UNIVERSITY OF ZILINA

TRANSCOM PROCEEDINGS
2015

11-th EUROPEAN CONFERENCE
OF YOUNG RESEARCHERS AND SCIENTISTS

under the auspices of

Tatiana Corejova
Rector of the University of Zilina

SECTION 6

MACHINES AND EQUIPMENT
TRANSPORT MEANS
APPLIED MECHANICS

ZILINA June 22 - 24, 2015
SLOVAK REPUBLIC



Edited by Maria Manurova, Michal Mokry$

© University of Zilina, 2015

ISBN: 978-80-554-1048-7

ISSN of Transcom Proceedings CD-Rom version: 1339-9799
ISSN of Transcom Proceedings online version: 1339-9829
(http://www.transcom-conference.com/transcom-archive)



TRANSCOM 2015
11th European conference of young researchers and scientists

TRANSCOM 2015, the 11th international conference of young European scientists,
postgraduate students and their tutors, aims to establish and expand international contacts and co-
operation. The main purpose of the conference is to provide young scientists with an encouraging
and stimulating environment in which they present results of their research to the scientific
community. TRANSCOM has been organised regularly every other year since 1995. Between 160
and 400 young researchers and scientists participate regularly in the event. The conference is
organised for postgraduate students and young scientists up to the age of 35 and their tutors. Young
workers are expected to present the results they had achieved.

The conference is organised by the University of Zilina. It is the university with about 13 000
graduate and postgraduate students. The university offers Bachelor, Master and PhD programmes in
the fields of transport, telecommunications, forensic engineering, management operations,
information systems, in mechanical, civil, electrical, special engineering and in social sciences incl.
natural sciences.
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The measuring system and adjustment of compression ratio in
prototype of Stirling engine with non-conventional mechanism FIK

"Peter Baran, Milo§ Brezéani, Pavol Kukéa
"University of Transport, Faculty of Mechanical Emggring, Department of Transport and Handling
Machines, Univerzitna 2, 01026 Zilina, Slovakiae{gr.baran, milos.brezani, pavol.kukuca}@fstrogzarsk

Abstract. This paper deals with the measurement systemeofhiidrmodynamic processes and adjusting of
compression ratio in the prototype of Stirling ergwith unconventional mechanism. The measuringesys
consists of sensors which are integrated in thimdgt head, interconnecting pipes and output sbfatihe
engine prototype. Compression ratio must be obddoyehe mathematical concept of thermal cyclinge T
volume of the interconnecting pipes was detecteoutfh a virtual model and the method of weighing th
regenerator, where volume was detected by caloulagiccording to the density of the material. Pipe
dimensions were measured and compared with a Virtadel.

Keywords: Measurement system, FIK mechanism, Compressiam &tirling engine.

1. Introduction

Stirling engines are currently used in the producif electricity. There are several types of
mechanisms, which by design are suitable for use $tirling heat engine [2]. Engines with non-
conventional mechanisms may have several advantages used in practice. In the case of
prototype devices of Stirling engines, which vetifig functionality of the machine it is necessary
to determine the progress of thermodynamic phenaneging place at the premises of the rollers
and therefore need to create and implement megssystem on a machine.

Compression ratio is an important factor in desigrof internal combustion engine [3]. In the
case of Stirling engine with a nonconventional naeteém FIK constitutes regenerator (consisting
of rings of steel wire net) part of the volume lire interconnecting pipe. Since it is not possible t
determine the volume through a virtual model, beeanf the relatively large number of the rings,
volume was determined by measuring of weight andlcelation by equation of density.

1.1. Description of swing mechanism

FIK mechanism (Fig. 1, Fig. 2) is a swinging systevhich is characterized, that the center of
the swinging plate during the rotation of the slaating circular motion [1].

) e

[ o] 8

o]

w

= 0o N B

[—+— 171

Fig. 1. Mechanism FIK: 1- Crankshaft, 2- crankcase, 3ngivig plate, 4- bevel wheel (part of swinging plate
bevel wheel (part of crankcase), 6- ball joint segin7- piston, 8- head cylinder and regenerafoe.pi
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1.2. Measuring system

The measuring system (Fig. 2, Fig. 3) consists reEgure and temperature sensors, RPM
sensor and the cooling cylinder is provided throngh-return valve inlet pressure.

Fig. 2. Schematic representation of the measurement systhead cylinder: 1- Heat cylinder, 2- cooled nglr, 3-
Heat cylinder pressure sensor, 4- Cooled cylindesgure sensor, 5- Temperature sensor, 6- regenéfatNon- return
valve, 8- Piston.

RPM sensor (Fig.3) is connected with a rubber aagpbn the output shaft. This sensor is
located at the bottom of the flywheel.

Fig. 3. RPM sensor: 1- Output shaft (crankshaft), 2- flget 3- rubber coupling, 4- RPM sensor

Engineering design of assembling sensors: Propesalors (Fig.4) location in head valves and
interconnection pipe.

Fig. 4. Virtual model of head valves interconnection pipad regenerator pipe with sensors: 1- Heat cylipdessure
sensor, 2- Cooled cylinder pressure sensor, 3- Niarn valve, 4- Regenerator pipe, 5- Temperagarsor
connection 6- Interconnection pipe, 7- Cooled dginhead valve, 8- Heat cylinder head valve.
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The measurement system used for measuring the araveff pressure, temperature changes in
the individual pairs and is indispensable for theration of the air supercharging system.

2. Adjustment of the compression ratio

2.1. Dead volumes

In this case, we add up all the dead volumes iraia @f prototype Stirling engine. Then
subtract the volume of regenerator. The volumehef regenerator is determined by calculation
through the density of the material.

Dead volume (Fig. 5) of the interconnecting pipad aylinders consists of these individual
parts:

» V¢- Volume between the cylinder head and the pistprdiead center
» Vy- Volume in the cylinder head hole

» V- Volume in knuckle

* Ve Volume in the flange

» V1 Volume in regenerator tube

» Vg- Volume of regenerator

Ve Vu Vi Ve Vg Vr

—
|

=
=

Piston top dead —
A center ~

Fig. 5. Schematic model of dead volumes in interconneqdipg.

The total dead volume ¢ is generally given by (1):
Vp= [2( Vet Vyt+ Vi+ V|:)+ Vt ]-VR (1)

To determine the volume of regenerator, we firsasueed the mass of all steel rings in both
pairs, and then assigned them to half. The totakmathe rings was 104 grams, it follows 52
grams to one regenerator tube. Through the forfioultne calculation of material density (2), we
express the volume (density of steghiss 7800 kg.nT).

pr= M/Vr (2)

PR= m/VR
VR: m/ PR,
Vr = 0.052kg/7800 kg.i
VR = 6666.66mm

-10 -
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Fig. 6. Weight measurement of steel rings.

Volumes \¢, Vy, Vk, Ve and ;- were determined through a virtual model of theirsgwhich
parts are identical with a real prototype model.

Vp = 302044.27 mrh

2.2. Compression ratio

The compression rati©(3) is determined by the equation [4]. The Fighdws the position of
the pistons in maximal compression. In this positioone of the pistons is in the top dead center
(TDC), and therefore to determine the volume Visinecessary to add to the dead volume V
volume Vipc.

e =V1/V2 3

V1oe

N\

Ideal P-V diagram

V2 Vzix

vi

Fig. 7. Scheme (left) and the position of the pistons atttaximum compression. Position of piston, virmaldel
(right) .
Calculation of volume V2 (4):
V2= (2.Virpo)+Vp (4)

V2= 391161.436mm

-11 -
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The Fig. 8 shows the position of the pistons Vluam. In this position, none of the pistons is
in the lower dead center (LDC).

Vaz [ = 1 L

Ideal P-V diagram

V2 Vzlx

vl

Fig. 8. Scheme (left) and the position of the pistons invdlume. Position of piston, virtual model (right)

Volume V. (cylinder size) can be determined by measuringhtélight of the bottom edge of
the piston to TDC by virtual model. Calculationv@iume V1 (5):

V1= (2.Vz|_)+VD (5)
V1= 839689.564mrh

Calculation of compression ratio (3):
e=V1/V2 3)
€=2.146
Comparison of compression ralip virtual model ) and calculation (6) by Stirling engine
typea (eq):

= D- piston diameter
= Z- Piston stroke

g=—2—+1 (6)

3. Conclusion

By measuring the weight of steel rings regeneratat their integration into the regenerator
pipe the compression ratio was set. The computtiomodel set compression ratio of 2.1.
Deviation from rated compression ratio is causeddbficiency of steel rings. Setting of the
compression ratio will be one of the basic precthow$ for correct measurements. These measured
values serve as basic elements for the diagnoggofg and regenerator system. Initial diagnosis
is to verify the tightness of connecting pipes Brakages of the medium (air) through the pistons.

-12 -
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Simulation of acoustics energy propagation throughhe floor
structure of passenger coach

"Lukas$ Bavina, Peter Zvolensky
University of Zilina, Faculty of Mechanical Engimesy, Department ofransport and Handling Machines,
Univerzitna 2, 01026 Zilina, Slovakia, {lukas.baa|rpeter.zvolensky}@fstroj.uniza.sk

Abstract. Acoustic properties can be detected not just éxpertally, but also by computing and choosing
adequate tools for the simulation of selected maygrocess. Simulation can detect the acoustipegpties

of materials used in the design of vehicles. Acpiimformation on the behaviour of different acaust
materials can consequently be used in the desiggowid resistant structures of railway vehiclesthia
program COMSOL Multiphysics by function poroacocstiwas simulated propagation of acoustic energy
through the sandwich floor structure of the passergach. In the floor structure was used high-diesu
fibrous material STERER This paper deals with proposal of using mateSiEERELY in the structure of
the pasés@enger coach floor during modernization wa#itth identification acoustics effect of material
STERE

Keywords: Noise, STERE@, Mineral wool, Passenger coach.

1. Introduction

Nowadays we concentrate attention to the designalso to the modification, modernization
and reconstruction of transport to a wide spectairoperating parameters. One of the important
parameters, which dominates in the selection afitalsde vehicle, is comfort. Word comfort very
often introduces silence. Rate of noise level whschenerated in the interior of a vehicle is aso
rate of quality evaluation of a structure. Attentig paid to reducing noise in interior of vehigles
which is radiated through structure of the floarthe railway traffic.

2. Analysis

In the modernization of rail vehicles there is nften any change of shape and dimensional
parameters of construction, but particularly in thee of new materials. At the present, in the
construction of the floor of passenger coach seB@ghmeer as thermal and sound insulation is
used a “technical insulation mineral wool LFM 5 Aufrom company Knauf Insulation®. Mineral
and rock wool have in comparison with more moddrarmal and sound insulations many
disadvantages. It is dangerous to health, mateaihg a low elasticity which lost over time. It is
coming to ageing and loss volume and drasticallginp heat-insulating properties [1].
Modernization of the floor includes fully dismamij of individual layers except the trapezoidal
steel sheet having a support function. From trapletsteel sheet old paint is removed and new
glaze is applied. The structure of layer is mamadi Old materials are replaced with new materials.

In the modernization of the passenger coach flamrchange will occur in the shape and
dimensions of the structure and no change will patihe use of new types of materials. There is
only restoring the properties of the materials fnohich the floor is made. When we want maintain
shape and dimensions of the structures and impriole comfort, we must use new types of
acoustical materials.
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Possible solution can be material STERE®hich is novelty on the market of thermal and
sound insulation material. STERBDused in the construction of the floor is suitabtgution,
because has excellent acoustic properties.

The input material consists from textile parts wasit new cars, but also from separated textile
parts of cars after end of life. Separation ofitexhaterial produces significant volumes of tetil
materials of specific qualities. This material lecacterized by:

= Excellent properties that are not changed in time.
= Material was originally used in the cars and watemeined to sound and thermal insulation
while must meet the criteria of strict requiremesdpecially for health and safety.

To define the behaviour of new sound-insulatingeriat STEREL in the floor construction
of the passenger carriage, it is important to perfa computer simulations, which proves the
expected acoustic effect in operating conditior}s [2

3. Simulation of sound pressure propagation through caestruction of floor

For simulation of the sound pressure transfer tyofloor construction of the passenger coach
series Bdghmeer was chosen as an appropriate riogilgon COMSOL Multiphysics 4.4. The aim

of the simulation is to implement frequency anayand detect any differences between the
attenuation spectrums of the used materials.

coach during the modernization .

3.1. Poroacoustics

The program COMSOL Multiphysics offers an impottdanction “poroacoustics”. By
using this function we can add extended spectrunpavameters to a material and it can be
considered as a porous media. The sound doeseadspnly through the fibres of material, but as
well as through the fluid medium which is in poegsong the fibres. This medium is usually air [1].
This case, the Johnson-Champoux-Allard model wed.ughe Johnson-Champoux-Allard model is
an equivalent fluid model that mimics two limitibghaviours of the full poroelastic material model
defined by Biot's theory. The first is the rigid ppas matrix model (1) and the second is the limp
porous matrix model (3). An equivalent fluid modetomputationally less demanding than the full
poroelastic model. However, they are only physicalrect for certain choices of material
parameters. Both models are based on describinffagaency dependent, effective dengi(y)
and the effective bulk modulus &) of the saturating fluid inside the porous matfike following
parameters used in the (2) are given in (Tab. Y ltecisive effect on the acoustic properties of
investigated materials. These parameters were sttt simulation, and are acquired from the
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manufacturers of materials. The parameters werairgehjin a laboratory of the manufacturer in
accordance with the relevant standards.

Value Symbol Units Mineral wool STEREDD
Flow resistance R [kPa.s/m] 5 5+100
Thermal characteristic length wl [m] 650.10° 205.10C°
Viscous characteristics length oL [m] 420.10° 97.10°
Fluid Density Pt [kg/m] 1.204 1.204
Dynamic viscosity for air u [Pa.s] 1.818110 1.818.1F
Speed of sound in air c [rii]s 343 343
Thermal conductivity k [W/(m.K)] 0.04 0.054
Porosity €p 1 0.95 0.99
Tortuosity T 1 1.03 1.38
Absolute pressure oP [atm] 1 1
Prandtl number P 1 1 1
Porous material density Pd [kg/m?] 50 200
Tab. 1 Material parameters.
o _ Ty Rye, 4iwt?pps
Prig = &p 1 iwpst 1+ R%vaspz ) (1)
-111
. 2
yP 8u iwL;,“P.p
Keg= —|ly-(-1D|1+ 1+ i 2)
17 ¢ iwL,°P 16
P Lol Porpg H
pui — Pri'gpau_pf2 (3)
limp Pav+Prig_ZPf.
Pav = Pa t+ EpPy. (4)
_ 1 8ur
L, = swlepr' (5)
2V
Lon =22 ~ 2L, (6)

p

The most significant effect on the acoustic prapsrbf porous material has the thermal
characteristic length and viscous characteristigtte. These parameters can be obtained using
equations (5, 6). The thermal and viscous charatitelengths are, bgefinition, scalar quantities.
For spherical pores, the valuelgfis close to the value of the radius of the pordu¥a, is close
to the value of the size of the inter-connectiotween two pores. Thus, from 2D or 3D acquisitions
of the material microstructure, an estimation @ thermal and viscous characteristic length can be
obtained. The main difficulty encountered with therethods is to define a macroscopic single
value (or mean valud),, from a disperse microscopic information [3].
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Fig. 3 Mineral wool Knauf insulation LMF 5 Alu R [5] arSTERELD [2].

The surface of trapezoidal steel sheet is expasaddustic pressure of 20 Pa (120 dB). The
frequency range of this sound is from 5 Hz to 2@ kWith step 5 Hz. During the simulation, it is
possible to monitor propagation acoustic pressbreugh the construction into interior in this
spectrum. The aim is to find a material with a detttenuation ability of low-frequency sounds
than mineral wool. Attenuation can be determinea@dyparing the measured frequency analysis in
individual layers of floor construction and in irite of the passenger coach, both in the current
condition as well as when the material STERE® used. This can be achieved by interesting
“Point graph” function, where it is possible in thedividual points (Fig. 5) to record the sound
pressure depending on the excitation frequencysiaulation wasn’t used 3D model, because it is
very complicated, but a simplified cross-sectiasfatonstruction in 2D was used.
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Fig. 4 Measured points, which is located in layers of fla%- interior of passenger carriage, B — PVC, flywood, D
— STERED /Mineral wool, E — Air, F — Trapezoidal steel sheet

4. Results of simulation
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Tab. 2 Results of simulation.
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5. Conclusion

By using “poroacoustic” function in COMSOL Multipbigs, the initial noise, which is
generated by bogie of passenger carriage and prbpag through the floor, was simulated.

Results of simulations are shown in the frequermgcsums of noise, which is transferred
through the floor in different points of the flostructure.

It was detected that results of the simulation ddpen the choice of input conditions, the
acoustic properties of the passenger carriage fndrthe material properties of the porous material
in the floor. Other possibilities of verificationf @xpected acoustic properties of the selected
insulating material will continue.

The dependencies of sound reduction of used mhferidhe selected frequencies of noise
generated by bogie are shown. From these initiaulsitions the expected sound-insulating
properties of selected materials can be observed.

We assume that in the consequent research theagiomutonditions will be made more precise
as well as the statistical analysis and complexuatian of continuous results of simulation in
order to perform the verification of experimentsaal service on railways will be done.
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Abstract. This article describes the methodology of desigriire headlight for electromobile from
initial design concepts to construction documeatatiStructural design was created using CAD
software CATIA V5. In addition to alternative desgystrength and thermal analysis of the top
plastic cover of the headlamp was created. FEMyaisalwas created in software ANSYS
Workbench for the purpose of understanding the \iehaof the material used under normal
operating conditions. Prototype parts of headligh#se produced by Department of Design and
Mechanical Elements and, after careful adjustmeat tsting installed in built electric vehicle

EDISON. Plastic headlight cover made by 3D prift@ntage and retaining plate for lighting
modules - HELLA was the main objective of productio

Keywords. Construction design, Software ANSYS, Headliglit,@inter, Electric vehicle, FDM.

1. Introduction

In this article we talk about Electric vehicle E@IN, which was designed and built at the

University of Zilina, Department of Design and Mealcal Elements . Edison was constructed by
teachers and students of the University of Zilina.

Fig. 1. Electric vehicle EDISON .

Electric vehicle or EV is car that is using eledtyi for his power. As a source of energy is
usually used battery that must be charged befakendrfrom an external source. Range of the
electric car depends on the capacity of the battBigctric vehicles are currently the most
environmentally friendly methods of transport. Tadvantage of electric car is zero emission
production, reduction of operating costs and loweise. Another advantage is that they do not
produce exhaust gas. Technological breakthrougherdevelopment of electric cars started by the
development of electronics and control systemshbydevelopment of new types of batteries (eg.
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SCIB battery), but mostly by the rapid rise in gyefuels - especially oil and thus gasoline. The
advantage of electric cars is a simpler designat-a@rive can be placed directly in the wheels, th
control electronics and battery set in the bottart pf vehicle. The body can be constructed more
variable based on the same chassis [2].

Car headlights are an inseparable part of eachclkghensure road safety in low light
conditions and at night. The first headlights thare made, had clear circular cover glass and a
parabolic reflector. With increasing speeds andeasing traffic density it was necessary to shine
away to long distances, while not disturbing onaayrdrivers. It was necessary to guide the flow of
light rays. Guiding Light began with breaking ligh¢ams on structured cover glass of headlight.
The constantly rising speed of cars required tofae@head, so another feature of lighting was
added - lighting into the distance. Technicallyvds resolved by using two-filament bulb or with
additional lighting equipment intended for this ¢tion. Later, the idea was to "see around corners”,
which at the Citroén DS 19 was in 1967 implemerttgdrotation of internal reflectors in the
direction of rotation of the steering wheel. Todaylodern cars, solve this problem by using fog
lights or special lamp integrated on the sides lif bumper. Latest technical innovation is
intelligent adaptive headlights that are computertiolled [3].

2. Experiment

The experimental part of this article describesdbégign methodology of electric headlights for
electric vehicle EDISON. The main part of the eeginng design of the headlights, consists of the
design study, 3D body scanning and related caionlatin ANSYS Workbench applications.
Simulation of manufacturing the plastic cover of tieadlamp using rapid prototyping methods is
also included. Proposed headlamps must meet opesgti legislative, safety and other
requirements.

Tazk i
Desi I Analysiz -I—|. Present state
. Y
study * '5' ]i
= +
Legislation,safety | Design Suitability
requirements methodolozy analy=is =
=
1 P 4 -
— =
Variant - 2
options I
G k
Var:i:!lf
Construction
dezign
FEM o |
1 &
=
Construction
e documentation

Fig. 2. Methodology scheme of car headlight design.

21. 3D digitalization of car body

In the first phase of design solutions of headsgfor EDISON it was necessary to
digitalize(3d scanning) the body of car, due te theation of borders (spatial and dimensional).
These were later used like reference for CAD maodeliScanning was performed by using a 3D
scanner ZScanner 700 from Z Corporation.
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Fig. 3. ZScanner 700 od firmy Z CORPORATION.

Technical specification

Weight 980 g
Dimensions 160x260x210 mm
Measurement 18 000 cycles/s
Laser class Il (safe for eye)
Resolution axis Z 0.1 mm
Accurancy: do 0.05 mm
ISO 20 um + 0,2L/1000
Output files STL, RAW

Tab. 1. 3D scanner parameters

It was necessary to stick to the body with a seofesmall targets, which help the scanner
focusing the laser beam (Ei(gl 3) before scanning.

Fig. 4. Car body with positional targets.

Fig. 5. 3D digitalization of car body.
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Scan data were directly transmitted to a computet ecorded in program- ZScan from
ZCorporation. The output file of this program isLS{Standard Tessellation Language) ,widely
used in rapid prototyping and Computer Aided Maotufang. Processed STL data were further

used in CAD application (in our case, in CATIA 8Bat supports this type of files. Car body with
cover plates, tires and suspension can be seeigoh,6.
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& arss
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W ey

Pasitianing Targets Details B
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1 Dksarvad Posiioning Targat
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Fig. 6. 3D data in software ZScan.
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Fig. 7. 3D data in software ZScan (side).

2.2. Design sketch of car headlights

Design concepts of shape and location of the hgladliwere developed regarding the overall
design of the car and vision of its creators, befmncepting each alternative design.
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c) option 3 d) option 4
Fig. 8. Design sketches of different options for car hegds.

The concept and design of the headlights had teahe basic legislative requirements and
government regulations, and also regarding UNEC#& &6 / EEC directives. In particular, it
should be followed by Decree no. 166/1997 of theniMry of Transport, Posts and
Telecommunications of the Slovak Republic Collettid Laws, 840- Section 49, which deals with
the conditions of vehicle traffic on the roads. Law 725/2004 Z.z. which deals with the exchange
of halogen headlamps for xenon [4].

Regarding the Directive on the approximation of ims of the Member States relating to
motor vehicle headlamps which function is mainrbeand / or dipped-beam headlamps and
incandescent electric filament lamps for such heeagk No 76/761 / EEC of 27 July 1976 [5].

Tab. 2 summarizes the score for each variant aflluds.

. Significance. Optians so?ue'?on
Attributes coeff. 1 2 3 4
plpVv plpv plpv p|p.Vv Pi | Pi-vi
a) critical

1| lifetime 2 2|3 34 414 41 4 4
2 | design 1 1|4 4|1 13 34 4
3| Legislation 1 14 4|4 4]1 1| 4 4
4| price 1 2 2|4 411 1)1 1| 4 4
5| Energy conumption 2 2|3 31 114 4] 4 4
6 | dimensions 2 2|4 4|2 214 4| 4 4
7 | features 4 44 4|4 414 4| 4 4
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b) very important
8| connectivity with the electrical wiring 3 154 2|3 152 1|4 2
9| resistance to weather conditions 2 1|2 114 2|4 2| 4 2
10| Easy of maintenance 2 14 2|3 152 14 2
11| Low noise and vibration 0,5 P 13| 15/1| 05/3] 15|4 2
12| resistance to damage 3 15/4 2|2 111 05| 4 2
13| chemical resistance 3 15(3 153 153 15| 4 2
14| Corrosion resistance 2 1|2 13 153 15 4 2
¢) imoprtant
15| enclosures 2 0,4|2 0,4| 3 0,6/ 3 0,6/ 4| 0,8
16| Easy of use 0,2 4| 08/4| 084 08/4| 08| 4| 08
17| manufacturability at school 4 08|4 0,8| 4 0,8| 4 0,8/ 4| 0,8
d) informative
18| weights 3 0,3| 4 0,4|2 0,2| 3 0,3| 4| 04
19| Used materials 0,1 3] 03/3] 033 03/3] 03/4] 04
20| control 3 0,34 04| 4 04| 4 04| 4| 04
Summary 25,4 40,1 29,6 33,2 45,6
Technical value 0,557 0,879 0,649 0,728 1

Tab. 2. Rating variants.

Tab. 2. shows that the variadb. 2 has the best score - the highest technical valdetese best
satisfies all selection criteria.

3. Final variant

Body lamp is made of sheet metal holder, whereptaeed lighting modules from HELLA.
Specifically, the 50 mm Bi-halogen module, whicloydes the function of passing and driving
lights in one housing. Module is 12V with 55W buili. The cover glass of the module is free of
optical elements. Daily function and position laprpvides 60 mm 12 V LED module. Directional
lights are 60 mm including premium P21W bulb. Topadllight cover is made of PC-ABS
thermoplastic. The plastic part is provided withettded inserts for assembly on plate. Headlight
range adjustment is depending on the load andiigedaout manually by the electric motor. Motor
is held in place by a plastic holder fixed to tHat@ FIG. 9 shows light modules used for
headlight.

Fig. 9. Final variant with and without cover.
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Fig. 10. Detailed scheme of final variant.

Fig. 11. Headlight (from back).

Top plastic cover (Fig. 12) of headlight was mati®G-ABS thermoplastic and was produced
on the 3D printer. The cover is provided with rtbsincrease stiffness and strength [6]. Cover is
installed on retaining plate with screws (Fig. 11).

Fig. 12. Retaining plate for lighting modules.
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Fig. 13. PC - Cover of headlights.

Fig. 14. Electric vehicle EDISON.

3.1. Simulation of printing the plastic cover

Sequences of images that simulate the printindp@ftop plastic cover of the headlight can be
seen on Fig.15 Cover was printed on a 3D printertdge SE (Fig. 13) from Stratasys, which uses
FDM technology (Fused Deposition Modeling). Thenper is suitable for the production of strong
and accurate prototypes.

Fig. 14. 3D printer VANTAGE SE.

Printer specifications:
* materials: ABS, ABSi, PC, PC-ABS a PS-ISO,

= printing dimensions (X,Y,Z) max. 406 x 355 X,
= 406 mm,

= washable support system,

= layer thickness 0.125/0.17 mm,

= speed 1cm3/ 8 min,

= possibility of building functional sets of permanen
* parts.
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Fig. 15. Simulation of printing the cover in software Insig
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Prototypes produced by this method are rigid arehewer time dont lose their mechanical

properties.

3.2. Technical - economic assessment

Tab. 3 shows the costs of production, which consfisthe cost of materials and cost of

construction.

Components Amount Pricein Ezilpiece no Prii:((:eILr:jiIEnLgJF_zr/K;?ce

Production of metal brackets for lighting modules 2 18 36
Production of plastic headlight covers 2 750 1500
Bi-halogen modules 2 166,4 332,8
Blinkers 2 47,4 94,8
LED side lights 2 133,2 266,4
Adjusting motors 2 71,7 143,4
Connector bi-halogen 2 0,3 0,6
Bulb H7 2 3,9 7,8
Bulb PY21W 2 0,8 1,6
Connector LED/blinker 4 0,5 1
Threaded inserts 8 0,3 2,4
Screws 30 0,1 3
Nuts 30 0,12 3,6
Washers 22 0,08 1,76

Summary 2395,16

Tab. 3. Cost of production of headlight for EDISON.
Tab. 4 shows the calculated approximate time-aoinsy of production left headlight for

electric vehicle EDISON.

-28 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Operation Timeframein (h)
Production of metal brackets for headlights 15
Production of plastic covers 40
Installation of threaded inserts in plastic. cogera 1
Assembling headlights 3

Summary 455

Tab. 4. Production time of headlights.
Some of the data in technical - economic assessmerd determined only on the basis of
theoretical assumptions.

4. Conclusion

This article describes the design methodology eftteadlights from initial design concepts to
construction documentation. Structural design waated by using CAD support CATIA V5. With
the help of the Department of Design and Mechariidaments production of prototypes took
place . After careful adjustment and testing theseponents were installed in electric vehicle
EDISON. Plastic headlight cover made on 3D printantage and retaining plate for lighting
modules from HELLA has been the main objective ahofacturing.
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Abstract. Article discusses about the use of heat exchanfygrstationary combustion engines and
cogeneration units. The paper is dedicated to thblgm of unused thermal energy in stationary ezgitt
analyses possibilities of accumulation of heat gyand its possible application in various fiellbe paper
deals with the classification of heat exchangei$ with the subsequent description of design sahgtiof
heat exchangers types used in given field.

Keywor ds: Heat exchangers, Cogeneration units, Waste Geatpustion engines, Unused energy.

1. Introduction

Nowadays if we omit alternating economic crisis. ¢é&a talk about ecological time. Political
thinking towards just environmental but also ecoiwa gives new insight into the lifestyle and
comfort of man. A great impact just on these aspkat energetic. It is due to the increasing energy
demands of human society, on which depends in rall sneasure the environmental burden and
efficiency of energy use.

Possibility how to reduce energy consumption, ie thay of savings. Reduction in fuel
consumption can be utilized in a direction, whidald with the production of several types of
energy, and possibly also of the products fronptimary source at the same time. To this category
can include cogeneration, trigeneration and polggaion. Find a use for the heat is not as easy as
in the case of electrical energy. But nevertheledging offered several options, such as use aif he
for hot water or direct water heating and its sgbhgat use for houses or large objects, depending
on the performance of the cogeneration unit itg&tiother option would be to use the absorption
unit to transform heat to cold, making it possitdesxtend services to the production of cold water,
for example for supply of air conditioners.

Loss Electrical energy

Loss Heat

Power [Heating
station |plant Separated production
of electricity and heat

‘Combined production
Kogeneration|  ‘of electricity and heat
— unit

Fuel saving —

Heat
Loss

' Electrical energy

Fig. 1 Cogeneration principle.

For all these systems the energy transformatioledssive the method how to submit it. For this
intention in case of heat is used inseparablegfartost of the systems which is called the thermal
coupling node. Thereby may be various types of Beahangers, coolers, condensers etc. The most
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common devices nowadays belong heat exchangernhidncase, for the generation of thermal
energy from the exhaust gas and its subsequemt wsleer applications.

2. Use of heat exchangersin cogeneration units and stationary internal
combustion engines.

For use of stationary internal combustion engingewoerate electricity, or in other applications,
arises a waste heat [1]. In most cases, this beattiused in any way, but today’s time more and
more forcing producers and consumers to inveseahriology that can leverage the potential of
unused energy and contribute to cost saving. T® #md has started to use exhaust gas heat
exchangers. An exhaust heat exchanger is positiongéde exhaust pipe, removing heat flue gases,
which could then be used for various applications.

l__

l‘ Lk 0 1

: |
Fig. 2 Position of exhaust gas exchanger in stationambestion engine (1. Exhaust gas pipe, 2. Exhauseais
exchanter).

Exhaust gas temperature at the start of the exipguests in the range 500-700 ° C. This means
that the exhaust gases offer a great potentialtibzation of waste heat. The exhaust gases in the
most of cases heat up liquid, which can subsequbgatlsed in several ways.

3. Useof thermal energy from stationary engines

Possibilities of using waste heat are several. mbset common include heating domestic hot
water and heating. Smaller stationary engines a@amercclaims of houses alternatively smaller
buildings. Using the largest units with up to 2 M@v,combining multiple units into a single source
of energy can cover demands for heating and DHWIdoger building or complex of several
buildings.

Exhaust heat Engine heat

Fuel recovery (2) 1
Storage L

Electric meter

Inverter

Engine
l—g—.

~ FlyWheel/alternator
Stores kinetic ene[?y
Produces electricify

Hot Water

| ==

eat

L

Fig. 3 Cogeneration unit with supply of heating water aotldomestic water.

Hot Water
Heat Reserve
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A further possibility is the use of waste heat twwanulate in the storage tanks, and its
subsequent use, if needs. In the Nordic counttiesuse of waste heat necessary to ensure of the
right engine function. Heat is used for heatingméke air and in a case of engine shutdown for
maintaining the operating temperature for the psepto avoid cold starts. With the similar
principle is already dealing automakers like BMWithwiheir technology Efficient Dynamics.
Automakers already knows for a long time, thathtbating of combustion engine in winter requires
more fuel and the engine also produces larger ateamfremissions. Thus the engine is warmer,
thus there is less friction and decreases consompiid CO2 emissions [2]. BMW engineers have
calculated that the warmed engine after startenatinter consumes about 10% less fuel than a cold
engine.

The heat exchanger which heats the fluids and eh®mvarm-up phase of the engine is already
commonly used in gasoline engines. The faster dael oil in the gearbox and the engine is at
operating temperature, the lower the energy lobsefiction and fuel consumption. For diesel
engines, BMW sees the potential saving in heathg ibterior. Modern units are already so
efficient that the waste heat from them is unablé¢at cabin. Therefore, in vehicles with diesel
engines is started mounted auxiliary electric heatth 1000 W power, which in winter increases
fuel consumption by an average of 1 | per 100 kmthis regard can help heated interior by heat
exchanger. Attachments electric heaters will thesome superfluous. The heat exchanger, like in
gasoline engines may also participate in fastetitgeaf diesel engine to operating temperature.

4. Heat exchanger

Device used for targeted transfer heat energy ftben one heat medium to another one,
according to the second law of thermodynamics,aifed a heat exchanger [3]. These facilities
include a large group and can be found in manyssursystems without us realizing it. According
to the purpose and primarily according to the atwhich takes place in the heat exchanger can be
divided into the condensers, evaporators, coolergenerative heat exchangers etc. Another
division is quite normal according to the methodhafat transfer, ie whether there is contact
between the media etc.

Heat exchangers are divided into:

= Recuperative - media are separated by a solid mgegsle wall and not coming into contact

= Regenerative - occurs periodically substituted flosating and cooling media in the defined

area.

= Contact - media come together for some time inawnwithout chemical reaction, and then

are separated.

= Mixing - media are in a certain place mixed andticming as a mixture.

The most commonly used type of heat exchangercigperative. This group primarily include
tubular and plate heat exchanger. From the pointied flow is the most common counter-flow
design, which results in better heat distributioart in parallel flow design.

4.1. Tube heat exchanger

In this type of exchanger, heat exchange takesdi@tween the tube and the tubular-space.
Tubular space normally consists of pipes or tuldesiroular cross section, but we can meet with
cross-sections of other shapes such as oval, sgt@rdo reduce the dimensional parameters of
tubular exchangers can use all sorts of ways t@ase the area of the pipe from the side of the pip
as well as the tubular space. For this purposesad, for example ribs.

Tube heat exchangers can be divided accordingetodhstruction on:

= With shaped tubes

= With straight pipes

0 Tube in tube
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0 Tube in the shell
Design with shaped tubes represent different tuoe arranged in the shape of a helix, spiral

etc., located in the shell.

Fig. 4 Spiral tube heat exchanger.

Exchangers in design tube in tube are among thplssindevice in the above category. It's
occurred like dismountable and non-dismountablecviare exclusively for pure thermal media.

Fig. 5 Shell & tube heat exchanger.

In general the tube exchanger with jacket is thetrmommonly used heat exchanger, where the
main structure consists of a tube bundle placetearshell of a cylindrical shape. These exchangers
are manufactured at many different versions, depgndn the configuration of inlet and outlet
orifices, pipes, construction attachment of differhermal dilatation of tubes and plastics etdasTh
type of heat exchanger typically includes partsidhat perform two basic functions. Arrestment of
tubes resulting in a reduction of bending and vibraand also primarily direct the flow of media
that is purposely altered to the cross-flow thatrease the intensity of heat transfer. The system
also has the disadvantage that, with the inclusfgrartitions create higher pressure drop.
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Cooling
fluid
outlet

Hot fluid outlet u ﬁ

Tube heat exchangers are characterized by gooddwstiance and affordable price. However,
their disadvantages are small compactness and vaedht. The case of the pipes with small
diameter, in which is the aqueous medium dirty éixpected gradual decrease of the cross-section
pipe up to its complete clogging.

Fig. 6 Tube heat exchanger with baffles.

“\y_ e

Fig. 7 Real construction of tube heat xchanr ithldzxaff -

4.2. Plate heat exchanger

Plate heat exchangers are based on a patent thatrbady been registered in 1878 by German
inventor Albrecht Dracke. This principle, when diguid cooling another liquid and liquids are
flowing on both sides of group thin metal platdsecame the basis for the construction of the heat
exchanger - commercial plate pasteurizer Alfa Laval

For more than 130 years was plate heat exchangselahed and structurally modified to
devices that are used in thousands of differentiggijwns in all industries. Plate heat exchanger
was previously designed for heating and coolinthefmilk, but now is commonly used for heating
and cooling in industrial processes and it is thsid of air-conditioning in buildings or it provele
heating of hot water for hundreds of millions obpke.

This type of heat exchanger is characterized withowa lying plates which bear shaped
reinforcements create turbulence of heat transfedliom and enlarge the heat-conveying surface.
The heat transfer medium, as shown in the figuoevdl between the slabs of small thickness,
whereby the heat is transmitted between substane@dy convective. Plate heat exchangers can
be sorted into dismountable and non-dismountalbda-#ismountable exchangers are usually occur
in the brazing or welding design, which can alsoubed in case of the aggressive heat transfer
medium. For plate heat exchangers is a clear adgardf their higher performance per unit area,
therefore low weight and small size which is foe #ame performance about 5 times smaller than
in tubular heat exchangers. However, the benefis aifset by higher prices and demanding
production technology.
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Fig. 8 Plate heat exchanger.

BRefrigerant -
outlet @77"'1
Hot =
fluid inlet

Refrigerant
inlet =
Hot 7‘(- :
fluid outlet -

Fig. 9 Fluid flow in plate heat exchanger.

5. Conclusion

Nowadays, everyone looking for ways to save thgestr amount of funds. Hence arise
technology with which we can use energy from wastat for other applications. Exhaust gas heat
exchangers are increasingly appearing in conjunctigth stationary combustion engines and
automotive industries. Use of this technology tongnananufacturers interesting solution as fuel
economy and reduce emissions. The rate of fuehgavand overall efficiency of the plant will
require yet another survey, which | will dedicagxisteps in my work.
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Abstract. The article describes construction of primary witrcits features and technical layout. VVER
reactors are special design of Pressurized Watect®s with some particular design features. VVER
reactors are the most frequently build reactor ipphe world, proposed and build by Rosatom. Besiiis,

we can also notice reactors EPR (European pressasador) proposed and build by Areva. Basically
primary circuit consists from Reactor, Main cirduig piping (MCP), steam generator, main circulgtin
pump, main closure valve and pressurized systersidBg primary circuit there are auxiliary systend an
safety system for safe operation. Nowadays buittars are defined as Ill+ generation with advanced
technology.

Keywords: VVER 440/ 213, Reactor, Main pump, Steam genera®essured system, Main valve,
Parameters, Primary circuit.

1. Introduction

VVER-type reactor development was started by OKBDBOPRESS” in 1955. The first
reactor of 210 MW (el.) power was commissioned ait U of Novovoronezh NPP (NV NPP) in
1964. A number of basic engineering solutions dgwed for the first VVER were of original
character and most of them became traditional featfor subsequent VVER generations. Such
solutions included the following [1, 2]:

= A hexagonal grid for the arrangement of fuel asdm®hb(FAs) in the reactor core and

accordingly the shape of fuel assemblies is hexalethe fuel rods in fuel assembly are
arranged in triangular grid,

= Zirconium—niobium alloy is used as the materialftegl rod claddings,

= Possibility to transport all large-sized equipmemy railway to enable a complete

manufacturing process under factory conditions,

= High-strength alloyed carbon steel, which is sexaide in high neutron radiation fluxes, is

used as the reactor vessel material,

= The bottom part of reactor vessel, which has naleszor any other holes, contains the core,

= The reactor vessel is manufactured of solid-forgjeells without longitudinal welds,

= CPS (control and protection system) drives, outdétemperature and power control systems

are arranged on the removable upper head unieafetictor,

= An original design of horizontal type steam geraawith a tube sheet in the form of two

cylindrical heads,

= Austenitic stainless steel is used as the matefrisleam generator HX tubes.

2. VVER 440 Primary circuit design description

The VVER 440 primary circuit consists of subsystembiich are described below. The main
subsystems are:
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= Reactor Vessel and Internals,
= Reactor coolant system,
= Main Gate Valve,
= Reactor Coolant Pump,
= Steam Generator PGV -4.
The model and parameters of the primary circuitstiewvn in Fig. 1.

Main design parameters of the VVER-440

Thermal power, nominal, MW 1375
Primary pressure, MPa 1226
Steam generator vessel pressure, MPa 46
Reactor coolant flow, m?/h 41,000
Reactor outlet temperature, °C 300
Number of fuel assemblies, pcs. 32
Number of CPS assembilies, pcs. 37
Uranium loading, t 415
Fuel enrichment in isotope U-235, % 3.6%

*Fuel average enrichment is increased to 4.87% in the course of FA design improvement.

Fig. 1. VVER 440/213 primary circuit 3D model and paramgt&ource: http://www.tesnet.cz/en/sluzby-inzekgrs
modelovani.php.

2.1 Reactor Vessel and Internals

The VVER reactor vessel design is based on me#imipllowing requirements:

= Proven materials and structures,

= Complete manufacture of the vessel with workshepirtg included,
= Possibility of vessel transport by railway,

= Possibility of vessel in-service inspection.

The vessel is made of heat-resistant chromium—ndelybm steel of Grade 15Kh2MFA. The
steel and the welding materials were chosen fragnréisults of numerous analyses of mechanical
properties, the absence of susceptibility to leriftecture, the absence of thermal embrittlement,
durability, and irradiation resistance. The steaswroven in manufacturing and it has been used in
the fabrication of all VVER 440 reactor vesselg(FR).

The upper cylindrical part of V-230 reactor vedsas 5 inlet and 5 outlet,B), 500 nozzles for
coolant to flow and one {3, 100 nozzle for pressure-measurement pulse tuledearl gauge.
The Dom 500 nozzles are located in two rows away fromaitea of maximum neutron irradiation.
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Four Dhom 250 nozzles were additionally included in the gedor the V-213 reactor vessel for the
application of the emergency core cooling syste@(E). Two nozzles of this diameter are placed
in each row of [,m 500 nozzles.

”I' il
'r

1 : 'Juulu | '___'{ .'

o I B
11650

Fig. 2. Reactor V-230 (left), 1 - Top head, 2 — protective tube unit, 3 - Gmaeel, 4-ERC assembly, 5 - working
assembly, 6 - Vessel, 7 — Core barrel bottBeactor V-213 (right), 1 — ERC drive, 2 — Top head unit, 3 — Protective
tube unit, 4 — intermediate rod, 5 — Core barrel,Reactor core, 7 — Reactor vessel, 8 — Core lizotem.

2.2 Reactor coolant system

Under normal operating conditions both V-230 an@M3 reactor types are cooled by six
circulation loops of the main coolant pipeline (MCHhe pipelines are located in an airtight
compartment around reactor concrete cavity (figE8ch circulation loop is welded to the inlet and
outlet nozzles of reactor vessel. The pipelinegainora reactor coolant pump (RCP) and a steam
generator connected by ,§& 500 pipelines. The pipelines are made of stainles=el
(O5Kh18N19T).
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Fig. 3. Circulation loop 1 of reactor V — 213, MGV — MdBate Valve, RCP — Reactor coolant pump.

2.3Main Gate Valve

There is an annular shoulder on the internal saréddhe vessel, which is located between the
rows of nozzles that separate the inlet and ogtletant flows (fig. 4). The shoulder allows the
alignment of the core barrel with respect to these¢ Corrosion-resistant cladding of internal
surface was only applied to the area of vessebjpohiead joint in the first V-230 reactor vessels (6
vessels). All other vessels were covered with cororesistant cladding all over the internal

surface.

3115

1240

1650

Fig. 4. Main gate valve.
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2.4 Reactor Coolant Pump

Reactor plants of the V-230 type are featured wéhtrifugal one-stage vertical pumps of the
packless type with an integrated electric driveype GCN-310. The pumps (RCP) are used in the
primary coolant circuit (fig. 5). Such leakproofmpps have been proved to be highly reliable with
no leaks of radioactive primary water and they sireple in operation. Disadvantages of these
pumps include low efficiency due to the high elestagnetic losses on sealing metal partition of
electric motor and a small inertia coastdown indase of the loss of power. Note that with reactor
plants of the type V-230, the coastdown of four RGP case of loss of power together with
coastdown of the turbine generators, power sumptiidse RCPs is provided by the terminals of the
station service generator located on one shaft téh main generator. Reactor plant V-213 is
featured with pumps of GCN-317 having mechanicadlisg of the shaft, equipped with
flywheels. The pump of GCN 317 is equipped with @viersing mechanism.

i3
= > il f #

g

Basic performances of GCN-310 Basic performances of GCN-317
Capacity, m*/h 6,500 Capacity, m/h 7,100
Pressure head, kg/om® 53 Pressure head, kg/cm? 59
Rotational speed, rpm 1,500 Rotational speed, rev./min 1,500
Power, kW 2,000 Power, kW 1,400
Efficiency, % 56 Coastdown pariod, min 2-3

Fig. 5. Reactor Coolant Pumps and its parameters.

2.4 Steam Generator PGV -4

The basic structural feature of VVER steam generatdhe horizontal arrangement of the
cylindrical vessel, the submerged heating tube kyrithe cylindrical vertical collectors of the
tubes, natural circulation of the boiler water, ardintegrated steam separation system (fig. 6).
Tube bundle consists of 5,146 stainless tubes th@houter diameter of 16 mm and wall thickness
of 1,4 mm. The entire heat exchange surface isléq@a570 m.

The important advantage of horizontal steam geoexas that there is a large water inventory
in the secondary circuit. This large water volumevpes favorable inertial characteristics for the
whole of the reactor plant under transient anddmetti processes, thereby essentially enhancing its
safety.
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Steam generator performances

Steam capacity, t'h 452
Feedwater temperature, nominal, *C 73
Feedwater temperature with high pressure heater (HPH) switched off, °C 164
Steam pressure (3bs.), MPa 47
Steam temperature, “C 260
Foedwater flowrate, t'h 453
Steam humidity at 5G outlet (maximum), % 025

Fig. 6. Steam generator PGV -4 and its parameters.

3. Conclusion

Nowadays energetic field faces to chose main dmedh matter to keep stable global energetic
balance. Of course with considering environmergslies not just during operation of plant but also
during construction and later on decommissioninl.ofus very well know about C£reduction
and which source of energy is considered as malintant, but we still need stable sources of
energy for our homes and industry. However renesvablergy is now in main discussion in EU
countries. But here it appears that we have prablarkeep transmission line in balance and to
direct flow of energy via countries [3].

This article just in short shows some basic featwe nuclear power plant and its process
criteria. It is one of possibility to produce bihaunt of energy. Yes, in this matter is necessary t
talk about safety, big CAPEX and nuclear fuel ggeravhat is really long term issue basically issue
for our generation. In the face of all there aik glans to be finished (Mochovce, Olkiluoto, étc.
and build (Hanhikivi 1) new power plants. It isjus believe in new technology and implemented
improved, independent, redundant safety systemwandan discover the way of synergy between
nuclear power and renewable energy source.
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Abstract. This article deals with the comparison of promertiof two coating with same chemical
composition (50% WC and 50% Cu), but different oaatreatment, which can be used for contact sagac
of anchoring system of geothermal borehole autonsnaevice called Plasmabit. The main object of our
investigations was the coefficient of friction bewm tribological pair consisting of coating — figet body
and wear resistance of WC-Cu (tungsten carbidepp&g coatings. These data are very importantHer t
next phase of development of the autonomous dewibesh are able to operate in deep geothermal lotegeh
with high temperatures and pressures. The choicsuibhble material and its surface treatment are ke
factors for force generation and expected lifetoh®lasmabit’'s anchoring system.

Keywords: Plasmabit, Anchoring system, Wear resistant cgati@oefficient of friction.

1. Introduction

The price of geothermal boreholes grows expondyntigith the depth when using current
drilling methods. New technologies promising lovpeices are currently being researched. One of
the most promising technologies is high energytateplasma, the technology which is compatible
with liquid environments. This technology is didgdntegrated into Plasmabit — innovative device
developed by company GA Driling and promising aneprice growth with the depth. It is
autonomous system capable of its own movementdrbtirehole and the device itself consists of
many subsystems such as system for movement arrany, system for rock disintegration
(Plasmatron), control and management systems.rk€lestergy, cooling and technological water
are supplied from the surface. Plasmabit shouléldde to work at pressures up to 100MPa and
temperatures up to 360°C. Simplified 3D model adsiRtabit with basic principle of anchoring
system can be seen on Fig. 1.

Movement-anchoring
system

Drilling and control equipment

%, Plasmatron

Fig. 1. Plasmabit — main parts and principle of anchosygtem.
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GA Drilling cooperates with Faculty of mechanicalgéeering of University of Zilina on the
project “Autonomous robust mechatronic systems uitra-deep geothermal boreholes” dealing
with the design of Plasmabit’s movement-anchorysgesn. This system allows Plasmabit to move
axially in the irregularly shaped borehole with @on of borehole from vertical axis. In order to
anchor Plasmabit to the surface of the boreholeh@imng elements are pushed against the surface
of the borehole until the normal force of requiredgnitude is generated.

Fig. 2. Anchoring module of Plasmabit with enlarged angfgpelement.

Anchoring elements will operate under high pressune high temperature and will be exposed
to high abrasive wear due to the contact with tivéase of the borehole and also because of sharp
small size particles which are produced duringmbasock disintegration process and later become
part of drilling fluid. Therefore the choice of tmeaterial with suitable coating is decisive factor
from the perspective of a lifetime and also for Wiadue of the coefficient of friction between the
anchoring element and the surface of the borehole.

The coatings with different mechanical propertieant the substrate itself can be interesting
option because of increased hardness, higher ceeifiof friction and decreased price. Currently
we are experimenting with WC-Cu coatings with diéfe content of WC and Cu. These coatings
can be used in the applications requiring high weaistance and high coefficient of friction such
as rock grinders. An electro-spark deposition (E®&B% used to deposit the coating to the surface.
The deposition of the coating is achieved by awctetal circuit, which generates sparks between
the electrode and the substrate. Electrical pudsésgh frequency and high direct current between
the electrode (anode) and substrate (cathode)seehesxry hot micro-particles of electrode material,
resulting in continuous micro-welding coating oe twork-piece surface. The attributes of WC-Cu
coating can be altered by subsequent laser treatmen

2. Samples, measurement devices and conditions

Linear tribometer which is available at Departmehtdesign and mechanical elements was
used for the evaluation of surface properties fiédent coatings. This tribometer works on ball-on-
flat principle and can reproduce loads similar homse expected in real life conditions. The
tribological pair for every test consists of thenpées made of carbon steel C45 with coating
consisting of 50% WC and 50% Cu which is deposdatb its upper surface and grade 14 109
(according to STN) steel ball with5 mm diameter Aaddness of 58 HRC which corresponds to the
hardness of granite. Steel is more suitable fortals& because of its exact material properties and
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the integrity of the material. Granite on the othand is susceptible to cracks and disintegration
during the process and has different material dtariatic depending on exact material
composition.

It was impossible for the samples to have exa& armd shape as is shown on Fig. 2 because
there are certain limitations within the desigrttod tribometer. Two 50% WC — 50% Cu samples
with dimensions of 30 x 70 x 4 mm were used dugrgeriment. Figure 3 shows surface structure
of coating a) deposited by the ESD and of coatindgdposited by the ESD with laser treatment.
The Nd:YAG laser (impulse mode), model BLS 720 wasd. The sample was modified by using
the following parameters: spot diameter d = 0.7 mpawer P = 60 W, laser beam velocity v = 250
mm/min, nozzle-workpiece distance f = 6 mm, pulseation t = 0.4 ms, pulse repetition frequency
f = 50 Hz, beam shift jump S = 0.4 mm, nitrogen gaigld Q = 25 I/min.

a) %é 2 XY S N i- b)
Fig. 3. Coatings used in experiment.

The surface structure of both coatings is veryedéht. ESD deposited coating has very uneven
surface structure. There are certain areas withelmigopper content which are visible as rough
circles. The laser treatment led to the homogeoizadbf chemical composition of the coating,
structure refinement, and crystallization of phasegersaturated due to the occurrence of
temperature gradients and high cooling rate. Pusvicesearch conducted by Norbert Radek
indicates that laser treatment refined the strectumd some microcracks disappeared. However, 9%
decrease in the Vickers microhardness occurredaaedage value of the coefficient of friction
slightly decreased after laser treatment.

The most important part of our research is to measioe coefficient of friction for given
tribological pairs in order to compare and evaluaiatings and determine whether these coatings
are suitable for anchoring elements or not. Fnicfiorce Fy between the coating and steel ball is
given by following equation:

Fr=Fyp (1)
whereFy is normal force ang represents coefficient of friction. Normal foreegenerated by the
weight applied to the tip with steel ball and fiact force is measured with tensometric sensor
which is installed directly in the tribometer.

2.1. Experiment conditions

Experiment conditions such as laboratory tempeeatk® °C), humidity and material of steel
ball were the same for every experiment. The laack¥ery test was determined according to given
parameters and was constant during our experimealises of 1N, 5N and 10N were used. Time
for each test was chosen according to the ovezathth of tribological track with value of 100
meters (1000 cycles) or 500 meters (5000 cycles).

-44 -



3. Reaults

The parameters used for tribological tests on 50% W50% Cu coating are listed in table 1.
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There were 5 different tests performed on this dapgach corresponding to different track.

Load Distance Cycles Mass [g]
Track IN] [m] [1] Before After
1 1 100 1000 56.5193 56.5192
2 5 100 1000 56.5192 56.5189
3 10 100 1000 56.5189 56.5179
4 5 500 5000 56.5179 56.5167
5 10 500 5000 56.5167 56.5159

Tab. 1. Tribological test parameters for ESD depositedinge&b0% WC + 50% Cu.

The parameters used for tribological tests on 50@% ¥W50% Cu coating with laser treatment
are listed in table 2. The mass of the sample wabkiated after every test in order to measure its

wear.
Track Load Distance Cycles Mass [g]
[N] [m] [1] Before After
1 1 100 1000 56.1478 56.1474
2 5 100 1000 56.1474 56.1469
3 10 100 1000 56.1469 56.1453
4 5 500 5000 56.1453 56.1434
5 10 500 5000 56.1434 56.1412

Tab. 2. Tribological test parameters for ESD depositedingeb0% WC + 50% Cu with laser treatment.
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Fig. 4. Comparison of ESD deposited coatings used in 18@mbests.
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We decided to divide the results to two separaapliy because of different length of the tests.
The coefficient of friction as a function of timerfboth samples with tribological track length of
100 m is shown on Fig. 4. The loads 1N, 5N and L6&d for the tests on both samples are listed
here. The coefficient of friction has growing tendg for all tests, starting at 0.2 and rising to
values over 0.75 after 6000 seconds. Many testwesthdhat value of the coefficient of friction
started to be constant after reaching 5000 secdrids highest value of 0.85 was reached by 1N
load on 50% WC + 50% Cu sample with laser treatm@&yt comparing test results with
corresponding loads it is clear that laser treatedple achieved lower values of the coefficient of
friction. There is only one exception — 1N loadtu&tion was different here because the sample
with laser treatment reached higher value of thedfmpent of friction.

0.9
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0.8
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—
0.7
_ —
- 1 WC50-Cu50+L 10N
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0.2 } } } } } }
0 5000 10000 15000 20000 25000 30000

Time [s]
Fig. 5. Comparison of ESD deposited coatings used in 58@mtests.

The coefficient of friction as a function of timerfboth samples with tribological track length
of 500 m can be seen on Fig. 5. The growing tendent¢he coefficient of friction was observed
for all tests, starting at 0.2 and rising to valogsr 0.69 after 30000 seconds. The tests performed
on the sample with laser treatment showed thatevafuithe coefficient of friction become constant
after reaching approximately 20000 seconds. Ths thse on sample without laser treatment have
slightly rising tendency even after reaching 308@6onds. The highest value of 0.82 was reached
by 5N load on 50% WC + 50% Cu sample without ldesaitment. By comparing test results with
corresponding loads it is clear that the sampléaut laser treatment achieved higher values of the
coefficient of friction.

The samples were weighted after every test whichns&e can compare results and determine
whether the coating is wear resistant of not. Weacess occurred on both samples and material
loss due to wear reached values no higher thamilgrams for 500 m tests. The values lower
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than 1.6 milligrams were obtained during shortde%Vear rate was always lower on the coating
without laser treatment.

Wear of steel balls used in our tests was alsauated. Wear rate of all steel balls was higher
for the coating without laser treatment. Steeldabed for 10N and 100 meter test are on Fig. 6.
The ball a) corresponds to the coating withoutrlassatment while b) was used on laser treated
coating.

Fig. 6. Steel balls used in 10N and 100m test.

4. Conclusion

Both coatings (with and without laser treatmenthi@ged very high coefficient of friction
which makes these coatings suitable for use asdhtngs for anchoring elements. By comparing
both coating it is clear that the coating withcagdr treatment reached higher coefficient of ficti
by 5 to 9%. As far as wear is concerned wear ratenuich higher for the coating with laser
treatment by 60 to 200% depending on length and Us®d during our tests. That means that 50%
WC + 50% Cu coating without laser treatment is mweear resistant than laser treated coating.
When wear resistance and coefficient of frictioe taken into account, the coating without laser
treatment is more suitable for our purposes.

More experiments will be performed in the near fetiWe are planning to evaluate the impact
of different content of main components in WC-Catongs on wear resistance and on coefficient
of friction as these coatings clearly show greatpse for our application.
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Abstract. Computemmodelling and simulation tools are nowadays widedgd in the field of a rail vehicle
design. These virtual reality tools allow to perfiostatic analyses of rail vehicle parts and dynaanialyses

of a rail vehicle multibody system. The finite ekemh method is are most commonly used for statityaes
and the multibody system dynamics is used for dyoamalyses Dynamic analyses performing is mainly
necessary in the field of rail vehicle design. Goal of this paper is an implementation of flexibledies
into the rail vehicle multibody system. The implartagion of flexible bodies into the rail vehicle hilbody
system allows extending the using of simulatiorspeeially for an assessment of an influence ofitilex
bodies on running properties of the rail vehicle.

Keywords: Multibody system dynamics, Rail vehicle, Computerdelling, Flexible bodies.

1. Introduction

Rail vehicle production composes number of parisstht is the design phase, then the
development phase and the optimisation phase, efurtite production of a rail vehicle, the
verification and validation of a rail vehicle andhdlly the commissioning of a rail vehicle.
Computer software allows performing complex simala. Thus, shorter development periods and
rising requirements like durability, efficiency onass reduction which intensifies the usage of
lightweight structures demand precise simulatidnghis way costly experiments and prototypes
can be reduced using computer aided simulations.

2. Formulations of flexible multibody system dynamics

Dynamic behaviour and properties of rail vehicle described by means of the multibody
system dynamics. The standard multibody system mafilavehicle is composed of rigid elements
which are connected by ideal joints, coupling eletsecontact elements and force elements. In the
field of rail vehicle dynamics the phenomena of thhatact between a wheel and a rail enters into
account.

Coameiry > < Frequency Range

' FE MBS |<- Joint
Mes N, Model Reduction
Mesh 7| Model e Model |< Forces
Wrteiad Prbpeviios <— Constraints
Material Properties—> Flexible Body Input

Data File

FEM Interface MBS Interface

Fig. 1. The workflow of creating flexible bodies.

The MBS with flexible bodies has to be applied &mplications of the rail vehicle dynamics
where the deformations of the bodies have to bsidered
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Flexible bodies are introduced into the multibogigtem of rail vehicle by using of the finite
element method. The reduction of the linear flexitéegrees of freedom is the principal step for an
efficient simulation of a flexible multibody systeof a rail vehicle [9]. The Fig. 1 gives an
overview of the workflow when working with flexibleodies in MBS software.

2.1. Figuresand Tables

There are several methods for the kinematic desmnipf the motion of the flexible bodies
that are subjected to large displacements.

It is implemented in several commercial software vesll as research general purpose
multibody computer software.

A Ri

v
2>

X;
Fig. 2 Representation of the flexible body kinematic.

In this approach, two sets of coordinates are wseatkscribe the configuration of the flexible
bodies — one set describing the location and aiemt of a selected body coordinate system and
second is to separate the motion of the body inrge nonlinear motion of the reference frame
and a small linear elastic deformation with respedhe reference frame.

In this description, the global position on thecitde body | can be written as:

=R +A (T, +0,); (1)

where all the vectors that appear in this equati@nshown in Fig. 2. andl is the transformation
matrix for defining the orientation of the body cdmate system with respect to the global
coordinate system.

Using the dynamic description introduced above,heciple of virtual work in dynamics of
Lagrange’s equation can be used to systematicalgldp the dynamic equation of motion of the
flexible bodies that undergo large reference dispi@ents. In the floating frame of reference
formulation, the equations of motion are formulatederms of a coupled set of reference and
flexible coordinates. In case of using the floatingme of reference formulation approach, the
equations of motion of a flexible body in the mindtdy system of rail vehicle can be written in the
general form:

-49 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

M'§ +K'y =d,+d,+d; 2)
where M is the mass matrixK is the stiffness matrixy, y are vectors of the coordinates,

accelerationsge is vector of externally applied forces aggdis the vector of Coriolis forces and
centrifugal forces andj. is the vector of the constraint forces. The equestiof motion of the
multibody system can be expressed as:

My+Ky=q,+q,+q.. 3)
The vector of coordinates y can be partitioned:
T
y=[yl.vi | )

where subscripts and f refer, respectively, to reference and flexible rdamates. Using the
eqguation (4), the equation of motion of the flegibhultibody system are:

H PR bt A

The floating frame of reference formulation leanlsthighly nonlinear mass matrix as the result
of the inertia coupling between the reference nmoéind the elastic deformation. On the other hand,
the stiffness matrix is the same as the stiffneafzirused in the structural dynamics due the fact
that the flexible coordinates are defined with exgpo the coordinate system of the body.

3. Process of flexible body creation for multibody system dynamics

In the field of flexible multibody system of raikticle it is needed to perform reduction of a
flexible body. Flexible body creation and flexilidledy reduction includes three main operations:

1) creating the finite element model of rail vehictenponent,

2) import the finite element model into the softwave & multibody system dynamics,

3) creating the flexible multibody system of the rahicle.

Before the import the finite element model of redhicle component into the multibody
software it is necessary to perform reducing degofdreedom of the finite element model of rail
vehicle component. Reduction of the finite elemantlel consists of several phases:

= setting up location of the interface nodes; therfiace nodes allow connecting the flexible
body to each other in the multibody system ofilavehicle,

= connecting the interface nodes with the flexibleyostructure,

= defining the coupling nodes as retained nodes,

= and finally defining the retained degrees of fread8].

When the finite element model of the rail vehiclemponent is reduced, it is possible
generating the input files, which is required faultibody software. This file contains all necessary
information about flexibility and properties of seted rail vehicle component. Once the input data
of flexible body are imported into the multibodyfteeare, it is possible apply to the flexible body
joints, constraints, force elements etc. Defornmtiof the flexible body are caused by these
boundary conditions and loads [15].

In this paper is introduced creation of the firsdlement model of the bogie frame. It is the
bogie frame Y25, which is the most commonly useditlie freight rail vehicle in the Central and
Eastern Europe [19, 20, 21].

The procedure of the flexible rail vehicle companereparation consists of several parts.
Firstly we have to be created the 3D model of kvehicle component. This model can be imported
into finite element method software (Fig.4), where can create a mesh, perform modal analyses,
analyses of flexible component behaviour and agstuction of the rail vehicle component. Than
the flexible body can be used for implementatiofiexible body into multibody dynamic model of
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rail vehicle [14, 22]. For the reduction of thexilele body the definition of interface nodes is
required. Interfaces nodes are defined in thosatilmts where the other components of the bogie
and body of freight wagon are mounted to the bégime. There are locations on axle guides, on
the centre pivot and on side bearers. Interfaceesamh axle guides serve to the interconnection
with axle boxes and interface nodes on the centretpand side bearers allow interconnection
between the bogie and body of wagon

Example of the interface node is shown in Fignderface node is coupled with nodes from the
finite element mesh by using is shown the detaihtdrface node (INode) and relevant constraint
equation created on the friction surface of the axlide. In this interface node are defined frictio
forces between the bogie frame and the axlebaxamtultibody system of the freight wagon.

0,00 500,00 10%0,00 (mm)

250,00 750,00

Fig. 3 Finite element model of bogie frame in Ansys.

Fig. 4 Interface node on the centre pivot of the bogente.

When the flexible component of a freight wagon Wil imported into the multibody software,
will be created a flexible multibody system of aiffht wagon. Such flexible multibody system will
provide an advantage, that it will be perform siatian, which bring a better evaluation of the rail
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vehicle properties. Multibody dynamics in which gensidered a flexibility of body allow to
perform such simulations which better confirm negthicle behaviour under operational conditions.

4. Conclusion

The aim of this article was described options feing the multibody dynamics for simulation
of a rail vehicle including a flexible componenthéfe are described the most commonly used
approach to the reduction of the flexible body.luding the flexible bodies into multibody system
dynamics simulations of a rail vehicle running pdevadvanced opportunities for evaluation of rail
vehicle properties, also stress in the structurthefrail vehicle components under real operational
conditions.

Railway-Educational Centre of Rail Vehicles (VVCKV)
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The Vibrodiagnostics of Toothed Planetary Gearboxes
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Abstract. The article deals with the description of diagiwsievice used on Department of Design and
Mechanical Elements at University of Zilina in A which has been developed in order to measure,
diagnose and evaluate faults of gearboxes witthembgears by vibrodiagnostics. Recent measurenoénts
artificially created and damaged gearboxes areritbescin this article. The last chapter is dedidate
comparison of two different vibrodiagnostic methedSKF method and SPM method. The comparison was
made to verify all our previously measured date&SBy= method and technique and also to directly campa
the results of both diagnostic methods used forgeaebox.

Keywords: Vibrodiagnostics, Frequency, Operational damage.

1. Introduction and description of diagnostic device

Vibrodiagnostic is considered to be one of mosigmssive maintenance methods. It offers
possibilities to diagnose status and conditionsde¥ices while they are fully operational [1].
Diagnostic device has been constructed on Depattafiéresign and Mechanical Elements in order
to measure and evaluate faults of components byzng frequency spectra of gearboxes (Fig. 1).
Laboratory research primarily aims at diagnostid ars es.

Fig. 1. Diagnostic device used on Department of Design Brethanical Elements for diagnostic of planetary
gearboxes faults (left) and placement of vibraiensors (right).

Diagnostic device consists of one 15 kW electromatontrolled by a phase shifter, two
planetary gearboxes type A2000 mounted in serigsadsp one dynamometer. Components are
coupled together by cardan shafts. Diagnostic @eiscsupplemented with noncontact sensors
HBM T10F for RMP and torque measurement. Gearbo2080 is planetary gearbox with two
planetary gearings with spur involute gears [2].

Diagnostic apparatus was purchased from SKF acaohitains six acceleration sensors with
resolution of 100 mV/g, on-line diagnostic unit INxand PC equipped with @ptitude analyst
software. Both frequency analysis and envelope atktbr signal processing are used to determine
gearbox faults.
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Gearbox A2000 was tested for fault response at AUY®RPM. Input shaft can rotate both
clockwise and anticlockwise according to currergdse

2. Previous measurements

The first step for our research was to collect diatan undamaged gearbox. After all data were
analyzed and evaluated, we could create artifdgamhage on measured gearbox. Sun gear of the
first planetary gearing was the first to be damaged

The first damage to be measured was notch on fagedd one tooth of sun gear. This type of
damage was created in order to create significéaration response in frequency spectrum of
vibrations of whole gearbox and this type of damags identified easily. After all necessary data
were measured and fault response was identifiesp@ttra of vibrations velocity (filter 3), small
pitting damage was made on the opposite surfaaéreddy damaged tooth. The response of pitting
in frequency spectrum was not as significant aga in the case of notch damage, but it could be
clearly seen and easily identified.

As the experiment continued, we extended smalhpitb the half of teeth of sun gear and later
to every tooth. Area affected by pitting of damageeth extended to 40 — 50 % of teeth surface
with this operation and data were measured. Thebgrawas disassembled and atrtificially
damaged sun gear was replaced by sun gear damggedllpitting on the half of its teeth. The
gearbox was assembled once again and measurenmerstsnade in order to compare artificial and
real pitting. Comparison of our data showed thapoases for artificial and real pitting were very
similar which also confirmed correctness of our sugament method.

The last of measured faults was damage of sunlyemoving one of its teeth. 50 % of tooth
material was removed for the first phase and lateole tooth was removed. The damage in the
form of another notch, this time on the surfaceookt tooth of planet gear, was added and
measurements were made.

3. Compar ative measur ements between two different methods

Comparative measurements were made in cooperatitbhn wbrodiagnostic specialists from
SPM Instrument s.r.o. SPM HD and SPM Spectrum nustiveere used to examine currents status
of the gearbox. Gearbox was damaged by missindy tantl pitting on sun gear and notch type
damage was made on satellite gear.

Fig. 2. Damaged sun gear with one missing tooth.

Frequency spectre measured by SPM HD method is rstowFig. 3. Teeth frequency of
damaged gear (54.976 Hz) and its harmonic freqasmwithin spectre are marked by numbers. Fig.
10 contains data measured by enveloped accelesatethod filter 3 where teeth frequency and its
harmonic frequencies of damaged gear (55 Hz) ae mlarked by numbers. Spectra on both
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figures are very similar with small difference ehglitude magnitude for® 7" and &' harmonic

frequency because these harmonic frequencies hawh nower amplitudes with enveloped
accelerations method.

GOLVITR PREVOD-ZLI001 PR LO2 Prevodovka 1 rad satelitov: SPM HD (13112013 11:44:391
600

[ %1 frekvence: 54.976 He
1X1 ampituda: 273,65
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Fig. 3. Frequency spectrum measured by SPM HD method.
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Fig. 4. Frequency spectrum measured by enveloped acéeteramethod (SKF).

Vibrations velocity frequency spectrum obtainedIBM Spectrum method can be seen on Fig.
5. Spectrum shape is very similar with SKF methioddirect comparison (Fig. 6), difference is in
amplitude magnitudes. Spectra on both figures hégldighted amplitudes of lateral band with the
delta of teeth frequency of damaged sun gear (55aHd amplitude of lateral band of gear contact
frequency of first planetary gearing which has higlue of amplitude dominating whole spectrum.
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Fig. 5. Frequency spectrum of vibrations velocity measime&PM Spectrum method.

-56 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Spectrum
AZ2000-A2000.1 1V A2000-Z1-vel, 13. 11. 2013 13:14:50, Channel X, Trend Overall: 2,13 mm/s
Bmp: 0,09205, Freq: 49,22, Order: 2, —

0.85 41

0.7
0.6

0.5

- Peak

0.4

mm/s

0.3

e 4TS RIM

Ll ]

L e
®

0 200 400 600 800 1000 1100

Frequency - Hz

A

M i : i T [P
W A i d Wb iAo A i e e tand ot et g A W

Info__| Summary Spectum | Sidsband |

FOINT _+ | Frequency [ Order | Ampltuds | Phase |
W A2000A2000.1 1\ A2000-Z1vel 5742 2331 0.09737 fum/s - Peak)

W A2000A2000.1\ A2000-21vel 6289 2553 01392 fum/s - Feak)

W A2000-A2000.1\ A2000-Z1vel 6844 2778 0,128 mm/s - Peak)

W A2000-A2000.1 \ A2000-Z1vel 7391 30 03971 /s - Peak)

W A2000A2000.1 1\ A2000-Z1vel 49.22 2 008205 mm/s - Peak)

Fig. 6. Frequency spectrum of vibrations velocity measime&KF diagnostic methods.

It is necessary to mention that influence of dardgganet gear has not been detected neither
in vibrations velocity spectrum and neither in doped accelerations spectrum.

4. Conclusion

Comparative measurements between two different adsttone by SKF and another by SPM
proved that these techniques are very similar amdvere able to confirm correctness of previously
measured data. Based on comparison of both metheglssan confirm that fault response in
frequency spectrum is almost exactly the same ewsan different signal processing method is
used. These results confirm that all measuredstatar are correct and can be applied for inddstria
measurements.
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Abstract. The paper deals with computer-aided analysigsitire modes and effects of the selected vehicle
subsystem. It describes the construction of subsysits individual components and defines the wario
parameters. Limits values of wear and damage o$uhsystem in operation, having a significant inbjzec
the safety of rail operations are presented. Thelt®obtained from FMEA is developed in the progi&5
APIS for the causes and consequences of failuregl&ethe depiction of FMEA data in standardizedhfo
sheets, informative graphs and statistics can stuypar presentations. Critical parts are deterchiaed
measures to mitigate the effects of failures aosqul.

Keywords: Maintenance, Failure mode and effect analysis (BMEritical parts.

1. Introduction

The FME(C)A is a design tool used to systematicalyalyze postulated component failures
and identify the resultant effects on system opmnat The analysis is sometimes characterized as
consisting of two sub-analyses, the first beingfthieire modes and effects analysis (FMEA), and
the second, the criticality analysis (CA). Succelssievelopment of an FMEA requires that the
analyst include all significant failure modes fach contributing element or part in the system.
FMEAs can be performed at the system, subsystesgndsy, subassembly or part level. The
FMECA should be a living document during developmeha hardware design. It should be
scheduled and completed concurrently with the desify completed in a timely manner, the
FMECA can help guide design decisions. The useéslind the FMECA as a design tool and in the
decision-making process is dependent on the effudiss and timeliness with which design
problems are identified. Timeliness is probably thest important consideration. In the extreme
case, the FMECA would be of little value to theigeslecision process if the analysis is performed
after the hardware is built. While the FMECA idé&es all part failure modes, its primary benefit is
the early identification of all critical and catagihic subsystem or system failure modes so they
can be eliminated or minimized through design modlion at the earliest point in the development
effort; therefore, the FMECA should be performethat system level as soon as preliminary design
information is available and extended to the lowerels as the detail design progresses [6].

2. FMEA

When analyzing the possible failures and their eausll data are stored in the database,
depending on whether the proposal or process ikiaea. Five successive steps are performed
during the analysis:

1. Elements and Systems.

2. Functional structure and function of a system.

3. Analysis of possible failures, their causes andsiibs consequences. Assessment of their
significance and likelihood of occurrence, as vaslthe possibility of detection the failure.
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4. Risk Assessment (RPN), consideration of conseq@enypes.
5. Optimization, setting priorities for corrective @ets and evaluation of their effectiveness.
Following example is used or showing you a pratesgample of FMEA analysis. The bogie is
Y25 bogie for two-axle freight wagons — it corresfds to UIC 510 regulation. The bogie can be
designed for a maximum speed of 100 km/h (22.5 #&xtesload) or 120 km/h (20.0 tons axle load).
The main parts of the running gear are:
1. wheelsets,
2. the axle bearings,
3. wheelsets guidance,
4. suspension,
5. bogie frame [6].

3. Network structuresof freight bogie by FMEA

In the production structure is based on knowledigequipment whose structure we want to
create. The system consists of individual elemehthe system which is to describe a structural
context hierarchically grouped into the system.

The first step is the creation of the system stmctlt is also necessary to establish the
elements of the structure and their functions aildres. Then we can create function networks and
failure networks. It is important that a list of pbssible or potential modes of failure of theteys
was drawn up - this is the basis of FMEA [2, 5].

pivot

cross member

resilient side bearer

wheelset

Lenoir Link

longitudinal
member

head stock

axel box bearing

brak beam

double brake shoe

Fig. 1. Model of freight bogie Y25 [1].

Wheel profile wear are arisen on wheelsets, whieglge wear and breaks. Grooves and
clapped locations on the circumference of the sieft deeper than the 0.54 mm, inside distance
between wheels with larger difference than + 3mamfrthe face value are disallowed. In Tab.1
some critical parts of wheelsets are shown.

-59 .-



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

M easur es

The excessive radial wear of wheel profile jis
removed by means of the wheel profile lathe
. turning, if the monoblock have the sufficiert
Dynamic and thermal : 2
thickness yet. The monoblock is rejected
stress of a wheel . . :
when the ultrasonic flaw detection confirm
the break which is expanding into the
monoblock under the allowable value.

Failures of wheelset Causes

Excessiveradial wear of a wheel profile

12}

Stuck material on awheel profile

e Sticked materials are
- produced because the
material from rails or
brake block is sticked

to the tread

Sticked materials are produced because the
material from rails or brake block is sticked to
the tread.

D

The wheel profile of the monoblock is lathe
Fatigue effect turned. The wheel profile has to be up to the

V99/1 standard. Limited dimensions of the
wheel profile are checked.

Tab. 1 Example of critical parts of wheelset [1].

Each element of the system is in the system, intg#ly of the structural arrangements
different functions, respectively tasks. For thefg@enance of the functions of one system
components are typically needed as the functiastltdr elements of the system.

-y .
sadlo kolesa

f Latntng spo

| | deih
fpodvarok Y25 i citvmpkoloes ' i, @ 1o vizha r o1 kale s
!' a dhknilij Wiz la vwakials . i i b 'H Ay

" * i ' Y sedlo oparsihe keiDiy

W, el A i

T I KR T TR
ki or [urided 8 podw  ¥3A | N

podvarok ¥
J— klawic
i

ipodad Cait borfd 4 elkiu

Fig. 2. Example of function network for boogie frame daiture network for axle [5].
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For each element examined in the system, it isssacg to create function network and failure
network. The next step is a risk assessment. Vadtiggobability, severity and detectability are
entered (Fig.2).

The example of FMEA analysis can be seen in Fig. 3.
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Fig. 3 View of the freight bogie structure with the stiwre of function and failures networks [1].

4. Risk assessment

The next step of FMEA is risk assessment. It issbasn a compilation of forms, resulting in
the knowledge of the risk of failure. This risk @ssment is a measure of the consequences of
failures.

The risk assessment of the system is assignedeatidbign and planning of the available
measures to reduce their occurrence and detedtinmeasure of this evaluation is an indicator —
RPN — level of risk/priority, which consists of && factors:

S — the importance of the seriousness of the oeccerof failure causes

O — the probability of occurrence of failure cayses

D — the probability of detection of failure causesit’s result

These elements S, O a D can take any value fraonlD,twhere the level of risk is expressed
by their mathematical product [2, 5].
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Fig. 4 Form of risk assessment for axel.

Proposal of detection measures

In the proposed preventive maintenance, two methlwmdetect failures — visual inspection and
defectoscopy are proposed. The role of the viawggdaction is based on more frequent intervals by
visual inspection to avoid unexpected failures #wild have consequences in the loss of human
life or in removal of the air brake system from @i®n. The role of the defectoscopy is based on a
more frequent interval using the defectoscopy fogventing accidental failures that are not
detectable by visual inspection.

Proposal of preventive measures

In FMEA analysis, it was fond that it is appropeiato change all intervals of control
components after running 200 000 km or 300 000 #apending on the component, thus the
current maintenance system will be more expensientinimizes the risk of failures and the
consequences associated with them.

Analysis of differences

In Fig.5 we can see that there was a significashicgon in RPN values on proposed detection
methods, as well as preventive measures. RPN vdhreshe first stage of the preventive
maintenance are in the range from 400 to 180. RBINeg range from 80 to 32 when we use
preventive measures.

The green columns in the figure represent RPN wafae individual components and well-
defined cause failures when we use the first lef/éhe preventive maintenance [3, 5].

[200] (200] [£00]
40

[400] (200] [200] (400} (40|

;0
320
280
240
E 160] (D)
120
- 1]
40

0

RPN

1 2

Fig. 5 The cause of failures [1].

-62 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

4. Conclusion

From economical point of view, it is important toepent a single failure by detecting the
failure in time on the bogie. This is possible kymg the diagnostic tool, whose task is to detect
internal cracks and damage. Another way how toctiei@mage on the individual components is by
carrying out planned preventative inspections. iTheain role is to inspect parts that are most
stressed when driving after passing the specifinlver of kilometers, or a specified time period.

The strategic task of the diagnostic system ieface the current methodology according to
schedule of vehicles maintenance with more conwtnmethodology according to the actual
functional situation and the actual technical stateo create an optimum combination of schedule
and according to the actual situation.

The aim of introducing the diagnosis and the autandiagnosis of vehicles is increasing the
actual availability of vehicles, increase theirability and operational safety, improve the qualit
and efficiency of maintenance and repair industrpagh control and decision-making activities.
Objectification is increased with the level of amtation of diagnostic activities. At the same time,
demands on the quality of all activities relatedhte operation, maintenance and repair of vehicles
are increasing.
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Abstract. In rail transport, it is necessary to solve theiésef passing the wheelset trough arc track. With
reduction of the radius of the track arc, the asgieattack and guiding forces acting on the vehgrbows.

In the past, there was sometimes used one verjasgaw of rail to ease passing trough arcs tnaitk very
small radius. This rail makes possible riding &f flange for wheel, which is situated on the ostde of arc
track. This way was allowed on standard gauge tpadsing of some vehicles trough arc track withusad
up to 30 meters. This way of passing arc tracksssasetimes used in narrow ratios on sidings of peecs.
This paper consider the suitability of a similaluson for tramways urban transport, where is a th
crossroads and at the turn-back places often usdchaks of very small radius.

Keywords: Special rail, Wheelset, Track arc of very smatliua, Wheel-rail contact geometry.

1. Introduction

When wheelset runs trough arc track, it is necgssiaat the wheel on the inner site of track
arc underwent a little smaller distance than theselfsituated on the outer site of track. The
wheelset is one solid part, so it is not possibleathieve different angular velocity of wheels
situated on one axle. Wheelset is situated inrdek twith a transverse clearance. The wheel treads
has cone, respectively curved shape. While trassveeflection of the wheelset from track axle,
the instantaneous rolling radius of the wheel iangfed. So is created a presumption of rolling the
wheelset trough a curved trajectory, as showsIig.

—  —

Outer rail profile 1 Inner rail profile

l
]
Track radius
= \

Fig. 1. Wheelset situated in arc track.

In arcs track of small radius, this mechanism afspag arcs cannot ensure passing by clean
rolling — without slipping. Slip takes place mostin the wheel situated on the inner site of arc
track. It results in significant wear of wheels amls in a typical way. Passage of the vehicle
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trough such wear rails causes considerable dynatress of traction vehicle and track, giving a
sharp noise.

This problem can be partially solved by designihg twheel treads profile with a larger
conicity. Such solution can be used only for loveeg vehicles. Larger conicity of the wheel treads
profile causes instability of higher-speed rideeidiore generally are build arc track with larger
radius.

One specific case is the rail vehicles of urbanlipubansport. Those vehicles often need to
pass trough arc track with radius up to 17 metierghis case there are significant Wheel slips
provided by sharp sounds and rolling contact deatiea.

Partial improvement of the situation can providenge lubrication. Another possibility is the
use of vehicles with independent wheels on one. &l¢ this complicates construction of the
bogies, their traction and the maintenance.

2. Description of the current state

| analyzed the current state in environment of $pamt Company of Bratislava on the basis of
publicly available information. Rail vehicles forban transport does not fall within the scope ef th
railways technical standards. All operating pararstrail-wheel contact geometry including, fall
within the competence of the transport companyoofesponding city.

The behavior of the wheelset during passage thérack is influenced by many parameters.
One of these is rail-wheel contact geometry. Tlreeoul state of rail-wheel contact is shown in Fig.
2. There is used wheel profile TRAM-DPB and raifde NT1.

Wheel profile Wheel profile
- TRAM DPB TRAM DPB )
'8 -\
S60 550 540 530 520 510 500 490 480 470 460 aso MMITOM oo l0 420 480 490 500 510 520 530 540 550 560
track axis
NT1 Rail profile NT1 Rail profile

Fig. 2. Contact points function - the current state dfwdieel contact.

On the basis of Fig. 2 is shown that this wheefilerd RAM-DPB is not suitable for running
on a rail shape NT1. When running in a straightkrat is worn only one place on the top of the
rail. When running in arc track, there is a tworgaiail-wheel contact. It is again an unfavorable
state. The contact points are unequally distribotethe surface of both parts. The small conicity o
the wheel’s running surface does not allow to chahg wheel radius in arcs track in sufficient
range — like is shown on Fig. 1.

The existing vehicles are operating on lines, whergecessary to overcome arcs track of very
small radius. On the crossroads and at the turk-pkaces are usually used tracks with a radius up
to 20 meters. Exceptionally are used tracks witadius up to 17 meters. Passing of such arcs track
leads to two point rail-wheel contact. There &ip between wheel and rail, forming typical wear
of rails. It can be assumed that a significant pdrthe wheel wear is caused just by transition
trough arcs of very small radius.

Notable is also the noise burden of the environmestiting from such operation. Those
negative phenomena are nowadays suppressed onflarige lubrication in the second contact
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point area. Therefore are in the track before tigylas, installed special equipment — lubricating
points, as is shown in Fig. 3. This is not a satidry solution in reducing noise, especially irt we
weather.

Fig. 3. Lubricating point installed in the track.

Usage of bogies with independent wheels on one @xigorobably provided only a partial
solution. Nowadays are developed some new typé&sfk-bogies, which realize radial shooting of
each wheel in track arcs using special mechanimapling. The wheels are not connected by an
axle, so are created the conditions for better \iehaf the bogie when running trough curved
track. An example of such bogie shows Fig 4.

Fig. 4. An example of a new developed bogie.

Potential usage of such bogies would require cosighange vehicle fleet. Complicated
conception of those bogies, as well as constructbrthe traction, would probably require
complicated and expansive maintenance.

3. Theproposed solution

The proposed solution is based on knowledge optbperties of one very specific kind of ralil,
which was used in tight curves on siding of ceraioducers, at the beginning of thé"agentury.
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The track of nominal gauge 1435 mm was speciabdesi to make possible riding of the flange for
wheel, which is situated on the outer side of eackt. The principle of this track shows Fig. 5.

H The nominal track gauge is 1435 mm N

ﬂi | . . | J'I::

— HY

Outer rail profile 1
Inner rail profile

Track radius 30 - 70 m \

<

Fig. 5. The principle of very special kind of rail, usedia¢ beginning of the 20th century.

Thus strongly enlarged difference of rolling rediof the wheels on the same axle allowed
some vehicles to pass trough track arc radius upOtaneters. Construction of such track was
progressed through several innovations. The lasioe even allowed passing of 3-axle engines.
The changeover place between casual track andaspreacik is shown at Fig. 6.

S 5 J nety X
‘”"‘" .m_ i ¥~f »st\- .
Fig. 6. The changeover place between casual track andad;pxmk.
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Operation on this track had some special rulesekample, all couplers must be disconnected,
so the train must be always pushed by the locomo@nly 2-axle wagon with short axle-distance
could be used. The speed limit on the track walsni/.

Based on the information obtained by analyzingsiecial rails, | propose to solve the issue of
passing trams trough arc track of small radiusgusinspecial rails geometry. The special geometry
should to make possible riding of the flange foreefy which is situated on the outer side of arc
track.

Wheel profile Wheel profile
U TRAM DPB TRAM DPB )
560 550 540 530 520 510 500 490 480 470 460 aso MMIOM oo 470 4s0 490 500 s10 520 530 540 550 560
. track axis .
Outer rail profile Inner rail profile

Fig. 7. Contact points function - proposed rail-wheel cohta arc, track radius 18 meters.

Fig. 7 shows the proposed rails geometry. The gaft of the picture shows the rail-wheel
situation on the outer side of arc track. The rigaitt of the picture shows the rail-wheel situation
on the inner side of arc track.

Riding flange of the wheel situated on the ouige ®f arc track causes enlargement of rolling
radius difference by jump. The wheelset tends twuecto the inner rail. Therefore, the geometry of
the inner rail is designed to allow fine tuningtbe wheel rolling radius to the value, which is
needed for passing the track arc without slip betweheel and rail.

For the transition between straight track of currgeometry and sharp curved track of
proposed geometry will be used rails with the vagyprofile according to the arc track radius.

Geometry of the rails is proposed special to wipeefile TRAM-DPB. This solution offers of
the kinematic point of view more advantageous whapassing arc track. It is expected, that the
proposed rail profile will reduce the longitudin@rces in the wheelset guidance by two-third.
Moreover, the proposed rail profile will reduce tbagitudinal forces in rail-wheel contact by one
half. Therefore the wear and noise reduction caeXpected. The proposed solution will be able to
use for the existing vehicle fleet. After wear betcurrent rail in sharp arcs, they can be easy
replaced by newly designed rails.

4. Conclusion

| expect that the newly designed track geometry ltave a significant positive impact on
driving properties of trams in arc tracks with extrely small radius. The use of the proposed track
can minimize noise emission and can reduce wearafathe rail-wheel contact in the arcs with
very small radius. Nowadays is checked the propaséld geometry in the light of driving
dynamics of the vehicle. It should also be aimedaining the transition from straight track of the
current geometry to arc track with newly designedrgetry.

The new proposed rails geometry (Fig. 7) can b&usearc with very small radius. It can’t be
useful in the arcs with casual radius (Radius dkkan 50m). But the currently used wheel profile
TRAM-DPB is nowise suitable for running at currgntised rail profile NT1. It would be
appropriate first to design wheel profile optimiziest running at rail profile NT1. So could be
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solved the wear and noise problem in the arcs @aual radius. The special rail geometry should
be designed in respect of the correct wheel gegmetr
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L ength of weld of welding machine

"Petr Hejma, Frantisek Klimenda,JJan Kampo
Jan Evangelisty Purkyne University, Faculty of Rrcitbn Technology and Management, Department of
Machines and Mechanics, Usti nad Labem, 400 OlnastiLabem, Czech Republic, hejma@fvtm.ujep.cz

Abstract: Some welding robots don't have implemented the aatculation of the length of weld from
welding program enrollment. This is complicates thehno-economic parameters of the welding process.
These calculations have to be made analytically.siaple calculations straight line welds can bedua
linear interpolation. . For complicated welds (evglding of pipes) we must for calculations lengfhweld
used a straight line, circle or curvilinear intdgiimn. This article deals by the calculation afdéh of welds
from enrollment of welding program which is genethby welding robot. For this calculation is ushd t
circular interpolation.

Keywords: Welding robot, Welding program, Straight line, cér interpolations.
1. Introduction

The statistical data of the CNC programs are aroitapt basis for process of optimization.
The software for creations of CNC programs (e.gge€thm) usually consists of a time record of
active motion of tool. From these information, theting speed length can be found. The accuracy
of this length of cut is sufficient for a many aigptions in industry. The different situation ig fo
industrial robots, where these information is oftanking. Determining the length of path of
movement of the industrial robot is sometimes ingoar In most case we are looking for only
coordinate of endpoints (e.g. moving of componérim point A to point B, i.e. coordinates of
these points). In some cases this is an indicatidhe path of length of the end point of the robot
substantial (e.g. a welding robots, where we newdvkthe length of weld). In this case the time of
the weld id recorded (e.g. time of the arc burnirg,from the time function of the electric curren
that is flowing through the welding wire), but tbtaining this information we need installation of
other measurement and evaluation devices.

2. Methodic

The method that is used to obtain the statistia#h drom CNC program of welding is usually
dependent on the type of programming. The prograimgroan be performed by
= absolute method- description of welding program, in which the iios of the robot is
defined by the number of pulses of electric curterthe stepper motors of the individual axes
of the robot. The number of pulses is a direct propnal to the rotation of individual step of
motors
= relative method- description of welding program, in which the ifios of the robot, i.e.
position of TCP (Tool Centre Point - the end of tirelding wire) is assigned to the chosen
coordinate system and is thus defined in Cartes@rdinates. Performing the positional
commands defined in enroliment program the robatrobsystem continuously calculates by
the inverse kinematic.
To obtain the information from welding program weshknow the syntax of welding program.
The methodology has been processed for weldingragnogof firma Yaskawa. To explain this
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procedure for calculating the length of weld, arsipsogram was created (relative programming
method), see Tab. 1. The written program is dividtedetter clarity into three columns.

1. part

2. part

3. part

/NINST

/IIDATE 2015/04/07 11:12
/IIATTR SC,RW,RJ
/IIIFRAME ROBOT
/IIGROUP1 RB1
/IIGROUP2 ST1

NOP

MOVJ C00000 VJ=100.00
VJ=100.00

MOVJ C00001 VJ=100.00
VJ=100.00

MOVJ C00002 VJ=100.00
VJ=100.00

MOVJ C00003 VJ=100.00
VJ=100.00

MOVJ C00004 VJ=100.00
VJ=100.00

MOVJ C00005 VJ=100.00
VJ=100.00

MOVJ C00006 VJ=100.00
VJ=100.00

MOVJ C00007 VJ=100.00
VJ=100.00

MOVJ C00008 VJ=100.00
VJ=100.00

MOVC C00009 V=11.0 +M
VJ=100.00

ARCON

MOVC C00010 V=11.0
VJ=100.00

MOVC C00011 V=11.0
VJ=100.00

MOVC C00012 V=11.0
VJ=100.00

MOVC C00013 V=11.0
VJ=100.00

ARCOF

MOVJ C00014 VJ=100.00
VJ=100.00

MOVJ C00015 VJ=100.00
VJ=100.00

MOVJ C00016 VJ=100.00
VJ=100.00

MOVJ C00017 VJ=100.00
VJ=100.00

MOVJ C00018 VJ=100.00
VJ=100.00

MOVJ C00019 VJ=100.00
VJ=100.00

END

+M

+M

+M

+M

+MOVJ EC00000

+MOVJ EC00001

+MOVJ EC00002

+MOVJ EC00003

+MOVJ EC00004

+MOVJ EC00005

+MOVJ EC00006

+MOVJ EC00007

+MOVJ EC00008

OVJ EC00009

OVJ EC00010

OVJ EC00011

OVJ EC00012

OVJ EC00013

+MOVJ EC00014

+MOVJ EC00015

+MOVJ EC00016

+MOVJ EC00017

+MOVJ EC00018

+MOVJ EC00019

/IIPULSE

EC00000=20553
EC00001=20553
EC00002=20553
EC00003=20553
EC00004=20553
EC00005=20553
EC00006=20553
EC00007=20553
EC00008=20553
EC00009=20553
EC00010=20553
EC00011=20553
EC00012=20553
EC00013=20553
EC00014=20553
EC00015=20553
EC00016=20553
EC00017=20553
EC00018=20553
EC00019=20553

/IIPOSTYPE PULSE

1JOB

/INAME CIRCULAR_INTERPOLATION_REL_2

1/IPOS

/IINPOS 20,0,20,0,0,0

/IITOOL 0

/IIPOSTYPE ROBOT

IIIRECTAN

/IIRCONF 1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,000000
C00000=1320.485,-0.256,640.569,-179.9308,-76.1011713
C00001=1248.964,-428.682,640.569,-179.9308,-76,109.0039
C00002=1152.940,-395.744,163.024,-179.9881,-34,8B89535
C00003=844.994,-878.561,163.024,-179.9881,-34.8889,246
C00004=849.416,-894.798,135.437,174.8237,-23.0630,709
C00005=722.978,-777.705,46.007,174.6902,-1.9965,84%
C00006=759.848,-764.357,50.735,173.3522,7.971638.9
C00007=732.246,-745.796,-9.240,173.3531,7.9725069.9
C00008=724.403,-747.313,-9.239,173.3532,7.972508.9
C00009=720.073,-746.649,-9.263,173.3554,7.97739%.9
C00010=719.792,-748.441,-4.339,173.3549,7.976898.9
C00011=712.982,-756.642,6.695,173.8917,8.0508 528.4

C00012=700.625,-765.761,8.751,173.8909,8.0510,822.9
C00013=687.257,-772.185,-0.699,173.8888,8.0543,493.
C00014=687.259,-780.392,4.102,173.8881,8.0543493.1
C00015=687.259,-761.919,43.384,173.8896,8.0543.488.
C00016=729.610,-814.999,174.885,-175.1420,-4.8981B162
C00017=786.564,-887.214,172.027,-164.8456,-16.3945351
C00018=1231.705,-437.212,417.366,-158.3923,-51,24D3376
C00019=1320.485,-0.256,640.569,-179.9308,-76.1011713

Tab. 1. Writing of welding program.

In the above table are at:

« 1% column - define an instruction written by prograemusing the teach pendant. This code
defines the technological commands. The "ARCONKkea#rthe arc, the command "ARCOF"
extinguishes the arc. The motion command "MOVJiradsf the general movement designed
for rapid traverse, motion command "MOVL" callinget linear interpolation and motion
command "MOVC" calling the circular interpolation

« 2" column - define the machinery codes for exteroaitml axis. In this case is the external
axis, the axis of position.

« 3% column - represent the robot codes of machingris the definition of the position of
robot. This definition differs depending on thelstgf programming (absolute or relative). In
Tab. 1 the positions which determined the coorésare given. The importance of individual
numbers will be explained by the example, highkghtn Tab. 1. The first three numbers
which follow after the symbol ,= express the trangon TPC in the individual axes of
reference coordinate system. The last three numiegresent the TPC rotation about the
individual axes of reference coordinate systemsthin case of absolute program these six
numbers define the number of pulses of electricatent flowing to the individual axes of
step motors.
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All three parts of the welding program (Tab. 1) arerconnected alphanumeric designation
Cvwxyz(wherev, w, X, yandz are whole numbers, e.g. CO0011).

Format of the program was modified by algorithm ethwas implemented in PHP (hypertext
preprocessor) for further calculations. The finstl @he third column were paired, shown in Tab. 1.
To appropriate cells of the table editor were dividee individual numbers. The rows that do not
contribute to the technological commands (instargifor crossing the robot) were removed.

The result of this modification is shown in Fig. 1

A B C D E F G H I

1 Bi B B Rix R Ri

2 |INST MOVC 720,073 -746.649 -0.263 173.3554 7.9775 -8,9394 11
3 WELD ARCON

4 |INST MOVC 719792 -748.441 -4.339 173.3549 7.9768 -8.9399 11
5 |INST MOVC T12.982 -736.642 6.695 173.8917 8.0508 -23.4548 11
6 |INST MOVC 700.625 -765.761 8.751 173.8909 8.051 -56.9822 11
7 |INST MOVC 687.257 -772.185 -0,699 173.8888 8.0545 -92.1418 11
8 WELD ARCOF

9 |INST MOV] 1320.485 -0,256 640,569 -179.931 -76.1011 -0,0713 100

Fig. 1. Dates of welding program who are needed for aisalys

In Fig. 1 the column A defines the character oftringion, column B defines the specific
command. The further specification is listed inurohs C up to |, where columns C up to H define
the position and the column | defines the speeé. dmmand "MOVJ" defines the speed in % of
maximum speed.

The input dates for calculation are the coordinafethe pointsB; = [Biy; Biy; Bi)]. We assume
that we process points, i.eBy,...,B.

For each pair of consecutive points the lengthheflinear interpolation can be determine. For
each set of three of consecutive points the leafjthe circular interpolation can be determine.

Let the lengths of the linear interpolations betwé®e pointsB;, B., be denoted.;, fori = 1,

..., N4, circular interpolations between poilgs B. 1, B2, be denoted, fori = 1, ..., n3 and let
the circular interpolation of the three last poiBts, B.1, B, beon... The calculation for last triad of
points differs by determining the angle, which espond to the circular arc. The total length of the
composed of weld from commands of the circularrpatation is defined as the sum af for
i=1,..., n2. This circular interpolation is from the commahdRCON" to the command
"ARCOF". This article describes the calculation éore weld. To calculate more welds the second
index (e.gj) for identification of individual welds can be ase

Linear interpolation- length between the poirBsandB;.; is given by

Li = \/(B(i+l)x - le )2 + (B(i+1)y -B )2 + (B(i+l)z - B|z)2 fori=1,2..n1 (1)

ly

Circular interpolation— weld which is composed from commands for cinculgerpolation can be
defined byn points, whilen> 3.

The example of weld which is defined by commandsiafular interpolation. It is intended by 5
points — Fig. 2. The weld of points are identifiegt B; up to Bs. We can use the circular
interpolation for interspaces a circle by triplétconsecutive points, if this points do not lie an
straight line.

The default considerationthe pointsB;, Bi+; andBi.;, defines a triangle in space. Finding the
circular circumscribing this triangle and calcubgtithe length of the arc is challenging. The cecul
arc is defined by a circle, specified by poiBtsBi+1 a Bi+2. From pointB; to pointB,., the length of
a circular ara; between point8;, andB;.; (wherei = 1, ..., n3) can be calculated. The length of
circular arcon can be found from the poiB,» to pointB;, (Bn2; Bn1; Br). To determine the length
of the arc we must determine the center and rafiascircle that is passing through the actualghre
points, angle that is corresponding to the circalar, and finally the length of arc. The coordinate
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of the center of lineB;,Bi+; andBi;1,Bi+» can be determine for each set of three consecptiés.
Thereafter we need to determine the direction vedaais of triangleB;,Bi:1,Bi+2. The lines which
correspond to the axes of a triangle can’t be [erai skew lines (because the points of triangle d
not lay on the circle). These lines are intersegcitina single point — center of the search circle.

——X

Fig. 2. Circular interpolation.
Subtracting the coordinates of two points in sgaedfollowing are obtain
0=B..-B=(uu,u,) 2)

V=B, B, =(VX;Vy;VZ) 3)

The planer is defined by the point8;, Bi+; andBi.,. In this plane lies the direction vectors
andv . The normal vecton of planer is expressed by vector product of the directiortamsai and
Y

ﬁ=U><\7:(uyvz—uv UV, — UV, uyVv —uyvx):(nx;ny;nz) (4)

z%yr Mz X'z UxVy
The vectorsiand V form two side of a triangleB(, Bi+1 aBi.2). The coordinate of the center of

these parties are calculated from these two sidesse sides are formed by vediofline B;, Bj+; —
(5)) andv (line B;, Bi+2 — (6)).

B1ix Bi+ x.Bi Bi+ .Biiz Bi+z

S . - ) ( 1) : ()y ( 1))’, ) ( 1) (5)
Bix Bi+ X.Bi Bi+ .Biz Bi+ z

S; - —_ () ( 2) ; ()y ( 2))’, () ( 2) (6)

In this article we are looking a circumscribed k&@rby pointsB;, Bi+1 aBi.,, which is formed a
triangle (the center of the circumscribed cinges lies on the intersection of the axes pages).

The vectorsw, (7) aw, (8) result from the vector product of the normattwrmi and vectors
dandv. The vectorw,is perpendicular on the vectar and vectorw,is perpendicular on the
vectorv. The vectorw, is used as the direction vector of the ljeThis line lies in the planeand

pass through the center of the liBeBi+1 and will be perpendicular to ithe vectorw, is used as

the direction vector of the ling,. This line lies in the planeand passes through the center of the
line B;, Bi+» and is perpendicular to it.

—

W, = (u ,n, —u,n ,un —un,,un —uynx)= (W(l)x;W(l)y;W(l)z) (7)

z'y X 'z

—

W, = (nyvZ -nyv,,nVv, —ny,,nyv, - nyvx) = (W(Z)X;W(Z)Y;W(z)z) (8)

zVyr izVx xVzyixVy

Equation (9) is a parametric equation of a stralgte p; and equation (10) is a parametrical
equation of a straight ling.
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X:S(3;i+l)x+tWV(l)x; y:S(3;i+l +t|3W gy L= 8(3 +t|3W toQ (9)

X= S(B:Hz)x + SDW(Z)X; y= S(B;Hz)y + SDW(Z)Y; Z= S(B;nz)z + SDW(Z)’ std (10)

The coordinate of the lings andp, will be equal in the intersection. The coordinatéshe
center of the circle is obtain by solving these¢hequations (9, 10) with two unknowns These
equations have a single solution. The coordinateth® centerV,; circumscribed circle of the
triangle B, Bi+1 a Bisy) we are determine by substituting the parameterto the parametrical
equation of straight line (9).

Vi =V Vi Ve (11)
The size of the radius of the circumscribing ciislgiven by
R =y(B, V) +(B, -V, ) +(B,-V,)° (12)

Therefore expressing the vectors that are desiggexknterV; and by individual pointshg, hy
for all triplets of except the last ahg, h; for the last triad), the following is obtained

hy = (B, ~Vi:B, -V, B, -V, )= (hy:hyihy,) (13)
h2 = (B(i+1) le’ B(|+1) Vly’ B(|+1)z ) (hZX’ h2y’ h ) (14)
hS = (B(i+2) le’ B(|+2) Vly’ B(|+2)z ) (h3X’ hSy’ h ) (15)

The angley; between two adjacent vectors is given as follovecglar product
h, +h h, +
¢ = arccos hlx 2X hly 2y hlz 2z
Jh2 +h2 +h2 \[h%, + h2y +h%,
h, + +h_h
¢ = arccos hl 3X hl h3 hl 3z
Jh2 +h2 +hZ\h%, +h%, +h,
The length of arc between two adjacent pointses th
0=¢[R (17)

The total length of the weld is composed from commands of circular interpofatidhat is
composed from the command "ARCON" to the commandCAF"

0=3¢,R (18)

e.i.

(16)

3. Solution and discussion

This article has shown the challenges faced whddimgea weld flange to a tube of diameter
48 mm by means of a welding robot. The prograntherwelding robot was shown in Tab. 1. The
coordinate of points which the weld passes werevehm Fig. 1. The length of the weld was
determined by analytical method using the circulggrpolation method that consists of five points.
The fifth point determine the end of the weldingaviThe coordinate of this pointB;(up toBs),
the length of the individual weld arc from whichethveld and total lengtlo of the circular
interpolation are shown in Tab. 2. The accuracythig circular interpolation was subsequently
verified by experimental measured data of the cbnéeof the weld. The midline was created by
finger of the welding robot, where the welding wiras been replaced by a measuring device.
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B; [mm] o, [mm] o [mm]

B, = [720,073; -746,649; -9,263] = 5,261
B,=[719,792; -748,441; -4,339] >

B;=[712,982; -756,642; 6,695] 0, = 15,658 0=54,741

QB IWIN|FP|—

B, = [700,625; -765,761; 8,751] _
Bs= [687,257; -772,185; -0,699] 05 = 33,822

Tab. 2. Calculation of the weld length.

Using this device the circular interpolation lengtias measured at 54,9 mm. By analytical
method the length was given as 54,74 mm. The velairor between the measured and calculate
data was 0,16 mm, meanwhile the absolute errorfovasl at 0,3%.

4. Conclusion

The article describes the proposed methodologgdtmulating the length of the weld, which is
defined by the linear and the circular interpolatioethod. In the CNC program are description the
coordinates of the points, that is defined therpadkation. From the data of the welding program
using the linear and the circular interpolatiore thdividual length of welds are determined. The
basic for the analytical solution of the lengthwadld are the coordination of the individual points.
Therefore we must use the relative method of weglgirogram was used. The above example of
calculation and the experimental solution has g g&od agreement between the calculated and
experimental solutions. If can be concluded thatgioposed method is suitable for determining the
length of the weld from the welding program of thelding robot.
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Abstract. This article discusses the comparison heat trarsfaveen the copper bar and the heat pipe,
which is made of copper and water is distilled vimgkfluid. The significance of this experiment cmhs in
comparing of the heat transfer in two individuaingdes. On the basis of measured and calculatedcdata
be constructed the plot on which we can see therasirof heat transfer between heat pipe and cdygrer

Keywords: Heat pipe, Full copper bar, Heat transfer.

1. Introduction

This paper deals with comparing the heat trandféhe heat pipe and copper bar of the same
diameter and length. Based on measurements oivthedmples we can draw conclusions creating
imaginary material which will have similar propesias thermal heat transfer tube. This imaginary
material we can use for simulation of heat transfstead of heat pipe.

1.1.Heat transfer

The most efficient method of heat transfer is catidn. This mode of heat transfer occurs
when there is a temperature gradient across a bodiis case, the energy is transferred from a
high temperature region to low temperature regioa tb random molecular motion (diffusion).
Conduction occurs similarly in liquids and gaseggigns with greater molecular kinetic energy
will pass their thermal energy to regions with lesslecular energy through direct molecular
collisions. In metals, a significant portion of tinsported thermal energy is also carried by
conduction-band electrons. Different materials haaging abilities to conduct heat [1].

Heat pipes employ evaporative cooling to trandierrhal energy from one point to another by
the evaporation and condensation of a working flwiccoolant. Heat pipes rely on a temperature
difference between the ends of the pipe, and calowar temperatures at either end beyond the
ambient temperature (hence they tend to equalezéethperature within the pipe) [2].

When one end of the heat pipe is heated the wofkindjinside the pipe at that end evaporates
and increases the vapor pressure inside the aafvitie heat pipe. The latent heat of evaporation is
absorbed by the vaporization of the working fliedluces the temperature at the hot end of the pipe
[3].

The vapor pressure over the hot liquid workingdlat the hot end of the pipe is higher than the
equilibrium vapor pressure over the condensing wgrKuid at the cooler end of the pipe, and this
pressure difference drives a rapid mass transfeh@éocondensing end where the excess vapor
condenses, releases its latent heat, and warmsotiieend of the pipe. Non-condensing gases
(caused by contamination for instance) in the vapopede the gas flow and reduce the
effectiveness of the heat pipe, particularly at lewperatures, where vapor pressures are low. The
speed of molecules in a gas is approximately theedpof sound, and in the absence of
noncondensing gases (i.e., if there is only a gase present) this is the upper limit to the vé&joci
with which they could travel in the heat pipe. Iragice, the speed of the vapor through the heat
pipe is limited by the rate of condensation at¢b&l end and far lower than the molecular speed

[4].
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The condensed working fluid then flows back to ti@ end of the pipe. In the case of
vertically oriented heat pipes the fluid may be eub\by the force of gravity. In the case of heat
pipes containing wicks, the fluid is returned bypitary action [5].

2. Copper bar

Copper and copper alloys are widely used in a tsagéproducts that enable and enhance our
everyday lives. They have excellent electrical Hremal conductivities, exhibit good strength and
formability, have outstanding resistance to coonsand fatigue, and are generally non-magnetic.
Pure copper is used extensively for electrical vaine cable, electrical contacts and various other
parts that are required to pass electrical curi@appers and certain brasses, bronzes and copper
nickels are used extensively for automotive radgtbeat exchangers, home heating systems, solar
collectors, and various other applications reqgimapid conduction of heat across or along a metal
section. Because of their outstanding ability téhatand corrosion, coppers, brasses, bronzes and
copper nickels are also used for pipes, valvedi#timys in systems carrying potable water, process
water or other aqueous fluids, and industrial gaddsasurement sample is in figure below
(Fig. 1). The sample consist of copper bar inte0 mm and diameter 18 mm.

Fig. 1. opper bar.

3. Heat pipe

We used a heat pipe to transfer heat from the $mate to the point of consumption of heat
with high efficiency and low temperature differenttds a sealed device in which the net substance
(water) exist in the liquid and the gas phase ptessure below atmospheric pressure (vacuum).
Cleanliness of the working fluid is an importantgaeter for the efficiency of the heat pipe, in
terms of heat transfer. The actual heat pipkeypa! NenaSiel sa Ziaden zdroj odkazoy consists
of evaporation, condensation, and the adiabatitiosecln the evaporator the working fluid is
evaporated at a temperature below normal conditionthe adiabatic section is not exchanged heat
transfer through the ambient area, due to thetisol@f a few working fluid to the wall of the heat
pipe condensation film of condensed working fldid.the condenser the vapor of working fluid
condenses on the walls of the heat pipe, whicrstn@inlatent (condensing) heat through the walls
of the heat pipe to the heat consumption point [6].

Filling of the heat pipe in this experiment is thistilled water. The production process of the
heat pipe consists of the preparation of the madiethe soldering of components, filling the
working fluid and its evaporation to required vokinThe final volume of the working fluid is
about 20% of the total volume of the heat pipe,clwhis about 16 ml of water. This volume has
been established on the basis of previous expetariaat compared the effectiveness of the heat
pipe at various percentages volumes of the worlind. The value 20% of the working fluid in the
heat pipe reached the best results. The diametbedfeat pipe is 18 mm and length 400 mm.
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ADIABATIC SECTION

Fig. 2.Heat pipe.

4. Experimental device

Device of experiment consists of two parts (cases)which the fixed the copper bar or the
heat plpe In F|g 3 IS shown the experlmental crevi

2 —>

> ) ~ -

Fig. 3.Real view on the experimental device in left anldesne of experimental device in right.

A case situated in the upper pafthyba! NenaSiel sa Ziaden zdroj odkazol.ref. 3) is the
part of a cooling device. It is connect to the augpldevice, the cooling medium is water. The water
circulates in a closed circuit between the cootiegice and the case. In the cooling circuit inctide
the safe cases, in which there are devices for umeasthe temperature at entry and exit of water.
In the circuit is included flow meter too that stewapeed of flow of the refrigerant in a closed
circuit. A case situated at the bottom p&hyba! NenaSiel sa Ziaden zdroj odkazol.ref. 2) is
the heating of the device. It is connected to thating device, the working medium is water. In a
closed heater circuit included thermocouples fongerature measurement inlet and outlet water
from the case, flow meter for flow measuremente Thicuit contents a valves that get disconnect
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the heater case when it is need for cooling wild eater, while avoiding the cooling of heating up
the water in the heater circuit. Measured samplesreunted in the cases by caulked joints with
seals, which are not being relaxed, possible leak&gooling or heating of the working fluid.

4.1. Measurement of copper bar

In the figure (Fig. 4), and in the table (Tab., below we can see full process and
measurement values of copper bar. The heated wateabout 70 °C, the cooler water was about
10 °C. In such a flow rate of cooling water, we swead power of copper bar about 60 W. We can
see that the outlet temperature of cooling watstable.

progress of measuring performance - full copper pipe

12 90
13 .‘:.“_n - . J L . - 80
Ty AL YN 70
% g i:"""-li |i i 1il *M",'I.fhfi'l'fli:'l:;t.""f! l.?l_lll"'"l'ﬁ'l.hl_ﬁl!,-ﬁg,Il.pld:‘gf,el'?l ,_?‘-"‘\i:'iyhi .t}.liq""hf_ " lii'{'l’lii_[rllﬂl\l;bﬁ'liﬁ iﬂim’-@.'!,-‘g"?f”f" 60 ,g,
E : i ! = i oy
5 E g a0 %
E. A ,F 30 8
z 3 i 20
i i 10
0 0
0 200 400 600 800 1000 1200 1400 1600
time [s]
——T1 —in {cooling water) [°C] -T2 — out (cooling water) ["C]
——P — power of measured pipe [W]
Fig. 4.Full process of measurement of copper bar.
Temperature of Temperature of
Time step of | heating water | Mass flow of | cooling water Mass flow of | P — power of
measuring heating water cooling water | measured pipg
Inlet Outlet Inlet Outlet
[s] [°Cl [°C] [kg.s] [°C] [°C] [kg.s™] (W]
400 71.83 71.65 0.078078 10.34 10.87 0.026247 58338
500 72.45 71.79 0.077724 10.3p 10.85 0.026247 6338
600 72.58 71.85 0.078694 10.3B 10.84 0.027419 B8%58
700 72.63 71.79 0.078854 10.34 10.85 0.028251 Bast7
800 72.69 71.62 0.078688 10.34 10.84 0.029591 82109
900 72.7 71.36 0.078688 10.34 10.85 0.02842 6038351
1000 72.71 71.06 0.076899 10.35 10.85 0.029591 9820
1100 72.72 70.87 0.078362 10.33 10.85 0.02858¢ 982.3
1200 72.69 70.74 0.078363 10.338 10.84 0.03026 €877
1300 72.66 70.63 0.078365 10.34 10.85 0.028922 0863
1400 72.69 70.61 0.077713 10.36 10.87 0.027919 6689
1500 72.72 70.61 0.077712 10.37 10.88 0.028922 0860
1600 72.7 70.57 0.07755 10.34 10.86 0.029591 69581

Tab. 1.Table of measurement values of copper bar.
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4.2. Measurement of copper bar

In the figure (Fig. 5) and in the tabl€l{yba! Nenasiel sa ziaden zdroj odkazoybelow we
can see full process and measurement values ofpigt The heated water was about 70 °C, the
cooler water was about 10 °C. In such a flow rdteooling water, we measured power of heat pipe
about 500 W. We can see that the outlet temperatunereasing compared to copper bar.

progress of measuring performance - heat pipe

20 600
W |.- | W
s N, >
16 ,f 480
o 14 LJ',* 420
w12 | . —— - )
" 10 300 §
@ |' 2
a 8 240 ©
E | a
86 o 180
4 II 120
2 i 60
0 0
0 200 400 600 800 1000 1200
time [s]
——T1 —in (cooling water) ["C] ——T2 —out (cooling water) ["C]
——P — power of measured pipe [W]
Fig. 5.Full process of measurement of heat pipe.
Temperature of Temperature of
Time step of heating Mass flow of cooling Mass flow of | P — power of
measuring heating water cooling water | measured pip€
Inlet Outlet Inlet Outlet
[s] [°C] [°C] [kg.s’] [°C] [°C] [kg.s”] (W]
100 57.63 51.48 0.06984 10.438 14.11 0.02859 441.34
200 67.58 61.87 0.07012 10.72 14.96 0.02959 526.24
300 70.96 65.85 0.07405 10.87 15.32 0.02674 499.21
400 72.25 67.54 0.07578 11.06 15.60 0.02825 537.89
500 72.77 68.38 0.07462 11.31 15.70 0.02891 532.3¢
600 73.00 68.76 0.07575 11.48 15.69 0.02925 516.4(
700 73.08 68.93 0.07591 11.64 15.82 0.03008 527.33
800 73.12 69.05 0.07591 11.81 15.96 0.03008 523.49
900 73.12 69.07 0.07623 11.94 16.04 0.03041 522.9(
1000 73.09 69.02 0.07542 12.07 16.14 0.03008 513.34
1100 73.07 69.00 0.07575 12.21 16.35 0.03074 533.72
1200 73.03 68.99 0.07575 12.3% 16.32 0.03091 515.86
1300 73.01 68.98 0.07591 12.44 16.18 0.03091 484.74

Tab. 2.Table of measurement values of the heat pipe.
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5. Conclusion

Results of this experiment emerge from heat trardfthe copper bar and of the heat pipe. The
heat pipe have got the better conductive propeasesopper bar. Based on this experiment we can
prepare simulation of heat pipe, when we use atisutes material instead of the heat pipe. The
substitute material shows us the results of thentheconduction of heat pipe.
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Comparing Thermal Conductivity of Heat Pipe and Coper Bar.
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Abstract. This article discusses the comparison the thecoradiuctivity between the copper bar and the heat
pipe, which is made of copper and a working fladhe distilled water. The significance of this exment
consists in comparing the thermal performance af transfer individual samples. On the basis ofsuesd
and calculated data can be constructed the plathich we can design the replacement material, wividh

for the most part with the thermal performancehef heat pipe. Material model that allows us toaegplthe
heat pipe, simplify process of mathematical simafain a computer software ANSYS.

Keywords: Heat pipe, Copper bar, Heat transfer, Thermal gotidty.

1. Introduction

This paper deals with comparing the thermal condiiziof the heat pipe and copper bar of the
same diameter and length. Based on measuremethg ¢fvo samples we can draw conclusions
creating imaginary material which will have similaroperties as thermal heat transfer tube. This
imaginary material we can use for simulation ofthesnsfer instead of heat pipe at.

1.1. Thermal conductivity

Thermal conductivity is a material property thdlstes and how effectively the material is able
to conduct heat. It is the amount of heat per ahttme must pass through the body of per unit of
length was a unit temperature gradient (temperagreglient, that is, the proportion of the
temperature difference at the ends of the rod hadangth of the rod) [1]. It is assumed that the
heat is spreading in one direction. In other wofidgermal diffusivity is power (ie. Heat per unit of
time) which passes every square meter 1 meter fiatke, which one party has a temperature of 1
Kelvin higher than the other. The characteristiit ahthermal conductivity is [W.M.K™] [2].

2. Copper bar

One sample is a copper bar (Fig. 1). The dimessidrsample is length 400 mm and diameter
18 mm. Material is copper because copper is mad by design of heat exchangers. We use the
copper in heating technology, electronics andlIreahs material of coin.

Fig. 1.Copper bar.

-82 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

3. Heat pipe

We used a heat pipe to transfer heat from the $mate to the point of consumption of heat
with high efficiency and low temperature differenttds a sealed device in which the net substance
(water) exist in the liquid and the gas phase ptessure below atmospheric pressure (vacuum).
Cleanliness of the working fluid is an importantgaeter for the efficiency of the heat pipe, in
terms of heat transfer [3]. The actual heat pipbypa! NenaSiel sa Ziaden zdroj odkazoy.
consists of evaporation, condensation, and thébatiasection. In the evaporator the working fluid
is evaporated at a temperature below normal camditiln the adiabatic section is not exchanged
heat transfer through the ambient area, due testtation of a few working fluid to the wall of the
heat pipe condensation film of condensed workingdfl In the condenser the vapor of working
fluid condenses on the walls of the heat pipe, Whiansmit latent (condensing) heat through the
walls of the heat pipe to the heat consumptiontddin

EVAPORATOR ADIABATIC SECTION

Fig. 2.Heat pipe.

Filling of the heat pipe in this experiment is thistilled water. The production process of the
heat pipe consists of the preparation of the nwlietihhe soldering of components, filling the
working fluid and its evaporation to required vokinThe final volume of the working fluid is
about 20% of the total volume of the heat pipe,clvhis about 16 ml of water. This volume has
been established on the basis of previous expetinibat compared the effectiveness of the heat
pipe at various percentages volumes of the worltund. The value 20% of the working fluid in the
heat pipe reached the best results. The diametbedfeat pipe is 18 mm and length 400 mm.

4. Model of simulation

Model consists of three parts: two cases and omglsea(copper bar, heat pipe). The one of two
samples is fixed in two cases. In Fig. 3 is sholmnosition of cases and sample in a reality and in
a scheme.

A case situated in the upper part, is the part obaling device. It is connect to the cooling
device, the cooling medium is water. The waterutates in a closed circuit between the cooling
device and the case. In the cooling circuit inctudee safe cases, in which there are devices for
measuring the temperature at entry and exit of wétethe circuit is included flow meter too that
shows speed of flow of the cooling fluid in a cldg®rcuit. A case situated at the bottom part & th
heating of the device. It is connected to the Ingatlevice, the working medium is water. In a
closed heater circuit included thermocouples fongerature measurement inlet and outlet water
from the case, flow meter for flow measuremente Thicuit contents a valves that get disconnect
the heater case when it is need for cooling willd eater, while avoiding the cooling of heating up
the water in the heater circuit. Measured samplesreunted in the cases by caulked joints with
seals, which are not being relaxed, possible leak&gooling or heating of the working fluid.
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Fig. 3.Real view on the experimental device in left ae of experimental test device in right.
The mesh (Fig. 4) of this model consist of 239 86k, 1 552 487 faces and 1 306 224 nodes.

#

Fig. 4.Mesh of model.

Mains volumes (Fig. 3) are cool water (3) abouf@dn cooling system, hot water (2) about
70 °C in heating system, samples (1) there areerdpgr and heat pipe which is substitute of water
vapour.

5. Results of simulation

Simulation of copper bar get us a result similaaterages measurements values. In Fig. 5 is
shown heat transfer in copper bar. The heat tramafe is low. The simulation of this sample was
realized with tabular values.
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Fig. 5.Heat transfer in copper bar.

In the Fig. 5 we can see the progress of heasfeann copper bar. The main parameter to
influence on the power is called thermal conduttivirrom the thermal conductivity emerge the
thermal resistance.

The Tab. 1 below is shown us the general thermgdesties of copper material.

Property Value Unit
Atomic number 29
Atomic weight 63.54
Density 8920 kg.m
Specific heat 3860 J.Kg
Thermal conductivity 394 W.hK ™

Tab. 1.Thermal properties of copper material.
The Tab. 2 is shown measurement values of comranlthast experiment.

Time step | Temperature ¢ | Mass flow of| Temperature o | Mass flow | P — power of
of Inlet Outlel | heating wate | Inlet | Outlei | of cooling measure
[s] [°C] [°C] [kg.<] [°C] [°C] [kg.s7] (W]

40C 7183 | 7165 0.078(8 1034 | 1087 0.02625 58.37
50C 7245 | 7179 0.0777: 1032 | 108t 0.02625 5839
60C 7258 | 7185 0.0786¢ 1033 | 1084 0.027£2 5869
70C 7263 | 71.79 0.0788¢ 1034 | 108t 0.0282¢ 6048
80C 7269 | 7162 0.078¢€9 1034 | 1084 0.0295¢ 62.10
90C 7270 | 71.3€ 0.078€9 1034 | 108t 0.0284: 60.84
100(¢ 7271 | 71.0€ 0.07€9C 1035 | 108t% 0.0295¢ 62.10
110(¢ 7272 | 70.87 0.0783¢ 1033 | 108t& 0.02859 62.39
120(¢ 7269 | 70.74 0.0783¢ 1033 | 1084 0.0302¢ 64.77
130(¢ 7266 | 70.63 0.078%7 1034 | 108t 0.0289: 6191
140(¢ 7269 | 70.61 0.07771 103€ | 1087 0.027<2 59.76
150( 7272 | 7061 0.07771 1037 | 1088 0.0289: 6191
160( 72.7 70.57 0.0775¢ 1034 | 108€ 0.0295¢ 64.58

Tab. 2.Measurement values of copper bar

Simulation of heat pipe was in progress of more thiae steps. One parameter was changed in
every step. The parameter is called thermal conduyctlt begin at value 500 [W.thK™] and
continue in 2500, 5000, 10000, 15000, 20000, 2580000, 40000, 45000, 50000 [W'rK™).
Based on this simulation is substitution (imaginanaterial instead of heat pipe. The material is
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water-vapour. The water-vapour exist in heat pipi@ action of heat transfer between the ends of
sample.

In the Fig. 6 we can see the heat transfer of pipatwith different thermal conductivity. Here
is shown the intensity of heat transfer. With imsed thermal conductivity rate of heat transfer
grows.

8 thermal conductivity thermal conductivity thermal conductivity thermal conductivity thermal conductivity thermal conductivity
14 500 WimK 2500 WimK 5000 W/imK 10000 W/mK. ~ 20000 WimK 40000 W/imK

[[HEKE

Fig. 6.Heat transfer at different thermal conductivity.

Power pipes of mathematical calculations
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400
= 350
=3
o 300
z
& 250
200
150
100
50
. l
500 2500 5000 10000 15000 20000 25000 30000 40000 45000 50000

thermal conductivity [W/mK]
Fig. 7.Depend the thermal conductivity on power of hepepi
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In Fig. 7 we can see depend of thermal condugtimit power of heat pipe. The values are
compute with simulation software ANSYS. With incsed thermal conductivity grows the heat
transfer. As the substitute (imaginary) materiadtéiad of the heat pipe was water-vapor. We
changed one parameter which is called thermal adiwly. At value of thermal conductivity
50 000 [W.n".K™] is the power of heat pipe about 480 [W]. The eatif power is similar as the
measurement value in Tab. 3.

Time step| Temperature of Mass flow of Temperature of Mass flow of P — power of
of , heating heating wate cooling cooling water megsured
measuring| Inlet | Outlet Inlet | Outlef] pipe
[s] [°C] | [°C] (kg.s-1] [°Cl | [°C] [kg.s-1] W]
100 57.63| 51.48 0.06984 1043 14411 0.02859 441.35
200 67.58| 61.87 0.07012 10.72  14.p6 0.02959 526.24
300 70.96| 65.85 0.07405 10.87 15.32 0.02674 499.20
400 72.25| 67.54 0.07578 11.06 15.50 0.02825 537.89
500 72.77| 68.39 0.07462 11.31  15.70 0.02891 532.36
600 73.00| 68.76 0.07575 11.48 15.59 0.02925 516.40
700 73.08| 68.93 0.07591 11.64 15.82 003008 527.33
800 73.12| 69.08 0.07591 11.81 15.06 0.03008 523.49
900 73.12| 69.07 0.07623 11.94 16.04 0.03041 522.90
1000 73.09] 69.07 0.07542 12.07 1614 0.03008 513.34
1100 73.07] 69.0( 0.07575 12.21 1685 0.03074 533.72
1200 73.03] 68.99 0.07575 12.34 16.32 0.03091 515.86
1300 73.01] 68.99 0.07591 12.44 1618 0.03091 484.14

Tab. 3.Measurement values of heat pipe.

6. Conclusion

At this simulation, we determine a possibility obstitution of heat pipe with another material
with changed of some parameter. We have approxdrtateeal conditions of real heat pipe. This
simulation is valid only for specific heat pipe, sl is overwritten upper in section 3. This
simulation is steady time. The new transient tilngugation is in progress now.
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Abstract. Several aspects affecting the production of paldie. One of the greatest impacts is combustion
air volume and it's division into primary and sedary part. The article describes experimental agvic
where it was investigated effect of combustion\aitume on particulate matters production, measuring
method, measured and analysed achieved results.

Keywords: Particulate matter, Wood pellets, Combustion.

1. Introduction

Air quality significantly affects the status of threnvironment, human health, as well as
individual ecosystems. The biggest problem in aglidy at present represents pollution particulate
matter (PM). Significantly to this contributes comstion biomass, although most particulate
pollutants come from transport. One of the maindatons affecting the combustion process is an
adequate supply. If we bring in a large numberushdce air temperature drops unburned gases
escape and therefore of the energy escapes uee Hupply is insufficient, there is no burning of
volatile matter and combustion is complete.

2. Measurement

Use The basic task of emission measurement istésrdime the mass concentration pollutants.
Measured weights laid pollutant concentrationsiaréhe range from several [mg «Jhnto several
[gm®]. Each measurement must always consists of a sstatnditions in cross-section
measurements, determination of the main componenthe exhaust gas, determine the total
volumetric flow rate and determine the median cotregion of fluid in the gas stream. As the
measurement method was used gravimetric methoahwsia manual single method of sampling
probe of the gas flow. It is based on the Mean entrations of the collection of one or more points
of the cross section, followed by gravimetric meament evaluation. Solid additives are shed in an
external filter. Representative sample is transférsample probe suitable shape and the correct
speed according to isokinetic conditions:

W, =W - C; =G (1)

This equation sets out the requirement that theoBagirate was in the weIIheads,y{/m.s'l] the
same as the speed [m.s'] gas flow, then the concentration of the wellhead[g.m] exhaust
flow is equal to the concentration in the strean{gom?]. Isokinetic conditions are achieved by
controlling.

The aim was to analyse measurements of particodatéer from the combustion of wood
pellets in various stoppage primary and secondaryieasurement was implemented in the boiler
with nominal output 25kW. This is an automatic boivith automatic ignition hot. Screw conveyor
transports fuel from the hopper to the burner, fengnly spread over the surface grid provides
diffuser. The air required for combustion is sueglby fan, primary air is supplied to the fuel jsin
in the grate, and secondary air is fed to the bunoes in the rear wall of the burner. Flow of the
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flue gas through the heat exchanger, where isfeapd heat to the heating water. Cooled exhaust
gases going up the chimney outlet port. The teethmparameters of the furnace are shown in chart.
The measurement was implemented at various stopgpagary and secondary air.

Samples were collected sample probe directly ftboenchimney. For separation of PM10
and PM2.5 was used a three-stage separator MS@ktorpdesigned for filtration and separation
particulate emissions directly in the chimney. Tdmnpact design allows the combined current
separation of PM10 and PM2.5. The bottom of thelérols placed on a membrane filter diameter
47 mm. We used wood pellets as fuel with a diameté& cm, a bulk density of 650 kg fand
calorific 17.5MJ.kg-

Automatic boiler Verner A251LS (Fig. 1 and Tab.allpws you to change the fan speed in
the range from 1 to 7 degree. Prior to measuremein experimental boiler measured mass flows
of air at various stoppage primary and secondaryaai and individual levels. Tab. 2 shows the
mass flow of air at various fan stoppage extensemesthe primary and secondary air from the
manufacturer, which was the primary and secondarpent to eject 6.8 cm to 3.1 cm.

Rated power 25 kW

Efficiency 92%

Water tank capacity 851
Hopper 240 |

Volume ashtray 181

Flue gases temperature at rated powgr 160 °g
Fuel consumption at rated power 5.8 Kg.h

Emission class 3
Efficiency class 3

Tab. 1. Technical parameters of the boiler.

Fig. 1. Boiler Verner A251LS.
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fan primary ?ir secundarly air total ai{

[kg.hod™] [kg.hod"] [kg.hod™]

1 27.82 2.68 30.50
2 20.92 2.02 22.95
3 68.84 8.20 77.05
4 91.68 12.95 104.63
5 104.16 15.19 119.36
6 120.29 18.22 138.52
7 138.05 21.67 159.72

Tab. 2. Measured values of mass flow.

For quality evaluation of combustion process was@at of flue gases measured by flue gases
analyser ABB AO 2020 (Fig. 2). Advice is assignedamalysis of gaseous pollutants. Gas offtake
is one point with inox probe. On inlet of the sampd the offtake pipe is in preserved box heated
ceramic filter, captured mechanical dirtiness. Sangontinues by offtake pipe to the measuring
system. Pipe is heated for noncondensing of theksarkleasured gas is leaded to the refrigerator.
In the next step is gas leaded through the valmddiders to the analyser. Analyser ABB AO 2020
is set according the requirements and the natuneeasurement. In the case of emission measuring
from wood combustion in the fireplace stoves wesedu measuring advices URAS 26 and
MAGNOS 206. For a more accurate analysis of emisaind power parameters of the individual
settings of intake air into the pellet burner wawags measured circa 120 min. During the
combustion process of one fuel portion was recottledollowing values: ambient temperaturg T
[°C],chimney pressurexdPa], flue gases temperaturg [FC], outlet water temperature from the
boiler [°C], inlet water temperature to the boite[°C], volume flow of heatchange.Q[m?h],
speed of inlet air to the burner [M]stemperature of inlet air to the burner [°C]nstitution of
flue gases : oxygen %], carbon dioxide C®[%], carbon monoxide CO [ppm], nitrogen oxide
NOx [ppm], sulphur dioxide Sgppm].

Fig. 2. Emissions analyser (ABB).

Samples for analysis of particulate matters (PMYyewsampled disposable by probe of
TECCORA Company, directly from the chimney. Foragion of the particles PM10 (particulate
matters in range from 2om to 10um) and PM2.5 (particulate matters smaller thanp2rh was
used three- stage separation impactor MSSI interfiolediltration and separation of particulate
matter directly in the chimney. Combined compadigie allows simultaneous separation of PM10
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and PM2.5. At the bottom is placed holder for meambrfilter diameter of 47 mm. Measurements
were carried out at various fan stoppage.

temperature sensor
particulate measurement
emision measurement
sensor chimney draft

isolated chimney

@ temperature sensor

boiler

flow meter

temperature sensor circulation
pump

Fig. 3. Scheme experimental measurement.

In experimental measurements of the boiler outpget to half (Fig. 3). During measurements
were recorded at 20 second intervals on the emissembient temperature, exhaust temperature,
fuel loss. Interval measurement itself was 30miasd&l on measurements of the mass flow of
primary and secondary air entering the combustiootgss in a small heat source is used to
manually overfill fan heat source on values: 18,8uring the measurement of performance and
emission parameters of the extensions are faro#Hetinsufficient supply of air for the combustion
process, and therefore used as 3,6,7 The settmy$e picture we can see tar No.2 established the

| impactor that created the extensions are wortiNthé fan, respectivelythe minimum speed (Fig.
4).

Fig. 4. Tar established the impactor.

3. Theevaluation of measurement

Use The basic task of emission measurement istésrdime the mass concentration pollutants.
Measured weights laid pollutant concentrationsmtbe range

On the first graph (Fig. 5) is showed selected ne¢dmm one measurement running during 30
min., and effect of combustion at fan setting oeesp number 3 on production of individual
pollutants and power of small heat source. Fromrtimning is possible to observe a significant
increasing of all pollutants during fuel meteringrh the screw feeder to the combustion chamber,
while at the same time decreased power. This phenom can be observed in all realized
combination of primary and secondary mass flow micg to the combustion process.
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From the perspective of the average values of eagtbination in primary and secondary mass
flow changes can be observed a considerable effecombustion air amount on combustion
quality (Fig. 6, 7). From the perspective of powgethe best setting of fan (primary and secondary
air setting) on value No 6. Then the experimentahlsheat source achieves the best efficiency and
performance (Fig. 6).

60

50

40

30 m performance [KW]

m efficiency [%]

20

10 -

o -
fan 3 fan fan 7

Fig. 6. Performance and efficiency.

45 +

40

35 9

30

B fan3
25 +

B fan 6
20

fan 7
15

10 4

5

o} T T
PM>10 PM10-2,5 PM<2,5

Fig. 7. Production of particulate matter.

If we look on the analysis of measured data from depect of particulate matter (Fig.8), is
possible to observe similar process of particutaédters (PM) production with the same variant of
combustion like in the previous analysis. From aélspect of PM production we accord least mass
number of PM in range 10m and more. Similar results were recorded alsoPMlO particles,
which are in the range of 24an to 10um. Surprisingly was found, that at the combustién o
ecological fuels from biomass are most producedlestgarticles PM, which are most dangerous
for the human body. PM 2.5 are smaller thanu2rb In terms of redistribution and intensity on the
formation of PM particles from burning biomass Ire tprocess, we observe an increase in the
formation of PM at pinching inlet air, or fan sagis on value 3. The biggest effect of combustion
air pinching was on the creation of PM2.5. Formatb particles larger than PM10 and PM10 was
in all variants redistribution and intensity of couastion air into the combustion process
approximately the same.
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4. Conclusion

From previously conducted preliminary analyses skimat even a slight interference with the
process combustion in a small heat source usingrstipctures intensity entering primary and
secondary air can fundamentally affect the qualitgombustion and emission performance terms.
From these introductory analyses is observed sogmf fluctuation of pollutants production,
dangerous for the human health, produced from tmbastion process at incorrect setting of
primary and secondary air. From this perspectivémportant to deal with redistribution and
intensity of combustion air and its effect on comstilmn process, with which we will interest in the
next experiments.
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Modelling and Simulations of Dynamics
of the L ow-floor Tramcar with Independently Rotating Wheels
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Abstract. The article is devoted to the analysis of humésgaulation results of the tramcar dynamics. It
presents the mathematical model of the one seofitime low-floor tram with the bogie with indepemdy
rotating wheels. The simulations were performedediog to different scenarios, connected with taek
geometry, which seem to be dangerous for the trafm\dour e.g.: curving, gauge narrowing, track
buckling, etc. Special attention was paid on whésdksral displacement and forces occurring in atinté
wheels and rails. The simulation results reveatanttaristic features of such an unconventionalesysbf

the tram, which can oftenly demonstrate dynamiassictered worse than in the conventional case of the
tramcar.

Keywords: Low-floor tramcar, Independently rotating wheels.

1. Introduction

Currently, the demand of the urban transport prergicbn the modern tramcars leads designers
to the new point of view on the tramcar construttidowever, the realization of the goal which is a
constant improvement of the passengers comfort ataba fulfilled further. The reason is a
construction of the bogies, which makes the intotidm of 100% low floor impossible. The
researchers adjust to new design requirements aalyse the unconventional wheelsets with
independently rotating wheels.

In this study there was made an attempt of dewvedop of the model of unconventional bogie
in the tramcar section. As the characteristic fiemwf the dynamics of such a wheelsets are still n
well known, several simulations were performed riden to recognize the behaviour of the system.
The results of simulations were analysed and génerelusions derived.

1.1. Literature Background

Studies on the concept of independently rotatimgels have concentrated generally on the
steering strategies of running gear that could awee the drawbacks of IRW bogie design.
Positions [1, 2, 3] deal with the active control thie wheelsets, paper [4] surveys various
possibilities of its control. Goodall in [5] pregsrexperimental approach on torque control of IRW
wheelsets. Paper [6] deals with the linear model bbgie with independently rotating wheels and
paper [7] with comparison of mathematical modellmigboth conventional and unconventional
bogies.

2. Modd

The three dimensional model of tramcar dynamics eaassidered in all cases of simulations.
The one section of the tramcar has 20 degreesefidm and consists of four rigid bodies which
are:

= car body, which has 6 degrees of freedom,
= bogie frame body, which has 6 degrees of freedom,
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= two wheelsets with independently rotating wheelsciinas 4 degrees of freedom each.
The section of the tramcar with marked degreeseafdom of car body is presented in Fig. 1.

Fig. 1. Tramcar section scheme with degrees of freedaotieotar body.

The unconventional wheelset with independently tiogawheels has a cranked axle which
allows to lower the floor in the whole tramcar inspace. Such a wheelset has wheels mounted on
the common axle with the use of bearing system hvbitables independent rotation of wheels. In
this case, the wheelset has 4 degrees of freeddnisagsible in Fig. 2a. The analysis of dynamics
of the wheelset is limited to the motion in a hontal plane. Whole model of the bogie has 14
degrees of freedom and it is symmetric respectawix as it is captured in the Fig. 2b.

Fig. 2. a) the wheelset model b) the bogie model withtielmlamping elements marked.

Bodies are connected with the elastic and damgemgents which have linear characteristics.

The vehicle’s motion is investigated in the nonriia frame connected with the centreline of a
track. The Fastsim procedure was involved in theerical calculations. However, the procedure
had to be modified in terms of creepages form, eeaf the free rolling of the wheels. For that
reason, the longitudinal creepage was assumed Eeeowheels used for the simulations were Ri60
type and rail profiles were typical grooved tramviiaack rails.

3. Simulation study

Fig. 3 presents three different track geometriesimed for the simulations.

TTTT1

Fig. 3. Tracks taken for the simulations: a) steady cigdhbuckled track c) track with lateral misaligmme
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Fig. 3a presents track in the steady curving caskitais modelled as a quarter of the circle
with straight entrance and exit, Fig. 3b pictureskbed track modelled as half of the sinusoid of
50 cm amplitude and long 10 m and Fig. 3c a traithk lateral sinusoidal misalignment of 1 cm and
2 cm amplitude of right rail long 5 m. Simulationsre performed according to different velocities
and track parameters.

Fig. 4 presents lateral displacement of the whéslsentre of mass during the ride on the
curve (Fig. 3a) with velocity of 20 km/h. It compartwo curves of different radius: 20 and 50 m.

Comparison of the lateral displacement of the wheelset during the ride on the curve,

s x10°3 velocity V = 20 km/h, radius 20 m and 50 m
‘ ‘ ---R=20m
_—R:SU m|

Displacement of the mass centre of wheelset [m]

1 1 Il 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80 90 100
distance [m]

Fig. 4. Lateral displacement of the wheelset during teady curving; 20 and 50 m radius, 20 km/h.

The wheelset displaces faster to the maximal mositn the tighter curve than on the curve of
50 m radius. The maximal position means the pasitiben the wheel flange is in contact with the
rail. In both cases such situation occurs. Aftetimy the curve the wheelsets remain displaced. The
centre of the wheelset mass does not return togheal position on the track. Fig. 5 shows the yaw
angle of the wheelset in the same case of the seekario.

Comparison of the yaw angle of the wheelset during the ride on the curve,

1 x103 velocity V = 20 km/h, radius 20 m and 50 m
| ‘ ' ’----R=20 m
—R=50m |

o
]

o
]

°
&

o
¥
T

o

-0.2}

-0.4

Yaw angle of the wheelset [rad]

a1l I 1 I 1 I
0 20 40 60 80 100 120
distance [m]

Fig. 5. Yaw angle of the wheelset during the steady cgrv2® and 50 m radius, 20 km/h.

It is shown, that independently rotating wheels @bets have the ability of radial positioning,
because the yaw angle stabilizes on the zero \hltiag the ride on the curve. The comparison of
wheelset lateral displacement on the curve of S@aius in two cases of velocity is shown in Fig.
6. It reveals the same features which is slow alglup to the flange, remaining of the flange in
the constant contact with the rail and no self+egtability.
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Comparison of the lateral displacement of the wheelset during the ride on the curve,
5 X103 radius 50 m, velocity V = 20 km/h and 40 km/h,
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Fig. 6. Lateral displacement of the wheelset during teady curving; 50 m radius, 20 and 40 km/h

Fig. 7 presents the lateral forces in the areaootact between the wheel and rail during the
ride on the curve of 50 m radius with the veloafyl0 km/h. The graph compares forces on the left
and right side of the wheelset.

Comparison of the lateral contact force during the ride on the curve on left and right wheel,

x10% radius 50 m, velocity V = 40 km/h
1 T T T oft
—le
right

05 -
Z of 1
@
2
: !
g |
S.0.5- “ -
13
3 | W
o

-1.5+ -

-2 1 1 I
0 20 40 60 80 100 120 140
distance [m]

Fig. 7. Lateral contact forces on the left and right witheing the steady curving; 50 m radius, 40 km/h.

When the tramcar turns right on the curve, thadt®rces in the outer wheel area of contact
are about 1.4 kN and in the inner wheel area oftaminare about 0.15 kN. Forces have the
oscillating character around these values becdube dlange-rail contact on the curve.

Next interesting features of such a wheelset apipetite simulation results of the ride on the
buckled track. As it is visible in Fig. 8, the wiheats perform distinctly different motion in thesea
of velocity of 40 km/h and 60 km/h. When the velpas 40 km/h, the wheelset has smaller
displacements on the buckled section of the traek 60 km/h case. After exiting to the straight
track the wheelset which rides with the 40 km/hrapphes shortly the centreline of the track and
then returns to the previous position. When the vdlocity is 60 km/h, the wheelset after exiting
the buckled section passes the centreline and tAkesraximum position on the other side of the
track and does not return to the centre.
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Comparison of the lateral displacement of the wheelset during the ride on the buckled track,

X103 velocity V = 40 km/h and 60 km/h
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Fig. 8. Lateral displacement of the wheelset during te an the buckling; 40 and 60 km/h.

Fig. 9 presents the lateral forces in the are@fbfand right wheel contact with the rail during
the ride on the buckled track. When the velocitgdgsial to 40 km/h, the forces are approximately
equal to 1.2 kN on the entrance and exit from thekled section.

Comparison of the the lateral contact force during the ride on the buckled track
x10% on left and right wheel, velocity V = 40 km/h
| T T

1.5

, Contact force [N]

-1.5 1 1

1 1 |
0 10 20 30 40 50 60
distance [m]

Fig. 9. Lateral contact forces on the left and right widheing the ride on the buckling; 40 km/h.

The simulation results have also shown, that whenvelocity increases to 60 km/h, the lateral
forces values are 5 times bigger than in 40 kmA&eckig. 10 presents lateral displacement of the
wheelset on the last type of the track, which tsaak with the lateral misalignment of one of the
rails. This graph compares the answer of the IRVeldets on the misalignment of different
amplitude — 1 cm and 2 cm. The ride velocity isstant and equal to 20 km/h. This scenario shows
strong influence of misalignment on lateral motwinthe wheelset. The system nearly does not
notice the 1 cm amplitude misalignment, what catr@obbserved in case of 2 cm amplitude. In this
case, the lateral displacements of the wheelseinareasing till the flange-rail contact and then
decrease towards the centreline of the track.
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Comparison of the lateral displacement of the wheelset during the ride on the track with
x10°3 lateral misalignment of 1 cm and 2 cm ampiltude, velocity V = 20 km/h

2 T T T T T T
——-1cm mis.
——2cmmis.

Dis?lacemelnt of the wheelset [m]

-

=51 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 20
distance [m]

Fig. 10. Lateral displacement of the wheelset during tbe tiack with lateral misalignment; 1 and 2 cm ar@f.km/h.

4. Conclusion

The paper presents examples of simulation resiltiseolow floor tramcar motion performed
according to different scenarios. Analysis of thsults focuses on the lateral displacements of the
wheelset’s centre of mass, yaw angle of the wheetsel lateral forces in the area of wheel and ralil
contact. The numerical model have shown that neeelglet type requires modified mathematical
model of contact what mainly involves form of theepages. Various simulations were performed
for real wheel and rail profiles and different tageometries and revealed the characteristic
features of independently rotating wheels bogieicivtare: no self-centring ability, easy radial
positioning, long contact of the flange with thd.r&he scenarios of the ride on the buckled track
and track with lateral misalignment give an insighthow strong influence on the bogie motion has
the ride velocity and size of the irregularity. Tiesponses of the system are hardly predictable.
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Effect of high temperature on the perfor mance parameters
gravitational heat pipe, filled with different working medium
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Abstract. The paper presents the results of performancesygteat pipe filled with three different working
substances: water, alcohol and oil. Power heat\wgmemeasured at high temperatures ranging froriCL60
to 480°C. This paper describes the experimentalsorement of performance parameters and wiring
diagram.

Keywords: Gravitational heat pipe, Performance parametegh témperature.

1. Introduction

In the area of research and development in theggrsector are now people focus not only on
the development of alternative fuels, reducing emiss and attracting new sources of energy, but
also for efficient heat transfer, whether for coglivarious components in electrical engineering,
computer science, engineering or in the recovenyadte heating and transport of heat in heating
[1, 2].

Heat pipes are precisely such equipment heat #anshile maintaining low temperature
differences. Therefore, the development and opétion of the key to greater efficiency and
broader application of heat pipes [3]. The advamtathe heat pipe is that even in the smallerssize
can transmit high heat output, while its constauttis simple with a long life, reliability and
durability [4].

2. Theoretical analysisof gravitational heat pipes

Construction of gravity heat pipe is the simplestl @lso the principle is the basis for other
types. A heat pipe consists of a closed outer simella working fluid provided within the tube. The
tube operates in a vertical or slightly inclinedspion with the coupling portion located always
above the evaporation portion. The evaporatiorhefworking fluid evaporates and condenses the
condensation part. The condensate then runs tevhgoration of the force of gravity along the
smooth inner wall [5, 6]. The transferred heat fldepends on the thermal resistance of the liquid
film on the wall of the condensation part. The eotroperation of the tube is conditioned in such a
dosage amount of working fluid, in the range ofrapjag parameters to avoid insufficient wetting
of the surface evaporation and thus decreasedrpafwe. Conversely, too much excess liquid in
the vapor of boiling results in the release of éasteam bubbles form when the shock phenomena.
Heat transfer between the vapor phase of the wgrRind and the inner wall of the tube is
particularly influenced by the character of flowthe falling film of liquid.
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GRAVITY HEAT PIPE STRUCTURE
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Fig. 1. Function of gravitation heat pigbttp://mww.ogj.com/content/dam/ogj/print-articles/\VVolume%20111/mar-
4/71303040GJdhu01.jpg).

3. Proposal for measuring equipment

The equipment (Fig. 2) was designed and constrigtidtiat the detection performance of heat
pipe in the simplest and safest. The actual detetioin of the performance of the heat pipe is
based on the difference the input and output teatpess of the cooling water passing through the
cooling device located on the condensation patti@heat pipe.

Cooler ~ Flow meter
\ g Cooler IN
t 3|
N e ‘/’/ Cooler OUT
= =) §‘ /// |:| | Cooling thermostat
| PC
Heat pipe —= /
s T ”/
| Te—
Heater L
_h“**——hh_______ —
I:l ——————— — —3 o D
_ ——
— b T :::I ff'
ot £
| — O |
T [ f-r: \ /
Logger Power source
——1 | T

Fig. 2. Schematic diagram of the measuring device fod#tection performance of the heat pipe.
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Fig. 3. The measuring device for the detection performariicke heat pipe.

4. Measurement procedure

Heat pipes of internal diameter 10 mm and a lel§th00 mm were filled with the working
fluid into 20% of its capacity. Measurements weagried out on the heat pipe filled with three
working substances: heat transfer oil Mol Thernl distilled water and 98% alcohol. Heated part
of the heat pipe was placed in the heating elemadtthe condensing portion was placed in a
cooling. The individual tubes were exposed to thadkerent heat through at 160°C, 320°C and
480°C and at these temperatures were recorded reeasnis. The measurement was repeated
three times on each tube, to check the results.

After placing the tube into the measuring devicey.(B), we set the source voltage 40V and
1.1A current. Thus, we set the parameters allovethihutes to equilibrate and then we started by
measuring exchanges and computer record measuheelsvahe body after stabilization of the
treated tube at 160°C. Computer us every 10 secamésord of temperature at the inlet of the
cooling and temperature in the extract. Coolingigment we set the required 15°C. After 10
minutes, the measurement and recording of dataolt@ge Power supply current increased and set
to 80V and 2.3A. In this setting, the heating elatadter stabilization, treated the heater portbn
the tube temperature of 320°C. Measurement andngritalues for this setting also lasted 10
minutes. The third and final change in the settirihe increase in voltage 120V and current to
3.5A. Again, the 10-minute stabilization followeg¢ B 10 minute measuring and logging values.
This setting was able to develop a radiator tentpezad80°C

120

100
80
60

40

Performance [W]

20

Temperature 160°C

mdestilled water  ®W98% alcohol ™ oil Mol Thermol 68

Fig. 4. Power heat pipes at 160°C.
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Fig. 5. Power heat pipes at 320°C.
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Fig. 6. Power heat pipes at 480°C.

5. Conclusion

When using heat pipe filled with oil and set at ¥2dhd 3.5A occurred during the temperature
rise in the destruction of the heat pipe at the @nithe tin solder (Fig. 4). The measured heahat t
time of destruction was 327°C. This phenomenorepeated at the same temperature, in a further
tube. The oil in the tube and evaporated under-tabeould not function properly and cooling off.
Nonevaporated and heated oil thus causing desirutti solder.

The calculated performance of the tubes are shagyhgcally in Fig. 5, 6, 7 and graphs shows
that TT-filled spirit achieve the greatest resultee aim of the measurements was to test the life
and performance of gravitational copper heat ptgeehigh temperatures which are reached in the
industry (e.g. industrial furnaces, zinc, foundriesc.). To measure the performance has been

verified that the heat transfer oil Mol Thermol B8not suitable as the operating medium used in
the heat pipe at high temperatures.
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Fig. 7. The destruction of the heat pipe using oil - wogkmedium.
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Abstract. Motor traffic ranks among the main sources ofpaitution in urban regions. It turns out that dust
particles, especially particles smaller than @1, may be the most significant in terms of heattnt the
whole range of pollutants, e.g. exhaust gasessaims of brake pads, car paint abrasions or tyrasains,
produced by vehicles. The performed experimentsted| to abrasion of brake pads, and indicated that
particles smaller than 100 nm are released in ithéNanoparticles settle very slowly and remairthie air

for a long time, which significantly contributesa pollution in areas with high density of traffiThe size

of particles and its composition are related taeptél effects of the particles on health and pgmednealth
hazards. The aim of the work is to determine nuraérconcentrations and perform chemical analyses of
individual emission fractions from the testing dymaneter of frictional properties of automotive keak
pads.

Keywords: Pollutants, Brake pads, Dynamometer.

1. Introduction

People have always been exposed to particles, anidgoto the evolutionary process,
we adapted to the environment we developed in. May& human organism is because of the
quick technical development exposed to either paefadly or unintentionally produced
nanoparticles (particles of 1 nm to 100 nm), withickh human body is incapable of dealing with [1,
2].

Sources producing nanoparticles, i.e. Ultra Findi®as (UFP), can be divided into natural
and anthropogenic. Natural sources of nanoparteiedor example volcanic activity, sandstorms
or soil erosion. Anthropogenic sources of UFP, pritg within urban areas, are local combustion
chambers, industry and traffic [3].

Nanoparticles are typical for their very slow seéitation of submicron fractions that remain
in the air for a very long time. Nanoparticles atsgnificantly contribute to air pollution in areas
with high density of traffic, e.g. in Moravian Ssilean Region, and may enter human organism via
airways, and thus endanger general state of héaitlthat reason, the risk arising from inhalatlona
exposition of human body to these materials, toctvtieavy metals can be bond, considerably
increases. The size of particles and its compasdiso negatively influence state of human health
and possible health hazards [4]. There are metaldiments that are released to the environment
during braking, which are given off from brake paBsake pads are composed of iron, barium,
copper, aluminium, zinc, tin, lead and other meiéls It is impossible to eliminate or degrade
heavy metals from the environment. We can onlyugtiice the quantitative component of their
occurrence in the environment, provided that the@is anthropogenic. Harmful effect of heavy
metals cannot be unequivocally classified for eawtal as they themselves are part of human
organism. Metals in the form of nanoparticles maypain in the air for quite a long period of time
and are able to transport themselves through coemtserof the environment. Some of the heavy
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metals and their compounds cause dysfunction obdblfmrmation, damage to nervous system
or damages of internal organs [6, 7, 8].

Interest in potential effect of heavy metals on hamhealth and the environment
had been increasing recently. Some studies sugugsinetals from vehicles have negative effects
on the environment, however, we must not ignoreithgact of other sources too (e.g. exhaust
gases and tire wear. Other studies described gféédirake pad metals on water quality [9].

Even though it is typical to study emissions of @&x$t gases and their impact
on the environment in the field of motor traffityet importance attached to abrasion of brakes
is much smaller. During braking, a thermal-oxidatidegradation of organic compounds, present
in the brake lining, comes about. This processdeadformation and release of volatile organic
compounds (VOC). Polycyclic aromatic hydrocarboRs8\Kl) were also detected in the abrasion.
These volatile products emerging during abrasiory megatively influence the environment,
and should be paid close attention to. These swmiEtashow mutagenic character [7, 9, 10].
The patrticles released during abrasion of brakeg beaqualified as air dust or small particles.
Abrasion of brakes in motor traffic consists oftpaes in the size of 10 nm to 20 um. The smallest
particles in the size of nanometres may be easiigled into airway, which may lead to formation
of oxidative stress and inflammation. It has beemven that nanoparticles, if inhaled
and penetrated to human organism, are transmityetldod and taken to target tissues such
as the liver, kidney and brain. Owing to the minuscsize of nanoparticles, their sedimentation
is very slow and if released in the air, they mayttansferred thousands of kilometres from their
source [10, 11].

2. Experiment

The measurement was performed on the testing dymateo of frictional properties
of vehicular brake pads (Link M2800, see Fig. 1\woTtypes of brake pads were tested - low
metallic and non-asbestos composites. Frictionahpmsites with reduced metal content that
include 5 — 15 % of metallic content, are mostlynpoised of ceramic fibres and other padding
materials. They make less noise during braking thidner types of frictional composites. Non-
asbestos frictional composites (NAO - Non-Asbestarganic) that include metallic content
up to 5 %, are made of organic materials, suchbassf rubber, glass, Kevlar and high-temperature
resin [12].

Fig. 1. Testing dynamometer of frictional properties of ieellar brake pads (Link M2800).

To evaluate analysed emissions from braking ordgmamometer (Fig. 2), we used scanning
mobility particle sizer (SMPS), which measuresdhsunt of particles along with their dimensions
from the size of 10 nm to 200 nm with the use otedgon of electric mobility [13].
We presupposed an excess concentration of releaestitles, thus it was necessary to dilute
the taken sample. The dilution factor was set &:1l@&nd the dilution machine flow rate was
1 litre/min [14]. Furthermore, the sampling systédNO ID SELECT 005 was employed.
The system collected particles of the size fromn2 @ 35 um. The particles were assorted
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in compliance with their size into 12 fractions. elBampling system of the device is divided
into 2 collection parts - cascade impactor anduditin cell [15, 16].

The samples taken were analysed using the methdddofctively Coupled Plasma Mass
Spectrometry (ICP-MS). The ISP-MS represents arramktric analytic method serving
to determine the volume of metric amounts of indinl elements in the analysed sample.
This method allows to analyse almost all elementstisg from lithium up to uranium
with the sensitivity from units of ppm up to hundseof ppm. Another advantage of the method is
the possibility to simultaneously set several elets§l7].

To determine mass concentration of elements, we teeRespiratory Tract Deposition Model
that serves to determine the mass of individualaiteeds an accumulative dose of the total
and alveolar deposited fraction of aerosol in tiected part of the respiratory tract [18].

Fig. 2. Layout scheme of the experiment.

3. Resaults

The Fig. 3 to Fig. 8 depict size distribution of sesaconcentration of the metals selected by
means of the ICRP model. You may see three typesaokings on the graphs. The marking called
"In the air" represents the mass of the metalithegleased in the air, the "DP" marking represents
the mass of the metal that is deposited in theoddvearea of lungs, and the "DFal" marking
represents the mass of the metal that is depasittb@ alveolar and tracheobronchial area of lungs.

For non-asbestos friction composites NAO of a brake pad:
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Fig. 3. Deposition of alveolar and total fraction of coppeaccordance with the inhale model ICRP.
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Fig. 4. Deposition of alveolar and total fraction of coppeaccordance with the inhale model.
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For low metallic brake pads (LOW METAL brake pads):
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For illustrative purposes, a few graphical depitsi@f these spectra were chosen from several
measurements performed by the SMPS device. Testinditions: 30-80 km/h, 30 bars - pressure
of brake pads on a brake disc.

Fig. 9 depicts only particles of the size of 100 mnth temperatures from 50 - 300 °C.
The measuring time was 3 minutes and 25 secondsiaddrake cycles were performed during this
period of time. The NAO (Non-asbestos organic) tgpbrake pads was used.
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Fig. 9. Size distribution of 100nm particle (with the diart machine).

Fig. 10 depicts only particles of the size of 1080 with temperatures from 50 — 300 °C.
The measuring time was a little less than 7 minuteseral brake cycles were performed during
this period of time. The low metallic (low metal)pe of brake pads was used. The concentration
of particles of the size of 100nm ranged maximtdIg0 particles/crh
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Fig. 10. Size distribution of 100nm particle (without théution machine).

4. Conclusion

We performed sampling and monitoring of fine paesc which were released in the course
of abrasion of brake pads on a dynamometer. Thereathemical composition of the samples
was determined using the ICP-MS method. Presentleeofollowing metals was proved: Al, Cr,
Cu, Fe, Zn, Pb, Mo and Co. In case of non-asbefsicson composites (NAO), manganese
predominated within ultrafine particles, copper amash predominated within larger particles.
In case of friction composites with low contentroétals (low metal), manganese predominated
within ultrafine particles, and iron predominatedhw larger particles.

Sampling was completed with monitoring of partic®88PS that uses the method based
on electric mobility of particles. In case of nosbastos friction composites (NAO), particles
of the size of 200 nm predominated. In case ofidmc composites with low content of metals
(low metal), particles of the size under 100 nndpreinated.

The performed experiments on abrasion of brake psiiswved that particles smaller
than 100nm are released in the air. And so it tirmgt that braking processes represent a source
of air contamination by nanoparticles, inclusivepafticles that, thanks to their size and alsorthei
chemical composition, pose potential risk for hurhaalth.

Acknowledgement

This work originated as a part of solution of thejpct SP2015/169 Comparison of Estimate
of Professional Exposition of Aerosol Particles hwlBubstantial Toxic and Carcinogenic Effect
by means of an Empiric, Physically-Chemical Modeld aExperiment with the Management
of Health Hazards on Workplace and the project 3BAB2 Emission of Fine Particles
of Anthropogenic Activities (household heating,king processes of vehicles).

- 109 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

References

[1] NOHAVICA, D. Risks of Nanomaterials and Nanotechnologies for &urHealth and the Environmeri2011.
Available in Czech at: https://moodle.fp.tul.cz/ngpluginfile.php/1401/mod_resource/content/1/nobadlanek-
o-nanotoxicite.pdf.

[2] KALI CAKOVA, Z., et al.Urban Air Pollution by Nanoparticles in the OstraRegion 2013. Available in English
at: http://iopscience.iop.org/1742-6596/429/1/012TomSearchPage=true.

[3] SKREHOT, P. RUPOVA, MNano-safety 1. ed. Prague: Occupational Safety Researchtutesti2011. 230 s.
ISBN 978-80-86973-89-0.

[4] HINDS, W.C.Aerosol Technologylohn Wiley & Sons, Inc., New York, 1999.

[5] FARA, Milan. (2003) Toxicologically Dangerous Substances in Emissionl@MPRAGUE. Project. Chzech
Hydrometeorological Institute. Available in Czedhlatp://old.chmi.cz/uoco/prjivav_740_3 02/dplduif.

[6] FILIPOVA, Z, KUKUTSCHOVA, J., MASLAN, M. Danger of Nanomaterialsl. ed. in Olomouc: Palacky
University, 2012. ISBN 978-80-244-3201-4.

[7] COX, R.L.Engineered Tribological Compositekst ed. Warrendale: SAE International, 2012. pOESBN 978-0-
7680-3485-1

[8] FILIP,P., WEISS, Z., RAFAJA, DOn Friction Layer Formation in Polymer Matrix Congite Materials for
Brake ApplicationsWear 252, 2002.

[9] VASAK, R. Problems of Asbestos and its Effect on the Enviesmin2007, Zlin. Bachelor Theses. Tomag'®a
University. Available in Czech at:
https://dspace.k.uth.cz/bitstream/handle/10563/8G2BC5%A1%C3%A1k 2007 bp.pdf?sequence=1.

[10] KUKUTSCHOVA, J.; MORAVEC, P.; TOMASEK, V.; MAEJKA, V.; SMOLIK, J.; SCHWARZ, J.;
SEIDLEROVA, J.; SAFROVA, K.; FILIP, P.: On Airborne Nano/Micro-sized Wear Particles Relehs®m
Low-Metallic Automotive Brake®riginal Research Article, Environmental Pollutio/olume 159, Issue 4, April
2011.

[11] KUKUTSCHOVA, J., ROUBCEK, V., MASLAN, M., JANCIK, D., SLOVAK, V., MALACHOVA, K
PAVLICKOVA, Z., FILIP, P.:Wear Performance and Wear Debris of Semimetallidotive Brake Materials
Wear, Volume 268, Issues 1-2, 4 January 2010, 4833

[12] ANDREW, J.Braking of Road VehicleButterworth-Heinemann, 2013. ISBN 978-012-3978-14

[13] TSI. Scanning Mobility ParticleSizer™ SPectroMeter Mod8B36 2013 Available in English at:
http://www.tsi.com/uploadedFiles/_Site Root/Prodlldterature/Spec_Sheets/SMPS3936-3034.pdf.

[14] DILUTION SYSTEM MODEL 3332. 2014. Available in Ehsh at:
http://www.tsi.com/uploadedFiles/_Site Root/Prodlldterature/Application_Notes/3332_Dilution_Systefpp
note_3332-001-web.pdf.

[15] NANEUM. SamplerNano-ID™Select 2015. Available at: http://www.naneum.com/prodijgarticle-
measurement/samplers/nano-id-select.html.

[16] WIDE RANDE AEROSOL SAMPLING SYSTEMNano ID Select 00%Cantebery, 2009.

[17] MIHALJEVIC, M., STRNAD,L., SEBEK, O.Use of Mass Stectrometry with Inductively Boundsia in
Geochemistry. Chemické listy. 2004, NO. 98. Available in Czecht: ahttp://www.chemicke-
listy.cz/docs/full/2004_03_02.pdf.

[18] ICRP. Human Respiratory Tract Model for Radiological Rrction Publication 66. Ann. ICRP 24 (1-3), 1994.

- 110 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Optimization of Atypical Heat Exchanger with Using CFD Simulation
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Abstract. This article deals with the optimization of atyglidieat exchanger with using CFD simulations of
8 variants. In an effort to find a suitable heatlenger geometry in terms of pressure and in tefrhgat -
transfer properties.

Keywords: Heat pipe, Heat exchanger, CFD simulation, Presstop.

1. ldentification of Solved |ssue

The heat exchanger will serve as a heater and @®lar in the device for measuring the
thickness of a falling condensate in gravity assisheat pipe with using optical triangulation
method (hereinafter DMTFC). This device is locate#ig. 1.

Heater and the cooler will be connected to cireottathermostat Julabo, heat transfer fluid is
distilled water. The problem with these thermostate relatively low available pressure. In
particular, is the value of 0.7 bar at the voluticeflow rate of 26 | miff. Therefore, the task is to
optimize the heat exchanger, which will have thst lp@ssible heat transfer coefficient at the lowest
pressure drop. The material of the heat exchasgeainless steel.

On Fig. 2. is shown only one part of the exchanGemplete exchanger will also contain his
counterpart and both parts will be welded.

Glass construction
Cooler

Heater

Qutlet

Fig. 1. The main concept of DMTFC. Fig. 2. The basic design of the heat exchanger exarang
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The problem with this design is to estimate thatrigumber of barriers in the exchanger, not to
exceed the required pressure drop. For that remasmimade a simulation in ANSYS CFX with 0, 2,
4, 6, 8, 10, 12 and 14 of the barriers. 14 bariiethe maximum capacity of the structure while
maintaining the same uniform geometry for all siatiains.

2. Simulation of Individual Variants

The calculated area of individual variants was enpénted by hexahedral mesh created with
ICEM CFD. The entire model features of three mesfdwge first is the interior of the heat
exchanger (this mesh is shown in Fig. 3.), the seéauesh is the wall of heat exchanger through
which the heat is transient to DMTFC and the théré layer of a falling condensate in DMTFC
(heat - transfer medium in the heat pipe is alstildid water). Turbulence model for both fluid
domain is ke.

Fig. 3. The mesh of 4-barriered heat exchanger.

Boundary conditions are: input speed into the emghg which is derived from the maximum
volumetric flow of water in circulating thermostand the pressure at the outlet of the exchanger.
Next, input speed of a falling condensate and utput pressure. These values were estimated by
calculating the rate of falling of condensate, lisitaccuracy is questionable. It should be noted,
however, that simulation is designed as an optiimzaahature, where the most important element is
just the pressure drop through the heat exchamgkthe second row is the heat transfer coefficient
coeficient, whose value is calculated based oretftiemated values given boundary conditions and,
therefore, its value may be regarded as for cormspariagainst other simulations. Boundary
conditions are shown in Tab. 1.

The normal velocity in heat exchanger inlet 4.4 m.s
Temperature of water inlet 80 °C
Pressure behind the heat exchanger 1 bar
The normal velocity of falling condensate (estietht 0.025 m.s
Temperature of falling condensate (estimated) 30 °C
Pressure of conddensate in an end of the compuitatea 3 bar

Tab. 1. Boundary conditions.

3. Evaluation of Smulations

The calculation results of the individual simulasaare in Tab. 2. and Fig. 4.
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Account of barriers| Pressure drop [kPa Heat temsbeficient [W.rif.K ]
0 14,9 4091
2 17,9 5709
4 27,3 7593
6 40,7 8949
8 67,3 10678
10 109,9 12765
12 171,8 14598
14 257,1 16365

Tab. 2. Pressure drop and heat transfer coefficientsdividual variants.
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Fig. 4. The dependence of the coefficient of heat traresfierpressure drop of the number of partitions amghr.

Based on the calculated results can be determinadie optimum heat exchanger should have
eight barriers since reaching 67.3 kPa. Howevee, miaximum pressure of the circulation
thermostat of 70 kPa and it should also in mind fda, that the exchanger is connected with
piping, which also causes a certain pressure dfop.this reason can be considered as optimal
exchanger with six barriers.

The graph in Fig. 4. also shows that, while thettr@amsfer coefficient varies almost linearly in
substance, the pressure drop increases convexisTlb@gical, because the only changing parameter
is the internal flow speed in the heat exchangérchvincreases with increasing amount of barriers.
Fig. 5 is a comparison of velocity vector fieldshieat exchangers with the number of barricades 0,
6 and 14.
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Fig. 5. Comparison of velocity vector fields with the nuenlof partitions 0, 6 and 14.

From the figure it can be observed that while ie tinst two cases, the maximum flow rate
achieved at the outlet of the heat exchanger, Isecduere is the narrowest cross section, in tiné thi
case is the highest velocity after barrier.

4. Conclusion

From the simulation results may generally be aashetl that if the only change in calculation is
the number of barricades and therefore a diffargatnal flow velocity, heat transfer coefficient
varies linearly, but the pressure drop varies paredlly. Therefore, in terms of energy preferred t
select a smaller number of partitions.
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Abstract. The main problem of designing systems which usss pipes is a large number of variables,
whether it is a traditional - gravity, or advancedapillary, pulsating, heat pipes. This articleaidasic
methodology for measuring the thickness of thénfgltondensate in gravitational heat pipes, withgithe
optical triangulation method, and the evaluationigifs associated with this method.

Keywords: Heat pipe, Optical triangulation, Falling conddnsa

1. Introduction

CFD simulations of gravity assisted heat pipes (®AHare nowadays common practice.
However, the current CFD models are not robustfendble enough to capture a wide range of
conditions occurring within the heat pipe. For tregason it is necessary to pay more attention to
adapting these models in order to capture largereu of functional states within GAHP.

2. Theoretical Background of the Draft

Nowadays there are many approaches to calculatdndhe pipes properties. One of these
approaches is the calculation of GAHP heat perfomegarameters is based on knowledge of the
falling condensate thickness. According to [1], #iverage value of Nusselt Reynolds number in the
laminar flow region can be stated as

Nu:ﬂ: ,75 5:ﬂéa*)a+2|:ﬁaﬁ%)2|j-; (1)
A P [qu _p\/)@ 3 X X ,
Re, = o | o f @

where 9Lis the heat transfer coefficient of the liquid mn,aét is thermal conductivity of the

liquid phase,’7L dynamic viscosity of the liquid phasé’,L and A density of liquid and vapour
phase respectively and is the gravity acceleration. Another — dimensieslevariables are
expressed as follows

_ 90
5—LF' (3)
. (xj Al (AT
X =| = |B—*—, (4)
L Pr I,
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T5=7—"—~—,
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whereo is the falling condensate thicknessis the coordinate in direction of the flow (by
common configuration it is vertical downwards dtren), c,_ is the constant pressure specific heat
of the liquid phase/T is the temperature difference between wall andidigPr, is the Prandtl

number of liquid phaséy is heat of evaporation; is the interfacial shear stress between liquid and
vapor phase and

, 1
L { . } (6)
P EGIOL - ,OV)UQ
With combination of equations 3,4 and 5 we canegefation criteria equation
. 14 3 .
X =(5) Etﬁa‘*) T, (7)

The last formula is an expression of one variabhi®ugh the second and, therefore, it is
necessary to solve the system of equations itetgtidt should be noted, however, that the
knowledge of the thickness of the condensate, yates of equation can be solved with a single
variable (is also relative, since all material danss are a function of its temperature, whichesari
with the thickness of the condensate in the y timac but for the purpose of further assume, it can
be considered as a constant.). The above equade@nsalid for laminar flow regime of falling

condensate. For turbulent flow it can be also ws®dde range of correlations that can be found in
the referenced literature.

3. Optical Triangulation Method

The method is based on of this method is to ligatwalls of the tube and at the same time the
layer of condensate running down the laser beamtlamdeflection from the two capture facility
using a CCD camera, as shown the layout in Fig. 1.

The level of
condensate

CCD Camera

Fig. 1. The principle of optical triangulation.

Based on the layout, the condensate thicknessieguatn be determined as

_H, G, 1
e ‘cos(ec)tﬁlﬂg(ec)mg(ec)} ®
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Where Hc is condensate thicknesly is the distance shown at CCD came@g, is the optic
magnification,®¢ is angle which make camera with the drenched waadl ©, the angle which
make laser beam with the waDptical principle of the method was tested on glaage, in which
water has sprayed.

Fig. 2. Experimental device to test the applicability ked imethod.

On the basis of this experiment it was evaluatedoptimal color of the laser beam recorded by
CCD camera is in the green part of the light spectThe experiment also showed that the distilled
water at ambient temperature (20 °C) is not an@ppate medium for the thickness measurement
by using this method, because the glass surface miateform a continuous film. This deficiency
may be removed by heating the water to a highepéeature because the increased temperature
decreases surface tension value. When using ethgsteim worked properly.

4. Design of the Device for Condensate Thickness M easurement

The suggested device will be constructed accortbrifpe scheme in Fig. 3. and Fig. 4. The
basis of the device is a glass construction witholow triangular prism, which will work as
GAHP. The glass structure is inserted in a stesh&, which is attached by screws to the wall.
Anticipated working liquids in heat pipe will bestilled water and ethanol. Triangular cross-section
construction is designed by means of the elimimatibrefraction passing through a glass wall, or
on the side of the laser beam emitted from theediod reflections on the side of the CCD camera.
Principle of operation of GAHP will be driven bying two heat exchangers. One will work as a
heater (evaporator) and the other as a cooler &w®i). The two heat exchangers are coequal.

Fig. 4. Detail of the device
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Condenser

Laser module

Steel frame

Fig. 3. Schematic of measuring the thickness of the cosaterin GAHP.

Each exchanger is individually connected to theutation thermostat Julabo and heat transfer
fluid is distilled water. In each independent citawill be used PT100 temperature sensors at the
inlet and the outlet of the heat exchanger and laésoa flow meter, in order to use a calorimetric
method to express performance at separate heaaryets, as well as the actual power delivered
by the heat pipe.

The pressure and the amount of charge in the pipat will be accomplished by gradual
evaporation of the working fluid of the heat piddwe entire device will be thoroughly insulated
using extruded polystyrene. The polystyrene plétesthe other two glass surfaces are still in
addition, supported by two permanent magnets ierai@ be able to move them vertically and with
them move the laser module and a CCD camera indhial direction (the horizontal direction as
well as, to obtain the biggest possible picturéneat pipe main wall). On these polystyrene plates
will be, from the outside, in addition placed hegtinfra-foil to prevent condensation on these glas
surfaces. Such condensation would be impossiblene@asure the thickness of the condensing
optical triangulation method.
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Abstract. In recent years saw a great increase miniatuoizadf some heat-stressed equipment mainly in
electronics and mechatronics. Design and produmera complex and energy-consuming equipment. When
the device is efficient, then the majority evenh@gheat loss-making power, which is necessaryderao
maintain safe operating temperatures due. The pdpals with the problem of heat dissipation of
electrostatic converters using a ribbed radiatdneat pipes. Normally for cooling electrostatic ideg use
different types of cooling using finned heat sitikat use the principle of free or forced convectiften. To
achieve the forced convection is used by various,faesulting in increased risk of failure, becatisse
devices have moving parts. Therefore it is develp@uch types cooling that these fans not needa As
prospective cooling appears use of heat pipes.

Keywords: Heat pipe, Cooling, Heat transport, Heat loss.

1. Introduction

The electrostatic converter is a device used tomghdahe parameters of current and voltage
used for railway wagons. For this converter waslistli suitable cooling system. Commonly used
static converters are mainly cooled by air flowwanrd the surface, and there is only the convective
heat transfer. To ensure air flow fans are mairdgduwith suitably shaped plates. However, this
increases the failure rate and the difficulty ofim&ning, because the fans contain moving parts
which are wear out by the own operations. Therefoomsideration is given to change cooling
methods of electrostatic converters. The best veayns to use heat pipes. Heat pipes are working
on the principle of phase change of the workingdflso that no moving parts are maintenance free
and their thermal conductivity is much higher thhat of metallic materials of the same diameter
solid section. Their main duty is to lead the hgaterated by electrostatic converter into placé wit
lower ambient temperature, and there it througbetbcooler transmit into the surroundings by
natural convection.

To get an idea of the quantity of heat producea lparticular method of heat transfer in the
actual inverter, and a subsequent proposal fromb#st cooling method had to be electrostatic
converter scanning a first in terms of output avabés. To measure these heat outputs and losses, as
well as the cooling systems themselves can userditie original electrostatic converter, which is
used in practice, or geometrically similar modelielto the temperature measurements inside the
body energy converter was to compare different oushof cooling produced geometrically
identical model. In the case of the original elestatic converter would need to drill holes for
mounting thermocouples near the winding transfosm®vould risk damaging the insulation or
could follow to its destruction and thus destrog tlnansformer itself. In addition, the actual
converter would have to be supplied and also bwdenth too high currents and voltages. From
the following operational and safety reasons wasl asmodel of the electrostatic converter.

The base model consists of an aluminum contairer ithused for the mass production of
transformers electrostatic converters. To packseited two electrical insulating toroids, which
were equipped with ohmic resistances, which arpegthavinding transformer
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Fig. 1 Location of the transformer in the machine housing.

The resistors are connected in series and theregmtance is ~ 1Q, corresponding winding
resistance in real static converters. The Joulé beaerating resistor is DC powered from a
regulated voltage source. Based on this assumptidnthe known values of voltage and current
was determined the theoretical heat output modéis Tperformance was later verified to
measurement of heat loss in a thermostatic chamiies. performance was later verified to
measurement of heat loss in a thermostatic chamber.

In addition to resistance toroids were entered itite model and temperature sensors -
thermocouple. Their location was selected to benti@mum of the thermocouples recorded a
temperature as accurately as possible on the susgiad inside the ring, also in the vicinity of the
aluminum hub. The distribution of thermocoupleshewn in Fig. 2. The space between the toroid
and the container was filled mass model, whichntta¢rand electrical insulating properties were
similar thermal and electrical properties of theimeaused in mass production.

Completely primary intention was to use an aluminomandrel positioned in the middle of
converter and fixed to the bottom of the outer pagokg. The mandrel serves to faster heat
dissipation from inside the converter. Howeverstimethod does not seem sufficient. While the
mandrel diverting heat more quickly to the surfabe, insufficient cooling due to the small surface
of transmission and a low coefficient of heat trarssion of the outer coating to the environment.
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L

Fig. 2 Location of thermocouples in the model of the elesthtic converter.

2. Measurement temperatureson theinverter in athermostatic chamber

In order to assess the properties of each coolstess static an energy converter, it was
necessary to provide several temperature levelshimh it would be simulated release of heat loss
and constant power to determine the temperatutabdion of the measured points in stationary
mode. For this reason, was conducted a range oériexgnts at three different ambient
temperatures and two heat output generated by heang simulating power dissipation 30 and
50 W. All temperatures and heat output, respegtiveltage and electric current regulated power
supply were measurement by logger and they arededmn a computer screen so as to reaching
steady state level of the different temperatures] #hat the system got to thermodynamic
equilibrium.

Fig. 3 Model of electrostatic converter without cooler.
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Lr :
Fig. 5 Model of electrostatic converter with heat pipe.

The individual measures were carried out to comghee three types of heat transfer -
convection from the surface of the transformer,veation of the heat sink located on the surface
and by heat pipe placed in an aluminum mandresfoamer.

All measurements were made in a thermostatic chgmiidgere they were simulated three
different temperatures at two different heat outpiuthe heat loss model. The heat output of the
model was controlled by source of electrical eneagy the values of 30 W and 50 W, the
temperature were set in a chamber by thermostatitral to 30°C, 50°C and 70°C. Measurements
were conducted at two different heat output. Tresoa was that the static power converters are
used transformers of different power. Size framleictv are stored, remains the same. Temperature
range was chosen based on experience with thefuseeogy converters. In normal operation is
usually ambient temperature of about 40°C, buhd& tonverter is not sufficiently cooled and is
fully charged, it reaches the ambient temperatutae frame to 70°C.

In the transformer were generally measured tempestin ten different points. For
comparison, however, selected only two of them. fiils¢ section characterizes the place with the
highest measured temperature. This is becausedan to detect the intensity of heat transfer from
the center of the transformer. The second poioh&acterized by a point at the surface. Watched
the intensity of cooling, depending on ambient terafure.
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3. Evaluation of measured variables

From figure No .6 follows that in performance oBh&0 W and about 70 ° C, the differences
between the various methods of heat removal isostaly significant, particularly with regard to
free-cooling heat sink and the other two typesaafliag, the best way of cooling the heat removal
using heat pipe.
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Fig. 6 Comparison of the temperature curve at selecteatitmts inverter for each method of cooling in heatput of
30 W and an ambient temperature of 70°C.

Behind the cooling by the heat pipe followed heasport by a ribbed cooler with vertical ribs
and highest temperatures drop to removal the sawbéng performance at the same ambient
temperature needs to plain sheath inverter withidst The temperature difference on the surface
and inside the body of the inverter in this cagedboling without heat and the remaining types of
cooling is about 6-7 ° C

4. Conclusion

In the experiment, we investigated the course mptratures in heat-exposed areas of the body
of the converter. The results show that thereilistiseé possibility of optimizing the constructiaf
such facilities. The new structure of static coteemill enable transport the heat produced as
power loss and thus ensure a reduction in tempetatspecially in winding isolation transformer
of the converter and contribute to increasing tiability of the device.
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Abstract. One of more alternatives of heat transfer withtbetusing of mechanical equipment is the use of
the heat pipe. Heat pipes are easy to manufacnuenaintenance of low input investment cost. The
advantage of using the heat pipe is its use in éenalosed electronic device which is separatathanxge

of air between the device and the environment. €keriment deals with the influence of changethen
working tube diameter and changing the working tmsion performance parameters. Changing the
working position and the tube diameter changegtteemal performance of the heat pipe. The resulhisf
paper is finding the optimal diameter with idealrking substance for the greatest heat transfed éorf
sectional area tube.

Keywords: Gravitation heat pipe, Thermal performance, Diameingle, Water.

1. Introduction

The general principle of heat pipes using gravitgmmonly classified as two phase
thermosyphon, dates back to the steam age and rANigiech Perkins and his son Loftus Perkins
and the "Perkins Tube", which saw widespread uséceomotive boilers and working ovens.
Capillary-based heat pipes were first suggeste® I8y Gaugler of General Motors in 1942, who
patented the idea, but did not develop it furtAdneat pipe is a heat-transfer device that combines
the principles of both thermal conductivity and gldransition to efficiently manage the transfer of
heat between two solid interfaces [5].

At the hot interface of a heat pipe a liquid in t@mb with a thermally conductive solid surface
turns into a vapor by absorbing heat from thatem&f The vapor then travels along the heat pipe to
the cold interface and condenses back into a liguéteasing the latent heat. The liquid then retur
to the hot interface through either capillary acti@entrifugal force, or gravity, and the cycle
repeats. (Fig.1) Due to the very high heat trans@afficients for boiling and condensation, heat
pipes are highly effective thermal conductors [6].

Heat pipe consists of a sealed pipe or tube made wkterial that is compatible with the
working fluid such as copper for water heat pimesaluminium for ammonia heat pipes. A vacuum
pump is used to remove the air from the empty pgs. The heat pipe is partially filled with a
working fluid and then sealed. The working fluidsaas chosen so that the heat pipe contains both
vapor and liquid over the operating temperaturggeaiWater heat pipes are sometimes filled by
partially filling with water, heating until the wext boils and displaces the air, and then sealetéwhi
hot. Working fluids are chosen according to thegeratures at which the heat pipe must operate
[7].

The advantage of heat pipes over many other heafpdition mechanisms is their great
efficiency in transferring heat. Heat pipes contaanmechanical moving parts and typically require
no maintenance. The advantage of the heat pipefastastart action of the heat transfer, their
geometric shape, weight. Heat pipes are used faimgpelectronic devices and increasingly begin
to apply computer technology. Another possibilifyugsing heat pipes in solar collectors, where in
the condensation part is arranged a heat excharigeh is heated.
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Fig. 1. Function of gravitation heat pipe [3].

2. Method of experiment

For experimentally measurement the performancenefiteat pipes were chosen method of
measuring with water. To measure were used grdwadt pipe of copper material of the same
length of 50 cm. Heat pipes are different diametpes (DN12, DN15, DN18, DN22, and DN28).
The working medium of the experimental measuremerte used distilled water and we change a
measurement angle of heat pipe. For better workmgditions was achieved starting internal
pressure of the heat pipe 800 Pa. For recordingnib@sured values, we used the program AMR
WinControl from AHLBORN. Measuring consisted of kieg the evaporator section by a
circulating medium at 80 °C , wherein the evaporataking place within the working medium of
the heat pipe. Cooling the condensation sectioa biyculating medium at 20°C, wherein working
medium was evaporation. For experimental measuresmeere recorded temperature inflow and
outflow on water the condenser and the flow medium.

2.1. Used materials

For experimentally measurement we used copper gdiplee length 50cm, copper fittings and
copper capillary tubing’s (Fig.2). Working mediuh the experimental measurements were used
distilled water. Ideal of amount of working mediusr25% full volume tube.

Q¢

Fig. 2. Experimental heat pipe was consist for 1- copjiee,2- copper fitting, 3- copper capillary tubing.

2.2. Measurement of thermal performance of gravitation heat pipe

We chose the calorimetric equation (1) for obtagnio the results of thermal performance heat
pipe, which describes the heat transfer bodiesnifay isolated system, covered by the law of
conservation of energy. The law of conservatiorrargy is that all the heat that the exchange of a
single body transfer, the second body receivescivesuppose that there is no change in the type
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of energy, heat energy can’t be changed, for exanmpb mechanical energy, and the substances
are chemically inert, doesn’t generates heat frbentcal reactions:

Q=rmle At (@))

where Qis a heat flux in Wzn represents the mass flow in k§.< represents the specific heat
capacity water where 20°C = 4183 JXg* andAt represents the temperature gradient in K

For experimental measurement we build a measurougpment (Fig.3) consist with 1-
protractor, 2-flow meter, 3-outlet temperature nkei temperature, 5-condenser, 6-evaporator, 7-
water heating for evaporator, 8-cooling water fondenser.

Fig. 3: Experimental measuring equipment.

3. Evaluation measuring of thermal performance gravitation heat pipe

During the experiments are confirmed the assumgttbat the biggest diameter and different
working position change thermal performance a Ipgag¢. The main object of experimental was
find ideal working position and ideal diameter fabe. We find the biggest thermal performance
for heat pipe in 1cmof section tube. All heat pipes were stuffed 29%irt full volume with
working medium. We recorded mass flow and tempegatiifference outlet and inlet of cooling
water.

Temperature

difference

(K) DN 12 DN 15 DN 18 DN 22 DN 28

0 0.45 1.2 1.76 2 2.27

15 0.45 1.41 1.75 2.15 2.06
30 0.47 1.53 1.80 2.12 2.17
45 0.51 1.62 1.80 2.09 2.16
60 0.52 2.10 1.98 2.16 2.27
75 0.51 0.88 1.86 2.23 2.18

Tab. 1. Temperature difference per different diameterwandking position.
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Fig. 4. Dependence temperature difference per differenhdier and working position .

Fig. 4 is average value different temperature wheeebiggest diameter DN28 have the biggest
different of temperature at vertical angle and éQrde.

Mass flow
(Kg.sh DN 12 DN 15 DN 18 DN 22 DN 28
0 0.0635 0.058 0.06 0.062 0.064
15 0.0635 0.054 0.06 0.062 0.064
30 0.0635 0.05 0.06 0.062 0.064
45 0.0635 0.05 0.06 0.062 0.064
60 0.0635 0.034 0.06 0.062 0.064
75 0.0635 0.063 0.06 0.062 0.064

Tab. 2. Mass flow in measurement of heat pipe per diffedé@meter and working position.

Tab. 2 shows the average value of mass flow whesssnilow will be similar on full
measurement.

For the evaluation we used equation number 1 wh@eeific heat capacity water was 20°C =
4183 J.Kg K™

Thermal

performance

(W) DN 12 DN 15 DN 18 DN 22 DN 28

0 112.8 291.92 445.12 516.3 604.7

15 120.8 318.27 442 .44 556.12 548.08
30 125.1 318.58 454.41 548.74 577.58
45 135.1 333.57 454.37 541.32 575.21
60 138 296.03 500.55 559.53 604.32
75 136.3 230.64 470.27 575.93 578.19

Tab. 3. Thermal performance of gravitation heat pipe pfeient diameter and working position
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Fig. 5: Difference of thermal performance for gtation heat pipe per different diameter and workiogition
Fig.5 shows the average value of thermal performameat pipe when we used different
diameter and different working position. We expetten the biggest diameter have the biggest
thermal performance so we want find the biggesinthé performance for 1chsectional tube. We
used the equation number 2 where we division thigperdormance with sectional area of tube.

s _Q
Qs =3 @)
WhereQ a heat flux in W, S is represents the sectional aféube crfi
Thermal performance for
1cnt sectional tube W DN 12 DN 15 DN 18 DN 22 DN 28
0 99.74 165.2( 174.90 135.83 98.2
15 106.8 180.17 173.85 146.31 89,00
30 110.64 180.29 178.55 144.87 9379
45 119.41 188.78 178.54 14241 9341
60 122.03 167.53 196.68 147.20 98|14
75 120.5 130.57 184.78 151.52 93/89

Tab. 4. Thermal performance for 1¢rsectional area tube per different diameter and ingrgosition .

250

200
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mDN12
EDN15
100 —— HEDN18

DN 22

5p | EDN28

Thermal performance (W.cm-?)

0 15 30 45 60 75

Degree increments to vertical position (°)

Fig. 6. Difference of thermal performance for gravitattoeat pipe per different diameter and working positi
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Fig. 6 shows different between working position afitferent diameter of tube. The best
working position is around 60 degree and the besheter is a DN 18 where thermal performance
is 2 196.68 W.cf

The worst diameter is a DN 28 where thermal peréoroe is a biggest but thermal
performance for 1cfrsectional area tube is a least.

4. Conclusion

We measured the effect of the diameter and typearking position gravity heat pipe for
thermal performance characteristics of the dewWbsasurements we found that the extension of the
diameter also increases the heat output of the pgms by gravity. The greatest progress
transferred power 604.7W reached gravity heat pipe28 with a vertical working position, but
due to the cross-sectional area of 1 cm2 reachedhighest transmitted power 196.68 W gravity
heat pipe DN18 with a 60 degree working position.
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I nfluence of heat treatment on coefficient of friction between DLC
(WCC) deposited layer and bearing steel 100Cr 6

) "Mat($ Kovaléek, "Jan Bucala,Jozef Broek
“University of Zilina, Faculty of Mechanical Engimeey, Department of Design and Mechanical Elements,
Univerzitna 2, 01026 Zilina, Slovakia, {matus.kaeek, jan.bucala, jozef.broncek}@fstroj.uniza.sk

Abstract. DLC coatings are wear resistant, have low coefitof friction and are widely used in industry,
in medicine and for decorative purposes. This lartiocuses on tribological properties of DLC cog$in
based on WCC deposited on substrate made from @iier6 bearing steel.

Keywords: Tribology, Coefficient of friction, Bearing stee00Cr6, WC/C based DLC coating

1. Introduction

Thin layer DLC (Diamond-like Carbon) coatings based WCC (Tungsten Carbon Carbide)
have properties such as low coefficient of frictibigh hardness and wear resistance. Because of
these properties, DLC coatings are suitable foliegion to the surfaces of mechanical parts where
high mechanical energy losses occur and the suidasern out very quickly. This type of coating
has very high hardness and requires substrate sintilar hardness in order to reach desired
properties. Ideal situation is when both coatind smbstrate reach the same hardness.

Tungsten-DLC (WCC) coating keeps high hardnesslandcoefficient of friction even for
high temperature range. When applied to the swsfateutting tools, DLC coatings contribute to
higher wear resistance. The occurrence of cold svefdcontact surfaces is reduced to minimum for
tribological applications working under conditiomsthout sufficient lubrication. The coating has
good cohesion properties and excellent adhesidhetsurfaces which will be deposited. WCC is
highly resistant to flaking because of excellenhegion and therefore offers better protection of
high speed cutting tools. This type of coating Isoacorrosion resistant, non-toxic and bio-
compatible what makes is especially suitable fodioed applications [1].

Suitable heat treatment of substrate was choserder to reach its desired hardness. Thin DLC
coating based on WC/C was deposited onto surfaceubs$trate using PVD (Physical Vapor
Deposition) method. We chose this method becausds lafw temperature deposition process which
leads to almost no heat affection of substratebological properties of prepared samples were
tested and "ball-on-flat” method was used.

1.1. Preparation of samples

The samples with dimensions of 25 x 80 mm and tiesk of 5 mm were made from bearing
steel 100Cr6. The samples were cut to desired diibes in the first step. The second step
consisted of grinding the upper surface on evergpt@ on plane grinding machine BPH-20 and
later the Struers grinder was used for final patighof functional sample surfaces with diamond
polishing paste with@n grit size. Prepared sample can be seen on Fig. 1.
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Fig. 1. Sample used in our experiments.

1.2. Heat treatment of 100Cr 6 stedl

There were three different heat treatment methaskd uvhich resulted in three different
microstructures of a substrate: martensitic, bigimind sorbitic. Microstructure of these materials
shown on Fig. 2.

Fig. 2. Microstructures after heat treatment: a) martendi) bainitic, c) sorbitic.

The conditions of heat treatment, type of finalisture and final hardness of used samples are
listed in Tab. 1.

Structure Hardness[HRC] Heat treatment
. Hardening temperature: 85C
Martensite 64 Non tempered
Sorbite - hardening in oil 63 Hardening temperature: 83C
and air tempering Tempered at 196C
N Austenitization temperature: 83C
Bainite - salt 58 Isothermal hold: 228C

Tab. 1. Microstructure types of substrate with correspogdiardness after heat treatment.

1.3. DL C coatings based on WCC

After all substrates were prepared according toreguirements, we could move to the next
phase. Nano-metric WCC coatings were depositedrtctibnal surfaces of all samples by company
STATON Turany. Magnetron sputtering method was ugdeemically cleaned sample was placed
to deposition chamber and the surface of the samateionic purified. Deposition process began
right after purification and it was divided intodveteps — thin layer of chromium was deposited for
better adhesion properties and later thin WCC |swees deposited onto already deposited Cr layer.

Schematic structure of both coatings depositedhenstibstrate and real structure can be seen on
Fig. 3.
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Fig. 3. Schematic structure of deposited coatings (left) ieal structure of 100Cr6 steel with depositeatiogs
(right).

2. Experimental device

Tribological test were performed in the laboratofyDepartment of Design and Mechanical
Elements. This laboratory offers wide range of desi dedicated to the measurement of the
coefficient of friction. The most suitable devia the task was linear tribometer.

Fu

Fig. 4. Basic principle of tribometer (left), linear trib@ter used for experiments.

This type of tribometer allows to measure the dgoigfiit of friction by "ball-on-flat” method.
Friction forceFy is measured with tensometric sensor and dataglwimole experiment are written
to mass memory storage. Normal foFgeis generated by set of weights with desired mass.

2.1. Methodics of experiment

Tribological pair consists of measured samples wititensitic, bainitic and sorbitic structures
with deposited WCC coating, another component wasdsard 100Cr6 steel ball with 4 mm
diameter.

Fig. 5. Tribological pair during one of our tests on lin&dbometer (left), ball holder and steel balbfrt).
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The conditions during the experiment were exadtly same for all tribological pairs. The
experiments were conducted in atmospheric conditemd without lubrication. The velocity of
steel ball was not constant, but it had sinusdigdiavior with velocity ranging from 0 to 20 fim
The load was constant with value of 10N. The darabf all experiments was 6000 seconds with
100 meter distance.

2.2. Reaults

The result of our experiment was the change ofctiedficient of friction over time. Vertical
axis shows the value of the coefficient of frictioh all three samples with WCC coatings and
horizontal axis represents time domain. All valoéshe coefficient of friction listed in the graph
were obtained with constant 10 N load.

Initial value of the coefficient of friction for thsample with sorbitic structure was 0.33. Other
samples (bainitic and martensitic) reached equiglivalue of 0.43. The value of the coefficieriit o
friction had decreasing tendency during our expenits and became almost constant after 5000
seconds. The lowest value of the coefficient aftion 0.15 was reached by the sample with bainitic
structure at the end of our experiments. Martensitid sorbitic structures reached only slightly
higher value of the coefficient of friction. Detil behavior of the coefficient of friction can be
seen on Fig. 6.

0.5 I
— 14 108 Martensite 10N
g —— 14109 Sorbit 10N
— 14103 Bainite 10N
04
1N— 14 109 Martensite 100N
S,
- 03
O
k3]
t -
S
— —— 14109 Sorbit 10N
% 0.z Y
=
S 1 o
O 14 109 Bainite 10M
01
0 : ' : : { : : {

1 I I .
0 1000 2000 3000 4000 5000 5000
Time [s]
Fig. 6. Coefficient of friction for different heat treatd®0Cr6 substrates with deposited WC/C layer.

The wear of steel balls was measured and evaladtedall experiments were finished. Initial
coefficient of friction, Hertzian pressure and #irea of worn surface of steel ball for samples with
different structure of the substrate are listedab 2.
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Initial Hertzian Area of worn
smple | gt | pemre | ariest | Lot s oreg
[] [GPa] [mm?]
Martensite + WC/C 0.426 1.24 0.10 10 tip no.20
Sorbite + WC/C 0.341 1.24 0.07 10 tip no.17
Bainite + WC/C 0.442 1.24 0.06 10 tip no.12

Tab. 2. Chosen tribological properties.

01 mm s 0.1 mm
& ~ —_

substrate: a) martensite, b) gerhd) bainite.

o »
7 . . e
i . &
e 01 mm
— »~

Fig. 7. Surface of steel balls after experiments on sagnplth different

3. Conclusion

Tribological properties of WCC coatings were expemtally measured and evaluated. Based
on our measured data we can conclude that the toxa&se of coefficient of friction was reached
with bainitic structure of the substrate. Low vabfecoefficient of friction for this material alded
to the lowest value of wear rate when compared #otensitic and sorbitic structure of the
Substrate.
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Abstract. The technological development of production fortles need for continuous development of
measurement systems. Modern production technologliet as Rapid Prototyping require specialized
measurement systems. Additive technologies allonmenufacture parts with a complex geometry.
Geometry measurement of such models by traditiorehods is problematic or impossible to perform.The
selection of an appropriate method of measurensanfluenced by many factors: required accuraqgye tyf

the object being measured (size, material, surfaoel) place of measurement. Multisensory Coordinate
Measuring Machine (ang.CMM) use a combination iffiecknt types of measurement sensors such as:
tactile sensors, tactile-optical sensors, lases@sn cameras processing the image, and opticabisen
Complex measurement tasks often require the usevefral types of sensors to measure the same .object

Keywords: Additive technologies, CCM, Sensor, Tactile, Caooate.

1. Introduction

Coordinate metrology as a multipurpose and efficiewhnology is especially important for
new needs of the market.

Coordinate Measuring Machines (CMM) collect datawdtihe measured object using sensors.
CMMs can be equipped with a many different senschaus a tactile or optical trigger probes or
measurement sensors. The main task of the triggdes is to call the trigger signal when a probe
tip get a contact with the measured surface. kewat necessary to read the data with respedt to a
the axes of the machine to determine the coordinaftehe interface in space. Movement against
the axis is needed to determine the coordinatéseointerface. The measurement sensors have an
internal measuring range of up to a few millimetdiise interface is determined by overwriting the
value read by the sensor over the coordinate vakagsby the measuring machine.

1.1. Multisensory of CMMs.

Typical CCMs are equipped with tactile measuripgwith the possibility of the selection of its
diameter and length of the probe where the measuipnis situated. This allows to measure the
dimensions of various elements from several miltere to several meters (Gantry
CMMs)Although such measurements are the most aecatathe moment, they involve certain
limitations. The first limitation are the dimens®nof the measuring tips, the minimum diameter is
about 0.3 mm. Another limitation is related to fiteysical contact of the measuring tip with the
surface of the measured element; too much pressuttee element may damage its surface or cause
the movement against the table.

During the last years, there is a strong emphasisthe development connected with
multisensory coordinate measuring technology ireotd meet the needs of the production market.
There are a lot of elements that require to usteréiit measuring sensors , i.e.. micro gears,
implants, delicate elements made of glass or fahrid more. Measurements of parts with size of a
few millimeters to a few micrometers or the measwerts of macroscopic elements of very low
uncertainty require new measurement techniquesdbasecurrent machines but with improved
stiffness and thermal stability. Multisensory canede measuring machines use a combination of
different types of measurement sensors such asietaeasurement tips, tactile-optical tips, laser
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sensors, cameras processing the image, opticabrsesisig autofocus, sensors scanning 3D tracks
[1, 2, 3, 4].

A b

a) b) c) d) e) f)

Fig. 1. Measurement sensors and their application [1dc#lé sensor; b- tactile-optical sensor; c- ladessensor
processing the image; e- autofocus; f- sensorsgegu3D tracks.

1.2. Additive technologies.

Additive technologies knows as a Rapid Prototyp{agg.RP) or ,3D printing” allow to
produce physical models based on a computer madelaped in CAD software’s or generated by
reverse engineering technologies. The general ipfenof production of these objects involves
creating layered models. The concept of "Rapid d®yptng" combines the technologies that are
automated physical modelling techniques throughyared sintering, bonding, splicing, melting
and curing all kinds of material, by laser or oteeurces and energy. RP technology is mainly used
for the production of prototypes but increasindgodor the production of small series. They allow
you to significantly reduce the time and cost of fhunch of a new product. Although these
processes are the same at end, are very differédatms of the resulting final product. One of the
most popular technologies with a lot of possilaktis the POLJET Matrix technology developed
by Objet company. In Polyjet technology model isated by spraying photopolymer on tray by
piezo-crystal working through electronically corlied (Fig. 2). Working material is fed to the
nozzle with a very small pressure, then if a laoatis to be given the material to piezo-crystal
voltage is applied to decrease a volume of thetaky$n resulting the photopolymer drop is
squeezed through the nozzle. After the single |aiteis exposed to UV light that causes the
immediate hardening of the material [5, 6, 7].

[

Fig. 2. Objet Connex 350 Printer and the manufactureh vifall cube model.
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2. Theuse of multisensory CMM ZEISS O-INSPECT 442 for Rapid
prototyping models.

Applying RP technology we can produce elements ebngetry impossible to perform
traditional techniques. Such models require the aisa variety of sensors in order to assess the
accuracy of performance. There are many differddtt€chnologies which differ in accuracy and
the principle of the prototype production. Duehe tlevelopment of RP technologies they are more
and more popular and they are used not only fotopping but also for the small series
production. This necessitates a proper assessnietiteoaccuracy of these technologies and
determination of their capabilities. Multisens@gordinate measuring technique is very useful for
the evaluation of the models produced with theafdeP technologies. One of the most popular of
Multisensory CMMs is O-INSPECT 442 produced by Z&tompany.

O-INSPECT 442 is equipped with a three differemisses:

= Tactile sensor - passive scanning head,
» Visual sensor — 2D optical CCD Camera with digggwzoom lens,
= Optical sensor — white light distance sensor.

Fig. 3. O-INSPECT 442 sensors: from left side a) tactlesor; b) 2D Camera; c) white light sensor.
Fig. 4 illustrates an exemplary application of nagihsory CCMs for the evaluation of a
prototype made of metal powders (SLM).

C - shape
of channel

B - radius
roudness

A - surface flatness

Fig. 4. Multisensory measurement of a prototype.

- 138 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

To measure three characteristics marked on theeapmitotype three different sensors were
used. The evaluation of the flatness of the sidéwas performed with the use of a tactile tip. The
rounding radius of repeating slotted holes, du¢heovery small size, was determined by optical
image processing method, and the shape of the ehaross-section was determined by the white
light optical sensor as its dimensions did notwvaltbe evaluation by the tactile method. The above
example illustrates well the issues and complex sumeament tasks posed to us by production
technology by Rapid Prototyping. At this point, megénsory measurements are necessary for the
correct evaluation of a prototype.

Visual and tactile sensors were compared to chleek ticcuracy on O-Inspect CCM using
Calypso5.2 software. The diametral stencil of takig equal 49.9865 mm specified by the Central
Office of Measures was used as the object of thasmrement. This object was measured with a
ULM®600 linear gage and its value was set to 49.9867, it was accepted in further measurements
as the nominal value. Both methods have been dastiein automatic mode with a fixed scan rate
of 5m/s and 360 measurement points were colledtedboth methods, software filtering and
deleting of abnormal values were used . The measnefor each of the methods was carried out
ten times. After calculations, the standard desratibtained for the optical method was 0.0046 mm
and 0.0024 mm for the tactile method. Deviatiorthef optical method is almost twice as large as
the deviation of the tactile method, neverthel@ss,still satisfactory.

Tactile sensor was also compared to the white lggintsor. The surface flatness of printed
model was designated by both sensors. The resustherwn on a Fig. 5 [8].

Tactile sensor |—/| 0069 mm|  \White light sensor [—]| 0.061 mm|
TRy > -
MR S /// o o
/(// /,/4// ,//"—/ o7l ; //
(PSS 225 5
3 \~/ // /’/f _/;/’/’ ///,\\ 5 \ / ////)
/‘, /// /// ’ ////‘ .//4/“ P » / A /\>\
1 AN NI S B A AN 2

) s A1 '// /_,--/ [ _’ 3 2 /
” - - T /
‘,\ ,// // F /’, / 0H i v //
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Fig. 5. Results of measure.

The obtained results of the measurements are Jemfas There are currently hard to
determine which of them will be more correct. Measuent by tactile sensor could be affected by
the deformation of the material caused by the atieessure of the measuring tip. The other hand,
optical measurement could be affected by the matielh was made of translucent material.

3. Conclusion

Multisensory measuring technique enables a compsi&y® measurement of complex parts
made of RP technologies. Optical sensors can beé wi#h a small-sized elements and easily
deformable materials. Highest accuracy of measuneswee achieve by tactile sensor, however due
to low accuracy of RP technologies we can use alpsensor with high precision. Optical sensor
are much faster than the tactile senor but ngpregision. In many cases it is not possible to
measure some details by contact methods, for exadigineter of hole is smaller than the diameter
of stylus tip. Optical method has a lot of limitets and may be used only where it is necessary.
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Abstract. To optimize water heating in indirectly heated hatter heater was created mathematical model.
To verify the mathematical model, experimental measents have been carried out. The results of
experimental measurements is to determine the Higrerformance of the heat exchanger. The resdts w
then compared the results obtained from the mattiemhanodel of hot water needs. The document also
contains an analysis of the results.

Keywords: Experimental measurement, Experimental deviceeWeater, Hot water.

1. Introduction

Indirectly heated water heaters used to heat acuhadation of heated drinking water. Offers
high users comfort allowing hot water to supplyaegé number of deliveries points in residential
buildings and even economic objects. In most casih, one performance spiral heat exchanger
Fig. 1 for hot water from an external source ofthea

Fig. 1. Indirectly heated water heater.

-141 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

2. Experimental Measurement

For the experimental measurement was used indirbetited water heater with the following
geometrical parameters: height of the water taBs®m, width of the water tank 0.520 m, volume
of water tank 100 I, length of the spiral tube @.88, inside diameter spiral tube 0.028 m, external
pipe diameter 0.032 m spiral.

The experimental device was connected in Fig. 2teWheater and the primary circuit was
filled, while all the excess air squeezed out. \nttol valve and valve V1 is closed and valve V2
is opened and the primary circuit was allowed tathg to 80 °C. After achieving stable conditions
in the primary circuit, the valve V1 open and vaW2 closed. When the temperature T2 at the top
of the water heater temperature reached 15 °Qedt#lre timer. During this heating period may be
necessary to make fine adjustment of flow measoredL1 by valve V3. When ;ltemperature
reached 60 °C, the boiler is disconnected by ogermadve V2 and closing valve V1. Read the
elapsed time and recorded as heating time. Thenédges then allowed to stabilize about 1 min.
After about 1 min. valve V1 is closed and valve Was opened and began to discharge, while in a
fully open control valve V5 is set to flow outlet BTN EN with the valve V4. In our case, the flow
of 0.25 I/s, because it is a 100 | water heateril&\the flow was measured by the flow meter FL2.
Subsequently, the timer started. Whentdmperature has fallen below 40 °C, valve V5 aset,
and subtract the elapsed time and recorded asdiirdescharge. All measured values - initial and
final temperature of the boiler, water heater terapge, inlet and outlet temperature of the water
heater, the flow in the primary circuit and thewldischarged from the heater were recorded in the
measurement units and were recorded using AMR -®@@introl to your computer (PC) [1].

Wl

Vé

SV
Fig. 2. Involvement of the experimental devicEL1l, FL2 turbine flowmeters; V1, V2, V4, V6 stop-
valves; V3, V5 adjusting valve; Tla, T2, T3, T4,bTfemperature gauge PT100; E boiler; C
circulator; SV cold water, 1 experimental device.
2.1. Results of Experimental M easurements

Indirectly heated water heater was measured fogngpeérature drop 80/60 °C. During the
measurements were recorded the following daia the heating time was shown after 1 min and
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temperature T11, T12 inlet and outlet temperatlieywater temperature in the heater and Q heat
output were averaged. Measured time to heat waten L5 °C to 60 °C was reached 19.72 min.
Measurements the indirect discharges of heated \watger from 60 °C to 40 °C. Measured time is
reached during discharge of water was fixed at 5.3 min.

The temperature of discharged water was observBdiiar increments. When at the end of 5 |
increase in temperature has fallen below 40 °Camaspleted discharge. The values that have been
achieved from measurements in the temperatureegra@D/60 °C were calculated performance of
the heat exchanger, according to the following &égoa

(T, -19).v,, W .
Q 143.1 [kw], (1)

where: Q is the performance of the heat exchankf),( T, is the average temperature of
discharged water at 40 °C,yYis the volume of water discharged at 40 °C or highes the time
needed to heat the water heater from 15 °C to 6th°@in., the conversion ratio of 14.3 kW
(860/60 min) [1].

3. Comparison of Results

Based on the results achieved from the measureaneintnathematical model are compared, or
set up a mathematical model of heating water iotirdneated hot water heater is working properly
and it can be used to optimize heating. From tHeseguent comparison of the measured and
calculated power Fig. 3, was found to create a emastical model of the hot water is working
properly. Therefore, this model can be used tonaigé water heating indirectly heated boiler water.

60,00 60,00
60 - 57,30 5730 1 -
50
40 - 37,07
32,82 3335
=
= 30 -
&Y
1972
20 -
10,97
10 - <30
() T T T T
AT 67.86°C AT 67.86°C AT 70°C AT 70°C
measurement model model standardized

measurement calculation

Temperature drop
HQ kW] ®mrto[mun] =t2[°C] ™t [mun]

Fig.3 Comparison of measured and calculated performance.
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4. Conclusion

To verify the mathematical model of heating hot evaivas carried out experimental
measurements, according to STN EN 12897:2007. Xpergnental measurement was carried out
in the temperature gradient 80/60 °C. Heating r@éehed 19.72 min and time of discharge was set
at 5.3 min. Based on the measured values to c#édctila performance of the heat exchanger, which
went 10.97 kW. Performances achieved in the measane and mathematical model were
compared, and the following findings that the mathgcal modeling of hot water heating is
working properly, and can be used to optimize thating of hot water. Optimization will focus on
the change of geometric parameters indirectly hilat¢ water heater.
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Creation of a tilting bogie model for simulation pupose
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Abstract. The article deals with usage of tilting bogie ubfic railway transport and determination of riding
comfort value for a ride along a curve on the trdokhe second chapter, the process of tiltingdogpdel
creation in SIMPACK program with joints being dedfthis given. The bogie is modelled in the RAIL
module of SIMPACK. The third chapter deals with hwat for calculation of individual bogie parameters,
masses, static moments, center of gravity coorenanoments of inertia and deviation moments. & th
fourth chapter we characterize the track neededhi®rsimulation of ride in a curve. In the last juies,
signals that are necessary for comfort value détation are given. The conclusion summarizes the
simulations options that will be dealt with in theure.

Keywords: Model, Ride comfort, Tilting bogie, SIMPACK.

1. Introduction

A railway vehicle represents very complex mechdrggatem. In public transport the aim is to
increase the driving velocity and the ride comtdrthe vehicle.

The increase of driving velocity leads to introdotof a tilting body. Such attachment of a
body on the bogie is much more complicated in #eemf a standard railway vehicle. The role of
the attachment is to increase felt while the vehratles in a curve and thus decrease the lateral
unbalanced acceleration affecting the passengeatsoanthe contrary, while keeping the lateral
unbalanced acceleration measure, enable veloatgase for a ride in curve with the given radius
[6].

The tilting bodies enable increase of a ride inveuonly from the passenger comfort
perspective, but they do not affect the rail stfaom lateral forces [3]. The issue of tilting bedi
was an impulse for creation of a tilting bogie micaled the track, along which the bogie will ride
[4]. The bogie and track models were created imalation program, which will also serve for the
ride comfort analysis purposes.

2. Creation of tilting bogie model

The bogie model was created in the RAIL module dBIMPACK program. Each model
created in the program consists of certain bodusch are connected to each other through joints
with defined force elements. These parts of modeladfected from the settings in of the Globals
item in the model navigator tree.

The bodies are the main modeling elements, whigieni® on mass and inertial properties.
They can be solid or flexible. SIMPACK providesdardifferent types of bodies:

= Rigid bodies, which do not change their geometrsnass properties during the simulation.

= Flexible bodies defined in an FE code (mass madtifness matrix).

» Flexible bodies defined by SIMBEAM, which is anegtated finite element tool within
SIMPACK that allows the user to model three-dimenal flexible beam structures including
mass and inertia properties [1].

The input data for bodies can be set automaticalipanually:
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= Data Input — Manual: the total body mass, centrgra¥ity (coordinates of its positon yand
z with respect to the reference system), momentmertia (with respect to the centre of
gravity).

= Data Input — Auto. All these properties are beidralated on the bases of a density and
geometry.

There are multiple options for the creation of dypgeometry in the database of SIMPACK.
The program enables also import of an external GAdlel with geometry already define, which
was also our case.

The bodies are connected with other objects ordference system through Joint elements.
Each connection of objects must be defined by Marlkéach body can have only one Joint. The
type of Joint defines the amount of degrees ofdivee of the body.

Springs, dampers and other passive or semi-actemeats are modelled using the Force
Elements. Force Elements serve to create relatioe tonnections between individual bodies.

In the case of abogie, it is also necessary tothsetparameters for the Wheelsets, which
provides logical connection between the left agtitrrail-wheel pair.

Most of the railway vehicle model parts are crediedn the standard modelling elements.
Only the rail-wheel contact requires special madglelements. The vehicle can move freely in the
space or along the track, where the vehicle is mdabstically restricted in the rail-wheel contact
The vehicle is forced to follow the track.

X

Fig. 1 Bogie model in SIMPACK.

3. Bogie parameters calculation

Geometrical parameters of bodies used for the aatioatly calculation of inertial properties
are defined in parameters of each body composiagrtbdel. In our case, individual parts were
modelled in CATIA programme and imported to SIMPAGIferwards. In the dialog menu of
SIMPACK, multiple selections of individual bodieseapossible for the calculation of inertial
properties.

For the calculation of inertial properties, thecstled tessellation method instead of analytical
expression is used. The tessellation method i®eeps, during which the former body is converted
to irregular triangle mesh, that is individual gexincal elements are discretized using triangles an
inertial parameters determined through integratioriscretized volume of the bodies. The amount
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of triangles used for discretization depends on dhen geometrical parameters. The offered
variants of tessellation are solid, shall, and fren@e [5].

The automatically calculation of inertial paramster SIMPACK is a valuable tool for quick
determination of these characteristic based on gggmThe calculated values are a rough
estimation of properties and cannot guarantee esamttlts. Nevertheless, its universal concept
makes it a suitable tool for standard geometrib@pss such as cylinder, cone etc. and also for
arbitrary complex geometrical shapes of models magofrom CAD softwar€hyba! NenaSiel sa
Ziaden zdroj odkazov.

Body massn [kg] is defined as a density[kg/m3] multiplied by integral of volumes:

m = ,ojl av . (1)
av
Static moments of volumes xpy, andz axis:
sx=p.|'de,sy=,0J'de,sZ=pJ'de. (2)
dv av dv
Centre of gravity coordinates fgry, andz axis: :
S S S,

Xy :Exin :Ey’ZT =E' (3)

When defining the moment of inertia of a contindgudivided body it is necessary to use
integral calculation. Moment of inertia of voluriveto x, yandz axis are defined as addition of all
volume element and squared distance of the ceotgmsvity fromx, y andz

|X=pjx2dv,|y=pjy2dv,|Z=pjz2dv. (4)
dv dv dv
Moment of deviation:
szp.[y2+zzdv,Dyzpjx2+zzdv,Dzszx2+y2dV. (5)
dv dv dv

In SIMPACK, there is a possibility to set the masthe model manually and calculate the
calculation of the center of gravity and the ir@rparameters using the automatically function of
the program [1].

4. Track characteristics

To determine the ride comfort, a simulation ofderalong a track has to be proceeded. Basic
settings of the rail are done in the RAIL part d¥MBACK, where geometry of the rail and lateral
position is defined. In the advanced settingss possible to modify its geometry. In the program,
rail profiles from a library of existing profilesan be chosen. The program also allows to predict
wear and loss of material on the rail or on theelhe

In the track setting, the parameter Type playswgwortant role, which in our case is set to Rall
option. By setting other parameters for lengthjusa@f curve and cant are defined characteristics
for line track [1]

In our case, the line is 3.5 km length. Track begtraights, followed by four (2 left, 2 right)
curves which are connected straight line part ant$ straights. Curve radius is 600 m.
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Fig. 2 Characteristic of a track.

5. Signals necessary for the calculation of ride comfb

Ride comfort is evaluated through comfort valuedicw are derived from test. In our
simulation, the comfort during ride in curnR:t will be evaluated. This value is described as
discomfort perceived when entering the curve ocgiged during ride through curves oriented in
opposite direction. The comfort values will be sped according the STN EN 12299:2009 norm.

The following formula is used for calculating thalwe of comfort, where the member in
brackets is taken to account only if iti8:

Per =100(fI( Ay + By ~C) + Do* |,where: (6)

y is maximum value of lateral acceleration in theeiperiod from beginning to end plus 1.6 s of

the transition curve [m3,

y is maximum value of lateral jerk in the time périopom 1 s before the beginning to the end of
the transition curve [m3,

0 maximum value of body roll velocity in the timerjpa from the beginning to the end of the
transition curve [4],

A, B, C, D, Eare constants fd?ct comfort index in Tab. 1.

Condition Algm] | B[sm] | C[] D [s/rad] E[]
In rest - standing 0.2854 0,2069 0,1110 3,6400 2,28
In rest - seated 0,0897 0,0968 0,0590 0,9160 1,626

Tab. 1 Constants foA, B, C, DandE [2].

Formula (6) is used when entering the curve or spp@dlirected curve, which take at least 2 s.
Following measurements are carried out [2]:
= |ateral accelerationy* in the middle of the vehicle body floor and thadang end of the

passenger compartment,
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* unbalanced lateral acceleratigp,
= roll velocity of the vehicle bod@*, at a suitable position of the vehicle body,

= angle of tiltings (where is necessary),
= velocityv[29].

6. Conclusion

Passengers in public railway transport, place grafmrtant on ride comfort in vehicle. They
experience the biggest influence of ride duringe riirve. The biggest acceleration affects the
passengers there. The requirements for increase@®fcomfort lead to construction of tilting
vehicle body.

The article deals with procedure of creating a edgr tilting bodies. Individual parts of bogie
are created in CATIA program and imported into datian program SIMPACK. It is necessary to
specify basic model parameters of the vehicle afohel joints between individual parts. With the
use of the force elements it is also possible taehsprings, dampers end other passive or semi-
active elements.

The aim of further research will be evaluation loé tvalues of ride comfo®ct and force
effects on the track with and without body tiltifag empty and fully occupied vehicle. The load of
vehicle has great influence on ride in curves andbody tilting. In the future simulation, the
vehicle will drive through chosen track composeahfrcurves and shorter straight sections. The
outcome will be evaluation of the results and tigeaphical representation.
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Abstract. The article deals with use and calculation of opiings for rail vehicles. There are three coil
springs in the secondary suspension and two inptiteary suspension of the bogie. In the primary
suspension case, in addition to the vertical foriteye are also lateral forces acting, which affiee ride of
the vehicle. The coil spring simulation was perfedin SIMPACK program and the obtained values bell
used in further simulations. The data obtained bélused as an input for a design of coil sprimgbd

implemented in a tilting bogie model, on which ttemfort values during ride in curve will eventuabig
determined.

Keywords: Coil spring, Stiffness, Lateral force, Verticatde.

1. Introduction

The basic task of tilting bodies of railway vehigddarger slope in the ride in curve and reduce
unbalanced lateral acceleration affected on passenghe aim of the passenger transport is also
increasing travel speed with the least impact as@ager comfort in the vehicle [1].

During the model construction, it is necessarydbtke parameters of individual components.
In the next chapters, we will deal with force elertsein SIMPACK program, which allow the user
to model springs, dampers, and other active or-setive elements, forces in the contact between

bodies, friction force, driving force, etc. Duritige setting of the parameters was made the analysis
of stiffness in ANSYS program.

2. Suspension of rail vehicles

A spring is a flexible component of machines maderads or beams, which allows
deformation energy storage during its flexible defation. Springs can be divided into steels or
non-steel (rubbery, pneumatic or hydro-pneumattcphm the running quality perspective, the
softest suspension possible is desired [27].

The deformation work of the spring represents temulated energy, which can be expressed
in the form:

dA=Fdy =K dy,resp.dA=Mdg =K,dg ; (1)
where:

dA deformation work element [J],

F force [N],

dy deformation element [m],

M torque moment [N.m],
d¢ torsion angle element [rad],

K, stiffness [N.m],
K, torsion stiffness [N.m.rag,
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¢ torsion angle [rad].
Deformation work is defined as [22]:

1 1 ‘ 1 1
A=) Kydy ==Ky* ==Fy,resp. A= [Kdg ==Kg*> ==M¢.
oyyzyzyp£¢2¢2¢ (2
The force or moment that will cause the unit dispfaent or rotation of the spring rate:
dF dm
k=—,ectk=—-.
Stiffness of the springs with linear characterigiconstant:
F M
k=—, ect.k=—. 4
y P (4)

The first natural frequency serves as a sort opension quality indicator and can be
approximately determined using the formula [20]:

(o1 [k 05

_ZT m \/g (5)

where:

f is the natural frequency [Hz],

k is the total stiffness of the vertical suspengiowm],

m is the vehicle car body mass including the spmangs of the bogie [t],

Zstat IS the static press of the vertical suspension utideweight of the car body [m].

The natural frequency of the vehicle (reasonabh@ing quality) should be between 1 and 1.5
Hz (better up to 1.25 Hz).

The results indicate, that the natural frequendyesdor the suspension is affected by the car
body mass. This means, that an empty or low ocdugae has a higher first natural frequency than
a fully occupied car.

Default parameters of a coil spring are the meamdier of the spring D [m], diameter of the
wire d [m], amount of active threads n [-], amoohtlosing threads n’, free length of a spring H
[m] and gradient of the helix s [-].The free lengtha spring must be chosen in such manner, so
maximal pressingmax[M] (constrained by the buffers) would not comedntact with the threads,
but a clearance will stay of at least 10 to 15 &srdbter of the spring wire [2, 3, 6, 8, 11, 12, 26].

H,=(n+n")d+z,,+n(0.1to 0.15d. (6)
Deformation of the coil spring loaded by an ax@alk F is calculated from the formula:
64FR°n
= 7
“T T ad (7)

where:
n is the amount of the active threads [-],
Ris radius of spring [m]
G is the shear modulus [Pa].
Axial stiffness of the spring is [12]:

Gd*

= . 8
64R°n ®

3. Springs parametersin SIMPACK program

In program SIMPACK are the springs generated atbegositive direction of the x-axis of the
reference marker, which is located in the middléhefspring end (Fig. 1).
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Fig. 1 Location of the primary and secondary suspensidherbogie.

By input of the spring characteristics, not all fa@ameters are always available:
» stiffness and damping parameters are lost, if tlwm-lmear stiffness or damping
characteristics are set through main input funetimn individual directions,
= constants and input parameters, as well as nonfianeé parameters, are lost when the
expression is assigned to the given direction.
Basic input parameters in SIMPACK program:
= nominal forcednom_x From_y From_ANominal force f_nom_x/y/z),
= stiffnessky, k, k; (Stiffness k_x/y/z),
= dampingdy, d,, d, (Damping d_x/y/z),
* imput function Fix, Fxy, Fiz Fax Fay, Faz (Input Function F_k(x/y/z), Input Function
F_d(xd/yd/zd),
= clearance in directior, y, zS,, S, S,
= root function - used for detection of the clearacgestraints,
= reference marker for measurements and calculat@alh the measurements of distance and
speed between markers as well as all calculatexddonse directions defined by the axis of
the reference marker insteadrsbm Marker,
= forcesFy, Fy, F;, which describe the forces in three directions.

4. Calculation of the spring stiffness

The suspension used in our bogie is in vertical latetal direction. The primary suspension is
secured by two coil springs on each wheel supplézdehy hydraulic dampers. The secondary
vertical suspension is realised using coil springgh vertical and horizontal dampers. The
secondary suspension is also in the lateral dnectiateral suspension of the bogie is described as
active, meaning that the centre of gravity of the loody is located in the longitudinal axis of the
bogie.

The calculated axis forces in the secondary sugmeisprings in ANSYS program are shown
in the Tab. 1. Longitudinal and lateral forcespniisgs are calculated for 4 degrees of turninghef t
spring. When the springs are turned, changes irati@ forces emerge, as can be seen in Fig. 2.
There we can see an approximately linear forceacharistic. If we turn the spring system around
its vertical axis, the characteristic changes. »@rage force of -11 093.80 N applies in the veltica
direction. The average value of stiffness in this dwection is -221.88 N/mm (Fig. 3).
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. Rotation of spring 0 Rotation of spring 45 Stiffness
Depression [mm F, [N]
Fy [N] FxIN] Fx[N] Fy[N] k [mm]

4 481.09 809.21 1066.50 559.77 -11071.00 -221.42
3 274.78 636.54 862.84 355.94 -11076.00 -221.52
2 69.04 434.30 659.07 155.44 -11081.00 -221.62
1 -136.86 232.00 454.90 -48.64 -11086.00 -221.72
0 -342.89 2.99 251.72 -253.00 -11091.90 -221.82
-1 -547.72 -174.96 47.52 -457.33 -11096.00 -221.92
-2 -753.84 -374.85 -155.58 -661.52 -11101.00 -222.0
-3 -975.62 -578.80 -359.50 -866.24 -11107.00 -222.1
-4 -1165.30 -780.43 -569.23 -1071.8p -11112.00 282
-5 -1371.00 -982.56 -773.02 -1276.6D -11117.00 202

Tab. 1 Calculated values of the secondary suspension.
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Fig. 2 Secondary suspension coil spring load by turniogiad the vertical axis.

A

Fig. 3 Depression in the triple-springs.

In the primary suspension case, the situationsgeed\o lateral forces affect the double-spring
and therefore it is sufficient to calculate onlytiel load from press and consequently determine
the spring stiffness. From the calculated valuehenTab. 2 can be seen, that application of higher
force leads to higher compression of the spring, thae stiffness remains unchanged with the
average of 6599.20 N/mm (Fig. 4).

Z [mm] F[N] k [N/mm]
1 6599.20 6599.20
2 13198.00 6599.00
3 19798.00 6599.33
4 26397.00 6599.25
5 32996.00 6599.20

Tab. 2 Calculated values of the primary suspension.
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Fig. 4 Depression in the double-springs.

5. Conclusion

The increasing requirements on rail transport léadpermanent innovations of vehicle
construction. In the case of passenger transpaat @ccent is focused on the passenger comfort.
For that purpose, tilting car bodies were developelting bogies make an important part of the
construction. Our aim is to create a model of duopie and use it for a simulation of a ride on the
track. In the case of primary suspension we hatergéned the stiffness in the vertical direction.

One of the important parts of a bogie is the susipan in our case a double stage one - the
primary suspension (composed of two springs) aedsttondary suspension (composed of three
springs). We created and analysed the model odghiags in the ANSYS program. As a result for
both of the suspensions, the stiffness was cons224t88 N/mm for the secondary suspension and
6599.20 N/mm for the primary suspension. The giuais more difficult by the secondary
suspension. We found out, that the lateral stifn&fsthe spring is dependent on the turning of the
spring and changes linearly with the compressidresé results will be further used for simulations
of the whole bogie and ride in curve of the track.
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Abstract. Exhaust emissions tests of engines for varioudicgions are related to determination the
concentration of harmful compounds and the mad#lewing exhaust. Modern measuring equipment enables
fast measurement the concentration of compountseiexhaust and also allows measurement the mass of
flowing exhaust but with a relatively low speed.eTtcommon methods of flow measurements can not be
used for turbine engines due to the high flow rafabe exhaust gas. The article proposes a melbgy&or
evaluating flow exhaust from the turbine enginejolvhwas verified by research. The study indicates t
possibility of application the proposed method fie tevaluation procedures of exhaust emissions from
turbine engines.

Keywords: Jet engine, Exhaust emission, Exhaust mass flow.

1. Introduction

Methodology of measurement of the emission of egh@ompounds from turbine engines
involves measuring the concentration of pollutacdatained in the analysed exhaust gas sample
collected from the stream of flowing gases with tise of a specially constructed measuring probe.
In the provisions of ICAO — Annex 16 [2], the gednieeparameters of probes are not specified, but
the general guidelines are defined. The probe, wisien contact with the exhaust gas sample must
be made of stainless steel or other non-reactivienah If a multi-hole probe is used, all orifices
must be of the same diameter. The design of thbeproust be such that at least 80% of the
pressure acting on the probe assembly is drawmughrehe orifices. The number of gas sampling
points cannot be less than 12. Sampling plane brisdcated as close to the plane of the exhaust
nozzle exit as it is possible for given engine perfance parameters, but in any case it must be
within 0.5 of the diameter of the exit nozzle. Timvisions state the necessity to prove to the
certifying authorities that the proposed desigrihef probe and its localisation ensures obtaining a
representative sample for each specific settintg@engine thrust [1, 2, 9].

The use of the multi-hole probe in the measureroétite emission of exhaust fumes results in
obtaining an averaged sample of the exhaust gAsesaging the exhaust gas sample is necessary
as with increasing distance from the axis of tiheash of outflowing exhaust gas, the concentration
of the gas components diminishes. It depends otyfgieeof engine design, including the way of its
cooling and separating the engine assemblies fromghases and turbulence occurring in the
outflowing exhaust gas stream. Collected by severdices of the probe gas samples, with
different concentration of exhaust compounds [7ix together, which in consequence leads to
averaging the value of concentration of pollutantthe exhaust fumes [3, 5]. Thus, it is desirdable
measure the concentrations of pollutants at thetpaiere the exhaust gases are mixed with the air
cooling the engine components, or air drawn in Hy éxhaust gases behind the engine exhaust
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nozzle. By such a measure it is possible to es#irtteg actual composition of the gases, and using
additional information — to determine the mass wflowing exhaust gases and the hourly exhaust
compounds emissions [4, 6, 8.

2. Methodology of Assessment of Exhaust Gas Flow for Turbine Engine

The idea of operation of the combustion engine imed at obtaining the performance
parameters translating into the driving performarka® turbine jet engines vital is the outflow of
the exhaust gases generating the thrust power.réiogpto the basic equation defining thrust
power, of great importance is also the mass anddspé outflowing gases. These indicators are
related to such operational parameters as air ogpison and fuel consumption, the total mass of
which translates into a mass of the exhaust gasesrgted by the engine (Fig. 1). Knowing the
instantaneous value of the fuel consumption anthégsuring the chemical composition of exhaust
gases enabling determination of the instantanealug\of the combustion air factbyit is possible
to estimate the mass of air supplied at a particulament to the engine.

lFueI

Air Exhaust fumes

Turbine '

engine

Fig. 1. Diagram of the input and output parameters of tikine jet engine.

The sum of the values of fuel consumption and amsamption represents the value of a
stream of generated exhaust gases:

rﬁair + mfuel = mexhaust (1)

where:
My, — stream of the air mass,

M,y — Stream of fuel mass,

Munaus — Stream of the exhaust gas mass.

Assuming that it is possible to measure two outhoée parameters, the value of the third
parameter might be calculated. For this purposeswenducted tests the aim of which was to
measure the fuel consumption and the value of theam of emitted exhaust gases with
simultaneous measurement of the concentrationeoh#nmful compounds of exhaust gases and the
combustion air factok. The research was conducted on the prepared ¢eshl(Fig. 2), which
included a small single flow turbine jet engine FN&120.

The engine was fueled from the integrated supplymagule including the fuel flow meter
ATMX 2040. The measurement of the exhaust gases Wlas conducted with the use of the
measuring system consisting of two exhaust gasnileters with a flow diameter of 125 mm. The
use of two exhaust gas flowmeters was associatéu thwve necessity to divide the exhaust gas
stream and to reduce its flow rate, adjusting thismeasuring ranges of the flowmeters. Reduction
of the flow rate of the exhaust gas stream is agtatwith the increase of the flow cross-section.
Measurements of exhaust flow rate, concentratidmaainful compounds contained in the gases and
the values of the combustion air facigrwere conducted with the use of the exhaust gakyser
Semtech of Sensors Inc.

The measurements were carried out for fixed vabfesngine thrust ranging from 10 N to
120 N in increments of 10 N. The research was@auwut in such a way that first the setting of the
engine thrust value was made while the system pdraging exhaust gases with flowmeters was
removed from the engine exhaust system. After obitgithe appropriate thrust value, the exhaust
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nozzle of the system for exhaust gas separatiamgaldth measuring system were moved closer.
Time of measurement of the exhaust gas flow andsarement of the concentration of pollutants
for single setting of the thrust depended on ac¢hgestability of the temperature of the measuring
system and ranged from several to several tense@nsls. The obtained values of measured
parameters were then analysed.

Exhaust
analizer

Air

meter
2

v

Exhaust
analizer
2

Fuel flow 1
meter
ATMX 2040 A
Fuel ¢ | > Eth;lestte?OW Exhaust
Exhaust e 1
|  Jetengine | | . _
GTM 120 | | e
Exhaust flow

Fig. 2. View and diagram of the measuring test bench.

3. Test Resultsand their Analysis

During the conducted tests, for the assumed vadfigbrust power settinggc were obtained
values of the engine performance indexes (TabAd hourly measurement of fuel consumpti®a
was conducted along with the measurement of conadouatr factor resulting from the combustion
process conditions, and the streams of the exhaust gas mags.« flowing through flowmeter 1
and flowmeter 2. There was also determined thé stt@am of exhaust gas mass as the sum of the
streams of exhaust gas from two flowmeters.

In accordance with the assumed aim of the artitle,attempt to estimate the value of the
exhaust gas stream was made, based on the meaaiwresd of the hourly fuel consumption and the
combustion air factor during combustion, which etedmined on the basis of the composition of
the exhaust gas. Bearing in mind that for compbet@bustion of one kilogram of fuel is needed
approximately 14.5 kg of air, the following dependg might be proposed:

mexhaust = Ge [A D-4'5 [khg} (2)

With the use of the above dependency were conduwakedlations resulting in obtaining the
value of the exhaust gas mass stream (Tab. 2)reBudts obtained on the basis of calculations were
compared with the values of the streams of exhgastmass obtained during measurements (Fig.
3). The comparison was made by calculating thegmage difference of the values in relation to
the results of measurements of particular valughethrust power.
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F [N] Ge [kg/h] A [_] Mexhaust 1 [kg/h] Hexhaust 2 [kg/h] Mexhaust [kg/h]
10 7.2 3.80 195 274 470
20 9.0 3.94 388 183 571
30 10.8 4.16 375 320 695
40 12.6 4.27 373 441 814
50 14.0 4.39 497 452 949
60 155 4.39 497 452 949
70 17.3 5.11 808 417 1226
80 18.7 4.52 570 636 1206
90 19.8 4.50 609 712 1322
100 20.5 4.85 761 632 1394
110 21.6 431 636 756 1392
120 22.7 4.17 586 891 1477

Tab. 1. Values of the performance indexes obtained duringsarements.

F N] Hehaus: [KG/N] Hexhaus: [KG/N] The relative difference
(measurements) (calculations) [%]
10 470 397 155
20 571 515 9.9
30 695 651 6.3
40 814 780 4.2
50 949 894 5.8
60 949 986 -3.9
70 1226 1281 -4.5
80 1206 1226 -1.6
90 1322 1291 2.3
100 1394 1443 -3.6
110 1392 1351 2.9
120 1477 1373 7.1

Tab. 2. Comparison of the values of the stream of the esthgass mass obtained from measurements and from
conducted calculations.

1600

H rh exhaust (measurements

1400

B m exhaust (calculations)

1200

1000

800

600

Exhaust mass rate [kg/h]

400

200

0

Fig. 3. Comparison of the values of the exhaust gas mesanstobtained during measurements and from caicosat
for particular settings of the thrust power of GE&D 120 engine.

Comparison of the values of the stream of the esthgas mass obtained during conducted tests
with the values determined on the basis of calmnatindicate that the calculated values of the
exhaust gas stream are close to the values obtainedg measurements. In order to make a
gualitative assessment, the percentage differdmegeen the values obtained from measurements
were determined (Fig. 4).
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Fig. 4. Relative differences between the values of the @sthgas mass stream obtained during measuremehts an
from calculations.

4. Conclusion

The proposed analytical method of determining theasn of exhaust gas mass for jet engine
enables obtaining results similar to the actualesl The nature of the distribution of measured
values and values obtained from calculations isilaimThe maximum difference between the
values is approximately 15% and is related to theekt setting of the thrust power. For other
values, these differences do not exceed 10%. Tdrexeit can be concluded that the proposed
method for determining the stream of exhaust gassroa the basis of the hourly fuel consumption
and known value of the combustion air factor, dateed on the basis of an analysis of the
composition of the exhaust gases, can be usedhitoreto turbine engines.

References

[1] Environmental Protection Agency, Control of Air Riblon from Aircraft and Aircraft Engine$2roposed Emission
Sandards and Test Procedures; Proposed Rule. Part Il. Federal Register, Vo].N®. 144, 2012.

[2] International Civil Aviation Organization, Annex dBnvironmental Protection, Vol. I, Aircraft Engine Emissions,
2008.

[3] KOTLARZ, W., PIASECZNY, L., RYPULAK, A., ZADRAG, R.Tests of exhaust gas toxicity of jet turbine engine
for take off and landing phases of flight. Combustion Engines, No. 4, 2006.

[4] MARKOWSKI, J., MERKISZ, J., PIELECHA, J., KARPINSKID., GALANT, M. The investigation of the
influence of the oxygen additive to fuel on the particle emissions from a small turbine engine. 18 ETH-Conference
on Combustion Generated Nanoparticles, Zurich, 2014

[5] MERKISZ, J., MARKOWSKI, J., PIELECHA, Emission tests of the F100-PW-229 turbine jet engine during pre-
flight verification of the aircraft. In: J. W. S. Longhurst, C. A. Brebbia (Eds.), WIansactions on Ecology and
the Environment, Vol. 174, WIT Press, Southampgi,3.

[6] MERKISZ, J., MARKOWSKI, J., PIELECHA, JEmission tests of the F100-PW-229 turbine jet engine during
prestart trial of the F-16 aircraft. The 26th International Conference on Efficien€gst, Optimization, Simulation
and Environmental Impact of Energy Systems, Guilidi, 3.

[71 MERKISZ, J., MARKOWSKI, J., PIELECHA, Felected issuesin exhaust emissions from aviation engines. Nova
Science Publishers, New York, 2014.

[8] MERKISZ, J., MARKOWSKI, J., PIELECHA, JSLUSARZ, G.Analysis of engine operating parameters multi-
role aircraft. Logistyka, No. 6, 2014.

[9] WYGONIK, P. Slection criteria of turbine engine parameters for multi-purpose aircraft. Combustion Engines,
No. 4, 2006.

- 161 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Validation of the Rail Vehicles’ Suspension Damagilodel

"Rafat Melnik, Bogdan Sowfiski
Warsaw University of Technology, Faculty of Trangp®epartment of Fundamentals of Transport
Equipment Construction, Koszykowa 75, 00-662 Ward2eland, {rme, bso}@wt.pw.edu.pl

Abstract. The works within the framework of the MONIT profean the monitoring system of rail vehicle
and track, included simulation and experimentatlgtan the influence of chosen suspension damages on
vehicle's dynamic behavior. Apart from developmeaift suspension fault detection method for the
monitoring system, it was an opportunity to valedatumerical model of suspension damages, due to
acquisition of data from real damaged vehicles. Vd&lation process was carried out with use oppsed
indicator of concordance, due to partial knowledfyeehicles' parameters.

Keywords: Rail vehicle, Suspension damage, Validation.

1. Introduction

The rail vehicle and track monitoring system hasrbdeveloped under the framework of the
project: MONIT — Monitoring of Technical State ofb@struction and Evaluation of its Lifespan
Project. The system performs qualitative assessofeéhe vehicle’s suspension condition (and thus
of the running gear), as well as track conditiomitaring. The piezoelectric sensors are used by
the system in order to measure acceleration sigmalsogie frame and body to assess primary and
secondary suspension condition and on the wheelsetsing for track condition. The detailed
description of the system is presented in [1, 2, 3]

During the development phase of the system itsopypé was tested on experimental track in
Zmigréd, Poland. The system performed measurementierail vehicles (passenger and goods
wagon) which were at first in nominal conditiondaihen suspension damages were introduced [1,
2]. The results of the experimental rides did ndy@rove a proper operation of the system but also
provided information on the influence of suspensiamages on recorded acceleration signals in
actual operation conditions. However, the acquidada can be used in validation of the
mathematical model of suspension damages.

The experiment on the test track was preceded menoal investigation of vehicle's dynamic
responses due to suspension characteristics wagatin order to check whether the built model of
the rail vehicle for simulation is sufficiently agate, it should be validated.

2. Experiment Conditions

The experimental rides of the wagons were conductetivo vehicles' conditions: undamaged
and damaged. Introduced damages to suspensiorawérdows:

» Primary suspension stiffness reduction at one wbegbods wagon — one packet of coaxial
springs was removed from Y25 bogie.

= Secondary suspension damping reduction — removahefsecondary damper in passenger
wagon.

Acceleration signals for suspension condition assest were measured by piezoelectric
accelerometers at sampling frequengy 500 Hz, on track sections of 500 m long. Thenaig
were processed by the following digital filterscading to [4, 5]:

» Low-pass 20 Hz — bogie frame, vertical motion,
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= Low-pass 10 Hz — boogie frame, lateral motion,
= Bandwidth 0.4 — 10 Hz — body, vertical and latenakion.

3. Validation Characteristic

For the suspension monitoring purpose, it was asduthat validation of the mathematical
model, built in VI-Rail simulation software, cover®mparison of the analyzes’ results from
numerical and experimental studies, and its charaist qualitative. The built vehicle model
represents typical Z-2 class wagon. Since we aeedsted in qualitative comparison, the passenger
wagon model was also used for study of stiffnedsicgon which was introduced in goods wagon
during the experiment. The exact parameters ofgp@gs and goods wagon were unknown, since
these vehicles, belonging to Railway Institute mredified, e.g. passenger wagon is a version of
111A coach converted into measurement wagon. lldhoe noted that during simulation phase,
the current irregularities of the experimental kragere also unknown. The irregularities used in
simulation were generated basing on values frorferdifit track sections. This proceeding also
influences qualitative character of the comparison.

The measures to compare for validation are diagnpatameters of the obtained signals which
provide information on suspension condition:

= Root mean square (RMS),
= [nterquartile range (IQR),
= Zero-peak.

Direct comparison of the parameters’ values fromeuical investigation and experiment, due
to simplifications of simulation models and stodiasharacter of vibrations of the real wagons,
may lead to negative conclusion on the models Usefs. For the damage detection purpose, we
focus on the trend of the diagnostic parameterkieg This approach indicates if the variation of
suspension parameters is reflected in similar ivglathanges of diagnostic parameters’ values.
Concerning lack of required models' parametersulsition) and stochastic nature of the vehicles'
vibrations (experiment), we can cope with compariby implementation of proposed indicator.
The adopted indicator of concordance between estitxperiment and simulation is (1):

C = || SDamS_ SNom| _ | Epam ~ Enom |‘ 100% (1)

Nom Nom

The lower the value o€ indicator, the better simulation model correspotaseal dynamic
behavior due to suspension damages. However, thdi€ator does not show direction of relative
changes (increase or decrease).

4. Results of the Analysis

Tab. 1 depicts results comparison of stiffness e¢adn, for speed of 80 km/h. The difference
between parameters' values referring to nominaldameaged condition is presented in [%0].

Conditi Lateral acceleration Vertical acceleration
Parameter on Simulation Experiment Simulation Expenine
R L e e e W1 e GRYPACY
zeopeos | [ 49981 oy, | o | 132991 5281 550 | 21 1155

Tab. 1. The results of the simulation and the experimesttadies — primary suspension stiffness reduction,
v = 80 km/h, parameters' values in [fi/s
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Fig. 1 presents calculated values®ifndicator in case of stiffness reduction in goedsgon
for acceleration signals in lateral (Y) and veliti@ direction.

Cindicator values [%], primary suspension damage,

v=80 km/h
14
12 11.5
10
8
my
5.3
6 NZ
4
1.3 13
2 04 0.7
0 -msm
RMS IQR Zero-Peak

Fig. 1. Cindicator values in case of primary suspensionatgmv=80 km/h.

Forv = 80 km/h, the damage caused reduction of the paeash@alues (Tab. 1). The highest
value of indicatolC (Fig. 1) refers to Zero-peak of lateral accelerasgnal and is equal to 11.5%,
what shows only small difference between respom$esimulation and experiment, taking into
account sensibility of Zero-peak parameter. Thehésty concordance between simulation and
experiment is achieved for IQR (below 1.5%).

The comparative analysis of the simulation and erpmntal results in case of damping
reduction in passenger wagon o100 km/h is presented in Fig. 2.

Conditi Lateral acceleration Vertical acceleration
Parameter on Simulation Experiment Parameter

Nom. 0.106 0 0 0.108 0.120 0 0 0.138
RMS Dam. 0.111 4.7% 6.5% 0.115 | 0.134 11.7% 8.7% 0.15
IOR Nom. 0.141 2 8% 20.2% 0.129 0.153 11.1% 9.4% 0.18
Dam. 0.145 0.155 | 0.170 0.197
i Nom. 0.388 0 0 0.362 0.382 0 110 0.45
zero-peak  mpon T 0415 | (0% | 2L8% Gasg T 0503 | 309% | 11% 1 Gaas

Tab. 2. The results of the simulation and the experimesttadies — secondary suspension damping reduction,
v =100 km/h, parameters' values in [m/s2].

The assessment of concordance, givenCbyndicator, in case of damping reduction in
passenger wagon is depicted in Fig. 2

C indicator values [%], secondary suspension damage
, ry p ge,

v=100 km/h
35.8
my
1.4 Q7

Zero-Peak

40
35
30
25
20

1.7
15
10
18 30 1.7
0 Y
RMS IR

Fig. 2. Cindicator values in case of secondary suspensiomdey = 100 km/h.

w
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At v =100 km/h, the increase of all parameter’s valgasoticed in case of both directions of
signals acquisition (simulation and experiment, . T3b TheC indicator (Fig. 2) reached generally
low values for both directions of signals acquisitiin case of RMS and IQR. However, there is
a noticeable increase Gffor Zero-peak of vertical signal due its sensiyito shocks.

5. Conclusion

The adopted indicator, used for comparison of simulation amgezimental results, reached
values in most cases several or over a dozen pfelteneans that trend of parameters change is
congruent for simulation and experiment. This measan be used for qualitative comparison of
phenomena — when the trend is in our focus, insté@dact values.

The simplified models of the track and the vehick® sufficient for investigation of
suspension damage influence on acceleration sighawever, the use of Zero-peak parameter
may be arguable. It is assumed that in the montoprocess, data is collected from distance of
a certain length (500 m). Zero-peak is a sensitiegasure — its value may suddenly increase, what
can be caused by random excitations. The meastidispersion — RMS and IQR average signals
and thusC indicator does not reach such the high valuethiegse parameters.

The further development of suspension damage datestethods for the monitoring system
may be based on studying dynamic behavior of alsimphicle model without getting into
constructional details of suspension elements.
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Abstract. Combustion of the solid fuel in the burner is amportant issue when discussing the CFD
simulation of combustion process in boiler. In tesent work is employed a simplified method for
modeling the bed, which is based on heat and makmdes in order to simplify the simulation of
combustion in pellet boiler. The combustion moawl $olid fuel in a burner is created for the pugo$
boiler simulations. Such approach does not recuidetailed bed model of fired solid fuel. A simphedel

of the bed can be very useful for designers andnergs of automatic boilers. The described apprdach
modeling the combustion process in a burner helghorten the calculation time and simplify the eloof
pellet combustion in various types of automatiddysifor households.

Keywords: Simulation, CFD, Combustion, Biomass, Pellet, 8oil

1. Introduction

CFD simulations may help to increase understanding provide detailed prediction of
combustion taking place in a boiler. However, mbadgl of combustion is more complex in
biomass boilers than in gas or oil-fired boilense do the complexity of the heterogeneous reactions
in the bed, the turbulent reactive flow in the breard and the very strong coupling between those
two regions. However, it is usually not required describe in depth and in every detail all
phenomena that occur in a combustion system. list€rD calculations should give an
approximate view of system behavior, help in treshboting and provide insights necessary to
fine-tune the system’s operation, as well as gssstance when dealing with new designs [1].

From an engineer’s point of view a detailed modet@mbustion process in a burner is too
complicated to be useful, as it requires great arhotitime and effort to set it up, run, and anealyz
its results. Therefore it can be useful to intralsome assumptions in order to simplify a boiler
simulation. From an overall point of view on a leoihs a unit, only integral factors like heat and
mass transfer in the bed and the boiler are reteasimplified method of bed modelling based on
thermal and mass balances was employed in this teodlescribe pellet combustion process in the
simulation of an experimental 20 kW boiler. The dicdons from CFD simulation have been
compared with the analytic results from thermal arass analysis of the combustion process. The
model employed in this work may be readily adagtedhe modelling of other solid fuel burners
and boiler designs. Several combustion parametsd to be defined if a practicable model is to be
achieved.

1.1. Combustion processin aretort burner

The analyzed boiler (Fig. 1) is equipped with areburner, which works on underfeeding
principle. Fuel (e.g. pellets) is fed from a fuahk through a horizontal pipe by a feeding screw.
The burner elbow changes the direction of movenzant pellets are slowly pushed from the
bottom into the mouth of the burner, where the cestibn process starts. From long-time
viewpoint, the pellet boiler operation is a steaugcess. In fact, the pellet supply to the burser i
discontinuous, because the feeder is in operatiotehs of seconds and then certain time in rest,
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before the next pellet batch is fired. The primaiyis usually blown into the feeder, but also
directly to the fired pellets through slits in tharner mouth. The fuel is gradually fed to the bed,
where it is heated and gradually releases volgéikes [10]. Depending on the specific fuel, vaatil
gases start to be released already from 150 —Q0Ga&ses then pass through the hot upper layer of
bed, which leads to their ignition and subsequemibg in the combustion chamber [7]. The upper
layer of bed consists mainly of fixed carbon and-sombustible inorganic material, with inter-
particle space filled by gases.

Small part of the combustible gases burns in tieg bat the main combustion process takes
place in the combustion chamber above the burmeelfbard). Burned pellets, or their parts are
pushed away from the bed surface and then to bedus, where they gradually burn out. The edge
of the retort burner is usually made of cast iramich resists well the hot environment and
accumulates heat, so it creates favorable condifionfuel gasification. Oxygen in the primary air,
which is not used for the char combustion is predteao that there is no problem with incomplete
oxidation of combustible gases in the combusticendber [9]. Residues (ash and unburnt fuel) are
either (in the case of fine particles) blown awaythe combustion air or (heavier particles) are
gradually pushed out of the burner to the asht&gondary air is introduced into the combustion
chamber at a certain height above the burner tirmegzles in the intermediate wall, which leads
to the burnout of remaining combustible gases. Bekecondary air blows into the combustion
chamber, it is heated in the distribution chanpiges and intermediate wall.

1.2. Biomass fue

Ultimate and proximate analysis of the fuel thaised in the model is shown in Tab. 1. More
physical and chemical properties of various bionfasts could be found in databases, which are
guoted in [8] or e.g. [5] and in similar work [Jlarameters of fuel like moisture, ash contentorati
of char and volatile combustible compounds, andrda value are obtained in proximate analysis,
which is performed experimentally. From the poihtview of energy content it is more practical
and useful as the ultimate analysis of fuel ardefines fuel parameters necessary as input for CFD
simulations.

Proximate analysis is in this work directly usedd&fine composition of gases entering the
combustion chamber. As noted above, primary aupplied together with fuel to the bed. Gaseous
products of fuel drying and devolatilization araugshmixed with primary air. This defines the
composition of gas entering the combustion chamber.

Ultimate analysis Proximate analysis Bed andigarparameters
Carbon 52.0 wt% Moisture 8.5 wt% Particle diameter 6 mm
Hydrogen 6.8 wt% Ash 0.6 wt% Average pellet length12 mm
Oxygen 41.0 wt% Fixed carbon 16.2 wt% Void fraction 0.4
Nitrogen 0.2 wt% Volatile 74.7 wt% Net calorific lua 18.3 MJ/kg

Tab. 1. Approximate composition and properties of the eypedl fuel.

2. CFD Model description

The present CFD model is set up within commeramalecAnsys Fluent, but it would be the
same in other software as well. The modeling ofr@iss boiler includes two main areas of interest:
1) combustion process of biomass in the bed ar2)ogeneous reactions and heat transfer in the
combustion chamber (freeboard). These two processestrongly coupled, as freeboard reactions
depend on the gases leaving the bed, and as tiativadeat flux emitted by flames above the bed
drives the processes inside the bed [1].

Combustible gases in reality begin to be releasdleaso-called devolatilization temperature,
which according to the lon's work [4] is about 38D (about 600 K). With further increase of
temperature, the composition of the released gasewes.
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Thus, we see that devolatilization process is gigoooupled to the temperature in combustion
chamber, which in turn depends on the amount amaposition of the released volatile gases.
Therefore, in the present simplified model it ieessary to select a reference temperature, which is
key to determining the composition of released g48¢ Here it has been decided to choose a
temperature level of 600 K (about 330 °C) to estenthe composition of introduced volatile gases,
adopting the individual mass fractions accordingldo [4] or Thunman [14]. We assume for
simplicity that devolatilization is an instantansgohenomenon of thermal transformation of fuel.
Volatile gases are represented by CO,,C8, H,O, NH;, plus CH representing light
hydrocarbons, and finally¢Bls representing heavy hydrocarbons (tar).

The amount of nitrogen in a majority of biomasdgus below 1 %, (although some phytomass
fuels may contain up to 4 %). It reacts by endathemreaction (the energy gain is negative). The
reaction can be neglected, because the relativegergain is very small. Some authors have
defined the biomass by a substitutive substanck thié chemical formula 4E1.0p. It replaces
biomass in dry, ash-free state, wharandb are coefficients [8, 13]. For this substance a&neéd
physical parameters similar to the real for biomaster gasification, only a solid substance
remains in the bed. This charcoal can be considierediood pellets as pure carbon, because the
ash content is usually below 1 %. Sulphur conteat itrace level, so it is neglected as well.

Char combustion is a complex process that is aftebly the fuel composition, particle shape
and boiler conditions. A simplified model is usedRorteiro [11], which considers a heterogeneous
reaction of char to form CO and @Qvhere the ratio of the CO/G@ormation rate depends on the
temperature. A representative char combustion tesiyre of 1373 K (about 1100 °C) is employed
in this work to estimate the composition of therat@mbustion products [3].

The present work simulates combustion at nominalvgpoof the boiler, as the most
representative operating condition. In the longratepoint of view, the combustion can be
considered as continuous steady process. Adogtis@ssumption implies that the various zones in
the boiler, where certain processes dominate (ascheating, drying, gasification, combustion of
volatile gases and char combustion...) are fixedoerce. Then the overall combustion process can
be considered as steady. Main boundary conditidntheo model then include mass flow inlet
defined at the fuel inlet (burner) and flue gadeiub the chimney (pressure outlet).

2.1. Model of fuel conversion - bed model

As noted above, it is evident that the most conapdid processes occur in the burner. The top
layer of burner volume that contains burning psllist called the bed. Within the bed take place
several phenomena, from the initial heating of ,fuBkfough its drying, devolatilization, gas
combustion and fixed carbon burnout. Reactantsghvimiclude the primary combustion air and the
solid fuel, are fed to this bed layer. In the cotational model devised in this work, the bed is a
part of the computational domain and there is noasste bed model to define the boundary
conditions, similarly as in [1].

When we consider boiler as a device for transfoionadf chemically stored energy into heat
carried by hot utility water, then burner is a aevior fuel transformation to combustible gases and
consequently to flue gases, while the thermal gnesgeleased. The subsequent combustion of
devolatilized fuel takes place in the freeboardr{(bastion chamber). As detailed description of the
processes occurring in the burner is not requinetthis work, the burner may be considered as the
source (inlet) of flammable gases, thermal energly@imary combustion air, the oxygen in which
is already partially consumed. Gas leaves the bedcartain temperature, which is higher than the
devolatilization temperature. If the gas specieseevieserted into the computational domain through
mass sources, the FLUENT software provides no opinospecify their inlet temperature. This
problem can be eliminated by assuming that thet@lgases enter the domain through an inlet
boundary. The inlet however may not be locatedhatterface of the bed and the freeboard, as in
that case the bed would behave as a reflectivasi(diffuse or specular). It is thus better taela
the inlet below the porous fuel bed.
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One role of the bed is to distribute fluid flow tre interface with freeboard evenly across the
burner. Furthermore, the bed provides space angl tinlheat up the gas. Those two effects of the
bed are closely coupled. The pellets fill up the belume and they have the shape of cylinders
with known properties. With this assumption, ifisssible to replace the bed volume by a porous
zone. It is necessary to specify parameters optiteus zone to generate a correct pressure loss in
the gas passing through the pellets.

Different flow regimes are expected in the boileedo its complex geometry. The gases are
practically still in some regions and, on the cantr high gas velocities and fully turbulent flovea
expected in areas such as the flame or secondanjeitions. Beneath the bed is primary air inlet
and in the bed take place various thermo-chemicaigsses, thus there is also expected turbulent
flow. The realizable k- model was employed to account for the effect obulence due to its
proven effectiveness in industrial applications1b].

In this work the modelling of a packed bed is parfed without considering channeling effect.
In turbulent flows, packed beds are modelled udioth permeabilityr (a viscous resistance
coefficient isl/a’) and an inertial loss coefficie@;. One technique for deriving the appropriate
values of the porous properties involves the usthefErgun equation [2]. It is a semi-empirical
correlation applicable over a wide range of Reysaldmbers and for many types of packing.

The effect of the bed porosity on the gas flowntsaduced by the addition of a source t&m

calculated by the formula (1), into the momentunuaggpn. Three parameters are needed in the
CFD code to evaluate the source term: permeabilityinertial losses coefficie@, and

porositye .The source term is composed of two parts: a vistoss term (Darcy's, the first term in
equation (1)), and an inertial loss term (the sdaenm in the same equation (1) [12]. To cover the
present case of simple homogeneous and isotropaupanedia, it is sufficient to use the same
porous properties in the whole bed volume.

1 o -
Op=S=- (gvl + CZE'O”|V|Vij (kg.m 2s 2). 1)

Here S is the source term for theth (x,y, orz) momentum equatiorM Is the magnitude
of the velocity, i is the viscosity. In equations (2) and (3) thdtreeepermeability and inertial loss

coefficient, d,, is the equivalent particle diameter aads the void fraction, defined as the volume

of voids divided by the volume of the packed beglae. Comparing Darcy's equation and equation
for inertial loss in the porous media with Ergunuatpn, the permeability and inertial loss
coefficient in each component direction may be itieqdl as

_ l'Iszeqz £ 2
a‘( 150 (1_£)zj (m )' (2)

35 1-¢) (o)

Yd,, &° (3)

Permeability (2) and inertial loss coefficients {8)estimated by the Ergun equation using the
mean diameteD, of the fuel particles [12]. The sphericlyand the spherical equivalent diameter
dqare calculated from fuel parameters shown in Tabsing formulae (4) and (5):

n]/3 &/ 2/3
MR- D) (4)
A,

13
3L,
deq = Dp(ZD J (m). (5)

p

C, =
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The fuel in the burner is modeled by 4 layers wvdiffierent porosity and total height 20mm,
which are discretized by several layers of hexahelftesh of bed should be sufficiently fine in
order to cover fluid flow changes (Fig. 2.).

The computational model uses the symmetry of thieh@nd therefore it models only4 of
the boiler. The boundaries of the model in theakdirection are defined as symmetry planes, as
there is no tangential flow. The wall of the burn&hich is in contact with the bed, is considered
adiabatic.

Fig. 1. 3D geometry of the burner and the freeboard. Fig. 2. Velocity [m/s] in the bed.

A significant effect on the temperature of combustthamber has the radiative heat transfer in
the fuel bed. Radiation increases the temperatiside the bed, as shown by the temperature fields
on the symmetry planes in Fig. 3. and Fig. 4.
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Fig. 3. Temperatureq] in bed, without radiation. Fig. 4. Temperatured] in bed, with radiation.

591

In the model set-up, it is important to set theoapon coefficient of the burner walls equal to
unity (black body). Otherwise, all radiative fluxiieflected back. During the model development it
was also found as very important to carefully degige porous fuel volume and the primary air
inlet, because the area of the input boundary ldadsadiation losses. The inlet area should
therefore be small and shielded from the diredatack flux of the combustion chamber. It also has
to ensure uniform velocity and mass flux distribaton the bed-freeboard interface. In simulations,
several design alternatives for the supply of @@@st have been tested. The most appropriate
method in this particular burner was from placihg tnlets on the burner perimeter. The inlet has
the shape of a narrow slit in under the porous hé&eé. space under the bed is open to horizontal
flow, which helps to distribute the fluid flow. T$hsolution ensures almost uniform flow in the layer
above it.
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3. Conclusion

The described model greatly simplifies the modeéipgroach for pellet combustion and also is
simple and easy to apply for a user of CFD softwahes simple model can be used for simulation
in a relatively simple way and is able to predie general behavior of solid fuel-fired boilers. In
developing the model, it is necessary to consideritnpact of the assumptions which may vary
depending on the design of the burner and boiler.

The limitations of the bed model include the asstimnpthat the reactants are well mixed with
each other and that the heterogeneous combustimres®s is also uniform in space. Another
important limitation of the model is that it consid constant temperatures of devolatilization @nd o
char combustion. Perhaps the main simplifying aggiom is that the production of volatiles in the
bed is independent of the conditions in the combaosthamber. An advantage is that the model
bed is set up directly in the CFD model and dodseguire programming of external libraries.

The present model does not substitute more advamoettls and tools that can be used to
design biomass combustion systems, such as thmeendional bed, transient modelling, solid to
gas conversion or bed particles feeding. Thesaralhowever quite complex tasks, which require
the implementation of external libraries. The warkkoduces a model that may provide help in the
design of simple small boilers, where fuel consadtsvell-defined pellets, the fixed bed is small
relative to the combustion chamber, and where Hgrelopment costs preclude the application of
more sophisticated tools.
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Abstract. This article analyses the driving performance hafrging locomotives with conventional internal
combustion engine (ICE) and suitable substitutesarfventional ICE for ICE with lower performance
combined with hybrid propulsion. Installed performa of the ICE in shunting locomotive is high, the
maximum power is used only for minimum working tiroé locomotive and it’s leading to high fuel
consumption and increasing operating costs andsamisof carbon dioxide. Due to the introduction of
stricter emission limits for rolling stocks are ggal demands on more effective fuel efficiency adlicing
greenhouse gases emissions. For this reason, itheme effort to introduce hybrid propulsion intalra
vehicles operating in a wide range of performanedsch replace the ICE with high performance. Hgbri
drive consists of ICE, which is more powerfull thaverage power of shunting (non hybrid) locomotive
shunting and hybrid system, which covers perforragreaks.

Keywords: Hybrid traction drive of rail vehicles, Utilizatiopower of ICE, Hybrid locomotives, Fuel
utilization.

1. Introduction

Railway systems always have been described as ¢itivgesustainable and environmentally
friendly modes of transportation. However, diesefjieres appear more and more like the weak
point in this good picture. Fortunately, fast-gragitechnologies offer everyday new opportunities
for improving such a technical domain as railwaly [1

Most diesel locomotives used on railways using atgtd types of ICE that do not meet today's
emission limits for this type of vehicle and usioftheir installed power is low. As suitable and
cheaper solution to this problem, instead of buyangew rail vehicle seems to use a hybrid system
in upgraded diesel locomotives and it brings th&rdd reduction in fuel consumption and reduce
emissions. For suitable design of a hybrid propulsif specific rail vehicle, it is necessary to Wno
the operating parameters and make the analysigp@fabng parameters to determine the most
appropriate design of the hybrid system and accatord of energy. Improper design of a hybrid
system would be extended return of investment limiitding and hybrid system could not be fully
utilized. It is best use hybrid systems in rail ieéds, which often stop and then starting up again.
the following paper we will present the possibiliof using a hybrid system in shunting
locomotives.

2. Analysis of shunting and main line locomotive’s opation parameters

It is known that the use of installed power capacitICE in motive power units (especially in
shunting locomotives and locomotives for industtiahsport) is very low. Average utilization of
engine power is usually less than 20% of the ilestapower capacity and nominal engine
performance is utilized only during minimal periofithe total time of engine operation (at the level
of approx. 1%). The result of this is that mosth@ operational time the internal combustion engine
works in regimes that are far from optimum modendans that specific fuel consumption is high.
At this type of locomotives operation the frequantl fast changes of engine regimes occur, which
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results in increased fuel consumption and imperfeet combustion with increased quantity of
harmful emissions [2].

2.1. Shunting service of locomotive Class 742

The measurements were carried out on the locomotass 742 (KD in shunting service at
railway station Trencianska Tepla [3]. This clagdowomotives has 883 kW nominal output of
engine. The distribution of traction generator omitis shown in the Fig. 1. The mean output of
traction generator was only about 102 kW, whiclreéspnts about 11.5 % of the nominal output of
ICE [2].

Distribution of traction generator output
Locomotive class 742 at service in —
Trencianska Tepla

100 - 81,2
%

80 -

60 '/

40 '/

20+ 55 29 35 57 07 03 02
0 —ry I

0 100 200 300 400 500 600 700 800
P [kW] [PP7_11.5MP]

Fig. 1. The distribution of traction generator output o€dmotive class 742 in the shunting service at diegrska
Tepla [2].

As we can see at the Fig. 1, the maximum poweoadrhotive is using only short time period
and main engine operation is idling and work witwpr output up to 100 kW. More efficient is
using hybrid locomotives for these types of raikgiions. In this case can be used ICE with power
about 200 kW and it will cover 86.7% of power neetlee rest 13.3% have to be covered by
energy from accumulator which will be charged dgridling operation of ICE and recuperation
braking. The accumulator should be able give stwm- power about 680 kW, what is ambitious
requirement. This high power of accumulators isdeéefor keeping up maximum traction effort of
locomotive. The high power of accumulators is nsags for charging during regeneration of
braking power as well.

By this way we can achieve that ICE will be workiagoptimal conditions and it will cause
lower fuel consumption and emission. The next stegesigning hybrid locomotive is to choose
correct accumulator of energy, which can be faatgihg and discharging with high power, which
will not damage storage of energy during years ihg For shunting services is suitable use
flywheel, ultracapacitors and superconducting magnenergy storage system and Ni-MH or
LiFePo4 batteries as storage of energy, becaugectrebe charged and discharged by high power
in short period.
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2.2.Shunting service of locomotive Class 770

Another example of output distribution of locomaticlass 770 (KD) during shunting
operation on hump in railway station in Zilina isosvn in the Fig. 2 [4]. The mean output of the
locomotive with nominal rating of 993 kW was only BW in this case, what represents only 6% of
nominal output of ICE [2].

The Fig. 2 shows that ICE shunting locomotives wagkor a not insignificant duration in the
idling mode (approx. 37%) in the area of high sfieduel consumption. This is from reason to
power peripheral devices such as compressor. Inc#s® of a hybrid propulsion would be
peripherals driven by an electric motor and, iisilnecessary, could be powered by energy from
accumulator with turn off ICE. This would achievetoperation of the ICE in area of low specific
fuel consumptions.

Distribution of traction generator output.
Locomotive class 770 at service on the hump at Zilina.

Relative frequency

Mean output 61 kW.
(Idling of engine during standstillis not included.)

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850
Output of traction generator [kw]

Fig. 2. The distribution of traction generator output@tdmotive class 770 shunting at Zilina [4].

2.3.Passenger main line locomotive class 757

Modernized locomotive class 757 (Fig.3), intend@dpassenger transport, is equipped with
diesel ICE with installed power of 1550 kW and EQ#ectrodynamic brake). All auxiliaries are
driven by electric motors. The measurements werdecaout at railway line Zvolen- Banska
Bystrica — Margecany — Banska Bystrica — ZvolenaMgements were realized from 7:40 to 20:36.
During this period engine was stopped 5 times wathl duration of stopped ICE for 2 hours a 14
minutes.

The average distribution of the traction generatotput was in this case approx. 317 kW,
which represents about 20.5% of maximum outputG# [6]. Distribution of traction generator
output of locomotive class 757 is shown in Fig.forf the figure follows, that the ICE is running
most of the time with outputs up to 100 kW and ateasiderable part of the engine work is an
idling ICE.

Fig. 3. Passenger main line locomotive class 757 afteremoziation [5].
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Fig. 4. The distribution of traction generator output@édmotive class 757 at main line operation [6].

The courses of some operational parameters of loteenclass 757 during all work shift is
shown at the Fig. 5. and one part of shift is pnese in more detailed form. Percentage of engine
idling (approx. 38 %) is alike as in case of shogtand industrial locomotives. Distribution of
electrodynamic brake (EDB) power and input of aaxgs is shown in Fig.6. It is apparent that
EDB was used quite frequently and its mean outpag 0.9 kW which represents approximately
19 % of mean traction output (317 kW). The mearpoubf all auxiliaries was 33.3 kW. The
auxiliaries include two fans of primary and secaydaboling circuit of engine, two fans of traction
motors cooling, compressor of brake system andofanaction and auxiliary generator and also
ventilator of EDB brake resistors [6].
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Fig. 5. The courses of some operational parameters of iingitocomotive class 757 [6].
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Fig. 6. The distribution of the electrodynamic brake amglit of auxiliaries of locomotive class 757 [6].

Theoretically it would be possible to cover the rggeconsumption of auxiliaries with the
energy produced during electrodynamic braking, tbate is a problem with the storage, because
EDB produces large amounts of energy for a shartbgef time. Therefore, they cannot be used
for energy storage batteries, because they carchéeed with high power, which produces EDB,
but must be used ultracapacitors, which are capabscumulate large amount of energy over a
relatively short period of time.

2.4.Comparison between shunting hybrid locomotive Clasg18 and non-hybrid locomotive
Class 730

In the former Czechoslovakia was in 1986 built biyerid locomotive Class 718. There were
carried out measurements for comparison this hyloadmotive and non-hybrid locomotive Class
730. Design and operational properties of loconso@ass 718 was based on locomotive class 730.
The results of measurements showed that hybridriotiwe is more effective in all type of shunting
except of shunting to hump as it is shown in Tabt & possible to save up to 24% of fuel compare
to non hybrid locomotive, but it’s depend on tydesbunting. Increasing fuel consumption of
hybrid on shunting to hump is caused by using dbrigly traction drive on maximum. In this
operational regime is regenerative braking rare.r@auction of fuel consumption significantly
contributes using of regenerative braking, whicheslaraking blocks or braking pads and achieves
higher efficiency of hybrid drive. The measuremeattshis hybrid locomotive were executed with
various loads up to 2500 t. Locomotive class 718 IE with power only 189 kW and replaced
original ICE with power of 600 kW. It is only 31.5p@wer of original ICE which cause lower fuel
consumption and emission compared to original ICE.

, Fuel consumption dni/h Ratio of fuel
Type of shunting .
Class 730 Class 718 | consumption
Shunting on hump 14,92 13,09 0,88
Pushing off and allocation of load 13,62 10,33 0,76
Shunting to hump 23,53 25,56 1,09
Pulling of load 12,87 10,86 0,84

Tab. 1. Comparison of fuel consumption in shunting seryije
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3. Conclusion

Rising prices of fossil fuels force designers amddpcers to improve efficiency of diesel
locomotives. Better utilization of fuel and decriegsof greenhouse gases emission are required by
strict emission limits for rolling stocks. One difet ways for better fuel utilization is introducing
hybrid propulsion to rolling stocks. With hybridgmulsion it is possible to change kinetic energy of
vehicle to electricity through regenerative brakikgnetic energy is normally changed to heat in
non-hybrid locomotives and it is lost during brakiprocess. Another advantage of hybrids is
possibility of replacing old ICE, which has highwer and fuel consumption, for new ICE with
lower power and fuel consumption, but with equalction effort. The hybrid locomotives in
shunting operations can reduce the fuel consumptpito approximately 22% and in some case
even more.

The most reasonable is using hybrid propulsiorhim$ing services or at the regional railways
where the needs of power are periodically changimg) vehicles are still stopping and starting in
short period during services. The power peaks avered from energy stored in accumulators of
energy and another power needs are covered by ICE.

Introduction of hybrid locomotives will probablyse in the future, but is necessary to solve
problem with high prices of energy accumulators. ¥¢@ hope that Tesla motors [8] will start
massive production of batteries for electric vetschnd it will be possible to use those battenes f
hybrid locomotives. Finally hybrid locomotives wibst less than now.
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Abstract. There is a lot of vehicles equipped with ABS sgstirrently. The system has been obligatory for
all new models of the passenger cars since Mayp@04 in the EU countries. The device preventselvhe
from lock during brake process and helps driveadquire brake stability in emergency situationse gbal

of paper is to present the results of the investiga of the rotational speed differences of theelh ABS-
equipped and non-ABS during braking process inevinbnditions. Additionally the vehicle was fittadth
summer and winter tires.

Keywords: ABS, Winter tires, Summer tires.

1. Introduction

Electronic active safety systems of modern passersys are intended to reduce or avoid the
risk of a road accident. Nowadays, the majorityweliicles are equipped with ABS - an electronic
device preventing the vehicle wheel from lockingridg brake process, ensuring the shortest
possible brake distance and brake stability. Aesalt of the ABS action it is possible to avoid a
collision with an obstacle. The driver has abitibycontrol the vehicle in emergency situations. The
ABS constantly monitors the rotational speed ofheadeel. If it detects a wheel rotating
significantly slower than the others, a conditiowicating impending wheel lock, by reducing
hydraulic pressure to the brake at the affectedehihés possible to reduce the braking force at th
wheel. The wheel then turns faster. Converselthafsystem detects a wheel turning significantly
faster than the others, brake hydraulic pressunecigased, the braking force is applied, slowing
down the wheel. In modern ABS systems pressuregasacan occur up to 100 times per second [1,
2,3,4].

During braking is the wheel peripheral speed lothan the speed of the car motion. When the
rotational speed of the wheels equals zero andcéineis still in motion the maximum slip is
observed. Braking efficiency is dependent on tipe tgf road surface and weather conditions. The
wheel slips most frequently on a slippery surfateh as a road which is wet, icy or covered with
snow. Braking performances is also influenced lgytife condition. The vehicle tires must provide
the best possible adhesion to the road surface [5].

Before the winter season some drivers are congiglérit is reasonable to use snow tires in our
climate zone or is it better to use the all-sedges. Winter tires are designed to provide enhdnce
traction on mud or slush road surfaces when theéeature drops below’0. Many European
countries have obliged the car owners to use witites at a specified time of the year or on
prevailing traffic conditions. Polish law has ndatablish such a requirement but a lot of Polish
drivers change the tires before winter.

The aim of this contribution is to present someestigation results of the differences in
rotational speed of the wheels for ABS-equipped and-ABS equipped vehicles fitted with
summer and winter tires during braking processrmwscovered asphalt.
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2. Test procedure

Experiment was carried out on track section ofkiece University of Technology located in
Dabrowa. Brake tests were conducted on asphalt cdvgyesnow homogeneously. The ambient
temperature was °@. The test procedure consisted of acceleratingdéingo specified speed and
then rapid braking initiated by rapid pressing bk tbrake pedal. The initial velocity was
sequentially 10, 15 and 20 km/h.

The experiment was conducted with use of two tyjfeses:

= summer tires Kleber Dynaxer HP3 185/65/R15 (reaarwedicator = 0.1 mm),

= winter tires Fulda Kristall Montero 2 185/65/R184d wear indicator = 0.7 mm).
~ The vehicle tire pres were set in accordantieetmanufacturer’s recommendations.

..ﬁ_g e~ | “'T]F ’m \." TT—— T T INWE
” - \-—_ =

Fig. 1. The test track and test vehicle.

The test vehicle (Opel Astra G) was equipped with:

= ABS system,

= data acquisition statiopEEP-12 - Corrsys - Datron (Kistl&)with ARMS® software and a
control tablet, which enabled the collection, vimaion and pre-processing of the results
non-contact,

= optoelectronic sensor S-350 Corrsys - Ddtravhich can measure the longitudinal and
transverse speed of the vehicle and a vehicleatte,

= directional linear acceleration sensor of measurarngge +/- 2g necessary to determine the
longitudinal and lateral acceleration of a car bbtbck,

= WPT (Wheel Pulse Transducer) for acquisition dalavdred from vehicle wheel rotation.

3. Resultsand verification

Wheel speed sensors were used to detect any sutideiges of the rotational speed of the
wheel. It enabled collecting data of the wheelskaaond calculation of wheel speeds as well as the
changes of the speed at the time, i.e. the actieler@nd deceleration.

Fig. 2 presents a comparison of the rotational dpeeeel changes of the ABS-equipped and
ABS-unequipped vehicle during braking process. ifiteal speed was 20km/h. The summer tires
were used for this experiment. The rotational spefetthe wheels of the ABS unequipped vehicle
decreased rapidly (within approx. 0.16 s) to zdrat, the car was completely stopped after 5.5
seconds. In the same conditions with the ABS systearking and with the wheels initially
blocked, their rotation without slipping was resiiafter about 0.2 — 0.3 s.
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Fig. 2. The rotational speed of the wheels during brakiith the summer tires: a) ABS unequipped, b) ABS-
equipped vehicle.

Fig. 3 presents a comparison of the rotational dpdethe wheels of the ABS-equipped and
unequipped vehicle fitted with the winter tires idgr braking process. The initial speed was
20 km/h. The rotational speed of the wheels ofAB& unequipped car fallen to zero after approx.
0.2 s. The car stopped after 6.3 seconds. The ABgeed car wheels were blocked initially, but
after about 0.2 - 0.3 s they restored to rotatee Wheels fitted with winter tires rolled longer
without slipping than summer tires. The car stopgpker 4 seconds.
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Fig. 3. The rotational speed of the wheels during brakiith the winter tires: a) ABS unequipped, b) ABS#gped.

Fig. 4 shows a comparison of the rotational speduxacteristics for the ABS-equipped
vehicle fitted with winter and summer tires respeaty during braking process. The intensity of the
reduction of the rotational speed lines were tradedaverage deceleration of a vehicle equipped
with winter tires was 1.26 nfiswhereas the average deceleration of a vehidkdfivith wheels
with summer tires, was 0.75 s
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Fig. 4. The rotational speed of the wheels during brakiB&-equipped vehicle.

Fig. 5 presents the impact of an initial speed werage deceleration during braking process.
The initials speed were small and amounted seclbnfiO, 15 and 20 km/h. Differences in the
average deceleration were not significant and tifeuance of the initial speed on average
deceleration was negligible.
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Fig. 5. The rotational speed of the wheels during brakiB&-equipped vehicle fitted with: a) summer tireswinter
tires.

4. Conclusions

The test results indicated that during braking mowscovered road:

1. Reduction of the intensity of the wheel rotatioreegp was dependent on the value of
deceleration.

2. The initial braking speed value does not signiftbaaffect on the value of the deceleration.

3. The braking process lasted longer for vehicledittgth summer tires and ABS system.

4. The shortest braking time was observed for theeqaipped with ABS system and winter
tires.

5. The experiment showed that the usage of the wiitess on the snow-covered road is fully
reasonable and recommended. The ABS system allmkeep control of the vehicle and
enables the wheel to rotate without slipping in Bgaeacy situations.
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Abstract. The aim of this paper is the examination of thiermction of fluid and core molds for piston
casting. Analysis of the core will be performedfnite element method. As a tool for FEM analysid w
serve the commercial software ANSYS Workbench yiRaw, which is often used in technical practice
because of its fast and effective means of FEM ino@ation. The mold and core are both metal. Tdre c
cooling is ensured by drilled hole on the bottodesiinto which is injected water. This paper isuleed on
analysis of stress inside the core molds for pistasting. As a result of uneven stress in the coagks
begin to appear which have a negative influencéheriongevity.

Keywords: Fluid flow, Interaction, Polyflow ANSYS, FEM analigs.

1. Introduction

Computer Aided Design / Engineering (CAD / CAE)Isallow engineers to design molds for
piston casting. In the last decades, together with development of computers rose also the
popularity of the finite element method (FEM) fdretsimulation of miscellaneous technological
processes, such as welding, quenching, castininguetc. [1, 2].

Softwares that are available today and are onlyd use simulation of casting, casting
techniques, quality assurance, optimization ete, for example. CastCAE, MAGMA, NovaCast,
Procast and SolidCAST. Simulation of casting replac minimize the manufactory tests. Most of
them use the finite element method (FEM). The nirguts to the geometry of the mold, thermo-
physical properties (density, specific heat, thérmanductivity, material properties) [3] and
boundary conditions [4, 5, 6].

Fig.1. CAD model of the mold (left) with the core (right)

On the production line pistons for combustion eagimade of aluminum alloy are cast into
molds. In the mold is the core, which is heatedlasne after insertion (Fig.1). The mold and the
core are subjected to extreme temperature chamfgese components are made of tool steel. Cast
pistons are made of aluminum alloy. These mateasused to production the pistons because of
low melting point, low weight of the piston, corios resistance, etc. Material properties core and
alloy are in table (Tab.1).
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The core is a massive forging, with nitrided suefaCore cooling is provided by a hole drilled
in the bottom of the casting and water is injecdted the hole. The melt is kept at a temperature of
775-785 ° C in the furnace. The mold filling tinee2-4 seconds. Opening of the bottom of the mold

occurs after 60 seconds. The mold is preheatedemperature of about 160 ° C.

Alloy (Fluid) Core Steel H13

AlSi17Cu3
Viscosity u[mPa. ] 2.7 -
Density p [g. mmi’] 2.5x10° 7 x 10°
Thermal conductivity k[g. mm. §. K] 1x10° 26.25 x 10
Heat capacity Co[mm. s%. K] 1163 x 10 490 x 10
Average temperature Tp[K] 1024 433
Young's Module E [Pa] - 2.1 x 107
Poisson's ratio v - 0,25
Coefficient of thermal expansion o [K7] - 13 x 10°

Tab.1. Material properties.

We imported the geometry of the mold and core friliea CAD software as * .stp into
DesignModeler, which is integrated into the sofevakNSYS Workbench. We simplified the
geometry of the mold to generate good mesh, rethecaumber of elements and minimize errors in
the simulation. We created a cut of the gatingesgstommon for the mold and the core. We
eliminated the small fillets and chamfers, whichreveegligible in the calculation. The whole
system is symmetrical, so we solved only one hdie picture shows the geometry of the core,
which is the subject of our calculations. The cawasists of three parts, the middle part is esslenti
for us and we will focus on it in the simulations.

This paper is divided into two sections. The fpsirt is a planar problem of non-isothermal
Newtonian flow. It is a time-dependent simulatiorhere we examine the impact of fluid on the
core. We want to evaluate the core temperatureniact with the liquid at different time steps.

In the second part of the paper are shown the noaheesults of the core stress field. We will
not investigate the whole core, but only the cémaat in which cracks occur, so in this part we ar
mostly interested in the stress at each time step.

2. Progressand discussion of results

Problem was solved as a 3D problem of non-isothkeidgavtonian flow. This is a time-
dependent simulation where we examine the impathefiquid to the core. We want to find out
what the core temperature in contact with the tcatithe end of the simulation time 2s (t=2s).

a) b) c)
Fig.2. Section plane of the core a) section A b) sedian) section C.

The main goal of this paper was not to flow andtritigtion of fluids in the mold, but
examination of the interaction of the fluid withetltore, so we can simplify. It is a symmetrical
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problem, we will solve only one half. Create a sew plane of the core (Fig. 2), where the change
occurs geometry. In these areas we expect theegteadifferences in core temperature changes.

In the simulation we used the adaptive mesh andasbmg. For mesh fluid was performed
every 5 time steps. The size of elements was sebtoaxm, and the quality of the mesh 0.9 (Fig.3.).
The areas of interaction have been set and zoas simall elements to better fill the space around
the core and accurate calculation.

A PR RO,
S
e oe

g
OO
A

W,
A
T,
e AT Al
R
K
AT
%
2t R
KK R
o &)
K

vavsYATS
AL VAY
R
AT
222

ok
e
IR
TATRAS

o

K0

A

Tani{ K
FAVATALTANS Y

X

2

REX
o

ROk
SEL
5

YIS

i
s
e

e
e
5

AT ATA
0N
s,
srarsaEiaT
s
i
OO
O]
e
AR
%

s

oK
¥

Hooe:
o
e

Ve

&

i
o
0

e

A

e

rar
2
iy
RO

s
a7

B
B

e
ORR
X
2
2
27

RNk
LA

AN
X

AT
e
27y

5
A
7

%)
ST,
Sors

SemaTa
st

oL

&
i
SR

%
o)
2%
Vs
o
R
S
O
S
Ze
£
i
pocos

L

ararara?
e

By
7

g
K
2
ol
5
2

k7

2

2
=
£

K
GYAVAR,
Lo

e
RS
RIS O0EEE

T ST

{7
5

P
LS

o0
T

SO
uy,

X
R
SRER
S LA
2 AR
2 Tam SO
) SO
RSN ]
AV TAY, A, 4
PERRROR
P

2a
EaLsa
st
e
vy
DO
TR
A
s

AT
REAES

AT AL
MEOSLESS

P
(i
i

=

Fig.3. Discretization model of the core.

3. Reault

TEMPERATURE1
Contour 1

9.498e+002
9.1362+002
B.774e+002
8.412e+002
8.050e+002 /
7.668a+002
7.326e+002
6.964e+002
6.602e+002
6.240e+002
F 5.878e+002
5.516e+002 A
5.1542+002 L
4,792e+002
4.430e+002
4.068e+002
3.706a+002
3.344e+002
2.981e+002

The results for heat transfer at time step t =résvesible in the following figures.

[K]

Fig.4. Heat distribution at= 1s

a) section A

b) $mctB c) section C

The results for heat transfer at time step t =r@s/eible in the following Fig. 5.
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TEMPERATURE"
Contour 1

9.498e+002
9.136e+002
8.774e+002
8.412e+002
8.050e+002
7.688e+002
7.326e+002
§.964e+002
6.602e+002
6.240e+002
5.878e+002
5.516e+002
5.154e+002
4.792e+002
4.430e+002
4.068e+002
3.706e+002
3.344e+002
2.881e+002

[K]

]

—

Fig.5. Heat distribution at=2s  a) section A dextion B
The results of surface elastic stress=atls can be seen in Fig. 6 to Fig.11.:

ELASTIC_STRES 11
ES1

| 2.455e+008
1.364e+008
2.727e+007
-8.182e+007
-1.909e+008
-3.000e+008
-4.091e+008
-5.182e+008
-6.273e+008
-7.364e+008
-8.455e+008
-9.545e+008
-1.064e+009
-1.173e+009
-1.282e+009

| -1.391e+009
-1.500e+009

[Pa]

Fig.6. Surface elastic stress in the direction x.

ELASTIC_STRES 22
ES3

2.881e+008
2.165e+008
1.450e+008
7.339e+007
1.835e+006
-6.972e+007
-1.413e+008

-3.560e+008
-4.275e+008
-4.991e+008
-5.706e+008
-6.422e+008
-7.138e+008
-7.853e+008
-8.569e+008
-9.284e+008
-1.030e+009
[Pa]

Fig.7. Surface elastic stress in the direction y.
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ELASTIC_STRES 33
ES2

3.872e+008
3.101e+008

[Pa]

Fig.8. Surface elastic stress in the direction z.

The results of surface elastic stress=aRs can be seen in the following figures:

ELASTIC_STRES 11
Contour 10~

3.798e+008

-2.257e+008
-3.468e+008
-4.679e+008
-5.890e+008

-1.316e+009

-1.437e+009

-1.558e+009

-1.679e+009

-1.812e+009
[Pa]

Fig.9. Surface elastic stress in the direction x.

ELASTIC_STRES 22

Contour 10~
3.817e+008
2.716e+008
1.615e+008
5.138e+007

-4.991e+008
-6.092e+008
-7.193e+008
-8.294e+008

-1.620e+009
[Pa]

Fig.10. Surface elastic stress in the direction y.
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ELASTIC_STRES 33
Contour 10

7.761e+008
6.330e+008
- 4.899e+008
3.468e+008
2.037e+008
6.055e+007
-8.257e+007
-2.257e+008
-3.688e+008
-5.119e+008
-6.550e+008
-7.982e+008
-9.413e+008
-1.084e+009
-1.228e+009
-1.371e+009
-1.514e+009
- -1.657e+009
- -1.855e+009
[Pa]

Fig.11. Surface elastic stress in the direction z.

4. Conclusion

Analysis of the core confirmed the assumption that highest temperatures of the core are
measured at the point of its longest contact withliquid. The core surface temperatures are after
2.0 seconds considerably uneven and these diffeseae the cause of inner stress in the metal
core. On the basis of heat stress, stress wasrdeezt including the speed of its changes. Given
these changes, critical points were marked. Inn#et steps, core adjustments are going to be
suggested with possible technologies of casting @uling adjustments resulting in increased
longevity. The current method of core heating befoasting and after technological breaks with
cooling solutions included will be assessed as wsllthis process may considerably influence
longevity of the cores. In the next step, furtherecadjustments are going to be specified. These

should lead to lowering of the number of core csackhe newly designed shape is going to be
analyzed with FEM and then tested in real operation
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Abstract. Experiment is very important to obtain and vetifyye knowledge, experiences and hypotheses.
The most important part of the experiment is toleat@ the measured values. Measurement accuracy
depends on a number of factors. Deviations of imstnts cannot eliminate or influence if it is negldhe
possibility of using more precise measuring equipim@nother way for the most accurate results can b
calibration. Calibration allows achieve measurenvaites with relatively high accuracy using lesscision
instruments. The paper deals about the probleroftieermal power measurement accuracy. Thermal powe
was measured on heat source with nominal thermat¢p2 MW by using direct calorimetric method. There
were used ultrasonic flow meter and type K thermpées. Type K thermocouples are not very suitabie f
these applications because of their low precisiiie paper presents the possibility of using caldara
thermocouples for the thermal power measuremehtadgteptable accuracy.

Keywords: Thermal power, Thermocouple, Resistance thermamidéat source, Calibration.

1. Introduction

Experiment is very important to obtain and verifie tknowledge, experiences and hypotheses
[1, 2, 3, 4]. The most important part of the expenmt is to evaluate the measured values. It is
necessary the measured values were the most azdaraachieve relevant results [5, 6, 7].
Measurement accuracy depends on a number of fadtioesgreatest factor is the accuracy of used
measurement instruments. Deviations of instrumeatsiot eliminate or influence if it is neglect
the possibility of using more precise measuringiggent. Another way for the most accurate
results can be calibration [8, 9, 10].

Calibration is a comparison between measuremeptse-of known magnitude or correctness
made or set with one device and another measurame in as similar a way as possible with a
second device. The device with the known or assigmerectness is called the standard [11, 12,].
Calibration allows achieve measurement values vathtively high accuracy using less precision
instruments. As the result of the calibration isitorease confidence of the results and reduce
requirements on measurement technology and cosite @xperiment [13] .

1.1. Thermocouples

Thermocouple is a sensor used to measure temprdthiermocouples consist of two wire
legs made from different metals. The wires legsweekeled together at one end, creating a junction.
This junction is where the temperature is measwéden the junction experiences a change in
temperature, a voltage is created. The voltagetwambe interpreted using thermocouple reference
tables to calculate the temperature. This is dugetebeck effect [14].

The Seebeck effect is the conversion of temperatifferences directly into electricity. The
Seebeck effect creates an electromotive force whkerthere is a temperature gradient. This
electromotive force can be used to perform workydnger in the thermocouple it is used to develop
an open-circuit voltage [15]. Under open-circuindiaions where there is no internal current flow,
the gradient of voltag@V) is directly proportional to the gradient in teempture YT):
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Ov =-S(MaT 1)

where S (T) is a temperature-dependent materiglgoty known as the Seebeck coefficient.

Type K thermocouples are the most common generaloge thermocouples with a sensitivity
of approximately 41 pV/°C (NiCr positive relative Ni when the junction temperature is higher
than the reference temperature). It is inexpensind, a wide variety of probes are available in its
—-200 °C to +1350 °C. [16]

Thermocouples including type K thermocouples areappropriate for applications of thermal
power of heat sources measurements [15]. The nmralvigm is their low accuracy. There are the
most frequently used paired resistance thermoméfersexample PT100) for thermal power
measurements.

1.2.The aim of the paper

The paper deals about the problematic of thermaeponeasurement accuracy on heat source
with nominal thermal power 2 MW by using direct a@ainetric method with thermocouples for
measurement of heat-transfer fluid temperatures.

2. Thermal power of large heat source measurement

2.1.Heat source

The measurements were realized on heat sourcé&rdor burning with nominal thermal power
2 MW (Fig. 1). This device is located on southeant pf Slovakia. It is used for heat production for
dryer of agricultural crops for food industry. Taeergy chemically saved in straw is converted to
the heat by burning square straw bales weighingkgs®roduced heat is transported from the heat
source to the dryer by heat-transfer fluid (wakerwin tube system.

Fig. 1. The photo of tested heat source.
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2.2. Thermal power measurement

Thermal power was measured on heat source by dgiegt calorimetric method. There were
used ultrasonic flow meter and type K thermocoufdesneasurement of heat-transfer fluid (water)
temperature in the inlet and in the outlet tubeeréhwere used thermocouples NiCr — Ni OMEGA
TFE with class 1 accuracy with deviations 1.5 KeTscheme of the measurement is on Fig. 2.
The temperatures and volume flow of the heat-tean8fiid was recorded by logger in every 20
seconds and then measured values was exportedstlmpecomputer (PC).

Boiler Batching

Thermocouples [ heat |

Flow meter
Fuel Transport

underpmssum
s

T s

v

[]

conveyer belt

cutting

firewall

Fig. 2. The scheme of the thermal power of large heatcgonmreasurement.

On the Fig. 3 are time courses temperatures of ame outlet of heat-transfer fluid (water) and
the thermal power of tested heat source.
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Fig. 3. Time courses of thermal power and temperatures

The thermal power of the heat source is dependshentemperature difference. In this
measurement 1 °C temperature difference cause»apm@tely 120 kW difference of the thermal
power. Because of this it is necessary very aceuregasurement of the temperature.
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3. Calibration of the thermocouples

Calibration of the thermocouples was necessaryusecae wanted to reach the best possible
accuracy of the thermal power measurement. Caliraif the thermocouples was realized by
comparing the temperatures measured with thermdesugnd resistance thermometer PT100
AHLBORN FPA32L0100 with 1/5 DIN class B accuracyhelmaximum deviation of used PT100
thermometer is £0.06 K at 0 °C and +0.16 K at XDOThese values indicate that this used sensor is
very accurate in comparison with thermocouples @myu(+1.5 K). The PT100 was connected to
logger by connector ALMENO ZA9030FS5. Thermocoupesl PT100 sensors were isolated in
order to avoid mutual electrical influence of tlemsors.

Requested constant temperature condition was skthreugh the heating/cooling circulator
JULABO F34-HE with working temperature range -3@50 °C and temperature stability 0.01 °C.
The heating/cooling circulator was filled by dikd water and there were inserted the temperature
sensors. After setting the desired constant tertyrerat was necessary wait to stabilize the
temperatures and then the values can be recordedmBasurement was realized in temperature
range 20 °C + 95 °C in steps 5 °C.

Measured values of the temperatures are in theltabhe results show that the deviation
between PT100 and thermocouples sensors was ie rFAntp °C + 0.35 °C. During measurement
on heat source temperature(Fig. 3) was between 70 + 75 °C (temperature diffee was -0.05 +
0.02 °C) and temperatureg Was about 85 °C (temperature difference was @32 °

Temperatures [°C]
PT100 T1 T2 AT1 AT2
20 20.06 20.24 0.06 0.24
25 25.04 25.2( 0.04 0.20
30 30.10 30.14 0.10 0.14
35 34.84 35.09 -0.16 0.09
40 39.99 40.15 -0.01 0.15
45 44.95 45.25 -0.05 0.25
50 49.85 50.20 -0.15 0.20
55 54.90 55.30 -0.10 0.30
60 60.00 60.30 0.00 0.30
65 65.00 65.32 0.00 0.32
70 70.02 70.35 0.02 0.35
75 74.95 75.26 -0.05 0.26
80 79.96 80.23 -0.04 0.23
85 85.03 85.32 0.08 0.32
90 90.02 90.27 0.02 0.27
95 95.07 95.33 0.0Y 0.33

Tab. 1. Temperatures of and temperature differences ofrtbeouples.

4. Conclusion

The results of measurement show that the highes¢rebd deviation of thermocouples in
temperature range 20 — 95 °C was 0.35 °C in cosgrawith more accurate PT100 thermometer.
The deviations in temperature range of tested beatce with large nominal thermal power can
cause relatively high differences in actually meaduthermal power. Results of thermocouples
calibration (-0.05 °C and 0.32 °C in the workinperature range 70 — 85 °C) can cause thermal
power differences about 42 kW of the tested largg lsource with nominal thermal power 2 MW.
This thermal power difference is pretty high vahsesause this amount of heat would be enough for
three average houses direct heating. Because ®fitthé necessary to use PT100 with higher
accuracy or calibrated thermocouples for the thepoaer determination of large heat sources.
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Abstract. This paper deals with comparison of newly deveiopptimization algorithms based on the fully
stress design (FSD) method for discrete optimimatibtruss structures subjected to stress constriie
FSD method is based on the idea that every stalatugmber of a structure should be loaded up tstiless
limit, this means that the material is present amhere it is needed and this way minimal weight ban
achieved. The optimization algorithms were prograunin programming language Matlab and finite
element models were created and calculated by amdtaeveloped by the authors also in programming
language Matlab. The first part of the paper isickdd to the philosophy and capabilities of théDFS
method, followed by theoretical basics of stredsutation in a truss finite element and descriptafrfour
optimization algorithms based on principles of B&D method. The second part contains testing exaoipl
a statically loaded truss structure. The conclusieals with an assessment of performance of theopsal
algorithms.

Keywords: Structural optimization, Fully Stress Design, EnElement method, Regula — Falsi method,
Newton’s tangent method, Matlab.

1. Introduction

Structural optimization has always been a part atlme designing. Nowadays when the
economic and ecologic situation calls for savinfsmaterial, lowering operational costs, fuel
consumption and emissions, it has become more Bapothan ever before. The complexity of
problems being solved grows with the improvementahputer performance and as the products
are improved through optimization, the optimizatialgorithms themselves also need to be
improved, mainly in terms of their effectiveness.

Not all optimization algorithms are equally effeetifor every problem, some can excel in one
problem but suffer great performance drop in otiedt some methods can be suitable for a wide
range of problems but are significantly slower. H8D method belongs to the group of algorithms
which are extremely effective for one type of pehlbut cannot be used for other problems.

2. Fully stress design method

As the name fully stress design (FSD) suggests, ittathod is based on designing structural
components to their stress limit. This method ipytar for optimization of truss structures mainly
due to its simplicity and effectiveness [4].

This method is indeed very effective however ite isslimited and cannot be used for other
criteria except stress constraint. Other optimmatmethods like gradient methods, simplex or
genetic algorithms require evaluation of multipleirgs in the optimization landscape and the
number of evaluations rises with the number of rojation variables. For example the Nelder -
Mead simplex method and gradient based methods negdevaluations per iteration (n is the
number of optimization variables), global optimieat methods like genetic algorithms generally
require tens/hundreds/thousands of evaluationst@etion. On the other hand the FSD method
requires only one evaluation per iteration, regegsllof the number of optimization variables.
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The importance of these properties rises when rettiteenumber of optimization variables or
the time required for evaluation of objective fuantis high. The time required for evaluation using
the finite element method can vary from mere sesdndhours or even days depending on the
complexity of the model and so the evaluation géotive function can be considered as expensive.

Unlike the other mentioned optimization methods, finlly stress design method is not based
on search for extremum (minimum or maximum), butvamious root-finding algorithms. The
proposed algorithms are based on the Regula Falkiad and Newton’s method.

The Regula Falsi method (often called false pasitieethod) is based on similarity of triangles
which have common vertex called “the false poirghbe, the false position method. The Newton’s
method is based on an assumption that the exarfunetion has continuous first derivative. All of
the presented algorithms carry-out uni-dimensiamatimization for every optimization variable
independently and the derivative is approximatemernically from the results of previous iteration.

3. Calculation of stress and theoretical basics of fite element method for truss
elements

Fig. 1truss element in 3D space

In three dimensional space we can write the raldbetween displacements in local and global
coordinate system using direction cosines of angles, andaz as follows [1]:

Ui
’VVM
U] g ¢ ¢ 0 0 0] |Wig
ujL] N [0 0 0 ¢ ¢ 03]' Ujg
ij
WjG
wherec; = cos(ay), ¢1 = cos(ay), ¢1 = cos(ay). Then the final relation for stiffness matrix ofigs
in 3D space will be:
¢ 0
e o

=> uLZT'uG (1)

T .| O] Ea 1 —1.[C1 c; ¢ 0 0 O
Ke=T"K-T=|g ol [—1 1] 0 0 0 ¢ ¢ ¢ )
lO Cy
0 ¢

During the calculation of axial force in a truss have to transform displacements from global
coordinate system into local coordinate system.sioplify this complex and computationally
expensive process we can use relations for digdctiation of axial forces from displacements in
global coordinate system [2].

N= #' [e1 - (i —wig) + c2* (vje — vi6) + €5~ (Wie = wig)] ®3)
Axial stress in the truss is then calculated dsws:
- % - % le1 - (wie — wig) + 2 (vjg — vig) + ¢3 - (Wjg — wig)] (4)
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4. Description of the proposed algorithms

4.1.Algorithm no. 1 — classical FSD

The algorithm no. 1 is the classical interpretatbithe FSD method for optimization of cross-
section areas of truss structures and will serva atandard for performance assessment. This
algorithm is based on the assumption of indeperelbetween axial forces and size of the cross-
section areas of statically determined truss sirast

Geometrical interpretation of this method is degdobn Fig. 2. From the similarity of triangles
OAB and 0CD we obtain:

A _ o
NG = NG) (5)
& &)

From the geometrical interpretation follows thag thew estimationt; **? is approximated

(k)
from points [0, 0] and([%) ,01]. In numerical mathematics this method is callegyita — Falsi.
From the equation 5 we can derive familiar itemfiormula for FSD:
(k)
o pred ) = g® (:—n) (6)

Wherei is the number of optimization variable,pred Elk“) is predicted stress for cross-
section areal,, in the k +1%) step,c® is stress in the "kstep for aread®, A®) is the area in the
k™ step,4,, is the i area from the vector of design variables. After phediction of stress for every

. . . . - . Q)
design variable, the smallest cross-section argehwdatisfies the stress conditioff®) (AA—) <o
Is chosen.

4.2.Algorithm no. 2 — squared FSD

This method was used for optimization of shell cutes, where it proved to be quite efficient.
The linear prediction of stress from the algorithm 1 is changed to nonlinear by adding square to
the ratio of cross-section areas see Fig. 3. Thmmnthange reduces the change of optimization
variable between iteration steps and stabilizesegence [3]. Prediction of axial stress is done by
following formula:

o pred ¥ = gk (— (7)

A

1 1
X =— P
=a =g
0 > . >
X0 x40 X X, 0 X;® XD X0 X,

Fig. 2 Geometrical interpretation of the algorithm no.Fig. 3 Geometrical interpretation of the algorithm no. 2
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4.3. Algorithm no 3 — Newton’s method for prediction ofaxial stress

This method is based on Newton’s tangent methoe. ddrivative of the unknown relation
between cross-section area and axial stress igdalumerically using results from two previous
iteration steps. Since results from two previoasaition steps are not available in the first iiergt
another method has to be used. During the testsse the algorithm no. 1 for the first iteration.

The geometrical interpretation of the stress pteaticis depicted in the Fig. 4. From the
similarity of triangles ABC and BDE we obtain redat:

k) _ _(k-1) (k)
o. ~—O0; 01— 0
ieq leq ieq (8)

®) k=1) — \(k+1) )
@@ @ -

Then we can derive the following iterative formula:
(k)

1 (k+1) 1 (%) or— Jieq 1 ®) 1 (k-1)
=G sl -6 ©
However for consistency with the other algorithmes wsed modified formula for prediction of

axial stress during tests. The predicted stresk+) iteration step for are8§, is calculated as
follows:

40D _ —(Ak=D g k=1 g0 qGk=D gk=1) g, 4 (k=D k) g(K) 4 g(K)5(K) 9.
o -

opre (A(k_l)An— A(k)An)

(10)

whereao pred ;"“) is the predicted axial stress for artain (k+1") iteration stepg® is axial
stress in R iteration step for areda®), A% s area in the 'Kiteration stepA,, is i" area from the

vector of design variableg =1 s the area in thek{1*) step,a*~V is axial stress in the&k{1*)
step.

4.4. Algorithm no. 5 — Newton’s method for prediction ofaxial force

Similar approach as in the algorithm no. 3 is usegrediction of axial force. The geometrical
interpretation of the prediction of axial forcedigpicted in the Fig. 5. Axial force is predictecéa
on similarity of triangles ABC and BDE. The predidtaxial force is calculated as follows:

1 1
Fpred &9 = o 4 (F — Fk-1) <((LATi— ﬂ) (11)
Ap  a(k-1)
The predicted axial stress can be calculated &sifsi
k+1 Foors)
o pred,(1 ) = % (12)
Fi
0; A E D A
o |—————— (e+D) E D
O'-(k+1) —————— Taprox | — o o e e e
© RO T T T g "=
%i F®

Fi(k—l)

I
I
I
I
I
I
I
I
I
I
i(

1 1
Xi=— =
T Xi yy
> (k-1) k) (k+1) >
0 x, k0,0 x, 6y, X, 0 X; X, X; X;
Fig. 4 Geometrical interpretation of algorithm no. 3 Fig. 5 Geometrical interpretation of algorithm no. 5
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5. Testing example

5.1.Description of the problem

Truss structure is divided into 6 optimization gosysee Fig. 6). Design variables are discrete
values of cross-section areas of normalized stedlgs.
Material model: linear elastic isotropic — steet 210 000 MPag_ = 120 MPa
Boundary conditions:
Load: lone forces (red arrows) and own mass, % B¢, p = 7850*10° kg mm®

1000
F=1{-1000 ]
—10000
Deformational:
The structure has fixeded degrees of freedom ot marked by green color:
1. [ux,uy,uz],
2. [ux,uz],
3. [ux],
4. [uy,uz],
5. [uz],
6. [ux].

Fig. 6 Geometry, optimization groups and boundary cooagi

5.2.Results of the testing example

Algorithm 1 2 3 4

Final mass [K(g] 533.5 553.1 1123.4 548.4

Tab. 1. Final mass of the best solution found by algorithrd.

x 10
25 -+ [ ] : —+— Algorithm no.1
: : —#— Algorithm no.2 |:
250 ............. .............. ............. —&— Algorithm no.3
20 - : : : Algorithm no.4
-s ] | P | [
‘O
- .
315 - \
= 5_15_'.. ......
>§ : || : : : ' :
810 - : : : : : :
5 - Y % . ; ?
0_5_....‘ ....... SEETEEPPPPRRT , .............. .............. . .............. ..............
0 - ML e vewes i i i
m1l 2 m3 m4 0 5 10 N1?] 20 25 30
e

Fig. 7 Number of iteration steps for individual algoritem Fig. 8 history of mass convergence for each algorithm
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6. Conclusion

The numerical testing proved that the classicakr@ggh to FSD method is indeed the most
suitable method for optimization of truss structur&€he algorithm no. 2 — squared FSD did not
bring any improvement over the classical approactontrary with our experience with thin shell
structures. The algorithm no. 3 — Newton’s methmdpirediction of axial stress did not converge at
all and showed similar behavior when tested onratiadels. On the other hand, algorithm no. 4 -
Newton’s method for prediction of axial force perfed well but when compared to the classical
approach, despite its relative complexity it did aotperform the classical approach.
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Abstract. This paper deals with accumulation of high potingnergy through the process of methane
hydrates generation. We will briefly describe threethods of energy storage of natural gas in tha fof
compressed natural gas, liqguefied natural gas attane hydrates. The paper takes into accounnirge
input necessary to achieve the temperature andgsyresonditions necessary for the various forms of
accumulation and storage. It also includes a coisparof pressure and temperature conditions between
different forms. The last criterion is the specdiergy, how much energy can be accumulated ifofjrkim.

Keywords: Energy accumulation, Liquefied natural gas, Cosged natural gas, Methane Hydrates.

1. Introduction

Humanity currently uses different sources of energgewable forms of energy such as wind,
hydro, solar and geothermal energy and non-ren@asdairces (coal, oil, and natural gas). Out of
the non-renewable sources of energy natural gasnsidered to be environmentally friendly fuel
because it is a combination of the simplest satdrdtydrocarbons, predominantly formed by
methane. A high proportion of hydrogen in methanthe cause of the low proportion of £@er
unit of energy released.

Natural gas as a source of energy had been accienutathe form of compressed natural gas
and liquefied natural gas. After finding large dsip®of methane hydrates, whether in permafrost or
under the ocean floor, in addition to mining, peoglegan to consider the possibility of
accumulating the energy in this form. It was causgdhe fact that methane hydrates are stable at
relatively high temperatures up to 18 °C and loespure, which is close to atmospheric pressure.

1.1. Methane

It is the simplest hydrocarbon and the main compbreé natural gas with the chemical
formula CH,. Under normal conditions (pressure of 101 325 tRa,temperature of 0 °C) it is
lighter than air, colourless, not poisonous, budtosating and oppressive. Since it is odorlesss it
odorized with tetrahydrothiophene [1]. Combustiédmethane produces carbon dioxide and water

"(1)."

CH, +20, - CO, +2H,0. (1)
. Temperature (K) | Pressure (MPja)

Conditions 273.15 atmospheric

Molar mass (kg/kmol) 16.04

Density (kg/m) 0.71562

Volume (n/kg) 1.3974

Heat value of methane (MJ/n 36

Heat value of natural gas (MJ/m 34.776

Tab. 1. Properties of methane under normal conditions.
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2. Formsof Natural Gas Energy Accumulation

Up to the present, natural gas has been accumwdatbdtored as compressed natural gas and
liquefied natural gas. Currently, methane hydraresconsidered to be a new form of accumulation
and storage.

2.1. Compressed natural gas (CNG)

It is natural gas compressed to the pressure @2BPa. It is used as fuel for buses of urban
and suburban transport, cars and trucks as wshigs, trains, tractors and motorcycles. It isexdor
in containers of cylindrical or spherical shape Bég.1.

. Temperature (K) Pressure (MPja)
Conditions 57315 0
Density (kg/m) 141.253
Volume (ni/kg) 0.0070795
Energy volume (rhnatural gas in 1 M 198.81
Energy density (GJ/M 6.914
Specific energy (MJ/kg) 48.946
Energy inputs (kJ/kg) 856.885

Tab. 2. Properties of compressed natural gas.

Fig. 1. Location CNG tank in the vehicle.

2.2. Liquefied natural gas (LNG)

It is natural gas in the liquid state. It does ootur naturally in the environment. After mining,
LNG is liquefied under atmospheric pressure anth@atemperature of -162 to -170 °C in order to
be transported by means of tankers more easilg.dtbluish, clear, odourless, non-corrosive and
non-toxic liquid with low viscosity. It is used &sel for long-distance buses and freight transport
and in refrigerated trucks, in which liquid gasiged as an evaporative cooling contractor. Itge al
used in LCNG filling stations where it is transgaltas a liquid under high pressure into the
evaporator. From there it fills the gaseous CN&gure container.

. Temperature (K) Pressure (MPja)
Conditions 111.15 101.325
Density (kg/m) 410.5
Volume (ni/kg) 0.002436
Energy volume (ffnatural gas in 1 iy 577.77
Energy density (GJ/M 20.093
Specific energy (MJ/kg) 48.946
Energy inputs (kJ/kg) 904.769

Tab. 3. Properties of liquefied natural gas.
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Fig. 2. Cryogenic tank of liquefied natural gas.

2.3. Methane hydrates

Methane hydrates are solid crystalline substanessiting from contact of liquid water with
small hygroscopic molecules of methane. They foroulsic crystal structure I. It consists of two
small spherical cavities with twelve pentagonallsvé), followed by six large cavities with two
hexagonal walls and twelve pentagonal walfé6® [2].

Actually, it is frozen methane in ice. In this foitrs stable at relatively high temperatures, up
to 18 °C, and a low pressure, which is close tooapheric pressure. 70-17CG of methane can be
accumulated in one rof ice, which makes it a very interesting way eyeaccumulation for the
future.

. Temperature (°C) Pressure (MBa)
Conditions ) 177
Density (kg/m) 900
Volume of methane in methane hydrates (K§/m | 120
Volume (m7/kg) 0.00833
Energy volume (mnatural gas in 1 M 168.90
Energy density (MJ/f) 5.873
Specific energy (MJ/kQ) 6.526
Energy inputs (kJ/kg) 1293.253

Tab. 4. Properties of methane hydrates.

Fig. 3. Methane hydrate know also as “burning ice”.

Fig. 4 shows the comparison of energy inputs aresqure conditions. Fig. 5 shows the
comparison of temperature conditions and specifergy.
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Fig. 5. Temperature conditions and specific energy.

3. Conclusion

The comparison shows that methane hydrates havewlest energy input (432.21 kJ/kg). The
largest energy input has CNG (2 429.58 kJ/kg) dra dénergy input of LNG is 905.71 kJ/kg.
Compared to methane hydrates, the energy inputNd @nd LNG is 5.6 times and 2.1 times
higher. In terms of pressure conditions, the acdatimn in the form of LNG and methane hydrates
is more advantageous. When comparing temperaturdittms, CNG and methane hydrates are
preferable. When comparing the specific energyharet hydrates have 7.5 times less energy than
LNG and CNG at the same weight, because they dasfs86,6 % water.
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Abstract. This paper describes the heat transport from dhgptex shaped piping system which is made of a
tube of circular section wound up into a planaralpits goal is to determine the thermal perforosaaf the
system and to verify the impact of the size ofgeemetric parameter on its thermal performance.pEper
shows the results of experimental measurementgaif dutput and the verification of the influencetlué
geometric parameter on its thermal performance.

Keywords: heat transport, heat transfer, piping systemptheperformance of piping system.

1. Introduction

When discussing various piping systems with flovd &eat transfer, the current issue is the
efficiency of heat distribution in complex pipingstems.

Complex shaped piping systems include piping systefdifferent cross-sections (circular,
non-circular), various shapes (tubes, slats, rilibbds, ...), and various arrangement (verticagip
horizontal pipes, closed profiles, which have tppearance of a ladder, asymmetrically arranged
tubes, tube coiled in a spiral, ...).[1]

Performance of complex piping systems depends waralefactors:

= the arrangement of the heat exchange surfacess(tslia¢s),

= the size and material of the heat exchange surface,

= the speed of the fluid flow,

= regularization of the flow of heat transfer fluiddifferent parts (tubes) of the system.

Regularization of the flow in different parts ofethrsystem should result in a uniform
distribution of surface temperatures in differeartp (tubes) of the system and ultimately in the
enhanced thermal performance.

2. Complex shaped piping system

The complex shaped piping system was made up @ilairtubes with an external diameter of
20 mm, a wall thickness of 2 mm and length of 13wnound into a planar spiral. The pipes were
made from multilayer polyethylene-aluminum (lvarp8k Turatec Multi PE-RT/AL/PE-RT 20 x
2), which is used for heating, underfloor heating potable water installations.

Thermal conductivity (W/m.K) 0,45
Max. pressure (MPa) 1
Max. water temperature (°C) 95

Tab. 1. Properties of lvar Alpex Turatec Multi PE-RT/AL/HET 20 x 2.

Heat transfer from the surface of the pipe to teatéd area of this system is carried out as a
combination of natural convection and radiationreHagain, the determining parameters are the
geometry arrangement of the pipes and the dianoétitre pipes. An important parameter for the
natural convection and radiation is the temperabfitbe pipe surface.[2]
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3. Experimental measurement

The measurement of thermal performance of the isystas performed by a method used for
measuring the thermal performance of heaters awmprtb STN EN 442-2 Radiators and
convectors. Part 2: Test methods and rating.

Experiments have helped us to verify the accurdcth® calculation methods. Experimental
results have also served to refine the calculapoocedure. We experimentally determine the
thermal performance of the system and verifieditifleence of the size of the gaps between the
windings on thermal performance.

A total of 12 measurements were performed: threasomements for the two types of
connection and for the two distances a), b), ¢)sdg Fig. 1. We performed measurements of the
piping system at temperature differencg$:= (30 +/- 2.5) K, i.e.st= 50 °C,4T = (50 +/- 2.5) K,

i.e. £ =70 °C,aT = (60 +/- 2.5) K, i.e.st= 80 °C.4T is the temperature difference of surroundings
(20 °C) and the heat transfer fluid.[3] First to tealized was the measurement of temperature
gradient 55/45 °C, then at nominal 75/65 °C anith@tend of the temperature gradient 85/75 °C.

a) | b)
(AN (AN

NP/ \iﬁyl

_T

AN/
N N

N
Z

E o3

L

Fig. 1. Connection types: a) at a distance of 20 cm (letiveen each winding and the inlet at the cerifttéren
system, b) at a distance of 20 cm (10 d) betweeh @inding and the inlet on the edge of the sys®mat a distance of
10 cm (5 d) between each winding and the inlebhatcenter of the system, d) at a distance of 1(bcth) between each
winding and the inlet on the edge of the system.

The surface temperatures of windings were meashyethermocouple sensors NiCr-Ni. 8
sensors were used for the connections a) and 8)1@rsensors for the connections ¢) and d). The
distribution of sensors is shown on Fig. 2.
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Fig. 2. The distribution of thermocouple NiCr-Ni.

Basic measured parameters were: reference temperdia temperature at the inlet and outlet
of the system, volume flow and the surface tempeeadf windings. The progress of measurement
was recorded on infrared cameras.
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Fig. 3. Location of the system in the thermostatic chamber
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4. The measured values of thermal performance
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Fig. 4. Comparison of measured nominal thermal performamdees and calculated nominal thermal performance
values.
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5. Conclusion

Fig. 4 shows that the measured values of nominainthl performance are closest to the
calculation in which the spiral was replaced byizamtal and vertical tubes. It is caused by the fac
that the change of pipes position changes natwralection. Thus the characteristic dimension in
the case of vertical pipe is the height. In theecakhorizontal pipes (also when replaced with a
straight pipe) the heat transfer coefficientiis= 9.715 W/ A K. Vertical pipes have the transfer
coefficienta, = 5.892 W/ mK.

Fig.5 shows that the difference between the nomihaimal performance of all types of
connections is minimal. The difference between tbanections a) and c) is 12 W and the
difference between the connections b) and d) is.8TWé comparison between the two sets of
connections [a) to b) and c) to d)] has shown tiatn the inlet is on the edge of the system, the
nominal thermal performance is higher. When we camag the connections a) and b), in which the
distance between the coils was 20 cm, with the ections c¢) and d), in which the distance between
the coils was 10 cm, the heat output of the lattas smaller. This means that with a smaller
distance between each winding, the higher tubesnélteenced by the free convection in such a
way that the transfer from them is smaller.
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Abstract. It is a well-known fact that modern trams are geed and manufactured on much higher standard
than older trams, many of them of obsolete concé&ptsthe other hand, nowadays tram designs are more
complex and require much higher investment costfortE to mnimise costs anddemonstrate the
economic advantagesf these new technologiesnd designsthroughout thelife cycle (LC),
launched a process e€onomic analysisalled life-cyclecost analysis and life-cyclarofit analysis
(LCC andLCP).

The aim of the work was to create own methodolagytlie calculation of costs and profits for the lifycle

of a rail vehicle in terms of manufacturer and tiperator to comply with all the relevant principlefsthe

EN 60300-3-3 standard. The created methodologyimakemented into the MS Excel software. The data on
costs and profits during the life cycle of a trarargvinput into the software data. The data are atiytu
interconnected and may be monitored for any indi@icchange that will affect other costs or profitslife
cycle of a tram.

Keywords: Tram, LCC, LCP, Software.

1. Introduction

The term LCC analysis, also referred to as theyarsabf life-cycle costs, can be understood as
a sequence of actions aimed at estimation of tta¢ ¢o part of the costs incurred for the purchase,
use and disposal of fixed assets throughout tlieicycle [8].

g - =1 I i ==
— ) i [l - y -

]
]
=

Fig. 1 Investigated tram [3].

The term analysis of the LCP, also referred to les life-cycle profit analysis, can be
understood as the total profit that physical assebur case railway vehicle, brings throughout its
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life cycle. For the costs as well as for the pgoiitis important to know their distribution in ten
Along with the time distribution, costs can be veasily identified when the owner will have
insufficient funds for the operation [8].

The LCC methodology in detail is covered in thendsad EN 60300-3-3 Dependability
management, Part 3-3: Application guide, Life cyasting [8].

In view of the above standard own methodology falcalating LCC and LCP was created,
which was subsequently transferred to MS Excehsoft by the data needed to calculate the LCC
and LCP of the selected transport company.

2. Theproposed methodology for calculation of LCC and LCP

The costs and profits of the life cycle of tram ¢enobserved from two points of view - from
the point of view of producer of the tram and tloenp of view of the tram operator. The proposed
methodology connects both views of calculating 6CLand LCP. Life Cycle Costs generally have
to include all costs that the product incurs:

The period of manufacture.

= Period of use.
= Period of disposal.
Profits consist of the following components:
= Profits from the fares.
= Subsidies from the government and the regions.
= Profits from advertisements.

3. Calculation of life cycle costs

Costs consist of the following components:
C=XC=C, +C,+C.,+C,+C.,+C,+C,, +C,+C,; (1)
where:C,. - Acquisition costs(,, - The costs of maintenance (preventive and coveect

maintenance, C. - The costs of cleaning@,, - The costs of accident§, - The costs of staff
salaries, — The costs of energ¥,,. — The costs of power supp'§,. — The costs of transport

route,C, — The costs of overhead.

The costs structure of tram

Overhead
9%
Power supply
10%

Acquisition costs
37%

Sallaries

12% Preventive
‘ maintenance...

Corrective
maintenance
2%

Fig. 2 The costs structure of tram [3].
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Acquisition costs

In the price of the vehicle may or may not be ideld: financial costs, transportation, testing,
approval, documentation, training, corrective mamaince during the guarantee, spare parts, tools
and the like. In case of loan it is necessary toutate the additional cost factor.

For the selected tram daily mileage of 172.8 km assumed. Then annual throughput with
regards to preventive and corrective maintenancehmepresents about 95% availability of the
vehicle is 59 918.4 km. Thus the total mileage dkier30 years’ service life is 1 797 552 km.

Acquisition cost of tram is about 2 450 000 €. WHieanced by a loan, the price of tram is
3 667 708 €. Acquisition costs calculated per krmoughout the lifetime is the 1.363 € / km.
Preventive maintenance

The costs of preventive maintenance for the lifeleyf tram based on data on failures
constitutes 816 371 €. Then the costs of preventimentenance of life cycle of tram are 0.4542
€/km.

Corrective maintenance

Corrective maintenance is not planned — has rancitaracter (stochastic). Its occurrence and
extent can be determined based on experience fr@moperation of similar vehicles and the
detected data on failures. The approximate costoafective maintenance for the lifetime of the
vehicle based on data on failures constitutes #2366 These costs are approximately 15 % costs of
preventive maintenance. Then the costs for couecatnaintenance of life cycle tram are 0.0775
€/km.

Accidents

Traffic on city streets carries the risk of accidéfram accidents are very common and occur
about every 20 000 km. Usually, these are lightatzas, the costs are about 0.0885 €/km.
Energy

It is a simple calculation of performance-transpatrk. For tram, the specific energy
consumption is about 100 kwh / 1000 tkm. The poicelectricity for traction is 64.20367 €/ MWh.
Then the costs of energy of life cycle tram are 328.31 € and 0.1926 € / km.

Operating materials

It is a smallish item when calculated per kilometre. These include sand, windscreen washer
fluid, grease for flanges lubrication and the like.
Salary costs

The amount of the salary costs calculated on aepaksometres decides in particular the
number of board staff Kn, hourly wage M, employeedoictivity p, the ratio of labour costs to
wages km, the ratio of the period of personneliseriime to vehicles service ks and turnaround in
speed v0. Then salary costs represent around 0£12R81.

Costsof thetransport route

The costs of transport route are € 0.39 / km. Tloesés themselves contain all the items that
are used to ensure smooth operation of trams andraply the maintenance and repair of transport
route
Costs of cleaning

Maintaining internal and external cleanliness @ntris controlled at regular intervals like
preventive maintenance. Are planned personnel @sismaterial costs (cleaning products) and
technology (car wash, etc.). At present, the tierd ensure cleaning and washing completes trams
by using specialized cleaning companies. The coslkeaning throughout the life cycle of trams is
76 230 €. After calculation the cleaning costs@f24 €/ km.

Overhead costs

For large companies, it is necessary to ensuresgeaency - avoid meaningless billing
cumulative administrative costs and overheads. I@agt costs throughout the life cycle trams are
581 867.58 €. After calculation the overhead cass0.3237 € / km.
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Power supply costs
The cost of power supply throughout the life cyaldram are 665 094.24 €. After calculation
the power supply costs are 0.37 € / km.

£€1,40 ag sts . .

130 | Life cycle costs per kilometer |
€1,20 -
£€1,10 -
€1,00 -
€0,90 -
£0,80 -
€0,70 -
€0,60 -
£0,50 -
£0,40 -
€0,30 -

verhead |
€0,20 -
€0,10 -

0
Energy
Corrective main. Accidents Cleani
e | m N

Fig.3 Life cycle costs per kilometre [3].

Sallaries

Road Power supply

The calculations suggest that the total life cyobsts for the investigated tram and annual
mileage of 59 918.4 km are 3.7919 € / km.

The calculations suggest that the total life cyasts for the investigated tram with 52 seats
and an annual mileage of 59 918.4 km are 0.07 & €//seat.

4. Calculation of life cycle profits

Public passenger transport by rail is the publivise. And ensure their availability to the
public is the main task of the state or region. réf@e, these services are funded from public
regional budgets.

Profits consist of the following main components:

= Profits from the fares.
= Subsidies from the government and the regions.
= Profits from advertisements.

Profits from passengers

They range roughly between 1.1638 € per kilomédthe total approximate amount of sales for
the full occupation of seats and the entire lifetiismithe 2 091 942.75 €.
Subsidies from the customer traffic

Subsidies for region government are about 1.18&r8./Overall subsidies for tram throughout
its lifetime are therefore 2 131 896.67 €.
Profits from advertising

Advertising profits are ranging about 0.2 € / kmnofes from advertisements throughout the
lifetime of tram are about 359 510.4 €.
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Life cycle profits

1,2000€

1,0000€ +——

0,8000€

0,6000€ —

0,4000€ ——

0,2000€ —

- £

Profits from passengers Subsidies from the Profits from advertising
customer traffic

Fig. 4 The profit (revenues) structure of tram [3].

The calculations suggest that the total life cymiefits for 30 meter tram an annual mileage of
59 918.4 km are 2.5498 € / km.

The calculations suggest that the total lifecyadsts for 30 meter tram with 52 seats and an
annual mileage of 59 918.4 km are 0.049 € / knat.se

5. Designed softwareto calculate LCC and LCP

The program is created in software MS Excel. Thaiegtion consists of one file and several
worksheets. There are connections among some weetsshand all worksheets are connected to the
input list. In the designed application costs amdfifs for the life cycle of selected tram are
calculated.

The software consists of:

Global data, Acquisition costs, Preventive mainteea Corrective maintenance, Accidents,
Cleaning, Energy, Salaries, Transport route, Posugply, Overhead, Profits from passengers,
Subsides from the traffic customer, Advertisinga@lof LCC, Chart of LCP.

Life cycle of railway vehicle - tram ‘

Life cycle Zaciatok 2014
Koniec 2044
Pocet rokov 30

Life cycle stages Beginning End

Research and development 2011 2013

Manufacture 2013 2014

Operation and maintenance 2014 2043

Decommissioning and disposal 2043 2044

Life cycle costs per 1 km 3,7317 €

Life cycle costs per 1seat/ km 0,0718 €

Life cycle profits per 1 km 25498 €

Life cycle profits per 1 seat / km 0,0490 €

Number of seats 52

Middle daily circulation 172.8 kam

Average annual circulation 599184 km

Total circulation for life cycle 1797552 kam

Availability 95%

Fig. 5 The software to calculate the LCC and LCP.
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Purchase price 2450 000 €
Price include loan 3M EURIBOR 3 667 708,19 €
The costs of preventive maintenance for the life cycle 816 370,84 €
The costs of corrective maintenance for the life cycle 139 306,27 €
The costs of accidents for the life cycle 159 090 €
The costs of cleaning for the life cycle 76 230 €
The costs of energy for the life cycle 346 228,31 €
The costs of salaries for the life cycle 772 632 €
The costs of transport route for the life cycle 701 045,28 €
The costs of power supply for the life cycle 665 094,24 €
The costs of overhead for the life cycle 581 867,58 €
The profits of passengers for the life cycle 2091 942,75 €
The profits of subsides for the life cycle 2131 896,67 €
The profits of advertising for the life cycle 359 510,40 €

Fig. 6 The software to calculate the LCC and LCP.

6. Conclusion

The aim of the work was to create own methodolagytlie calculation of costs and profits for
the life cycle of a rail vehicle in terms of manctiarer and the operator. The created methodology
was implemented into the MS Excel software.

The calculations suggest that the total life cyamdsts for the investigated 30 meter tram and
annual mileage of 59 918.4 km are 3.7919 € / kne dd&lculations suggest that the total life cycle
costs for the tram with 52 seats and an annuabgd@f 59 918.4 km are 0.0718 € / km / seat.

The calculations suggest that the total life cymiefits for the investigated 30 meter tram and
annual mileage of 59 918.4 km are 2.5498 € / kne G#&lculations suggest that the total lifecycle
costs for the tram with 52 seats and the annuaagé of 59 918.4 km are 0.049 € / km / seat.
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Abstract: The paper presents a new type of Stirling engifiee structural differences between the
traditional Stirling engine and the new type hagerbdescribed. The advantages resulting from thgoged
modifications have been presented. The programlaiese in the MATLAB / SIMULINK environment to
simulate the Stirling engine operation has beerried. The performance characteristics of theiticachl
Stirling engine and the new type with the same itmms$ are presented and compared. They were also
compared with the theoretical and real Stirlingleyc

Keywords: Stirling Engine, Cam Mechanism, Thermodynamic €yHBotary Displacer.

1. Introduction

The Stirling engine is a type of external combustengine which operates over a closed,
thermodynamic cycle with the ability to use a diéiet energy sources.

The Stirling engines working principle is that whbe gas pressure value is above the ambient
pressure, the working piston is pushed. With tloeease of the volume, the working gas pressure
starts to decrease. Then, the gas is pushed mtwotiied zone, the temperature decreases and hence
the gas pressure decreases below ambient preBswethe piston begins to move back. With the
decrease of the volume, the pressure starts toTie, the gas is pushed back into the heated zone
and its pressure increases, the engine cycle oabpe is closed [2].

There are many types of Stirling engines. Two tsmhs for moving the gas from the heated to
the cooled zone and back are the most populafirdieone called alpha type consists of a system
of two pistons in two cylinders, where one is hdadad the other cooled (Fig. 1a) and the second
one called beta type is a piston coupled to thplalier which pushes the gas from one zone to
another (Fig. 1b).

- 216 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

| a b
Fig. 1. The most popular types of Stirling engine a) alpimee, b) bt)ata type. )

There are many ways to couple the displacer wighpiston movement. The crankshatft is the
most popular solution used in conventional Stirlengines. However, it has a major drawback: a
displacer is set in the position allowing to obttie biggest heat transfer area for a very sh i
in relation to the time of one cycle of the engilmethe invented engine a cam mechanism has been
applied, so that the displacer is set in this pmsifor much longer time than in the case of the
crankshaft. A good heat transfer is one of the nmapbrtant parameter influencing the efficiency
of the Stirling engine. Because of the cam mecinaritse invented engine is characterized by a
simple construction and only one movable sealiegheht.

There are several configurations of this engine tgpcording to the positioning order of the
piston, displacer and cam mechanism. It is alssiptesto improve the engine by stopping the
rotation of the piston and the reciprocating moveiad the displacer. Fig. 2a shows one of the
simplest configurations of this engine with onlyeamoving element. Fig. 2b shows an enlargement
of the cam mechanism.
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b)
Fig. 2. Configuration of the investigated Stirling engir®: view the entire engine, b) enlargement of thenc

mechanism; 1 — shaft, 2 — cylinder, 3— piston, gtator, 5 — displacer, 6 — heater, 7 — coolert@lance element,
9 — heat exchange chamber, 10 — cam mechanismslégve, 12 — seal ring, 13 — cam channel, 14dersli

2. Simulation

The engine thermodynamic model was developed on lthsis of the first law
of thermodynamics (3) and the ideal gas law (5 firfain relations and equations of the model are
presented below.

Heat transfer rate from the heater (1), is achidwedsing following formula:

s - e ROTOR, T - T)
Qo= AT " "
n(r)

where:

lw— exchanger length,

Jwe— the heater wall conduction,
Ty— heater temperature,

T— working gas temperature,
r.— exchanger external radius,

ro— exchanger internal radius.
Heat supplied in a single calculation step (2)akk@lated as follows
AQ=QAt 2)
where:

Q- heat transfer rate ,
At — time of single calculation step.

Internal energy change of working gas in singlewalion step (3) is calculated on the basis of
the first law of thermodynamics [1]. The volumevadrking gas change results from the response
of the mechanical system to the thermodynamic systgeration.

AU =AQ - pAV 3)
where:
p— working gas pressure,
AV — working gas volume change ,
AU —working gas internal energy change.
Temperature of working gas is given by a relatién (
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T=_—— (4)

where:

mg— mass of working gas,

c,— specific heat of working gas.

Pressure (5) is calculated on the basis of idealays:

m, [RIT

DZT )

where:
R— specific gas constant for air.

The engine mechanical system equations of motiome wedso developed [3]. These
relationships have been implemented in Matlab/Smiuknvironment. The resulting program
allows to simulate the engine operation with défg@r parameters of the thermodynamic and

mechanical system and different shapes of the G&m.engine work simulation allows to display
the most important characteristics of the engine.

3. Characteristics

In order to compare the work of classical Stirlemggine with invented one, the simulations
were carried out with two types of cams: the fase allowing the displacer movement in the way
to increase the heat exchange and the second omilipg the displacer movement as in the case
of the classical Stirling engine. The engine inthcadiagrams generated by the simulations are
presented below: for the heater temperature®@h the Fig. 3 and for temperature 2®n the
Fig. 4. For comparison, Fig. 5 shows a theorestalpe of the Stirling cycle and Fig. 6 shows the
real indicator diagram of an exemplary conventid@italing engine.

225

175 % ~—N

& = = == Conventional
* \ stirling engine
T 125 \\ =,
= \ \\:\- New type of
\ -...\ Stirling engine
Y ™o
\\ ~ J
75 -.\ ~C -
h\‘::_."b -—_-_- g
---—l-___-__/
295
3 4 5 6 7 8 9
W [m* x10°

Fig. 3. Simulated indicator diagram of conventional Stigliengine and the diagram of investigated engindéater
temperature 60.
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Fig. 4. Simulated indicator diagram of conventional Stigliengine and the diagram of investigated engindéater
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Fig. 5. Theoretical Stirling cycle.
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4. Conclusions

The indicator diagrams, simulated for the cam whiatreases heat transfer, are much more
similar in shape to the ideal Stirling cycle. Moveq they have larger surface area than the graphs
generated for the cam providing the displacer marénas in the classical Stirling engine with
crank system. The larger area of the resultingcatdr diagram, obtained using the same simulation
program with the same working conditions for thevrengine type, shows its higher efficiency [4].
The indicator diagrams for the cam imitating thangr system work are similar in shape to the real
exemplary Stirling cycles. This confirms the cotness of the simulation. The obtained results can
be supported experimentally, when the construaifdhe new engine prototype will be completed.
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Abstract. The reliability of the operation of the brakingsgsm of the vehicle depends to a large extent on
the cooperation of the brake components forminga@ of friction e.g. brake disc-friction pad. Work
instability arises between the occurrence of vibret on friction element, which affects the lowé#icgency

of the braking process. In practice, this meant thaing braking the vehicles currently alternatat a time

of friction resistance may cause uneven brakinggss. The effects of these changes in accordarloehei
work [5] may be revealed in the form of a self-éadivibration. The vibrations generated by the mbdies

are moved per vehicle, which also adversely affedescomfort.

The purpose of the article is to assess the pdssibif selected vibration parameters accompanying
processes of friction in the disk brakes and uséort process evaluation braking of a rail vehicle.

Keywords: Brake disc, Friction pad, Coefficient of frictioimstantaneous value of vibration acceleration.

1. Introduction

Because of numerous advantages in comparisorraalitianal air block brake, disc brakes, are

more and more often utilized in passenger carriagesother railway vehicles.

c) of Wi

»

Fig. 1. View of passener car with disc brake sysim:ia)/\of brake discs mounted on axle passenger fatiety
of bogie 25AN, c) passenger car.

In rail vehicle, because of constantly rising rgpeeed and to obtain required braking distance,
disc brakes are used as primary brake. Additionabcording to UIC 546, speed of passenger
trains of over 160km/h triggers application of dizake. Stable and constant - in the whole speed
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range- average coefficient of frictign with the valueu =0.35 is a basic advantage of disc brake
systems [6].

Few disadvantages of disc brake include a lackoskibility of controlling the condition of the
friction set: brake and pad in the whole operatiome. It is particularly observable in rail cars,
where disc brakes are mounted on the axle of the st between the wheels (Fig. 1c) [3]. To
check the wear of friction pads and brake disas ihecessary to apply specialistic station e.g.
inspection channel to carry out inspections, andaiwy out replacement of friction parts in case
they reach their terminal wear [7].

Selection of friction materials of type disk anddpdirectly affects the braking process. Work
instability arises between the occurrence of vibret on friction element, which affects the lower
efficiency of the braking process. In practicesthieans that, during braking the vehicles currently
alternative at a time of friction resistance mayssauneven braking process. The effects of these
changes in accordance with the work [5] may bealekin the form of a self-excited vibration. As
a result, the growth of vibration friction pad cesschanges in the activity of the temporary
coefficient of friction during braking, as brakirig. This will be presented in the next part of the
article.

2. Methodology and resear ch object

The research was carried out at internal statiortefsts of railway brakes. A brake disc type
610x110 with ventilation vanemnd friction pads type 200 FR20H.2 made by Fresbmanstitute
the research object (thickness of 15mm). A reseprogram 2B1 (I) according to instructions of
UIC 541-3 was applied.

The braking was carried out from speed of 120kriwing the research pad’s pressures to
disc N of 28kN was realized as well as braking reagser one disc of M=7.5t and during braking
to stop [4]. This research was carried out in atance with principles of active experiment [8].
After carrying out a series of brakings the friatipads were changed and values of instantenuous
vibration accelerations were registered.

Database
Vibration signal 1 | T
Vibration accelerometer |—_ Mga&?‘("g'{‘}%ga:%tgge
Drection  BEKtyped504A ~
tacho v2 J

System software

1

1

I

— I

i |
; i PULSE 16.0

| 1

ZL/E M rection i ‘D
1
' :

Y Vibration signal 1

Assesingthe vibration of friction pads
Eatili il il Railway disc brake

Fig. 2. Measurement set of vibration generated by caliptr pads.

Vibration converters were mounted on pad calipeith @ mounting metal tileDuring the
research signals of vibration accelerations wergistered in three reciprocally orthogonal
directions [9]. To acquire vibration signal a measy system consisting of piezoelectric vibration
accelerations converter and measuring case type B8&0-A-060 with system software PULSE
16.0 was used. Fig. 2 presents the view of the uneaent set [1, 2].
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3. Research results

Fig. 3 shows an exemplary signal of instantane@hgeg of vibration accelerations of caliper and
pad registered in directiory (orthogonal to the disc) during station reseafdte analysis of results
of vibration tests showed that obtaining dependerfdgction pads’ thicknesen the value of point
parameters is possible by measuring vibration iaationsY; andY, on a accelerometer mounted
from the side of brake cylinder's case and brakendgr's piston rod. Fig. 4 show the mileage
instantaneous and average coefficient of frictionkraking with speed v=120 km/h. The average
coefficient of friction is calculated from (1) aket integral of the instantaneous coefficient of
friction on the road braking §#4].

1 Sy
Hn =— [ 1s, (1)
SZ 0
where:
s, — road braking from speed v to stop,
i — instantaneous coefficient of friction.

In fig. 4a) also shows the time braking for firatdasecond braking.

1o0 T T T T T

= Firstbraking
a0 — Secondbraking -

a0 -

40

20
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20

Instantaneousvalue of vibration cceleration [mis?)

-4t

-60

-&0

| | | 1 1

-100 5 10 20 30 a0 50
lime of braking [s]

Fig. 3. Signal of vibration accelerations registered on gager on directiory; for different thickness of
pads during braking to stop (Speed at beginnifgaiing v=120km/h).

Both flaw detectors made it possible to obtainectrwhile the data for the study of ultrasonic
pulses systems. Examples of the pulses are shoWwig.irt. It is clear that the pulse was obtained
from the bottom of the connection, which means thdit penetration was achieved. Current
research aims to develop a technique that allow$od¢ation of melting boundary, which is
important for car manufacturers and car equipmentpgonents producers.
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Fig. 4. The coefficient of friction obtained from the biads to stop reagent with velocity v=120 km/h forotlraking:
a) the instantaneous coefficient of friction, by tverage coefficient of friction.

4. Conclusion

Research conducted at the inertial station forstestrailway brakes, showed that there is a
dependence of the growth acceleration of vibratitnesn instantaneous and average friction
coefficient. Measurement of vibration accelerationsglirectionY; orthogonal to friction surface of
the disc and mounting vibration converter from thide of brake cylinder piston rod, is
characterized as the most sensitive towards diretti, which is confirmed by values of coefficient
of dynamics of changes. In addition, research cotedlion the inertial station for tests of railway
brakes, showed that the wear of the friction paffisceon the reduction of instantaneous and
average friction coefficient of friction pads rel& to the brake disc. In the result of worn brake
friction pads increase the deceleration tilStudies have shown that the braking process is not
repeated. At the same parameters of braking in stases, there are vibration in the resonant
character in the last phase of braking.

The project is funded by the National Centre fosd@ech and Development, program LIDER V,
contract No. LIDER/022/359/L-5/13/NCBR/2014
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Abstract. This paper presents experimental measuremenedirg stress invariant on the plate with hole at
fatigue testing machine due to adiabatic elastiordgation. The theoretical part is concentratedtioa
theory of thermal stress analysis focusing on tletastic analysis. The experimental part is dedits the
postprocessing of the measured data including aecalyand numerical solutions for the plate withleho
using finite element method (FEM).

Keywords: Thermoelastic stress analysis, Infrared camerat §tiress invariant, Temperature change.

1. Introduction

The deformation of structural materials is followdy thermal effects. We recognize
thermoelastic or thermoplastic stress analysisen@ing on whether the load creates elastic or
plastic strains. Thermoelastic stress analysis riesc the relation between stress changes and
temperature changes of a body in specimens. Whetetisile deformation is in the elastic field
specimen’s temperature increases, on the otherwwhad there is a pressure load it decreases. The
thermoplastic effect quantifies the heat generégglastic deformation. In the elastic part it is
possible under adiabatic conditions to determire \thlue of the first stress invariant on the
material surface by measuring changes of the sutioperature. Adiabatic conditions are ensured
by frequency higher than 2Hz for steel specimemsraare than 20Hz for aluminum specimens. In
plastic zone it is possible only to estimate theedr of stress tensor, because there is not a total
conversion of mechanical energy into heat.

Surface temperature in thermal stress analysispmasously measured using thermocouples.
The development of new technologies brought a newtactless method for measuring the
temperature with greater sensitivity by using thegraphy. Infrared thermography is a unique
technology which allows using an infrared detettomeasure the surface temperature of an object.
The measurement results is a thermographic imaligddhiermogram. It is possible to determine
the temperature changes on the surface of the meshshject from the thermogram [1].

2. Thermal stressanalysis

Thermoelastic and thermoplastic effect are sumradrin a 3 — dimensional heat equation
together with the effect of heat conduction [2]:

°+ (lpO'l'jS'Up, (1)

aT 0°T 9%T 0°T anj
pCe

—_— T 7
ot - N\oaxz Tz T2 T Lo By
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wherep is the material density;, is specific heat capacity at constant deformafiors absolute
temperaturet is time,k thermal conductivityx, y andz are spatial coordinates [3], is the initial
temperatureg;; stress tensor;,® is the rate of change of elastic deformationis the ratio of
plastic deformation, which is converted to totahthef plastic deformationg;,? is the irreversible
part of deformation tensor [2].

2.1. Thermoelastic effect

Thermoelastic effect is known as the conversiowben mechanical forms of energy and heat.
This transformation occurs when stress changesnaétimaterial element alter its volume. Density
of energy generated in an object is transformeal limtal temperature changes. If specific heat of
metal is high this phenomena is insignificant inmte of temperature change. Roughly 1 MPa
change in stress state causes a temperature cblabig in steel [4].

The equation of thermoelasticity is derived fromathequation ignoring thermoplastic effect

[5]:

) (2)

+TO ﬁ&‘u .

aT 62T 62T 62T aO'ij X
pCe

o \az Tz T oz
To evoke the thermoelastic effect it is standardo@d object cyclically so that no heat

conduction takes place. Therefore the first termtlan right side of (2) can be neglected. Time
integration of (2) ignoring heat transfer leads$hte following equation:

0 :
pCAT =T, za—,;]sije prei,j=1,23. 3)

Using Hooke’s law and simple mathematical operatiee obtain an expression that relates the
trace of stress tensor (first stress invariaptand temperature changa§’

_ AT[pC. 2a’T, @
i =~ |7m—a =l
& al|Ty, (1-v)
where v - Poisson’s ratioft)
a - linear coefficient of thermal expansi¢™).

Equation (4) can be simplified by using the relasioip between heat capacity at constant
deformationC, and heat capacity at constant pressyrgs]:

c—c 2Ea’T,,
ETTP p(1—v) )
where E - Young’'s modulugPa).
Substituting (5) to (4) we obtain
AT ‘4 T, Z
= ——1y Oij . 6
Plp i=1,2 § ©)

The terml% is a proportionality constant known as thermoe&tasinstanK. Therefore (6) can
P
be rewritten as:

AT == _KTO(O-l + O-2+O-3) ) (7)
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whereg,, o, ,03 are changes in the principal stresses. The supmiradipal stresses is known as
the first invariant of stress or trace of stresste. Equation (7) says that the sum of the padci
stresses is related to the dilatational componéetormation. Tensile load causes a decrease of
temperature and vice versa.

3. Experimental part

The experimental part consists of measuring thepéeature change by using an infrared
camera in elastic field during cyclic tension — qassion load. The measurement was carried out
at the Department of material engineering, which &drequency Zwick Roel pulsator. The sample
was loaded by dynamic amplitude of 1kN with a fremey of 104 Hz. The measurement was
performed on a plate with a hole. On the specimelaek emissivity spray (for LWIR) was applied
to prevent the partial reflection of the surroumdsurfaces. The emissivity spray for MWIR was
not used, this problem is difficult and complex.[6]

3.1. Measurement preparation

To measure the temperature change an infrared aawigdr a cooled detector FLIR SC7000
was used (Fig. 1a). Three softwares were usedaiu&ion the measured data: Research IR MAX,
ALTAIR LI, ALTAIR. The software ALTAIR LI providesthermograms of stress fields using
thermoelastic effect, which is based on a linedatisnship between the temperature changes
induced mechanical load and stress at the surfabe onaterial. ALTAIR LI software is associated
with the Lock In method that is used to extractgtgmal from noise and for synchronization signal
load to signal measured data.

The sample used in the experiment was a steel plagtedimensions 50 x 111 mm with a
thickness of 1 mm. In the middle of the plate aeheés drilled with a diameter of 12 mm (Fig. 1b).
The specimen material is steel S355J.

Fig. 1 a) Infrared camera SC7000, b) Steel plate with hole.

3.2. Analytical solution

In plane stress problems during the applied loaddhgplate with hole results in stress
concentration at the edge of the hole. For anitefiplate the stress is equal to three times tlesst
in full cross section. For finite plate (cantilegdron one side), the value is slightly higher. The
maximum stress in place of stress concentratanasytically calculated by the stress concentration
factor K;:

Omax = Kt-Onom- (8)
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The stress concentration factor is determined filoengraph in Fig. 2. Nominal stress,,, IS
stress in cross section at half the length of ere b

P
Inom = (H Z d). thickness’ 9)

whereP is loading force ilN and dimensions are given according to Fig. 2.

[

L :'(l"’ " :0
= >
=

2.8 N
[ —'
2.6 O b
L —
> o
2.425 [ -
24 --Stress concentrator
2.2
2.0 -
0 0.1 02 ** 03 0.4 0.5 0.6 0.7

Fig. 2 Stress concentration factor (www.latech.com).

If the sample is loaded with force 1kN, the nomistaéss is calculated:

= F = 1000 = 26.3 MP
Tnom = — Q). thickness (50 —12).1 @ (10)
and the stress in the field of stress concentration
Omax = 2,425.26,3 = 63.8 MPa. (11)

In full cross section stress evoked by loading doo€ 1kN is 20 MPa. In the place of stress
concentration it is 64 MPa after rounding.

4. Measurement results

Figure 3 shows thermograms of stress fields urelgion (Fig. 3a) and compression loading
(Fig. 3b). Here we can see that the maximum stseasthe edge of the hole as we assumed in the
analytical solution.
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Fig. 3 Measured results for a) tension loading, b) casgion loading.

Further processing of the results was carried m&LTAIR software, which provides the user
greater comfort with processing of measured data.aFsample in tension loading (Fig. 4) and
compression loading (Fig. 5) was chosen transvknge and plotted curve of the first stress
invariant in each pixel. In Fig. 4 you can see tmaiximum first invariant stress is on the edge of
the hole and its value is 68.17 MPa. The maximuniuevaduring compression loading
is -68.18 MPa.
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Fig. 4 Measured results for tension loading.

22.75

MPa 1
15.37 20.00
7.99

0.00

062
6.76 -20.00
-14.14 40,00
-21.52

60.00
-28.90
.36.28 -80.00 »

40 50 60 70 80 [0 100 110 120 130 140 150 160 170 180 180 200 210 px

-4365
-51.03
58.41 Label Min (M... | Max(M... | Mean (.. | Span(M... | Std-Dev... | Emissiv... | Col... | Label Tip | Lo... | Hi... | Sh... | Comm
579 |1 6818 193 2725 7010 1793 100 W None [T

7317 A

<« m »
[ ] "0

MPa |« Profle
Fig. 5 Measured results for compression loading.

5. Numerical solutions

Numerical solution was performed in ANSYS FEM safte. Structural analysis was created to
find out stress field of the specimen during cydbading tension — compression. The mesh is
generated by 4 node — Plane 42 elements. Thi23 plane element which is used for modeling
plane stress. The applied material is elasticraopat with properties of steel S355J:

* Young’'s modulug€=200 GPa,
» Poisson’s ratip=0.3,
= densityp=7800kg m~3.

The model is loaded by cyclic loading with ampligudf 1kN and frequency of 104 Hz.
Boundary conditions were defined according to tkkpeement. The results of the structural
analysis for tensile and compressive loading agsgorted in Fig. 6. Here we can see that maximum
first invariant stress for tensile loading is 63%/MPa after rounding and for compressive loading
is -65.6 MPa.
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Fig. 6 Numerical solutions for a) tension loading, bjnpession loading.

6. Conclusion

The paper deals with thermal stress analysis fagusin the thermoelastic analysis. The
introduction provides an overview of the theorytloérmal stress analysis. The experimental part is
preceded by the preparation of the measuremenidimg) analytical solution for the plate with a
hole. Measured data are compared with numericatiealusing the finite element method.

In this paper we compare measured data with analygnd numerical solutions. The specimen
used for measurement was selected due to bettgpazmon of results. During solution of plane
stress of plate with hole stress concentratioheatetige of the hole occurs. For analytical solstion
is the stress value 63.8 MPa. From thermogramshigareed the maximum first invariant of stress
68.17 MPa in tensile loading. The maximum valueirdurcompression loading is -68.18 MPa.
Numerical solution was performed in ANSYS FEM safter The result of the structural analysis
for tensile loading is 65.2 MPa and for compressigading is -65.6 MPa. The error in
measurements is less than 10 percent.

Acknowledgement

This work was supported by the Slovak ResearchDalopment Agency under the contract
No. APVV-0736-12.

References

[1] EISENLOHR, A. 2012.Adiabatic temperature increase associated with deformation winning and dislocation
plasticity. [online]. 2012. Available online atwww.sciencedirect.com>.

[2] PLUM, R. a kol. 2010Extended thermoelastic stress analysis applied to carbon steel and CFRP. [online]. 1999.
Available online at: <http://ebookbrowsee.net/we5a3-pdf-d75918406 >.

[3] WANG, G. a kol. 2012Thermographic studies of temperature evolutions in bulk metallic glasses: An overview.
In Intermetallics. [online]. 2012. Available online atwww.sciencedirect.com>. ISSN: 0966-9795.

[4] BREMOND, P. 2007 New developments in ThermoElastic Sress Analysis by Infrared Thermography. [online].
2007. Available online at: sttp://Mmww.ndt.net/article/panndt2007/papers/138.pdf >.

[5] BARTON, J. 1999. Introduction to thermoelastic stress analysis. In  Strain  [online].
1999. Available online at: < http://onlinelibrarylgy.com/doi/10.1111/j.1475-1305.1999.tb01123.x{edrs >.
ISSN: 0039-2103

[6] HONNER M. — HONNEROVA, P. 2015urvey of emissivity measurement by radiometric methods. In: Applied
Optics, Vol. 54, 2015, pp. 669-683. < http://dx.doy/10.1364/A0.54.000669 >.

-231-



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Evaluation of structural propertiesof braked railway wheel

) "Andrej Suchanek Jozef Harusinec
University of Zilina, Faculty of Mechanical Enginéey, Department of Transport and Handling Machjnes
Univerzitnd 1, 01026 Zilina, Slovakia, {andrej.sadek, jozef.harusinec}@fstroj.uniza.sk

Abstract. Article deals with the detection of reduced striesg braked railway wheel based on thermal
transient analysis on virtual models, because théyence the characteristics of the railway wheels
Structural analysis was performed by means of tN&¥AS Multiphysics program system package. Thermal
transient analysis deals with the detection of temraure fields which are result of braking by brakeck.
The applied heat flux represents the heat genetatddction of brake block. It is applied to thearter
model because of the acceleration calculation. &hialysis simulates two braking with subsequent by
cooling. Distribution of the equivalent stress wietected in the cross section railway wheel, atcsetl
points. The input parameters were used from therhletransient analysis. These equivalent stressest
due to thermal load.

Keywords: Railway wheel, Brake block, Residual stress, Tierighermal analysis.

1. Introduction

The brake system of railway vehicles is an impdrgubsystem in terms of driving safety.
Investigated property is process of non-stationamperature fields, generated by the braking
railway vehicles. Thermal load of railway wheelsas when braking by the brake blocks [2, 3, 4].
It has significant share of the impacts that leadvéar - modifications of the driving wheel profile
and damage to the wheel tread [7, 8]. We have msider two factors in the process of braking.
Railway wheel is overheated by the brake blockatgoint of contact. It is loaded by the normal
and tangential stress, which is the source of ttakibg process. Brake blocks are structurally
designed as adhesive brakes. The braking effébeofehicle with respect to the track is carrietl ou
in the wheel-rail contact via the contact surface.

Professional public must pay attention to studyihg effects of thermal and mechanical
loading wheels of railway vehicles of reasons: tperation of vehicles, protection of life and
health of the traveling public, reliable transporterial and minimizing the negative effects of rai
traffic on the environment [5].

Article deals with the detection of reduced striesa braked railway wheel based on thermal
transient analysis. Railway wheel is loaded by fileet, which is applied on the contact surface.
This topic is discussed in more detail in [6, 12, 13].

2. ANSY S program package

The program ANSYS (Fig. 1) uses the finite elemaethod. Modeling of the finite element
method belongs to the group of numerical methotiés Tethod develops due to the continuous
increase in computing power. Its core is the distagon of bodies on the files of finite elements
[1, 10]. These elements form analogue after pald that can be mathematically written [9].

The ANSYS program is generally nonlinear, multipbgsprogram including structural and
thermodynamic analysis, analysis of flow continuwamalysis electrostatic and electromagnetic
fields, and acoustic analysis. All these analysesle performed individually, but thanks ANSYS
multiphysics conceived program can also be includedne common analysis. The ANSYS
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program allows you to not only check calculatiobst also enables optimization and sensitivity
analysis due to parameterized computational modslgiell as the calculations of reliability.
ANSYS Mechanical product is intended to simulate structural and thermodynamic tasks.
The program includes the complete set of linearreondinear simulation with using linear and non-
linear elements, material models, and contact ireat algorithms.

= + v

Fig. 1 ANSYS Workbench program system environment.

3. Transent thermal analysisin ANSY S program

The problem simulates heating of the railway wtiesdd. The railway wheel is braked by the
brake block. The heat generated by friction of brhlock, represents the heat flux of 40 kW. It is
around the circumference of the wheel. The Analgsiaulated two braking for time 100 seconds.
The heat flux is applied to the tread. Railway whmmls for 200 seconds after each braking. The
value of heat flux is then zero. A quarter modelrailway wheel was created using CATIA
program and imported into ANSYS program.

3.1. Thedefinition of material properties

Railway wheel is made of steel DIN 40Mn4. The tharproperties used in the simulation are
shown in Tab. 1.

Property Railway wheel Air
Densityp [kg.m~] 7850 1.170
Heat capacity £[J.kg1.K"] 486 1100
Thermal conductivity k [W.m.K™] 52 0.026
Emissivity [-] 0.28 -
Dynamic viscosity [Pa.s] - 1.8.70

Tab. 1 Thermal properties of materials.

3.2. Definition of boundary conditions

A quarter model was used because of the acceleratitculation. The symmetry has been
applied to the model. The values of the heat fluower) (Fig. 3) are shown in Tab. 2. Dependence

heat flux to time is shown in Fig. 2.

Step Time [s] Heat flux [W]
1 0 0

1 10 10000

2 100 10000

3 101 0

4 300 0

5 310 10000

6 400 10000

7 401 0

8 600 0

Tab. 2 Dependence heat flux to time.
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Dependence heat flux to time
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Fig. 2 Dependence of a heat flux to time.

Fig. 3 Heat flux applied to the tread of the rail wheel.

Reference ambient temperature was set to 20°C.
Thermal radiation was set to all areas of railwdngel.
Six degrees of freedom were taken to the railwagel(Fig. 4).

Fig. 4 Applied boundary conditions.

Finite element mesh (Fig. 5) was created accortinthe dimensional parameters with the
following parameters:
= element size: 10 mm,
= element type: SOLID 90,
= number of elements: 5075,
= number of nodal elements: 26156.

0% 15000 e

150 0

Fig. 5 Finite element model.
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Setting solver:

= direct solver with fixed setting step and automatatrol of convergence.
Computation parameters:

= processor: Intel Core i7 3.3 GHz (6 core),

= memory (RAM): 64 GB,

= computation time about 25 minutes.

3.3. Reaults

The maximum temperature value was 172°C at the ¢id®0 seconds (Fig. 6), which is at the
end of the second braking. The maximum value ofténgperature was 138.8°C at the end of the
first braking. The maximum values were detectethénsurface layer of the rail wheel.

(7]

Fig. 6 Temperatures in railway wheel at the end of brgi{trme 400 s).

The temperatures in the cross section of the radel at selected points (Fig. 7), are shown in
Fig. 8.

Fig. 7 The selected points, where were evaluated thegmhpes and stresses.

Dependence temperature to time in selected points
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Fig. 8 Dependence temperature to time in selected points.
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4. Calculation of equivalent stress

Distribution of equivalent stress can be detectaskd on thermal transient analysis of braked
railway wheel. These stresses result due to theloaal. We could use the parameters from the
previous thermal transient analysis thanks the AR®Yogram.

The maximum equivalent stress (von - Mises) valwes #212.55 MPa at the time of 400
seconds (Fig. 9).

nnnn

Fig. 9 Equivalent stress in railway wheel at the endrakimng (time 400 s)

The equivalent stresses in the cross section ofdihavheel, at selected points (Fig. 7), are
shown in Fig. 10.

Dependence stress to time in selected points

250
200
150

100

Stress [MPa]

700

Fig. 10 Dependence stress to time in selected points.

5. Conclusion

One possibility for identifying the impact of theahrand mechanical loading on braked railway
wheel is the use of appropriate software and implaation of computer analyzes.

The article deals with the detection of structuypabperties braked railway wheel using a
program that uses the finite element method.

Structural analysis was done on the basis of thienarasient analysis, where it was possible to
determine the distribution of temperature fieldsimy braking with constant heat flux. Thermal
loads are used as input parameters from the prewioermal transient analysis. Distribution of
equivalent stresses is the result of the analydigse stresses result due to thermal load. This
problem was solved in ANSYS program, which wasadlé for this assignments.
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Visualization and measurement of flow in flue gas path by particle
image velocimetry method
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Abstract. Higher particulate matter concentration in ambiaint has harmful influence, therefore it is
important to decrease their amount from every smuhe small combustion installation with biomass
combustion we can influence amount of particulaéten in flue gas path. Particle image velocimety be
used for visualization and measurement of fluid imn@dand also particles flow. This method is able to
measure velocity and direction of vectors withdifé@ing of flow and help to change the flow indlgas
path with regard to decreasing particulate mat@centration. Particle image velocimetry is alsodytool

for verification of simulation from computationaliid dynamic program.

Keywords: Particulate matter, Small combustion installati®en/ method,

1. Introduction

Approximately 14 % of the world’'s energy use isided from biomass and in developing
countries the corresponding figure is 35 %. Manyntoes also encourage the adoption of biomass
combustion in order to reduce emissions of greesd@ases, improve energy security and rural
development. However, combustion of biomass, aleitly many other industrial, commercial and
transport activities, leads to emissions of aidygaht that are potentially harmful to human health

[1].

Residential wood combustion (small heat sourceshéat production has been assessed to be
a major source of fine particle mass emissiongjqudate polyaromatic hydrocarbons (PAHs) and
certain gaseous pollutants such as volatile orgaompounds (VOCs) throughout Europe [2].
Those small sources are not controlled and not tmi@d and especially during heating season
produce large amounts of pollutants.

Many European countries observed increased pateuhatter concentration in ambient air,
what has negative influence on air quality and améan health. Particulate matter pollution can
cause or aggravate cardiovascular and lung diseasest attacks and arrhythmias, affect the
central nervous system, the reproductive systentauase cancer [3][2].

Therefore is also important to decrease particutater production from those sources.

1.1. Particulate M atter

Bigger attention is paid to particulate matter wdmaller diameter. Particles PM10 with
diameter under 10 micrometer and particles PM2fh diameter less than 2.5 micrometer belong
into the group of smallest particles Those pariciee able to infiltrate deep into the lungs and
cause serious damage. They contribute to risingaofiovascular and respiratory problems too.
Moreover they are able to keep longer time in ttmeoaphere and could be drifted hundreds of
kilometers from the source of pollution. In contrasfine particles are course particles (bigganth
10 microns) filtered during breathing by naturadqess in a top part of respiratory system and don't
charge the organism. Bigger particles with diametleove 100 microns are relatively quickly
settled down near the source of pollution [1],[&[4].
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2. Modélling of Particulate Matter Flow

Modelling of physical changes by simulation progr@mmputational fluid dynamics - CFD) is
advantage for science and technology. It is safere economical and more environmentally
friendly and it may significantly reduce the “triglnd error” development time needed if
experiments only are used for design optimizatiéor. example it can be used as an option to
observe influence of construction changes on e dhas flow with particulate matter [5].

Results of modelling are velocity, temperature gadticle layout, which can be used for
particulate matter behaviour observation insidefline gas path (Fig.1). Form and velocity of flow
influence particulate matter capture in the flus gath. Optimized geometry of flow can decrease
particulate matter emission from small heat sourd@éerefore is useful for optimizing to know
vector maps of flow.

Velocity il
Vector 1 1

4.401311 i
F- 3.912328 | ‘|
[ 3.423346 | (| . ‘|
- 2.934363 ; [ ‘|
- 2.445380 H
| 1.956397 &
1.467415
0.978432
0.489449

0.000466 . Bl
[m 1] W - g g7

A8 g e

Fig. 1 Vector map of flow.

3. Particulate Image Velocimetry Method

Particle Image Velocimetry (PIV) is a whole-floveld technique which provides
instantaneous velocity vector measurements in ssesection of a flow. Two velocity components
are measured, resulting in 2D velocity vectors, usd of a stereoscopic approach permits all three
velocity components to be recorded, resulting stantaneous 3D velocity vectors for the whole
measured area. The use of modern digital camemsledicated computing hardware, results in
real-time velocity maps [6].

Principle of velocity measurement is based on wiogr of particles movement in flow and
subsequent evaluation of this motion (Fig.2). Teeding particles in the target area of fluid flow
are illuminated by laser pulses with defined tiniéecence and the velocity vectors are derived
from sub-sections of the target area of the parseleded flow by measuring the movement of
particles between two light pulses. Positions @&fdssg particles are recorded on digital camera.
The camera is able to capture each light pulseparste image frames [6], [7].

Elementary equation , which evaluate those recgsdig equation (1):

'
i (1)

where distanc& is movement of particle in fluid flow per time anvalt.
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Fig. 2 Scheme of PIV principle [6].

Once a sequence of two light pulses is recordedinlages are divided into small subsections
called interrogation areas. The interrogation arfeas) each image frame; &nd b, are cross-
correlated with each other, pixel by pixel (Fig[G).

T -

Interrogation area
Image input

Cis) =H,.,,, () - 1AX-s)a Egrorisls-ninn

r— Peak
| detection

Subpixel
interpolation
ﬂ Vector output

Fig. 3 The correlation of the two interrogation areasamtl 12 , results in the particle displacementesented by a
signal peak in the correlation [6].

The correlation produces a signal peak, identifying common particle displacement. An
accurate measure of the displacement - and thastlads velocity - is achieved with sub-pixel
interpolation. A velocity vector map over the whodeget area is obtained by repeating the cross-
correlation for each interrogation area over the imvage frames captured by the camera [6], [7].

According simulation model which was used for mbdglof flow is prepared real model from
plexiglass for measurement by PIV method. For erpart is necessary to prepare the same
condition as was set up in the simulation, it meansse approximately same temperature of air (as
in simulation) and set up the same chimney drafsition of devices for PIV measurement is done
according scheme of the experiment in Fig. 4, wiareera is able to record fluid flow.
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Fig. 4. Experiment scheme.

4. Verification

Verification of changed, optimized results can baalby gravimetric method in real small heat
source. Gravimetric method is the manual singlehoeivith sampling of the flow gas by probe. It
is based on determination of the median conceatrsitiby sampling from multiple points of
measurements cross-section and their subsequeningtac assessment. Solid contaminants are
usually separated by an external filter [8].

According final particulate matter concentratiorpisssible to observe if geometrical changes
also change the amount of particulate matter ia flas path.

5. Conclusion

There are efforts to reduce particulate matter sionsfrom small heat sources. Construction
changes of combustion appliances can satisfy th@amiog requirement. Use of CFD simulation is
good tool for observation of particulate matter dgbur. For verification is suitable measurement
by PIV method. CFD simulation together with PIV rse@ment method can be appropriate
solution how to find out how is flow of particulateatter in combustion devices influenced and see
how particulate matter concentration can be depgnadin construction changes. That can also help
to do construction changes with regard to decrpageulate matter pollution.
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Abstract. The article present the design of non-standard lailway freight wagon with variable use of
loading platform with regard to the safe operatiord assessment of the properties by the calculation
methods of simulation analysis. 3D model of wag@s wreated in a computer program PTC/Creo. Wagon
chassis frame was subjected to the static and dgremalysis in programs ANSYS and ADAMS/Rail. On
the basis of computer aided simulation analysis eybnized the frame of the wagon. This wagon dkass
frame will be able to offer even more capacity atitize less resources and energy than current ngafur
intermodal transport.

Keywords: Wagon design, Chassis frame, Computer simulathatyaes.

1. Introduction

Indeed nowadays about 1.5 billion t/km are transgabm Europe by lorry at distances farther
than 150 km, conversely only 0.4 billion t/km (20%e transported by train [1], this entails
important costs for fossil fuels. In the nearbyufetwhen transportation has to be more sustainable
it seems quite clear that freight railways will viire mode choice more often.

For this to happen though, it is necessary thaghteailways, apart from lowering their prices,
significantly improve highly increase the qualiti/tcansportation. In that sense, quality standards
such as reliability, flexibility, availability, cgo security and safety, punctuality, customisation,
marketability, traceability, complementary servigiand time for transport among others have to be
improved by railways as well.

Hence, rail freight has the challenge to becomele@ and to gain in reputation. There are
many actions to increase quality in rail freighansport; one of them is the optimisation of the
current wagon fleet to improve availability, fledity, marketability, commercial speed, cargo
security and cost [2]. This optimisation has tqoesl to the actual trends of transport demand and
has to be in consonance with the required anddteasifrastructure upgrades.

The basic idea of new wagon is that in the futlmeger loading surfaces without interruptions,
as well as more capable platforms with higher do#sls and with lower loading heights will be
necessary to increase the capacity of the freghway transportation.

The time schedule is divided to several subtaslsha®n in Fig. 1.

1. Analysis of the problems and requirements
of railway companies and operators

2. Determination of geometrical, weight and
functional parameters of the vehicle

| 3. Creating concept of wagon in the form
of 3D model

| 4. Analysis of a properties of the designed model
— conceptual, spatial, strength, dynamic, ...

| 5. Finalization of the design based on evaluation
of results from calculations

Fig. 1. The time schedule segmented into several subtasks.
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2. Analysisof the problems and requirements of railway operators

Intermodal continental transports utilize a largeoant of unit types (much more than
hinterland (sea) transportation) and that increaeesamount of possible loading cases for the
trains. In that sense, there would be an optima@onaor each case but this wagon could be sub-
optimally utilized for other cases. This varietyaatses makes difficult to know which wagon is the
optimal for an averaged situation.

Wagons represent an important investment for compg.a. 100 000 € per wagon) and they
should be extensively utilized during their whalie lcycle (25-30 years) to achieve profitability.
For this reason, wagons specialized in one kindnits are usually employed for other unit types
even if they are not 100% efficient at it [3].

From individual wagons were created four trainspsé maximum length were 500 m and
have been investigated the parameters listed in2k-ig

Number of axles |

Rolling |

Loading factor ‘
Energy Aerodynamic ‘

Load Train length | consumption
distribution (resistance against the

movement of the vehicle) Grade ‘

Train weight ‘
Curve ‘

Number of

wagons in train

Fig. 2. Load distribution and energy consumption - In\gegttd parameters.

Concluding that:

= 106 ft wagon suits optimally the FTL (full truckdd, semitrailers) segment and performs
quite reasonably in other segments except thelpulkeones,

= 60 ft wagon is the optimal wagon for the pure mdigment,

= 80 ft wagon would offer better performance than #0® averaged situations (mainstream
shuttles), but it is not recommended for specidliZ&L transports, however it performs better
than 106 ft wagon in bulk segments,

= 90 ft wagon would offer better performance tharft80in the future the 45 ft unit is widely
introduced.

The results of the capacity simulations have shotlvatian 80 ft long wagon could lead to an
important advantages in efficiency. These advastagsuld be amplified by averaged cases with
mixture of units, for example in the case of a #bubetween the two important continental
terminals with an unknown and varying proportioruafts [4].

It could be concluded that the 80 ft wagon woulithdpabout an important gain for continental
transports since it would enable better utilizatadrspace (loading length) on trains than existing
wagon technologies. The 80 ft wagons would be #&blansport same of even more amount of
units with the fewer axles and the less deadweiglthermore the aerodynamics would improve
(fewer gaps between containers, fewer bogies p&grirend the noise emissions would be reduced
due fewer axles per train.

Longer loading lengths 85 ft and 90 ft could hameadvantage too, but only if the 45 ft unit is
widely introduced and if it dominates in intermodfaffics, which is not the actual case. A revision
of this issue has to take place in the approximdisiears.

The strategic procedure would be to design a 8@lfiout pocket and try to make it as cheap as
possible. By this it could be very competitive i;imarket segment [5, 6].
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3. Concept of wagon in the form of 3D model

The model presents a complete structure of the daxle freight wagon (Fig. 3) for
transportation of ISO containers and swap bodigstwshould meet prescriptions TSI-WAG, valid
regulations UIC, agreement on the reciprocal us&edfht wagons in international traffic AVV
(RIV), recommendations ERRI and norms EN.

Fig. 3. The 3D wagon model designed in program PTC/Creo.

Chassis frame (Fig. 4) is welded the steel constmicconsisting of two side longitudinal
beams (in the most of “I” profiles various sectipndich through the cross beams create a support
frame. On lower flange plate of main cross-beameth® rotating lead for upper of rotating pivot
standard type and arms for sprung side bearerspa$sage from the front to the center part of the
wagon is branched because of better layout lonigididorces. The center section of chassis frame
contains the cross brace by reason optimizing dhgidnal stiffness of the wagon. The material
thickness of individual structural parts has beptinized based on strength analysis simulations

[7].

Front Part of Undercarriage 1

Bridge Beam

Front Part of Undercarriage 2
(symmetrical with the first)

Cross-Beam

Side Longitudinal Beam

Cross-Brace
Brake Cylinder Support

Fig. 4. Main parts of the chassis frame.

4. Computer aided ssimulation analyzes

Integral part of the development of rail vehicles ade tests performed on test tracks and static
tests on test stands. These tests are expensivenamadays are using the modern computer
technologies that can simulate riding a vehicleltan the track and detect selected parameters [8,
9, 14, 15].
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For the proposed wagon were performed several atinalanalyzes which there are shown in
Fig. 5.

Max. Vertical Load Forces

All Wagon Rising

‘ Longitudinal Forces

|
|
Wagon Rising On One Side ‘
|
|
|

S { Load Combinafion

Fig. 5. The layout of static and dynamic evaluations.

Investigated construction was subjected to stdtiectiral analysis (program ANSYS) based
on the standards EN 12663-2 and ERRI B12/RP17 h@masis of the 3D model of chassis frame
was created calculation model which characteristiesshown in Fig. 6.

BOUNDARY CONDITIONS Model properties:
(hemispherical bogie pivots) , : ~\ " FEMandCAD-1:1,
il A= = element — tetrahedron

(15— 30 mm),

= yield value 355 MPa
(3283 in an immediate
close distance
of weld),

=  material -
homogenous,
isotropic, linear
and elastic,

= Young modulus of

elasticity
J\‘ E = 210 000 MPa,
- LOAD OF CHASSIS FRAME = Poisson’s ratio
(EN 12 663) pu=03

Fig. 6. Computational model — boundary conditions, loaut$ groperties.

The task of structural analysis was to simulateaburs of stresses and deformations in the
proposed construction loaded maximum vertical ferce

The simulation analysis shows that the greatesectedn investigated structures (middle of the
wagon) will be 29.928 mm. The report ERRI B12/RRiates that the maximum deflection of the
chassis frame must not exceed 3% of the distanteeba bogie pivots respectively axis of
wheelsets. The results of the simulations show ttheatchassis frame satisfies strength conditions.
For further development respectively productionhid type of construction it is necessary to verify
the results on the real construction on the testdsfl11, 12].

Behaviour of displacements and stresses is shoWwigiry.

STRESS

DISPLACEMENT

2 >

20375 3

23507

Fig. 7. Results of static simulation analysis — max. dispment and stress.
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Dynamic simulation (verify enough overlap of bufewhen the vehicle ride through S-curve)
was performed in the program Adams/Rail.

600.0
— 1L
R #

—— 2R R

300.0 1

dy(mm)

0.0

-300.0

-600.0 + - g
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
Time (sec)

Fig. 8. Lateral displacement of buffer axis.

The buffers (according TSI) should have such dia¢ it is not possible to lock two vehicles in
horizontal curves or opposite curves [13, 16, 17].

The simulation calculation shows that the maximaterkl deviation from the center line of the
buffersdy (Fig. 8) reached the value 510 mm, which corredpdn 70 mm overlap. The minimum
acceptable overlap according TSI is 50 mm. It carcbncluded that the used buffers (width of
plate 650 mm) satisfy the conditions of safe openat

5. Conclusion

It is estimated that this wagon will be a sustaieatagon that will be able to offer the same or
even more capacity and utilize less resources amgg than current wagons for intermodal
transport.

The analysis of the intermodal traffic has enaliedcarry a simulation in which wagon
capacity performance has been assessed. The priagnys speak for an increase of capacity due
to wagon use of about 10% in comparison to a tealisference case. This capacity increase is
mainly produced by a better arrangement of contaim@d by reduction of deadweight of the
wagon. When it comes to energy consumption wagaitdcave up to 18% of the energy necessary
to transport a units. This is mostly due to an iovpment of the loading factor that enables a better
compression of the containers, fewer gaps, a redogember of axles and a lighter tare per units.

Main advantages over existing design are:

= |ower loading plane = transport of containers awds bodies all dimensions in kinematic
gauge G1 (including HiCube containers and swapdsodith a wide of up to 2600 mm),
= distance between pivots to 18 000 mm = no speeian{sions.

Due to the reduced amount of axles, for same on @vere units capacity, wagon will bring
about important savings in maintenance and veryitaptly, it will reduce the noise emissions per
train.
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Abstract. The aim of the article is to present necessarm@és at the conception of the angle of attack
setting mechanism and the modification of the gpelement at the load module SIMRAIL, part of rolig
RAILBCOT. During the measurements were recordedeifggtions, which could influence continuous
testing, and would lead not to reliable and fullystworthy results. The article describes thre@psste
improve the situation. The first step describesdfabilization of the members to prevent the oanoe of
clearance. In the second step were started measntei the roller rig at different operating spgedd the
third step the angle of attack setting mechanismaslified where mechanical spring element was cbdng
by the hydraulic spring element. Mentioned, inciiegighe stiffness of the spring element is alsodeee
which the lack of stiffness caused loss of stabiiefore the requesting speed. The gear lever veatfied,
where the transmission ratio and dimensioning dhgpelement was changed.

Keywords: RAILBCOT, SIMRAIL, Modification of mechanisms.

1. Introduction

Researchers at the University of Zilina have bewanisively interested in railway research
mainly in fields of friction tests performance withe brake test stands and rail/wheel contact
analysis from various points of views. By meangha flywheel test stand UIC was possible to
perform the investigation of the phenomena thateapp in accordance to braking of railway
vehicles. Contact geometry is closely connectetl witeel/rail surface contact stress analysis. The
contact analysis was performed by means of moré methods. These analyses led to the
investigation of wheel/rail profiles mutual attieiénd their influence on ride behavior of vehicles
and the values of contact stresses. New profilegs established on the requested geometrical or the
contact stress options. RAILBCOT test stand wazldped as a research project in years 2009 -
2012. Because of the stand creates the test stahdeaearch core, there was need to complete it
with the load modulus of the test stand for thdisga simulation of railway operation in laborayor
conditions — SIMRAIL.

2. Load module SIMRAIL

Load module SIMRAIL (acronym for SIMulation modufer the realistic simulation of
RAILway operation under laboratory conditions), waeated at the request to generate force and
position inputs at the roller rig RAILBCOT that flafully simulates the behavior of the vehicle on a
real track (change the angle of attack, actingahferces to the wheelset simulated passing adc an
also change the size of the vertical wheel forcéenwvpassing arc, or asymmetrically loaded
vehicle).

-248 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

The RAILBCOT test stand represents the operatiauaditions of the four-axle railway
wagon. Based on dynamic simulations and measurenpatformed on a roller rig RAILBCOT
during operation, it was necessary to modify theapeters of the load module SIMRAIL and
modify or replace some elements of mechanisms wdting on the wheelset during the test drive.
SIMRAIL device consists of two separate modulesashn Fig.1

Module A provides the changes for the angle of attack dutie test, creates a lateral forces
acting on the wheelset and also allows the wheallatson along the x axis in the test around the
fixed angle of attack.

Module B compensates the changing wheel forces, whethgagsing the arc, or as a substitute
to asymmetrically loaded vehicle. Also leads wesght the lateral and longitudinal directions and
prevents their swinging out.

3. Mechanism for the setting the angle of attack

The system for setting the angle of attack is enrtfodule A and the elements are described in
Fig. 2. The roller rig RAILBCOT is connected withet pivot lever (1) by a connector (0). The lever
is pivotally clamped to the frame of module SIMRA[LO) with bearing (2). This pair transmits the
moment caused by the difference of tensile forcgsamd T, on flexible bond (4), which leads to
capture this moment of force caused by means ofa int (3). Flexible bond is due to this force
pressed by the value of displacement adequatestimtbe in positive or negative direction. Flexible
bond (4) is not connected to the frame (10) diyedtut through the gear lever (7), fixed to it by a
dowel joint (5). The gear lever is running fittedthe frame through of a friction bearing (6). Qe t
frame is actuating device for adjusting the andlattack (9). It is connected to the gear lever (7)
with pivot pin (8). Gripping the actuating device rotatable by means of pins supplied with the
gearbox of the actuating device.

Description of the Fig. 2: 0 — connector of syst&itin the device RAILBCOT, 1 - lever for the
transmission of oscillating moment, 2 - the beanhghe lever for the transmission of oscillating
moment, 3 - a connecting pin for the transmissemel and the oscillating motion of the actuating
device, 4 - actuating device, 5 - connecting piractuating device and gear lever, 6 - location of
the gear lever, 7 - gear lever, 8 - connecting gfithe gear lever and the actuating device, 9 —
actuating device, 10 — frame.
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Fig. 2. Parts of the system for the angle of attack ggttin

In Fig. 2 the detail of the actuating device iswhpwhich consists of two parts. For tapping a
moment and rotational movement of the shaft is wsesgrvomotor (b) with a nominal output of
0.75kW, which is manageable by the number pul$es.equipped with a brake that enables detent
the final position. The control electronics monstdhrough the feedback the device position, in
consequence the propulsion dispose with informatbout the actual location. Engine (b) is
connected with a lifting gear (a), whereby thera ishange of the transmission ratio, as well as the
screw on output changes rotation movement of thisnshaft to linear motion of the screw.

Gear ratio is 1:36, this is achieved through womargand except sensitive separation is also
self-locking, which ensures when the brake failuréhe engine there is no change the angle of
attack by acting a forces in roller rig RAILBCOT.ddifying the rotational motion of the worm
wheel provides screw with trapezoidal thread Tr&3Qxhere per one rotation of the worm wheel is
change of vertical position of the resilient memBenm, as the shifting lever has an aspect ratio of
2:1. In all, for the displacement of 1 mm is neeegsl2 rotation of the shaft of the servomotor.
Lifting gear is designed for total load of 25 kNdathat load is transfered by actuating device is 50
kN. Elastic member consist of two spring units 8fdgainst the embedded pre-stressed springs for
half of the maximum compression. Whereas within thgerating range works only with
compression between 0.25 to 0.75 of maximum anbbguleis always guaranteed. Thus compiled
spring, when pressing 7 mm, deduces the streng813® N, therefore k = 4 330.2 N/mm, which
represents a deviation of 1 per cent.

4. Operation

During the operation of device for changing thelargf attack was registered some specific
imperfections in the construction. At startup tbh#er rig has occurred in the device excitation of
oscillations due to clearances, which are refle@tethe imposition of the working screw in the
lifting gear. Impact of the clearance, which wag éhm at the beginning and during the test
operation was extended to 0.5 mm. There have bemaged polyamide bearing, where is mounted
a lifting gear. After the replacing with Teflon baey the device worked for a short time in
accordance with the requirements. As a consequehbeuising the material of Teflon bearings
after a short time the affect of clearance hascédd the lever bearings. The measurements were
performed with the software developed at the Umsigiof Zilina.

As a result of this roller rig RAILBCOT had semisiable behavior even at engine speeds 300
rom. and there was an expectation of damage of elbenents of the roller rig. Then was carried
out the modifications in construction and the peoblwas solved for short time. Plain Teflon
bearing has been replaced by bronze housing. Brbamsing better tolerate shock loads and in
places of heavy drive fit was used a putty to pnéweat out the bond caused by beats. On working
screw was installed female screw with thread TR63Mat eliminated the clearances in the lift gear.
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But this has inhibited the possibility to change #ingle of attack during measurement. After the
changes is evident, that the clearances were @tetnn the mechanism.

200000

—_ 100000

Z

il

o I

oY 8 - 10123456 /8Y
200000 displacement (mm)

= Real spring ‘ Teoretical spring

Fig. 3. Characteristics of required and achieved spriifitpess of rebuilt actuating device.

After a stabilization of the mechanism for changiihg angle of attack has followed the
detection of stability of roller rig across wholgestrum of operating speeds of simulated drive at
the wheelset on the rail. During the tests werge@asing rotational speed of the rail and the
displacement was with the position sensor, whichitocs the oscillation of the wheelset about the
x axis. To the speed of 400 rpm. was the displaoenrethe stable area but at speeds above
450 rpm. has increased the deflection. This comfitnthe results of the simulation program
SIMPACK.

5. Spring element stabilization

For modification of activating device there was tpassible ways. In the first case the creation
a new body of activating device was considered. S¢wnd case was the originating body, as the
activating device was designed for higher loads tha initial proposal. As required stiffness, was
determined four times value of the stiffness 17.882N/mm. Because the device was already in the
proposal designed for possible adjustments in tiffeess of the activating device, therefore were
used disc springs. It was also necessary to ta@eaotount the fact that the production of actigti
device body was expensive and this element is fonlgne special purpose, its further use would be
guestionable. So the chosen path was to rearramjeheeflexible elements. As a good option, has
been found suitable arrangement in Fig.4.

Fig. 4. New arrangement of flexible element.

There are 14 springs arranged in pairs opposite eder. So for the compression of the spring
the has to be double force and total active spdigftection is reduced, at double force will be the
spring half-pressed and thus we reached almostftiane higher stiffness.

In Fig. 3 the comparison of the achieved and regustiffness is shown, where the stiffness has
reached a value of 16 288.6 N/mm. For the verificabf the mechanical properties or modifying
particular components were done strength calculatimor doubled maximum load, where the
condition for applicable condition was not to extdhe yield strength. It is for heat — treated
material 423CrMo4 min 550 MPa for proportions oftemal from 100 to 160 mm and for sizes 16
to 40 mm itis 750 MPa. The actuating device ihatspecified load able to pass this burden.
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6. Optimizing the mechanism for the angle of attack setting

After adjusting the characteristics of the activgtidevice was necessary to adjust and
overdesign the mechanism for adjusting the angkgttatk. The original design is shown in Fig. 2.
The new solution had to maintain a gear leverchange its gear ratio to increase the sensitivity o
the steering but activating device will be modifmdchanged.

Double-acting hydraulic cylinder was complementgdipring hydraulic brake, which fixes the
device during the stable phase. This occurs aha twhen there is no need to change the angle of
attack and also in case of a sudden power failuh®se rupture or failure of hydraulic pump.

o= S

d cb a

Fig. 5. New adjustment of mechanism for the angle of &ttmstting.

The final set up and scheme is in Fig. 5: 1 - hylicabrake, 2 - hydraulic cylinder, 3 -
hydraulic power unit, 4 - position sensor, 5 - feafor fixing the actuator, 6 - selector lever. The
changes are mainly at the gear lever (6), which ihathe new version the ratio of arms 1:3
compared to the original gear ratio 1:2. Rebuiltevalso fastenings of pivots in lever, where are
used clamping sleeves to eliminate the clearanuaggheey are also made of bronze. To the original
frame is mounted actuating device (5) consistingyafraulic cylinder (2) with a work force of 50
kN at working pressure 20 MPa and hydraulic brdRenith braking force of 50 kN at an operating
pressure of 16 MPa. In body of the hydraulic cydin@) is an integrated position sensor Baluff
BTL-A510-M0350-C-SR32 with range of 0 - 350 mm. Vithalevice is powered by using the
compact hydraulic power unit mounted with a hydagenerator with working pressure 20 MPa
with a flow of 1.6 I/min.

The hydroelectric generator is powered by threesphasynchronous electric engine with an
output of 0.75 kW.

7. Conclusion

The article describes the changes in concept oharesm for changing the angle of attack and
modification of the actuating device. The introdoict describes the structure, principles of
operation and basic parameters of the module SINIRALhis configuration the test measurements
aimed to verify the functionality of individual efents of construction equipment have been
carried out. When the long — term tests were peréal, were found, that some deficiencies has to
be eliminated. Eliminating of this condition consei of three steps. In the first step the parts of
device was stabilized. In the second step, thdieation of stability of the roller rig at differén
operating speeds. The third step the mechanistiéochange the angle of attack was to adjust. At
the verification of the stability of the roller rigas found, that the used actuating device hasva lo
stiffness, which caused a loss of stability ingpeeds of 61-70 km/h. Therefore, it was necessary t
increase the stiffness of the actuating devices Was achieved by rearranging the segments of disk
springs. After this change required flexibility mid member at a minimum cost for rebuilding has
been achieved. The next chapter describes the watthh of the mechanism for changing the
angle of attack. Here was the original mechanicthaor replaced by a hydraulic actuator. The
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selector lever has been also adjusted, where twerggo has increased from the original value of
1:2 to 1:3. Also the actuating device was dimensibfor double load. Connections were also
modified to prevent the parasitic clearances.
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Abstract. The article is about damping. It is resume of basfiormation about springs and dampers, shock
absorbers. Article includes information about tlhection and importance of the spring and damping
mathematical relations for calculation of forceghe spring and a brief overview of the differeypds of
vibration dampers.

Keywords: Suspension, Damper, Spring.

1. Introduction

In a vehicle, shock absorbers reduce the effedrayMeling over rough ground, leading to
improved ride quality and vehicle handling. Whileosk absorbers serve the purpose of limiting
excessive suspension movement, their intendedpswf@se is to damp spring oscillations. Shock
absorbers use valving of oil and gasses to absarbse energy from the springs. Spring rates are
chosen by the manufacturer based on the weighteo¥¢hicle, loaded and unloaded. Some people
use shocks to modify spring rates but this is hetdorrect use. Along with hysteresis in the tire
itself, they damp the energy stored in the motibthe unsprung weight up and down. Effective
wheel bounce damping may require tuning shocks topéimal resistance.

Spring-based shock absorbers commonly use comgpior leaf springs, though torsion bars
are used in torsional shocks as well. Ideal sprizgse, however, are not shock absorbers, as
springs only store and do not dissipate or absodngy. Vehicles typically employ both hydraulic
shock absorbers and springs or torsion bars. Ie tumbination, "shock absorber" refers
specifically to the hydraulic piston that absorhd dissipates vibration.

Because surface unevenness the wheels have to demmant- up and down. Under fast ride
this movements are undertaken in very short tinterwal and then acceleration and deceleration are
formed in vertical direction by the direction ofnmay, which ones are multiple of Earth's
gravitational acceleration. Impact forces influerae vehicle, which increase with the mass in
movement. Suspension with damping is tasked absorpacts from traffic and convert them to
vibration.

Damping is the control of motion or oscillation, ssen with the use of hydraulic gates and
valves in a vehicle's shock absorber. This may aly, intentionally or unintentionally. Like
spring rate, the optimal damping for comfort maydses than for control.

Damping controls the travel speed and resistantieeofehicle's suspension. An undamped car
will oscillate up and down. With proper dampingédés; the car will settle back to a normal state in
a minimal amount of time. Most damping in modermigkes can be controlled by increasing or
decreasing the resistance to fluid flow in the &halasorber.
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2. Springs

Springs support the weight of the vehicle. In vihisuspensions coil springs, air springs,
torsion bars, ankkaf springs are used (Fig. 1).

= Leaf spring

Fig. 1. Vehicle suspension springs.

Coil springs, torsion bars, and leaf springs absaitiitional load by compressing. Thus, the
ride height depends on the loading condition. Awrirgys are rubber cylinders filled with
compressed air. They are becoming more populaassegmger cars, light trucks, and heavy trucks
because here the correct vehicle ride height camdiatained regardless of the loading condition
by adjusting the air pressure.

Fig. 1. Linear coil spring and general spring charactiesst

A linear coil spring may be characterized by ieeffength k and the spring stiffness c, fig. 2.
The force acting on the spring is then given by

Fs=c(Lq -L). (1)

whereL denotes the actual length of the spring. Mounted vehicle suspension the spring has to
support the corresponding chassis weight. Heneesphing will be compressed to the configuration
lengthe == Lr. Now, (1) can be written as

Fs=c(Lq —(Ly-u))=c(Lp —L,)+cu=Fg +cu,. (2)

where E’is the spring preload and u describes the sprisglaiement measured from the spring’s
configuration length.

In general the spring force éan be defined by a nonlinear function of the gpdisplacement
u

Fs=Fs (u) . 3)
Now, arbitrary spring characteristics can be apipnatxed by elementary functions, like
polynomials, or by tables which are then inter- arttapolated by linear functions or cubic splines.

The complex behavior of leaf springs and air sgricgn only be approximated by simple nonlinear
spring characteristics; = F¢ (u).
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3. Damper

Dampers are basically oil pumps, Fig. 3. As thgsasion travels up and down, the hydraulic
fluid is forced by a piston through tiny holes, ledl orifices. This slows down the suspension
motion.

Today twin-tube and mono-tube dampers are usedelmche suspension systems. Dynamic
damper model, ompute the damper force via the fiwebsure applied to each side of the piston.
The change in fluid pressures in the compressiohranound chambers are calculated by applying
the conservation of mass.

In standard vehicle dynamics applications simpkratteristics

Fo =Fp(v). (4)

are used to describe the damper forg@$-a function of the damper velocity v.

\ Remote Gas Chamber |:| Remote Oil Ch.
>
1 - 1
FD {9 Dk 4 Rebound Ch. Remote orifice FD
— -l o
ﬂ Compression

— Piston orifice [ =} Chamber
v |

Fig. 2. Principle of a mono- tube damper.
Types of shock absorbers

Twin Tube Gas

This type of shock absorber has two tubes. An aessgrvoir tube and inner pressure tube. The
piston moves up and down inside the pressure tnbeiis forced through the compression valve
or the rebound valve.

As the oil displaces, an inert gas such as nitrogemelatively low pressure (around 5
atmospheres) is maintained on the oil in the resetube.

The reason why an inert gas at pressure is ugedesiuce the chances of aeration.

This type of shock absorber eventually will fadeisied hard and simply requires time to cool for
full damping to return.

Foam cdll

Again a twin tube but an interesting design whergtead of allowing any gas to come in
contact with the hydraulic oil, nitrogen impregedfoam cells are used.

These shock absorbers virtually eliminate aeradiot will generally hang on a bit longer than
the twin tube gas shock absorbers before fadindortimately if this type of shock absorber is
overheated, it will not regain its damping quasitiehen cooled.
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Fig. 3. Twin Tube Gas and Foam cell.

Mono tube

As the name implies, this type of shock absorbesumly one tube and the piston valving
controls both rebound and compression dampingo&tifig piston separates the nitrogen gas from
the oil and the gas is at a high pressure genaabltye 20 atmospheres.

This type of shock absorber is more prone to sttameage than the twin tube types. Once the
tube is hit, the rod piston and/or floating pisteitl no longer seal properly against the cylinder
wall. With the gas at the bottom of the shock abenrit's difficult to design one with as much
travel as the twin tube designs above. As suclaipspular shock absorber on road cars and as it
heats up, the gas pressure increases and exerésfaroe on the oil. The end result is that the
damping rates increase with heat

Twin tube hydraulic

This type of shock absorber is similar to the tiuibhe gas type except instead of using an inert
gas at pressure, it simply uses air at atmosplpeegsure. Generally, it's prone to aeration antl wil
fade quickly. Allowing the shock absorber to codl gee a return of its damping qualities.
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Tube / Re_?ell;vmr
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Qil T
Hydraulic
Qil

Fig. 4. Mono Tube and Twin tube hydraulic.
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4. Conclusion

The suspension system affects both the driver'sralonf the car and the comfort of the
occupants. The springs allow the wheels to mov®wgbsorb bumps in the road and reduce jolting,
while the dampers prevent bouncing up and downiodarmechanical links keep the wheels in
line.

Acknowledgement

This work was supported by the Scientific Grant Ageof the Ministry of Education, Science,
Research and Sport of the Slovak Republic underctmract no. V-1/0844/13 - Research on
guidance elements of rolling bearing and theirgtesi

References

[1] DROZDZIEL, P. — KOMSTA, H. — KRZYWONOS, LAn analysis of unit repair costs as a function of mileage of
vehiclesin a selected transport company. Transport Problems, Vol. 9, Issue 4, 2014, pp8X3-

[2] DROZDZIEL, P., KRZYWONOS, LThe estimation of the reliability of the first daily diesel engine start-up during
its operation in the vehicle. Maintenance and Reliability 1(41), 2009, pp. 44B5N 1507-2711.

[3] DROZDZIEL, P. — KOMSTA, H. — KRZYWONOS, LRepair costs and the intensity of vehicle use. Transport
Problems, Vol. 8, Issue 3, 2013, pp. 131-138.

[4] DROZDZIEL, P. — KRZYWONOS, L. - MADLENAK, R. — RYBIKA, |. Selected aspects of analyses of failure
rates of active safety systemsin buses. Communications, Vol. 16, Issue 3, 2014, pp. 1181

[5] KAMPF, R., LIZBETIN, J., LIZBETINOVA, L.Requirements of a Transport System User. Communication, Vol.
14, Issue 4, 2012, pp. 106-108.

[6] BUKOVA, B., BRUMERCIKOVA, E., MADLENAK, R.Doprava a elektronicke podnikanie. Bratislava : Wolters
Kluwer, 2014. - 172 s. : obr., tab. - ISBN 978-8168-130-1

[71 BUKOVA, B., BRUMERCIKOVA, E., KOLAROVSZKI, P.:Zasieatelstvo a logistika. Bratislava : Wolters
Kluwer, 2014. - 318 s. : obr., tab. - ISBN 978-848925-2

- 259 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

Vehicle steering geometry

"Maria Tomasikova, Anna Machrowska Frantisek Brumercik
" University of Zilina, Faculty of mechanical engimg, Department of design and machine elements,
Univerzitna 1, 01026 Zilina, Slovakia, tomasikovarfs@j.uniza.sk
™ Lublin University of Technology, Faculty of Mechaal Engineering, Department of Machine Design and
Mechatronics, Nadbystrzycka 36, 20 618, LublinaRd| a.machrowska@pollub.pl

Abstract. This article is about steering and wheel alignmentslear and concise way describes principle
of steering system, its function, properties angdidgarts. The important chapter of article is d@bou
Ackermann geometry- explanation of the principlegebmetry and formulas. And at least it mentioned

wheel alignments

Keywords: Steering, Ackermann geometry, Caster, toe, Camber.

1. Introduction

The steering system is a very important interfaeéwvben driver and vehicle. The most
conventional steering arrangement is to turn tbatfwheels using a hand—operated steering wheel
which is positioned in front of the driver, via tlséeering column, which may contain universal
joints (which may also be part of the collapsibleesing column design), to allow it to deviate
somewhat from a straight line. Other arrangemengssametimes found on different types of
vehicles, for example, a tiller or rear—wheel steger

Via the steering wheel the driver controls the gkshiand gets a feedback by the steering
torque. The traditional steering system of highesbeehicles is a mechanical system consisting of
the steering wheel, the steering shaft, the stgdrax and the steering linkage. Usually the stgerin
torque produced by the driver is amplified by a raydic system. Nowadays, hydraulic power
steering are widely use in every vehicle. It camtaa power steering pump that use to pump
hydraulic in the steering rack which will make tiiening of vehicle easier. Today, new technology
was invented which is electric power steering fhlly controlled by the electronic device.

power steering =
fluid reservoir 77
/ steering wheel

steering
knuckle

fluid cooler

rack & pinion
steering gear

Fig. 1. Car steering system.
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Modern steering systems use an overriding geamtplify or change the steering wheel
angle. Recently some companies have started igatisins on ‘steer by wire’ techniques. In the
future steer-by-wire systems will be used probablgre an electronically controlled actuator is
used to convert the rotation of the steering wir@el steer movements of the wheels. Steer-by-wire
systems are based on mechanics, micro-controbégstro-motors, power electronics and digital
sensors. At present fail-safe systems with a mecabimackup system are under investigation.

The steering system must guarantee easy and ssgngt of the vehicle. The entirety of the
mechanical transmission devices must be able te eath all loads and stresses occurring in
operation.

The basic aim of steering is to ensure that thealghare pointing in the desired directions.
This is typically achieved by a series of linkagexs]s, pivots and gears. One of the fundamental
concepts is that of caster angle — each wheekeyed with a pivot point ahead of the wheel; this
makes the steering tend to be self-centering tosvidre direction of travel.
The steering linkages connecting the steering Inokthe wheels usually conforms to a variation of
Ackermann steering geometry, to account for the flaat in a turn, the inner wheel is actually
travelling a path of smaller radius than the outbeel.

2. Ackermann streering geometry

Within the validity limits of the kinematic tire ndel the necessary steering angle of the front
wheels can be constructed via the given momentargt ppole M, Fig. 2. At slowly moving
vehicles the lay out of the steering linkage isaligudone according to the Ackermann geometry.

Then, the following relations apply

@ (1)
R4S

a
tand, = A and tand, =

wheres labels the track width and a denotes the whed.ld&gninating the curve radilg we get

a a tand; (2)

tand, = or tand,= —————.
a+ s tand,

a
tann’j'l_l_‘g

The deviationsa 6, = 6§ — §¢ of the actual steering angl® from the Ackermann
steering angl@3, which follows from (2), are used, especially @amenercial vehicles, to judge the
quality of a steering system.

At a rotation around the momentary p®e the direction of the velocity is fixed for every
point of the vehicle. The angje between the velocity vectar and the longitudinal axis of the
vehicle is called side slip angle. The side sliglarat pointP is given by

_x _x (3)
tanff, = 2 O tanfi, = Etané“l,

wherex defines the distance Bfto the inner rear wheael.
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Fig. 1. Ackermann geometry.

3. Whed alignments

Wheel alignments ensure that all four wheels aresistent with each other and are optimized
for maximum contact with the surface of the roalle way a wheel is oriented on your car is
broken down to three major components; cambereaastd toe.

3.1. Camber
Camber angle is the measure in degrees of theretife between the wheels vertical
alignment perpendicular to the surface. If a wheeperfectly perpendicular to the surface, its
camber would be 0 degrees. Camber is describedgetive when the top of the tires begin to tilt
inward towards the fender wells. Consequently, wihentop of the tires begin to tilt away from the
vehicle it is considered positive.

Negative
Camber

Positive
Camber

Fig. 2. Camber.
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Negative camber is becoming increasingly more pamphbécause of its visual appeal. The
real advantages to negative camber are seen ihattling characteristics. An aggressive driver
will enjoy the benefits of increased grip duringatag cornering with negative camber. During
straight acceleration however, negative camberredllice the contact surface between the tires and
road surface.

3.2.Toe

Toe represents the angle derived from pointingities inward or outward from a top-down
view — much like looking down at your toes and armgthem inward or outward.
Correct toe is paramount to even tread wear arehded tire life. If the tires are pointed inward or
outward, they will scrub against the surface ofribeed and cause wear along the edges. Sometimes
however, tread life can be sacrificed for perforoeaar stability.

Positive toe occurs when the front of both tiregihe to face each other. Positive toe permits both
wheels to constantly generate force against onéhanowhich reduces turning ability. However,
positive tow creates straighter driving charactess Typically, rear wheel drive vehicles have
slightly positive tow in the rear due to rollingsigtance — causing outward drag in the suspension
arms. The slight positive toe straightens out tieels at speed, effectively evening them out and
preventing excessive tire wear.

Negative toe is often used in front wheel drive iglgls for the opposite reason. Their
suspension arms pull slightly inward, so a sligigative toe will compensate for the drag and level
out the wheels at speed. Negative toe increasassacornering ability. When the vehicle begins to
turn inward towards a corner, the inner wheel Wwél angled more aggressively. Since its turning
radius is smaller than the outer wheel due to tiggea it will pull the car in that direction. Negat
toe decreases straight line stability as a resguly. slight change in direction will cause the car t
hint towards one direction or the other.

v v 1

1 a 1 1
i+ Toe-in ! Toe-out i
I \

Fig. 3. Toe.

3.3. Caster

Caster is a bit harder to conceptualize, but isnd as the angle created by the steerings pivot
point from the front to back of the vehicle. Castpositive if the line is angled forward, and
negative if backward.

Typically, positive caster will make the vehicle mactable at high speeds, and will increase
tire lean when cornering. This can also increaserstg effort as well.
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Caster

Negative

Fig. 4. Caster.

4. Conclusion

Countless hours of research and development gadegigning suspension components and
steering systemd he steering system converts the rotation of teerstg wheel into a swivelling
movement of the road wheels in such a way thasteering-wheel rim turns a long way to move
the road wheels a short way.
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Abstract. This article is about modeling in Matlab SimDrivedi In the example model of vehicle
powertrain is showed some basic block like engitenetary gear and tires. Every using block is &xyeld
by description its function and how put the blonka the vehicle model. Step by step you make your
vehicle modk

Keywords: Vehicle model, SimDriveline, Simulation.

1. Introduction

SimDriveline™ provides component libraries for minag and simulating one-dimensional
mechanical systems. It includes models of rotatiama translational omponents, such as worm
gears, planetary gears, lead screws, and cluttfms.can use these components to model the
transmission of mechanical power in helicopter elri&ins, industrial machinery, vehicle
powertrains, and other applications. Automotive ponents, such as engines, tires, transmissions,
and torque converters, are also included.

2. Vehicledrivetrain model

SimDriveline has many possibilities, good way towlyou is make one simple example model,
that can be reused for controls development. Basicept for a vehicle model is shown in
fig. 1. The blocks of the drivetrain parts are disd below.

Torque Single gear

Engine Differential

Convertor transmission

Fig. 1. Block schema of vehicle model.
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Genericengine

The block represents a general internal combugimine. Engine types include spark-ignition
and diesel. Speed-power and speed-torque pararatiens are provided. A throttle physical signal
input specifies the normalized engine torque. Oyatiodynamic parameters include crankshaft
inertia and response time lag. A physical signat patputs engine fuel consumption rate based on
choice of fuel consumption model. An optional speedtroller prevents engine stall and enables
cruise control.

Torque convertor

A torque converter couples two driveline axes, gfamring torque and angular motion by the
hydrodynamic action of a viscous fluid. Unlike &fion clutch, a torque converter cannot lock the
axes together. The Torque Converter block acts dmtvthe two ports | and T. The block acts as a
lookup function of the relative angular velocitytbe two connected driveline axes. This function is
defined at discrete angular velocities.

In our model we need to specify the inertia on dkiger side to the torque converter-

simply copy and paste exist inertia block. Setitiegtia of the shatft is different.

Simple gear

The Simple Gear block represents a gearbox thatti@ns the two connected driveline axes,
base (B) and follower (F), to corotate with a fixadio that you specify. You can choose whether
the follower axis rotates in the same or oppoditection as the base axis. If they rotate in thaeesa
direction, o and g have the same sign. If they rotate in oppositedtions,or and wg have
opposite signs.

The next part in our model is the transmission. &@simple gear and connect that to model. In
simple gear we can specify parameters like: magshimg losses, viscous losses. We change just
the output shaft rotates in the same directiompgtishatft.

Differential gear

The Differential block represents a differentiabgéhat couples rotational motion about the
longitudinal driveshaft axis to rotational motioboaut two lateral or side axes. The differential is
composed of a simple gear and two symmetric sunepllaevel gears. The simple gear comprises a
differential crown gear attached to the carrieoné of the sun-planet bevel gears, plus a bevel gea
attached to the driveshatft.

The next component in our model is differentialrg&afferential gear split the torque between
the 2 wheels on the rear axle.

Tire

The Tire (Magic Formula) block models the longitualidynamics of a vehicle axle-wheel-tire
combination, with road contact represented by thagi®l Formula and optional deformation
compliance. The convention for the vertical loagasitive downward. If the vertical load is zero or
negative, the horizontal tire force vanishes. lat ttase, the tire is just touching the ground @& ha
left the ground. The longitudinal direction lie®ad the forward-backward axis of the tire. We put
2 tire block in to our example model. By the diffetial is torque split between this tires. Tires ar
connected with differential by mechanical connewio

Vehicle body

The Vehicle Body block models a two-axle vehiclethwan equal number of equally sized
wheels on each axle, moving forward or backward@lts longitudinal axis.
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The model includes the following vehicle propertiegass, nhumber of wheels on each axle,
position of the vehicle's center of gravity (CGateve to the front and rear axles and to the gdoun
effective frontal cross-sectional area, aerodynairag coefficient, initial longitudinal velocity
Our vehicle model needs a model of longitudinaligdehdynamic. Drag this into the model and
connect mechanical connections to tires blocksesTblocks need to know the normal force, son
that is can calculate the slip. We use the norroadef calculation from a longitudinal vehicle

dynamics model.
[>T il
M
=
Torque convertor <—E
T
o L o

Simple gear

Generic engine

Differential gear =

Tire(Magic formula)

Vehicle body = & z
ooy Z
= = L=
7 W Fa¥

Fig. 2. Symbols of blocks.

Scope

We use the scope to plot the vehicle speed (FigTl8¢ vehicle speed is calculated by our
vehicle dynamics model. To set the units of theedpef the vehicle to be plotted will use the
converter block.

' E
—

PS-Simulink Scope
Converter

Fig. 1. The converter block + Scope.

We need also to set up the solvers for our simandiecause we model a physical systems and
use special solver technology need access to saldiioaal solver settings and we get those
through this offer configuration block. Then, thedel is complete and ready to the simulation

(Fig. 4).
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’
—

PS-Simulink Scope:

Converter]
- Pl Differential —
Fo PS-Simulink Scope

PS Constant {T = B—I n) |l S2p- Converter
*B' l it

Tire {MagicFormuls)

Generic Engine

Torque Converter Simple Gear

|

Mechanical ]
Retational Reference &

Vehicle Body

Q Inertia Q Inertial
g i

beta

£

Tire: {Magic Formula)1

Sabver
Configuration

44“R%£LL
<| NF| G i ! |

Fig. 2. Complete model ready for the simulation.

The last step is choose the solver for simulatiodel5s, which is a full implicit solver.

3. Conclusion

SimDriveline™ provides component libraries for miinig and simulating one-dimensional
mechanical systems. It includes models of rotatiana translational components, such as worm
gears, planetary gears, lead screws, and clutdies.setting help you create your own models
easier. This is one example from many others.
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Abstract. The article is focused on determine of fatiguetirhe of aluminium alloy EN AW 2007.T3 during
by multiaxial cyclic loading. The theoretical pdeals with the fatigue and with the criteria foakeanation of
multiaxial fatigue lifetime. The experimental pdeals with modeling of combined bending - torsioading
and determining the number of cycles to fractureegion low-cycle and high-cycle fatigue and alsoirtg
of loading with the sinusoidal wave form under mapep = 0° and out phasg= 90°.

Keywords: Multiaxial fatigue, Criteria, Stress, Aluminium@y, Fatigue lifetime.

1. Introduction

Aluminium is the world’s most abundant metal andthe third most common element,
comprising 8% of the earth’s crust. The versatibfyaluminium makes it the most widely used
metal after steel. Pure aluminium is soft, ductierrosion resistant and has a high electrical
conductivity. It is widely used for foil and condac cables, but alloying with other elements is
necessary to provide the higher strengths neededtli@r applications. Aluminium is one of the
lightest engineering metals, having a strength édgiat ratio superior to steel. By utilising various
combinations of its advantageous properties suclst@ngth, lightness, corrosion resistance,
recyclability and formability, aluminium is beingmng@loyed in an ever-increasing number of
applications. This array of products ranges fronucstiral materials through to thin packaging
foils[1, 2].

Fatigue failures in metallic structures are a Welbwn technical problem. In a specimen
subjected to a cyclic load, a fatigue crack nuclears be initiated on a microscopically small scale,
followed by crack grows to a macroscopic size, fanally to specimen failure in the last cycle of
the fatigue life. Understanding of the fatigue neeubm is essential for considering various
technical conditions which affect fatigue life afadigue crack growth, such as the material surface
quality, residual stress, and environmental infagerThis knowledge is essential for the analysis of
fatigue properties of an engineering structuret]3,

Fatigue under combined loading is a complex probkemational approach might be considered
again for fatigue crack nucleation at the matesiaface. The state of stress at the surface is two-
dimensional because the third principal stress gratigular to the material surface is zero [5].
Another relatively simple combination of differetdads is offered by an axle loaded under
combined bending and torsion. This loading comimmatvas tested in our and also in many others
experiments [6,7]. In spite of this fact, fatiguechanisms are still not fully understood. This is
partly due to the complex geometrical shapes asw@mplex loadings of engineering components
and structures which result in multiaxial cyclicests-strain states rather than uniaxial.
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2. Criteria

Criteria valid for the fatigue lifetime calculatiaran be classified in three different categories:
strain based methods, strain-stress based methdd=snhargy based approaches [8].

Goodman used main stresses for evaluating theugatighder multiaxial loading. Normal
stresses are calculated for each plane and thegesaare used for calculation of fatigue lifetirtie.
the point of the combined stress is below the mlezoodman line then the component will not
fail. This is a less conservative criteria basedhenmaterial ultimate strength yield po&t To
establish the factor of safety relative to the Guoad’s criteria can be written as:

Kf X Oamp = Omean _ l ( 1)
Se Sut ff
Findley criterion is the first critical plane cniten. He suggested that the normal stress

acting on a shear plane might have a differen@alinefluence on the allowable alternating shear
stress4z/2. Criterion has the following form:

A .
7T+k><an=rf><(Nf)b (@)

Sines published his works throughout the fiftieghaf last century. His criteria are very much
alike, utilizing the amplitude of second invariafitstress tensor deviator (which corresponds to the
von Mises stress) as the basis. Another term isctlulthe equation in order to cope with the mean
stress effect — while Sines prefers the mean vaildiest invariant of stress tensor (i.e. hydrostat
stresssy,). His resulting failure criterion can be expresasd

AToet

2

+ax3xoremy =1 x (N) ©)

Minimum circumscribed ellipse (MCE) — The origin tfis method goes out from minimum
circumscribed circle method (MCCMJhis method was first presented by Papadopoulesnéjor
feature is its explicitness in determination of mehear stress. Papadopoulos later shows that such
minimum circumscribed circle can be obtained byarsh through all pairs and triads of points in
the shear stress path, but such an approach caerypdéengthy. The contrast in comparison with
MCCM is clear — it should offer a better solutiohpiase shift effect problems. Nevertheless, as
regards the definition of mean shear stress, is du# offer any new approach. For proportional
loading this will always be a straight line and fam-proportional loading histories will have some

complex shape.
Tq = /Rj + R2 (4)

Fatemi and Socie [9pbserved that the Brown and Miller's idea could $fgccessfully
employed even by using the maximum stress normtidaritical plane, because the growth rate
mainly depends on the stress component normaktéatigue crack. Starting from this assumption,
he proposed two different formulations accordinght® crack growth mechanism: when the crack
propagation is mainly MODE | dominated, then theical plane is the one that experiences the
maximum normal stress amplitude and the fatiguetitife can be calculated by means of the
uniaxial Manson-Coffin curve; on the other handewhhe growth is mainly MODE Koverned,
the critical plane is that of maximum shear stegsplitude and the fatigue life can be estimated by
using the torsion Manson-Coffin curve [9]. Criteribas the following form:
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A o T ,
%x(l+kx%>:éx(Zfo)by+yfx(2fo)cy (5)
y

Smith, Watson and Topper (SWT) created a paranfietenultiaxial load, which is based on
the main deformation rangks; and maximum stresg, max t0 the main plane. Criterion has the
following form:

Ag;,  of .
Opmax X 71 = % x (2 x Nf)Zb +0p X g XX (2 % Nf)b+c (6)

Brown and Miller [10] observed that the fatigueeliprediction could be performed by
considering the strain components normal and taregea the crack initiation plane. Moreover, the
multiaxial fatigue damage depends on the crack tralirection. Different criteria are required if
the crack grows on the component surface or infidematerial. In the first case they proposed a
relationship based on a combined use of a criptaate approach and a modified Manson-Coffin
equation, where the critical plane is the one okimam shear strain amplitude. Criterion, which
was created, has the following form:

A%Z"ax +SxAg, = AX 9 ~ 2 zan‘me‘m

x (2% N;)" + B x & x (2% Np)" (7)

Liu created a virtual model of the deformation gyemwhich is a generalization of the axial
energy on the basis of prediction of fatigue IE&iterion has the following form:

. . b+c 4‘)(0-];2
AW =4 xo0;x g x(2xN;)  +

x (2 x N)*" 8)

Where:yf is the fatigue ductility coefficient in torsiog: is the fatigue ductility coefficienty” is
the fatigue strength coefficient;"**"is the mean hydrostatic stressis the normal stress; maxis the
maximum stressgnmean IS the mean stress;, is the stress in the direction of the axisryis the
equivalent shear stress; is the fatigue strength coefficient in torsidymax is the maximum shear
strain rangeje; is the principal strain rangag, is the normal strain rangaz/2 is the alternating
shear stres®\zo; iS the octahedral shear streadV is the virtual strain energlp;is the fatigue strength
exponent;b, is the fatigue strength exponent in torsions the fatigue ductility exponent;, is the
fatigue ductility exponent in torsiof; is the number of cycles to fractuf®;is the modified fatigue
strength;S;; is the ultimate tensile strengthjs the factor of safety applicable the fatigheB, S, k,
o are material parameteis;is the elasticity modulus in tensid;is the elasticity modulus in torsion;
Ra is the major axis of the ellipsB; is the maximum distance of stress point.

3. Numerical calculations and results

In ANSYS software was created the model of theliast The real geometry of this component
is shown in Fig.1. The rod bar had a circular shajple a defined section, in which was expected an
increased concentration of stress and creatiotiguéfracture.

The ends of this model were loaded by reversed ibgnthioment on the one side and by
reversed torsion moment on the opposite site. Tdleeg of presented stresses and strains in the
middle of the rod radius were taken from computeatlaanalysis using finite element method. We
used the following parameters in finite element etodsed material was aluminum alloy EN AW
2007.T3 (AICu4PbMg) with Young's moduliis= 0.817x1&" Pa, Poisson numbgr= 0.3andwith
thestrength limitR, = 491 MPa. From computational analysis can be Hesrthe area with greatest
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concentration of stresses or eventually the plaitle thhe higher deformation was localized in the
middle of the rod radius (see Fig.2).

Fig.1 Shape and dimension fatigue test specimen Fig.2 Resuicdir2 Ararlarysis
(dimension in mm)

Obtained values of the stresses from finite elera@atysis were next computational analyzed
using Fatigue Calculator software. This is a progwehich can quickly calculate fatigue lifetime of
selected material. After starting the calculatibatigue Calculator displayed the number of cycles
to failure for different models of damage. In owlaulation we considered with all multiaxial
criteria described above which can be appliedwedgcle and also to high-cycle fatigue region. All
the tests were performed under controlled bendiugtarsion moments. Frequency of each analysis
was equal to 30 Hz. It was first detected the nunabbeycles to fracture for multiaxial high-cycle
fatigue with amplitudes in the phase shift 0° amehtout of the phase shift 90° for stress. The same
was done for multiaxial low-cycle fatigue.

The obtained number of cycles are processed intbl&@urvessy — log N for multiaxial
cyclic combined bending - torsion loading. For naxtal high-cycle fatigue with phase shift 0°,
Wohler curves are shown in Fig.3. For multiaxiajtcycle fatigue with phase shift 90°, Wéhler
curves are shown in Fig.4.

= Nf (Good man) 0° e N (Goodman) 90°
""" Nf (Findley) 0 &« Nf (Findley) 90°
400 - =N (Sime) 0° 200 == =Nf(Sines) 90°

= = & Nf (MCE) 0° == == o Nf (MCE) 907
350 350
300 300
= 250 = 250
A A
E 200 E 200
b:i 150 b:i 150
100 100
50 50
o] o T
1,00E+02 1,00E4+03 1,00E+04 1,00E4+05 1,00E+06 1,00E+07 1,00E+02 1,00E4+03 1,00E+04 1,00E+05 1,00E+06 1,00E+07
log Ny [cycles] log Ny [cycles]
Fig.3 Wohler curves for multiaxial high-cycle fatigue  Fig.4 Wohler curves for multiaxial high-cycle fatigue
with phase shift 0°. with phase shift 90°.

For multiaxial low-cycle fatigue with phase shift 8nd with phase shift 90°, Wdhler curves
are shown in Fig.5 and in Fig.6.

-272 -



TRANSCOM 2015, 22-24 June 2015
University of Zilina, Zilina, Slovak Republic

e Nf (Fatemi-Socie) 0 = Nf (Fatemi-Socie) 90°
----- NE(SWT) 0° v 0 NE(SWT) 90°
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Fig.5 Wohler curves for multiaxial low-cycle fatigue Wit Fig.6 Wohler curves for multiaxial low-cycle fatigue Wit
phase shift 0°. phase shift 90°.

4. Conclusion

All multiaxial models applied to fatigue lifetimealculation of aluminum alloy EN AW
2007.T3 increases with decreasing stress amplitod&nuously in the cycles of number region.

Comparing Wohler curves for low-cycle fatigue (Fig.for amplitudes of the load with phase
shift 0° (black lines) and for amplitudes of thadowith phase shift of 90° (gray lines), it can be
seen that some models (such as Fatemi-Socie and §wWeThigher resistance to fatigue damage in
the phase shift than the synchronized load am@#gudhis may be caused by, that the bending
loading and neither torsion loading not active wilib maximum value on the sample at the same
time during the phase shift, but alternately. lis thay, as if the sample was loaded by lower value
of stress or deformation in a given time (phasdt s#fi 90°). For other models, this shift of
amplitudes did not cause any significant changediaa differences are minimal.

Comparing Wohler curves for high-cycle fatigue (Bjg for amplitudes of the load with phase
shift 0° (black lines) and for amplitudes of thadowith phase shift of 90° (gray lines), it can be
seen that all models (except for Sines) gives hdrigesistance against fatigue damage in the phase
shift than in the synchronized amplitudes of logdiRrobably the reason will be same as for low-
cycle fatigue.
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----- NE(SWT) 0 00« Nf(Findley) 0°
400 = =NfBrown-Miler) 0° 400 = =N (Sines} 0°
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log Ny[cycles] log Ny[cycles]
Fig.7 Comparison of Wéhler curves for multiaxial Fig.8 Comparison of Wéhler curves for multiaxial
low-cycle fatigue high-cycle fatigue

It was observed that a phase shift 90° is theecafiSrotating” curves of fatigue life, which
may have an impact on partial increase of fatigtee for the area of low-cycle and high-cycle
fatigue.
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RAILBCOT — SIMRAIL System Dynamics analysis
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Abstract. The paper is devoted to the mechanical systemndignaroperties investigation of the test stand
RAILBCOT (RAIL vehicles Brake Components Test stardising sensors attached to some parts values of
positions, the longitudinal, vertical and transegferces, revolutions and accelerations have besasured.
There was created computational model of the mechlarsystem in SIMPACK software system
environment. There were performed model establisiymgtarting and boundary condition setting and
simulation computations to determine the dynamiopprties parameters. The measured values were
compared with calculated values. Subsequent vatific has been confirmed the necessity of modifinat

of the flexible member of the bench. The paper st®19f issue definition and the comprehensiveregiees
specification from the field of investigation of vking team at the University of Zilina relevantttos field

of study.

Keywords: Test bench, Multibody system dynamics, RAILBCOTMBACK, Simulation computations.

1. Introduction

Experimental investigation of interaction rotatiregls and a wheelset is a complex interaction
of test stand construct design and test samplehabkirepresented by a wheelset and a collection of
computer controlled loading conditions for the r=sion of tests. Test stand is a part the
laboratory, affecting with results of its runningdaalso current state of the environment affeats th
running of test stand and test results [1, 2, $,4, 7]. The functional core of the test stand is
equipped by the system SIMRAIL (SIMulation modul fihe realistic simulation of RAILway

RAILBCOT

Fig. 1 Overview of the test stand RAILBCOT.

To assess the behavior of the test bench in oparatithe specified boundary conditions, it is
often necessary, sometimes indispensable to dolaimy calculations taking into account all
important parameters future experimental work. Té& bench is equipped with measurement
technology with characteristic sensor ranges. Rsueng the best use of the range and accuracy of
the sensors, as well as the entire measurement tiaispecification of the anticipated values of
the measured magnitudes is significant contribut@omputer simulation of the movement of the
wheelset, pressed against the rotating rails igh@namportant contribution in analysis of its
interaction, when loading forces affect.
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2. The purpose of test bench

The purpose of test bench RAILBCOT is the analgishanges in the geometry of rail thread
driving profiles railway wheelset induced by changehe simulated operating load in laboratory
conditions to imitate the real operation as closelypossible.

Activity of test bench lies in active loading thested wheelset by various forces that will be
simulated simultaneously in combination with thenfje of engine torque, engine speed, wheel
load change, changing the size of the free chagaeye, changing the angle of attack of a wheelset
and fluctuating braking mode, which is based orepahdent activities of two and two brake units
with the option to change their arrangement, slaaqoematerial composition of brake blocks, while
also considering the possibility of simulation undgferent weather conditions.

The specific focus of this test bench has to be ahalysis the driving characteristics of
wheelsets for freight wagons with a wheel diamefe920 mm for axle boxes V84, with emphasis
on placement in bogie Y25, at traffic load 22.5ster axle, the maximum test speed of 160 Km h
and when using an electric motor with a maximunpouof 434 kW and torque of 3900 Nm.

3. Operating principle of test bench

Driving motor (1) transmits the torque trough caigear (2) and rotates rotating rails (3).
Rotating rail is connected with gearbox shaft bgrggutch (11). This stationary part of the bergh i
firmly secured to the base grid (9). Against thecdiof the rotating rails (3) the wheelset (8)ceth
in the support frame (7) is pressed.

VEHICLE

RAIL TRACK

Fig. 2 Operating principle of the test stand core.

Discs can zoom in and out with each other, simmggthe change of gauge. Frame (7) is
hanged on two front hinges (6) and one back higgeThe wheelset (8) in frame (7) is pressed
against the discs (3) by the cable transmissiohish@onnected to the weights (10). The frame with
the wheelset creates the moveable part, which septe the rail vehicle. The frame has the
opportunity to move in a limited extend in the saerse direction (in axle of the wheelset). It can
be tilted. Each wheel is braked by a pair of mediforake units.
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4. Monitored values and location of sensors

Development of methodology for analyzing the wearbased on scientific knowledge of
phenomena in rail-wheel contact. Therefore, impartant to analyze and evaluate the phenomena
arising during braking between rail wheel and brbkek, as well as phenomena in contact of rail
wheel and (simulated rotating) rail track. An intgpart of the work of this stage is to finalitet
installation of sensors and integrated sensorynigogy to the bench, verifying their activity,
testing of measuring instruments and data acquisénd evaluation.

Based on these information it is possible to test @pply methods of evaluating the measured
data, the results of which may give a relevant vié\@n operation state of the contact components
and provide verified materials to predict the depehent of the wear of brake components by the
expected operation.

Tx2 - force

Fig. 3Measured parameters on the bench according tomé&tdeof sensors.

Realization of each test lies not only in obtainihg measured data, but also in the manner of
its management. This management is normally doaeP@ and control software, which guide
trained staff in the so-control center.

For the purposes of carrying out measurementsetett stand are used mainly sensors for:

= force measurement: wheel forces, longitudinal feroetween wheel/rail, guiding forces and
force in the rear rod of the middle frame,

= revolutions measurement: engine, wheelset,

= acceleration measurement: wheelset / frame.

Currently on the bench are situated these sen§ors o

= |ongitudinal force — HBM, type U3, are located on the hinge of theealket,

= |ateral force— HBM, type U3, are fixed to the rotating frametloé rail,

= vertical force — HBM, type U10M, are situated between connectibthe wheelset and the
weights attached via rollers to the frame of rogtiail,

= contact force— EMSYST, type EMS70, located in the brake unitshenbrake hinge,

= friction force — EMSYST, type EMS100, placed in the brake uniglybin the setup of
remoteness of brake pads,

= motor velocity - LARM, type IRC315/360, integrated directly oretimotor,

= wheelset velocity — LARM, type IRC315/360, connected to the axle,

= acceleration — TML, type ARF-100A and ARF-100A-T, located orethearing housing and
weights.
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The Fig. 3 marked the location of the sensors, bighvare measured certain key parameters on
the test bench RAILBCOT. It is clear that for tmepiementation of the various sensors it was
necessary produce the relevant adapter that semsoegtached to the construction of the bench to

form the desired chain.
In Fig. 4 - Fig. 8 8 the comparison of two differgrhysical quantities measured by two

different devices can be observed. The basic meamsmnt is Acc_x acceleration, measured data
acqwsmon systems HBM QuantumX.
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Fig. 8 Longitudinal forces difference and acceleration-imirection.
Fig. 9 shows the course of the difference of for€gsand T, and the torque that has been

calculated as x- lever position * stiffness of sgrielement (4285715N/m)+ lever position
derivation * bumper contact (3000N*s/m).
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Fig. 9 Comparison of the course of DeltaTx and the torque.
In Fig. 10 and Fig. 11 the dominant frequency @& signal DeltaTx (Fig. 11 x-lever position)
corresponds with the frequency of the rotating dpedl. Dominant excitation of inequality rails
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cause getting into resonance with its own frequemythen starts to act dominant excitation of the
wheelset and un-roundness.

10
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Fig. 10Rail disc revolutions [rev*s-1] and Delta Tx freaquées (frequency of harmonic part with maximum
amplitude).
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Fig. 11 Rail disc revolutions [rev*s-1] and max Amplitudefslever and max Amplitudes of Sum of wheel forces
frequencies (harmonic part frequency with maximumpbtude rot the lever position and the sum of Q).

Fig. 12 shows a frequency analysis of the accéteratignal and the differenceiTand T
forces in the time domain 330-340s.
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Fig. 12FFT analysis of acceleration Accl_x signal and &eltforces signal.

Correlation of acceleration in Fig. 13a with a etation coefficient of 0.965 confirms the value

of the quadratic moment of inertia about 3121m

Correlation of the calculated torque in Fig.13bhnat correlation coefficient of 0.978 confirms

that moment: DeltaTx.
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Fig. 13a) Correlation of acceleration in the time range 330s3(left) ) Correlation of (calculated) torque in the time

range 330 — 340s (right).
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From the transfer functions of Fig. 14 it is clézat the value of the natural frequency, at which
the resonance imaging, corresponds to the momeirteofia about 3100 fn(left) and DeltaTx
value of about 1.00 (right).
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Fig. 14 Transfer function of signals Accl1_x and DeltaTeftjland Moment and DeltaTx (right).

5. The results of dynamic analysis

After starting the dynamic analysis starts incnegsingular velocity of the rotating rail, which
rotates the wheelset as well as its roundnesseeixditven oscillations. Fig. 15a shows the model in
system SIMPACK and Fig. 15b shows two time-depehdenrses. On the graph below is seeing
an increase in the angular velocity of the whee{ssd) and the rotating rail (black), which are
bound constant gear ratio between wheel and raiised by different diameter of wheels. On the
graph above is displayed angular deflection of ltheer at the time, which corresponds to an
increase of angular speed of rail. Extreme defdastioccur at lower speeds than 20 rad/s, which
does not fall within the scope of our work.

ime = 016355 8 ==

Tension drum

Fig. 15a) Simplified mechanical system dynamic schema (l&ffpynamic analysis in SIMPACK (right).

The natural frequency of the rotary movement ofdl@drame (boogie) reached at resonance
by dynamic analysis in SIMPACK value 5.42 Hz apaexd of about 70 km/h.
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6. Conclusion

Verification of comparison of measured and caladatalues confirmed the need to change the
structural parameters of the structure of the bench

After determining the natural frequency of the nmgvframe 5.42Hz at velocity approximately
at 70 km/h, when the resonance occurs, it is nacg$s increase the stiffness of the elastic member
at least twice. Then the natural frequency increasel the resonance will occur at higher working
speed about 98 km/h, which is sufficient for furtheeasurements.
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Examination of Modal Characteristics of currying frame and gear box
for extruder

"Peter Weis
University of Zilina, Faculty of Mechanical Engimesy, Department of Design and Mechanical Elements,
Univerzitna 2, 01026 Zilina, Slovakia, peter.weis@dj.uniza.sk

Abstract. The paper presents examination of the Modal ckeniatic of currying frame and gearbox for
extruder. Finite element analysis (FEA) is dividetb analysis of currying frame, which is underddeom
mass and inertial effects of motor and gearbox iatal analysis of separate gearbox, which is undad |
from torque moment. We performed FEA in softwareSM$ Workbench.

Keywords: Gearbox, Extruder, Modal analysis, Contact of bsdFinite element mesh.

1. Introduction

Gearbox has been designed in Transmisie enginearsagMartin. On gearbox together with
the currying frame were detected increased vibmaéibl7 rpm on the output shaft. Based on the
vibration analysis was developed new design ofyougrframe. The aim of the design changes was
to move natural frequencies of the system outdigestope of excitation effects. We performed
finite element analyzes after these design changes.

Fig. 1 Gearbox together with currying frame (before afidr design changes).

2. Basicsof Modal analysis

Modal analysis, or the mode-superposition methada linear dynamic-response procedure
which evaluates and superimposes free-vibration emsbapes to characterize displacement
patterns. Mode shapes describe the configuratiotoswhich a structure will naturally displace.
Typically, lateral displacement patterns are ofmany concern. Mode shapes of low-order
mathematical expression tend to provide the greatedribution to structural response. As orders
increase, mode shapes contribute less, and arecteckdiess reliably. It is reasonable to truncate
analysis when the number of mode shapes is sufficie
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Fig. 2 Resultant displacement and modal components.

For the most basic problem involving a linear etashaterial which obeys Hooke's Law,
the matrix equations take the form of a dynamicedhdimensional spring mass system. The
generalized equation of motion is given as:

Mg(t) + Cq(t) + Kq(t) = f (1), 1)
whereM is the mass matrix; is a damping matriX is the stiffness matrixj accelerationg is the
velocity, g is the displacement arfids the force vector.
The general problem, with nonzero damping problesmg quadratic eigenvalue problem.
However for vibrational modal analysis, the dampisgenerally ignored, leaving only the mass
matrix M and the stiffness matrix.

Mg(t) + Kq(t) = 0. (2)

3. Modal analysis of gearbox and currying frame

Due to the high computational demands is even naysagderform a complex analysis of large
3D model, consisting primarily of volume solids bitpallenge. Therefore, we performed two
independent analyzes. At first we performed fingeement analysis of currying frame in
consideration of mass and inertial effects of thetanand gearbox. Second was finite element
analysis of gearbox under load of torque momentinput shaft. 3D model was supplied by
Transmisie engineering a.s. in the native formaodParametric 2.0.. It was necessary to modify
geometry of the whole 3D model regarding to fitement analysis demands.

3.1. Finite element analysis of currying frame

We have removed all welds from 3D model of curryiffgme due to avoid possible
complications when calculating finite element mealso, since their removal would not change
significantly the weight and stiffness of the cimg frame. We created one part from all parts,
which included assembly.

We used material model with the following propestie

* Young’'s modulug=205 MPa,
* Poisson’s ratip=0.3,
 densityp=7850kg m~3.

On the currying frame we applied mass and inedffdcts of the motor and gearbox using
“Point mass”.
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Hmotnost’ | Moment zotrvaénosti | Moment zotrvaénosti | Moment zotrvaénosti
m [kg] I, [kg.m?] ly [kg.m’] |, [kg.m?]
Prevodovka 4600 1263,8027 1103,7918 1580,9491
M otor 1650 - 6,3 -

Tab. 1. Mass and inertial effects.

Point mass of the motor

:“4./ Point mass of the gearbox

Fig. 3 Point mass.
We removed all Degree of Fredom (DOF) from fouréowurfaces.

A: Static Structural

Fixed Support_zakiad

Time: 1.5

S/13/2014 12:27 PM o

[ Fixed Support_zaklad

Fig. 4 Fixed support.

When creating finite element mesh we were tryingeae compromise between the number of
generated elements and the accuracy of the regtgerformed four analyzes with different finite
element mesh in order to increase the accuracyesetilts. Software ANSYS Workbench
automatically uses element type SOLID185. Is deffibg eight node points with three degrees of
freedom movable in X, Y, Z. It can be modified tereent type SOLID 186 with twenty node with
three degrees of freedom movable in X, Y, Z.

To solve static analysis was chosen direct sSGBRARSE. From this solution we obtained
state of stress in currying frame. Therefore, rséiés also changed. After static analysis we
performed in ANSYS Workbench modal analysis witl tlew stiffness matrix. We calculated the
first twenty natural frequencies and mode shapes.

Exciting frequency was detected at 17 rpm on thgwt shaft, which is 0.283 Hz. From
solution we obtained the lowest frequency f =4.48, Mhich is below exciting frequency.
Therefore, there is no resonance.
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3.2. Finite element analysis of gearbox

Before finite element analysis we had to manageptexnmodification of the 3D model. At
first we have removed all components from gearbaxch were not needed for analysis (seals,
bearing elements, plugs etc.). Secondly we hadhtplgy geometry of various parts, which could
cause problems when generating the finite elemeshm

Fig. 5 Simplifying geometry of the input shaft.

In Design modelemodule, which is included with the software ANSY Sikbench, we add
individual parts into smaller components.

rings

Parallel key KM lock nut

Input shaft
(one unit)

Fig. 6 Adding of individual parts.

After geometry modification we have defined contaeirs between all components. We
replaced all bearings in gearbox f8pherical Joint TheseSpherical Jointsepresent constraint
equations. We applied torque moment on the inpattsie also removed all DOF on the output
shaft and on eight lower surfaces.

The biggest challenge was to generate the fingeneht mesh. On contact surfaces we used
CONTA174 and TARGE170 elements. We were tryingde tihe fewest number of finite elements
but with sufficient accuracy of results. The fifiaite element mesh consists 1235348%lements
and2504988nodes.
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Fig. 7 Finite element mesh.

To solve static analysis was also chosen direeges@PARSE. From this solution we obtained
state of stress in the gearbox with the new sgnmatrix. After static analysis we performed in
ANSYS Workbench modal analysis. We calculated ths¢ fwenty natural frequencies and mode
shapes.

The lowest calculated frequency is 31.568 Hz, whschelow exciting frequency. Therefore,
there is no resonance.

B: Modal
Total Deformation
Type: Total Deformation 8: Modal
Frequency: 31.568 Hz Total Deformation
Unit: mm Type: Total Deformation
S/21/2014 10:36 PM Frequency: 77.431 Hz
Unit: mm
54.171 Max $/21/2014 10:45PM
48.152 7.1825 Max
42.133 ipiene
36.114 < 5964
oty 4.7694
24.076
3.9903
18.057 1922
12.038 23900
6.019 1 5961
i 0.79806
0 Min
B: Modal

Total Deformation
Type: Total Deformation
Frequency: 152.85 Hz
Unit: mm

S/21/2014 10:49 PM

B: Modal

Total Deformation

Type: Total Deformation
Frequency: 136.52 Hz

Unk: mm 6.4899 Max
S/21/2014 10:47 PM 5.7688
5.0477

1.9839 Max 43066
1.763%4 3 6055
1,543 Py
1.3226 2.1633
:):;fiz 1.4422
0.66129 0.7211
0.44086 0 Min
0.22043
0Min

Fig. 8 The first mode shapes.
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B: Modal B: Modal

Total Deformation Total Deformation
Type: Total Deformation Type: Total Deformation
Frequency: 365.22 Hz Frequency: 430.11 Hz
Unit: mm Unit: mm

5/21/2014 11:01 PM 5/21/2014 10:59 PM

2.9058 Max
2.583
2.2601
1.9372
1.6143
1.2915
0.96861
0.64574
0.32287
0 Min

5.8181 Max
S.A717
4.5252
3.8787

B: Modal

Total Deformation
Type: Total Deformation
Frequency: 465.23 Hz
Unit: mm

B: Modal
S/21/2014 11:03PM

Total Deformation

Type: Total Deformation
7.4145Max

6.5907
5.7669
4.943

4.1192
3.2953
2.4715
1.6477
0.82384
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Frequency: 533.14 Hz

Unit: mm

§/21/2014 11:07 PM
13.848 Max
12.31
10.771
9.2321
7.6934
6.1548
4.6161
3.0774
1.5387
0 Min

Fig. 9 Some mode shapes inside the gearbox.

4. Conclusion

The paper presents examination of the Modal charigtit of currying frame and gearbox
for extruder. The introduction provides an overviefstthe examined gearbox and currying frame.
We performed two independent analyzes. At firstp@gormed finite element analysis of currying
frame in consideration of mass and inertial effeétdhe motor and gearbox. We calculated the first
twenty natural frequencies and mode shapes. Egcitequency was detected at 17 rpm on the
output shaft, which is 0.283 Hz. From solution virtained the lowest frequency f =4.48 Hz, which
is below exciting frequency. Therefore, there igegonance. Second was finite element analysis of
gearbox under load of torque moment on the inpaftsihe lowest calculated frequency is 31.568
Hz, which is also below exciting frequency. Therefdhere is no resonance.
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