
Simulation of IGBT converter

E. Rudnyi

CADFEM GmbH

erudnyi@cadfem.de



Outline

ÁThe work has been done for the ECPE workshop Thermal 

Engineering of Power Electronics Systems, 2009

ÁOverview

ÁThermal Simulation in Icepak

ÁCompact Thermal Model through Model Order Reduction 
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European Center for Power Electronics
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IGBT Converter

ÁInsulated Gate Bipolar Transistor: 

ÁVery efficient ïthermal losses about just 5%

ÁHowever 20 kW converter produces 1 kW power dissipation.

ÁElectrothermal simulation is required:

ÁElectrical properties of IGBT depends on temperature;

ÁToo high temperatures reduces reliability and durability.

3

Tc

Tj



4

The Model of the Converter

Original Model Model in Icepro

Model in Icepak



Simplifying the Heat sink In Icepro
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Power dissipation, materials, boundary conditions

6



Mesh
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Solution - convergence
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Typical Simulation Results
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Comparison with Experimental Measurements
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Transient Simulation in Icepak

ÁFlow is developed: We need to 

solve only energy equation.
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From Finite Elements to System Simulation
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ÁElectrothermal Simulation with IGBTs: 

ÁFrom ANSYS Workbench to System Level
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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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Transferring Model from Icepak to Workbench
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MOR for ANSYS: http://ModelReduction.com
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Small dimensional

matrices

Current version 2.5

Workbench

ANSYS Model

Simulink, 

Simplorer, VerilogA,
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http://modelreduction.com/

