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Electronic power steering
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Electronic power s tee ring

Power pack
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DBC

Vibra tion

Chemica ls

Thermal s tres ses

Humidity 

…

Environmenta l influences :
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Different environmental influences lead to fatigue during lifetime 
 Typica l fa tigue  fa ilure  mechanism on DBCs  are  bond cracks  due  to 

thermal mismatch be tween a luminum bonds  and s ilicon dies

 Engineering goal: No fa tigue  fa ilures  during life time

Rea l-time  load s tepping on the  bas is  of FMOP for e lectro-thermal-mechanica l FE s imula tions

© Robert Bosch GmbH 2018. All rights  reserved, also regarding any disposal, exploitation, reproduction, editing, dis tribution, as  well as  in the event of applications  for indus trial property rights .
5

Motiva tion

Al-bond: 23ppm/K

Si die: 3ppm/K
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 Load and load capacity need to be 
compared

 Sta te  of the  a rt re liability dimens ioning 
and proofs  a re  based on thermal based 
life  time models , e .g. 
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Motiva tion

(*)CIPS Presenta tion: Dürr, Faus t-Ellsässer, P röpper, Ries te r, 2016

Advantage : Easy access ible  parameter
Disadvantage : Geometry dependent parameter

(*)

Temperature based 
life time models
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Motiva tion
Easy accessible parameter:

FEM Simula tion

Tempera ture  a t des ign e lement
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Motiva tion

Advantage: Geometry independent parameter
Disadvantage : Elabora te  access ible  parameter

Thermomechanical 
life time models

Automotive Electronics  | Ries ter, Faus t-Ellsässer, Rupp           | DYNARDO: Klonk, Schneide r, Wolff | 2018-09-05



Real-time  load s tepping on the  bas is  of FMOP for e lectro-thermal-mechanica l FE s imula tions

© Robert Bosch GmbH 2018. All rights  reserved, also regarding any disposal, exploitation, reproduction, editing, dis tribution, as  well as  in the event of applications  for indus trial property rights .
9

Motiva tion

Allows  earlie r prognos is  in 
development process  on 
des ign e lement leve l Advantage : Geometry independent parameter

Disadvantage : Elabora te  access ible  parameter

Thermomechanical 
life time models
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Motiva tion

?
Advantage: Geometry independent parameter
Disadvantage : Elabora te  access ible  parameter

Thermomechanical 
life time models

Allows  earlie r prognos is  in 
development process  on 
des ign e lement leve l
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Motiva tion
Elaborate accessible parameter?

Thermal 
Analysis

Mechanical
Analysis

Electrical Analysis
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Motiva tion

Thermal 
Analysis

Mechanical
Analysis

Electrical Analysis

Nonlinear mechanical 
FEM simulation for 
transient load profile of 
whole ECU is not 
purposeful at the 
moment 

Elaborate accessible parameter?
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Goal of the  project
 The goal of the  project is  to produce  an 

optiSLang SoS Fie ld-Metamodel.

 It can be  used a s  a  replacement for the  coupled 
multi-phys ics  s imula tion model.

 The Fie ld-Metamodel is  a  surrogate  model tha t 
can be  used to very rapidly assess new 
designs.

Multi-physics
model

optiSLang Design of
Experiments

SoS Field-Metamodel

Replace
transient FEM 

analysis by
Field-

Metamodel
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optiSLang sens itvity ana lys is
An optiSLang sens itivity ana lys is  is  used to genera te  a  sampling da ta  base .
 optiSLang SoS is  then used to genera te  Fie ld-Metamodels  (FMOPs) for solution fie ld quantities  

like  tempera ture  and s tres ses .
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ANSYS WB model
 ANSYS WB: connects  3 diffe rent phys ics  

and da ta  trans ition be tween 3 ANSYS 
Mechanica l models : 
Trans ient e lectrica l loading leads  to an 
increase  in the  tempera ture  of the  domain 
and, subsequently, to thermally induced 
s tres ses .

 ANSYS APDL: Define  load trans ients  
based on externa l parameters

 SoS for ANSYS: P lugin for Mechanica l 
exports  result da ta  directly to SoS for 
FMOP crea tion
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 The Field-Metamodel is  based on the  non-linear combination of a  random shape  decompos itioning
of the  solution fie lds .

 FMOP is  an enhancement of the  clas s ica l optiSLang metamodelling technique  

New input-parameter combina tions can be used to approximate the full output fie ld.
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SoS FMOP

Inputs :
• Current amplitude s igna l
• Ambient tempera ture
• Trans ient tempera ture fie ld

Outputs :

• TEMP, 
• SX,
• SEQV,
• ...FMOP

Automotive Electronics  | Ries ter, Faus t-Ellsässer, Rupp           | DYNARDO: Klonk, Schneide r, Wolff | 2018-09-05



FMOP Approximation quality
 Like  for a  clas s ica l optiSLang Metamodel, CoP va lues  can be  used to as sess , whether the  

metamodel has  a  high approximation quality.

 For the  genera ted Fie ld-Metamodel the  F-CoP (Tota l) va lues  a re  very high 
(nonlinear thermal solution, linear mechanica l)

 The field metamodel has a very good approximation quality for all results
(s tres ses , tempera tures )
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Solution postprocessing in optiSLang/SoS
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Visualized are solution fields for the
temperature and the equivalent stress for
the contact surface.

All field quantities are available for
statistical postprocessing in SoS.

A Field-Metamodel (FMOP) can be
produced for these result quantities.
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FMOP result validation
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• Excellent approximation result for
transient temperature and contact
stresses.

O
utput at pointofthe

contact:

Field-MOP
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FMOP result validation
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• Excellent approximation result for
transient temperature and contact
stresses.

O
utput at pointofthe

contact:

Field-MOP
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Transient solver: As optiSLang Custom Algorithm
 Based on the  optiSLang Cus tom Algorithm interface , a  cus tom user 

inte rface  has  been genera ted to solve for transient field inputs/outputs.
 Realized as  cus tom node  in optiS lang.
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Chaining of field solution quantities
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Transient solver: As SoS script
 Based on SoS script API one  can solve  the  sys tem given a  load trans ient directly from Windows  

Explorer 

 Integra ted ra inflow counting to as sess  critica l number of load cycles  and visua liza tion of expected 
life time in SoS: 
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Résumé

 The generation of the SoS FMOP was successful.
User-friendly export of da ta  through ANSYS plugin
Automatic FMOP genera tion and solution us ing pre -

defined SoS scripts .

 FMOP a llows  the  rapid eva lua tion of fie ld quantities  without 
the  need to run a  full s imula tion model.

 The fie ld metamodel can be  saved in a  da tabase  (QM).
 Team based access  can be  organized on a  high-leve l 

us ing optiSLang technology.
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Se lective access :
• CAE expert
• Des ign engineer
• Project manager

CPU-time for validation 1
FEM: 24.85 h

SoS Field-MOP 
optiSlang Custom Algorithm: 

130 s
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SoS Field-MOP 
as script: 6 s
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Conclus ion / Outlook
 SoS FMOP enables  to go one  s tep 

deeper on the  load s ide  of the  V model 
and reach a  geometry independent 
parameter for comparing load and load 
capacity 

Outlook:
 FMOP va lida tion for diffe rent des ign 

e lements  is  ongoing
 FMOP could enable  rea l time  s imula tion to 

identify rema ining life  time  of the  ECU 
 Web access  & Digita l Twin applica tion

Thermomechanical 
life time models

Automotive Electronics  | Ries ter, Faus t-Ellsässer, Rupp           | DYNARDO: Klonk, Schneide r, Wolff | 2018-09-05



THANK YOU 
FOR YOUR ATTENTION


	Creation of a field meta model on the basis of electro-thermal-mechanical FEM simulations�
	Content�
	Electronic power steering�
	Electronic power steering�
	Motivation�
	Motivation�
	Motivation
	Motivation
	Motivation
	Motivation
	Motivation
	Motivation�
	Goal of the project�
	optiSLang sensitvity analysis��
	ANSYS WB model��
	SoS FMOP��
	FMOP Approximation quality���
	Solution postprocessing in optiSLang/SoS����
	FMOP result validation�����
	FMOP result validation�����
	Transient solver: As optiSLang Custom Algorithm
	Transient solver: As SoS script
	Résumé
	Conclusion / Outlook�
	�Thank you �for your attention

