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Working with SIMPACK Wheel/Rail 8.5 Meeting 2

Overview:;

»| Model Setup/Preprocessing
»| Modelling Elements

»| Solver

»| Postprocessing
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SIMPACK User

Working with SIMPACK Wheel/Rail 8.5 Meeting
Model Setup:

Element Comments

Support of all Units

Primitive Definition With Respect to Markers

Complete Bushing Force Element Described by one File

New Functionality within Parametrization

Tree Views for Marker and Modelling Element Selections

Multi Select within Nominal Force Parameter Calculation
Initializing States and Prestress Forces with Zero

* LIST.dat files within Database Handling no longer necessary
Time Excitations Defined in Substrutures Usable in Main Structure
Copy End of Run 1 to Linearization States

Info about Inertia Tensor of Complete Model

Context Sensitve Display of Element Parameter Descriptions
Miscellaneous (Coulor Display, Marker Layout, Reload Model, ...)
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Model Setup: Multi Select within Nominal Force Parameter Calculation

+ SIMPACK: Mominal Fonce Faramster List

= Selection of multiple force elements or

force element parameters at the same Fevce Elbnent pi |
time now possible e e
EE_EI nge_F G Wi el Foica F_nom_z
. ) #5_Boge F#F_Sec_L_ Aot Fomnal Torgae L_rom_dl
= Useful when deleting many entries o Boge F ¥ 5w Ll e Togm |_rom b
|¥5_Boge_F.4F_Sec | Fob omenal Tosgue L_rom_ga

after ,initializing with all possible forces*

.. with Shift /

1#5_Boge F$F_Sec_Fol Bar ominal Tosgue L_rom_al
¥5_Boge F ¥ _5ec_Rol_Ba Homing Toege L_rom k=
¥5_Bope F.3F_Sec Hol Bar orenal Toegue L_rom_ga
= _EBope | N . OiCE F_redin_%
= _Boge_E3F_Prm_FR_SHT JMominal Foics F_nom_y
th Ctrl % Eoge E ¥ B PR sl Eoice F_nom, 2
o W r ¥5_Boge_ B4 _Prm_FL_GHI iHomind Forms F_nom_x
3% _Boge_E3F_Pm_FL_5ul orenal Eoice F_nom_y -
Mody |  Mew | Removs | Ind e ol Fossible Fouces |
oK | Carcel |
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Model Setup: Initializing States and Prestress Forces with Zero

Instead of manually editing the .sys file, all types of states,
nominal forces, and constraint forces can now be set to zero
with one mouse click.

+ SIMPACEK: Iniliskes slales
I jent posiion siabes F pd oty slase;
RN ICTW ST —  elsdic body postion slabe: " slatic body vekscly sate
W foics shales
v i Elsrreenis  Calioulstion  Animstion F constsint fosces (ol lnope]
Fiosd Sulace v F sgebesio o staisy
ﬂ @ Track... ﬂﬂl é
e - Iritialize slates of seiected clazses vilh zero ]
Girareiby... ELT+G
Linis__
Linssization Shates ..

Irifalis 5 hales valh Zenc,. + SIMPALCE: Instialize Womanal and Constaint Forces
Doadires: | D peerderd Stales Hedg

rifialize Mominsl ard Conshaint Foeoss with Zeio

¥ rocaminal pre-steess Forces and losgquess provided by fonce slemenits

Z-tl e Eial ¥ conshsnt forces of koop closing joents

Iritislize nomina foces of selecled classey wath 2ero
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Working with SIMPACK Wheel/Rail 8.5  [QISESII=arAtle

Modelling Elements:

New Air Spring Force Elements

New Flexicoil Force Element

New Air Resistance Force Element

New Force Elements: Gas Force, HLA, Hertzian Contact

New Track Module

New Tyre Modules (MF-MC, SWIFT, RMOD-K)

Creep Force Calculation according to Polach Theory

Partial Coherence of Stochastic Excitations and u(s,y) /7 u(x,y)

Congruent Marker

Instant Centre/Axis Calculation and Representation

New Element Type: Function Expression

Input Functions: Extrapolation and New File Format

Input Function Sets/Arrays: Handling and New File Format

Simulation of Switch Crossing
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Modelling Elements: New Air Spring Force Elements: Linear Air Spring

Features
= pbased on thermodynamic equations
= variable effective area

= rubber mounting in series Iy £
I & b
L - A
k< 4
a9 g
k< H 54
v ¥
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Working with SIMPACK Wheel/Rail 8.5 Meeting 2

Modelling Elements: New Air Spring Force Elements: Nonlinear Air Spring

Features
= based on thermodynamic equations T F XX,
. . _ a,.lL.,
= variable effective area Y :
= main volume as sum of the volume " | __\/
of the bellow and the mounting |_Jdb Ky Ky Lo
= two auxiliary air volumes usable, r . A, 2l
connected by pipes : .

= non-linear orifice damping,
defined by geometric properties Er% _Il |dr

= rubber mounting in series

-
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SIMPACK User

Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Modelling Elements: New Flexicoil Force Element

Features

= Consists of two helical flexicoll
springs between two rubber elements

= Flexicoil springs according to
Krettek/Sobczak 1988

= Uses ,low level” parameters like
spring radius, unloaded height, wire
diameter, number of turns

-
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Modelling Elements: New Track Module

2 SIMPALCE: Track Defmition

Fie i sip
. . st = Local ™ Dt Base
= New cartographic track with
. . . Tres | Canogeaphic Fladasy Track B
iIndependent situation, super-
elevation and (new) heights plan
Gupedevation Troe | Fistatior ateadt Carindrs =]
E we i Kara 3
Flacabsity Flesdble Track Stuches | Eleopa |
= _'_"_'} Disretzsbon | Ircasrasa [ = wepia p
= |05
—_— e (YT ——— -
I loplernard tokal vack lergthe 5 erd = [T I Langt idartity
P.r.?i-:t:-m hhanbes: of Yertical Eraenbies = T
™ Supsssisvation
= Heghts i Pz Len: Graderik | F_wundeg (F1] |
o . ] ' .ﬂ
. ] 7] 0 i) ]
= A track can consist of R g 5
. = ] a5 5 13
several ensembles with el g
independent parameters — fmmmana
Frawie: T1: Pl Top Vies | sl . pla] )2 Soskng St S e "
Frarma 2 Plal [a0 =]
L oo vae [T | 1.5
= No limit in track length
Show r5eene | Show 2-Fiok | Femowe Track |
o |

-
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Working with SIMPACK Wheel/Rail 8.5

Modelling Elements: New Track Module

Situation plan (curves)

Faansters of
- length of straight track & [Shuasiion Plan Mumbe: of Horizokdl Ensembles =[5
- length of curve entry l :Iz':‘n":" Mo| L0 | Lin | Redim | pad | Lot | ha
- curve radius T 5 =T T = T
- length of curve zZ | o 0 W | = 15
- length of curve exit G LI R U R
- smoothing length
Paiamaims ol
™ Situaton Flan Humber of Superslevation Ersembles = [ .
e Superelevation plan
T Hmm i |_|:| l_h op L"P l-.':"t hat2
T % ] 0 100 F) E - same parameters as situation plan
I [ . b I L - identity mode: superelevations = curves
] 10 i ] . i 15
. Faiamsbes ol
Heights plan T Shaskon Plan Mumber of Vesical Ensemies = N
™ Supersl=valon
- length of track section ~ s Mo. |  Lene Geoderih | F_toundng b2
?j' t of track ti in % — B i i :
- gradient of track section (in %) 1 - - = =
- rounding radius : o 3 Ex ([
- smoothing length 3 ] 5 W i

11
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Modelling Elements: New Track Module

= Improved spline approximation with arbitrary points distribution

Desredivalion Incremesd |m| ﬂ g 1= [1
e Check of approximation quality O — L
. . . Criging
2. Derivative azimuth angle Bipprovimation
2,300
2000 1 L , Criging
=+ 1500 - 2. Derivative azimuth angle g
L i T
»>
=0
* 1500 1
w0 E
_E' 1;I'- 1000
‘0000 2!
& <
= -0500 > 0500
0.0 20.0 "
5
s [m] = a0 ————————— &
[5g]
[
o
050
0.0 20,0 40.0 0.0 B0 10400
s [m] Splined derivalives
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SIMPACK User

Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Modelling Elements: Creep Force Calculation according to Polach Theory

= Non-linear theory

= Fast computation, avoids pre-calculated tables
e Spin is considered

« Elliptical contact areas

= Experience since 1990

-
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Modelling Elements: Creep Force Calculation according to Polach Theory

= Good agreement with FASTSIM results

e Calculation much faster than FASTSIM

A

Calculation Time

FASTSIM, FASTSIM,

10 slices 5 slices Polach
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Modelling Elements: Creep Force Calculation according to Polach Theory

Ranges of application for the different creep force models

Numerical spin longitudinal steadily
efficiency and lateral differentiable
creepages

Linear extremely small small yes
high

Linear with

Saturation extremely medium medium no
high

Vermeulen

Johnsohn high medium large no

w ith

Extension

Tangens moderate medium medium yes

Hyperbolicus

Polach high medium medium no
Sim plified
non-linear moderate large large no

Kalker Theory

L
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200 |

Modelling Elements: Simulation of Switch Crossing

= s-variable rail profiles

e Guard rail with con-
tact at back of wheel

= Up to three
contact points
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Working with SIMPACK Wheel/Rail 8.5 Meeting 2

Solver:

v

Time Integration Configuration: Output Stepsize/Sampling Frequency

v

Static Equilibrium: Newton‘s Method much more Robust and Faster

v

Static Equilibrium: New Solver Mode ,,Driven Equilibrium*

v

Linearisation Process: Increased Speed and Robustness

v

Eigenvalues: Improved Calculation Configuration and Representation

v

Force Element Consideration: Optionally with or without ,,rxF*

v

Automatic Suggestion of Independent and Dependent Settings

v

Parameter Variation: Max. Frequency for Critical Param. Calculation

-
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Solver: Static Equilibrium: Newton‘s Method much more Robust and Faster

« SIMPALE: Slabc Eguelstipiim

= Uses new solver I
& Fievdints Wihod 1 = 0
- Faster than before et R
Humier of Sigriicant Digits: En
e Much more robust for systems e e
with kinematic loops (constraints) S
. . £ s |-» moie gensial modsls)
- railway vehicles & Mo+ lashar caleadabions)
Peesfiorm [E quilibrium Calculation for:
: : i It Position =140
= Consideration of body velocities €l given Posiions witt
IS now optional
Save | Perizm Eal |

L
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Working with SIMPACK Wheel/Rail 8.5

SIMPACK User

Meeting 200

Solver: Automatic Suggestion of Independent and Dependent Settings

< HIMFALE: HES Dheck Shate Dependence

Which joint state should be e
dependent and which should P —————
. [corvrtsind Forcec it e bo bec
be independent? N_ocnt +No_indep N
LT T
Mumibesd ol Joents &ivd o Siates M0 [
hhurnssi ol Inchgerabant Joird Shates M indes I=

= Now automatic suggestion

e Selectable from menu

urmbes ol Comshainiz H_const [

= qndaparcent j
4§l eheelseziD = 1ndegendant
7! §I_REE]5 ETL_DusEty diEpErhIErit
Ji §l_Wheelsetl_Duwry -
£1 $1_wnee]seTl_DuEEty - r
iOE1_ e § eTl_DisEry = | il Pl T
1§l _sneslsecy_Dusey = 1ndependant

%1 &1 WnEElSeT O o 1 710 o PSR
=9: £1 Wnesloesr e 1ndeparcisnt
il ]

1 A Pl T

1ndepandent
1 AAS S F T LI

; J"'I!'! SELS _LEFy =
i g1_mee]§ ETE_DusEry =
500§l _Mheelseni_Dusery =

i1 i s ETT -

Iratigios Mominal sd Corsiesnt Foroes wath Deec.
Globsd Elerrent Kame Happrg .

i BL_Ra&1 lwher| _Lefi_of_wheel zetl_Coramy
i1 8L R Twheel "lni_l'-l: of _wheslsetl Gummy
SL_Pai Iwhae] _Larr_&f ‘whioa s6ts _Curasy
FL_Fai Iwheel &1 lilhli_'.i“'.“""lﬂi: | s td _Inammy
SL_maiIwhes] _LeTr_of_Wheel FETI _Dumimy
FL_FR&E1 Iwheel _Eight_of_wheelsst4_Doammy ;I

U EL_Pa) TWHEE] B oRE_OT Whes] SeLl iy j
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Postprocessing:

v

Animation Data with Display of Current Simulation Time

Animation Data without Reload

vy ¥

Support of Alias Wavefront Files (*.obj) with Line Entity

v

New 2D Filter

Plot of Wheel/Rail Profile Functions

v v

a, Sensor

-
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Postprocessing: Plot of Wheel/Rail Profile Functions

Wheslgel Contacl Geomelry
- Contact geometry of both i DO iy i
wheels of a wheelset T e . Equadenl Coniciy
::T..-h—- -:-.:; o o ::.:"l:;
= Equivalent conicity function bk St |
il e ol | A f
. B . Rl =P ol ek _:‘.dl\.-
= Rolling radii difference A M 8 um
Track gisgr MR [ E .Lmim T I iJ ang e T
. Al Dt 1§ an eghiog &)y |
® ContaCt angle dlfference Fodrg rodi [dilderance] Contocl ongle [AFeremce ]

= Contact points on wheel and =
rail

E
I

detin) vl |rerm|

= Characteristic profile data ®

s y oo =[]
.-_,.-'—— o S

I e oling Fodar

431 o] |
Mg o Movge Sh 2607 ffren] haE e s e [ Haight el Faonge Sh m [me)
G ——— [ i b
wiih of Fiose S 16T [rrew] A5 [ wsh ol Py 54 ST fen]
i ] gt P ird s
epmee of ey W5 [wwr] Wiz, W iglges  ESO0D0 [ emyse Al Fivae oF AR |
B by L e b s [ it v o
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

The a, sensor calculates the
accelerations e. g. of a vehicle
negotiating a curve:

= in coordinate system of the vehicle
= gravity is considered

New: a, sensor is licensed also with
SIMPACK Wheel/Rail and/or
SIMPACK Automotive*

-
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Working with SIMPACK Wheel/Rail 8.5 Meeting 20( r

Multi Select within Nominal Force Parameter Calculation
Initializing States and Prestress Forces with Zero

New Air Spring Force Elements

New Flexicoil Force Element

New Track Module

Creep Force Calculation according to Polach Theory
Simulation of Switch Crossing

Static Equilibrium: Newton‘s Method much more Robust and Faster
Automatic Suggestion of Independent and Dependent Settings
Plot of Wheel/Rail Profile Functions

a, Sensor
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Working with SIMPACK Wheel/Rail 8.5 Meeting 200

Modelling Elements: New Nonlinear Air Spring Control Element

Features
= pbased on thermodynamic equations
- variable effective area T F e
= main volume as sum of the volume —% v d,.L,
of the bellow and the mounting m | -
o —IV
= two auxiliary air volumes usable, I'Jdt:- Kby it
connected by pipes
S | : v, A, J &l
= non:-linear orifice damping, . L. 2

defined by geometric properties

« rubber mounting in series Gr% _|| |-::ir
.

= connection pipes between several l .

air spring elements
= level control

-
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