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| Railway vehicle models

Diesel locomotive TEP80 (UM model 1993)
Customer i Kolomna diesel-locomotive-building works

120-ton tank car (UM model 1993)
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| Railway vehicle models

Diesel locomotive TE116 (UM model 1995)

UM model of a bogie with traction
engines and reduction gears
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| Railway vehicle models

Diesel locomotive with radial bogies by VNIKTI MPS
(UM model 2000)
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| Railway vehicle models

Diesel locomotive TA35 with bogies by Bryansk diesel-locomotive-building works
(UM model 2000)
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| Railway vehicle models

Electric locomotive EP10
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| Railway vehicle models

Diesel locomotive TEM21 (UM model 2002)
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| Railway vehicle models

Locomotive DR1 (UM model 2003)

Devel oped by ARai
department, BSTU

Model of car with single-axis bogies
(UM model 2003)
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| Railway vehicle models

Tram 71-608K (UM model 2003)
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| Railway vehicle models

\

)
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Electric locomotive VL80C (UM model 2003)

o
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| Railway vehicle models

Simulation of motion of electric locomotive VL80 in curve
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| Railway vehicle models

Passenger car of the 152A
model was developed by
TRANSMEC center from
Katowice, Poland and
Bryansk State Technical
University, Bryansk,
Russia, 2003
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| Railway vehicle models

Russian passenger car, 2005
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| Railway vehicle models

Metro car, Metrovagonmash JSC, 2008
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| Model of freight car with three-piece bogies 18-100, 18-578

Models of freight car

Three-piece bogie 18-100, 18-578
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| Friction system of freight car

Friction wedges

dxadditional

Contact points for the wedge
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| Friction damping system of freight car

Simulation of dynamics of a system with wedge dampers

I Universal Mechanism Loco

www.umlab.ru um@umlab.ru



http://www.umlab.ru/
mailto:um@umlab.ru

| Freight car : Frictional damping system

Pavlukov and others ran
test bench experiments with
a freight three-piece bogie.
Convergence between
results of numerical
simulation and test bench
Prof. Alexander experiments within 12%

Pavlukov, Ekaterinburg, bounds is obtained
Russia

Experiment layout

ANedSydtdede j S dzddz' v tcOL
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| Freight car: Comparison of experimental and simulation results
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Comparison of experimental and simulation results
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| Railway vehicle models: three-piece bogie by AmstedRail
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Three-piece bogie by AmstedRail, USA, 2008
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| Railway vehicle models: Y25 bogie

European freight bogie Y25
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| Database of Russian locomotives (1)

17 models of locomotives were developed in 2006 in cooperation with VNIKTI MPS.

ChS200

2ChS6
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| Database of Russian locomotives (2)

Only two months were required to develop the models due to new advances technologies
implemented in UM40!
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| Database of Russian locomotives

Import of images from CAD were widely used by
development of the models. Compare models of TEP70
(car body image imported from SolidWorks) and TE116
(car body image was created with UM tools)

2TE116
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| Structure of UM Loco i Description of UM Input program
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Window of UM Input program
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| Structure of UM Loco i Description of UM Simulation program

| s UM - Simulation - y:\um'loco '\ wiB0c _ =] x|
Fle  Aralysis  Researches Tools  Windows Help

¥ Animation of rail /

B e @8 dan i
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B 200

Window of UM Simulation program
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| Wheelsets

UM Loco hagwo models of wheelsets, which
differ in number of degrees of freedom:

A Thesix degrees of freedom model
A 17 translation along axis X
A 27 translation along axi¥
A 37 translation along axig
A 47 rotation around axis Z
A 57 rotation around axisX
A 67 rotation around axis Y
A The seven degrees of freedom model:

the additional d.o.f. corresponds to
elastic torsion of the axle.

www.umlab.ru um@umlab.ru

5 X

Wheelset with six degrees of
freedom
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| Wheeli rail contact

Wheeli rail contact in UM Loco
A Various creep theories
A Any wheel and rail profiles
A Single and doubl@oint contact

A Animation of contact forces and relative
position of profiles of wheel and rail

A Visualization of creep forces, contact
patches, slip and adhesion areas

A Friction coefficient as a function of
traversed path

A Different friction coefficient on tread and
flange of wheel

{Jbject simulation inspector

Salver | Identifiers | Initial conditions | Ohjectvariables

¢ Raildvhesl || soea | Information | Tools

=d AT

Track |Prufi|es I Cu:untau:il Fictitious cars I

Frofiles | Macrugeumetryl Stiffness I

Track type
’jﬁ‘ Ewen " Llnesven
Left rail (2) |e\umibintrwhuniizht_v_Lv ]
Right rail (Z) |eumbintrsuniizht v_p. g
Left rail () |eumibintrwiuniizht_g_l+ 2]
Right rail (1) |eumbintrsumiizht v _p. ]
' factor |1
Z factor |1
Rail declination |0.05
Gauge widening ID.DDS

Integration | bessage | Close

Simulation inspector window
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| Creep force models

A functional approximation of creep curve
A FASTSIM algorithm

A accelerated modification of FASTSIM
A nonHertzian contact model based on the simplified theory by Kalker

¥ Wheel & Rail profiles =lolx]

Yarahles

El L=t rail profile
Elright rail profile

Elheel prafile - newlocow (1L 1R 2L 2R 3L IR 4L 4R)
Elheel profile - drmetial (5L SR 6L R 7L 7R 8L &R

........ R S Y

----------------------------------------------------------

[31.07 [16

[Ex=2 [Ey=2 |Ranges are notused

Profiles window

The following creep force models are realized in UM Loco

Object simulation inspector

Solver | Identifiers I Initial conditions I Chjectvarniables
Failiheel | pAY | Infarmation | Taols

= H AT

Track | Profiles Contact | Fictitious cars |
Creep | Friction |

~Creep model
= Mueller " FastSima
& FastSim

Contact parameter:
Maodulus of elasticity IW
Foisson's ratio T
MNumber of strips 10

MNurnber of elements |m7

Integration | Message | Close
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| Animation of wheel i rail contact

# Animation of rail /'wheel contact

B sdhd® I

= o]
Contact animation window is used for
analysis of interaction of wheel and
rail. The window allows to user

A to observe wheelsets setting in a
curve

A to analyzedynamic stability of a
vehicle

A to estimate contact condition
(single doublepoint contact) and
values of contact forces

A to analyze wheelset behavior
during the simulation on a track
with irregularities

A to calculate critical velocity

|'Parameters of wector animation

—Crientation...
V¥ Animation of forces W M1 | & haorizontal

Scale |1IJIJ.IJ ZI KMNfm ||~ wartical

Contact animation window
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| Animation of wheel i rail contact

Animation of wheel rail contact could be used for solution of such
problems as

A determination of critical velocity of a vehicle

Vehicle on the way with single irregularity
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| Animation of wheel i rail contact

A analysis of contact interaction
between wheel and rail on track
of complex configuration

Motion of vehicle in uneven curve
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| Simulation of derailment process

Derailment of a locomotive TEP70
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| Simulation of derailment process

Derailment of locomotive TEP70
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| Animation of wheel i rail contact

‘{..‘ Animation of rail /wheel contact - |EI |i|
Esde@shad I

Profile in tangent track

—Orientation.

¥ Animation of forces VM N1 || harizontal

Scale I'IDEI.EI ZI Kifm || & ver‘ucal

Profile in steady curve

|'Parameters of wector animation

Changing the rail profile along the track
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| Visualization of contact patches

The tool visualizing contact patches, creep forces, creep distribution, slip and

adhesion zones during the railway vehicle simulation process are available fc
=lolx]

W 4 WS 4 Wheelsets
: WS g =
[ws§g

VIS 4
VI '3 3
VWS 1 |
—Scale

|3.3 ZI cim
|2| Z[ kI

—Show———————
¥ patches

IV mesh
™ Mueller

WS 3 WS 3

Wa 2 WS 2

WS WS 1

Cluit |

Non-elliptical contact patch
Contact patches, slip and adhesion

zones, creep forces for the FASTSIM
algorithm

I Universal Mechanism Loco

www.umlab.ru um@umlab.ru



http://www.umlab.ru/
mailto:um@umlab.ru

| Non-elliptical contact patch animation

Contact patch on tread

“ariahles | r r r

: . . . iF}
Il il E E E 02
=l heel : : :
&l Contact paint
M Contact patch 1

R 02 T R ]

[Ex=2 [Ey=2 [Ranges are not used

Movement in curve R =300 m
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Creation of wheel and rail profiles

s Curve editor - EUMbin RWprfDmeti30.wpf

=1oix]

g -
T . :
B Rl LR R E Rl SEECEECY R ERECREEE RRRRERECEE
: ' ' ' ' ' I * b | Type |Shar[ﬂ
I S FR I SRR S S S S A ! nz L
H : : | 2|-664 0.a8 B
R R e P S S A A | 3|-639 B.98 B
H : : | 4]-614 B.48 B
: : : h|-hE.49 54949 B
e s E—SEA 551 B
| 7|-b39 501 B
| 8]-51.4 453 B
| 9]-48.9 4.08 B
| 10]-45.4 369 B
| 11]-43.9 332 B
| 12]-41.4 2.98 B
| 13]-36.4 2.7 B
| 14]-36.4 249 B
| 15]-334 2.3 B
| 16]-31.4 217 B
| 17]-264 2.05 =} -
e : _>|_1
—Type of profile
& Wheel
 Rail
o : : : Quit
(75 :-11.2 A

Curvilinear wheel profile specified as a set of points

A special tool is used for creation of wheel and rail profiles (new and worn
ones). With the help of this tool user can create profiles as a set of points wi
subsequent spline interpolation or as a set of segments and arcs
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| Creation of wheel and rail profiles

@ Curve editor - ErWUM\bin RWprfr6s5_S00n.rpf =[Ol x|
102 N % ¥ [ Type [Sha
.................................... 3 s S [ 355 L
|| 2|-3s7 -14.262 L
| 3|27 225932 C
4|10 0166713 C
| 5|10 0166713 C
EX 225932 C
BEEX -14.262 C
| 8]36.7619 355 L
4| | 3
- Type of profile
|| © whee
|| & Rail
: Cluit |
(148175 -

ARussian Railwayso rail profil
segments and arcs

Worn rail profile R65
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| Tool for analysis of a pair of profiles

| ey Analysis of pairs of profiles — |EI |£|
Ciriamy
Fead dy' —— |oo
ﬁl TS Y — | _ll €1l & Position  RRD  Beta
wpe of contact: .
dA - ) J—. |U-UU  Allcontacts  (C v/dy " (BLEBR)/ZL2
o | |
i i 1 M
——a=
I I
1.wpf a |[119AREMA rpt -]
JOLNCT 35 wepaf 132AREMA rof
AnF 132AREMAZY rpf
agnw10.wpf 133AREMA rof
DMETIN wepaf 136AREMA rof =
m_ 141AREMA. 1t
Dmetiz0_1.wpaf manchesterrl.rpf
Drneti30_2.wipf manchesterrr.rpf
Drneti30_3.wpf ta0.rpf
Drneti30m? wepf YBE_TMM_ZuzHoc.rpf
Drneti0n wipf
Dhdetlag 01 wpf thEnew+ rpf
Dibdetivan 02 wif Ll tBE0ld1 3 mpof LI

Visualization of contact geometry of a pair of profiles
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| Tool for analysis of a pair of profiles

L mm

All contacts

Rolling radius difference
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| Creation of track irregularities
|

Track irregularities is created
A in the form of functional dependences
A pointwise
A as a realization of random processes according to the given spectral der
A using measured data

m Making of a track profile — ol x|
Fesultant profile H O Length [500 Step |01 ‘
Frofile components
abs(sinZpsd128) | | o,

I ! I | I "/
0 160 200 240 280 320
| | i | | | Ranges are not Used
Single praofile ¢ O KB Factor I v Autocaorrection of length
Start I Finish IEDD
1 |-mm Farmula | Foints | Frumfllel Slump |
Function Fix).
Sample: 0.5%1-cosx12))
Samples:
I u
' ' ' ' ! Function of iregularity:
i 250 260 300 320 340 0 |ab9(9in(2*pi‘*5<.f1 2.5) | mm
| | | | [Ranges are not used

Creation of irregularities as functional dependence
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| Creation of track irregularities

| mxMaking of a track profile ol x|

Fesultant profile H O Length |5199 StepID.1 ‘

Frofile components
E ALk ain\ By rande
D\ﬁwﬁmnﬂmv U/\Wﬂ\/m\/ e A\/%Jm\/é}v
K | | | | R.anges are not used
Single praofile ¥ O I Factor |1— ¥ Autocorrection of length

Start ID Finish |51 9.4

Fn:urmulal Points  From file |Slump |

Frofile file name:
/VJ/\ /‘[\ N’\\ |EAUMbintRWArandom_n_g_lwe: |
£ Al [ :
\2}0 320U 350\/ amuv W 48IZI U

IRanqes are not used

24EI

Random irregularities

This tool is intended for the composition of irregularities of different types
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| Creation of track irregularities
|

@y Making of a track profile - |IZI |£|
Fesultant prafile H O Lengh |1 500 Step IEI.1 ‘

Frofile components

Spectum

rr 0 01 | I —
Single profile ¢ O B Facor |1 v autocorrection of langth
Start ID Finish |1EDD
40
[yl

Expression | Foints | From file |
Slump Spectrum | Track

—=election of spectrum
@ FRa O UIC " Paints

: ’M —Condition

Ll L | M (C1C2@3C40C5CE

a 00 ann
I Type
“ : @+ (- e O

Lmin |0.10 Lmin|200.00

Mumber of harmonics
. . 1 1+
S S S S |3000 A

Compute I

[1452 40,58 | | | |

Generation of track irregularities according to standard power spectral den:
functions (FRA, UIC standards)
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| Linear analysis

| Linear analysis x|
Initial conditions | Identifiers | Options | Stahilty | Railwheel
) } ) ) Steacdhy-state Frequencies | Roats
Analysis of linearized equations of EEETE Animation of modes
mOtIOn IS |ntended fOr &+ Matural frequencies (Hz) AmF'“tEJdE
A searching equilibrium positions of a | ¢ Eigenvaties S
SyStem Fe Irm - Rate ‘
. . 1 hm-_ |
A calculation of natural frequencies g iss -
and animation of natural modes of a [z 15 show |
system (all conservative forces are .
disabled: creep forces, contact B |320674
7 411812
forcgs, etc.) & 1405
A plotting the root locus - BEE
A calculation of the critical velocity of  [issss:
railway vehicle (depending on model] g2
13|7.4564
parameters as well) f14]5 77715
15 |5.64594
116 [9.16354
117 {10.0535
118 |10.3565
113{11.0855
12l (123711
2114.7444 ;l

Window of linear analysis
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| Eigenmodes of electric locomotive EP10

Animations of first four
eigenmodes of electric
locomotive EP10
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| The subsystem technique: included subsystems

Developing a locomotive model using included subsystems
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| The subsystem technique: external subsystems

o i T O & G .:.H

Developing multi-carriage train model using external subsystems
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| Creating models with the help of the subsystem method

Extrusion of empty car in train

I Universal Mechanism Loco

www.umlab.ru um@umlab.ru



http://www.umlab.ru/
mailto:um@umlab.ru

| Contents

(@

Models of railway vehicles

(@

Description of UM Loco

(@]

Creating models with the help of the subsystem method

(@]

Control system and electric machine simulation

(@]

Wheel profile wear

(@

Train dynamics simulation

(@]

Railway ballast simulation

(@

Hybrid system module

)¢

Durability module

Manchester benchmarks

O O

Tools for analysis of UM models

I Universal Mechanism Loco

www.umlab.ru um@umlab.ru



http://www.umlab.ru/
mailto:um@umlab.ru

| Example 1. Active car suspension system

Passenger car model

Transmitted-data circuit

Vcarbody
= Vframe
Controlled force element was [ A

added in passenger car E _ Acarbody
suspension. &
Control system model was -E
realized in O
@)
LL

Matlab/Simulink.
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| Example 1. Active car suspension system

|
Carbody floor accelerations
Uncontrolled system Controlled system
a, m/s* a, m/s’
bl Ms}\n MM\%MM?M l m . M[\” Mpm T
VT WUU".; 6 VSV\(} 104/ 0 z\f’ \)4 \6 7 BV vzrw \”U
N N
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| Electric locomotive EP200

Full electromechanical model

Mechanical part Electric part
146 differential equations Developed by Dr. P.Kolpakhchyan

24 constraint equations South i Russia State Technical
122 d.o.f University, Novocherkassk, Russia

I Universal Mechanism Loco

www.umlab.ru um@umlab.ru



http://www.umlab.ru/
mailto:um@umlab.ru

| Electric locomotive EP200: mechanical part

A Wheneolt or assembl yo

Bushing

Bushing motor assembly-shaft

shaft - wheelset

Cardan shaft
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| Electric locomotive EP200: Electric part

|
Control System

~ 25 kV, 50Hz

Inverter

Main Rectifier

Inverter

Transformer

Rectifier

Rectifier
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| Principles of coupling mechanical and electrical models of locomotives

Step i+1, t,,= t+h,,

Steps j=1..Niq, b= titj he

Rotor angular velocities oy, 4, ti,;

Traction torques at t=t;,;

hiq >>he
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| Electric locomo tive EP200. Electric part

Processes in electric part Processes in mechanical part
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| Electric locomotive EP200 in curve

Simulation of motion of electric locomotive EP200 with passenger train in curve
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| Wheel profile wear

_imi

Generall Alternatives  Evolution | R I Hesultsl

Optians | Wwieights |

|5

¥ On —wWear model
L  Archard = WNIZHT
Mumber of iterations——————————
& Run {* Specht " Plasticity
I-“:I EI iterations Pelgielis
- “Wear factor [m™341) 1E-13 _I
[efine |at
SRR Critical power [wtAmnm2) 4
Evalution twpe: Jurnp factar 10
Evolution of railfwheel profiles j Wheel profile
Frofile step zize, m 2 000E-03
Azpect ratio for output 1.000E -0E
bd aterial removal
Set
¥ hdaterial removal i Path
[+ PBemoval of material, mm 01

v Fonward/backward run

[ Surmetric wear for wheelset

"D ata for Fatigue

[¥ Save In I‘I Z I iterations

Cloze |

Wear evaluation parameters
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| Wheel profile wear

i

Generall .-’-'-.Iternativesl Ew:ulutiu:unl Run  Fesults |

Famaliesl Ohbjective funu:tiu:unl wiizard of graphsl YWizard of surfacesl ‘wizard of tables  Profils wear |

M iterations 10 ‘Y ariables . . . .
Eau:hhrker:-ﬁets %42 B - Frofienio), . - | | | |
Foadllc B - Fofilez0). ! ! ! !
B - Foofiiez(37), ; ; ; ;

' 2 -Fofiease . ? ? ? I
B - Fuiieszz), - ; ;
B - Profiles(a0), . : ; ;
~Side B - Fioiesii0z). : : :
= Left  Right B - Fooiierinia). : 5 :
Skin [ B B - Profileg(155)... :
B - Profile208).. ; ; ; ;
- Profile10[24... 5 5 5 5

Beli] SRR R emeesdieees D geeee-

Sci] SRR Fooeemeees Femmeeees s SARREE

Wear result window
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| Train dynamics

_Ioix
‘ HE R ‘ M vehicles: E
Mr |lcon Wehicle Abzorber Yehicle mazs WVehicle length & W agans | Shock abzorbers |
1| mmgy  Locomotive TETIG (2 138000 20 Locomalives
2 | @@ Locomoive TETI 138000 20 WS Locomoive TEV15 (2
w Locamotive TET16
2 m Tank car 90000 1392
” Electric locomaotive EP200
4 m Tank car 30000 1432 r o= Electic locomative EP10
A m Tank car 30000 13492
B m Tank car 30000 1392
7 m Tank car 0000 13.92
g m Tank car 0000 13.92
g m Tank car a0000 13.92
10 ‘M‘ Hopper 0000 1392
11 M Hopper 0000 1392
12 n"“ Hopper Q0000 1392
13 n"“ Hopper 0000 13.92
14 M‘ Hopper 0000 13.92
15 ‘M‘ Hopper 90000 13,92
1 F.I == Hinner nnnn 1392 _Ij
L] 3

Train creation wizard
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| Train dynamics

ol
Sl E E Plare
5 | b acrogeometmy #=v |
1] Tangent; L=10
10 Curve(Left] B=300; H=0...
10 Tangent; L=50
360 Curve[Right]: R=300; H=...
—Wertical
TP it
5 | M acrogeometny 2 |
1] L=1000
| | Ex=3 [Ey=3 | 1000 L=300
1300 L=300

Macro-geometry creation window
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| Train dynamics

Module of train longitudinal dynamics
A Simplified and 3D vehicle models

Ve

A Any macregeometry (horizontal,
vertical)

Braking and traction modes

A
A Databases of cars, locomotives
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