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1. Target: Motivation

Workflow Robust Design Optimization Relay Development — until now

3DCAD Model f FEM-Simulation
/ ) T 4

[Materlal data @}
&= )

: : 4
olerance Simulation Process data Optimization Robustness
" Reliability

Y

- A
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1. Target: Motivation

Workflow Robust Design Optimization Relay Development — Target

3D CAD - Model f FEM-Simulation

/

\
[ Material data }

&= N

olerance Simulation Process data = Opt|m|zat|on Robustness
i = Rellabllltv
CETOLGv: > pT1C : h
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2. Method: Tolerance Simulation — Kinematic Model process data

Kinematic model
CETOL: v

3D CAD - Model GD-Tolerances Comtribution
‘ % -2,18587 mmj/mm
PTC ss.osw O\
Nx ''''''''' 2.17187 mmfrm
P
- 1.18587
Sigma = Z.5413 Mormald 1.24616; 0.01964Y e mimm
DFMU = 11043.7175 13.59 %% 1.04165 mmymm
evield—og.895e 00 4@
- 0251102 mmjmm
12.50 %%

0.247059 mm/mrm

1.1199 1.37242
L L L L L L

0.007003 mm{mm

Measurement : Contribution - Sensitivity
worst-case / statistical
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3. Solution Approach: Process Integration CeTol with optiSLang

= Parametrical System created by Wizard

- p . i o % 5
f.P ANSYS Workbench ASCMO Solver .@'f Calculator 3 Excel % MATLAB *V MOP Solver % 00Calc t? Python
s & T Be e ol evmow

E‘_% Simulation X

s

= Interfaces

‘? ETK

G:l optiSLang 3 C_/V TurboOPT @ ANSYS_Simplorer

Simplorer

@ CETOL_6sigma
cero

Parametrisches System
CETOL_bsigma

= jlw»w»lj

Relais_0501_Haken_Final.cxm cetol_solve report.xml

~—
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3. Solution Approach: Process Integration CeTol with optiSLang

= Parametrical System created by Wizard
Import parameter und tolerances from CeTol *.cxm-file by Input Node

B3 Parametrisches System

Yﬁ
>

b b " AV

-.__)" .‘",;’ ._,‘-"

Relais 0501 Haken Final.cx cetol solve .
Parameter | D fBerech/CeTolfoSL_CeTol/09_01_17/Relais_0501_Haken_Final cxm = Open

| AMKERMM. Ankerkante_links.to_o ~ Inputs

| ANKERO4.Ankerkante_links.to_o Name Value Mean Stddev Inclex =

e | AMKERD4.05L_Anker_unten.to_/ 1 RELAISZBO3REA.. © 0 0.01 ]

e | AMKERD4.0SL_Anker_unten.to_{ 2 RELAISZBOZREA... O 0 0.0 7

o
| AMKERDM. o5L_Anker_unten.to_{ 3 RELAISZBO3REA... D 0 0.01 g

” | AMNKER04.0SL_Ankerkante_rechi
) A RFIAISFRNARFA 0 n nm a . EPHGNIX
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3. Solution Approach: Process Integration CeTol with optiSLang

= Parametrical System created by Wizard
CeTol solver call

B Parametrisches System
) q b ) ) ») g »j
w £ ’ wJf
Relais_0501_Haken_Final.cxm cetol_solve report.xml
¥ cetol_solve - Batch Script 1 | *
Script Process
Import and edit script ™ = Import

1 set -bin_path=D:‘\Sigmetrix\cetolcreoc_S50\bin
2 set-cxum file=Relais_0501_Hzken Finzl.cxm
= "&bin path%\cetoclpro.exe” --nogui -mdl "%cxm file%" --report - -"report.xml™ --template  -"Statistical -.'-‘.eslults"i

. mPH(ENIX
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3. Solution Approach: Process Integration CeTol with optiSLang

= Parametrical System created by Wizard
Import results from CeTol result.xml-file by Output Node

Parametrisches System

11 %
Relals_OSDl_Haken_FlnaI.cxm cetol_solve report.xml
&k reportxml - D:/Berech/CeTol/o5L_CeTol/09_01_17 - cetol_Bsigma_output O X
b cetol_gsigma_output 4 Variables Respanses
(=]
D:/Berech/CeTolfoSL_CeTol/09_01_17freport, xml = Open ) Statel.o5L_NO_Kontaktabsta
Outputs n | State2.o5L_NC_Kontaktabsta
MName Value = | Stated.oSL_OT.MSMResults.[

1 éState1.DSL_NO_KontaId:abstar|d.MSMResults.Distribution.Mean 50.493314

2 Stated.oSL_MNC_Kontaktabstand MSMResults. Distribution.Mean 0.49386

3 State3.o5L_OT.MSMResults. Distribution.Mean 0.0977329 i B
Cutput slots

[ Cro o s 1

. mPH(ENIX
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3. Solution Approach: Process Integration CeTol with optiSLang

= Parametrical System created by Wizard
Parameter modification in parametric system possible

Parametrisches System

‘W’ I"—""—*'Ij

Relais_0501_Haken_Final.cxm cetol_solve report.xml
| sensitivity [m] X
L
Parameter  Startdesigns  Criteria  Dynamicsampling  Other  Result designs
Name Parametertype rencev Constant ra Valuetype Resolution  Range  Rangeplot ~ PDF  Type Mean Sd.Dev. CoV Distributi
1 RELAISZEO3READY.MCAD3 1.0SL_.. Stochastic o O REAL  Continuo.. A NO..0 001 10 0001
2 KISPKO3KERNO3_1.oSL_SKOERPER.. Opt<Stoch. 0  [J REAL Continuo... 05 05 [l A NO.. 0 001  10.0:001
3 KJSPKO3.JOCHO4 1.05L_KERNO3 1.. Stochastic 0 O REAL Continuo... A NO.. 0 0.00666... 10... 0- D.00665¢
4 KJSPKD3.JOCHD4 1.05L_KERNO3 1... Stochastic 0 O REAL Continuo... A NO... 0 0.0833333 10, 0-D.08333:
5 KISPKO2JOCHO4_1.0SLKERNDZ .. Stochastic o O REAL  Continuo.. A NO.. 0 00833333 10.. 0;008333
6 SKOERPERUBAUGRUPPEDZPINOZ.. Opt+Stoch. 0  [] REAL  Continue 05 05 (MM /\ No.o  ooisseey w0 00075
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3. Solution Approach: Process Integration CeTol with optiSLang

= Parametrical System created by Wizard
Python-Node

OUTPUT : NO_Ueberhub
T T

PDF
0 05 1 15 2 25 3 35 4 45
T v T T T

Parameter | Criteria | Other | Resultdesigns |

Name Parameter type Value type Resolution Range Rang@wlc Type Mean Std.Dev.

_In_z_ 0.0166667

¥4 Pinl_zu_Pin2_Abstand_in_z_Joint Opt.+Stoch, -Il- UNIFORM (|

OO LSRRG @ T ¢
12

6 Pin2_zu_Spulenkoerper_Lage_in_z_Joint Opt.+Stoch. Continuo... -...
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3. Solution Approach: Process Integration CeTol with optiSLang

= Parametrical System created by Wizard

Python-Node i
Ll Parametrischas System
Y_ - E S
S emrrrins Relbz_0501_Haken_Fnal.ocm ozlal_zdhve regarl.xmi
. EPHGNIX
CONTACT
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4. Example: Tolerance Optimization Relay

= Optimization objectives 1: Contact Gap NO=0,25mm

OOU D RGO E
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4. Example: Tolerance Optimization Relay

= Optimization objectives 1: Contact Gap NO=0,25mm

g RELAISZBO3READY, 1 <State1>
gKJSFKOS, late1>
8 gsxomm IBAUGRUPPEOZ.1 <State1>

ol

rmo:\ 1

Jocmu 1 NC_| rssmommx

00 ERSFAT O ¢
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4. Example: Tolerance Optimization Relay

= Optimization objectives 2: Overtravel NO=0,25mm

Constralnt: _— o (S cEmEBAGRURE2 1 Sl
Contact Gap NC > 0,2mm L

00U ERSFAT O ¢
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4. Example: Tolerance Optimization Relay

= Results from Sensitivity Analysis

D EA OT KA_NO
-+
Relais_0 !-iﬂi_Haken-_-Final.cm'l -oetol_sol\t.e- - re-port.)m'.ll- MOP (1) MOP Solver
Posmroces;ing (1
Sensitivity Analysis: CeTol vs. optiSLang Optimization based on MoP
. mPHGNIX
Tobias Helle: Tolerance Analysis with CeTol and optiSLang — WOST 2017 CONTACT
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4. Example: Tolerance Optimization Relay

= MoP from Sensitivity Analysis
CoP =~ 100%

E= Sensitivity EA OT KA_NO

4 Response surface 3D plot (=5 ECR )

MOP generated Linear Regression of No%ueberhun

Ja Coefficient of Prognosis = 98

S : / . A

e,

MOP Solver Postprocessing (2)

|

Relais_0501_Haker

Postprocessing (1)

NO_Ueberhub

R Mg
e

© O G (e
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4. Example: Tolerance Optimization Relay

= Settings
;_ Sensitivity
=7 | b » [ »> 7] 4
Relais_050 1_|—-|;ken_FinaI.cxm | e |'ep;;1.xml MCP (1) MOP Solver Postprocessing (2)
&\ J
Pc-stprc--;e.ssil'lg (0
Criteria
Mame Type Expression Criterion  Limit
I OT ohj Objective abs(State3.o5L_OT.MSMResults. Distribution.Mean-0.25) MIMN
I KA_NO_obj Objective  abs(Statel.oSL_NO_Kontakitabstand.MSMResults.Distribution.Mean-0.25) MIN
W KA _NC_min Constraint State2.oSL_MC_Kontaktabstand.MSMResults. Distribution.Mean = 0.2

Tobias Helle: Tolerance Analysis with CeTol and optiSLang — WOST 2017
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4. Example: Tolerance Optimization Relay

= Serial Robust — Design Optimization

b Sensitivity »

RYZIL"
.,*."

Relais_0501_Haken_Final.cxm

» [ »’ L - » v !

cetol_solve report.xml

Best Design #6

6

Number %f Parameter

0 20 40 60 80 100
Relative Size to Parameter Bounds [%]

Tobias Helle: Tolerance Analysis with CeTol and optiSLang — WOST 2017

MOP (1)
&

ponse

Number <2>f Res|

Ip_ﬂ . 0 @_

Posh:mcesmng i3]

Response Data: (Best Design #6)

s

NO_Kontaktabstand
o 0.254514

 NC_Kontaktabstand |
| 0260753

60
Retatlve Size to Response Range [%]
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4. Example: Tolerance Optimization Relay

= Serial Robust — Design Optimization 2nd Iteration

»
; > N " K
’D—D ’D—D d
-__ o
Q -0 MOP (3)
Relais_{ (1501 Haken_Final.ccm cetnl sulve reportxrrl
’ m
u._@op
Postprocessing
OUTPUT : NO_Kontaktabstand OUTPUT : NC_Kontaktabstand OUTPUT : NO_Ueberhub

15 20

PDF
10

~—— Fitted PDF - NORMAL
difll; Histogram ‘

Safety Limit
T

~—— Fitted PDF - LOGNORMAL
dillls Histogram ’ —

Safety Limit | N
T Falluq Lmit

—— —= =
0.18 0.2 0.22 0.24 0.26
OUTPUT : NO_Ueberhub

o0& [ﬂEB'E'}Ec’F

028 03 028 03
OUTPUT : NO_Kontaktabstand OUTPUT : NC_Kontaktabstand
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4. Example: Tolerance Optimization Relay

= Nested Robust Design Optimierung

= Evaluation of robustness of results in

every optimization step
o

KA_NO_obj OT_ohj Ka_NC_min KA_NO_min
1179216 0.362104 0.0950478 > 0.2 0.0707837 = 0.2
1166902 0.304132 01143432 0.2 0.08309752 0.2
114813 0.328536 01364372 0.2 0.101872 0.2
10127491 00253343 02369662 0.2 02372512 0.2
1025131 0.0909772 027179202 02751312 0.2
10244255 0.0184677 022624202 02255753 0.2

1P

Name
! OT_obj
! KA_NO_obj

« OT_min

« KA_NO_min
« KA_NC_min

new

Type Expression
Objective abs(State3.05L_OT.MSMResults.Distribution.Mean-0.25)

Objective abs(Statel.o5L_NO_Kontaktabstand.MSMResults. Distribution.Mean-0.25) MIN

Constraint State3.05L_OT.MSMResults.Distribution.Mean
Constraint Statel.05L_NO_Kontaktabstand. MSMResults. Distribution.Mean

Constraint State2.0SL_NC_Kontaktabstand.MSMResults. Distribution.Mean

Criterion  Limit.
MM

Voo v

0.2

0.2

0.2

0.152267

0.243814

0.0977329 = 0.2

0.493814 = 0.2

0.49386 = 0.2

Evaluzted expression

Relais_0501_Haken_Final.cxm

Tobias Helle: Tolerance Analysis with CeTol and optiSLang — WOST 2017
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cetol_solve report. xml

T
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OT_min
0.612104 > 0.2

0.554132 = 0.2
0.578536 = 0.2
0.224666 = 0.2
0.159023 = 0.2

0.231532 = 0.2
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5. Outlook: Next steps

= [mprovement of design process due to automated geometrical modelling

= Apply Excel-MOP of tolerance model for manufacturing

= Link between geometrical conditions of CeTol-Kinematic model and
ANSYS FEM-Model (deformed springs)

@ @ LlesNaa
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