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Outline

ÁSystem level simulation

ÁSimplorer

ÁCoupling Workbench and 

Simplorer

ÁModel Order Reduction

ÁThermal simulation

ÁElectrothermal

ÁMechanical simulation

ÁControl

ÁOther papers at ACUM
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Mechatronics: mechanical + electrical + computer sciences
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Simplorer: http://www.ansoft.com/

ÁCircuits

ÁBlock Diagrams

ÁState Machines

ÁEquation Blocks

ÁVHDL-AMS



Example of VHDL-AMS
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Compact Modeling: Transistor Compact Model

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. 



From Finite Elements to System Simulation
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ÁElectrothermal Simulation with power MOSFET: 

ÁFrom ANSYS Workbench to Simplorer
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Model Order Reduction

ÁRelatively new technology

ÁSolid mathematical background:

ÁApproximation of large scale 

dynamic systems

ÁDynamic simulation:

ÁHarmonic or transient simulation

ÁIndustry application level:

ÁLinear dynamic systems
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Model Reduction as Projection

ÁProjection onto low-

dimensional subspace

ÁHow to find 
subspace?

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

ÁPadé approximation

ÁMatching first moments for the 

transfer function

ÁImplicit Moment Matching:

Ávia Krylov Subspace
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MOR for ANSYS: http://ModelReduction.com

FULL files

Linear Dynamic 

System, ODEsCxy

BuKxxExM

=

=++ ###
MOR Algorithm

Small dimensional

matrices

Current version 2.5

ANSYS Model

Simulink, 

Simplorer, VerilogA,

é 

http://modelreduction.com/


MOR for ANSYS Timing: MOR as Fast Solver

ÁReduced model of dimension 30

11

Dimension,

DoFs

nnz MOR Time

/ANSYS 

static

4 267 20 861 1.4

11 445 93 781 1.8

20 360 265 113 1.7

79 171 2 215 638 1.5

152 943 5 887 290 2.2

180 597 7 004 750 1.9

375 801 15 039 875 1.7



System Thermal Simulation in Simplorer

ÁCurrent : Heat Flow  

ÁVoltage : Temperature 

ÁResistor : Thermal 

resistance

ÁCapacitor : Thermal 

capacitor

ÁVoltage source : 

Temperature source

ÁCurrent source : 

Heat Flow source
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Compact Thermal Models

ÁLooks understandable ïbut how to do it in practice?

Figure from the book ñFast Simulation of Electro-Thermal MEMS: Efficient Dynamic 

Compact Models.ò Springer, 2006.13



Electrical vs. Thermal

ÁThermal phenomena are much more distributed, it is hard to lump 

them.

Figure from the book ñFast Simulation of Electro-Thermal MEMS: Efficient Dynamic 

Compact Models.ò Springer, 2006.
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Electrical flow
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Freescale Multi-channel Power Devices
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PCBLeadframe

heavy gauge

wires

control

chip
power

chip
MOR for ANSYS at

Therminic 2009

More information: Thursday 09:20 - 09:40 Thermoelectric System 

simulation: Compact Model Simulation with ANSYS Workbench, Freescale



Chip and its Model in Workbench

ÁTwo power MOSFET transistors
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Interface to call MOR for ANSYS in Workbench
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Import Reduced Model in Simplorer

ÁSimplorer supports state space model
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Test Thermal Circuit in Simplorer

ÁConservative thermal subsystem in Simplorer 

ÁVoltage ïTemperature

ÁCurrent ïHeat flow
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Thermal Impedance and Comparison with ANSYS

ÁANSYS: about 300 000 DoFs, Reduced model: 30 DoFs

ÁThe difference is less than 1% 

ÁTiming: 60 timesteps is about 30 min in ANSYS
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Thermal Runaway

ÁTransistor is considered as temperature dependent RDSon

ÁThe VHDL-AMS model
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Thermal Runaway Model

ÁConservative coupling between electrical and thermal part
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Transient Turn-on of an Automotive Light-Bulb
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Transient Turn-on of an Automotive Light-Bulb
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Example of Mechanical System 
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System Level Simulation
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