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| Challenges in Virtual
Prototyping

' Methods in optiSLang

Example Application
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Outline

Challenges in Virtual
Prototyping
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Why do we need Robust Design
Optimization?

In reality tolerances, uncertainties and
variability exist caused by environmental
influences, load variation or human
Inaccuracy.

* These kind of unpredictable influences
cause uncertainties in the desired
product functionalities

* Goal: Understand the these scattering
parameters = guarantee the product
functionalities of an optimized design in
spite of these uncertainties
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Design Exploration

« Simulation shows result for certain design point
 What happens if parameter are changed?
 Response Surface shows result for parameter space
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Outline

| Methods in optiSLang
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Methodology Definition

8

E—
Robust Design Optimization

Robust Design:

Optimization: Variance based

' Sensitivity Study Robustness Evaluation "
‘854" Single & Multi objective ili
%1 J Probability based

“ (Pareto) optimization = Robustness Evaluation

© 2014 ANSYS, Inc.
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Methodology Definition

T ———
g

Robust Design Optimization

Robust Design:

Optimization: Variance based

Sensmvity Study Robustness Evaluation

Probability based
Robustness Evaluation
(Reliability analysis)
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Optimization Strategy

" — optiskan
General Procedure: RV
* Design Optimization * Design of Experiments

— Gradient Based — Data Sampling

— Generic — Detecting Correlations

— Evolutionary — Detecting Important

— Parameters

— Parameter Space
Reduction

— Response Surface

* Design Optimization
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Design of Experiments, Sampling
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Meta-Model of Optimal Prognosis, MoP
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Design Optimization

pd Parameter Set

Optimization
Algorithms:

v B C

8 77 sensitivity 1 Optimzation

2 | i Parameters F ,————m2 w Parameters /

3 B2 DOE a 3 W) Criteria s
3| B moe ? ‘—4:4 B optmizaton 7
S 7

K Resits i 5 Bl Results

Sensitivity Optimization

* Gradient-
B

r _Pareto
Optlmlzatlon
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hms
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Adaptive Response Surface Method

o Start Point

* Initial Sample

— Approximated Response
Surface

— Best Point

— New Sample with smaller
Range

Input 2

Input 1
>
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Evolutionary Algorithms
)
5
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Pareto Optimization

Initial Generation

— Select best
« Second Generation <
— Select best o
« Third Generation o]
e
— Select best ®)

Fourth Generation
— Select best

Objective B
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Methodology Definition

Robust Design Optimization

T Robust Design:

S USRI Variance based |
: Sensitivity Study Robustness Evaluation

5{-,; .. : _m' Sl L Probability based
YA (Pareto) optimization Robu_stness Evaluation
> (Reliability analysis)

; .
L
|
:
— -
o \
> ‘
Ffilwid Dymamica S e tural Mechanics flectromagneticy MuttvagMmerias \
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Robustness Evaluation

23 © 2014 ANSYS, Inc. November 4, 2015 . i B



Outline

optisLang
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Maxwell 2D Setup

We need a valid setup including Electrical Machine Toolkit UDO‘s
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Setup in OptiSlang

26

Use graphical description of dataflow in OptiSlang
> <\

Postprocessing (1)

Build mathematical model

iﬂ; Sensitivity N N —
L I Metamodel of Optimal Prognosis (MOP)
; S J
" Py ! e * _
L] —— ——b 1 p————
Text Input Batch Script ETK <\

Postprocissmg (2)

o . & Evolutionary Algorithm_
Design of Experiments R | |
bap——4, &) S

MOP Solver

Optimisation
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Use script to dump out all parameters

[ %, params.ta - Dydata/Projects/EM/MatorOpt/Opsistang - Text Input ——— — i “ﬁ
‘ Farameter
D:\dats\Frojcts\EM MotarOptiOptsiang params. ba "~ Open
Gamma 0
RMagT 5 Scaar vales ¥ |AutoParametrize
R Mag'W 40
202 12
SCwl 06
SB8s0 25
SBst 56
SBs2 76
S Hs0 DS
Skl 1
SOutD 120
S Raeck 45
S_Towi 43
oridge I
gap 05
‘. ’
nput shots

Standard slots

« »
Copy Made
| -
Force ineger as real |
u Base: Parometer_%e02d Format: default w Marker Eapandatie
| Name: gap “ Ada >»
Frwetew ¢
i P Show parametresd locatons Store file contert
. I ’
[ i
u V. Show addtional options oK Cancel Asply
i
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Define min and max values for parameters

Parameter type Resodution Range
Optimization I Continuous

Optimization 4 Continweus

Optimization

Qptimizaton
Optimization
Optimization
Optimizaton
5,851 Optimization
S.Bs2 Optimization
S_Hs0 Optimization
5. Hsl Optimization
5.0uth Optimizaton
S_Rueck Optimization

S.Tow Optimization

‘ i 15 SCwl Optimization

|7 Prafer parametar from sot

-

v Show addtional optons
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Define Outputs

& output.bt £

1 Magmaterial0.00-0.0002

2 InputPower -2607.00705886

3 OutputPower -2518.65423940
4 Torque - 6.68093786901

5 PowerFactor-0.80132444611
6 PhaseVoltage -153.765547060
7 LineVoltage -257.314854847
8 CoreLoss-51.3377437827

9 SolidLoss 0.0

10 Efficiency-98.0024161897
11 TorqueRipple-4.75636138732

| InputPower  2607.01
“ | Magmaterial 0.0002
“ | OutputPower 2518.65
“ | Powerfactor 0.801324
“ | Torque 6.68094
“ | TorqueRipple 4.75636

< | 1 |

( v = r - =
LA S — mls — i i l&u
’ £ s | & Variables Responses
Filename: E] (e | Coreloss 51.3377
“ | Efficiency 98.0024

Output slots

12 LD-0.0
131LQ-0.0
14
< i »
@) token wise (7 column wise
P Show advanced options
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(¥ Show additional options
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Edit script to call Maxwell

.
& Batch Scri pt

Script Process

=T= - RN = () B S R

o e e
[FE R iy =]

[
R = I

all

set -REF_PATH=D:\data\Projects\EM\MotorCpt\Cptislang
set -PRJ_FILE=ipm param0l
set -EXE_FILE=changeparam.py

del -*.log

del-*.cav

del -3EXE FILER

del  -%PRJ_FILEZ.*
rmdir-fs-fq-%PRJ_F:LE%.nxwlresalts

copy - SREF PATHR\ZEXE FILE%® 3EXE FILESY
copy - $REF_PATHR\%¥PRJ FILE®.mxwl 3PRJ FILE%.mxwl
copy - 3REF FATHR\EPRJ FILEZ.amcp-3PRJ FILEZ.amcp

"C:\Program Files\AnsysEM\AnsysEM16,.0'\Winé4\maxwell.exe" -runscriptandexit 3EXE FILEY -log 3PRJ_FILE®.mxwl

rmdir /s-/q %PRJ_FILER .mxwlresults

111 [

| # | Hide additional options

Delay before start: none
Maximum runtime:  infinite

Maximum in parallel: 1

J|

Cancel

|

Apply

A 4]

Bl

Auto-save behavior:  |No auto-save

[] read mode
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Set it
| Set wtecwel

|
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3 ) AL 5
From DOE  Sampies S6/56 (45 faies)

QUEGSIC Taireloon Mot
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rE.n .
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S
INFUT B _Magw

LA U - Artvd plot
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Oujecsve o Design [iepat) parametees so.10 & FRasponse [outpr] vales. s@. 0
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= |IMme Domain Verification
Critical Net electronics
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PCB Transmlssmn Channels
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PCB Structures
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Parametric results
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IYSa DSO runs multiple designs in
parallel

maxwel_input  who_is._leading LSDSO._prep_solu redistribute_data gate.r wait_gate
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Minimization of the Resonance
Frequency

. Patch divided into "bits"
. Bits turned on and off
“1001010010101” -

..............................................
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Minimization of the Resonance
Frequency

* Resonance Definition: Peak of the Re[Z; ]

« Optimization does not include the location of the
feed point

.........................

e Cases Investigated:
— Symmetry NOT imposed .
— Symmetry imposed in the y-axis bbb
— Two different level of discretization: | =
- 21by 21 w0 el

TR T, PIOEKOR OOReE et 00 PITETOR GTOTONG SRt S|

. 41 by 41
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Symmetry

Symmetric Patch

Asymmetric Patch

November 4, 2015

© 2014 ANSYS, Inc.

48



Animation of Geometric
Solution Convergence

e 21 X 21 Symmetric Patch
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Successful Smart Watch Design Using
ANSYS

Watch Performance on Human Hand

o b 23 |
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