of scanning machines  and 
effective results in normal work. The most accurate systems are these which use the white structural light, 
but the most effective system which could show the hidden surfaces is the Computed Tomography (CT).  

Keywords: scanners, digitization, digitizing errors, computed tomography, structural light 
  

1. Introduction 

The rapid development of non-contact 3D objects  digitizing technology made it as  a basis of 
reverse engineering (RE) which is increasingly used by engineers. RE tools create surfaces that 
represent the cloud of points and can be freely deformed, but are not always able to satisfactorily 
capture the assumptions of the design and of its existing knowledge.  

First attempts to compare the systems to digitize conducted Varady [1] in 1997, between the 
pin method (arm coordinate measuring machine) and non-contact method (optical, acoustic and 
magnetic). He suggested the division of optical methods into 5 categories: triangulation, 
interferometry, structured light, image analysis, the conversion method. 

2. Characteristics of  the selected methods of digitization. 

2.1. Triangulation scanners 

The digitization process based on laser scanner (Figure 1) consists of moving the scanning 
plane XZ perpendicular to the direction of the axis Y. The field of vision is at a distance from the 
sensor and is defined by the width of the scan and the scan depth. The laser plane  reflected from 
the part  scanned surface  generate beam in the point of  intersection of the scanning plane and the 
surface. Only beam situated in the area of the scanning window are effectively register by system. 

The movements of the sensor according to the Y-axis allow you to create clouds of points 
corresponding to the scanned surface [2]. The main factor affecting the accuracy of the digitization 
is the intensity of the scattered laser light focused on the photodetector. All scanning parameters 
that change the properties of the laser image on the CCD, such as the intensity and area of 
concentration can potentially affect the accuracy of the scan. If the position of scanned surface 
changes in the area of the scanning window then the intensity and the area of the laser dot on the 
scanned surface will changes. Reflection of the scanned point passes through the focusing lens 
incident on the CCD detector is also changed, depending on the distance between the scanner and 
the surface of the focusing lens. These two effects together result in differences in the intensity and 
the area laser image on the CCD detector. 
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Fig. 1. The basic principle of operation of the laser scanner. [2] 
 
Similarly, changes in the orientation of the scanned surface with relation to the incident laser 
radiation, have a different intensity and the area of CCD image. This means that the position and 
orientation of the scanned surface area of the window affects the accuracy of scanning digitization 
[3]. 

 
Fig. 2. Scanning parameters. [3] 
 
There are three factors directly related to the position of the scanned area in the scanning: 
a) scan depth 
b) incident angle θ 
c) projected angle α 

Random errors can be caused by the presence of spots in the images caused by the suppression 
and enhancement of the amount of light waves on the CCD. Overlapping waves of light often 
causes random phase vectors. These vectors can be enhanced or canceled, leading respectively to 
the dark and bright spots. As a result, the uncertainty of the exact form of the image to determine 
the CCD laser that is used to calculate the digital coordinates. 

2.2. Digitalization methods based on structural light. 

This method belongs to the field of measurement methods for measuring a characteristic in the 
entire field of view. The principle rule of this method is based on the raster projection by laser 
projector and a registration of deformed image on the measured surface by at least one camera 
(Fig.3). 
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Fig. 3. Schematic digitizing an object by projecting stripes texture  [4]. 
 
Then the deformed image is subjected to analysis by using different calibration methods. To digitize 
entire object it is necessary to registered images of object from various position. For the relationship 
of these images is used to reference points are placed on the surface of the measured object. The 
most common method used to decode is the texture stripe Gray code method (Fig.4). This method 
consists on the projection defined patterns, providing an encoded time-space information. 

Each bar with assigned Gray code appears on the scanned surface. Line intersects the non-
parallel plane in a unique point, the intersection of the virtual lighting surface and the beam, which 
is derived from the pixel of the camera image, can be clearly defined. If you know the parameters of 
the camera and projector, the pixel on the image plane along with the associated virtual light plane 
can determine the spatial coordinates of the intersection point of the scanned surface. 

 
Fig. 4. Grey code for n = 4 stripes  [4]. 
 
By projecting a sequence of binary coded patterns of stripes, different levels of light intensity for 
each pixel in the scene made a binary expression revealing a unique individual number strips [5]. 
The use of coherent light eliminates the effect of macular noise present in the systems using laser 
scanning. However, the accuracy of this scanning technique is smaller than the laser techniques, and 
average is in the range of 0.01 to 0.1 mm, depending on the measuring range. The accuracy of 
measurement is highly influenced by reflectivity of the scanned object surfaces, its texture, and 
whether the surface is uniform in color. These factors affect on the quality of the projected image by 
increasing or decreasing the contrast. The higher the contrast, the more accurate is the process of 
decoding the projected grid [6]. 

2.3. Interferometric scanners . 

Michelson interferometer measurement idea is associated with several important issues: 
-  interferometer measures the change in the position of one of the mirrors, sliding along the beam 
and do not allows the measurement of absolute distance eg DAC, 
-  distances changes are measured : DAC, DAB. To determine the change of only one distance, the 
other must remain unchanged (except for angle measurements), 
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- accuracy of the measurement interferometer depends on the frequency stability of the light source 
used. 

 
Fig. 5. Michelson Interferometric scanner scheme. 
 

It follows that the resolution and accuracy of the measurement depends mainly on the 
quality of the light source. Therefore requires high stability of the laser frequency. Laser 
interferometers additionally used special systems to stabilize the laser temperature that affect on a 
quality of the generated laser beam frequency [7]. 
Other factors that affect on the proper operation of the properties of interferometer are dispersion 
center properties where it works. It is also required to determine the wavelength of the radiation in 
specific measurement conditions by determining of the medium refractive index. This is due to the 
need to determine three key parameters describing the properties of the medium: temperature, 
pressure and humidity [8]. 

3. Conclusion 

 Systems for noncontact digitizing 3D objects rapidly developing. There are many methods of 
digitization characterized by varying degrees of accuracy and varying their purpose. However 
popular CAD tools still do not provide an automatic grid fitting to the point cloud optical digitizing 
systems. CT scans correctly adjust net for small objects but the dimension error is much larger than 
in optical methods. During scanning complex elements with not access surfaces by the laser 
scanning systems triggers the need to scan the object several times from different sides which 
increases the noise in the grid. Suppliers of digitazing systems provide the accurate of its devices, 
but under very strict conditions.  Due to the increased use of the digitization system is the need to 
create a tool to directly compare the accuracy of each system. 
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Abstract. This article is intended to automate handling, which is introduced by a complex system of 
autonomous material handling. In the first part of the article briefly describes a device that physically 
manipulate unattended. In the second part of the article describes a system for monitoring and control of 
autonomous handling equipment. The aim is to show the connection of different department without which 
any complex system could not function. 

Keywords: AGV ( Automatic Guided Vehicle), Material handling, Monitoring system, Control system 

1. Introduction 

People for the increase in their comfort are able to sacrifice a lot of time and creative thinking, 
this effort heads towards development of new technical systems, which people satisfy their needs. 
We can find the evidence of this already in antiquity, when people produced a simple tools for 
hunting and preparation of food. These tools served for the increase in efficiency of hunting, thanks 
to which the time of hunting was shortened. The human in those times did not know to name that 
activity.  Nowadays we call it productivity improvement. 

In the current economic climate and in the lifestyle of people, we are not interested in the tools 
and devices, which facilitate work of people anymore. The trend is a total replacement of human 
labour instead of work of tools and devices. Besides the replacement human monotonous work 
behind the line, this automation is also utilized to activities, which are not directly fixed on the one 
working position, but on the work within unit, for example production line or the whole 
manufacturing facility. One part of this work is material handling. 

In this article we describe the autonomous device, which is designated for material handling. 
The article describes the basic structure of the device and the system of monitoring and controlling. 

2. Automatic guided vehicle  

Automatic guided vehicle (AGV) is a device designated for unattended transport of materials 
and with the help of various additional devices is able to completely replace the humans. I case of 
completely replacement of human in the process of material handling and supply of production line 
with materials, is needed to monitor and control the AGV, so we can optimize its work. 

It is possible to grade these devices according to different criteria and parameters. One of the 
criteria is guidance and orientation in terrain. The question is whether the AGV moves on the fixed 
defined route, which can be formed by magnetic, induction or optical track, or the system does not 
require this type of guidance. In this part of the article, we will describe briefly AGV system, which 
has defined route on magnetic tape. With the assistance of magnetic tape is possible to determine 
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the exact direction of the device, however for the completely replacement of human is needed to 
determine what kind of work has to be done on the concrete place lengthwise the defined route. The 
package of the commands is huge. The basic commands are for example stop, slowdown, speed up 
and turn, in case of automatic accessories it could be unloading and loading of materials. For this 
purpose, we can use system RFID tags, to which is possible to save information, on the basis the 
AGV performs individual operations. In the Fig.1 is displayed autonomous truck from the CEIT 
SK, which was developed in cooperation with the University of Žilina. 

 
1. AGV , 2. Magnetic tape, 3. Covering of the power line, 4. Charger, 5. Holder of the charger, 6. Charging island, 

7.Charging contacts, 8. RFID tag 

Fig. 1. AGV from the company CEIT SK 

In the Fig. 2 is described the basic block scheme of the autonomous truck. The basic elements, 
which secure the running of the truck, are traction drives which are powered by accumulator. For 
the security of the continuous operation, the device is equipped with automatic charging, which is 
realized with the help of the module of mechanical contacts. 

 
Fig.2.  Structure of AGV 

Besides the mechanical parts from which device consists, the electric and software moduls are 
present. Within the basic moduls of AGV, thanks to which is possible to remove the attendant, are 
first of all safety features, which replace human perception and prevent the collisions with 
surroundings.  Another such moduls are hardware and software parts by means of the device can 
copy magnetic tape and acquire information from RFID tags about activities, which AGV has to do. 
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3. Monitoring and controlling system for the AGV 

The main task of the monitoring system for the AGV is to provide information to user about the 
state of the individual AGV, about their position in the real time. The system allows to intervene by 
the operator in time, in case of the AGV notices an obstacle in front of it and can not continue in its 
work. By means of monitoring system is possible to record information into the memory and after 
that statistically evaluate and sort them, on the basis of this is possible optimize work of the 
individual AGV. 

The control system is superior AGV system, which decides on the work of the AGV. Thanks to 
the control system is possible to control the crossroads, across which many AGV pass and prevent 
collisions. It is possible to determine the right of way and priority of the individual trucks. Another 
function of the control system is the ability to create buffers that prevent overloaded with routes 
where there are several trucks.  

The condition of monitoring and controlling of AGV is to create a two-way communication 
among the AGV, monitoring and control system. This communication is secured by radio network. 
Truck sends information about position of the AGV to systems on the basis of RFID tags. On the 
basis of information about position of the AGV, it is possible to realize monitoring and controlling. 
The basic scheme of the communications of monitoring system and control system is shown in Fig. 
3. 

 
Fig.3. The basic scheme of the communication of AGV with monitoring system and control system. 

The monitoring system is software which is installed to the user on the selected console either 
directly at assembly line or in the central control room, from where monitoring of the whole shop 
floor takes place. In the Fig. 4 is shown the user interface of the monitoring system. 

 
Fig.4. The user interface of the monitoring system 

At the top of the picture, we can see a simplified representation of the tracks along which the 
AGVs range. In the middle of the screen, is displayed information about each AGV, which is 
written to memory in case of feedback control. At the bottom of the screen, we see the current status 
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information about each AGV. Besides the displaying the instantaneous status information is also 
displayed on the monitor: current speed, battery status, electrical current gains from the battery, and 
more. Based on this information, the operator can foresee unexpected situations and produce early 
warning. 

The control system which controls the AGV can operate in various ways according to the 
customer's requirements. 

The first variant allows 
- Controlling of crossroads to avoid the collision of two trucks 
- Controlling of the right of way for two-way traffic along a single route 
- Creating the bins of trucks which are waiting until another truck loosens them a place at the 

assembly line 
The second variant allows 

- All functions of version one 
- Determination of the truck's route (truck under control passes a defined track) 
- The manually starting of the truck with using the user interface of the monitoring system 
The third variant allows 
- All functions of the previous two variants 
- Communication with superior system (eg. SAP), in this case, the control system receives 

requirement on the transport of materials from point A to point B and defines itself  to truck route 
along which the operation has to be performed. 

4. Conclusion 

The article briefly describes a complex autonomous system which is designed for material 
handling. This system allows increasing of the productivity of factories and companies. The 
advantage of the system is modularity, possibility of the easy and inexpensive conversions, what 
allows space for the continuous improvement of handling's process. One of the most important 
information is that, thanks to autonomous trucks is reduced security risk of industrial accidents 
during handling with materials. 

In the development of complex system researchers  from various fields such as Mechanical 
engineering, Electrical Engineering and Software Engineering were involved. For the creation of 
complex systems is the need the cooperation of all department. 
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Abstract. Due to the current rapidly changing business environment, organizations are increasingly faced 
with the challenges of global competitiveness. The route towards the achievement of a high degree of 
competitiveness and sustainability has led to the recognition of the efficient use of information and 
communication technologies as a fundamental resource for the survival and profitability of the organization 
in knowledge-based economy. In addition, organizations must continually face challenges from rapid 
technological change, shortening of the product life cycle, high market volatility and downsizing, (i.e. the 
need to reduce costs, and administration as well as storage areas). If the organization wants to deal with these 
and other challenges, it must be able to effectively manage its diverse and highly distributed knowledge. This 
task can be solved by implementing knowledge-based system, which should obtain knowledge mainly 
through data mining. 

Keywords: Expert, data mining, database, knowledge, client, server 

1. Introduction 
Knowledge is seen by many as a key resource for achieving competitive advantage. The main 

challenge in this area of interest is the identification of key knowledge, which may have an impact 
on improving business processes. It is therefore clear that the company must take care of their most 
important asset, which is represented by the corporate knowledge. Decision-making tasks 
(multifactor optimization) within the advanced manufacturing systems are extremely difficult, and 
decisions have to be made in real time. Such intensive tasks already exceed the capacity of human 
decision-making abilities and therefore the future of these tasks will be solved with the aid of 
artificial intelligence, such as expert systems, knowledge-based systems, or DSS. 

1.1. Expert systems 
According to Feigenbaum (Feigenbaum-McCorduck-Nii, 1988) an expert system is computer 

program that simulates the decision-making activities of expert to solve complex tasks using a 
properly coded, explicitly expressed expert knowledge in order to achieve expert like quality of 
decision making in the chosen problem area. More broadly, expert system is knowledge-based 
system which uses expert knowledge in a precisely defined problem area. Therefore the difference 
between expert and knowledge based system lies only in the fact, whether or not the system 
includes knowledge and heuristics that are known only to some experts.   

When comparing multiple approaches of data transformation to information, that are much 
needed for decision-making, expert systems help solve problems mainly to individuals, they provide 
the most support to solve the problem and are used mainly for solving highly structured problems. 
(Spalek, 2005) 

 
Fig. 1 Expert System in the area of problem solving  
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For further analysis, we will present an expert database system, which consist of individual client 
and server application. This concept is more close to what real enterprises might need for future 
knowledge distribution.    

1.2. System architecture 

Architecture of the frame based, object-relational database expert system is based on the 
existence of inference engine for the external knowledge base – on the server side. The client side 
implies a necessary interaction with system user and acquires the necessary information from the 
user.  Inference process on the client side can lead to facts from an external database (the server 
side), which were derived by the inference engine directly on the side of external knowledge 
database, thus directly on the server side.   

 
Fig. 2 Expert database system architecture 
 

Expert system – the client side itself contains the user interface for the main user of the 
system as well as the user interface for expert himself who carries out the management and 
maintenance of the system. It also contains of frame based internal knowledge base, tools for its 
maintenance and inference engine itself, which is an integral part of the expert system as its 
inherent element.  

The external knowledge base – the server side contains an inference engine, object – relational 
DBMS system, external frame based knowledge base and other databases covered by other 
information systems. These systems are sources for the external knowledge base.  

1.3. Expert system as a tool for selection of appropriate machinery and equipment 

In this case, it is appropriate to combine simulation tools along with expert system tools. The 
simulation tool uses data from anticipated real production system together with the models of 
demand for simulation of the typical manufacturing order within the given planning horizon. Stable 
simulation results are then considered as the performance of production system. These results 
together with the system performance limits, data from the production system and demand patterns 
are then necessary inputs for the expert system. If it is necessary to improve the performance of the 
simulated system, the expert system recommends modifications of its resources in order to 
overcome the problem that is most responsible for the low performance. Then a new simulation run 
is performed (or multiple simulation runs) until the expert system is no longer able to recommend 
any modifications.  
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Fig. 3 ES and simulation integration  
 

One of the core problems within the knowledge systems is how to acquire relevant knowledge 
for the system. This can be solved by effective application of data mining techniques.   

2. Knowledge acquisition through data mining 
Every knowledge-based system has to have a way to acquire knowledge. Inference engine 

derives new knowledge from existing knowledge, but doesn't offer a way to directly acquire 
knowledge from existing data. 

In fact, there are series of processes that need to take place for particular set of knowledge to be 
recognized and then to be fed into inference engine. These processes, as seen on Fig. 4., are specific 
to the type of data being processed and thus are usually hard to be automated. At each stage a lot of 
decisions must be made before data can be transformed into a usable knowledge. Types of decisions 
can include: 

� What data can possibly be interdependent. 
� In which way to transform these data so that they can be subjected to data mining with best 

results in terms of quality and truthfulness of acquired knowledge. 
� Which data mining algorithms, or their combinations, to choose 
� In which way to set input parameters for data mining algorithms 
� How to test if the model still corresponds to the current behavior of the system 

 
Fig. 4. An Overview of the Steps That Compose the KDD Process. 

 
The integration of expert is usually necessary. This person should have basic skills in fields 

such as database systems, artificial intelligence, machine learning and statistics. His presence at the 
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latter stages of implementation of expert system can be partially eliminated, but most of the 
processes, particularly in manufacturing environment, dynamically change over time, and thus there 
is a need to reprocess, or, in worse case, completely reconstruct or replace data mining models from 
which the knowledge is acquired. 

Each solution in which data mining techniques are used incorporates some, or all of following 
tasks:  

� Anomaly detection (detection of interesting events, strange values detection during data 
transformation) 

� Association rule learning (items grouping, e.g. products bought together) 
� Clustering (grouping of items with similar properties, i.e. creating clusters) 
� Classification (Classifying items based on historical data, often used in decision support) 
� Regression (Effort to substitute particular variable with mathematical function, i.e. data 

modeling) 
� Summarization (Involves methods to communicate, visualize and describe data in aggregated 

form, e.g. visualization of effectivity aggregated by individual employees and their 
supervisors) 

Core of data mining process usually consists of two main components, Learner and Predictor.  
In Fig. 5., these are preceded by "Decision Tree" description, which is a type of data mining 
algorithm used.  

 
Fig. 5. Core data mining process visualized in KNIME standalone mining application. 

 
Analyzed data are (usually randomly) divided into two separate data sets, from which the bigger 
one is used for training the model, and the other one enables model's accuracy evaluation. This 
approach enables to test if the model used, and so as the knowledge, is up to date and if it can be 
part of further inference analysis. 

3. Conclusion 
Knowledge-based systems, if implemented successfully, can be a very useful tool for decision 

support, or even automation of specific tasks. However, there is still a large implementation 
constraint, which comes from the nature of manufacturing data itself (human factor influence, 
missing values,  frequent changes etc.), thus making it nearly impossible to create a universal 
solution, which wouldn't have to be modified for the use in current environment at a current time. 
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Abstract. During operation of parabolic trough collector is the most thermally stressed absorbence part – 
focus. Concentrating the sun’s rays to focus arises temperature around 400 °C, therefore is necessary in the 
design take into account the thermal expansion, that affects the absorber. The paper deals with the solution of 
gripping the absorber due to a change of length which causes deformation of the absorber and thereby 
reducing power of the collector.  

Keywords: solar absorber, focus, parabolic trough collector, thermal expansion.  

1. Introduction 

Transformation of the solar energy into the other forms of energy - heat, electricity is receiving 
increasing attention, because of the reduction in energy independence from the fossil fuels, which 
contributes to reducing emissions and greater environmental protection. The capturing energy from 
the sun incident on the earth's surface in the form of sunlight can be captured by solar collector. The 
solar collector captures sunlight and converts it into heat. Collectors are divided into:  flat and 
concentrating. The concentrating solar collectors are concentrating sunlight onto a single point or 
line. 

Solar concentrators are in three main designs: 
� parabolic troughs,  
� parabolic dishes,  
� central receivers.  

The most widely used is parabolic troughs—long, curved mirrors that concentrate sunlight on a 
liquid inside a tube that runs parallel to the mirror. The parabolic trough solar collector uses a 
mirror in the shape of a parabolic cylinder to reflect and concentrate sun radiations towards a 
receiver tube located at the focus line of the parabolic cylinder. The receiver absorbs the incoming 
radiations and transforms them into thermal energy, the latter being transported and collected by a 
fluid medium circulating within the receiver tube. This method of concentrated solar collection has 
the advantage of high efficiency and low cost, and can be used either for thermal energy collection, 
for generating electricity or for both, therefore it is an important way to exploit solar energy 
directly. [1] 

During operation of parabolic trough solar collector is stressed depending on: 
� weather conditions - mechanical stress of construction, 
� sunlight -  temperature influence to concentrator. 

In designing construction concentrating trough collector is taken into account size of  collector's 
area, in this case 12 m2,  shape and concentrator type and intensity of solar radiation in Zilina is 900 
to 1000 kWh /m2. Depending on the high temperature applied to the concentrator collector, it was 
necessary to analyze the thermal expansion of the material of the concentrator, in the considered 
range of operating temperatures from -20 to 450 °C. This paper deals with optimization of gripping 
tubes of the concentrator and the influence of temperature which changes their length. 
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2. Thermal expansion 

Thermal expansion is the tendency of matter to change in volume in response to a change 
in temperature.[2] The coefficient of linear thermal expansion α is a material property that is 
indicative of the extent to which a material expands upon heating. The material can be stretch out 
only after some limit value in some temperature range. The ability to stretch the material is 
characterized by a coefficient of thermal expansion of materials. In case of expansion, when the 
material expands in one direction, it means linear expansion. In the case of anisotropic materials 
(composites, polycrystalline substances) coefficient of thermal expansion can be different for each 
direction. 

Different substances expand by different amounts. Over small temperature ranges, the thermal 
expansion of uniform linear objects is proportional to temperature change. Most solid materials 
expand upon heating and contract when cooled.  The change in length with temperature for a solid 
material can be expressed as coefficient of thermal expansion: 
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where L0  and L represent the original and final lengths with the temperature change from T0 to T, 
parameter of thermal expansion α has unit m/m.K. 

 Heating or cooling affects all the dimensions of a body of material, with a resultant change 
in volume. Volume coefficient of thermal expansion is defined similary as length coefficient of 
thermal expansion only difference with that in equation (1) is volume instead of length.   

3. Calculating of thermal expansion 

Concentrator of collector (Fig. 1) consists of 13 tubes of outer diameter 12 mm  with a wall 
thickness 2 mm and with total length 6000 mm. Material tube was determined on the basis of 
expected operating parameters where pressure of heat transfer medium - air should be about 2.5 
MPa and critical temperature should not exceed 450 ° C. The material of tubes concentrator is  steel 
15 128.5, which corresponds to the specified operating parameters. 

 

 
 

Fig. 1 Concentrator of collector 
Calculating of thermal expansion was made by two method, in program Excel and AutoPipe. In 

Excel (Fig. 2) was the calculation made by equation (1), where is shown on the x-scale operating 
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temperature and y-scale value of thermal expansion (for steel is α = 12.10-6 m/m.K) according to the 
material - steel 15128.5. The total value of the thermal expansion of tubes in the operating 
conditions of -20 to 450 ° C is 34,56 mm. 

 
Fig. 2 The length of pipe depending on temperature 

 
 In the program AutoPIPE   (Fig. 3) was entered in addition to temperature of working fluid, 
pipe's size and internal pressure of working medium. Due to internal pressure value was greater 
extension about 12.63 mm compared with the calculation in Excel. The difference in results is due 
to the extension by entering the gravitational constant. 
 

 

 
Fig. 3 The model of pipes simulated in program Auto PIPE 
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4. Optimalisation of gripping concentrator 

Based on the results of both were used the results of a higher value, which represents the total 
displacement 47.19 mm. After analysis, it is concluded that such an offset in the case of a rigid 
gripping both ends could by caused  the internal stresses created in the construction, which would 
result in misalignment concentrator that traps the sun's rays, thereby reducing performance. 
Therefore modified gripping of concentrator such that one end - the connecting end is firmly 
attached to the construction and the other end was placed loosely, in order to eliminate stress 
dependent on temperature. In the picture (Fig. 1) is showing free end of concentrator. 

5. Conclusion 

 In designing structures that are exposed to high temperature range, it is necessary to take into 
account thermal expansion of materials which affects the functionality but also the stability of the 
proposed facility. 
 The measure have been made in the way of gripping should be sufficient for smooth operation 
of concentrating trough solar collector. 
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Abstract. Rail vehicle’s suspension, determines riding dynamics, safety and comfort. Its condition should be 
checked regularly, and even monitored continuously. In order to acquire information on suspension condition 
during commercial operation, the rail vehicles’ monitoring system has been developed at Monitoring of 
Technical State of Construction and Evaluation of its Lifespan Project (MONIT). The aim of the system is 
qualitative assessment of suspension condition basing on acceleration signals recorded on bogie frames and 
body. 
The experimental tests of the system were performed on wagons with introduced suspension damages: 
stiffness reduction of primary suspension in freight car and the loss of damper of secondary suspension in 
passenger car. The monitoring procedure and test results are presented in the work. 

Keywords: suspension, condition monitoring, fault detection. 

1. Introduction 

Currently used monitoring systems of the rail vehicles are directly related to the control of the 
vehicle e.g. power supply, power train, braking system. Rail vehicles’ suspension has not been an 
object of the monitoring although it determines significantly riding dynamics, safety and comfort. 
The rail vehicle monitoring system has been developed at Monitoring of Technical State of 
Construction and Evaluation of its Lifespan Project (MONIT). The main assumption for the system 
is qualitative suspension condition assessment by means of standard measuring equipment during 
normal operation. In terms of signals recording and conditioning it complies to [1]. 

The system has been tested on wagons with and without suspension damages. Recorded data 
during the test provided information on the vehicle dynamic behaviour, affected by suspension 
faults. 

2. Monitoring System 

The rail vehicle monitoring system assess suspension condition basing on acceleration signals. 
For primary suspension condition assessment, signals recorded on a bogie frame above wheelsets 
are used. Regarding the system’s architecture and cost of the equipment, the number of 
measurement points is reduced to two. This solution is still sufficient for qualitative assessment. 
Sensors installed on a body, above bogie center are used in order to monitor secondary suspension 
condition. In each measurement point acceleration signals are recorded in vertical and lateral 
direction. Length of a track section, on which monitoring system performs measurement, is 
adjustable and is set to 500 meters. More information on the system can be found in [4]. 

3. Suspension Condition Monitoring Process 

The influence of suspension damages on acceleration signals is rather complex. Generally, 
stiffness reduction results in the decrease of the acceleration statistical parameters’ values, reduction 
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of damping causes increase of their values. Although this is valid for linear case, suspension 
elements have often non-linear characteristics. For different speed values, the effect of the certain 
damage may not comply to this principle. Various statistical parameters have been considered for 
this problem and it was concluded that the diagnostic process is more efficient when a set of 
parameters is used [4]. Finally the set consisting of RMS, Interquartile range and Zero-Peak have 
been chosen for the diagnostic process. 

In papers on the considered problem [2],[3] there was a lack of algorithm that could link 
together all analysed diagnostic parameters. Consideration of these parameters separately requires 
to assign limit values for each of them. In order to improve fault detection and to treat these 
parameters as one diagnostic indicator a multidimensional analysis is proposed. 

The current condition (at present time) of the vehicle is characterized by the parameters of 
acceleration signals recorded on a certain distance on a track of known maintenance quality. 

For the vehicle in nominal condition (without suspension damages) we can obtain many Ni
v (1) 

points belonging to the diagnostic space. Each of these points refers to i-th passage on the same 
track section of known maintenance quality, at the same velocity v. 

( )v
iNn

v
iN

v
iN

v
i xxxN ,,2,1 ,...,,=  (1) 

where, 
Ni

v - a point referring to current condition at velocity v of coordinates xv
N1,i, x

v
N2,i,..., x

v
Nn,i 

i - the number of measurement 
xv

N1,i, x
v
N2,i,..., x

v
Nn,i v– the following values of diagnostic parameters for the current state from 1 to 

n, for velocity v 
The reference point Sv (2) is created by averaging the coordinates (diagnostic parameters’ 

values) of many Ni
v points. This point represents a reference vehicle - vehicle in nominal condition 

which parameters’’ values are mean values obtained from many vehicle passages. 
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where, 
xv

S1, x
v
S2,..., x

v
Sn – the following coordinates values from 1 do n for the reference point and velocity 

v 
The point representing current state Uj

v (3) is defined by coordinates (parameters) values of the 
signals recorded during j-th measurement during normal operation, on the same track section as for 
Ni

v point and at the same speed. 
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where, 
Uj

v- a point representing current condition at velocity v of coordinates xv
U1,j, x
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U2,j,..., x
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j - the number of measurement 
xv

U1,j, x
v
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Un,j – the following values of diagnostic parameters from 1 to n, velocity v 
The fault detection of suspension is based in the method on analysis of metric (distance) 

d(Sv,Uj
v) from the reference point and point representing current state. The diagnostic symptom is 

the excess of the permissible distance F from the reference point. The F value may be set upon 
results obtained from experiments, in which suspension damages were studied. The distance can be 
calculated using different formulas, albeit Euclidean metric is used. 

The points referring to current condition should be located within boundaries, defined by F, of 
the reference point Sv. It is not crucial on which side of Sv the Uj

v point is located. This allows to use 
this method in detection of faults that result in increase and/or decrease of the parameters values. 
Since the range of values for the following parameters may be different, they should be normalised 
by dividing values of Uj

v by values of Sv, therefore the reference points coordinates are (1, 1, 1). 
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4. Experimental Tests 

The aims of the experimental tests were validation of the monitoring system and studies on the 
influence of suspension damages on recorded signals. The monitoring system was installed on 
passenger and freight car, the latter one loaded up to 90 t. For validation purpose, an additional 
measuring system was installed, which is used by Railway Institute (Poland) for approval tests. 
The experiment took place on a test track in Zmigrod in Poland. The first stage of the experiment 
was carried out on vehicles in nominal condition in order to obtain reference signals. In the second 
stage, the test was performed on wagons with introduced suspension damages (Fig. 1): 

− passenger car - removal of one secondary suspension damper, 
− freight car - removal of one coaxial springs packet of secondary suspension, on the left side 

of axle bearing at one wheel. 

    
Fig. 1. Passenger car running gear with secondary suspension damper disconnected (left), freight car bogie with 
removed springs on one side (right) 

5. Results of the Experiment 

The acceleration signals were analysed using the proposed method. The number of 
measurements (points in Fig. 2 and 3) depends on the number of passages on chosen track sections. 
The F value (radius of the sphere) equals to standard deviation of the distances’ value (of nominal 
vehicle) from the reference point and is calculated for different speed values and track sections. 
Since the axis are not equal in figures Fig. 2 and 3, the sphere appears as an ellipsoid. 

The case of damaged passenger car (damping reduction) condition is illustrated in Fig. 2. The 
star sign represents the reference point, point - condition assessed as damaged. Vertical acceleration 
signals from four passages on the same tangent track section have been used for condition 
evaluation. The points beyond ellipsoid indicate damage. For 100 km/h and vertical direction value 
equals F=0.232. 

 
Fig. 2. Results of passenger car analysis, 100 km/h, vertical acceleration, tangent track. 
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The results of the freight car condition analysis are depicted in Fig. 3, which refer to curved 

track section of R=900 m. The reduction of stiffness to the half of its nominal value caused that 
majority of results clearly indicate fault (points). Nevertheless, some of the results are classified as 
undamaged (squares) which are located within boundaries of the reference point. In this case for 
80 km/h and vertical direction F=0.112. 

 
Fig. 3. Results of freight car analysis, 80 km/h, vertical acceleration, curve R=900 m. 

6. Conclusions 

The method of multidimensional analysis of statistical parameters enables to detect faults of 
running gear (especially suspension). Vehicle condition is assessed basing on analysis of the metric 
between reference point and point representing current state. It is necessary to take into 
consideration more points for the proper condition assessment. Although the vehicle may be 
damaged, some of the points might be located within permissible range (sphere) defined by F value. 
Setting the limit value of the metric should be preceded by statistical analysis of data acquired from 
nominal and damaged vehicle. For the experiment results analysis it was equal to standard deviation 
of distance from points of current nominal condition to the reference point. 

Acknowledgement 

The Authors express their gratitude for the financial support by the Polish Ministry of Science 
and Higher Education for the support of research within the framework of the project 
MONITORING OF TECHNICAL STATE OF CONSTRUCTION AND EVALUATION OF ITS 
LIFESPAN – MONIT. Action Operational Programme Innovative Economy. 

References 

[1] UIC 518: Testing and Approval of Railway Vehicles from the Point of View of their Dynamic Behaviour - Safety - 
Track fatigue - Ride quality, 2003. 

[2] CHUDZIKIEWICZ, A., SOWINSKI, B. Problems of choosing Statistical Parameters In the Process of Monitoring 
the System of Railway Vehicle. 8th International Conference on Railway Bogies and Running Gears, pp.127-129, 
Hungary, Budapest, 8-10 November 2010. 

[3] CHUDZIKIEWICZ, A., SOWINSKI, B., SZULCZYK, A. Statistical parameters of vibrations as measures of rail 
vehicle condition. Proceedings of 17th International Congress on Sound and Vibration, pp.73, Cairo, Egypt 18-22 
July 2010. 

[4] MELNIK, R., KOSTRZEWSKI, M. Rail Vehicle's Suspension Monitoring System - Analysis Of Results Obtained 
From Tests Of The Prototype. Key Engineering Materials Vol. 518, pp. 281-288, 2012. 

218



 
 TRANSCOM 2013,  24-26 June 2013 
 University of Žilina, Žilina, Slovak Republic 
 

  

Optimization of Working Solution Flow in Borehole Heat Exchanger 
*Jozef Mičieta, *Milan Malcho, *Jozef Jandačka 

*University of Žilina, Faculty of Mechanical Engineering, Department of Power Engineering,    
Univerzitná 1, 01026 Žilina, Slovak Republic, {jozef.micieta, milan.malcho, jozef.jandacka}@fstroj.uniza.sk 

Abstract. Coefficient of performance indicates efficiency of heat pump ground-water, but it does not include 
energy needed for obtaining low-potential heat from ground. The most used system for transport              
low-potential heat from deep borehole into the heat pump is a borehole heat exchanger with forced 
circulation of heat carrying fluid in U-pipes. A heat carrying fluid flow influences not only intensity of heat 
transport, but also electric energy consumption, because electrical circulating pump ensures transport of heat 
carrying solution. We determine an optimal flow of heat carrying anti-freezing solution in borehole heat 
exchanger and a connection of U-pipe among each other by using mathematical model. Determination of the 
optimal working parameters is important for increasing efficiency of existed systems.    

Keywords: Borehole heat exchanger. Heat pump. Low-potential heat of ground. Ethylene glycol solution. 

1. Introduction 

Natural conditions in Slovak area are favourable for using low-potential energy of ground. 
Mean geothermic gradient in Slovakia is about 33 K/km. It is a little above-average value compared 
with a world average 30 K/km [5]. The system used deep borehole is compared with other         
low-potential sources the most universal, because it does not depend on specific climatic, geologic 
or hydrogeological conditions. Mean advantage of earth ground is invariable temperature, which is 
not influenced by atmospheric and seasonal conditions in depth 20 – 30 m below earth surface. [4]. 
Geothermal heat of rock is the most often obtain by heat exchanger in borehole with depth       
100 –150 m (40 – 60 W/m) [3]. 

2. Borehole heat exchanger 

Primary heat exchanger of heat pump ground-water situated in deep borehole is usually 
designed like system with forced circulation of working fluid in U-pipes. The borehole heat 
exchanger is made from one or more polyethylene U-pipes. We focus on working parameters of 
borehole heat exchanger, because there is possible to change them also in built systems. Type with 
two U-pipes is usually used in Slovakia. Constructional parameters of borehole heat exchanger for 
obtaining low-potential heat influence their power essentially, but they are given at the beginning of 
constructing for a lifetime. They can change only parallel or serial connection of U-pipes among 
each other in construction of existed borehole heat exchangers. Working solution flows both pipes 
in serial connection and with two times velocity in compared with parallel connection.  

2.1. Heat pump ground-water 

Efficiency of low-potential energy transformation on higher, applicable temperature degree by 
heat pumps describes coefficient of performance (COP). It describes ratio of heat obtained from 
ground and amount of supplied (electric) energy for circulating pump. However coefficient of 
performance does not include energy needed for obtaining low-potential heat from ground and 
transporting to heat pump.  
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2.2. Working substance in primary circuit of heat pump 

The working substance is always a solution of anti-freezing liquid, because heat pump works 
also with temperature below 0 ˚C in primary circuit. The solution of ethylene glycol is the most 
often used in Slovak conditions. Working parameters changing of anti-freezing working fluid is 
mean way how they can influence power of existed heat exchanger. Freezing point is parameter, 
which determines required concentration of solution of ethylene glycol in borehole heat exchanger. 
Properties of heat carrying solution make worse markedly by increasing of ethylene glycol 
concentration. This is reason why is useful to reduce ethylene glycol concentration at minimum 
necessary level. Heat pump usually works with temperature up to -5 ˚C in primary circuit. They can 
consider temperature -10 ˚C as minimum temperature in primary circuit during ordinary running of 
heat pump [7]. The concentration of ethylene glycol solution from 20 till 25 % with freezing point 
from -7.7 ˚C till -10.9 ˚C suffices for prevention of freezing [8].          

Pressure losses rise because of internal friction during flowing real (viscous) liquids. Amount 
of pressure losses ∆p is done by equation  
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Where λ and ξ are coefficients of pressure losses, ρ is density, w is velocity, l is length of pipe 
and d is diameter of pipe. Pressure energy is transformed irreversibly to heat energy by fluid flow. 
We use mathematical model for thermodynamic parameters of ethylene glycol solution from 
Conde [1]. We deduce with reference to obtain results, the bigger ethylene glycol concentration is, 
the bigger power consumption of circulating pump causes. Electric power consumption is a few 
times bigger in serial connection of U-pipes then in parallel connection. 

2.3. Heat transport in borehole U – heat exchanger 

Heat transport is influenced mainly by concentration, flow, rock properties and heat exchanger 
construction. They could change besides U-pipe connection and concentration also flow, so that is 
possible simply, but essentially to change power of heat exchanger. We use mathematical model for 
heat transport in borehole heat exchanger in reference to Gehlin`s and Hellström`s papers [2]. They 
compare four models and a line source model shows closest agreement with measured temperature. 
The line source and the simplified line source give results with negligible difference. We use the 
simplified line source model [3], because of faster calculations     
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E1 is exponential integral. Equation (2) is still complicated, so it is approximated with error 
2.5 % maximum in our case into (3).  
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 Mean temperature of fluid into heat exchanger tm may be defined on a borehole boundary 
r = rb. Effective heat conductivity of ground λg = 3.373 W/(m.K) and mean ground temperature 
t0 = 11.3 ˚C are defined by Thermal Response Test in situ. The bigger flow is the higher heat 
transport is. This fact expresses theoretical thermal resistance Rb, which is calculated in reference to 
Marcotte [6] and Sazima [9]. Inlet temperature tin is known and mean temperature tm is determined 
from assumed heat flux (from TRT). Euler`s constant γ is 0.5772…, τ is working time and other 
thermal parameters are from thermodynamic tables for soil type in situ. Heat from ground per 
1m borehole depth (qg = qd) is determined by (3). Total heat from primary circuit Qt is heat from 
ground Qg and heat from running circulating pump Pp.   
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Fig. 1. Heat from ground in parallel connection U-pipes Fig. 2. Heat from ground in serial connection U-pipes 

 

Fig. 3. Heat from primary circuit in parallel connection   
U-pipes 

Fig. 4. Heat from primary circuit in serial connection   
U-pipes 

 
Fig. 5. Specific heat gain from primary circuit in parallel 
connection U-pipes 

Fig. 6. Specific heat gain from primary circuit in serial 
connection U-pipes 

3. Discussion  

Obtained heat from ground is limited mainly by flow and temperature gradient among ground 
temperature t0 and working solution temperature tm. We do not consider very small flows less than 
0.2 m3/h in analysis, because they are useless in practice and mathematical model does not fit for 
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these flows. Heat from ground is approximately invariable in the course of flows above 4 m3/h 
(Fig. 1), (Fig. 2). Heat from primary circuit Qt is still grooving (Fig. 3), (Fig. 4), but it is caused by 
heating from running of circulating pump [8]. Low-potential heat of ground is obtained with the 
most efficiency in maximum extreme of specific heat gain in charts (Fig. 5, Fig. 6). Heat gain from 
ground is more intensive in serial connection then in parallel, but it is negligible difference. On 
other side electric energy is consumed more efficiency in parallel connection.     

Discontinuous course of showed charts is caused by changing equations for calculate 
coefficient λ and α for certain flow. Calculating of heat transfer requires some assumptions and 
simplifications; therefore they should verify calculated results. We don’t expect large error. 

4. Conclusion 

The aim is to minimize cost for running of borehole heat exchangers with forced circulation of 
heat carrier and also to ensure necessary demand of low-potential heat of rock. 20 % ethylene 
glycol solution with freezing point -7.7 ˚C usually suffices in ordinary running. We recommend use 
25 % ethylene glycol solution for purpose anti-freezing substance for borehole heat exchangers. 
This concentration includes also safety reserve of several Celsius degrees against freezing. We 
recommend elect with accent on efficiency using supplied electric energy flow of anti-freezing 
solution at interval 1 – 1.5 m3/h. The obtained heat is lower near the bottom boundary of interval, 
but there is supplied energy more efficiency used then near the top boundary. If two or several      
U-pipes create borehole heat exchanger, U-pipes should connect parallel among each other.  
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Abstract. Article deals with a simulation study of influence of the Atkinson and the Miller cycle on a 
dynamic compression ratio (CR) of the spark ignition (SI) engine at part load. Investigation was carried out 
using the commercial 1-D code GT-Power. This research is realized to investigate possibilities to increase in 
the SI engine efficiency at part load in the author’s laboratory. Application of both mentioned 
unconventional cycles eliminates the pumping losses and thus the SI engine efficiency can increase. Based 
on the calculated results, dynamic CR can remain unchanged using the Miller cycle in comparison to the 
conventional Otto cycle. However, application of the Atkinson cycle causes significant decrease in the 
dynamic CR. Thus, the Miller cycle appears as a cycle thermodynamically more suitable than the Atkinson 
cycle. 

Keywords: the Atkinson cycle, the Miller cycle, SI engine efficiency, part load. 

1. Introduction 

The common method for achieving less than full power operation of a SI engine is reducing 
charge density via a throttle. However, a significant fuel economy penalty is associated with the 
increased pumping losses across the little opened throttle valve, [1], [2]. Measured patterns of 
indicated in-cylinder pressure of a SI engine at part load with detail of the pumping work are 
presented in Fig. 1 for better illustration of mentioned above. 

 

 
 

Fig. 1. In-cylinder pressure patterns of a SI engine at part load with detail of the pumping work. 
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An alternative load control strategy at part load is to run the SI engine without (or with only 
very little) throttling and to regulate the charge mass by Late Intake Valve Closing (LIVC) – known 
as the modern Atkinson cycle or by Early Intake Valve Closing (EIVC) – termed an extreme Miller 
cycle. The dynamic compression stroke is shorter than the expansion stroke in these applications. 
There is a potential for cycle efficiency improvement by this fact and simultaneously by pumping 
work reduction, [3], [4]. 

It is known that a reduction in dynamic compression stroke brings a reduction in dynamic CR 
(volume at the Intake Valve Closing (IVC) / volume at the Top Dead Center (TDC)), which could 
eliminate the positive effect of the LIVC or EIVC technique. A variable compression ratio 
technique could be applied to eliminate mentioned reduction in compression ratio. However, this 
technique is expensive and complex. 

Based on these reasons, an investigation which of the both unconventional techniques, LIVC or 
EIVC, has a less negatively effect on dynamic CR was carried out. The commercial 1-D code GT-
Power was utilized for investigation, [5]. Simulations were carried out at two engine speed 
operating points: 1700 and 2900 RPM. Engine part load was chosen at the value of bmep (brake 
mean effective pressure) = 200 kPa. A predictive turbulent flame model was integrated into the 
engine model as well as a chosen strategy for Rate-of-heat-release optimization, described in work 
[6]. 

2. The Atkinson Cycle Simulations 

Intake valve closing retardation (compared to the Otto cycle) was chosen with the addition of 
15° of Crankshaft Angle (CA) in each variant. Thus, the selected LIVC variants were: 75, 90, 105 
and 120 °CA after Bottom Dead Center (BDC), see Fig. 2. To achieve appropriate intake valve lift, 
an original valve lift curve was extended at the highest point, as visible in Fig. 2. 
 

 
 
Fig. 2. Original intake valve lift curve of the Otto cycle and modified lift curves for calculated Atkinson cycles. 

 
Based on simulation results, variant Atkinson 105 (IVC=105°CA after BDC) appears to be the 

best variant of all computed variants because the cycle efficiency improvement is the highest at 
both engine speeds. As observed, however, the positive effect of the Atkinson cycle on the 
efficiency is reduced with increased engine speed, see work [6] for details. Investigation below will 
take into account only this best variant of the Atkinson cycle (Atkinson 105). 
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3. The Miller Cycle Simulations 

An extreme early IVC (compared to the Otto cycle) for each calculated variant was chosen: 60, 
75 and 90 °CA before BDC, as visible in Fig. 3. To achieve appropriate intake valve lift, some parts 
of the original valve lift curve (of the Otto cycle) were applied. Both start and end parts of the 
original valve lift were applied. The peak of the lift curve was properly rounded. 
 

 
 
Fig. 3. Original intake valve lift curve of the Otto cycle and modified lift curves for calculated Miller cycles. 

 
Variant Miller 60 (IVC=60°CA before BDC) appears to be the best variant of all computed 

variants because the cycle efficiency improvement is the highest at both engine speeds. Moreover, 
the positive effect of the Miller cycle on the efficiency is not reduced with increased engine speed, 
[6]. Investigation below will take into account only this variant of the Miller cycle (Miller 60). 

4. Influence on Dynamic CR of the Engine 

 

Fig. 4. Influence of both unconventional cycles on dynamic compression stroke (and thus on dynamic CR). 

225



 

 

Change of IVC position and influence of both unconventional cycles on dynamic CR compared 
to the Otto cycle is presented in Fig. 4 for better illustration. It is clear, that dynamic CR of the 
Miller 60 is the same as of the Otto cycle. Further, influence of IVC position of the Atkinson 105 
has a significant effect on decrease of dynamic CR, even more than in case of the Miller 90 variant, 
as visible in Fig. 3. Quantification of the mentioned values is shown in Tab. 1. 
 

 
Tab. 1. Quantification of the geometric CR, dynamic CR and relative change of efficiency of the Otto cycle and both of 
unconventional cycles. 

5. Conclusion 

Based on the calculated results using a commercial 1-D code, the application of the best variant 
of the Atkinson cycle reduced dynamic CR about 40 % in comparison to the Otto cycle.  

On the other hand, application of the best variant of the Miller cycle did not reduced the 
dynamic CR at all. This could be the reason for higher Miller cycle efficiency than the Atkinson 
cycle efficiency. The application of the Miller cycle at part load appears to be thermodynamically 
more suitable solution than the application of the Atkinson cycle. 
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Abstract. This article describes the analysis of using different size of main components of serial hybrid 
vehicle. Simulation was created using the Matlab Simulink software. Simulation is based on the real world 
driving cycles measured in Central Europe and urban part of NEDC cycle. The comparison of six vehicles 
with different combustion engine and battery pack is in the last part of this paper. The vehicles are 
comparing by range. 
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1. Introduction 

Reducing vehicle fuel consumption and emissions is on great demand nowadays. In some cities 
in EU is entry to the city center allowed only for vehicles complying emissions limits. One of the 
possibilities is to use a hybrid vehicle. Hybrid drive is the combination of two or more power 
sources. The most common combination is the use of internal combustion engine and electric 
motor. According to the architecture of the components are hybrid drives divided into serial, 
parallel and serial-prallel. This article presents a simulation of the serial plug-in hybrid vehicle. 
Plug-in hybrid means that battery can be charged from the public electricity network. The serial 
hybrid drivetrain is shown in Fig. 1. The advantage of serial hybrid is that the internal combustion 
engine can operate in a very narrow revolutions range or in one revolution mode and achieve lower 
fuel consumption and the possibility of driving without a combustion engine. The biggest 
disadvantage is multiple energy conversion. This architecture is more suitable for city traffic. A key 
factor not only for the serial hybrid drive is the right choice of the components. It depends on the 
vehicle power and range requirements. For the evaluation and designing hybrid vehicles are most 
commonly used driving cycles for determination fuel consumption and emissions. However these 
cycles are simplified. For example doesn’t contain the grading resistance. For better evaluation we 
created real world driving cycles. 

 

 
Fig. 1 Serial hybrid 

2. Real driving cycle  

The measurement of real world driving cycle was made on the conventional vehicle. The 
vehicle has been driven how the traffic situation requires and the measured data can be used for 
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simulation of different vehicles types. The measurements were made in the cities of Central Europe. 
Measured was velocity, acceleration, time, distance, grade and brake signal. The measurement of 
velocity, acceleration, distance and brake signal was made by using data acquisition system DAS3 
with contactless measuring device based on the Doppler phenomenon and pedal force sensor. For 
determining grade was used GPS data logger.  

3. Serial hybrid vehicle simulation 

Serial hybrid vehicle simulation was made using the Matlab Simulink. The primary inputs to 
the simulation are the measured values of velocity, acceleration, grade and brake signal from the 
real driving cycle. These values enter into the subsystem for calculating demand power. The 
demand power is calculated by tractive effort such as rolling resistance, aerodynamic drag, grading 
resistance and inertia resistance. To calculate tractive effort is necessary to choose the weight of the 
vehicle, the coefficient of rotating parts, rolling resistance coefficient, frontal vehicle area, 
aerodynamic drag coefficient and air density. The output of the subsystem is the demand power and 
revolutions needed for the traction motor based on the selected wheel size and gear ratio. Demand 
power enters into Matlab Function block where is created the function to calculate the required 
torque to electric motor depending on whether motor is works as a motor or generator at 
regenerative braking. Demand torque and revolutions enter into a 2-D lookup table where is 
specified the efficiency map of the electric motor for motor and generator mode. Efficiency map of 
the electric motor is shown in Fig. 2. 

 

 
Fig. 2 Efficiency map of the electric motor 

 
The management block is use to calculate required current for electric motor as well as current 

for battery charging in case of recuperating braking based on demand power, electric motor 
efficiency, battery voltage and brake signal. For battery simulation is chosen battery block from the 
SimPowerSystems library. To the combustion engine/generator subsystem is required value of 
specific fuel consumption, engine power and revolutions. Combustion engine operates in one 
revolution mode where is the best specific fuel consumption. State of charge and battery voltage 
enters into combustion engine/generator subsystem. Output from the subsystem is fuel consumption 
and current needed for electric motor and battery charging. When the state of charge of battery 
reaches the preset top line, the engine is turned off and the vehicle is propelled only by the battery. 
On the other hand, when the state of charge of the battery reaches its bottom line, the engine is 
turned on. The simulation model considered the efficiency of electrical machines, batteries, 
controllers and inverters. Model is shown in Fig. 3. 
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Fig. 3 Model of serial hybrid vehicle 
 

4. Simulation with various components 

A key factor in hybrid vehicles is correctly dimensioned size of key components such as 
traction electric motor, internal combustion engine and batteries. The small plug-in hybrid vehicle 
for two passengers primarily designed for city traffic was chosen for simulation. The base is 15kW 
traction electric motor, which is the same for each configuration. For the simulation are three 
combustion engines with different displacements selected. Combustion engine operates in one 
revolution mode where has the best specific fuel consumption. Subsequently are selected two 240V 
NiMH battery pack with a capacity of 34 Ah and 8.5 Ah. In Tab. 1 are stated six different vehicle 
configurations. Base is 350kg vehicle weight with electric motor and 75kg passenger with 15kg 
baggage to which is added weight of selected combustion engine and battery pack. 

 

  
  

Engine Revolutions Torque 
Specific fuel 
consuption 

Engine 
weight 

Battery 
pack 

Battery 
weight 

Total 
weight 

 [ cm3 ] [ rpm ] [ Nm ] [ g.kw-1.h-1 ] [ kg ] [ Ah ] [ kg ]  [ kg ] 
vehicle1 505 2000 34 296 49 34 180 669 
vehicle2 280 2800 19 310 30 34 180 650 
vehicle3 120 2500 7 305 13 34 180 633 
vehicle4 505 2000 34 296 49 8.5 45 534 
vehicle5 280 2800 19 310 30 8.5 45 515 
vehicle6 120 2500 7 305 13 8.5 45 498 

Tab. 1 Vehicles comparison 
 
 

Vehicles are compared by range. For comparison each vehicle consume one liter of petrol 
during the simulation. Vehicles are compared on three real driving cycles and urban part of the 
NEDC cycle. The real driving cycles were measured in the cities of Central Europe in Zilina, 
Prague and Wroclaw. Due to the fact that it is a plug-in hybrid, it is important to compare vehicle 
with fully charged and discharged battery. In the case of 100% charge vehicle starting operate in 
electric mode. When the state of charge of the battery reaches its bottom line, the engine is turned 
on. In this case, the energy required for electric motor is supplied by generator driven by an internal 
combustion engine and the rest of energy is stored in batteries. When the state of charge of battery 
reaches the preset top line, the engine is turned off. In case of fully discharged battery simulation 
starts in hybrid mode (combustion engine is on). In both type of simulation combustion engines is 
off when its consume 1l of petrol. It should be noted that due to the battery life can not be 
discharged to 100%. The range comparison of fully charged vehicles you can see on Fig. 4. The 
range comparison of discharged vehicles you can see on Fig. 5.  
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Fig. 4 Comparison of fully charged vehicles 
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Fig. 5 Comparison of discharged vehicles 

5. Conclusion 

As you can see in the Fig. 4 and Fig. 5 the greatest range have fully charged vehicles with 
34Ah battery pack. Situation is changing with the discharged battery, where the vehicle with 
heaviest 34Ah battery pack needs to make more power due to the increased weight of the vehicle. In 
the comparison of internal combustion engines with charged and discharged battery, the best result 
has 120 cm3 engine due to its lower weight. Engine with displacement of 505 cm3 is smaller than 
the engine with 280 cm3 displacement, but on the other hand has a better specific fuel consumption 
which is reflected to a similar range. Results for 505 cm3 engine are better when the battery is 
discharged, 280 cm3 engine has a slightly better result when the battery is charged particularly for 
34Ah battery pack. When is used 8.5Ah battery pack with 505 cm3 or 280 cm3 engine the range is 
almost same. Engine with 120 cm3 displacement seems to be a best choice, but it should be noted 
that in the case of fully discharged battery and high power demand such as driving on higher speed, 
the engine hasn’t enough power to ensure vehicle performance. A possible solution would be 
different control strategy where the internal combustion engine to starts before the battery becomes 
discharge. 
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direction of the development is drafted. 
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1. Introduction 

Geotermal energy is one of renewable energy sources, although in technical point of view it is 
not one of them. It offers whole range of considerable advantages, therefore it is of high importance 
to deal with efficiency of its gathering. 

Device with the name Plasmabit is an autonomous drilling system, which is able to operate at 
high temperatures and pressures. A basic requirement of the design is the ability of Plasmabit, 
operate in depths up to 10 km below the surface of the earth. 

Plasmabit is not only dedicated device designed for geothermal drilling, but can be used in 
various fields: 

- Geothermal energy, 
- Mining industry, 
- Oil and gas industry. 
Ensuring correct motion in the borehole is one of the key problems in the development of 

Plasmabit. The role of the motion subsystem is the Plasmabit to be able to move up and down in the 
well in a defined manner. A variety of commercial systems used for the movement in wells are 
being developed in the oil and gas industry. Their disadvantage is that they do not meet the 
requirements for a motion subsystem of Plasmabit. Nowadays aren’t known any producers of 
similar systems complying with specified requirements, nor any similar research projects. For this 
reason, we had to focus on its own motion system design. 

This is a unique system that has no equivalent in the world model. That is why the stage of 
conception is important and decisive for the solution. 

2. Description of the terms and conditions 

This chapter is devoted to the description of Plasmabit construction requirement, description of 
the operating conditions in which to work and other terms agreed in the solving process. 

Before the start of the project the following requirements have been set on the device. These 
requirements have been established in collaboration with Faculty of Mechanical Engineering, 
University of Žilina and the company Geothermal Anywhere, Ltd. 

- Plasmabit estimated weight is 4000 kg, 
- plasmabit estimated length is 10 m, 
- expected outer diameter of plasmabit is 250 mm, 
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- expected inner diameter of plasmabit is 230 mm, 
- borehole diameter (280 ± 20) mm 
- plasmabit working in pressures up to 1000 bar and temperatures up to 280 ° 
- hardness borehole walls - is a prerequisite glassy rock - obsidian, 
- borehole wall friction coefficient - a prerequisite for the glassy rock - obsidian, 
- the time needed to carry out borehole 3000 hours 
- the reliability of anchoring system - anchoring system consists of several subsystems, so that 

in the event of failure of one of these other subsystems to ensure full functionality of the 
system, 

Plazmabit itself has to work at depths of up to 10 km beneath the Earth's surface, which is 
characterized by a high temperature of 300 ° C to 400 ° C. Water with this high temperature 
significantly changes its properties such as density, dynamic viscosity, corrosive and chemical 
effects. Solubility of organic matter and gases in water at high temperatures (above 300 ° C) 
increases by several orders of magnitude, and the water can act as chemical reactions solvent, agent 
or catalyst. Therefore, it is necessary to avoid the use of organic materials in the construction of 
plasmabit. 

3. Motion-anchoring subsystem 

Motion-anchoring subsystem of plasmabit can have two motion states: 
- Continuous for all plazmabitu, 
- Intermittent (caterpillar) with continuous movement plasmatron. 
Continuous movement of entire plazmabit requires the use of rotating members, whether 

wheels or belts. Such a solution is in terms of motion-anchoring subsystem relatively difficult 
because one subsystem must ensure continuous and stable movement and sufficient contact pressure 
to the walls of the borehole. This solution requires the use of radial bearings, which are more or less 
(depending on the design) subjected to a constant load and a range of extreme conditions, such as 
ambient temperature range with pressures. 

In Intermittent (caterpillar) motion system can be divided into two separate cooperating 
subsystems such as subsystem of anchor and motion subsystem. The motion subsystem performs 
two important functions. Allows adaptation to the intended conditions of curvature and diameter 
borehole so that the entire system of plasmabit don’t get stuck in borehole and performs shift axially 
well (up and down). 

3.1. Motion subsystem 

 
Fig. 1. The flexible connection modules 
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Joint was designed in two concepts both flexible connection modules or as a cardan joint. 
Flexible connection is solid connection of two modules with a small segment, which can be made as 
bellows and other flexible connection.  

 
Fig. 1. The connection with cardan joint. 

 
Cardan joints can be as uncontrolled - or passively managed - active. When active articulation 

would require additional management controls motors bend that would still have to be synchronized 
with the movement and anchor subsystems. 

4. Conclusion 

The development of complex technology plasmabit was divided for many autonomous 
subsystems. This division offers four main functional specifications and interface to the motion-
aresting mechanism, plasmtron, power system, control and management system of plasmabit. It is a 
unique device that is designed for the extreme conditions of high temperature and high pressure. 
Assumed ambient temperature above 280 ° C and pressures greater than 100 MPa. 

Future developments will focus on optimization of processes, shapes and sizes motion 
subsystem mechanism. Which formed the basis for assignment a concept, the developed 3D model. 
The next phase will be implemented in the FEM simulation program, which will serve as the basis 
for the following optimization and performance improvement mechanism. 
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Abstract. Heat pipes are using in many branch of industry, such as industries using thermal processes and 
heat transfer processes or for cooling electrical elements and systems. The heat pipe is a vapor-liquid phase-
change device that transfers heat from evaporator to condensator using capillary forces generated by a wick 
or porous material and a working fluid. These mean that the heat flow transported by the heat pipe mainly 
depends on their capillary system. One from the most used capillary structure in heat pipe is sintered 
structure from copper powder. Article dealt with influence various porosity of sintered capillary structure on 
thermal performance of heat pipe. The main topics of article are manufacturing wick heat pipes with various 
pore size of sintered capillary structure, construction measuring unit to determine thermal performance of 
heat pipe and research results interpretation.  
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1. Introduction 

The heat pipe is a vapor-liquid phase-change device that transfers heat from a hot reservoir to a 
cold reservoir using capillary forces generated by a wick or porous material and a working fluid. 
The heat pipe is composed of a container lined with a wick that is filled with liquid near its 
saturation temperature. The vapor-liquid interface, usually found near the inner edge of the wick, 
separates the liquid in the wick from an open vapor core. Heat flowing into the evaporator is 
transferred through the container to the liquid-filled wicking material, causing the liquid to 
evaporate and vapor to flow into the open core portion of the evaporator. The capillary forces 
generated by the evaporating interface increase the pressure difference between the vapor and 
liquid. The vapor in the open core flows out of the evaporator through the adiabatic region and into 
the condenser. The vapor then condenses, generating capillary forces similar, although much less in 
magnitude, to those in the evaporator. The heat released in the condenser passes through the wet 
wicking material and container out into the cold reservoir. The condensed liquid is then pumped, by 
the liquid pressure difference due to the net capillary force between the evaporator and condenser, 
out of the condenser back into the evaporator. Proper selection and design of the pipe container, 
working fluid, and wick structure are essential to the successful operation of a heat pipe [1]. 

 
Fig.1 Principe of heat pipe 
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2. Heat Pipe Construction 

The major components of a heat pipe are a sealed container, a wick structure, and a working 
fluid. The wick structure is placed on the inner surface of the heat pipe wall and is saturated with 
the liquid working and provides the structure to develop the capillary action for liquid returning 
from the condenser to the evaporator. Return of the liquid to the evaporator from the condenser is 
provided by wick structure. [2]. 

2.1. Heat Pipe Container 

The container, working fluid, and wick structure of a heat pipe determine its operational 
characteristics. One of the most important considerations in choosing the material for the heat pipe 
container and wick is its compatibility with the working fluid. Degradation of the container or wick 
and contamination of the working fluid due to chemical reaction can seriously impair heat pipe 
performance. For example, noncondensable gas created during a chemical reaction eventually can 
accumulate near the end of the condenser, decreasing the condensation surface area. This reduces 
the ability of the heat pipe to transfer heat to the external heat sink. The material and geometry of 
the heat pipe container also must have a high burst strength, low weight, high thermal conductivity, 
and low porosity [3]. 

2.2. Working fluid 

Using the proper working fluid for a given application is another critical element of proper heat 
pipe operation. The working fluid must have good thermal stability properties at the specified 
operational temperature and pressure. The operational temperature range of the working fluid has to 
lie between its triple point and its critical point for liquid to exist in the wicking material. The 
wettability of the working fluid contributes to its capillary pumping and priming capability. High-
surface-tension fluids are commonly used in heat pipes because they provide the capillary pumping 
and wetting characteristics necessary for proper operation. Other desirable thermophysical 
properties include a high liquid thermal conductivity, high latent heat of vaporization, low liquid 
viscosity, and a low vapor viscosity [3]. 

2.3. Wick structure 

The wick provides a means for the flow of liquid from the condenser to the evaporator section 
of the heat pipe. It also provides surface pores that are required at the liquid–vapor interface for 
development of the required capillary pressure. The wick structure also has an impact on the radial 
temperature drop at the evaporator end between the inner heat pipe surface and the liquid–vapor 
surface. Thus, an effective wick requires large internal pores in a direction normal to the heat flow 
path. This will minimize liquid flow resistance. In addition, small surface pores are required for the 
development of high capillary pressure and a highly conductive heat flow path for minimization of 
the radial surface to liquid–vapor surface temperature drop.  

 
          Fig.2 Sintered capillary structures 
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The material properties and structural characteristics of heat pipe wick structures are a high 
thermal conductivity, high wick porosity, small capillary radius, and high wick permeability [3]. 
One from the most used capillary structure in heat pipe is sintered structure from copper powder. 
Sintering copper powders with granularity of 100 µm, 63 µm and 50 µm in the high thermal electric 
oven using for powder metallurgy at 1000 °C for time 30 minute was created 1.5 mm thick capillary 
structures in heat pipes with various pore size.   

3. Heat Pipe Thermal Performance Measurement 

For measuring thermal performance of heat pipe was proposed measuring unit consisted from 
measuring apparatus necessary to thermal performance evaluation. Evaporator section of heat pipe 
was heating by kanthal wire connecting on the power source. Condensation section of heat pipe was 
cooling by circumfluent coolant in spiral cooler of cooling cycle with thermostat and flowmeter. To 
determine thermal performance of heat pipe was used calorimetric method emanating from 
calorimetric equation [4]. In to the calorimetric equation was substituted data input and output 
temperatures and mass flow of coolant in cooler from measurement and table value specific heat 
capacity of coolant. 

 
Fig. 3 Scheme of measuring unit 

4. Results 

Research impact of capillary structure on heat pipe thermal performance relate to wick heat pipe 
with sintered wick structure made from various granularity of copper powder. Total length of heat 
pipe is 50 cm and working medium is ethanol. Amount of working fluid in heat pipes is 20 % from 
overall heat pipe volume as discuses [5]. Measurement of thermal performance of heat pipe was at 
vertical and tilt angel 45° position and temperature of heat source 70 °C. On figure 4 are shown in 
column graph dependencies thermal performance of heat pipes on pore size of sintered capillary 
structure and working position. Graph creates two groups for three columns. The first and highest 
column in graph from left represent thermal performance of heat pipe with 100 µm granularity 
copper powder capillary structure, middle column represent thermal performance of heat pipe with 
63 µm granularity copper powder capillary structure and third the smallest column represent 
thermal performance of heat pipe with 50 µm granularity copper powder capillary structure. 
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Fig. 4 dependencies thermal performance of heat pipes on pore size of sintered capillary structure and working position. 

5. Conclusion 

To determine impact of capillary structure on heat pipe thermal performance were manufacture 
wick heat pipes with various pore size of sintered capillary structure from copper powders with 
granularity of 100 µm, 63 µm and 50 µm, construction measuring unit to determine thermal 
performance of heat pipe. According results dependences thermal performance of heat pipes on 
porosity of sintered capillary structure and working position, is expressly statement that the from 
three types of capillary structures is to heat transfer by heat pipe most proper capillary structure 
made in from copper powders with granularity of 100 µm. Conclusion of this research work is that 
small copper powder grain create small pore size in sintered wick structure and in this structure 
can’t flow lot of volume working fluid from the condensation to the evaporation section of heat 
pipe.   
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Abstract. The fundamental tasks that are being set before experts that are dealing with problems of using 
and maintenance of a motor vehicle are: to establish the variation of a vehicle's technical characteristics and 
to define methods and means for ensuring its proper operation. In this paper the attention is devoted to 
solving the first problem. As a result of work on determination of technical characteristics variation is 
presented determination of reliability parameters of the driving engine of a vehicle for special purposes. 
Based on obtained results it is possible to determine the optimal periodicity of its maintenance. 

Keywords: Driving engine, Exploitation, Law of technical state variation, Reliability 

1. Introduction 

Out of all the possible solutions for the maintenance strategy, for the given driving engine and 
the set conditions, only one is optimal. In that case the optimal values are reached for availability, 
reliability, operational and maintenance costs, and accordingly total costs during the engine's life 
cycle. The system optimization task for the driving aggregates consists of obtaining that optimum. 
This is why it is necessary to properly define the variation of engine's technical characteristics, 
primarily through determination of its reliability parameters. In this paper is presented 
determination of those parameters for the driving engine of a special purposes vehicle. 

2. Problem Formulation 

In the special purposes vehicle (Fig. 1) is as a driving engine built the four-stroke "V" Diesel 
engine (Fig. 2), with 10 cylinders at 90° and direct injection, with a chamber in the piston and 
cooled by liquid. The engine is placed in the engine-transmission space, parallel to the vehicle's 
longitudinal axis, fixed by four elastic supports to a stand, which is welded to the vehicle's floor. 
The engine is placed in the vehicle in such a way that its back side (flywheel) is facing the front side 
of a vehicle.  

3. The Most Frequent Irregularities in Exploitation of  an Engine 

The numerous irregularities can appear in exploitation of the OM403 engine, out of which only 
a few are listed here: 
- Engine can not start because: 

• the driving gear of the starter can not rotate, or rotates with insufficient rpms due to loose 
electric leads of a starter 

• the driving gear of the starter can not rotate, or rotates with insufficient rpms because the 
starter's clutch  slides 
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- Engine starts with difficulties because 
• the valve does not fit properly to its seat or the valve spring is fractured what also causes the 

engine smoke 
• there is not sufficient amount of fuel supplied by the pump and it stops almost immediately 

- Engine operates irregularly 
• it does not reach full strength due to change of the pre-injection angle  
• it does not reach full strength due to insufficient step of the steering rack of the high pressure 

pump 
• it operates with high noise due to damage of pistons caused by the engine overheating or 

increased specific fuel consumption 
• it has extremely high oil consumption due to increased tolerance between the valve seat and 

lead etc. 
 

 
      

Fig. 1.   Motor vehicle for special purposes into which the engine OM 403 is built      
       

 
 
Fig. 2. OM403 engine: 1 – Cylinder head cap; 2 – outlet collector cover; 3 – engine holder; 4 – oil refiner; 5 – oil inlet 
connector; 6 – oil level measure; 7 – alternator; 8 –alternator's pulley; 9 –belt; 10 – torsional vibrations damper; 11 – 
cooling fluid connector; 12 – nozzle for fan forceful start   

4. Determination of the Driving Engine's Reliability Parameters 

In order to plan the maintenance measures of an engine, prediction of its working life and 
estimates of quality of the vehicle's parts, as well as a vehicle as a whole, it is necessary to 
determine its reliability parameters. Taking into account that all further conclusions and measures 
depend on adequacy of defining the vehicle's reliability distribution model, this part of analysis 
requires special attention. 
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Based on data on engine failure categorization, presented in Table 1, one can notice the 
following: the total number of data (sample size) is 41, minimum time to failure is tmin = 51 mh 
(motor-hour), maximum time to failure tmax = 905 mh. Table 2 presents data on estimated reliability 
indicators of the driving engine. 

In figures 3 to 6 are shown graphical presentations of the engine OM403 estimated reliability 
indicators. 

5. Analysis of Obtained Results and Selection of the Reliability Model 

During the nonparametric testing of hypothetic models the quantitative indicators are obtained 
of the theoretical models deviations from the empirical distribution. According to [2], the calculated 
deviations can be used not only for verification whether the theoretical model satisfies the certain 
reliability test, but also for adoption of the theoretical model for which are either all or majority of 
deviations the least. In Table 3 is shown the comparative presentation of characteristic variables for 
tests of Komogorov-Smirnov, Pearson and Romanovsky for all the four theoretical approximate 
reliability models for the OM403 engine (Weibull, exponential, Rayleigh's and normal). 
 

Interval number  i 1 2 3 4 5 6 
Interval lower limit [mh] id 51,0 193,3 335,7 478,0 620,3 762,7 
Interval upper limit [mh] ig 193,3 335,7 478,0 620,3 762,7 905,0 
Interval median[mh] Svinterv 122,2 264,5 406,8 549,2 691,5 833,8 
Number of failures in interval ni 4 13 12 7 3 2 

 
Tab. 1.  Results of failures categorization according to driving engine failure intervals 
 
 
Interval 
number  
 (i) 

Number of 
failures 
n(ti) 

Interval median 
Svinterv  [mh] 

Failure 
frequency f 
(ti) 

Reliability 
R(ti) 

Unreliability 
F(ti) 

Failure 
intensity 
λ (ti) 

1 4 122,2 6,85E-04 4,88E-02 9,51E-01 7,21E-04 
2 13 264,5 2,23E-03 2,56E-01 7,44E-01 2,99E-03 
3 12 406,8 2,06E-03 5,61E-01 4,39E-01 4,68E-03 
4 7 549,2 1,20E-03 7,93E-01 2,07E-01 5,79E-03 
5 3 691,5 5,14E-04 9,15E-01 8,54E-02 6,02E-03 
6 2 833,8 3,43E-04 9,76E-01 2,44E-02 1,41E-02 

 
Tab. 2. Estimated values of driving engine reliability indicators 

                     
         Fig. 3. Estimated frequencies of failures                          Fig. 4.  Estimated values of unreliability functions           
 

From Table 3 can be seen that deviation Dn according to Kolmogorov-Smirnov test and the χ2 
value for the Pearson's test are the smallest for the Weibull's distribution. Due to that the Weibull's 
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two-parameter distributions adopted for the approximate model of the OM403 engine reliability, 
with the scale parameter ηw = 450.008 and shape parameter bw = 2.166. 

                   
        Fig. 5. Estimated values of reliability functions                Fig. 6. Estimated values of failures intensities                                                           
 

Distribution Kolmogorov-Smirnov test: Dn Pearson's test:  χ2 Romanovsky's test:  Ro 

Weibull 0.0151 0.0024 1.2237 

Exponential 0.2292 0.3174 1.3020 

Rayleigh 0.0437 0.0148 1.4090 

 
Tab. 3.   Comparative presentation of quantitative indicators of theoretical distribution models deviation from the 

empirical distribution of the OM403 engine 

6. Conclusion 

The methodology of selecting the most acceptable maintenance model is presented on the 
concrete example of the OM403 engine. Estimated values of the engine reliability indicators 
obtained by application of the known methodology are presented in table 2. Based on deviations of 
theoretical distributions values from the estimated values based on exploitation data, the conclusion 
was drawn that the Weibull's two-parametric reliability distribution is the most acceptable, i.e., the 
optimal model for the analyzed engine. 

By accepting this reliability distribution law one can write expressions for determination of 
reliability, failure frequency, failure intensity and average time of failureless operation of this 
engine. Based on those expressions one can then determine optimal periodicity of the operation 
time when the preventive checkups should be performed, when the parts should be replaced, 
repaired, or when the general revision should be done, as well as the optimal quantity of the spare 
parts supply. 
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Abstract. The aim of the article is micro-cogeneration for family houses. It is aimed at perspective and fast 
developing field of micro-cogeneration with small performance. High sophisticated technology for combined 
produce of heat and electric power is application of fuel cell which uses natural gas as a fuel. Combined 
production of heat and electric power is one of the best way how utilize energy which is contained in fuel. 
The aim of the article is verification of availability of micro-cogeneration units with fuel cell applying in 
family houses. The verification was evaluated through total fuel price and difference between total fuel price 
and price of produced electric power. 

Keywords: micro-cogeneration, fuel cell, natural gas 

1. Introduction 

The cogeneration means combined production of heat and electric power (CHP – combined 
heat and power), eventually heat and mechanical power, or heat power and combination of electric 
and mechanical power. Combined production of heat and electric power is one of the best way how 
utilize energy which is contained in fuel. The principle of cogeneration is heat utilization that would 
go out without utilization during electric power production. This heat would be heat loss, but it is 
now utilize for heating or for heating of domestic hot water. Thankfulness of this technology we can 
reach high effects of fuel energy content utilization. Description of micro-cogeneration is relevant 
to cogeneration units with performance up to 50 kWe. 

Till now, all devices on the market offered for family houses technologies which provide 
separated production of heat (condensing boiler, heat pump, solar collector,...) or electric power 
production (photovoltaic panel, small hydroelectric power plant, wind-power plant,…). On the 
present, the market offers micro-cogeneration units (micro-CHP) with small performance, which 
can be used in single family houses. These units work on the principles of combustion engine, 
Stirling engine, steam engine or on the principle of fuel cell. 

 
Fig.1. Principle of micro-cogeneration 
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The usage philosophy of these units is in production of thermal energy for heating and for 
domestic hot water and electric power getting is as a bonus. Produced electric power is generally for 
home consumption, not for sale to distribution grid. Sale to electric distribution grid is joined with 
amount of licensees, administration and dues which are not suitable. The cause is small 
performance of units and the resulting low expectation of electric power selling. The electric power 
which would be sold into electric distribution grid will be purchase as an electric power for losses. 
The price of electric power for losses is approximately doubly lower then price of electric power for 
customers. Electric output of these units is satisfactory to cover house consumption; electric power 
is bought from distributor in the case of higher consumption. 

The principle of micro-cogeneration for family houses is shown in the figure 1. Problem is 
harmonization of heat and electric power requirement. The problem is partly minimized by using of 
the heat accumulating tank. Micro-CHP unit can partly work in case when we need electric power 
without thermal power at the same time. Next problematic season is summer when we need heat 
only for domestic hot water preparation but electric power requirement is practically constant 
during all year. This season reduces quantity of working time of micro-cogeneration unit and 
thereby extends pay-back period. The ideal working condition is continuous running of unit. 
Insufficiency of some technologies especially fuel cells is low thermal production, it means extra 
source of heat requirement. This source of heat covers peak heat demand. 

2. The fuel cell 

The fuel cell is electro-chemical device which transforms chemical energy of fuel directly into 
electric power. It utilizes oxidation-reduced reaction. The principle of operation is inversed to 
electrolysis. Oxygen O2 is supplying to cathode, cathode reduces oxygen into oxygen anion O-2. 
After that, oxygen anion proceeds to anode where reacts with hydrogen and releases two electrons 
at the same time. Anode and cathode are connected by electric conductor; two free electrons 
traverse the electric conductor to anode where oxygen receives them again. Electric power is 
produces by this process, water is created at the end and by-product is thermal power. 

Types of fuel cells are different of material of electrodes, used electrolyte, working temperature 
and chemical reactions on the electrodes. The fuel cells are divided into six groups by used 
electrolyte and these groups are divided into three main categories by working temperature. 

Fuel cell with low working temperature (60-120°C) 
• AFC – Alkaline Fuel Cell 
• PEMFC – Polymer Electrolyte Membrane Fuel Cell 
• DMFC – Direct Methanol Fuel Cell 

Fuel cell with middle temperature (160-200°C) 
• PAFC – Phosphoric Acid Fuel Cell 

Fuel cell with high working temperature (600-1000°C) 
• MCFC – Molten Carbonate Fuel Cell 
• SOFC – Solid Oxide Fuel Cell 

Fuels for fuel cells are generally pure hydrogen or natural gas. Natural gas using is better for 
fuel cell in home; however natural gas have to be without sulfur. For natural gas using in fuel cells 
it is necessary applying process called reforming. Natural gas reforming is process how to obtain 
hydrogen from natural gas molecule CH4. This process can be steam external reforming or internal 
reforming. The base of steam reforming is reaction of methane with water. The reaction is 
endometrial and heat balance is compensated with combustion of a part of methane. Internal 
reforming can be divided to direct and indirect process. During indirect internal reforming, methane 
comes to catalytic converter which is in direct contact with fuel cells bundle. During direct internal 
reforming, reforming reaction is into fuel cell anode. 
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3. Micro-CHP units with fuel cells 

The next table specifies main technical parameters of chosen micro-CHP units with fuel cells, 
these units are or will be on the market in the near future. Operating costs were compared with 
condensing boiler. Main operating cost was fuel price. 
 BlueGen ClearEdge5 GenSys 

E-60 
Panasonic 
EneFarm 

Tropical RLN-
1000 

Condensing 
boiler 

Electric 
power 

Nominal [kW] 1,5 5,0 4,6 0,75 1,2  
Range [kW] 0,5 - 1,5 0,5 - 5,0 0,3 - 4,6 0,2 - 0,75 0,25 - 1,2  
Efficiency [%] 60 60 33 39 30  

Thermal 
power 

Maximal [kW] 0,54 6,0 9,0 0,6 2,2 14,5 
Efficiency [%] 25 25 55 56 50 98 

Total efficiency [%] 85 85 88 95 80 98 

Tab.1 Technical parameters of micro-CHP units 

4. Data for calculation 

For calculation we choose single family house which is situated in village near Žilina. Heat loss 
of building is 7,8 kW, its total annual consumption of heat for heating and domestic hot water 
preparation is 63,05 GJ/yr. All electric power production is consumed in house; it is not sold into 
electric grid. The price of electric power was set by SSE, a.s. price list for tariff D2, without subsidy 
for micro-cogeneration. The price of consumed natural gas was set by SPP, a.s. price list for tariff 
D2. Consumption curve of heat and electric power have been made for chosen house. Data for 
consumption curve ware obtained by reading of gauges in periodic interval. Consumption curve is 
shown in the figure 2. Electric power consumption is practically constant during the year; low 
decrease is in summer-time what is caused by shorter time of lighting. Heat for domestic hot water 
preparation is constant during the year too. The biggest variations are in heat demand value. It is 
due to house does not have swimming pool or alternative way how consume heat power during 
summer, house uses thermal energy for heating only during heating period. This fact decreases 
amount of operating hours, lengthen pay-back period and electric power has to be buy in this 
season. 

 
Fig.3. Consumption curve of power 

5. Results 

The table 2 contains results of operating costs calculating for chosen micro-CHP units with fuel 
cell. We assumed that micro-CHP units with lower performance don´t cover requirement of heat 
power. Remaining heat power is covered by condensing boiler. Main operating cost was price of 
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fuel, we didn´t make provision for maintenance and service costs. The profit was from consumed 
electric power which we made and consumed in the house and we didn´t have to buy form electric 
power distributor. 

 BlueGen ClearEdge5 GenSys E-
60 

Panasonic 
EneFarm 

Tropical RLN-
1000 

Condensing 
boiler 

Covering of heat demand [%] 7 77 100 7,7 28,21 100 
Covering of total annual heat  
consumption [GJ/yr] 

4,37 48,5 63,05 4,85 17,78 63,05 

Amount of operation hours 
[hr/yr] 

2245,5 2245,5 1946,02 2245,5 2245,5 1207,9 

Produced electric power 
[kWh/yr] 

3368,1 11117,03 8951,7 1684,05 2694,5 – 

Annual fuel consumption – FC 
[m3/yr] 

509,8 5664,3 3347,1 252,87 1038,5 – 

Annual fuel consumption  - FC 
[kWh/yr] 

5206,2 57846,34 34182,0 2582,5 10605,2 – 

Fuel price - FC [€] 251,10 2788,20 1647,60 124,50 511,20 – 
Lump sum expenses [€] 59,76 59,76 59,76 59,76 59,76 – 
Total price of fuel - FC [€] 310,86 2847,96 1707,20 184,46 570,96 – 
Price of produced electric 
power [€] 

216,50 721,67 575,41 108,25 173,20 – 

Heat from alternative heat 
source [GJ/yr] 

58,69 14,55 0,00 58,20 45,27 63,05 

Annual fuel consumption – 
AHS [m3/yr] 

1748,5 433,5 0,00 1734,0 1348,7 1878,5 

Annual fuel consumption – 
ASH [kWh/yr] 

17855,7 4427,1 0,00 17,708,1 13773 19183,8 

Fuel price - AHS [€] 860,64 213,38 0,00 853,53 663,86 924,66 
Total fuel price – FC+AHS [€] 1171,34 3061,34 1707,33 1037,76 1234,78 984,42 
Difference between total fuel 
price and price of produced 
electric power [€/yr] 

954,84 2339,66 1131,91 929,51 1061,58 984,42 

Tab.2 Results of calculation (FC – fuel cell, AHS – alternative heat source) 

6. Conclusion 

The results of calculation show that difference between total fuel price and profit from 
produced electric power is not important. The profit is too low in compare with traditional ways of 
heating, fuel consumption is higher. The cost of acquisition is incomparably higher than condensing 
boiler. Even though technology of micro-CHP units with fuel cells is perspective and in the near 
future they expand and their prices drop down. 
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Abstract. The paper deals with the conventional and unconventional road vehicles designed to the transport 
of persons. It deals with the issue of defining the conventional and unconventional road vehicles. The 
defining of the conventional and non-conventional road vehicles is based on the powertrain concept of the 
road vehicles. The paper deals with the description of powertrain main parts of the conventional and 
unconventional road vehicles. There is an analysis of unused forms of the energy in the conventional road 
vehicle of urban traffic in the paper. It deals with the analysis of the energy that flows in the conventional 
road vehicle. There are stated the examples of the powertrain conceptual solutions of the unconventional 
road vehicles in the paper.  

Keywords: conventional road vehicle, energy, convertor, unconventional road vehicle, hybrid vehicle. 

1. Introduction 

The mean of transport is a device that is used for controlled transport of people and materials 
on the transport road with using its own actuator. The mean of transport is constructional functional 
unit that consist of various subsystems, as for example the powertrain, transmission, braking 
system, safety and control systems. 

In the present there is an effort for the most economical operation of the road vehicles. This is 
connected with the effort to reduce the overall energy intensity of transport and reduction a burden 
of the environment. The stringent emission standards regarding the operation of the road vehicles 
create the pressure to the manufacturers of the road vehicles. Manufacturers of the road vehicles try 
to comply the emission standards with using devices that contribute to reducing energy 
consumption and saving non – renewable natural sources of energy.  Manufacturers try to introduce 
a new powertrains and systems using renewable energy sources as for example electrical or solar 
energy. Greater attention is given to the road vehicles with unconventional powertrain as hybrid 
drives, electromobiles and systems ensuring energy recuperation. 

2. The Powertrain 

Powertrain is a basic system of the road vehicle. Powertrain of the road vehicle must ensured 
transformation, transmission and accumulation of the energy. Powertrain consists of the convertor, 
accumulator, transformer and transmission. 

The convertor provides a change of some kind of the energy to another kind of the energy with 
certain efficiency. The convertor which output energy is the mechanical energy is called the motor, 
convertor, which output energy, is the electrical energy or pressure energy of media is generator. 

The accumulator is a device that accumulates the energy and then passes it as needed to the 
system with the certain efficiency, for example electric, thermal accumulators and flywheels. [1] 

Transformer changes two components characterizing the performance, on the input and output 
with the certain efficiency while the energy does not change. It includes mechanical, hydrostatic 
transmissions, electrical transformers. [1] 

Transmission transmits energy from one place to another with the certain efficiency.  
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2.1. The powertrain of the conventional road vehicle 

The difference between powertrain of the conventional and unconventional road vehicle is 
mainly in the type and number of used convertors, power reservoirs and method of the 
transformation primary energy. In the unconventional road vehicle occurs the multiple 
transformations of the energy compared to the conventional road vehicle. 

The powertrain of the conventional road vehicle consists of the convertor, accumulator, 
transformer and transmission. The schema of powertrain of the conventional road vehicle is shown 
in Fig. 1. The conventional road vehicle uses as a convertor the combustion engine. The combustion 
engine transforms the chemical energy bound in the fuel into a mechanical work, which utilizes for 
drive of the road vehicle and auxiliary aggregates. 

E1

E2

CONVERTOR

ACCUMULATOR

TRANSFORMER

TRANSMISSION

 
Fig. 1. The schema of powertrain of the conventional road vehicle. 

The energy flow through a powertrain of the conventional road vehicle is bidirectional. 
Effectively is used only energy that flows from the convertor to the propulsion of the conventional 
road vehicle, as shown in Fig. 1. In the reverse flow of the energy, from the propulsion to the 
convertor is this energy transformed for the energy loss that is not used. 

2.2. The powertrain of the non-conventional road vehicle 

The powertrain of unconventional road vehicle consists of a system of convertors and power 
reservoirs of a various arrangement as shown in Fig. 2. In the construction of the unconventional 
road vehicles is most often used a combination of an internal combustion engine with the electric 
motor, combination of an internal combustion engine and hydraulic aggregate or other. 

The unconventional road vehicle for the purpose of propulsion draws the energy from two 
power reservoirs. The construction of powertrain of the unconventional road vehicle allows an 
energy accumulation of a vehicle in the backflow, as shown in the Fig. 2. The unconventional road 
vehicle may be powered by one or more energy convertors concurrently. 
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Fig. 2. The schema of powertrain of the unconventional road vehicle.  

The disadvantages of the unconventional road vehicles are energy losses during multiple 
transformation of the energy and low capacity of the energy accumulators.  

The group of the unconventional road vehicles includes electric vehicles, hybrid vehicles and 
vehicles powered by unconventional fuels (hydrogen, solid fuels). 

The best known representatives of unconventional road vehicles are nowadays hybrid vehicles. 
The propulsion of the hybrid vehicle is usually made up of a combustion engine and electric motor. 
The hybrid vehicles can be classified according to the way of involving combustion engine and 
electric motor to serial, parallel and series – parallel hybrid vehicles as shown in Fig. 3. The hybrid 
vehicles are classified according to the degree of hybridization to micro, mild, full and plug in 
hybrid vehicles. 

The hybrid vehicles achieve 10 to 15 % of reduction in fuel consumption compared to the 
conventional road vehicles during urban traffic. [3] The hybrid vehicles are characterized by low 
production of the emission and low fuel consumption. 

 
a)                                                   b)                                           c) 

Fig. 3. The schemes of arrangement of the hybrid vehicles - a) serial hybrid vehicle, b) parallel hybrid vehicle, c) series 
- parallel hybrid vehicle; C – clutch, CE – combustion engine, D – differential, DV – driving wheels, EM – electric 
motor, FT – fuel tank, G – generator, GB – gear box, MG – motor generator, PR – power reservoir. 

3. The energy sources of the conventional road vehicle 

The energy that is chemically bound in the fuel is in the powertrain of a conventional road 
vehicle used for variety of purposes as shown in Fig. 4. The combustion engine uses as a source of 
the mechanical energy (primary energy source) in conventional road vehicle. As mentioned in 
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section 2.1 the combustion engine converts chemical energy bound in the fuel into a mechanical 
(useful) energy. However, not all the energy chemically bound in the fuel is in the combustion 
engine converted into a useful energy. The amount of the energy is in the combustion engine 
derived as heat in the cooling device (22 – 35%) in the form of exhaust gases (25 – 30%). [1] The 
share of the useful energy is about 25 to 40%. [1] Further loss of the energy occurs in the 
transmission system (6 – 10%) and in overcoming driving resistances (13 – 15%) during the 
operation of the conventional road vehicle. [4] 

3.1. Ancillary forms of the energy of the conventional road vehicle 

The ancillary forms of the energy are the energies which are generated during the operation of a 
conventional road vehicle or show as the reactions of the vehicle to the action of the environment in 
which the vehicle is located. 

The ancillary forms of the energy are exhaust gases, coolant, heat generated during braking 
vehicle, energy arising in vehicle while driving inequalities, the energy of the air flow flowing 
around the vehicle during its operation, the temperature of the lubricating oil, the use of inertia 
(kinetic energy) and the potential energy of the vehicle. 

For example, the energy of an exhaust gases is used in systems Turbosteamer, TEG. System 
Turbosteamer uses the exhaust gas energy to drive the steam turbine. The steam turbine is involved 
in the production of the electric energy. The TEG is a system of the thermoelectric generator that 
converts heat of exhaust gases on the electrical voltage. 

 
Fig. 4. The energy flow of the conventional road vehicle. [4] 

4. Conclusion 

On the base of the current knowledge the conventional road vehicle can be defined as a vehicle 
which for the purpose of propulsion uses convertor with an internal discontinuous combustion and 
one power reservoir. Unconventional road vehicle can be defined as a vehicle which for the purpose 
of the propulsion uses at least two convertors and two power reservoirs. 

The conventional road vehicle is a source of a large amount of unused energy during its 
operation. The continuous development of technologies which are used in the automotive industry 
could be a part of the energy re – use. Using the above forms of energy we can achieve the energy 
savings and improve efficiency of the propulsion. 
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Abstract. The paper deals with the proposal of new maintenance system of air brake system on a semi-trailer 
combination. The current maintenance systems of trailers are described with focus on the basic air brake 
system design. The proposed system uses RPN values resulting from the proposed preventive maintenance 
system and is compared with the current maintenance system. Main objective was to reduce the impact of 
any failure in any component on the air brake system. On the basis of the analysis subsequently new methods 
of failures detection of air brake system components, preventive measures, and suggested new intervals of 
preventive maintenance for the air brake system are also proposed The proposed maintenance system has 
decreased RPN values in comparison with the current system and in practical operation is expected to 
increase safety of semi-trailer combinations, thus minimize probability of a failure in any component of the 
air brake system. 

Keywords: Semi-trailers, preventive maintenance, EBS system, FMECA analysis,  

1. Introduction 

The most commonly used means of transport in road freight transport is a semi–trailer 
combination. This consists of tandem truck or truck with semi-trailer. 

Function of air brake system on semi-trailer is to ensure deceleration, stopping and parking a 
semi-trailer. Two systems are used in practice, which are anti-block system ABS and electronic 
braking system EBS. The research was focused only to electronic braking system EBS. 

The current system maintenance of trailers is described with focus on the basic air brake system 
design. Following is an analysis of wear and damage of air brake system components used on the 
semi-trailer combination based on real experience from practice and creation of the FMECA 
(Failure Modes, Effects and Criticality Analysis) analysis. Based on the analysis performed, a new 
system of maintenance was designed which was aimed at reduction of the risk.  

 
Fig. 1 3-axle sliding tarpaulin platform semi-trailer PANAV 

2. Semi-trailers 

The proposed system uses RPN (risk priority number) values resulting from proposed 
preventive maintenance and is compared with the current maintenance system. Main objective was 
to reduce the impact of any failure in any component on the air brake system. 
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Air brake system has direct influence on driving safety in road traffic. The main function of the 

entire brake system is controlled by EBS. The air brake system consists of two branches - air and 
electrical (EBS). 

3. Maintenance system of semi-trailers 

3.1. Current maintenance system of semi-trailers 

For the 3-axle sliding tarpaulin platform semi–trailer, the first maintenance inspection, i.e. 
running in inspection after 5000 km. The second maintenance inspection and every other will 
always be after running 75 000 km. These activities are: visual inspection and tightness test of 
individual components using a manometer and check of individual components of electrical branch 
with diagnostics. 

3.2. RPN values for the current maintenance system 

For the risk assessment of the failure consequences of air brake system level of risk RPN (Risk 
Priority Number) are very important factors. The level of risk RPN values are normally between 
500 to 80, see Fig. 3 for air brake system using current methods for the detection of failures. These 
values are unacceptable for the road traffic. It is necessary to reduce the value of all the risks to an 
acceptable value and to reduce value of the consequences of failures to prevent possible losses of 
human lives (the worst case) and a semi-trailer should permanently be in operational state. 

4. Proposal of a new maintenance system for air brake system 

RPN values of the current system of maintenance are very high and also the consequences of 
failures occurring at the individual components of air brake system are of high values, so the current 
maintenance system should be changed. Proposed change will consist of a new interval of planned 
preventive inspections, using the new methods for the detection of failures of individual 
components, as well as the use of preventive measures, that is exchanging air brake system 
components after a certain number of kilometers run by a semi-trailer. 

4.1. Proposal of maintenance intervals for air brake system 

The first level of the preventative maintenance is proposed for every 45 000 km. Visual 
inspection is performed only, which is used to detect failures of individual components that could 
occur in the manufacturing process and will show up within operation after a certain number of 
kilometers traveled. 

The second level of the preventative maintenance is proposed for every 75 000 km. More 
complex check will be performed with using the proposed methods to detect failures.  

This interval is designed by calculating the total cost of the consequences of failures that may 
arise from the examined 1470 semi–trailers and costs associated with service inspections that are 
performed on the 1470 semi–trailers.  

The costs associated with the consequences of failures on the air brake system are approx. 
40,000 euros (all prices with VAT). These costs include the average cost of the Slovak Statistical 
Office and individual insurance in case of loss of human life and the average price of a new semi - 
trailer combination and the average price of the cargo carried and the average cost of towing semi-
trailer combination from the location of breakdown on a road to the repair shop. The total cost of 
the 1470 semi – trailers related to failures consequences of air brake system after running from 0 
km to 75 000 km are 999 600 Euro, after running from 75 000 km to 150 000 km are 2 469 600 and 
after running from 150 000 km to 225 000 km are 17 434 200 Euro.  
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The average price of a service inspection for one semi - trailer is 193.52 Euro. If the service 
inspections will be performed on 1470 semi - trailers every 15000 km, the costs associated with 
service inspections are after running 15000 km 1 422 372 Euro, after running 30 000 km are 711 
186 Euro, after running 45 000 km are 474 124 Euro and after running 60 000 km are 355 593 Euro. 
Dependences of inspection costs and failure consequences on mileage run are shown in the graph 
(Fig. 2). Intersection of the two curves is at about 90 000 km and this value is designed for the 
second level of the preventive maintenance determined at every 90 000 km. 

The third level of the preventive maintenance is proposed for every 180 000 km with a 
tolerance of + / - 5000 km. Exchange of all components of air brake system except air pipes and 
cables in a professional workplace will be performed. 

 

 
Fig. 2 The costs associated with the consequences of failures and inspections for 1470 semi–trailers 

4.2. Proposal of detection measures and proposal of preventive measures 

In the proposed preventive maintenance, two methods to detect failures - visual inspection and 
checking of tightness and functionality of using diagnostics are proposed. That could have 
consequences in the loss of human life or in removal of the air brake system from operation. 

In FMECA analysis, it was found that it is appropriate to change all air brake system 
components except pipe and cables after running 180 000 km, thus the current maintenance system 
will be more expensive but minimizes the risk of failures and the consequences associated with 
them. 

4.3. RPN values of proposed maintenance system 

In Fig. 3 we can see that there was a significant reduction in RPN values on proposed detection 
methods, as well as preventive measures. RPN values for the first stage of the preventive 
maintenance are in the range from 400 to 60. RPN values range from 80 to 32 when we use 
preventive measures. The green columns in the picture represent RPN values for individual 
components and well-defined cause failures when we use the first level of the preventive 
maintenance.  

The numbers of 1, 2, 3 etc. represent individual components of air brake system and each 
numbers have a well-defined cause of failure. For example number 1 is coupling head (yellow) and 
it is cause of failure is damaged rubber seal. 
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Fig. 3 RPN values for existing and proposed maintenance system 

5. Economic evaluation 

The current system maintenance has running-in check after running 5000 km, which is the 
average price of 66.8 Euro. Then after running every 75 000 km inspections are carried out for the 
average price of 232.2 Euro.  

The total costs of the current system of maintenance for one semi - trailer after running   225 
000 km are 799.9 Euro. The proposed maintenance system after running every 45 000 km has visual 
inspection which price is 27.1 Euro. After running every 90000 km all components are checked 
with using diagnostics. The price is 72 Euro. Then after running 180 000 km there is an exchange of 
all components of air brake system except pipes and cables. The total exchange price is 1640.7 
Euro. The total costs of the proposed maintenance system for one semi-trailer after running 225 000 
km are 1793.9 Euro.  

In the total costs, prices of parts that are exchanged on the basis of proposed preventive 
measures in the FMECA analysis are included. The total cost of the proposed maintenance system 
includes the use of instruments that are used to detect failures on individual components, workers’ 
salaries and prices of all components being replaced.  

6. Conclusion 

The costs of the proposed maintenance system are 2.2 times higher than the costs of the current 
maintenance system after running 225 000 km. The analysis showed that the current maintenance 
system has 32.9% probability that after running 225 000 km there will be a failure in one 
component of air brake system.  

Consequence of failure was estimated in an average of 40 000 Euro. The increased costs of the 
proposed maintenance system are justified because there is a minimization of failures and their 
consequences, and thus there is a potential to save a human health and lives. 
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Abstract. The article deals with the impact of using different ways of petrol engine load control. Engine load 
control can be realized with throttle or throttle-less. The main task of this paper is to investigate the size of 
the working diagram negative area of the combustion engine and comparison of measurements.  
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1. Introduction 

Reciprocating internal combustion engines to power vehicles is subject of continuous 
improvement. It concerns the improvement of its thermodynamic processes, reducing the negative 
environmental impact, in terms of design, using modern materials for its production and in terms of 
its management. One subgroup of the internal combustion engine is the valve train, which has a 
significant impact on the quality of the fill exchange. 

2. Valve trains 

Currently, engine manufacturers leaving standard valve train because of economic and 
ecological reasons. To achieve a better engine filling efficiency there are increasingly applied 
systems with variable timing of opening and closing valves, and their stroke too, as shown in Fig. 1. 
[1] 

 

 
Fig. 1 Intake valve lifts examples of  variable valve timing 

A fully variable valve timing system offers the possibility of load control in petrol engines not 
with a throttle, but with an early closing intake valve, respectively, intake valves by engine head 
with more valves. It is a complete elimination of the throttle from intake manifold of the internal 
combustion engine. 

It is known that in the partial load of petrol engine controlled by throttle occurs to decreasing of 
useful efficiency because increasing losses associated with the mixture changing, therefore negative 
work area as shown in Fig. 2. [2] 
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Fig. 2  Working p-V diagram of petrol engine, with throttle (left figure) and without throttle (right figure), IVO-inlet 
valve open, IVC-inlet valve close 

3. Experiment and measurement 

The experiment was executed in a single cylinder of a diesel four-cylinder engine with volume 
of 4.7 dm3. The engine piston has been adapted to the compression ratio of ε=8. No fuel burning 
occurred the experiment. Valve train variability was simulated by enlarging the valve clearance, 
thereby changing the intake valve lift. Valve phasing was simulated by turning the intake cam 
against the exhaust cam. Internal combustion engine power drive has secured by an electric motor 
that was powered from the frequency converter ABB ACS550-01-031A-4.  

 

 
Fig. 3 Combustion engine with valve train, intake manifold, throttle and electric engine. 

Frequency converter allows you to change the speed of combustion engine according to the 
requirement. The essence of the experiment was to obtain values of the pressure in the combustion 
chamber and in the area behind the throttle especially during the intake stroke. To achieve 
comparable pressure results it was necessary to measure the amount of air that was sucked during 
the experiment into the cylinder. It was important that air volume was the same for both methods of 
load control at a given speed and given valve lift. A throttle aperture was used for this 
measurement. The aperture causes a pressure difference of air passing through it. This pressure 
difference was recorded by differential pressure transmitter DPS+, with a range of 0-2 kPa. The 
course of pressure in the combustion chamber was measured by the MBS32 Danfoss pressure 
transmitter with a range of 0-2500 kPa. For the pressure behind the throttle was used the DMP 331 
pressure transmitter with range 0-160 kPa. All sensors had the voltage output that was read with a 
10 kHz measuring frequency with the NI PCI-6221measurement card. The voltage to pressure 
conversion, pressure displaying and saving was performed in the DASYlab software. 

TDC                           BDC TDC                        BDC 

IVO IVO 

IVC 

IVC 
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4. The evaluation of the measured data 

The data obtained from the DASYLab software were further processed in Microsoft Excel. In 
this software the p-V diagrams and expanded diagrams of measured combustion engine were 
created. The measurements were performed at the engine speed of 1200 min-1, at the constant 
exhaust valve lift and exhaust valve timing throughout the measurement. The inlet valve was set to 
valve lifts 3 mm, 7 mm and 11.35 mm. The first two values correspond to the measuring states. The 
lift value corresponds to the valve lift when the engine is controlled with throttle. Two 
measurements were performed for both measuring states. 
The first measurement was by intake valve lift stroke (3 mm and 7 mm), with earlier closing intake 
valve directed air flow. The second measurement was by full intake valve lift (11.35 mm), where 
the same air amount was throttled by throttle. Start opening the intake valves was 21° before TDC 
(Top Death Center). The measured pressure courses can be seen in the following figures. 

 
Fig. 4 Negative works comparison by valve lift 3mm, where IVO is inlet valve open, IVC is inlet valve close 

 
Fig. 5 Negative area comparison by valve lift 7mm, where IVO is inlet valve open, IVC is inlet valve close 

It is needed to determine the areas that will be created by combining the exhaust pressure 
curves, suction and compression curves for the accurate representation of the negative areas 
difference. It is then directly proportional to the negative work of the internal combustion engine. 
When comparing the first measuring state, the intake valve lift was 3 mm, the reduction of negative 
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work, as is shown in Fig. 4, was 55.11%. In the second measuring state, where the intake valve lift 
was 7mm, reduction of negative work, as is shown in Fig.%, was 59.72%. The Courses of pressure 
behind throttle can be seen in Fig. 6 and Fig. 7. Both expanded diagrams are the pressure courses 
measured on the combustion engine with throttle. 

 

 

Fig. 6 Pressure courses in case with throttle, throttle angle - 3° 

 
Fig. 7 Pressure courses in case with throttle, throttle angle - 23° 

5. Conclusion 

The results show that the negative work reduction of the combustion engine is more than a half. 
In general, a reduction of negative reciprocal combustion petrol engine work increases the overall 
efficiency. Fig. 4 and Fig. 5 show that, the compression stroke begins on the lower pressure for the 
engine with intake valve controlled load. This has caused that the lowering of the maximum 
pressure at the end of the compression stroke for the throttle-less engine. 
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Abstract. This paper describes investigation of the elastic and the plastic deformation with using 
thermovision. The analysis proves different temperature response to external loading and dependence of 
plastic deformation development on material’s state. The input data which are necessary for this analysis we 
can get from temperature field of specimen surface but we also need loading data from loading machine. For 
obtain thermal fields we use thermal camera FLIR SC7000 with cooled detector. The camera delivers 
excellent thermal imagery at fast frame rates while preserving temperature accuracy and sensitivity.  

Keywords: thermoelastic, thermal camera, thermal fields, radiation 

1. Introduction 

Thermoelastic stress analysis is an attractive tool to measure the stress concentration in 
components under the load condition. It is non-contact method with many advantages in compare to 
the strain gauge method, it gives information on the full surface and not only on some points, if the 
spatial resolution of IR camera is good enough it is able to localized stress concentration, which 
would require extremely small strain gauge.  

2. Theory of thermoelastic stress 

The thermoelastic stress analysis by thermographic technology is based upon the measurement 
of infrared radiation emitted from the surface of a component exposed to dynamical linear-elastic 
deformation. The thermoelastic effect was studied firstly by Kelvin, and the basic equation for 
describing the thermoelastic effect was introduced by Darken and Curry. The classical 
thermoelastic equation can be written under adiabatic conditions as: 

 

iic

T
T σ

ρ
α

∆−=∆ 0 . (1) 

Where the ∆T is the absolute surface temperature changing of the component under dynamic 
load, α is the coefficient of thermal expansion, ρ is the density, c is the special heat, and ∆σii is the 
sum of principal stress changing or the first stress invariant changing and ∆σii=σ11+σ22+σ33, and T0 
is the ambient temperature. The Eq.1 can be rewritten as: 

 

iiTKT σ∆−=∆ 00 . (2) 

  

Where, the K0 is so-call thermoelastic effect coefficient 
c

K
ρ
α=0  

The thermoelastic effect is depended on the first stress invariant, which is response for the 
variation of the component volume. Consider now the heat conduction equation in a solid: 

261



 

 

 

0]
),,,(),,,(),,,(

[
),,,(

2

2

2

2

2

2

=+
∂

∂+
∂

∂+
∂

∂+
∂

∂
q

Z

tZYXT

Y

tZYXT

X

tZYXT
k

t

tZYXT
cρ

. 

(3) 

 
Where k is the thermal conduction, t is the time, X,Y,Z are the Cartesian co-ordinate and q is 

the internal heat source per unit volume. If setting ∆2T=0 because of adiabatic conditions and 
considering the Eq.2, the q can be obtained: 

 

t
TcKq

∂
∂−= σρ 00 . (4) 

  
   The temperature variations due to thermoelastic effect are very small and depending on the 
material. The average temperature of specimen can be consider a constant and equal to the ambient 
temperature [2]. With the thermoelastic effect, the stress variation will generate a heat source, 
which is responsible for local temperature variation, and that time, if the temperature variation 
speed is small, the adiabatic conditions can not be obtained, the local stress value calculated with 
the Eq.1 will be smaller than the practical stress level under the non adiabatic condition. Let us 
consider a specimen is loaded by periodic modulated force and assume the local stress spatial 
distribution is one dimensional function model by ignoring other two dimensions [3].   

3. FLIR SC7000 Series  

The FLIR SC7000 Series is a very flexible camera, with the highest sensitivity, accuracy, 
spatial resolution and speed. The SC7000 Series is specifically designed for academic and industrial 
R&D applications as well as integrators who need to have a very flexible camera, with the highest 
sensitivity, accuracy, spatial resolution and speed at an affordable cost. The FLIR SC7000 Series 
provides for the first time the CNUC™ & Hypercal™ technologies which features NUC free 
operation and a large dynamic range choice.  

 

 
 

Fig. 1. The thermal camera with cooled detector FLIR SC 7000. 

3.1. Lock-in 

   Lock in is one of the functions that this camera supports. Basically, in lock-in analysis the loading 
signal induced from the fatigue testing machine has to be calibrated (for each frequency) to make 
the temperature waveform of the loading signal truly sinusoidal. The IR camera picks up a series of 
thermal images and compares temperatures by extracting a sinusoidal wave pattern at each pixel of 
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the image as shown in Fig. 1. Lock-in method is similar to a least mean square method or a single 
term Fourier series. For  performing Lock-in method, IR image of at least 4 equidistant phase 
positions in the Lock-in period are necessary, which according to the Nyquist sampling theory are 2 
samples for each phase component (in- phase and out-of-phase or quadrature component). 

4. Experiment 

One of the measurements which were made in our department was experiment on loading 
machine. Specimen was loaded to the extent that there was disruption. The whole process was 
shooting with thermal cam. As the output of this measurement were created thermal fields of 
specimen surface.  

 

   
 

Fig. 2. The thermal fields of specimen  

 
There is process of elastic and plastic deformation in dependence on radiation emitted by the 

object. This radiation was transform to temperature by the software. There are three stages the first 
is specimen before loading the second is when the increase of temperature is the highest the third is 
after disruption “Fig. 1”. 

 

 
Fig. 3. Graph of maximum temperature in dependence on time 

Fig 3. shows time when the temperature is highest. It is hundredths of a second in duration. 
These experimental measurements are part of complex solution of contact problems, multi-body 
systems and damage of composite materials in our department [1-3].   
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5. Conclusion 

Thermography has broad application in the mechanical engineering department. All processes 
which generate energy can be recorded. Some measurements like welding or measurement on 
loading machine were in our department made. In future we will want make measurement where the 
stress concentration in components under the condition of dynamic cyclic load would be recorded. 
In this measurement it also Lock-in method will be use. This method is very useful tool for 
measurement with cyclic load or to determinate hidden material defects.  
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Abstract.  The paper presents a description of the installation process heat supply air handling units and heat 
exchangers in a public building. Because the public buildings are operated continuously and  usually larger 
areas should be equipped with such systems. The article presents an example system in general, which can be 
used for any installation or upgrade of public buildings. Process heat is supplied thermal energy in the 
production process technology to consumers in the form of hot water or steam. 
The reduction of primary energy consumption of heat pumps are the most energy-efficient heating 
technologies. However, from the user's perspective the most important parameter of the heat pump for 
heating technologies will compare the economic analysis. 
 

Keywords:  air handling units, power technology systems, heat pumps, ventilation,  

Introduction 

Process heat is supplied thermal energy in the production process technology to consumers 
in the form of hot water or steam. This type of energy is used for heating buildings and industrial 
facilities as well as large public buildings [1]. 
The most important element in the installation process heat is the heat transfer medium [7.10]. It 
provides heat for the relevant parameters for water heaters in air handling units designed. Power 
plant design process heat from the boiler located in the basement of a building or heat is obtained 
from the general supply network. The installation process heat conduit made of black steel seamless 
medium-PN-80-H-74219, joined by welding [6]. 

Must be assessed validity of process heat installations in buildings with large areas 
[4,5,9,12]. In the words of John Stepien in the design and implementation of investment projects on 
modernization of heat supply by the use of renewable energy and waste should also take into 
account other factors, changes in energy, especially electricity, which is used to power equipment. 
 
Analysis of the derived value of renewable energy and waste management is performed on the stage 
of concept and technical design [7].Description of the installation process heat in public building. 
The first point to say that the installation  and process heat should be carried out in accordance with 
the guidelines and standards in force in Poland. Pipelines central heating and process heat should be 
done with copper pipes according to EN 1057:2006 BS EN 1254-1:2004 and BS EN 1254-5:2004, 
pipes and fittings should be insulated according to PN-B-02421: 2000 [11]. External systems 
insulate and secure the mantle of galvanized steel and insulated heating water pipe insulation such 
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as Tubolit DG-A in thickness, diameters up to DN100 - 30mm, above DN100 - 40mm, taking into 
account the manufacturer [11]. 
Table 1 heat balance 

 
Number 
circulation 

Receivers Heating power kW 

1 Installing central heating radiator 13,00 
2 Installing underfloor heating 32,50 
3 Installation process heat ventilation units 261,00 
4 Prepare hot water 720,00 

Total: 1026,50 

 
However, for the purpose of heating the outside air in the winter installation process heat supplied 
to the heating element of water heaters work on water parameters tz/tp 80/600C installed in the air 
handling units. A separate installation of technology should bring about the parameters of the 
heating medium water tz/tp 65/250C for water heaters installed in the air handling units - Table 2 
  
Table 2 Air heaters handling units 

Name of layout Type Heat requirement Amont Producer 

1 DanX 9/18 XWP 2xMTZ 80 100,00 kW 1 Dan-Poltherm 

2 DanX 3/6 XWP 1xMTZ 50 30,00 kW 1 Dan-Poltherm 

3 VS-75-R-RH 46,00 kW 1 VTS 

4 VS-75-R-RH 63,00 kW 1 VTS 

5 VS-15-R-H-T 22,00 kW 1 VTS 

Total:                                                          261,00kW 

 
As a shutoff valve, use ball valves, fittings used in the installation shall be PN10 and tmax = 100 ° 
C. Transitions installation ducts technology for barrier construction was carried out in protective 
sleeves of seamless steel tubes PN-80/H74219 protected by a coating of polyethylene factory. 
Control of the heating medium inlet to the heater will be done automatically knots regulatory 
systems for continuous pump and 3-way valve and actuator. Air handling units have their own 
automation system controlled pulses of air handling units, depending on the amount and 
temperature of the outside air, preset room temperature and the preset humidity level. To reduce 
heat loss in winter and to increase summer cooling and increase the comfort of the room. In the hall 
on the ground floor has been designed on the exterior doors air curtains that make up the air barrier. 
The example selects a general-purpose curtains KWH-38 called. "warm" water exchanger for door 
width 2.00 m and height 3.50 m Water curtains are provided to with an electronic keypad wall, 
which has a built-in light sensor and is compatible with wireless infrared remote control. Using an 
electronic wall controller is able to control multiple devices simultaneously by connecting the 
controller to one device and connect the other in series with the telephone cable and control 
functions such as power supply, control the degree of opening and closing the electromagnetic 
valve control hot water and a two-speed fan. Specifications General purpose air curtain type KWH-
38 called. warm with the heat exchanger: 
                                                                            
− power for water heating  80/600C  -  22,7 kW – 25,2 kW 
− power exchanger   -  9,3 kW – 25,2 kW 
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− outlet air temperature  -  42/44 0 C  
− performance of  air  -  2000 m3 /h - 5000 m3  
− level of work -  62/65 dB 
-     fan diameter of 120 mm, powering 230 V, current 2.7 A, 660 W power    consumption  
-     number curtains 
 
Process heat demand for air curtains       80/600 C  -  Q   =  100800 W 
Process heat demand for water heaters    80/600 C  -  Q  =  191850 W                                                                                                                                               
Total -  Q  =  292 650 W   
-   installation resistance 6,0 m H2O 

− water stream 3,495 kg/s 
 
Process heat demand heaters 65/250 C  -  Q = 65 710                                                                               
− installation resistance 3,3 m H2O 
− water stream 0,393 kg/s [1, 6, 8,10].  
Designed ventilation system will provide warm air heating during the heating season the large 
conference room at 100% (without radiators) and a large room (controlled heating to a temperature 
radiators on duty + 12 ° C will be implemented by means of thermostatic valves, when you run the 
air handling unit in a warm heating function air heating element will be closed to the radiators and 
warm air heating will cover 100% of heat loss). 
Because of the specificity character of the building different requirements and parameters of air 
supplied to individual rooms designed ventilation systems: 
 -Systems NW1-1 and  NW1-2 - mechanical ventilation intake and exhaust of      smoke function  
- System W 2 - mechanical ventilation intake and exhaust  
- System W 3 - Mechanical ventilation  
- System W 4 - mechanical ventilation.  
 
The total heat requirement, taking into account the recovery in ventilation systems: Q + a = 
approximately 718 kW.  
Heat requirement for each installation is: Central heating - Qco = 286 kW  
The installation process heat for the central roof - Qct1 = 309 kW  
The installation process heat for the office in the basement - Qct2 = 123 kW [1,2,8]. 
 

Summary  
The reduction of primary energy consumption of heat pumps are the most energy-efficient heating 
technologies. However, from the user's perspective the most important parameter of the heat pump 
for heating technologies will compare the economic analysis. Economic analysis clearly indicates 
that the heat pump is the most economical heating device from conventional heating systems [1,6]. 
Despite the fact that the investment costs are higher, the subsequent operating costs will be 
advantageous for such devices, even if the relatively high cost operate such controls as compared to 
the experience of the practice. In the case of investments in the installation process heat, payback 
period may be even shorter because of the higher temperature lower source [9,12]. Given the nature 
of  node operation - cutting heat for ventilation and central heating system should be designed with 
separate coils node for each installation. 

267



References 
 
[1] Brodowicz K., Dyakowski T., Pompy ciepła. PWN, Warszawa 1990. 
[2] Bucko P., Buriak J., Reński A., Porównanie łącznych kosztów ponoszonych przez odbiorcę ciepła w warunkach 

lokalnej konkurencji nośników energii. „Rynek Energii”. 2004, nr 4. s. 33-37. 
[3] Chwieduk D. Koca D., Koncepcja wykorzystania ciepła opadowego i energii słonecznej w sanatorium 

„Włókniarz" w Busku Zdroju. Warszawa 2003. 
[4] Piotrowski J., Telejko M., Zender – Świercz E. Wpływ szczelnej obudowy budynku na dystrybucję powietrza 

wentylacyjnego; „Energia i Budynek” 2010, nr 7, s. 23-25. 
[5] Purgał P,  Ocena energetyczna budynku a bilans energii w pełnym cyklu życia. „Ciepłownictwo. Ogrzewnictwo. 

Wentylacja” 2010 nr 12 
[6] Rozporządzenie Ministra Infrastruktury z dnia 12 kwietnia 2002 r. w sprawie warunków technicznych jakim 

powinny odpowiadać budynki i ich usytuowanie (Dz.U. Nr 75/02 poz. 690, Nr 33/03 poz. 270) 
[7] Stępień J. C, Zmiany struktury zapotrzebowania na nośniki energii przy wykorzystaniu ciepła odpadowego i 

energii odnawialnych, „Rynek Energii” 2008, nr 5. s. 58-62. 
[8] Strzelczyk F.: Wstępna analiza zastosowania pompy ciepła do ogrzewania obiektu 
[9] średniej wielkości. Rynek Energii 2002 nr 5, s. 47-52. 
[10] Telejko M., Piotrowski J., Wpływ struktury budynku na dystrybucję powietrza wentylacyjnego, Zeszyty naukowe 

Politechniki Rzeszowskiej, zeszyt 58, nr 3/2011/III, Oficyna wydawnicza Politechniki Rzeszowskiej, Rzeszów 
2011, s. 131 – 140 

[11] Wereszko B,  Wybrane zagadnienia techniki cieplnej, Oficyna Wydawnicza Politechniki Wrocławskiej,  Wrocław  
1999. 

[12] Wymagania Techniczne CORBTI INSTAL „Warunki techniczne wykonania i odbioru instalacji ogrzewczych”. 
[13] Zender – Świercz E., Piotrowski J. Z., Kształtowanie się mikroklimatu w pomieszczeniach wyposażonych w 

indywidualny system nawiewny; Fizyka budowli w teorii i praktyce – Sekcja Fizyki Budowli Komitetu Inżynierii 
Lądowej i Wodnej Polskiej Akademii Nauk, Instytut Fizyki Budowli Katarzyna i Piotr Klemm, Łódź 2010, Tom 
V, nr 1, str. 67 – 69. 

268



 
 TRANSCOM 2013,  24-26 June 2013 
 University of Žilina, Žilina, Slovak Republic 
 

  

Remove the waste heat from insulated gate bipolar transistor using 
loop heat pipe 

*Martin Smitka, *Patrik Nemec, *Zuzana Kolková, *Milan Malcho   
*University of Žilina, Faculty of Mechanical Engineering, Department of Power Engineering, Univerzitna 1, 

01026 Žilina, Slovak Republic, {martin.smitka, patrik.nemec, zuzana.kolková, 
milan.malcho}@fstroj.uniza.sk 

Abstract. The trend development of electronic components is miniaturization of the dimension. It leads to an 
increase waste heat. This heat is often leads to lower performance and failure of electronic components in 
case of insufficient cooling. In order to maintain appropriate working conditions, waste heat must be 
removed. One of possibility to remove waste heat is use loop heat pipe (LHP). This device uses change 
phase of working fluid to remove waste heat of electronic components. This work deals with design of LHP 
for cooling of insulate gate bipolar transistor. As a working fluid was used distilled water and it was cooled 
with 20°C of water.  
 

Keywords: loop heat pipe, wick, cooling 

1. Introduction 

Loop heat pipe (LHP) is two phase device with highly effective thermal conductivity that 
utilizes changing phase to transport heat. The first LHP was developed in 1972 by Gerasimov and 
Maydanik of the Ural Polytechnic Institute. Development of this heat pipe type has been largely 
driven by their potential for use in space where initially they were considered for applications 
requiring high (0.5–24 kW) transport capabilities but the advantages of the two-phase loops with 
small diameter piping systems and no distributed wicks have led to their exploitation at lower 
powers [1]. 

 LHP configuration is schematically presented in Fig.1. It is composed by an evaporator, a 
condenser, a compensation chamber (reservoir) and a vapor and liquid lines. Only the evaporator 
and part of the compensation chamber are equipped with a wick structure. The use of the wick 
structure in the evaporator provides a stable physical interface between the liquid and the vapor 
phases in the LHP. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The principle operation of loop heat pipe. 
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2. Design of LHP 

LHP was made from copper pipes. As a working fluid was used distilled water. In the 
evaporator was wick structure of sintered copper powder. To avoid heat loss (it is also called heat 
leak) into the compensation chamber was inserted a brass flange with rubber seal between the 
evaporator and the compensation chamber. To visualize activities of LHP was inserted glass tube to 
the liquid and evaporator line. On the evaporator was mounted the aluminum block, and on the 
aluminum block was fixed Insulated gate bipolar transistor (IGBT). Transistor was connected to DC 
power source. The maximum permissible temperature of IGBT is 100°C. IGBT was gradually 
loaded DC in the range from 40W to 300W. For better heat transport was applied thermal 
conductive paste on the connection between IGBT and aluminum block and between aluminum 
block and the evaporator. The condenser was made as tube heat exchanger. The water temperature 
for cooling was set at 20°C and it was regulated by a thermostat. The temperatures were measured 
with the thermocouples. To determine the performance of LHP using the calorimetric equation was 
measured temperature of water at the inlet and outlet of the heat exchanger and the flow rate. Then:   

																																																								� � �� . �. �	
 � 	�								���,																																																																			�1 

where ��  is flow rate of water, � is specific heat capacity, 	
- the water temperature outlet from heat 
exchanger and 	�- the water temperature inlet to heat exchanger. The distribution of the 
thermocouples is shown in Fig. 2. Schematic diagram of measuring device is shown in Fig. 3.   
 

  
Fig.2. Scheme of LHP and the distribution of 
thermocouples: 1 compensation chamber, 2 
alumina block, 3 vapor line, 4 condenser, 5 
liquid line, T1-T7 thermocouples. 

Fig.3. Schematic diagram of measuring device: 1-PC, 2- logger, 3-
thermocouples, 4- IGBT, 5- power supply voltage and current, 6- 
thermostat. 

Tab.1. Main design parameters of the LHP. 

LHP evaporator    
Total length (mm) 130 Length (mm) 140 
Active length (mm) 86 Charge mass  
Outer/inner diameter (mm) 28/26 Distilled water 60%  
Material copper Vapor line  
Saddle  Length (mm) 370 
Size (length/high/wide) 118/89/40 Outer/inner diameter (mm) 8/4 
Material alumina Liquid line  
Sintered copper powder  Length (mm) 370 
Number of vapor grooves 6 Outer/inner diameter (mm) 8/4 
Porosity (%) 51 Condenser  
Outer/inner diameter (mm) 26/10 Length (mm) 300 
Compensation chamber  Outer/inner diameter (mm) 10/8 

Outer/inner diameter (mm) 35/33   

270



 

  

 
Fig.4. Measuring device. 

3. Results and discussion 

First method of cooling IGBT was used aluminous fin cooler with natural convection. The fin 
cooler was mounted on IGBT and temperature of IGBT achieved 100°C under load 120W. When 
was fin cooler blown with a fan (the speed of air was 5m/s) temperature of IGBT achieved 100°C 
under load 250W. Another method of cooling IGBT was used LHP in vertical position. IGBT was 
connected to a DC power of source (Delta power Supply SM120-50). The temperature of cooling 
water was 20°C and it was regulated by thermostat (Julabo F32). The flow rate of cooling water 
was measured by the flow meter (Thermiflu TFC 311/91). The thermocouples were connected to 
measuring control panel and data were evaluated by the computer. 
 In the Fig. 5 can be observed the course of temperatures of the working fluid and 
temperature of IGBT. The power of source was from 40W to 300W. When the power of source was 
40W temperature of IGBT reached 50°C. In the power of source 400W the temperature of IGBT 
was 100°C and increased very quickly. When temperature of IGBT was about 50°C (temperature of 
the evaporator was approximately 48°C) temperature inlet to condenser started increase. The 
working fluid began to circulate and LHP was started work. The power of LHP can be observed in 
figure 6. The maximum power of LHP is approximately 170W. 

 
Fig.5. Temperature of the working fluid and IGBT. T (transistor)- temperature of IGBT, T (evap. out)- out from the 
          evaporator, (T con.in) T (con. out)- out and in to the condenser, T (cc. in)- in to the compensation chamber,  
         T (amb.)- ambient. 
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Fig.6. Power of LHP (W). 

 

4. Conclusions 

Aim of the experiment was design of the prototype LHP, for cooling of insulated gate bipolar 
transistor. Through experimental measurements LHP, it has been demonstrated good cooling effect. 
Using aluminous fin cooler with natural and forced convection IGBT achieved 100°C under load 
120W and 250W. Using LHP for cooling of IGBT, it didn’t achieve 100°C event under load 300W. 
This experiment demonstrates the quality of LHP and its merits of using for cooling high- 
performance electronic devices. The application of LHP for cooling power electronic, especially 
electronic semiconductor devices, offers better cooling performance and improved cooling in area 
of higher power dissipation up to 0.3 kW. 
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Abstract. This article deals with research of the manipulation system for innovative ways of drilling ultra-
deep geothermal wells. It deals with the reason for development of new innovative way for drilling 
geothermal wells, the reason for design manipulation system for new drilling device, the requirements and 
working conditions of manipulation system. 
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1. Introduction 

Geothermal energy as an Earth’s planetary thermal energy is used by mankind for the ages. The 
technical use is beginning to assert in recent decades with the development of drilling technologies. 
The current drilling technologies allow better use of natural resources, but they are still limited by 
suitable natural conditions, such as the locations of tectonic breaks and geologically active areas. In 
these places, the crust is thinner, or near the surface is magmatic chamber and rocks have a higher 
temperature also near the surface. 

Nowadays, political and social pressure is growing to expand the energy mix about renewable 
energy sources and increase energy independence states or communities of states. All of renewable 
energy sources have its limitations. Solar energy is dependent on the latitude and thus the average 
annual sunshine. Wind power is theoretically applicable everywhere, but for its real application is 
necessary to place it somewhere, where wind is constant for a whole year. Energy from biomass is 
usable everywhere, the limiting factor is the supply of biomass to the processing, which should not 
threaten food and material self-sufficiency state or region. Geothermal energy is dependent only on 
the temperature of rocks and accessibility to them. 

2. Analysis and definition of the problem  

Accessibility to the hot rocks (300 ° C - 400 ° C) or hot geothermal water is limited by current 
technologies to felicitous natural - geological conditions where suitable rocks or water is found at 
depths up to 3 km. Rocks with sufficient temperature, however, are under the entire surface of the 
earth, but in a greater depth of 3 km - 10 km (Fig. 1). Today's technology is able to achieve this 
depth, but because of the mechanical disruption principle of rock is mechanical connection required 
between drill head and the power unit on the surface. Drill head has a relatively short life and it 
must be replaced after a short drilled depth. With increasing deep of borehole exponentially 
increase costs and extend the time to replace the drill head. It is necessary to remove all of the well 
bore mechanical connection to the surface and after replacing head, then stack it all back into well. 

The company Geothermal Anywhere is developing a new system of "drilling" - deepening 
ultra-deep geothermal wells (Plasmabit). Their principle of continuous drilling removes the 
exponential increase in the price and the time needed to create ultra-deep borehole (6 km - 10 km). 
The principle is based on the rock-melting plasma and subsequent injection of water into the melt. 
From rapid warming of water formed vapor is spraying melt into the surrounding cooling water, 
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which solidifies as a small fraction of products melt and it is drained with the cooling water to the 
surface. For the proper function of Plazmabit is necessary to ensure accurate positioning of the 
plasma "drill" head just above the bottom of the borehole. The difference between today technology 
is also planned link of drilling equipment with surfaces. The connection provides electricity supply, 
supply of cooling and technological water and flow information by optical fibers. Tow rope 
connection provides only emergency extraction of drilling equipment, because due to the flexibility 
of the rope and the estimated depth of the borehole would be impossible to ensure accurate 
positioning of the plasma head. 

For these reasons, was created demand to design of manipulation equipment for Plasmabit 
system, in which will be included. 

 
Fig. 1. The comparison of conventional and ultra-deep geothermal wells 

3. Working conditions and requirements  

Manipulation equipment for Plasmabit will work in a very variable environment. During 
drilling from the surface to the maximum depth will change the pressure and temperature. 
Operating pressures are in the range from atmospheric (1013 hPa) to about 100 MPa. Temperature 
of the borehole walls increases with each kilometers by about 30 °C - 40 °C. At a depth of 10 km 
therefore borehole wall temperature can reach up to 400 °C. At these pressures and temperatures 
than water as an environment can change phase from liquid to supercritical or subcritical. 

Manipulation system will work in the borehole with a diameter of 280 mm ± 20 mm with 
smooth walls with exactly undefined coefficient of friction, disturbances of circularity and 
cylindricity and unknown surface waviness. Its main function is to perform controlled movement of 
Plasmabit in the well upwards and downwards while allowing the flow of cooling and technological 
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water and the other energy and information flows through the interior of the tube and outflow of 
cooling water around the tube upwards. Manipulation system must be compact, to create a space to 
store other functional modules such as: Control systems, lines, transformers of energies and other 
operating systems of Plasmabit. Provisionally is assumed that the entire system - Plasmabit will 
have a mass of 4000 kg and the estimated length of the device is 10 m. It is, however, only agreed 
baseline values. Estimated time of well production is 3000 hours; it is time that the device must 
withstand work constantly. The maximum speed of movement is determined to 3.3 m/hour up to 5 
m/h., but the device must be able to change the speed continuously from 0 m/hour to the maximum 
design speed. Required is the ability to adjust vertical axis of movement equipment within the range 
± 1.5 ° and the correct inaccuracies of borehole or create a curved borehole with a radius of 100m. 

4. Procedure of the solution  

Requirement submitter and initializer for the structural design of Plazmabit manipulation 
device is the company Geothermal Anywhere. Principal investigator is Department of design and 
machine elements, Faculty of Mechanical Engineering, University of Žilina. 

Constructional development process began with an analysis of environment, definition of 
requirements and solution conditions and analysis of the system - process of drilling and solutions 
targets were defined. Considering that nowadays a similar device is not developed and it is a unique 
device, preliminary stage of task was more difficult and formation of assignment even more 
important. Because it is a unique device, it is a design task, where is very little information known 
at the beginning of solution; over time and design process is assignment still complement with new 
requirements and specifications. 

 
Fig. 2. Individual modules of the Plazmabit with man for size comparison, from left: electronic module, motion 
module, two modules of anchoring connected to each other and cargo module for other subsystems. 
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5. Conclusion 

This article show early stage of research of the manipulation system for innovative ways of 
drilling ultra-deep geothermal wells. Shortly describes the reason for development of new 
innovative way for drilling geothermal wells, the reason for design manipulation system for new 
drilling device, the requirements and working conditions of manipulation system. Figure 2 shows 
the individual modules of Plazmabit, which have been designed based on the requirements and the 
reasons briefly summarized in this article. Figure shows the result of design of movement-anchoring 
mechanism, its individual modules, which will be used to create the test prototype.  
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Abstract. This paper presents the construction and operation of a water turbine with a current fence. It is an 
innovative device which will use the energy of the flowing water in a novel way.  
Thanks to the tested turbine it is possible to exploit rivers with small depths and dips where traditional 
turbines (eg, Kaplan and Francis) are not viable or technically possible.  
The device was designed due to modern hydro power energetic trends and environmental issuing authorities 
who prefer low-speed and low -head turbines which would not interfere with the environment.  
Described device is a water vertical axis turbine with planetary rotation of blades. 
The driving moment of rotor for a seven armed solution was also determined based on the comparison of 
relative speed of the water and movement of rotor blades.  
 

Keywords: water turbine, vertical rotor axis , propelling moment 
 

1. Introduction  
 
 Polish water resources are not quite impressive. In an average year the amount of received 
electricity is about 23 TWh per year (1TWh=109kWh). The theoretical energy resources using all 
flowing waters is about 12 TWh per year and the technical NEW resources (water objects less than 
5MW) were about 2 TWh per year. [1][5] However, only 16-19% of the technical hydro energetic 
potential of Polish rivers is being used [2] and operating hydropower plants were producing an 
average of about 1.8 TWh per year, which puts Poland on the end of Europe where an average 
usage of hydropower is about 50%, and even 70% is some countries. 
There are basically two methods of extracting energy from flowing water. The conventional method 
is to place a barrage across the river to create a static head or pressure difference, and operate a low 
head hydro-electric power plant with flowing water. This method has a huge impact on the 
environment . 
The less well-known method of extracting energy from water flows is to convert the kinetic energy 
of moving water directly to mechanical shaft power without interrupting the natural flow. Direct 
conversion has several advantages:  the capital cost of civil work is eliminated, disruption of 
ecosystem and boating is minimized. 
Environmental issuing authorities prefer to use low-head and low speed turbines, such as our 
described device to minimize the impact on the ecosystem. 
 
2. Construction and principle of operation   
 

The innovative turbine has at least three extension arms in the form of frames attached to  
bearing drum placed in the river. At least one blade is placed n each extension arms (the blade turns 
over 180o. The rotation axis of the blade relative to the extension arm is positioned in a way so that 
at the end of the working movement direction of the blade is in the same as direction of the current. 
The extension arms in the form of frames is made of longitudinal units attached t the drum and 
transverse units clipping it together. Frames are supporting the loose blade tips. Transverse 
elements of each arms are stitched together so that they form a solid structure and the relief of  the 
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stitch is placed in blades which are placed ahead of the stitch during the rotation of the blade. The 
elements which are placed further away from the centre f the turbine are located on a surface of the 
extension arm, and they are supporting the blades near to their rotation axis relative to the extension 
arms. This structure increase propelling moment of each blades and helps prior turn of the blades 
which are further away from the turbine axis. Pressure of water stream on the blades causes a 
rotation  of the turbine. After the working movement the blades are turning 180o relatively to 
extension arms. Blades are turning loosely with the flow. In this pint blades are starting a lost 
motion opposite to the water stream. On the beginning of the next working movement the blades are 
resting in the transverse elements and stays in this position until the beginning of the lost motion. 
There is also a current fence in front of the turbine [3]. 
 

          

 
Fig.1 Scheme of the described construction of the water turbine with  current fence [3] 

1 – shaft foundation on fundamental foot ;  2,8 – slide bearings; 3 - rotator placed on bearings 2 i ;  4 – extension arm in 
figure of frames created from two longitudinal units attached to drum 3; 4a – the transverse units clipping longitudinal 
units of extension arms 4, making up support for free blades 5 and 6; 5,6 – the placed blades by rotary motion; 7 – the 
hinges blades on which the extension arms are placed 4; 12 – reliefs for the bondingbars' room in the while the blades 6 
turn in relation to extension arms 4. 
 

3. Mathematical model of the propelling moment of the rotor turbine . 
  

The studied turbine is a vertical axis turbine with planetary rotation of blades. 
To determine the power of the turbine kinematics and propelling moment of the rotor turbine 
(depending on water speed and rotation speed) has been analyzed. 
W – speed of the flowing water [m/s];                                                                                                
V0 – the speed of rotor  [m/s];                                                                                                                    
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V – relative speed  [m/s]                                                                                                                         
α – rotor turn angle 

 
 

             
                                              a)                                                    b) 

Fig.2 a) Scheme of blades rotor in motion under blades angle α  

b)  A rotor blade position rotates during work 

The x compoment of a relative speed V for a mobile co-ordinate system of the blade[4]. 
Component speeds relative V in a coordinate system related to the blade.  

�� � ����� 	 �
																																																																								(1) 
In the working  area (due to the construction and principle of operation of the tested turbine) in the 
range of 0-π  there can only be maximum four blades.   
Resultant  propelling moment for the tested model: 

� �  �������

 ��	                                                              (2) 

Integral range was  determined as  0-π , because in the range π-2π  the blades are In the position 
with the flow and are the lost motion. 
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But if  180o<αi<360o βi=αi-180o for other angle αi M’ 1ax=M’ 2ax=0 
where: 
kx(α) – hydrodynamic coefficient depended on the angle of rotation of the rotor.  
R1  - the displacement vector  (first row) 
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R2  - the displacement vector  (second row) 
A1 – the surface of spades in the first line 
A2 – the surface of spades in second line 
ρ - water density  [kg/m3] 
 
The graphs shown below are fallowing:   
experimentally determined values of hydrodynamic factor kx(α) and calulated based on 
mathematical model of propelling moment. 

 
Fig.3 Hydrodynamic coefficient kx dependent on the angle of rotation of the rotor 

 
Fig.4 Propelling moment of the rotor turbine as a function of the angle of rotation of the turbine blades and two rows of 

number of blades 5 (ΣM5), 6 (ΣM6), 7 (ΣM7) in the row 

4.Conclusion 

 Water turbines installed on the rivers with small dips and depths without the need for building 
any extra bottlenecks may contribute the development of micro power plants on those kind of 
rivers. 
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Abstract. We can perform a stress distribution analysis either by means of virtual model simulations, by 
experiment in real size or in laboratory tested in scale. 
On the stress intensity and distribution influence a rail – wheel design and a brake mode of railway vehicle. 
Simulating computations are performed by software that is using the finite element method. In experimental 
measurements we can use ultrasonic measurements in order to determine residual stress and (thermo-
graphic) thermo-diagnostic measurements in order to determine temperatures.   
 
Keywords: railway wheel, braking mode, residual stresses, the finite element, ultrasonic measurement, 
thermo-diagnostic measurements 

1. Introduction 

From safety point of view a brake system/mode is very important subsystem of railway 
vehicles. Therefore it is needed to thoroughly study all properties of this subsystem analytically or 
by experiment.  

One option is to examine the stress distribution on the braked wheel in the contact areas of 
wheel - brake block and wheel – rail. The consequences of wrong stress distribution can have 
a negative impact on railway safety. 

2. Wheel construction 

On railcars are used various types of construction and wheel diameters.  
Powered rail vehicles can use wheels with 1250 mm diameters, wagons 920 mm and suburban 

rail units 840 mm. In special cases wheels with diameter smaller than 500 mm can be used too. 
According to type of construction wheels are divided into tyred wheels and monoblock wheels. 
Wheel set is the most stressed part of rail vehicle and its damage has decisive influence on 

safety and operability of vehicle. In railway traffic are used three basic types of wheels:  
1. Monoblock – whole wheel volume is made from one piece of material (Fig. 1a)  
2. Tyred – hub is made from inferior material and the tyre is made from better quality steel. 

The tyre is pressed on hub using heat and then it is secured with retaining ring against axial 
displacement (Fig. 1b)    

3. Divided – this group represents wheels of special construction (adjusted to minimize noise 
in traffic)  
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Fig. 1 a/ Monoblock wheel (1-wheel rim, 2- disc, 3 – hub), b/ Tyred wheel (1- tyre, 2 – retaining ring, 3- hub with 

wheel rim) 

3. Braking mode 

Braking is almost always the increasing of level train resistance in order to keep required speed, 
stopping on a certain place or to ensure vehicle against spontaneous drive-away on donwhill grade. 
Every powered vehicle with any kind of train have to stop in prescribed braking distance to avoid 
threatening the safety of rail traffic. 

Braking can be divided according to use as follows: 
- deceleration braking – it is decelerating the speed of vehicle from speed v2 to speed of 

vehicle v1, whilst v2 > v1 >0,  
- braking on an incline – its aim is to compensate gravitation accelerating component, when 

driving on downhill grade to keep the constant speed, 
 - braking to hard stop – it will lead vehicle with non-zero speed to stop, or to zero speed,   
- locking braking – to prevent vehicle from moving.   

4. Residual stresses 

In design and computational practice a material is usually considered as homogeneous isotropic 
continuum. 

The deformation of bodies and stress occurrence happens mainly due to: 
1. Mutual power action of bodies. 
2. Action of field of temperature, 

- homogenous   (tension appears when thermal dilatation of body is restrained), 
- non- homogenous  (tension appears even if thermal dilatation of body is free). 

If the plasticity condition is not satisfied, active tensions occur in elastic area and after 
removing of causes of their formation it completely disappear.  

If formation of elastic plastic state arises in any point of a body, then after removing of 
formation causes (power, distortive and thermal), some residual stresses stay in a body.   

4.1. Classification of residual stresses    

By volume size in which the residual stresses remain unchanged in size and direction of action, 
they can be categorized according to Macherauch and Tietze:   

1. Residual stresses of I. type (macroscopic) – are approximately homogeneous in macroscopic 
area (in more grains) of material  

2. Residual stresses of II. type (microscopic) – are approximately homogeneous in areas 
comparable to size of individual grains 

3. Residual stresses of III. type (submicroscopic) – are non-homogeneous even in areas 
comparable with interatomic distances.  

 
Residual stresses of I. type might be caused by: 
- production technology (machining, jointing, casting, forming, heat treatment, body coating), 
- assembling, traffic, test or any other kind of loading. 
Residual stresses of II. type arise from: 
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- during thermal processes in material with phases having different values of the temperature 
coefficients of linear expansion 
- during material deformation consisting of either a single phase (grains are variously oriented to the 
power flow and the yield strength is anisotropic) or more phases with different mechanical 
properties 
Residual stresses of III. type:  
- are result from structural disorders (point, bar) [5]. 

5. Available options of stress analysis 

5.1. Simulated calculations on virtual models 

Modeling of the finite element method belongs to the group of numerical methods. Its core is 
the discretization of bodies on the files of finite elements. These elements form analogue after parts  
field that can be mathematically written. In most of engineering problems this method is used to 
solve linear problems of design size and shape of component mainly in form of CAD program built 
module or this method is used for solving stresses and deformations in finished construction. When 
making calculations by the finite element method contact problems are treated as nonlinear 
problems. 

Nowadays each commercial program that calculates using the finite element method has 
a built-in solver for solution of elements contact. 

Some of the widely used programs for FEM analysis performance are ANSYS, COMSOL, 
ADINA and other [3]. 

 

 
 

Fig. 2 Program environment of  COMSOL program 
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Fig. 3 Contact model of stress in braked railway wheel in program ANSYS 
 

5.2. Experimental measurements  

 
Experimental investigation and analysis of stresses is possible to be done in traffic or on bench 

stands. From the perspective general threat in traffic is acceptable carried out measurements on the 
bench stands. On Department of Transport and Handling Machines are two test bench stands: 
inertial braking stand and test bench for braking components RAILBCOT 

To make measurements of residual surface stresses we use ultrasonic system DEBRO 30. 
Ultrasound is defined as sound vibrations at a frequency greater that 20 kHz and wavelength of 1,6 
to 0,3 x 10-6 m. In defectoscopy the frequencies are from 1 to 25 MHz. According to spread   
direction we distinguish ultrasonic waves to longitudinal, transverse, surface, plate. 

For thermal analysis we use thermodiagnostic measurement done by infrared cameras. The 
basic principle of infrared thermal methods is scanning of body temperature by distribution in the 
matrix, either by mechanical or electrical scanning. During electronic scanning, radiation falls on 
the matrix made by the elements scanning this radiation. Elements can be thermal and quantum 
detectors. The signal processing is done by electronics, which is placed on a single chip with 
scanning elements in more recent technologies. 

6. Conclusion 

Analysis on investigation options of stresses distribution and temperature fields in the contact 
of railway wheel and brake block in the braking process is possible by using analytical methods or 
experimental measurements. Out of the analytical methods there appears to be an effective method 
based on the finite element method. Specification of the input parameters significantly affects the 
accuracy of the calculation. In the experimental methods the stresses distribution and temperature 
processes are investigated on the real components. One option is to use thermocouples or it can be 
done by using ultrasonic and infrared equipments. 

Research-Educational Center of Rail Vehicles (VVCKV) 
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Abstract. The temperature distribution analysis in the braked rail-wheel during a braking by the brake block 
can be performed either by means of experimental measurement on real components or by simulation 
methods by means of desirable software using. The braking leads to non-stationary temperature fields that 
highly influence the rail-wheel and block brake properties. In this paper is described an analysis of rail-wheel 
heating during braking in ANSYS software modelled. 
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1. Introduction 

In recent years have been the speed, comfort and safety of rail transport significantly increased. 
This asks for higher demands on reliability and safety of rail vehicles parts meeting. Significant 
effect on the loading of railway wheel has brake block braking process in action. Temperature 
distribution in a braked railway wheel during braking by the brake block can be detected using 
analytical simulation or experimental programs on real components. 

2. Thermal stress of the braked railway wheels 

Property monitored in detail in railway vehicles braking is the heat generated by friction of 
brake block on the wheel. A part of frictional heat comes from friction of individual surfaces of 
wheels and a part of frictional heat is from brake block. Temperature reached by the steel wheel 
friction and non-metallic block is as high, however, due to the lower thermal conductivity of the 
block the bigger strain is put on wheel. 

The Fig. 1 shows the progress of non-stationary temperature fields in braked railway wheel. 
When braking, the most heated surface is the wheel track. Temperature distribution along wheel 
cross section depends on: 

- size of the contact force, 
- speed and braking time, 
- type of braking block, 
- wheel material. 

 
Lost energy converted to heat can be determined by the formula [4]: 

 
(1) 

 
where:   φ coefficient of surface quality 0,6 -0,8   [-] 
   f coefficient of friction    [-] 
   F contact force     [N] 
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 V instantaneous velocity    [ms-2] 
   D diameter of wheel     [m] 
   l width of brake block     [m] 
 

 
Fig. 1 The process of non-stationary temperature fields in braked railway wheel and location of thermocouples in 
the test of cast iron 

 
Fact that can be considered is that during braking 66% of created heat passes to the wheel for 

cast iron blocks and up to 90% to non-metallic blocks. 
Another factor that significantly affects the thermal stress is placing of the brake shoe on the 

wheel. The worst option is overhanging brake block over flange of the wheel. Very unfavorable 
position is also overlapping of brake block on the outside of the wheel, where the brake block can 
even rub the external body rim. In both cases there is high heat flux, stress, and thus increases the 
possibility of damage to the wheel [1, 2, 4]. 

3. Model creation in the ANSYS program  

Creating of an effective model that minimizes the computational requirements. Methods of 
producing a model in program ANSYS are: 

1. The preprocessor – the advantage is the correct geometry – program can interpret all shapes 
and inaccuracies do not appear during the import. The disadvantage is more complex 
geometry modeling. 

2. Import from CAD systems – the advantage is easier creation of geometry and less time 
needed for individual tasks. The disadvantage is possibility of discrepancies and 
impossibility of the model parameterization. 

3. Total creation of the model in an external modeling program – combines the advantages of 
version 1 and 2 and model can be interpreted in several programs (hypermesh). The 
disadvantage is the need for additional software. 

For verification of the properties we have used the second method. 
 
 
The analysis consists of the following basic steps: 
1. import of model from CAD program, 
2. creating of contact conditions, 
3. definition of the mesh, 
4. applying of boundary conditions, 
5. setting of solver, 
6. calculation, 
7. generating of results. 
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Tab. 1: Dependence heat flow to time 

3.1. Heating analysis of the braked railway wheel 

The problem is solved as a quarter model with a constant heat flow around the circumference of 
the wheel. Symmetry was applied to accelerate the calculation. 
Definition of the mesh: element size is 10 mm, element type: SOLID 90 
Application of boundary conditions: heat flow: 10 kW (fig. 2), time function: 7 steps, time: 600 sec 
(tab. 1), reference ambient temperature: 22 °C. 
 

 step time [s] 
heat flow 

[W] 

1 1 0 10000 

2 1 100 10000 

3 2 101 0 

4 3 200 0 

5 3 300 0 

6 4 301 10000 

7 5 400 10000 

8 6 401 0 

9 7 600 0 

 

 

Computing parameters: processor: Intel Core i7 2,64 GHz, memory (RAM): 24 GB, total 
computation time about 15 minutes. 
 
The fig. 3 shows results at the end of braking (time 600s) – temperatures in railway wheel and the 
fig. 4 shows temperatures on the surface of the wheel and on the rim of the wheel. 
 

 
Fig. 2 Model with heat flow and model with mesh 

 

Fig. 3 Temperatures in railway wheel at the end of braking (time 600 s) 
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Fig. 4 Temperatures on the surface of the wheel and on the rim of the wheel 

4. Conclusion 

For heating analysis of the braked railway wheel was used ANSYS program, which operation 
is based on the finite element method. It is an effective method, in which more accurate inputs 
affect the accuracy of computation. Such analyzes require long process time that can range between 
a few minutes to several hours. Therefore it is necessary to optimize the task with a suitable 
formulation of the problem and with the correct settings of the simulation program. By deeper 
investigation and more detailed complementing of input values we can achieve more accurate 
results. 

Research-Educational Center of Rail Vehicles (VVCKV) 

Acknowledgement 

This paper was created during the processing of the project No. APVV-0842-11: 
“Equivalent railway operation load simulator on the roller rig”. The work is also supported by the 
Scientific Grant Agency of the Ministry of Education of the Slovak Republic and the Slovak 
Academy of Sciences in project No. 1/0347/12: “Railway wheel tread profile wear research under 
the rail vehicle in operation conditions simulation on the test bench.”, project No. 1/0383/12: “The 
rail vehicle running properties research with the help of a computer simulation.” and No. 1/1098/11: 
“Stress Distribution in a Braked Railway Wheel”. 

References 

[1] GERLICI, J., ŘEZNÍČEK, R., (1994): Temperature fields in the brake blocks when braking on an incline; XI. 
international conference "Current problems in rail vehicles". (In Slovak), pp. 233   244, Česká Třebová, 13   14. 9. 
1994. 

[2] GERLICI, J., HLAVŇA, V., ŘEZNÍČEK R.: Simulation of down-hill braking with a shoe brake. 4.th mini 
conference on vehicle system dynamic, identification and anomalies. Budapest 1994. 

[3] GERLICI, J., LACK, T.,  KALINČÁK, D.: Laboratory simulation of braking with a shoe brake. Pp. 83-92. In: 
SITARZ, M.: Railway wheelsets. ISBN 83-7335-151-5. Chapter 5. Pp. 83-92. Silesian university of technology, 
Gliwice Poland, 2003. 

[4] MITURA, K., MATUŠEK, P., FAJA, R.: Thermal damage of railway wheels caused by intensive braking. (In 
Czech), Railway technology 10/1980, Pp. 175-184 

292



 
 TRANSCOM 2013,  24-26 June 2013 
 University of Žilina, Žilina, Slovak Republic 
 

  

Option of Particulate Matter Abatement in Flue Gas Path 
*Katarína Sulovcová, *Jozef Jandačka,  

*University of Žilina, Faculty of Mechanical Engineering, Department of Power Engineering, Univerzitna 1, 
01026 Žilina, Slovak Republic, katarina.sulovcova@fstroj.uniza.sk, jozef.jandacka@fstroj.uniza.sk 

 

Abstract. The combustion of biomass produces also gaseous and a solid pollution. Solid pollution is small 
particulate matter which is getting into the air with a smoke and may be harmful to the environment, the 
human and the animal health. Therefore it is important to decrease its amount in ambient air. Particulate 
matter is coming not only from the big combustion devices but also from the small combustion devices 
which are quite common and are not monitored as bigger ones. Therefore it is potentially large source of 
pollution. The main objective of this work is to reduce particulate matter concentration produced by small 
residential combustion appliances by making a change of the geometric parameters in a flue gas path. 

Keywords: Pollution from biomass, particulate matter, separation. 

1. Introduction 

Nowadays is a worldwide high encouragement of taking up of the biomass as a heat and an 
energy source. The renewable energy sources replace using of fossil fuels in order to reduce amount 
of pollution in atmosphere. The combustion of solid biomass produces less pollution than 
combustion of fossil fuels, but there are still some pollutants. 

The air quality is very important not only for humans, but also for all living organisms and 
general function of ecosystems. Previous observations show us the problems with a particulate 
matter concentration in many countries.[9] As a consequence of this is made a stricter legislation 
which regulate allowed the amount of emissions and also the monitoring of big pollution sources.  

One of the pollutants which effect on air quality is also particulate matter that is coming into 
the ambient atmosphere from the various sources, for example traffic, factories, volcanoes but also 
from small combustion appliances. The domestic heating sources have a big potential to produce 
particulate matters especially in the winter and there is a huge number of them. Those uncontrolled 
combustion appliances contribute to the air pollution on a large scale. During process of biomass 
combustion are formed the particulate matters and it is emitted together with smoke into the air. In 
many European countries persists the problems with increased amount of the particulate matter and 
as a consequence of this may be caused various diseases. 

1.1. Particulate Matter 

Many of the scientific studies deal about particle pollution and its influence on human being. 
Particulate matters generally may cause increasing the risk of a respiratory and the cardiovascular 
diseases, also higher mortality, more allergies, aggravated asthma etc.[3] 

Behaviour of particulate matters in the air and also influence on human body is determined 
partly by size. Coarse particulates can be filtered by natural human defense system in nose or they 
are sneezed or coughed out of body. But there are also smaller ones, the fine particles. The biggest 
attention is paid to PM10 (particulate matter less than 10 microns in diameter) and PM2.5 (less than 
2.5 microns in diameter). Those small particles are able to get deep into the lungs and into the 
alveolus. The smallest ones are even able to go into the blood stream. For imagination particulate 
matter PM10 is at average 7 times smaller than human hair in diameter and PM2.5 is even 28 times 
smaller than human hair.[3] 
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 Particulate matters from biomass combustion have various sizes. Higher concentration of the 
particles is with the finer sizes. [5] Particles with size PM10 make around 35% of total particle 
emission of combustion.[4] 

2. Separation of Particulate Matter 

In order to minimize amount of emitted particles into the atmosphere are researched various 
solutions. The appliances which produce particles are connected with external separators or filters. 
It is effective but it can be expensive. Therefore is looking for solution which decrease particle 
concentration and will not be so costly.  

One of the options how to decrease particulate matter concentration is trapping particles before 
flying out of the combustion devices. It can be achieved by making construction changes of 
combustion chamber and flue gas path. 

Essential thing of every separation process, in which are solid particles separated, is to remove 
solid particles away from flue gas and get them into trapping place. Trapping of particles is 
theoretically explained by cooperation of few together working separation processes. 

2.1. Separation Process 

Separation of the solid particles has several steps. The first step, as was mentioned, is to 
separate the solid particles from a fluid flow into the wall of separator. In this step are used various 
principles and forces, the force of gravity, the centrifugal force, the inertia force, the electrostatic 
force, the diffusive force and the other. The second step is to get the solid particles into the trapping 
place. It is also realized by various ways. For example, a dry mechanical separator uses flow of 
carrier gas. The particles are carried near the separation wall and taken away into the trapping place.  

This sort of separator is interesting because its principles can be applied in the small heat 
sources. The scale of separation is from 3 to 30 µm.[6] 

3. CFD as Option of Reducing Pollution 

From an economical, an ecological and a safety point of view it is very necessary for many 
experiments that there is possibility of simulation of various physical processes. 

Program`s system CFD (ANSYS) offer possibility to numerically solve essential physical 
equation as conservation of a mass, an energy and a momentum etc. This kind of program is able to 
simulate various physical processes what can help also with a particulate matter concentration. 

We can simulate the flow in the small combustion device too. To simplify the model of the 
particulate matter flow it is possible to make it without combustion. Into the model is given source 
of the particles with the certain amount of mass flow. It is also necessary to consider the gravity 
force because it is important for trapping particles and therefore we can observe behaviour of those 
particles in the flue gas path. There is also assumed that the process is steady, time independent, the 
fluid is incompressible air in the simulation. For the particles is used the Rosin-Rammler 
distribution in order to see various sizes of particles. Some of the input parameters are given in 
Tab.1. 
 

Number Input parameters Value Unit 

1 Pressure on inlet 0 Pa 
2 Pressure on outlet -12 Pa 
3 Temperature 25 °C 
4 Density 1,185 Kg.m-3 

Tab. 1. Input data for simulation. 
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In the flue gas path can be realized variable constructions. The influence of this construction on 
flow and on trapping of the particles can be closely observed by this program. It allows us to see 
effect of the construction changes on a velocity, a pressure and a turbulence etc. This helps to make 
useful changes in order to improve the construction of the small combustion devices. 

In this work was used a fireplace with a special tunnel. In the Fig.1 we can see idealized flow 
of the particles in the trapping place in the special tunnel with two various constructions. The bigger 
particles are trapped at the bottom and the smaller particles are flowing away with smoke. There is 
possibility to trap more particles with construction changes. 

    
Fig. 1. Ideal flow of particles.  

4. Experimental Verification 

Verification of the simulation results is possible to make by using a gravimetric measure 
method, a laser measurement or other similar measurements of a particle concentration. There can 
be used the gravimetric method (Fig.2) where are done multiple taking of the samples by 
observance of the isokinetic conditions. Taking of the samples is realized during several 
measurements. 

It is necessary to make two series of the measurements. One series before construction changes 
second series of the measurement after construction changes. It is necessary because of a comparing 
value of particle concentration from the first series with those from the second series. This 
comparison shows if the construction changes helped to avoid the particle production into the 
ambient air. 

 
Fig. 2. Gravimetric method scheme. 
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5. Analysis of Results 

For measurements were chosen two constructions. The first construction is the original one and 
the second is changed one, which seems to be better in the simulations. Gravimetric measurement 
was done with beech wood. Isokinetic condition and other conditions for gravimetric method were 
followed. In Tab.2 are average values of measurements. 

 First series of 
measurement 

Second series of 
measurement 

Unit 

Average weight of wood 2,994 2,952 kg 
Average concentration calculated on 
13% O2 

56,31 49,63 mg.m-3 

Tab. 2. Value of gravimetric measurement. 

Second series of measurements have smaller concentration of particulate pollution then the first 
one. We can assume that it is caused by construction changes which were done according to 
previous simulation. 

6. Conclusion 

Wide spread using of biomass bring problems with the particulate matter production from 
biomass combustion especially in the small domestic heat sources. The amount of those appliances 
is rising so also particle pollution produced by those devices is increasing too.  

Using of CFD simulation seems to be a good idea, how to simulate flow of particulate matter in 
combustion devices and see how particulate matter concentration can be depending on construction 
changes. That can help with decreasing of air pollution. 
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Abstract. This paper deals with theoretical and practical aspects of modal analysis, which belongs to the 
tests for design of new rail wagons. The paper describes the process for calculating the eigenfrequencies of 
the wagon with non-standard design and dimensions. This computer aided simulation analysis significantly 
reduces the time to verify the static and dynamic evaluation of rail vehicles. 
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1. Introduction 

Modal analysis is a relatively young field of dynamics and in industry started to use in the 80s 
the last century. Late inclusion into practice is associated with the development of software and 
hardware for finite element method. Modal analysis can be applied in theory, such as computational 
method or in practical level, such as real experimental measurements of mechanical structures. The 
modal parameters obtained from experimental analysis in engineering practice are often compared 
with the modal parameters obtained from computational methods [1]. The resulting modal 
parameter analysis include: 

• eigenfrequencies of the construction, 
• mode shapes, 
• modal damping of the construction. 

2. Application of modal analysis 

Modal analysis method can solve many technical problems encountered in the design, 
manufacture and operation of mechanical systems or parts. It is also used in the analysis of adverse 
events of mechanical systems, such as excessive noise, deformation, vibration, damage and so on. 
 

Reasons for using modal analysis: 
• Comparison of data obtained from experimental measurement on the prototype with the 

corresponding data obtained from finite element method. Optimizing of the analytical 
model, which will be used for further calculations and simulations. This optimized model is 
free of errors, which were caused by poor application boundary conditions.  

• With the resulting eigenfrequencies can be determined unsafe operating conditions in which 
are not allowed. If the eigenfrequencies and frequency of excitation are equal, the resonance 
occurs. This reduces operating life, increasing noise and could damage the construction.  

• With the resulting mode shapes of vibrations can we determine the places of maximum 
errors. Subsequently is possible to make structural modifications (editing geometry, adding 
additional elements, changing material characteristics, etc.), which eliminate dangerous 
vibration. 

• The resulting modal parameters are used to diagnose errors and places of operation. 
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3. Modal analysis solved by finite element method 

The most common type of the dynamic calculation is modal analysis, which determined mode 
shapes, eigenfrequencies and modal damping of mechanical systems. These parameters provide us 
basic information of the dynamic behavior of mechanical systems. 

At present, the modal analysis of mechanical systems is performing in computer programs that 
operate on the principle of finite element method. The most commonly used programs include 
ANSYS, ADINA, COMSOL and others. 

Using modal analysis by finite element proceed as follows: 
1. Create a geometry of the analysed construction. 
2. Define material properties (density materials, Poisson's ratio, Young's modulus of elasticity 

of the material).  
3. Define the boundary conditions for the creation of computational model. 
4. Create a mesh of finite elements (Fig. 1), which consists of a suitably chosen element and its 

final size (smaller mesh, longer calculation). 

 
Fig. 1 The mesh of finite elements in the model of wagon 

5. Sets the solver, which contains a suitable computational algorithm. Selects the frequency 
range and number of wanted modes of vibrations in mechanical constructions. 

6. Export modal parameters of the analysed construction. 

4. Model eigenfrequencies computations 

4.1. Model description 

• the dimensions of FEM model and CAD model – 1:1, 

• spatial 3D elements (automatic meshing) – 15-30 mm, 

• standard gravity in axis z – g = 9,8066 m.s-2. 

4.2. Material model 

• engineering steel S355J2C+N, 

• minimum yield value 355 MPa (323 MPa in an immediate close distance of weld), 

• material – homogenous, isotropic, linear and elastic, 

• mechanical properties – Young modulus of elasticity E = 210 000 MPa, Poisson`s ratio µ = 
0,3. 

4.3. Utilised software 

• ANSYS v14. 
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4.4. Boundary conditions 

a) boundary condition in the place of A–D (4 slides), 
(The coordinate system is oriented in accordance to Fig. 2. The wagon is supported in the spots of 
slides. The knots in the slides spots are interconnected with spring elements with stiffness of 570 
N/mm) 

b) boundary condition in the place of E and F (2 hemispherical bogie pivots). (Tab. 1) 
Ball point No. 1 Condition Ball point No. 2 Condition 

Fx LOCK Fx LOCK 
Fw LOCK Fw LOCK 
Fv LOCK Fv FREE 
Rx FREE Rx FREE 
Rw FREE Rw FREE 
Rv FREE Rv FREE 

Tab. 1 Boundary condition in the hemispherical bogie pivot 

LOCK – fixed, FREE – free to the directions of movement or rotation. Fx - displacement in the x 
direction, Fv – in the v direction, Fw – in the w direction. Rx - rotation in the x axis, Rv – in the v 
axis, Rw –in the w axis. 
 

 
Fig. 2 The places for hemispherical bogie pivots and slides in the model of wagon (The figure shows only 1/2 of wagon, 
because the model is symmetric) 

4.5. Computation 

The bogie for wagon design is the same as the Y25 Lsd1 wagon design and the used suspension 
has the kinked characteristic curve in the point of 6.63 ton per axle [3, 4]. 
Spring rigidity: outer spring 507,6  N/mm, inner spring 824,4  N/mm. 
 
Wagon spring stiffness up to 6,63t/axle. (acts the outer spring only) c = 8121827  N/m 
Wagon springs stiffness over to 6,63t/axle. (act both of springs)  c = 21312264  N/m 
 
Non-springed mass of 1. axle: mR = mwheelset+maxlebox+msprings     (1) 

mR = 1072 + 240 + (7,2+15,45).4 = 1402,6 kg   
     ma = TARA - 4.mR = 22000 - 4.1402,6 = 16,39 t  (2) 
 

Eigenfrequency can be computed by: � � �
�� . � �

	
      (3) 

 
State of load Mass [t] Suspension stiffness [N/m] Eigenfrequency [Hz] 

Empty -1t 15,39 8121827 3,66 
Empty 16,39 8121827 3,54 
Empty +1t 17,39 8121827 3,44 
Loaded 80,39 21312264 2,59 

Tab. 2 Input parameters for computation  
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Eigenfrequency- 
number 

Calculated value of 
eigenfrequency [Hz] 

Eigenfrequency of 
suspension [Hz] 

Empty wagon 
1 5,01 3,54 
2 5,59 3,54 
3 9,08 3,54 

Loaded wagon (2x40´ containers) 
1 1,52 2,59 
2 1,87 2,59 
3 2,1 2,59 

Tab. 3 Comparison of the results for empty and loaded wagon 

 
Fig. 3 Visual display of the third loaded wagon eigenfrequency in program ANSYS  

5. Conclusion 

There is clear from the analysis, that the third loaded wagon eigenfrequency is close to the third 
loaded wagon suspension eigenfrequency (the difference is 0,95 Hz). For next wagon development 
are the wagon ride tests in operation performance needed. There are needed the structural design 
modification for 3-rd eigenfrequency from the loaded wagon suspension to perform too.  
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Abstract. Article describes long container wagons size effect to the resistance against vehicle running in 
operation. Long 4-axle wagons would offer a number of benefits such as: fewer axles per length (less energy 
consumption - decreased rolling resistance, less maintenance, less noise - fewer axles and increased axle 
load), better aerodynamics (fewer bogies and fewer gaps between containers) and better loading factor of 
trains. 
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1. Introduction 

Size of resistance against the run of the vehicle greatly affects the overall energy demand. 
Therefore, manufacturers and operators of rail vehicles tries to minimize this effect. These savings 
lead to a reduction in transport costs, which is a positive indication to the operator and client. 

2. Forces against run of the train vs. long wagons 

When accelerating and holding a constant velocity, there are several resistance forces to be 
overcome [1]. Determining and calculating these forces allows the calculation of the train run 
energy demand. Calculations are done for rolling resistance, aerodynamic resistance, grade 
resistance, curve resistance and acceleration resistance. Other resistance forces like tunnel 
resistance or switch resistance do not appear on the researched train run or are very small and 
therefore not interesting. 

2.1. Rolling resistance 

Under the term rolling resistance several parts are comprised. This is the rolling resistance from 
the deformation of the wheel itself, then slide resistance through different wheel diameters or 
sinusoidal run. Furthermore there is roller bearing resistance in all bearings in the car and dynamic 
resistance, which occurs through the work of springs and dampers in the car and damping work of 
track bed.  
Calculation:     ���� � ���� . ��                 (1)  
(fw0z – specific resistance coefficient in ‰; Gz - weight (train) in N) 

���� � 	�� 
 	�� � 
��� 
 	�� � 

���
�
                                       (2) 

(v - velocity in m/s; v00 = 27,78 m/s - velocity constant in m/s; c1Z = 0,5‰ - constant to fW0Z in ‰; 
c2Z = 0,6 ‰ - constant to fW0Z in ‰; c0Z  - constant to fW0Z in ‰) 

	�� �
����.�������������.��

��                   (3)
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(fWAL = 3,5 ‰ - parameter to starting resistance (loco) in ‰; cAW = 0,6 ‰ - constant in ‰; FA = 
100N - axle load constant in N; GA - axle load in kN; GL - weight (loco) in N; GW - weight (set of 
wagons) in N). All formulas [3]. 

Rolling resistance force correlates positively with the mass of the train rises, but correlates 
negatively with the axle load. The correlation of mass train and rolling resistance is shown in Fig. 1 
for six different axle loads at 100 km/h.  

 
Fig. 1 Correlation of train mass and rolling resistance. 

The resistance force increases linear the higher the mass of the train gets. More interestingly 
the resistance force decreases when axle load increases. Those correlations lead to significant 
savings when applying long container wagons in freight trains. Because of the high capacity, dead 
weight and therefore the mass of the train can be reduced. At the same time, the long wagons lead 
to fewer axles, which means more load per axle. Both effects lead to a decline of rolling resistance. 

The correlations can be seen even more clearly in Fig. 2a, 2b. The figures are for an example 
train with 550 m length and load factor of 100 %. 

a) b)  
Fig. 2 a) Correlation of wagon length and rolling resistance, b) Correlation of axles per train length and rolling 
resistance 

Comparing trains composed of reference wagons (ca. 20 m) and long wagons (ca. 26 m) there 
is saving of 9,27 %. 

2.2. Aerodynamic resistance 

The size of the aerodynamic resistance force correlates positively with the numbers of wagons, 
length of wagons and the number of wagons which are not fully loaded (additional gaps). While it is 
obvious that air resistance rises when attaching more wagons to the train, it is more interesting to 
investigate changes due to wagon length and arrangement of containers on the wagon [3].  

Fig. 3 shows variables looking at an only one wagon running in the middle of the train with 100 
km/h. Wagon length is on the x-axis, the induced air resistance per TEU on the y-axis. To be seen 
clearly, resistance force per TEU decreases when extending wagon’s length. Examining different 
arrangements, a fully loaded wagon has the lowest values in comparison to cars loaded only with 
two containers. This produces extra gaps which lead to a higher air resistance.  

While it is obvious that air resistance rises when attaching more wagons to the train, it is more 
interesting to investigate changes due to wagon length and arrangement of containers on the wagon. 
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Fig. 3 Length, arrangement and air resistance. 

2.3. Grade resistance 

When the track is inclined a grade resistance is caused. This resistance force is positive when 
running upgrade, and negative when running downgrade [3].  

In the second case less energy is necessary to hold velocity or, if the grade is significant, the 
train accelerate or has to be braked in case speed limit is reached. 

Calculation:     �� � �
�                     (4) 

�� � �� . �                    (5) 
(fN - specific gradient; FN - grade resistance; GZ – weight (train); h – camber of truck ; l - length). 
All formulas [3]. 

 
Fig. 4 Grade resistance and length of wagons. 

Grade resistance correlates with the size of the current grade and the mass of the train. The Fig. 
4 shows the grade resistance over different length of wagons. For this analysis two example trains 
were examined at a grade of 5 ‰ (550 m length, containers with 12.5 t weight (gross) and load 
factor of 100 %). Dead weights of wagons were extrapolated with help of known values. Grade 
resistance decreases as longer the used freight wagons get. In this case a train with long container 
wagons saves 3,5 %. 

2.4. Acceleration resistance 

When accelerating the train, there is extra force needed to accelerate rotating masses. This fact 
is included through a higher train mass using a mass factor. Acceleration resistance force correlates 
with the mass of the train and the number of axles [3].  

Fig. 5 shows acceleration forces for train consisting of long wagons and reference train with 
different load weights. Because the long wagons weigh more (+4 t), the values of train of long 
wagons is always a bit higher than for the reference train. Train of long wagons, however, have 
lower energy demand for acceleration because of two facts: rotating mass is for both wagons the 
same (2 bogies), but long wagon carries 4 TEU instead of 3 (reference wagon). In relation to TEU, 
train of long wagons are therefore more efficient.  

Furthermore train of long wagons have in general higher load factors because of the long 
uninterrupted loading surface. Through the higher flexibility in combining containers it can carry 
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same amount of load using fewer wagons [2]. Thereby dead weight and total weight decrease, 
which lead to a smaller acceleration resistance. 
Calculation:     �! � Ψ.#$. %                  (6) 
(Fa - Acceleration resistance force in N; ψ - mass factor; mz - mass (train) in kg; a – current 
acceleration in m/s2) 

 
Fig. 5 Acceleration resistance, number of wagons and load weight. 

2.5. Curve resistance 

The size of the curve resistance correlates with the curve radius and the mass of the train [1]. 
Calculations show that curve resistance is negligibly small in comparison to other resistance forces.  

3. Conclusion 

Rolling resistance, which is composed of the resistances of wheels, bearings, springs and 
dampers, decreases, when total weight is low and few axles are used (therefore axle load gets 
higher). Train of long container wagons is lighter and through its high load factor and fewer bogies, 
rolling resistance falls significantly. When applying long containers wagons in freight transport, 
aerodynamic resistance decreases. The reason for this is that due to the long loading surface the 
load factor is very high and therefore fewer gaps on a wagon occur. Grade resistance can be reduced 
too, as train of long container wagons has less dead weight per TEU. Curve and acceleration 
resistance are very small and therefore negligible. 
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Abstract. The aim of the article is to present the necessity of completion of the test stand of brake 
components of railway vehicles with the equivalent railway operation load simulator for the research of the 
wheel wear on it. The other aim of presented research needs is to perform the analysis of the equivalent 
conicity as a parameter for the rail vehicles in operation ride properties prediction. The sub aims are the 
change of frame, wheel, braking forces load via SIMRAIL simulator program load collection performance. 
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1. Introduction 

The project of test stand loading modulus should result to an original device. The test stand is 
being as prototype realized at the Faculty of Mechanical Engineering laboratory working place. The 
aim of the project solution is to create a brand new original load module for requested test type 
performance. The originality leads from the fact too, that the uneven wheel tread wear problem 
appeared after utilize of the up to date new brake blocks sintered composite materials in a goods 
transport. The brake blocks composite materials crucially decrease the noise level during braking, 
increase and keep the value of friction coefficient level, are more durable, but at the same time 
crucially increase the wheel tread surface wearing. Modified Wheel profile causes the non-stabile 
vehicle movement in a track, higher level of wheel /rail contact forces, lower safety against 
derailment and higher force influence on the track. The composite brake blocks are much more 
expensive than cast-iron brake blocks and the damaged profile must be re-profiled sooner, than 
before. The maintenance costs are getting high and the service life of wheels is getting down. The 
track must be under service more frequent too. Important contribution of the project realization will 
be the fact, that we will not investigate the contact phenomena only, but we will create the unique 
test conditions environment and the object of research can be modified in accordance of test 
requirements. 

2. Rail vehicles brake components test stand 

Up – to date built Railway vehicles brake components test stand RAILBCOT, (where load 
element SIMRAIL is the aim of the project solution) is the facility, where the function core is 
created from an electromotor with the power of 440 kW. The motor power is led via a transmission 
(conical gearbox) UNIMEC500 to the discs of rotational rails. The railway wheelset is via a cable 
stayed transmission pressed to these discs with the force of 225.000N. The wheelset is integrated 
into movable frame that enables rotating of wheelset about the angle of attack and the lateral 
movement in the acceptable limits. 

Wheelset is braked with two locomotive brake units. This test stand will be not included into the 
brake stands bur ride stands. The utilization of the stand, operation and scientific investigation 
direction is completely different from Flywheel test stand UIC. 
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3. Test stand enhanced with the operational load modulus 

The aim of the work is to complete the test stand of brake components of railway vehicles with 
the equivalent railway operation load simulator and to research the wheel wear on it. The other aim 
is to perform the analysis of the equivalent conicity as a parameter for the rail vehicles in operation 
ride properties prediction. 

 
 

Fig. 1 The test stand enhanced version scheme 

The sub aims are the change of frame, wheel, braking forces load via SIMRAIL simulator program 
load collection performance. The particular aims for meeting the main aim are: change of frames 
forces apply, change of wheels forces apply, 

 
Fig. 2 3D model of the test stand equipped by the loading modulus (a suspension member is drawn in frame separately) 

     A: SIMRAIL modulus 
implemented for the middle 
frame movement (lateral 
displacement of wheelset and 
angle of attack setting). 
     B: SIMRAIL modulus 
implemented for the wheel 
forces values modification. 

SIMRAIL 

A 

B
A 

 

RAILBCOT 
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Fig. 3 Load modulus model: view on the function parts, side view and top view 

change of wheelset in frame lateral position in accordance the limit cycle, change of brake forces 
apply and finally the computer program controlling of the load collection on the test stand with the 
help of SIMRAIL module. 

4. Methodology of the load modulus implementation requirements 

 The work solution methodology is based on the in operation goods wagon bogie /track field 
mutual interaction detail analysis and will be defined in main points: The loading limit values 
analysis, applicable to the test stand. The limit values analysis that safely enables the construction 
are tested. 

   
Fig. 4 FEM meshed frame with applied boundary conditions         Fig. 5 Results of stress (Von Mieses) analysis 
 
Maximum loading parameters increasing based on computer simulation computations analysis. Main 
simulator realization functional scheme is determined. Actual function load components definition 

on the base of feasibility and purposefulness. 
Specified frames design, 3D models creation, 
structural, stress and strain analysis. Construction 
design realization analysis on the base actual 
material accessibility, manufacturing manner and 
additional technologic modification of the stand. 
Working drawings and technical documentation 
create, asking for manufacturing and purchase of 
function elements. Parts and substructures 
manufacture, substructures testing, creating of 
main assembly, simulator assembly testing. 
Tuning of the cooperation of test stand and 
SIMRAIL simulator (program computer setting), 

 
Fig. 6 Frame deformation (displacement) analysis 
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on the base of experimental Works and computer simulation analysis. Middle – time experimental 
tests performance. Project realization can help in crucial dimension to fulfill theoretical 
presuppositions for railway wheelset wear analysis in laboratory simulated operation. The 
qualitative and quantitative railway wheel and rail head profiles shapes change evolution will be 
analyzed, as well as the discs rims shapes (they represent the rails) change evolution will be 
analyzed too. The contact couple profile shapes modifications lead to the change of wheelset in 
track stabile motion tendency. It is reason of non-stabile vehicle in track motion. On the base of 
wear study the limit values of permissible deviation from ideal nominal shape will be specified. 

5. Conclusion 

The project aims for the railway research branch are very topical mainly from the international 
point of view. The results of an investigation are extremely interesting for European railway 
research, European operators of railway goods wagons with an impact to the vehicle producers and 
owners (operators) of the railway tracks. The project aims are topical for railway wheels /wheelset 
producers, railway vehicles brake systems and brake friction materials components (brake blocks) 
producers. The aims are topical for the interaction of vehicle and transport route analysis and in the 
environmental field for environmental loads, from the vehicles operational noise as well as from the 
brake system operation pollution particles released and emitted into the space, prediction. 

Research-Educational Center of Rail Vehicles (VVCKV) 
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Abstract. Rolling element bearing condition monitoring has received considerable attention for many years 
because majority of problems are caused by faulty bearings. This paper describes some results of an 
experimental monitoring of large scale rolling element bearings. There is also discussed possibility of 
successfully application of an acoustic emission method in extremely slow motion bearing testing.  These 
measurements are based on time analysis of an acoustic emission signal in two specific frequency ranges, in 
order to detect early stage of contact fatigue and initial defects. 
                             
Keywords: Acoustic emission, large bearing, contact fatique, testing. 

1. Introduction 

The acoustic emission (AE) is one of the several NDT (Non-Destructive Testing) defectoscopy 
methods. It can disclose an initial level of contact fatigue, the leakages of fluid from pipeline, the 
defects of pressure vessels, the corrosion and other failures. AE together with ultrasonic and 
vibration methods is widely used for industrial monitoring of rotary machines. One of these 
important fields is diagnosis of contact fatigue of slide and rolling element bearings.  

Bearings represent the most important part of machines. It is therefore necessary to monitor 
bearing health condition in order to avoid problems, which can lead to catastrophic machine failure 
connected with their serious consequences. 

There are many various condition monitoring techniques used for detecting of early stage  of 
rotating machine fault.  This paper demonstrates a method based on time analysis of an acoustic 
emission signal. 
Global scale of AE signal is processed and analyzed by using advanced signal processing 
techniques and considered in various modifications.  
 

2. Theoretical background 

Acoustic Emission is the high frequency listening technique which was initially developed to 
detect crack growth in materials and structures. When a material is subjected to stress at certain 
level, a rapid release of strain energy takes place in the form of elastic waves, which can be detected 
by AE sensors placed on it. Plastic deformation and growth of crack are among the main source of 
acoustic emission in metals. AE technique is therefore, widely used in non-destruction testing for 
the detection of crack and failure detection in rotating machinery. The signal is generated and 
measured bin frequency range greater than 20 kHz. AE has an added advantage, that it can even 
detect a growth of subsurface cracks whereas vibration monitoring can originally detect a defect 
when it appears on surface. Generally there are two special types of AE signals as show in Fig.1. 
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The burst type of signal is typical for contact fatigue of industrial machines and continuous one for 
the leakages of fluid or plastic deformation. 

 

 
Fig.1. AE signal parameters and basic types of signal 

 
A detection threshold is used to eliminate background noise. The threshold is subjective value 

and is determined by the user. Statistical evaluation of  AE waveforms is based on certain features. 
These features are: 

Arrival time (absolute time of first threshold crossing) 
Peak amplitude 
Rise time (time interval between the first threshold crossing and peak amplitude.) 
Signal duration (time interval between first and last threshold crossing) 
Energy (area under the diagram or square amplitude over time duration)   
An event consists of a group of ringdown counts and signifies a transient wave. 

3. Experimental equipment 

An experimental rig Fig.2 has been designed to test rating life Lhv and basic carrying capacity 
Cr of large-scale bearings in relative short time (approximately 3 month).  It has been described in. 
detail. 
This testing rig consists of variable motor/gearbox unit and structural frame. Operating range of 
rotation frequency is 20 - 40 Rpm. Testing bearings are fixed between two mechanical platforms 
and loaded by axial force up to 4000 kN. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Figures of experimental testing rig. 
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This paper describes experimental testing of double-row bearing PSL612-321-1.This 
bearing is usually used as a part of wind power electric generating stations. Parameters of 
experimental rig during bearing condition monitoring were set up: axial force 270kN, rotating 
frequency 40 Rpm.   

4. Data Acquisition system 

A schematic diagram of the acquisition system is illustrated in Fig. 3. It is two-channel 
measurement system (Physical Acoustic Corporation) with operating frequency range of 10 
kHz -1000 kHz. Two piezoelectric type sensors were used, low frequency type D9241A (10-
100 kHz) was employed for the first channel, high frequency type WD (100-1000 kHz) for the 
second channel. There were three possible levels of pre-amplification gain, 20, 40, 60 dB (PAC 
type 1220 A). The pre amplifier signal output was connected (via BNC/coaxial cable) directly 
to a commercial data acquisition card within a Pentium host Pc. The procedure of measurement 
simply involved collecting data at discrete intervals during bearing testing for exact time period 
(one minute for each acquisition setting). AE signal has been processed and analyzed by 
AEwin software and same data were imported to Excel. 

 

 
 

Fig.3. Data acquisition system. 

5. Results 

There are some results of data analysis for 40 dB pre-amplification gain level and threshold 45 
dB during service life testing of large scale bearing. Parameters such as AE counts value, R.m.s. 
and amplitude have been shown in Fig. 4 and Fig.5. 

  

 
 

Fig.4.AE counts values and Rms values vs. testing time. 
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Fig. 5.  Amplitude vs. testing time. 
 

6. Conclusion 

The result of the study shows AE can be used to detect defects in large scale bearings.. The use 
of R.m.s and count values has been validated as a robust parameters for detecting bearing defects. 
Values of maximum amplitude may be also used and correlate with increasing damage. There is not 
an ideal level of pre-amplification gain. Level of 20 dB and 40 dB gain can be used during whole 
testing. Level of 60 dB is too high for the whole testing time and can be applicated only for early 
stage of testing in order not to disturb extreme data collection. Background results also indicate 
better sensitivity of high frequency sensor to bearing condition changes. It is important to note that 
threshold 45 dB is not enough value to eliminate background noise of testing rig completely. 
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Abstract.  ŽOS Trnava, a.s. as one of the leading railway servicing companies (RSC) in middle Europe ac-
cepted the request of Czech railway, a.s., to modernize not only the interior of a railway car, but also the 
bogie. It was a new challenge for ŽOS Trnava, a.s and her partners. This report is of the modernization GP 
200 S bogie, concrete installation of firma DAKO electromagnetic rail brake in firma ŽOS Trnava, a.s  - 
from design, structural analysis and realizations. 
 
Keywords: bogie, electromagnetic, brake, DAKO 

1. Design and structural analysis 

 ŽOS Trnava, a.s. as one of the leading railway servicing companies (RSC) in middle Eu-
rope, is always striving for improving of customer services. It was also the reason, why the compa-
ny accepted the request of Czech railway, a.s., to modernize not only the interior of a railway car, 
but also the bogie.  
 It was a new challenge for ŽOS Trnava, a.s., because the bogie modernization in such an 
extent have never been done in this company so far. As a main supplier of electromagnetic rail 
brake (Mg brake) components, the companyDAKO-CZ, a.s. Třemošnice was chosen. Also for this 
company it was a new challenge, because it was the first time of using of own Mg brake on passen-
ger railway car. The company VÚKV, a.s. made all the necessary calculations and tests. For all of 
the companies it were a new challenges they had to face to.  
 
 Installation of Mg brake was preceded by project preparation, that was comprised of calcu-
lating and drawing part. 

1. Calculating part included: 
� proposal of suspension of new bogie, 
� strength calculation of chassis frame, 
� brake calculation, 
� verification of original wheelsets, their suitability for use after modernization, 
� verification of axle bearings, their suitability for use after modernization, 

 
2. Drawing part included: 
� modification of bogie for installation of new brake units of disc brake, 
� modification of bogie for installation of magnetic rail brake units, 
� modifications of bogie suspension, 
� configuration and type drawings of modernized bogie with performed modifications. 

 
The result of project preparation was: 

� Exact definition of new springs (material, number of turns in winding, free high, stiffness) 
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� Verification, that the original frame will be in accordance with EN 13749 also after per-
formed modifications, 

� Brake calculation for determination of parameters of new brake units, 
� Verification, that original wheelset type with bearings is suitable also after performed mod-

ernization, 
� Structural drawings of consoles for newly installed brake units, 
� Structural drawings of consoles for newly installed Mg brake, 
� Structural drawings of consoles for laminated tables guide assemblies, 

 
2. Principle of Mg brake 

 
Principle of Mg brake [2] is adding a brake force during braking and thus increasing braking 

deceleration of a railway car. Practically, the train consisting of cars with Mg brake will stop on 
shorter distance. As mentioned above, in this case it is the Mg brake of type DAKO EMG (fig. 1), 
which consists of:  

� brake cross-beam - is the main part of Mg brake. On a cross-beam frame is a coil. The coil is 
protected against the environment and the coil ends are in the terminal box. The terminal 
box is a connection center for Mg brake wiring. Individual parts of cross-beam are changea-
ble. 

� Frame of Mg brake - for transmission of braking force from brake cross-beams into the bo-
gie and for determination of Mg brake operating area. 

� Drop cylinders - for dropping of cross-beams on rail during braking. When the brake is re-
leased, drop cylinders hold the cross-beams above the rail. 

� Electric installation (control) 
 

 
Fig. 1  DAKO EMG 

 
 

Mg brake is activated by introducing compressed air into the drop cylinders. Forces on pis-
tons of drop cylinders will overrun the forces of return springs and the brake cross-beams will drop 
on rail. At the same time, the electric energy will be introduced to the coils of brake cross-beams. 
Braking effect of Mg brake is not adjustable and is always maximal. By reducing of pressure in 
drop cylinders, power supply will be cut off and the return springs return the Mg brake back to the 
position above the rail. Mg brake is a part of brake equipment of passenger railway cars and express 
railway cars and is used in R+MG brake mode. Control of Mg brake will activate the brakes of train 
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at the air pressure drop in main piping under 3 bar. Brake is not effective until full stop of train, 
latest at the speed under 50 km/h, the brake will become ineffective. 
 

3. New consoles in bogie 
 

At installation of Mg brake into the chassis frame GP 200 S, several new consoles were also in-
stalled (fig. 2, dark background color) [1,3]: 

� consoles for fixing the frame + cross-beam of Mg brake, 
� consoles for fixing of drop cylinders, 
� consoles for fixing the axle guide 

 

 
Fig. 2  New consoles in the chassis frame GP 200 S 

 
 
At the installation of Mg brake it was beside of new consoles necessary to change the con-

necting beam between individual suspension carrier „tanks“ and to modify the attachment points on 
suspension carrier „tanks“ (fig. 3). 

 

 
Fig. 3  Modified suspension carrier 
 
 
 

 After carrying out all of the above mentioned modifications, every bogie will be assembled 
and the function tests of Mg brake will be carried out - function of drop cylinders and electromag-
net. Subsequently the bogies will be installed under the railway car, where the function tests will be 
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carried out again, at this time the function tests of the whole railway car. After completion of mod-
ernization, the test drive will be carried out, where the function of Mg brake will be tested in real 
operation. Modernized bogie has a GP 200 S Mg B41.0(1) marking (fig. 4) and is installed under 
the modernized railway cars of Bbdgmee series [3]. 
 

 
Fig. 4  Modernized bogie GP 200 S Mg B41.0(1) 

 
4. Tests after modernizations 

 
After completion of bogie and interior modernization it was necessary to perform specified 

tests. These tests were carried out on a test track of railway research institute (VÚŽ) in Velim 
(Czech republic). Effects of Mg brake in railway car operation were verified here by different 
measurements. It was proven, that at the fast-acting braking is a braking distance of one railway car 
reduced by ca. 24% (at the speed of 160 km/h, the braking distance in „R“ mode was 840 m and in 
„R+Mg“ mode 640 m).  
 

5. Result 
 
Installation of Mg brake system on passenger railway cars is ever more obvious. Years of 

operation of such a railway cars demonstrated justification of Mg brake, especially in fast-acting 
braking and significant shortening of brake distance. Some of the railway companies in Europe re-
quire the installation of Mg brake on international transit trains. 
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Abstract. This article deals with determining of fatigue lifetime of structural materials during by multiaxial 
cyclic loading. The theoretical part deals with the fatigue and with two criteria for evaluation of multiaxial 
fatigue lifetime. The experimental part deals with testing of specimens for identification of the strain-life 
behaviour of material and determining the number of cycles to fracture of aluminum alloy. 
Keywords: three-dimensional fatigue curves, criteria, aluminum alloy. 

1. Introduction 

Fatigue failure is an extremely complex physical process which is governed by a great number 
of parameters related to, for example, local geometry and material properties of the structural region 
surrounding the crack growth path. It is commonly recognized that it is impossible for a physical 
model to account for all fatigue influencing parameters, thus a lot of approximate models have been 
conceived for practical fatigue assessments. In every stadium of fatigue cumulative damage 
dominates a definite mechanism controlled by more or less known and verified rules. There exists 
the stage of micro-plastic process in total volume of material with following stage of fatigue crack 
nucleation and stage of their growing with more or less detailed zoning. Despite of this research no 
results have been achieved, which could be considered as successful ones. This applies mainly to 
the cases of random and combined stress, where today´s procedures used in one axis stress analysis 
fails. There are different approaches and methods which can be used in fatigue life predictions [1]. 

Fatigue under combined loading is a complex problem. A rational approach might be 
considered again for fatigue crack nucleation at the material surface [2]. The state of stress at the 
surface is two-dimensional because the third principal stress perpendicular to the material surface is 
zero. Another relatively simple combination of different loads is offered by an axle loaded under 
combined bending and torsion. This loading combination was tested in our and also in many others 
experiments [3,4,5]. In spite of this fact, fatigue mechanisms are still not fully understood. This is 
partly due to the complex geometrical shapes and also complex loadings of engineering components 
and structures which result in multiaxial cyclic stress-strain states rather than uniaxial. 

2. Criteria 

There are plenty of hypotheses used for evaluating a degree of damage caused by variable load 
[6]. Life prediction methods which presume homogeneous material (free from cracks, inclusions or 
defects) at the outset of the investigation can be divided into strain-based (low-cycle fatigue) and 
stress-based (high-cycle fatigue) methods. Low-cycle fatigue is characterized by repeated plastic 
strains during cyclic loading conditions where fatigue failure occurs after relative low number of 
load cycles (in the order of 104 cycles). This design approach is normally used in fatigue assessment 
of local areas where high stress concentrations exist and the material response locally is repeated 
plastic deformation. In addition, stress-based approaches use the elastic stress range (or amplitude) 
as the governing load parameter. At a sufficient load level, which may result in a fatigue life of 

317



 

 

approximately 107 cycles, a threshold referred to as the fatigue or endurance limit can be seen for 
many materials. They were chosen two fatigue criteria: Brown-Miller and SWT fatigue criterion. 

Brown and Miller [7] observed that the fatigue life prediction could be performed by 
considering the strain components normal and tangential to the crack initiation plane. Moreover, the 
multiaxial fatigue damage depends on the crack growth direction. Different criteria are required if 
the crack grows on the component surface or inside the material. In the first case they proposed a 
relationship based on a combined use of a critical plane approach and a modified Manson-Coffin 
equation, where the critical plane is the one of maximum shear strain amplitude. Criterion which 
was created has the following form: 
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Smith, Watson and Topper (SWT) [8] created a parameter for multiaxial load, which is based on 

the main deformation range ∆ε1 and maximum stress σn,max to the main plane. Criterion has the 
following form: 
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where A is material parameter; b  is fatigue strength exponent; B is material parameter;  
c is fatigue ductility exponent; E is elasticity modulus in tension; Nf is number of cycles to fracture; 
S is material parameter; εf´ is fatigue ductility coefficient; σf´ is fatigue strength coefficient; σn,mean 
is mean stress; ∆ymax is maximum shear strain range; ∆ε1 is principal strain range; ∆εn is normal 
strain range. 

3. Experimental strain-life data results 

One hundred and ninety-five smooth specimens were tested under strain controlled conditions 
in order to identify the strain-life behaviour of the experimental material. After machining, the 
specimen surfaces were mechanically polished. The experiments were carried out in an electro 
mechanic fatigue test machine in Fig.1, developed on University of Žilina. Design of experimental 
equipment has been based on mechanical principle. The constant rotation is generated by excenter 
and linkage mechanism. By changing of excentric magnitude it is possible to change a loading 
magnitude. Also if we change a length of connecting crank on the experimental equipment, there 
will be change in a loading cycle character. Power of device is secured by two synchronic 
electromotors with frequency converters from 0.5 Hz to 100 Hz. Loading frequencies are identical 
with frequency of rotation drive. Synchronization of the electromotors is secured using by 
electronics and allows synchronization of loading amplitudes. Synchronization of electromotors 
also allows setting phase shift for individual loading levels. For evaluation of fatigue curves it needs 
to know stress and strain conditions on individual loading levels. A sinusoidal waveform was used 
as command signal. The fatigue tests were conducted with constant strain amplitudes, at room 
temperature, in air. The specimens were cyclic loaded under strain control with symmetrical 
proportional bending-torsion loading, with a nominal strain ratio, Rε = -1. The computational 
fatigue tests were performed under in-phase cyclic loading with the zero mean value. All tests were 
performed under controlled bending and torsion moments. Frequency of each analysis was equal to 
30 Hz. 

This research was conducted on an AlMgSi07.F25 aluminum alloy: the EN AW 6063-T66 
aluminum alloy. The EN AW 6063-T66 is a medium strength alloy, suitable for applications where 
no special strength properties are required. 
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From experimentally measured values of number of cycles to failure was created three-

dimensional fatigue curve, which is shown in Fig.2.  
 

  

Fig. 1. Electro mechanic fatigue test machine 
Fig. 2. Three-dimensional fatigue curve εxx - γxy - Nf  for 

               multiaxial fatigue with phase shift 0° 

 
For the next another analysis was used a Fatigue Calculator software [9]. This is a program 

which can quickly calculate fatigue lifetime of selected material. After starting the calculation, 
Fatigue Calculator displayed the number of cycles to failure for different models of damage. In our 
calculation we considered with two multiaxial criteria described above.  

From those calculated values of number of cycles to failure were created three-dimensional 
fatigue curves, in Fig.3 is shown a three-dimensional fatigue curve for Brown-Miller criterion and 
in Fig.4 for SWT criterion. 

 

  
Fig. 3. Three-dimensional fatigue curve εxx - γxy - Nf  for 

multiaxial Brown-Miller criterion 
Fig. 4. Three-dimensional fatigue curve εxx - γxy - Nf  for 

multiaxial SWT criterion 

 

4. Conclusion 

Both multiaxial criteria applied to fatigue lifetime calculation and also values of number of 
cycles to failure from experiment for specimens of aluminum alloy EN AW 6063-T66 increases 
with decreasing strain amplitude continuously in the cycles of number region. 

Comparing three-dimensional curves is evident that criteria from Fatigue Calculator give 
higher lifetime than experiment in the whole area of the number of cycles at the same load 
amplitudes. This may be caused by different material parameters, which were used for each models 
of damage. They probably do not include all real parameters and properties of the comparison of the 
experimental material that probably affected the sensitivity of the numerical calculation. 
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Abstract. The paper deals with the computer analysis of the railway wheelset/rails interaction on the roller 
rig RAILBCOT. The purpose of the facility is testing of the railway vehicles brake components in simulated 
laboratory conditions. Its parameters create the presuppositions for the performance of tests, which will be 
certified on the basis of verification testing and measurement validation. The scientific research after 
implementation of all requested test stand components will be focused mainly on the study of railway wheel 
profile and brake block wear. The computational simulation analysis is badly needed for prediction of the 
dynamic behaviour of the wheelset on the actual roller rig. The basic computation models as well as 
examined quantities, computing requirements and input conditions are presented. 

 
Keywords: mechanical systems, test stand, loading system, dynamic properties, eigenfrequency 

1. Introduction 

 The test stand RAILBCOT is an original device equipped with the special loading modulus 
built at the heavy laboratory of Faculty of Mechanical Engineering. The necessity of this machine 
building follows from the fact that the uneven wheel tread wear problem appeared after utilize 
mainly of the brake blocks composite materials in a goods trains operation. The brake blocks 
composite materials crucially decrease the noise level during braking, increase and keep the value 
of friction coefficient level, are more durable, but at the same time crucially increase the wheel 
tread surface wearing. So the aim of the test bench construction in laboratory is rail vehicle 
„realistic running“ similar to running into the railway operation. However, there is needed to 
consider it in term of mechanical behavior of real vehicle or wheel-set on the railway line, and also 
in term of prediction behavior of mechanism by using simulating calculations.  

2. Test stand mechanical system description 

 In the laboratory of Department of transport and handling technology was built a test stand for 
testing brake components of rail vehicles – 
RAILBCOT. 
 Its main purpose is to examine the 
degree of surface wear and how shapes of 
wheel´s driving profiles of wheel-set 
change in simulated railway service. In 
practice, the test stand has to represent 
goods wagon and force-motion properties 
of bogie Y25, which provides transport 
with a load of 22.5 tons per axle. The 
maximum test speed for these tests is 
160 km.h-1 by using an electromotor with a 
maximum power of 434 kW and a constant 
torque of 3900 Nm. 

 
Fig. 1 Test stand real building facility in the laboratory view. 

321



 

 

3. Test stand principal function scheme and parameters specification 

 An electromotor transmits through conic gearbox the torque and rotates the rotating rails. They 
are mounted in bearing housings, connected with the front frame. It represents a railway track. The 

middle supporting frame is equipped by the tilting lever 
that bears the moving frame with wheel-set representing 
the vehicle bogie. A tilting lever allows simulating the 
angle of attack setting. Moving frame hangs on three 
hangers. Frontal hangers are connected to axle boxes rear 
hanger is a simpler construction and serves to hold the 
support frame in the set position. Four locomotive brake 
units are attached to the moving frame. Axle boxes are 
mounted on the wheelsets. They are attached to the 
moving supporting frame with screws. Four pneumatic 
cylinders create the necessary normal and brake forces. 

The front hinge is attached with a tilting lever wheelset. By pull rod is connected with axle box - 
with a supporting frame. A force sensor is placed on pull rod which measures the longitudinal 
forces emerging during braking. The adapter is attached to the bearing box on which is a force 
sensor. 
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L
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1
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0
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Fig. 3 The scheme top view of the test stand with implemented loading system. 

 That is associated with the rope transmission. Vertical wheel force is induced by weights and 
each wheel is loaded with one weight. For simulation of the arc passing vehicle the rotating rails are 
moving off from each other for max. 16 mm. On this change it is used mechanism of rotating rail 
transverse displacement, which enables a change gauge of track in the track arc. 
 
Nr. Dim. [mm] Nr. Dim. [mm] Nr. Dim. [mm] Nr. Dim. [mm] 
            

1 L1 1000 5 L5 300 9 L9 731 13 L13 800 
2 L2 400 6 L6 498 10 L10 450 14 L14 250 
3 L3 200 7 L7 500 11 L11 450 15 2s 1500 
4 L4 150 8 L8 530 12 L12 705 16 2w 2000 
Tab. 1 Enhanced test stand dimensions list Nr.1 

Fig. 2 A function core scheme of the test 
stand as a mechanical system – side view. 
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4. Dynamical model of mechanical system 

The model of the test bench created in computer software has to show similar results for 
simulation in laboratory tests as the bogie Y25 on the real railway line. 

4.1 More detailed computational model of Y25 bogie 

More detailed Y25 computational model and more detailed test stand model is very 
comprehensive works. They request detailed knowledge of parameters of mechanical systems, 
masses, centers of gravity positions, flexible binding parameters, bodies exciting and so on. 

4.2 Simplified computational model of Test stand 

 For the first view we will utilize a simplified virtual model with properties that can be roughly 
expected from the construction of the test bench to assess and predict the behavior of this test 
bench. There will be created such conditions as would occur in real service with the application of 
"driving mode" and additional force effect (change of wheel forces, steering forces, lateral 
displacement of wheel-set on track and wheel-set angle of attack).  
 

 
Simulations will be implemented for several configurations of running mode. We will consider 

force action in contact of wheel-set and track driving in curves, driving in a straight rail with empty 
and loaded vehicle and also by application of lateral displacement and angle of attack of wheelset 

 
In a similar way, we can perform an analysis of these properties in changed track gauge.  

 
Fig. 4 A dynamical model scheme of the test stand 

– side view 

 
Fig. 5 A dynamical model scheme of the test stand. 

  E A l PP n k 
  MPa mm^2 mm Pcs. 
k1 210000 26.75 613 2 = 18327.9   N/mm 
k2 210000 107.1 1605 1 = 14013.08   N/mm 
k3 210000 107.1 960 3 = 70284.38   N/mm 
Tab. 2 Enhanced test stand dimensions list Nr.2 

Masses 
m1 1568.9 kg  
m2 1503.8 kg  
m3 548.8 kg  
m4 833.8 kg  
 

Tab. 3 Masses specification 

  F x   k   
  N mm       
Wheelset  k5 122625 0,09425 = 1301068 N/mm 
Rail          k4 122625 0,017023 = 7203701 N/mm 
K-komb 122625 0,132552   925108,6 N/mm 
Tab. 4 Enhanced test stand dimensions list Nr.3 – contact stiffness 

 
Fig. 6 Combined stiffness 

m5 m6 
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 Test stand RAILBCOT in the laboratory also represents complex mechanical system with its 
own characteristics, the individual components can be replaced by system of mass points (centers of 
gravity) which are connected by elastic-damping bonds. System of forces that act on this frame-
work represents excitation of mechanical system. These aspects, together with the geometry of 
designed test bench are the basis for its dynamic model.  The creation of this model is based on 
knowledge of the main mechanical properties of bogie Y25, its elastic binding parameters and the 
influence of its action on the real railway rails. Contiguous verification and validation of the model 
allowed start-up of dynamic analysis. Initial information of model of test bench and its dynamic 
characteristics and check of the model compilation consist in eigenvalue (frequencies and dumping) 
analysis. Created model of the test bench with computer software has to show similar results for 
simulation in laboratory tests as the bogie Y25 on the real railway track. 

5. Conclusion 

 Simulation analysis for dynamic properties of mechanical systems evaluation is necessary for 
the behavior of vehicles in the possible running 
conditions prediction, as well as the test stand 
dynamical properties are the points of interest. 
The first test stand rough model, dynamical 
properties are in Tab.5. 
 The laboratory conditions allows easier 
tuning of the test bench parameters for safe test 
running, to estimate the resonant areas of 

system than in the vehicles operation and also to determine the range of force and motion values 
which can occur during an operation. It allows determination of the needed sensors range for their 
correct recording and evaluation. 

Research-Educational Center of Rail Vehicles (VVCKV) 
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E Omega 

[rad.s-1] 

Frequency 

[Hz] 
E Omega 

[rad.s-1] 

Frequency 

[Hz] 

1 1.6654 0.265 4 138.8 22.091 

2 15.502 2.467 5 213.57 33.99 

3 52.6157 8.374 6 299 47.485 
Tab. 5 Evaluated  eigenfrequency list 
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Abstract. The paper describes use of CO2 as a working medium in heat pipe, in order to obtain low-potential 
heat. The article contained the process of measuring gravitational heat pipe with CO2 in simulation device of 
earth borehole, simulated real well. The article also deals with the heat-transfer and physical properties of 
CO2. 
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1. Introduction 

During the last decade research CO2 (R 744) was investigated as the coolant fluids for various 
applications, eg for heat pump . 

There are three different ways to use carbon dioxide in cooling systems: 

• carbon dioxide as a carrier cooling (heating medium) 

• carbon dioxide at subcritical process 
• carbon dioxide at supercritical (trans-critical) process. 

In CO2 heat pipes (HP) used as a heat carrier from the ground to the heat exchanger for a heat 
pump occurs resorption heat subcritical pressure (temperature-level is about 0 °C.). Saturation 
vapor pressure of CO2 is 4 to 12 times higher compared with conventional use refrigerants 
(ammonia. HFC. CFC, etc.). For example at 0 °C is vapor pressure CO2 at 35 bar and R-410A is 
pressure 8 bar and 3-5 bar for all other types of refrigerants. Saturation vapor pressure increases 
demands on tightness and robustness of the entire system. Due to high level of pressure CO2 vapor 
density is very high. At 0 °C, have a vapor CO2 about 10 times higher density than density of 
propane (R 290) and 7 times higher than the density of some R-134a. 

2. Experimental device to measure the heat-transfer properties of HP 

The proposed device is to simulate transport of low-potential heat from the ground to heat 
pipe with CO2 working substance at the phase transition. The device consists of a cylinder filled 
with sand, bentonite that is placed in the middle of a heat pipe. On the surface of cylinder is wound 
DEVI heating cables in order to control heat flux into the soil (sand). At the top of condenser HP is 
equipped a heat exchanger, where there is heat transfer (cooling) in working condensation substance 
HP. To determine the thermal performance of heat pipe has been designed cooling circuit. Cooling 
circuit flows substance Thermal G (ethylene glycol 50/50). The inlet temperature to the heat 
exchanger we regulate with circulatory thermostat Julabo FL 2503. On the inlet and outlet pipe heat 
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exchanger was fixed PT 100 thermocouples which panned circulating temperature (cooling) fluid. 
Similarly, temperature sensors were applied to the five sections of the simulation borehole (Fig.1). 
To avoid heat loss to the surrounding area. was insulated simulation borehole together with 
evaporation of HP. All information about temperatures and flow measurements were logged to 
logger and program it via the user AMR WinControl software to the computer. Heat output 
transferred the evaporating in the condensing part heat pipe was derived from the calorimetric 
equation from temperature difference sensing thermocouples at the inlet and outlet of the cooling 
fluid flowing through a cooling circuit. Furthermore, mass flow rate and specific heat capacity of 
liquid. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 - experimental simulation system with CO2 heat pipe. 

3. Measuring process 

On the simulator with CO2 working substance were realized measurements with the aim of 
features HP.  

Status simulator at the beginning of measurement: 
• CO2 working substance pressure in the heat pipe p = 2.37 MPa 
• Average temperature in the simulator t = 37 ° C 
• Total amount of CO2 working substance in HP m = 4.4 kg 
• Length of the heat pipe 5m 

Simulator has been heated to about 35 °C. To achieve necessary heat transport simulation from 
ground borehole was started cooling the condensing part HP and heat simulator restricted to heat 
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flow similar rock mass. I.e. reduce simulator heat to approximately 10 °C. This is ground 
temperature at a depth of about 100 meters. 1kW heat output is obtained from about 12 to 18 m 
deep borehole. If we choose value of 17 m 1000W power we get from one meter borehole around 
60W.  

 

Fig. 2. Temperature changes process in each sections of the heat pipe. 

 
Fig.3 .Temperature gradient on the heat exchanger (condensing part HP). 

Heating circuits of simulator are connected to 3 sections. Transformers heating power was 
set to 60W for each heating section. This power is sufficient to maintain average temperature in the 
simulator. In Fig. 2 is a section where the temperature stopped fall and occurred balance. 

327



Temperatures in the simulator is stabilized and there was a balance between heat storage and 
removal heat. The most intensive heat transfer was recorded in the bottom HP where is the largest 
condensate volume of CO2 working substance .With increasing HP height, the output speed 
transport of heat from the ground to HP declined. This may be due to uneven barking condensate 
from the heat exchanger by HP walls. Method sagging condensate and his subsequent phase 
transformation is an important issue affecting the performance of the HP. The contact area between 
condensate and surface wall HP is an important factor for heat transfer. The amount of shared heat 
given by equation: 

� = 	���� −	�	
�. (1) 

 

Where t is the temperature of internal wall of the pipe and tk is the temperature of changing 
physical state condensate corresponding value of pressure in the pipes. 
Cooling of condenser HP was set to inlet temperature of a coolant at -10 ° C. Arrest record from Tin 
and Tout Fig. 3 we obtain the average temperature difference t = 0.8 ° C.  

4. Conclusion 

The pressure drop caused boiling (phase transformation of liquid CO2) in the tube as we 
mentioned in whole volume, but the most intense heat transfer occurred in the bottom of the HP. 
Settled pressure at a constant value was evidence that the HP is to get a working balance. 
Performance was not expected by the assumptions. 
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Abstract. The paper discusses a possibility of applying fuzzy logic strategies to control of the hydraulic 
excavator equipment. Paper also illustrates how to build a real time control system with PI fuzzy logic 
controller in LabView environment. Beside paper shows the experimental results of fuzzy control of 
hydraulic excavator boom. 
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1. Introduction 

Hydraulic excavator equipment is highly non-linear control object. This is due to mass 
distribution changes during movement and characteristics of hydraulic drives. Most traditional 
control algorithms like P, PI require a mathematical model of a the system to control. However, 
many physical systems like hydraulic excavator are difficult or impossible to model 
mathematically. In addition, many process are either nonlinear or too complex to control with 
traditional strategies. However, if a control strategy can be described qualitatively, it is possible to 
use fuzzy logic to create a fuzzy controller. Fuzzy logic is a method of rule-based decision making 
used for expert systems and process control. Fuzzy logic differs from traditional Boolean logic. 
Traditional Boolean logic is two-valued in the sense that member either belongs to a set or does not. 
Fuzzy logic allows for partial membership, or a degree of membership, with might be any value 
along the continuum of zero to one. A fuzzy system is a system of variables that are associated 
using fuzzy logic. Consists of three main parts such as linguistic variables, membership functions, 
and rules. A fuzzy controller uses defined rules to control a fuzzy based on the current values of 
input variables. 

2. Research stand 

The test stand consists of the following elements: 
� hydraulic cylinder - excavator boom actuator, 
� proportional 4/3 directional valve, controlled by + -10 [V], 
� induction displacement transducer, 
� PAC CompactRIO Target, 
� industrial PC Host. 

 
 The proposed control system contains one industrial PC computer called Host, and 

programmable automation controller (PAC) called Target. In first one LabView environment for 
real time control were installed. Second one directly controls the process and run on real time clock 
[1]. Controllers communicate each other by means of the TCP/IP protocol using Network Shared 
Variable and Shared Variable Engine. Designed control system has two-layer architecture [2]. The 
higher one is responsible for the development of the control signals and runs on industrial PC Host. 
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The lower layer is responsible for the playback signals with sufficient quality. Control system 
architecture is shown on fig. 1. 

 
Fig. 1. Control system architecture. 

3. Fuzzy controller 

In order to control a hydraulic actuator of excavator boom, fuzzy PI controller was designed.  
A fuzzy-PI controller is a generalization of the conventional PI controller that uses an error signal 
and its derivative as input signals. Fuzzy PI controllers have two inputs and one output [3]. Multiple 
inputs allow for greater control diversity for a fuzzy PI controller over a conventional PI controller. 
The fuzzy PI controller uses the error signal e(t) and its derivative de(t)/dt from the measured data 
preprocessing step as inputs. Because of controller incremental character, output signal is described 
by (1).  
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The benefit of the fuzzy-PI controller is that it does not have a special operating point. Another 
advantage of a fuzzy PI controller over a conventional PI controller is that it can implement 
nonlinear control strategies. Fig. 2 presents the I/O characteristic of designed fuzzy PI controller. 

 
Fig. 2. Output control surface. 
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4. Results of experimental tests 

The experimental tests were conducted mainly to verify proper operation of the designed 
control system with fuzzy PI controller during positioning process. References signals were step 
signal, pulse signal, sine signal, and signal transmitted by the operator. 

Fig. 3 shows the position and position error during positioning process from the position 
x=1160 [mm] to the position x=1260 [mm], for step reference signal. 

Fig. 4 shows the position and position error during positioning process from the position 
x=1160 [mm] to the position x=1260 [mm], for pulse reference signal. 

 

 
Fig. 3. Experimental results of positioning for step reference signal. 

 

 
Fig. 4. Experimental results of positioning for pulse reference signal. 

Fig. 5 shows the position and position error during positioning process for sine reference signal 
with frequency f=0,2 [Hz] and amplitude A=90 [mm] . 

Fig. 6 shows the position and position error during positioning process for signal transmitted by 
the operator. 
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Fig. 5. Experimental results of positioning for sine reference signal. 

 

 
Fig. 6. Experimental results of positioning for reference signal transmitted by operator. 

5. Conclusion 

Fuzzy PI controller is plenty useful for position control systems without knowledge about 
precise mathematical model of process. Quite many processes are extremely nonlinear to control 
with traditional strategies. Most common advantage of a fuzzy PI controller is that it can implement 
nonlinear control strategies. Based on studies authors find fuzzy PI controllers helpful for excavator 
equipment control. Positive results of the experiments encourage further research on fuzzy control. 
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