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

A Circuits

A Block Diagrams
A State Machines
A Equation Blocks

A 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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A Electrothermal Simulation with power MOSFET:
A From ANSYS Workbench to Simplorer
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Model Order Reduction

A Relatively new technology

A Solid mathematical background: i S
pproximation

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

, b
A Dynamic simulation: .I I I
A Harmonic or transient simulation

Athanasios C. Antoulas

A Industry application level:
A Linear dynamic systems
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I Model Reduction as Projection

A Projection onto low- Ex+ Kx = Bu
dimensional subspace

=Vz+e .I .I I

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

superposition is
not the best way
to do it.
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Implicit Moment Matching

A Padé approximation

) Ex+ Kx = Bu
A Matching first moments for the
transfer function
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I MOR for ANSYS: hiip://ModelReduction.com

S Simulink,
ANSYS Model | & Laechd Simplorer, VerilogA,
s ).-G: Korvink -4
e
Fast Simulation X

I

of Electro-Thermal
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http://modelreduction.com/

MOR for ANSYS Timing: MOR as Fast Solver

A Reduced model of dimension 30

Dimension, nnz MOR Time
DoFs JANSYS
static
4 267 20 861 1.4

11 445

93 781

1.8

20 360

265 113

1.7

79171

2 215 638

1.5

152 943

5 887 290

2.2
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1.9
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15 039 875

1.7
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System Thermal Simulation in Simplorer

A Current : Heat Flow
A Voltage : Temperature

A Resistor : Thermal
resistance

A Capacitor : Thermal
capacitor

A Voltage source :
Temperature source

A Current source :
Heat Flow source
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Figure 2. Application examples of the VHDL-AMS Heat Flow Source
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Compact Thermal Models

Device Topology RC network |Parametrization Parametrized
» » | compact model

A Looks understandable i but how to do it in practice?

Fi gur e f r ohRastSimdatidn of&lkectraiThermal MEMS: Efficient Dynamic
13 Compact Models.0Springer, 2006. cnnFEm



Electrical vs. Thermal

Electrical flow Heat flow

/1. =10 [ gl ! =107

Conductor

/

cond cond

Insulator

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

Fi gur e f r olRastSimdatidn of &lkectraiThermal MEMS: Efficient Dynamic
Compact Models.o0Springer, 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
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> |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
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Import Reduced Model in Simplorer

A 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

A Conservative thermal subsystem in Simplorer
AVoltage i Temperature
A Current 7 Heat flow

THMA

] h@ ) -
o P1_ | |P_REF - O
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*
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fifiir

P
+
@ THM2
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Thermal Impedance and Comparison with ANSYS

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

A The difference is less than 1%
A 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

A Transistor is considered as temperature dependent Ry,
AThe 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;
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Thermal Runaway Model

A 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
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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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I System Level Simulation
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