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Mechatronics: mechanical + electrical + computer sciences
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Simplorer: http://www.ansoft.com/

Circuits

Block Diagrams

State Machines

Equation Blocks

VHDL-AMS
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Example of VHDL-AMS

VDA, FAT-AK30, work group YHDL-AMS - Windows Internet Explorer
@:} > IE. bt //fat-ak 30 eas.lis. fraunhofer . de/index_en html

Catei  Bearbeiter  Arsicht  Favoriten Exfras 7

7 4 @ VDA FAT-AK30, work group VHDL- .. | |

VDA | FAT-AK30

Working Group: Simulation of Mixed Systems with VHDL-AMS

B VDA FAT-AK30 _ _ T
Innovation cycles in automotive industry have become shorter

General Survey Praocess of Mod! Exchangs and shorter during the last ten years accompanied by increased
Projects and complexity of systems. For this reason simulation has become

Dociiinents a standard method wi_thin the process of product development.
i3 To reduce costs and time, an easy model exchange between

Publications manufactures and suppliers based on a standardized modeling

lModel Libraries language is necessary.

:Sﬂti;lligjgj YHOL-AMS is a standardized hardware description language to

model and simulate digital, analog, and mixed-signal systems
Symbol Exchange consisting of electrical and nonelectrical parts.
internal WMajor German car manufacturers and suppliers are checking

the suitahility of the language for real warld heterogenecus

automotive systems.
Association of the

Automotive Industry The VDAFAT Working Group AK 30 "Simulation of Mixed

(VDAY Systems with VHDL-AMS" is organized within the Association for
Cerman Association for Research in Automobile Technology (FAT -

Research in Automobile Farschungsvereinigung Automaobiltechnik) of the German
Technology (FAT) Association of the Automotive Industry (VDA - Verband der

Autormobilindustrie). It promotes the relationship between car
manufactures and their suppliers concerning simulation of
mixed systemns and model exchange.

- Further information about model libraries

VHDL-AMS = Very High Speed Integrated Circuit Hardware
Description Language - Analog and Mixed Signal
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Compact Modeling: Transistor Compact Model
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Figure from J. Lienemann, E. B. Rudnyi and J. G. Korvink. MST MEMS model
order reduction: Requirements and Benchmarks. Linear Algebra and its

Applications, v. 415, N 2-3, p. 469-498, 2006. cﬂnFEm



From Finite Elements to System Simulation
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= Electrothermal Simulation with power MOSFET:
= From ANSYS Workbench to Simplorer
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Model Order Reduction

= Relatively new technology

= Solid mathematical background: Approimation

= Approximation of large scale of Large-Scale
dynamic systems Dynamical Systems

b
= Dynamic simulation: .I I I
» Harmonic or transient simulation

Athanasios C. Antoulas

= |ndustry application level:
= Linear dynamic systems
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I Model Reduction as Projection

= Projection onto low- EX+ Kx=Bu
dimensional subspace

B+ -I=
X=VzZ+¢

I V'EVz+V'KVz=V'Bu
= How to find -I+.I=.I
subspace?
= Mode

superposition is
not the best way
to do it.

: CADFEM



Implicit Moment Matching

= Padé approximation
= Matching first moments for the

transfer function H (S) _ (SE N K)—l B

Ex+ Kx =Bu
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Krylov-subspace methods for reduced-order modeling
in circuit simulation
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= |Implicit Moment Matching: so=0
= via Krylov Subspace

V =span {S(K_IE,K_lb)}
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I MOR for ANSYS: hiip://ModelReduction.com

- Simulink,
ANSYS Model Loecuid Simplorer, VerilogA,
= 1.6G. Korvink
Fast Simulation A
& of Electro-Thermal
= MEMS
v g Efficient Dynamic
§ g_ Compact Models ] ]
_ Small dimensional
FULL files § matrices

S

MX +EX+Kx=BuU Linear Dynamic .
{ y = Cx Sysin, OIDEs MOR Algorithm

Current version 2.5
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http://modelreduction.com/

MOR for ANSYS Timing: MOR as Fast Solver

= Reduced model of dimension 30

Dimension, nnz MOR Time
DoFs /ANSYS
static
4267 20 861 1.4
11 445 93 781 1.8
20 360 265 113 1.7
79171 2215638 1.5
152 943 5 887290 2.2
180 597 7 004 750 1.9
375 801 15 039 875 1.7
1

rmld a parametnzed FE model

with parameaters k and r'Cp

suggested
approach

-----------

conventional
a_pproach
o s Wl e ===
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: time integration '
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time integration r
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avaluate the objective
function

COMvErgence criterium
fulfilled?

YES

i
PP \--——'] pCYeympmppmpymp—

___________

change parameter
values

CADFEM



System Thermal Simulation in Simplorer

12

Current : Heat Flow

Voltage : Temperature

Resistor : Thermal
resistance

Capacitor : Thermal
capacitor

Voltage source :
Temperature source

Current source :
Heat Flow source

e
J o :’{ﬂ e *
rthl = tfrm1 L J‘
i e e
wi (1)
DATAPAIRS 1 : ethi thm
1 YN
1— (@)
Figure 1. Application examples of the VHDL-AMS Temperature Source
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Figure 2. Application examples of the VHDL-AMS Heat Flow Source
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Compact Thermal Models

Topology RC network |Parametrization Parametrized
=

Device
» | compact model

= | ooks understandable — but how to do it in practice?

Figure from the book “Fast Simulation of Electro-Thermal MEMS: Efficient Dynamic
13 Compact Models.” Springer, 2006. cnnFEm



Electrical vs. Thermal

Electrical flow Heat flow

A4 =10° A A =10

S
Conductor

cond cond

Insulator

= Thermal phenomena are much more distributed, it is hard to lump
them.

Figure from the book “Fast Simulation of Electro-Thermal MEMS: Efficient Dynamic
Compact Models.” Springer, 2006.
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Freescale Multi-channel Power Devices

MOR for ANSYS at
Therminic 2009
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More information: Thursday 09:20 - 09:40 Thermoelectric System
simulation: Compact Model Simulation with ANSYS Workbench, Freescale
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Chip and its Model in Workbench
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Interface to call MOR for ANSYS in Workbench

File Edit Wiew Units Tools b || 15 HE| 9 & | EINeW Anal | File Edit View Units Tools Help || 12 H E | @ | Enew Analysis v “Solve ~ |

Model

g Outline for "DUALMERL

@, | @ Project

0| = (& Model

o

= -8 Geometry

% ------- /A Connections

2 #-, Mesh

% b @ Mamed Selections
o T

a KMJ33T2

=) H1-2[(2 Steady-State Thermal
E B- 7EI GetMatrlces

= Initial Condition
.z:f,!l Analysis Settngs
7% Termperature
+B Commands
=48 Solution
£[¥] Solution Information
£ Temperature
-8 Reaction Probe

17

> |Commands x@Expol @ Import...

11

H| Project
= (& Model
i & Geometry
-8 Connections
B, Mesh
- @ Named Selections
-2 Steady-State Thermal
=2 =] GetMatrices
T2 nifial Condition
Wi Analysis Settings
| Termperatre
/B Commands
= £idl Solution
~£(1] Solution [nformation
%8 Temperature
£ Reaction Probe

Refresh

! Tnformation about heat scurces
Nnames = 2

*dim, names, char, Nnhames

name={1) = *T1", "TZ°

*dim, outn, array, Nnames

fini

ffilename, fmain
J=2olu

allse

antype, harmic
eqslv, sparse
harfreg,1/2/3.1415926535897593
n=sukst, 1
wrfull, 1

solve

fini

|

ffilename, fatatic
faolu

allse

antype, static
eqslv, sparse
nsubst, 1
wrfull, 1

solwve

fini

*do, 11,1, Nnames
/prep?
cmsel, 3, names (11), elem
wol = 0
*get,nelem, elem, 0, count
*get, nn, elem, 0, num, min
*do,1i,1,nelem

CADFEM
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Import Reduced Model in Simplorer

= Simplorer supports state space model
X

State-Space Model |Output { Display |

Narme: I 1 [~ Show Narme
—Maodel Type
icEditor - [merlot - Comparison - Schematlc] @ 7 Formulation €Y Formulzton ! 5 Formulaton ! Mon-Conzeryative
Simplorer Circuit  Tools  Window  Help
s Model Parameters———————————— Terminal Reference Zrefi Spedification
Design Settings. .. Ly PAEE OR| 0D XEERF
Mo, of States: 20 ' ore [ | Use Defalt
| subCircuit B Add SUbCircuit Mo of Termnak: [T & Common _
f . \ Zref Value
Solution Setup 4 Add Simulink Compornent. .. Domsn [Therma =] © lrdlperdiet
Import SOB File. ., Add MathCad Compornent. ..
Optimetrics Analysis » Maxwell Component ’ SRR iy
» . [¥latrix Seurce
Restlts Add RMyprt Dynamic Component. . . . I¥atrix Type |Ful Matrix - C Fle [ORERE]
<E 302
230 Dyvnamic Componeant r sC 30
7o o= Enter [atn | J Fopllate
1l Ater [V
Design Properties Add PExprt Static Comporent. .. SIC 30l J
Add Mechanical Comporent. .. [ View Matrix Viewer
Edit MNotes Add Icepak Component. .. 1 [ 2 [ 3 [ a [ s T 6 [ 7 [ 8 [ o [ 1w af
Il 11.1-151.735 87.3392 -162.362 287,321 -192.17 -847.086 967,458 -1232.45 1557 -1707.0
- f " Add State Space Comporent., . |2.]65.7112 |-38.2071 71,1535 -126.621184.86  377.842 -437.748 555.168 688,629 756.255 |
% Output Dialog... Crl+Shift+0 3.]-68.5743/51.501 |-97 7755 174.649 -117 418 -532.244 626,688 -759.235954.741 -1045.2
|4.1137.854 -80.1538 152,173 -274.455 184,648 849,275 -1020,16 1290.08 -1544.87| 1690 8¢
[5.]-87.5295/50.8984 |-96.6314 174.281 |-117.732 -545.759 662,196 |-840,011 100165 -1095.8
[6.]-291.907 169,726 |-322.228/581.161 |-392.59 -1911.15 2447.59 |-3134.33/3645.66 |-3935.5
[7.1239.556 -139.462264.771 |-477 532(322.586 165254 -231395/3116.9 |-3609.52(3844.27
l8.]-254.551 148,005 |-260,992/506.786 |-342,349 -1753.76 2561.84 |-3712 54/4533.35 |-4854.4
9. hd
4| | >

K | Abbrechen |
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Test Thermal Circuit in Simplorer

= Conservative thermal subsystem in Simplorer
= VVoltage — Temperature
= Current — Heat flow

THMA

] h@ ) -
o P1_ | |P_REF - O
| @
e
*
H2

P
+
@ THM2
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Thermal Impedance and Comparison with ANSYS

= ANSYS: about 300 000 DoFs, Reduced model: 30 DoFs

= The difference is less than 1%
= Timing: 60 timesteps is about 30 min in ANSYS

Comparison

P1

Ansoft LLC
20.00 Curve Info
— ans, T
Imported
" THMA.T
10.00 —
T
s
=
1.00
0.10 o R T o R R R R R
1.00E-005 1.00&-004 1.00€-003 W.Tooé-imlz 1 00E-001 1'008+000 1/00E+001
ime |s
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Thermal Runaway

= Transistor is considered as temperature dependent Ryg,,
= The VHDL-AMS model

LIBRARY IEEE:
USE IEEE.ELECTRICAL_SYSTEMS.ALL:
USE IEEE.THERMAL_SYSTEMS.ALL:
D
P ENTITY RDS_MODEL IS
T PORT ( QUANTITY RDS1 : RESISTANCE := 0.035:
N N QUANTITY 10 : IN TEMPERATURE := 298.0:
| QUANTITY KC1 : REAL ‘= 0.35e-3:
DC QUANTITY CTRL: REAL ‘= 0.0
TERMINAL th1 : thermal;
* 5 TERMINAL p,m : ELECTRICAL);
' END ENTITY RDS_MODEL:
ARCHITECTURE behav OF RDS_MODEL IS
QUANTITY v ACROSS i THROUGH p TO m:
QUANTITY t_val ACROSS h THROUGH th1 TO thermal_ref:
ol BEGIN
— IF (CTRL <= 0.0) USE
i == 0.0
h ==0.0:
ELSE
v == i"(RDS1+KC1*(t_val-t0));
h == -i*v;
END USE:

END ARCHITECTURE behav;

21 CADFEM



Thermal Runaway Model

= Conservative coupling between electrical and thermal part

THM1
5 P FM1 .

T P1

o :
FET o
P2
s
H2 +

22

Y (e

005k 28 b 7k

'“":g'?'?ﬂ T2 1500 0 1750 2000
Fig. 13. Transient junction temperature curves as a function of dc loading level
Ta=25° k=23.5e-4, Ry=35mOhm, T, =25°C,
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I Transient Turn-on of an Automotive Light-Bulb
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Transient Turn-on of an Automotive Light-Bulb

3 lamps

1 lamp

Hli
/

2 Iamps \
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Example of Mechanical System

Lehrstubl filr Regelungstechnik
Fakultit fiir Maschinenwesen

Technische Universitit Milnchen

Aktive Schwingungsisolation in IKfz-Motoranfhingungen

Svstemkonfiguration und Methoden

Jorg Pascheday

Aktoren fiir
Ausloschung (4x) Stiraktor
1 (Mator)

Bild 4.6: Vollstandiger Mehrkanalpriifstand

25

Hilfsrahmen

Bild 4.1: Motoranfhiingung im Audi AG

¥ Aufhiingestellen
~ des Motors

Aufhiangestelien des
Hilfsrahmens (4x)

Bild 4.2: Hilfsrahmen mit Lagerstellen
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System Level Simulation

Motor m; 1 x; o1

Hilfsrahmen m, T,
% 4c, 4d, I_Jlj F

Chassis m tx, d3 C3e  m3
24 44,14 I:‘:I $ $
SIS S
AL m1 acceleration wmped_model a; ®| m2
sk acce) W | ] | T f
- ]
oo ] | of ol mi
LI
- omt gt
ey ——————
10000 'T oT
Yo Lo
g‘l"xl T
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Hard Disk Drive Actuator/Suspension System

= Michael R Hatch, Vibration Simulation Using MATLAB and ANSYS

(- ML Hatch, Conmlting hathen =10

&) v & htp:/ erhoon com (doverdoads. htm| vl % I P~

B BMR. Hatch, Conguting Medharical l ‘ g oy o Sele e Exrasv 7

Michael R. UHatch

Services « Mike Haron ~ Mike's Boox ~ Downroans «~ Conrtact Mixe « Homs

Vibration Si 8
MATLAB
I ANSYS

DOWNLOADS

All computer files available for
download from this web site
are zZipped into one file
(hatch.zip). These files are & MATCHZIP
meant as 2 companion to Mike
Hatch's book Vibration DOCUMENTATION
Simulation Using MATLAB and
. In order to unzip this
file you must use an unzip
utility such as WinZip.

Hatch.zip was last updated on
March 16, 2002.

Although the documentation is included in readme.m in
the zip file, it is also available for viewing by click'ng on
the text link to the right. The accompanying ) }
provides a description of all files included in the 2zip
S S AR e Before you can download the zip file, you must have read
all legal information associated with the program.
Consequently, when you click on natcH 2w you will be
forwarded to the legal page. Please follow the instructions
provided on that page.

1y shwywy_amed)

MICHAEL R. HATCH
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Model Reduction

28

3352 elements
7344 nodes
21227 equation

400 frequencies takes about 12
min

MOR takes only 3 s

Comparison for head
= ANSYS
= MOR 30
= MOR 80
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Comparison
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CADFEM
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Comparison

Relative Difference

30

10°

10' |
10° |
10" |
107}
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107 |
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\\J '
10° 10*
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Velocity Control: Device as a Black Box

|_Part
STEP1 [— | f:
kl=100 Sum|_PID
| — F_Part +
in1 out1
To=0s | A Aw_G_ -
AMPL=0.0011
KP=5 A
o
[— 0] f
0.0012 -
KD=1e-005 ] ﬁ"é?’épl?f&..
00010 ] o DIFFZVAL
NEG DIFF2 ]
0.0008 ]
4 NEG 4 . 4 -
0.0006 ]
i
0.0004
0.0002
0.0000
'0'00020_00' T 050 T T T1boT ITilrplesﬁnls]l T2007 7 7 2507 T 7 "3ho
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Velocity Control: Multiphysics Modeling

| Part
o TEPT | 0

= o FID

KI1=100 urm | f ratb1

— F_Part - P1 .

w=s p {4 bm B GAN AE—CD b ¥m_rotbf
AnPL=0.001

KP=5 A

Hatt

O tH
kD=1e-005

MEGT

MEG

3]
2
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Model Reduction for the FEM Model

m 13 347 elements
= 11 765 nodes

= 55481 equations to
solve

= 200 frequencies
takes about 20 min

= Model reduction
takes 8 second

CADFEM



Comparison

act:

102 T I
— ANSYS
— MOR

Amplitude

107 ' I
10° 10! 10° 10’
Frequency

CADFEM
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Efficient Simulation of Acoustic FSI

= Wednesday 17:00 - 17:20, CADFEM + Simetris

Riathd
TR

AN

nl:

+ ¢ undamped: ANSYS

— wundamped: MOR
damped: ANSYS

~—— damped: MOR

q 2000 3000 6000 8000 10000 12000
Frequency



System Level Battery Thermal Behavior Study

= Thursday, 12:20 - 12:40, CADFEM

JE 1

"\
i

W)

1
P —
|1
0§
I

TCelll
=

o
IIIIIII SREREEE
==
Rseries RTL Rptc atConfig 10
Temp
° [
— M AW AN A~
1Bt RLgad
voc CT_S
O O
° °

CONST

°
FMLL
1|
o |l

-

i REFTref
EQU = 1
Heating
CONST |}—p———p ?
Lo Lo %
Electrical cell model &/ '!E:!-
(celll) o
'“““ Battery thermal model
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Elektrothermische Simulation eines IGBT Wechselrichters

= Thursday 11:40 — 12:20, CADFEM + ANSOFT

Electrical Domain Mechanical

e || G Domain
5 gt-|§s g, e oo o

w A~ bpura Iy N s RoTL

e ] R

DG h o DX C Rorz
a11 R Ry R4 Il B P
zwm / A - - - - - -
K F.3 < = 2 PR,
> > >
K S s 3 s 33
232 223

RZM
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Extraction of Thermal Properties of Thin Films

= Thursday, 12:20 - 12:40, T. Bechtold, NXP

» Parametric Model Reduction

FE-model
with 66.000 nodes, resp. ODEs
thin-film
heater

filter membrane

38

Parameter E

build parameterized FE model
with parameters K, pc,and h

apply pMOR
°

|

integration of

reduced model
|

evaluate
objective function
change
no | parameters |

Tamara Bechtold

Slide 16
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Also on Thursday

= 16:20 - 16:40, Export von modal reduzierten Korpern aus ANSYS
und deren Echtzeitberechnung, P. Sekler, A. Dadalau

= 17:00-17:20 Application of MOR for ANSYS to Hydro Turbine
Runner Dynamics, F. Lippold (Voith Hydro Holding GmbH & Co. KG,
Heidenheim)

= 17:00 - 17:20 Zustandsraumbeschreibung von piezo-mechanischen
Systemen auf Grundlage einer Finite-Elemente-Diskretisierung, B.
Kranz (Fraunhofer-Institut IWU, Dresden)

= 17:20 - 17:40 Parametric Reduction of Multiphysics Models, J.
Mohring (Fraunhofer-Institut ITWM, Kaiserslautern)

= 17:40 - 18:00 Novel Model Reduction Techniques for Control of
Machine Tools, P. Benner (Technische Universitat Chemnitz)

a0 CADFEM



Conclusion

= ANSYS - device level model
= Simplorer — system level simulation

= MOR for ANSYS — model reduction for ANSYS models

40 CADFEM



