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Separated worlds ... and how to reunify them
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2002 2003 2004 2005
. ﬁ Validation and Linear System
Implementation ]\% EEI.‘ first Applications Analysis
Focus

Analysis of Interaction Mechanics — Electrics — Software
Methods: Co-Simulation & Linear System Analysis
Established Software Platforms

Models
Mechanics: Drive train - Bogie - Vehicle
Electrics: Converter — Induction motor — Tachometer dynamics
Software: ASG — Slip control - GSS - dn/dt

- = Applications
# Drive train vibrations

i # Vehicle vibrations
s Shock-loads
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Time-Integration :
Non-Linear-System ‘wmf"

Time-Integration
Linear-System

Linear System ;-
Analysis :

Traction force

Vs

Software +
Electrics

Electrics: Simulink
o|[rad/s] M{[Nm]

SIMPACK
SIMAT

Mechanics: Co-Simulation SIMPACK

Traction force

S

Software +
Electrics

Electrics: Simulink
o |[rad/s] M|[Nm]

X' = Ax+Bu
y = Cx+Du

Mechanics: Co-Simulation SIMPACK

Traction force

Electrics & Mechanics:
Linear System Matrices

X' = AX+Bu
y =Cx+Du

Simulation of the entire system
Electrics — Mechanics — Software
including track geometry and
track irregularities

Stand-alone-simulation
in MATLAB

Fundamental insight into
the behaviour of the
linear system

Various applications:
Shock Loads
Torsional vibrations
Vehicle vibrations

Used for verification of
system-matrix-export

Implemented, validation
and first applications
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Automatisation

The Linearisation Recipe
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1. Synchronise
*Co-Simulation SIMPACK-MATLAB

*Synchronised state mechanics-electrics

2. Linearise
*Export of linear system matrices from SIMPACK

sLinearisation of complete system in MATLAB

3. Visualise
*Root locii
*Visualise with SIMPACK
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MATLAB

Co-Simulation
in time domain
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1. Exchange SIMAT — System Matrix Block

SIMAT 26
Co-Simulation Interf ia IPC Py &

(Co-Simulation Interface via g1 9 m““ éU
Sl Sampling period: 0.001s < ' 6| —
S @ = - <
g Senver ramaote: off o I— g >€:ﬂo€+Elu L @
8 Server address: 127.0.0.1 2 @ w= CokDu 8
Senrer port: 20000 é wn %
Auto start: off A B (2]

SIMPACK

C D State-Space

Co-Simulation Interface

2. Linearise the complete system at given times

o4 linmod

MATLAB

—

1:start tlinl tlinz e tlink tend
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Visualise

Plot Eigenvalues

testpanarl40823: Eigenfr quenz
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Select al

| Ok

Cancel | |
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File Edit Text Cell Tools Debug Desktop Window Help g'|?| x
Auzwahl Linearizierungspunkt(e] -
D 2B« |3 df| a8 BRE R B | sk BODE&F0O
Llrl::-il.l.. n =1 |:||:|1 1 function [wessage]=wain| 5, Xnswe, Twax, Ffilename ) ]
urchlal in = . . . =]
s 2 taewschreiben: Erzeugung von Simpack-aew-Dateien
Durchlauf 2. tin =1.0001 .| dund "
Durchlauf 2, tin = 2 SAULEUL:
Diurchlauf 3, thn =1.0001 4 % [message] =sewschreikeni 5, xnawe, fwax, [ filename ] |
Durchlauf 3, tin= 2 5 % 5: Datenstruktur mit Systemwatrizen/Eigenwerten/Statellames
Durchlauf 4, tl!n =1.0001 g % xname: MName des zu extrahierenden Subsystems oder Indizes der Eigenwerte,
Durchlauf 4, tiin = 2 LI 7 % Default: xname = [], entspricht 'Grundwodell 1Fz/Mechanik/Mechanik Zim'
Select al I 8 % fmax: Haximalfrequenz (Imaginasrteil/2/pi) der extrahierten Eigenwerte
elect 4
9 % filenawe (optional): Pfad/Modellname (ohne Endung ".aew™): Wird kein
10 % Modellname vorgegehen, so erfolgt die Ausgsabe auf stdout w
ok | quit | < I I 3
| main tn & Col 3 | ouR
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Automatisation

Variation of vehicle parameters

Variation

di fil
m@ modify sys-file

set parameter directly
MATLAB

Synchronise
Linearise

Save results

Visualise results
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Example — Step 1

Vibration effect due to interaction
mechanics-electrics-software
Is found on the real vehicle
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Co-simulation in time domain
can reproduce the behaviour

SIEMENS
Transportation Systems
Fahrwerktechnik Graz
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Transportation Systems
Fahrwerktechnik Graz

Drehzahl

Radsatz 1
Radsatz 2

Drehzahl

Radsatz 1
Radsatz 2
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Linear analysis - mechanics only (without E&M-coupling)

<SIMPACK: Animation - Control Panel [ 0]
Edit Mode

r
2 O O P D T e D D (O I I D T T (T 1D

»1raditional“ mode shapes

from mechanics
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Linear analysis - complete system (with E&M-coupling)

<SIMPACK: Animation - Control Panel [ |
Edit  Mode

CoOoODoDoDDoDooRPoD oD

70,1341

Additional mode shapes
from interaction mechanics-electrics

with correct frequency are found



SIEMENS

Transportation

Systems Summ ary

Intention
Apply methods of linear system analysis to
models of railway vehicles as mechatronic system

Method

Find a synchronised state electrics-mechanics by co-simulation
Exchange SIMAT-block by system-matrix-block

Import system matrices from SIMPACK

Linearise the complete system in MATLAB

Visualise results in SIMPACK

Results

Method has been applied to sample models
Basic technical functionality is provided

Outlook
Validation and testing is in progress
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