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Outline

A The work has been done for the ECPE workshop Thermal
Engineering of Power Electronics Systems, 2009

A Overview
A Thermal Simulation in Icepak

A Compact Thermal Model through Model Order Reduction
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IGBT Converter

A Insulated Gate Bipolar Transistor:

AVery efficient i thermal losses about just 5%

A However 20 kW converter produces 1 kW power dissipation.
A Electrothermal simulation is required:

A Electrical properties of IGBT depends on temperature;

A Too high temperatures reduces reliability and durability.
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I The Model of the Converter

Original Model

4 Model in Icepak CHDFEm



I Simplifying the Heat sink In Icepro
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Power dissipation, materials, boundary conditions
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Solution - convergence

Solution residuals for trial001 M E3} Temperature Point monitors for trial001
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Typical Simulation Results
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Comparison with Experimental Measurements

Parameters and optimization [ x|
Setup | Designvariables | Functions  Trials l 80
Mame  |[wial0D1 |trisino2 |trisino3 [trisino4
¥ Select ggt | M Select s5et | M Select gt | W Select get
Delete | Delete | Delete | Delete |
Festart ID j j j j
Order 1 1 2 3
FiFtd 3200 | |3z00 | |3z00 | |3z00 h
= = = = m Tlex
Ta 26 X |27 > 275 > |28 hd
diode 17 > |40 > |34 > |355 hd # T1sim
ight 23 ¥ 575 ¥ |435 ¥ |405 hd
m T2ex
B T2sim
m Tref_ex
7 Tref_sim
< [»] ':
Reset | I Ew | Clear | IV Show only changing W Trials across top

Fun | Dane | Cancell Help |
triall trial2 trial3 trial4
Functions
Trial T1 T2 Tth Tref Ta RFM diode igbt
trial001 4439 4439 33 3806 26 3200 17 23
trial00Z 71.84 7.8z 44 0k A6 4 27 3200 40 75
trial003 F314 313 4106 50.8R 27 h 3200 a4 435
trial004 G294 G294 41.29 q09 28 3200 Kl 405
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Transient Simulation in Icepak

A Flow is developed: We need to
SOIVe Only energy equation_ Temperature Point monitors for tranisent

General setup | Defaultvalues | Transientsetup | Advanced

varighles solved [ Flow fvelacity/pressure)

W Temperature

Radiation « On  Off
" Discrete ordinates radiation model
Flow regime " Laminar

& Turbulent |Zero equatiunj

Spatial power profile file Load

™ Gravity vectar:

Solve ] ]
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~
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™ White ovenview of results when finished M Xlog M Ylog W Symbols M Lines ¥ Xgrid W Ygrid

W “Write report when finished
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From Finite Elements to System Simulation

Bl g )

- R

T Electrical Domain

A Electrothermal Simulation with IGBTS:
A From ANSYS Workbench to System Level
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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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Transferring Model from Icepak to Workbench

Report summary data

Total
All All Heattr. coeff (W K-m2) -3.31558 33176 | 22.7281 258861 m2 i h
Q / ( | | bulk )
All All Heattr. coeff (W K-m2) -3.31589 | 331.762 | 22.7275 258861 m2 I
All All Heattr. coeff (W K-m2) -3.31559 | 331.762 | 22.7285 258861 m2 i
All All Heat tr. coeff (v/k-mz) -3.3188G | 331762 | 227295 258861 m2 |
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MOR for ANSYS:

Workbench Sim IS(;?;lrJ“\r}le(,r'l A
ANSYS Model P & oo
| Small dimensional

FULL files matrices

M# EX+ KX =Bu  Linear Dynamic :
{ y=Cx System, ODE MOR Algorlthm}
Current version 2.5
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http://modelreduction.com/

