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Agenda

» [ntroduction

Motivation for parametric variations

Parametric workflow in ANSYS

Manual variation

Systematic variation using optiSLang for ANSYS

= Typical Questions

= Efficient performance of extensive design variation
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Motivation for parametric variation
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Motivation

» Understand a Design

» Match Tests and Simulation
= System Behavior

» Design Improvement

» Safe Designs

optiSLang

CADFEM



Understandig alternative design

= Which designs will appear?

» What is the performance of each design?
» What causes the differencies?

» Which is the best one?

2- CADFEM



Understand a Design

)

PLEASE DO NOT USE
NOISY BRAKES
IN TONN AREA )&

Design
Part Assembly
Brake Pressure

Which one is most important?
Is a larger value better or a

Friction
. Q smaller value?
Material )

Manufacturing
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B

Engineering a Design

Input of engineers Input is based on design
defines a final design evaluations and results
-4 -
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Benefits of a parametric design variation

= Get the most significant parameters.

= Check correlations.

Estimate numerical noise.

Determine difficulties in extracting results.

Estimate numerical stability.

Check your geometrical validity.

» Check potential design improvement.

CADFEM



Design Improvement
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Design Improvement

= Define improvement goals

= |nsert constraints to fulfill additional
conditions

L CADFEM



Improve conflicting properties

= Somehow conflicting requirements occur.
» Find a compromise for two (or even more) different requirements.

» Classical” example: minimize the volume (costs) and stress ensuring
the performance.

Where is my best
compromise ?

Possible
designs

stress @
8- CADFEM



Improve conflicting properties
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B
» Taking the design out of a set, that fits the demands best.

= Chose yourself, which suits more:
= Can | improve A with no setback of B?

= How do | find the best compromise for all properties?

-9-
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Dealing with tolerances

/

Uncertainties

CADFEM



Dealing with tolerances

1,2

o R PR I e i
Ll 1 L

» How does my product react when tolerances occur?
» How safe is my product?

- CADFEM



Matching simulation
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my simulation with tests?

= Ho can | verify my simulation with tests?
= How can | match the result of

CADFEM



Matching simulation and test

Connector Thermally Conductive Adhesive PG-LQFP

Housing Cover Housing Base Plate Sealing

: . o : —M t
Geometry of entire ECU used in the mechanical simulation PCB Piece of " Simulation |

Temperature (*C)

0 900 1800 2700 3600

Time (sec)
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System Simulation

System Behavior

1NdNI
1NdL1NoO

\ /

. Behavior Model

2 @ Engineering Data v o m 2 & EngineerngDatz B2 & EngineeringData
3 i ceometry W R 3 () Geometry v B3 () ceometry ~
4 @ Model M4 G Model v ——M4 @ Model v
5 @ sewp J‘—/cs @ senp /‘—,/—IS [ v 4
6 Salution v & Solution v o 6 @3 Solution v
7 @ Resdlts v o4 7 @ Results v o4 7 @ Results v 4
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Multiphysics simulation based on system coupling

= Dynamic interaction of multiple components in a system
= Nonlinear components - Nonlinear Characteristics
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Model Reduction for Nonlinear Components

= Transfer function as characterization

» n simulatios (DoE)

= Extract the relation from design
variables to results as behavior model

= optiSLang
= Automatic verification and adjustment

of the behavior model
for high comfort and safety

= High efficiency and accuracy by
optimal design samples

» Implementation in system simulation

(Simplorer, Matlab)
as table or C-Code

ue_Over_Time

aximum_Val

aximum_M

o
N]

Pressure M
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Behind optiSLang — C'NONC'o

= Software
= optiSLang
= mutiPlas
= Statistics on Structures

= Consulting

= Sensitivity, Optimization, Robust
Design

» Classroom and individual Trainings

= WOSD — Weimar Optimization and
Stochastic Days

= >70 attendees
= >20 talks

-17 -

multiPlas: material models for masonry, soil, rock, sand,
concrete, reinforced concrete, steel, wood, mortar and stone

CADFEM



s 2t (K] -} - {ull-{F)

X |
mrrwARE AND SERVICES

\

Understand Your Design
Parametric Workflow in ANSYS
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Multiphysics Analysis of an Electric-Thermal Actuator

= Mirror actuator in a DLP projector
» Electric field & Joule heating
» Thermal strain and deformation

Thermal Actuator

Array of Thermal Ac e o

1- CADFEM




The ANSYS Workbench philosophy:

= Multiphysics in one environment by coupling of simulation systems

» Parametric persitency for all included simulations

i Geometry
2 w Geometry
= 3 I:}l:r_«‘ Parameters

Geometry

2} Thermal-Electric (ANSYS)

- &

-3 N
il = Static Structural (ANSYS)

| [pd Parameter Set

W ‘\i 2 @ Engineering Data v g2 @ Engineering Data
3 @ Geometry W g H:3 @ Geometry
4@ Model v g——W4 @ Model
5 |8 setup \ v ‘/—-5 8 setup
6 |§F Solution v 4 6 |§F Solution
7 @ Results ¥ 4 7 @ Results
=8 [}PTJ Parameters r =8 [}PTJ Parame
Thermal-Elegtric (ANEYS) ‘ Static Ztructural (ANZYS)
A B o D
N\ D Parameter Name // Value Unit
2 \ E InputParameters /
3 = Q Geometry|(a1) /
4 \ f}p Pi armlaenge / 30
5 b P2 armbreite /' 5
6 B @) ThermalElkctric (4i5v5) B1) /
7 T Volm)zé 2 Magnitude 0.1 v =
* I:’p Mew input paramefer I‘-l;{name New expression
9 Bl Output Parameters
10 B Eal Static Structural (fNSYS) (C1)
1 pd P3 /| Total Deformation Maximum | 00001359 m
12 B (1 Thermal-Electric (hNSYS) B1)
13 pd P4 Temperature Maximum 213.03 C
3 p_J MNew output parameter New expression
15 Charts
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Thermal-electric Actuator
= Silizium
» Thermal-electric analysis for joule
heating
= 0.1 VonPins

= Convection 11W/m2K on actuator
= 22° 0on Pins

= Parametric persistency
= From electric-thermal to structural FEA
= Understand variation -
= of Voltage, Length, Thickness
= on Temperature, Deformation

OUTPUT: Temperature_Maximum QUTPUT: Total_Deformation_Maximum

PDF
1000 2000 3000 4000 5000

o
0.5

o
100 150 200 250 300 350 400 450 . 1 1.5 2 2.5 3 3.5
Ol ximum OUTPUT: Total_Deformation_Maximum [1le-4]

UTPUT: Temperature_Ma: u

3 CADFEM



Where to get the parameters

Boundaries

Project
. - Model (B4)
Overview of all ety

‘/,-j?‘._ Coordinate Systems

parameters in the B comcon

param ete r Set = _//B Static Structural (B5)

el Analysis Settings
[

Parameter Manager

D% Thickness = 3
D5 _Depth = 7.10989154673395
D% _Width = 186.1648377701009
|05 _Laengel = 68.4303673569358
D5_LaengeZ = 68.4395673869356
D% _Radius = 32.2571405392453

8 < ° & B6)

1 ) Parameter Name Walue Unit. . o -
2 |3 Inout Parometers Details of "Force
3 ;’p PL DS5_Thickness 3 — SCIJDE
4 b Pz D3_Depth 7.1009
s e o5 bk 12165 Scoping Method | Geometry Selection
& b P D5_Laengel 8,94
7 [ DS_Laenge2 6844 Geametry 1 Face
8 — L | Definition
B T Newinpu paamerer | Newrane e expression

ANSYS :
1 Pl P4 Total Deformation Maximum | 10,614 o ine By Vector
12 plPS Solid Mass 0.0078167 tonne .

AP D L - T agritude | 223, M (ramped)

qwe [ [ | | Ireckion Click tor Change

Suppressed Mo

-4 -

S et Material properties
ﬁ.\ Elementgrife -
2. /2 Gratisch-mechanic i Yoe | mk |d
4 oensity 7850 kgm~-3
%3 Coefficient of Thermal Expansion
- Definition ® © Silnear lsotropic Hardening O z I‘ F'-I'I-EI":."SE n;' 4
" . ® F4 Alernating Stress Mean Stress = 1abular ]
Unterdriickt Mein T3 strain-Life Parameters ] MiErDSDFt DI:I;II:E EXEEI
Elementgriife T3 Tensile vield Strength 256408 Pa OO0
lementgrifie |3, mm T8 cCompressive Vield Strength z5EH0E | Pa (]
erhalken Flexibel T3 Tensie Ultimate Strength 4,6E+08 Pa (|
%3 compressive Ulimate Strength 0 Pa |
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CAD-Model Variation

» Judge design alternatives in shape and sizing

Bidirectional CAD interfaces
working with parametric
CAD models build the basis

5- CADFEM



Which CAD system provides parametric interfaces?

ANSYS DesignModeler

Q5

CATIA VS
P

CATIA

ANSYS SpaceClaim Direct Modeler

B\l SPACECLAIM

NX

‘NX

Autodesk Inventor
Autodesk

Solid Edge

a4

SoLip EDGE

Creo Parametric (fruher ProE)

Pro/ENGINEER

Solid Works

P
SolidWorks

CADFEM



CAD Parameters

= Create some parameters in your CAD System (Here: Pro/E)

- 3]

x}"'-h[

Datei  Editieren  Einflgen Parameter Dienstprogramme  Zeigen

Suchen in

Hps
®

x &7 J00.

[ S Y B2~

sd2=D5_HOCH !
—
=
%
75N
)
w Lokale Parameter 5\"5 ]
Filtern nach | Alle v| i
Mame Tep et Zugriff Quelle Eeschreib... Ein v
MODELE... Zeichenk. .. E'g.'-\fo" - Benutzer... b b 4

DS_EREIT le Zahl 50.000000 E'gp\io" - Benutzer...

D5_HOCH Reflle Zahl 1234.000.. E'g,'-\foll - Benutzer...

Ok Zurlickzetzen Abbrechen

7- CADFEM



Use the SpaceClaim Direct Modeler

= Easy parametrization of ,static* geometry files (STEP, Parasolid) in SCDM

BEd9-¢--

Konstruktion Detail

J,fGruppeerstellen \Ig‘Léschen

Gruppen anzeigen in: Basisteil

I—E & ﬂStartansicht - 7 Drehen -

Anzeige Messen

Space_Claim_Para - ANSYS SpaceClaim Direct Modeler

Reparieren “orbereiten Blech

NBOYTTIXRN H k @ if; @‘@

Sy Verschichen [w} O™ e A8 B

B Draufsicht
Einfiigen et .
@ - &5 QZoom v
Zwischenablage Ausrichten
Gruppen

Name
E}.rf/ Fiihrende BemzBRungen
.. &5 DS_Radius

Typ

Linezrbemalung:
15mm

_‘Stru et r[ La‘,'er-lAus wahl HGru ppen "Ans ichten

Oiptionen - Ziehen
@? Optionen zum Zichen

. W gl

Versatz beib

Oberflachen

n

(A]

qp Hinzufiigen == Ausschneiden @ Kein Zusammenfiihr

< Ziehmodus
Vel W

Eigenschaften

] Eigenschaften |parsteliu ng

Skizzieren Modus Bearbeiten

1 Kante strecken

¥

2

ghlen | Ziehen| Verschieb Fiillen Kombinieren
loN0] "D ﬁ éf # @l - @ E%F’rojlzwerm

IZI @I

{

Baugruppe ‘

R

S —

m

J < | [

UaSpaue_Clﬂ'm_Pﬂa‘ x l@Konstruktlcn'l' )

1 Kante strecken

| F{adlus=10mm‘ O ._%J -

SQ- 2 =
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Parametric Material Modeling

1.00E+05

= Material Parameters often i
application specific £
= Damping s
= Friction -
= Stiffness =
= Yield point e e s = meE B W W B =
= Failure

= |dentification of relevant parameters
by systematic variation

Source: Microconsult Engineering

9- CADFEM



MS Excel

You have geometric conditions
that have to be pre-calculated?

You have your own result evaluation
routines?

You want to do additional postprocessing

regarding external criteria?

v

1 _ Geometrie 1

Geometrie ‘—\.2 @ materialdaten
Geometrie 3 @ Geometrie

2@

A v

4 @ Model

S @ setwp

6 iﬁLoesu\g
7 @ Ergebnisse
8 (53 Parameter

Statisch-mechanische Analyse

- C \
: BT

2 | analysis 7 4
>3 (53 Parameter +

\ Nachweis >

(pJ Parametersatz

Use and link MS Excel for additional pre- and postprocessing!

Cutline af

.

Input

—
=

Outpuk

= E_ﬁ Setup

B @%] nachweis.xlsx

(b WB_Moment_Z

WE_Mornenk_Y

(b WB_Moment ¥

(b WE Kraft 7

b WE_Kraft v

LY o O Y o Y I W O )
5

(b WB Kraft

O0OOO @ o

—
]

pd WE_auslastungsgrad [

A 8 c o E £ s "
- s 3 [s 1| 998 g 3 P 0 g a2 P
W schutin X schub in ¥ 79PN g gung a1 P00 i un 2|77

' J K L " n
FAT Klaap [ MS12310055
arad
i ]

emau Prifen

e gemrsle FAT Klzssa

Geamstrisdaten srsetzen

Beanspuchungsgruppe andem

fits

1
2 |Narme
3 |Grundplatis s Domo-1
4 [Geometrie P N v IRy N s (RS rw“ car
5 st 1 Woment [ EY NHI!BN | 625 | 113 0enm] 1638 % B
6 [Spanmg v TuEa] s anwe| EERT LT | o0
7 |Grundplatte Bis Dom 5.1
& [Geomeine 8 ] 8 rin ] 8 mne] PN 1570 mrn] 350 ¥ AT
a 154 1| 1243 1 11871 W 5565 Hrm| 15153 M| 1686 . mm| B6
0 (G 4 14l 35 \iP] 1213 =3 100
11 [G 5
12 266 me?| 360 e’ 28 mn] 240 rreny 1570 mive] J020 ram FAT
13 123 Nf STTH 77| 23372 Hrom| 87558 | 137 BE
1 A a] TTaPa] 2 1) 13 APa| Ell T 100
15 L5
1B [Geometrie 268 o] 28 ] 268 m] Za0C o] 1570 EERTTIG AT
A7 [Fraft  Moment 107 nf ELEN 6550 1| 2607 Hewm]” F1310 e AT3F N nm 06
18 [Spannumg 1P = ) R T R ) T o0
19 |Grundplatte Bis Dom 34
20 [Geomeirie 0 ma] 268 m] 260 _mn| 280 1570 mv?] 3320 ] FAT
21 [Kraft / Moment 144 1) IEEI 12891 M| 52761 Mrun| 20731 M 138 % i) 86
22 [Spannumg MPa 1 WPl EITE 43 MDal 33 Pl 13 M [ 100
25 [Grundplatie Bia Dam 31
24 [Gaomerie S| 28 o] S| 20 o] S0 390 rur] .
25 [Fraft Moment 144 ] [EET RPN S0 Mrwn | 90731 B | IEERYT B6
26 [Spannumg MFa 1 =3 FEER 45 M=) 33 R3] 13 M=) GIER 100
20 [Grundplane B3 Dam23
25 [Gaomelrie M6 | 28 ] i mn| 24N ] 1570 mn?| 3320 nm’ AT
29 |Kraft # Moment 1324 Nf Bl 6765 H| 18066 Hrore| 52589 Nerm) 258 % mm B6.
30 |Spannumg MPa 5 NP3 PR 23 14Pal 33 1P [XGF 100
B N I T N i 1 = T At
B 11— 68 N T7547 | B8 team] 365 B
= el 21 el 17 Pl 41 1P Tz 00
A i 58 mnd] B 1570 ] FAT
1347 N 1234 N[ 25070 Hrwe| 7260 M| BE
annumg YPa cwea|  ssweal 103 wPy St 00
om 6 1 Bis Deckplatto
ecmetre e O T = N - s W - AT
saft  Moment 122 ] 1347 1| 42344 W] 2EAED Mraen| 7260 | 86
ann. 0 M5 £ 1dFal 4 M4l 113 41Pal 5P| 100
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Fully Automated Simulation Workflows in APDL

= Example: Spring simulation at Muhr
und Bender

= Complete workflow

= Geometry modeling

= Loads

= Simulation

= Result calculation

» Classic model setup by ANSYS

Parametric Design Language APDL
= Text file drives workflow

= Numbers in text files can
be set as parameters

- CADFEM



Fully Automated Simulation Workflows in APDL

» Each parameter that is created by name=.., *get,.. or *set,.. in an APDL
Makro can be transfered to the parameter set.

spin=lo
A A hd B hd C Axspin=50000
i M Geometry " Mechanical Model 1 m Mechanical APDL pn

= *dn,i,l,nsﬁﬁn

2 W Geometry ‘—\—.2 Q Engineeting Data « 4 2 SF'INC'.I:] _ l.':'l —lj“‘SDDOO;’(nsp’m—l]
> 5 |[pd Parameters 3 0 Geometry v 4 —3 |[pd Parameters *enddo
GEometry * @ Mosd - Mechanical AFDL M || Change element type to 272 axisymm
—=5 |[5d Parameters
Mechanical Model esel » 5, 2Nam, , 200
et,l1,272,,3

SECT, 1, A%IS
SECDATA,L,0,0,0,1,0,0

emodif, all, type,1
. emodif,all,sect,1
emodif, all,mat,1

| [’pj Parameter et

IMNAxIS
ALLSEL,ALL

JCom, create springs and fix ends
et,l100, combizl4,,1

r, 100, bestif

type,l00

=0 B ATt
- et, nmax, node, 0, count
Cl [N

12- CADFEM
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Manual Variation
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Understand your Design

Example: Notch

q= Which parameter
chad =7 shall be taken for
thck I1=5 | o0
cthek = 3 a manual variation”

thck = 8
nthck = 0.42
nRad =1
blend = 10

CADFEM



Understand your Design

Example: Notch

= Take 1 Parameter: Thickness (thck) and vary it between 5 and 9
" The evaluation of the results is quite simple.
= Just use two graphs in Excel.

Stress
150
Thck Stress Mass <>\

130
5 141.6 0.0239 \
6 107.34 0.0258 110 g
7 91.2 0.0277 90 \e\

= = ‘\0
8 815 0.0298 70
50 T
9 75 0.032 . : 7 . .
Mass
0.035
/.
0.03 ||
/
| |
—

0.025 & =

0.02

0.015

ST CADFEM



Example: Notch

= 2nd parameter: cThck, variation: 2 ... 3.5
= \WWhich combination to create?

Understand your Design

= 3 Designs per Parameter (low-mid-high): 23 = 8 designs.

" Check the effect.

= Taken the right parameter?

cThck
2
2
2
2.75
2.75
2.75
3.5
3.5
3.5

Thck
5

© N o1 © N o1 ©o N

Stress

127.9
95.1
82.1

135.4
91.9
76.9

181.4
96.5
74.5

Mass

0.0176
0.0213
0.0255
0.0223
0.0260
0.0303
0.0274
0.0311
0.0354

CADFEM



Understand your Design

Manual variations

= All 7 parameters: 37 = 2187 designs!
= Do you want to set this up manually?

= Can you ensure that all designs can be regenerated?
= [nformation useful?

I ’ ® 95
®
@ -2
< < 1
® ® @®
® ®0
) -1
.il"_'“"""" —_ . ‘\‘ ,
_3_2 ‘\ ® \\\. 3
-1 e
01;.____ — 90 1 -2 -3
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Understand your Design

F!

OUTPUT:

0

Manual variation: normally 3 designs (low-mid-high)

Failed design: loss of large amount of information

Stochastic sampling:

* No loss of information, best representation of variation space!

L L L L
1 1.5 2 2.5 3
INPUT: x3

Y

OUTPUT:

0 2
T T

-2

-4
s [0 SOTPIIITRNe & @ |

1
-0.5

1
0

|
0.5

1 1
INPUT: x3

1
.5

1
2

|
2.5

I
3

CADFEM



Understand your Design

Manual vs automatic sampling

» User friendly software will
assist you in sampling and

calculating designs Evaluate

your

.
“Fill model: R3=" 53 5 d esl g ns
INPUT. St;eg/i(grenze
..\
INPUT: La,
X v hd =
g = Geomety |
2 @ Geometry %
>3 [pd Parameters
Compressor Example

INPUT: Blechdick
279 €

nderstand
the
correlations
b D

~
/4
> Automatic
¥ design

 Parameter st ~ generation

by courtesy of BFAV\'NAR

3 @ solution
4 @ Results
>5 [ [pd Parameters
CFX




Understand your Design

The automatic sampling

1

notch—=Static Structural (A5)

-7- CADFEM
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Systematic variation using
optiSLang inside Workbench
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Understand your Design

Example: Notch

Parametrization

force= const. 1000N
cylinder_radius =7 (5-8)
thickening_length =5 (2-6)
cylinder_thickness = 3 (2-3.5)
thickening_thickness = 8 (5-9)
notch_thickness = 0.42 (0.3-0.5)
notch_radius =1 (0.6-1.2)
ausrundung = 10 (4-12)

Design Improvement goal:
* Minimize the deformation and the mass.
* The stress should not exceed 140 MPa.

CADFEM



Understand your Design

Content

= Systematic variation using optiSLang inside Workbench
= Get a better understanding for the model behaviour
* [mprove your design
= Dealing with tolerances
= Examples
= Sensitivity Analysis and Design Improvement of a notch

-2- CADFEM



Understand your Design

Get a better understanding for
the model behavior.

CADFEM



Understand your Design

The developed modules Sensitivity, Optimization and
Robustness provide user friendly wizards for each task

: ew pen... = Save &l Save As... mport... | @ Reconnec efresh Proje 7 ate Proje esume  #F =} esign Poin rojec ompa ode optiPlug...
N Q IHS Save A I t R t & Refresh Project # Update Project R ## Update All D Paints Py it C ct Maod P

| B Analysis Systems |

i DesianAssessment 1

@ Electric il 2

!E Explicit Dynamics i 3

& Fluid Flow (CFX) 2 [P analysis vy .
Fluid FI FLUEMN

& FluidFlow( i 3 |[F] Parameters

{i¥ HarmaonicResponse
83 LinearBuckling Microsaft Office Bxcel
Magnetostatic
0 Mawwell 2D
BE Maxwell 30
“_i Modal |[‘|ﬂ Parameter Set
fifj RandomVibration
m Response Spectrum
% Rigid Dynamic

& RMxprt

@ Shape Optimization hd z hd e hd 2

& Static Structural il 7 sensitvity ! !

) steady-State Thermal 2 B parameters v 2 |[P)] Parameters v 4 2 PN parameters '

@) Thermal-Electric 3 [0 criteria v 3 || criteria v 3 0 criteia v

& et e UL edlile UL e

Component Systems 3 |l Mop v 4 3 | Results v 4 SLMDP.;‘!‘\.
Custom Systems § I/ Results v 4 Optimization EA GE‘REME ........ ?‘
Design Explaration Sensitivity Robustness
optiSLang

Robustness

=

A Optimization
-

B

Sensitivity
: TR X

CADFEM



Understand your Design

How it Works

M\ bike_shaft - Workbench
File FEdit View Tools Units Help

_IMNew [5Open... |l Save (&l save As... | o 1Import..
0%

| B Analysis Systems

Design Assessment
Electric
Bxplicit Dynamics

I

R

]

Harmonic Response

Linear Buckling

Linear Buckling (Samcef) (Beta)
Magnetostatic

Modal

Modal (ABAQUS)(Beta)

Modal (NASTRAN)(Beta)
Modal (Samcef)

Random Vibration

Response Spectum

Rigid Dynamis

Shape Optimization (Beta)

Static Structural

Static Structural (ABAQUS) (Beta)
Static Structural (Samcef)
Steady-State Thermal

Steady-State Thermal (ABAQUS) (Beta)
Steady-State Thermal (Samcef) (Beta)
Thermal-Electric

Transient Structural

% Transient Structural (ABAQUS) (Beta)
% Transient Structural (Samcef) (Beta)
E Transient Thermal

!:.5 Transient Thermal (ABAQUS) (Beta)
!E Transient Thermal (Samcef) (Beta)

SECEEEEONAEEEEEE

Component Systems

Custom Systems

Design Exploration

B optiSLang

! Optimization
% Robustness

¥ Sensitivity

| T View Al / Cu

Messages

: Updating the ARSM companentin Opt\mizatiM

Pr

| -« Reconnect ¥ Refresh Project

Update Project

j Resume

Update All Design Points ‘ (3 Project G Compact Mode

2| ) ceometry v 2 | EngneeringData 4
=3 rP:‘ Parameters 3 @ Geometry v 4
Geometry 4 ﬁ Model v 4
5 @ seup v o
] Solution 7 4
7 |@ Results 7 4
8 (52 Parameters
Static Structural
|['p:| Parameter Set
- s hd D
2 | £y Parameter " 4 2| £y Parameter v o,
3 | he criteria v o4 3 | Iw criteria v .
4| % DoE v o4 A 7 .
5 MoP v o P .
6| v mization ARSM

. optiPlug. ..

Drag and Drop

optiSLang inside
Workbench modules
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Understand your Design

How it Works

I\ bike_shaft - Workbench
File Edit View Tools Units Help

_]New — Open... = Save (&l Save As... | ,g.]Import.. |s-.aReconnect 2 Refresh Project Update Project ' Resume Upds
cax B c

|E| Analysis Systems |

Design Assessmant

Electric A

!B Bxplicit Dynamics 1

Y HarmonicResponse 2 i) ceometry 2 @ EngnesringData v
Li Buckli

B Inearbuckling —= 3 PP_J Parameters 3 @ Geometry v 4

a Linear Buckling (Samcef) (Beta)
Magnetostatic Geometry ¢ | @ node v
Modal 5 @ setup v .
Madal (ABAQUS)(Beta) 3 Solution F o4
Modal (NASTRAN)(Beta) 7 @ Results Fd

-

Modal (Samcef)
Random Vibration
Response Spectum Static Structural
Rigid Dynamis

Shape Optimization (Beta)

Static Structural

Static Structural (ABAQUS) (Beta)
Static Structural {Samcef)
Steady-State Thermal

Steady-State Thermal (ABAQUS) (Beta)
Steady-State Thermal (Samcef) (Beta)

8 |[F3 Parameters

| [pd Parameter Set

[
o
w
[
tm
uy
&
]
&
@
@
o
T
7]

£ Parameter set

MName
1 cut_wall_thickn...
2 radius_pedal

3 outer_thickness

4 inner_thickness

5 th_red_pedal

o

inner_radius

7 sections

8 thickness

9 cut_wall_thickn...

10 cut_depth

13 cut_depth_pedal

11 pedal_thickness...

12 pedal_thickness...

Parameter type

Deterministic

Deterministic

Deterministic

Deterministic

Deterministic

Deterministic

Deterministic

Deterministic

Deterministic

Deterministic

Deterministic

Deterministic

Deterministic

Reference value

4

05

15

15

10

16

Resolution

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Discrete

Continuous

Continuous

Continuous

Continuous

Continuous

Continuous

Constant

7] non const
[”] non const
7] non const
[”] non const
7] non const

[”] non const

const

[”] non const
7] non const
[”] non const
7] non const
[”] non const

7] non const

0.25

10

456

15

18

12

Range

0.J5

10

10

14

Range plot

Use design as reference ~

OK

J [Lconcel | [ _aenly |

Thermal-Electric v A o

{ Transient Structural 1 1
@ Transient Structural (ABAQUS) (Beta) 2| &) Parameter o 2 | E) Parameter v
@ Transient Structural (Samcef) (Beta) 3| Criteria v . 3| Criteria v .
!E Trans?ent'l'hermal 4 % oo v AF T 7
!E Transient Thermal (ABAQUS) (Beta) 4 - 4
!T_E Transient Thermal (Samcef) (Beta) 5| % MoP v 4 5| W Results F oL
Component Systems 6 | 7 Results v 4 Optimization AR
Custom Systems Sensitivity
Design Exploration
B optiSLang

! Optimization
% Robustness

P Sensitivity

| T View Al / Customize. ..

Messages

Define your parameter
variation and criteria in a

wizard

: Updating the ARSM companentin Optimization ARSM
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Understand your Design

Example: Notch

CAD Parametrization in ANSYS DesignModeler

0.000 15.000 30.000 (mm)
I ..

7.500 22500

CADFEM



Understand your Design

Example: Notch

Reference Results

0.0052109
0.0035708
0.0019307 Min

0.61722 Min

0,000 15.000 30,000 {mm)
]
7.500 22,500

CADFEM



Understand your Design

Example: Notch

Drag & Drop a new sensitivity analysis in ANSYS

I\ spannhuelse - Workbench

File  Edit View Tools Units Extensions Help

LIMew [ Open... (& save [El save As... |ﬁ]1mport... |v-.. Reconnect j& Refresh Project +F Update Project
Project Schematic

Analysis Systems

Component Systems

-

—

I8 = Static Structural

2 Q Engineering Data " 4
3

4

Design Bxploration

Custom Systems
=

optiSLang
I Optimization @ Geometry v 4
B Robustness @ Model v .
[3 Sensitivity 5 | @8 setup v .
] 6 Solution v 4
¥ @ Results v 4

= 8 Pp:‘ Parameters T
Model, Static Structural

| [pd Parameter Set |

> I Create standalone system |

CADFEM



Understand your Design

Example: Notch

The Wizard opens to insert the given parameter variations.

% Sensitivity
Parameter | Start designs I Criteria | Dynamic sampling | Other | Result designs |
Mame Parameter type  Reference value Constant Resolution Range Range plot PDF Type Mean

1 Force Magnitude Det+Stoch 1000 Continuous 900 1100 UNIFORM 1000

2 cylinder_radius  Det+Stoch 7 E Continuous 5 g s UNIFORM 7

3 thickening_len... Det+Stoch 5 E Continuous 2 6 s UNIFORM 5

4 cylinder_thickn... Det+Stoch 3 E Continuous 2 35 s UNIFORM 3

5 thickening_thic... Det+Stoch g E Continuous 5 g s UNIFORM ]

6 notch_thickness  Det+Stoch 042 E Continuous 03 05 s UNIFORM 042

7 notch_radius Det+Stach 1 E Continuous 06 12 s UNIFORM 1

8 ausrundung Det+ Stach 10 [l Continuous 4 12 s UNIFORM 10

4| 1 3
Import parameter -

P Show additional options

0K ][ Cancel ” Apply ]

CADFEM



Understand your Design

Example: Notch

A number of samples to calculate of 50 should be enough!
% Sensitivity

| Parameter | Start designs I Criteria Dryniamic sampling | Other | Result designs
Dynamic sampling

Sampling Type: [ndvanced Latin Hypercube Sampling (ALHS) -

Mumber of samples: | 50|

P Show additional options [ 0K ] [ Cancel ] [ Apply

CADFEM



Understand your Design

Example: Notch

The post-processing gives you an overview over all sensitivity results

¢! STATISTICS  Project: Di/Infotag_Verstehen_Sie Thr_Design/Beispiele_zum_Zeigen/Huelse/Spannhuelse_sensi.opd\Sensitivity DOE\Sensitivity DOE_osi2.bin  File: Sensitivity DOE_osl3.bin =~ | = || B |[x23]
File Show Modify Window Help

g X N Linear correlation matrix A @ O |A Histogram: first variable i B S I:I| |A Coefficients i I:I|

OUTPUT: Equivalent Slress Maxi vs. QUTRUT: Equivalent 5... OUTPUT: Equivalent_Stress_Maximum Coefficient of Importance (Iigﬂ;a&%

full model: adjusted R2 =
T T T T T
[ Update data ] =] INPUT: a%s%ndung
1. Parameter, Response @ o INPUT: notch_radius d
- - Qoo 0%
[OUTPUT: Equivalent_Stress_Maximum - ] g o -
a ] INPUT: notch_thickness
E £ 0%
2. Parameter, Response - %v INPUT: cylin%e;;thickness i
= (=19
- - [}
[OUTPUT: Equivalent_Stress_Maximum V] = 5 INPUT: thickening_length
2 2 A
;ﬁ_ . INPUT: cylinder radius d
[ Swap Parameters ] 27 Yo
INPUT: thickening thickness
Histogram -
— i .
2 80 100 120 140 160 180 0 20 40 60 80
From: DOE  Samplas 50/50 (O failed) QUTPUT: Equivalent_Stress_Maximum adjusted Cal [%] of OUTPUT: Equivalent_ Stress M.
[ confidence interval
Display |A Quadratic correlation matrix p i I:I| |A Anthill plot p i I:I| |A Histogram: second variable p i I:I|
[NI ] CUTPUT: Equivalent Slréss Maxi vs. OUTPUT: Equivalént 5... | OUTPUT: Equivalent Slréss Maximum vs. OUTPUT: Equivalent S... Linear correlation coefficient
o E T T T T T T L] T T
- I 28| o INPUT: nnt:‘h_thicknr—_-s l
1. = R [ 1
o n N
%w Es | e i o IMNPUT: thickening_length |H o
=} ol.. a- - 5 ol..
§ 2o . = INPUT: nokch_radius 0.
2o o.| | &% & ] o 0...
- = . =h INPUT: cylinder_thickness| |4 o...
2 0 8 = 3
= il . -0..
Ev -%H / § INPUT: aLir].mdung -0..
g 0.l | ggl E) i s -0..
a e s’ Bl inder_radius -0..
2. .
o... Eo -1..
0 il ] - 0
5] \ \ \ \ \ \ |
: 2 4 6 8 10 80 100 120 140 160 180 -1 -0.5 i} 0.5
ODJ”SLO[’_‘]Q Quadratic - Linear r = 0.000 QUTPUT: Equivalent_Stress_Maximum Barameter v, OUTPUT: Equivalent Stress Masimunm

-
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I Understand your Design

Example: Notch

4 of the 7 Parameters seem to have no recognizable Influence on the results.
Two Paramers are more significant. One is minor significant.

OUTPUT: Total_Deformation_Maximum vs. OUTPUT: Total_Defor...

10

nse
8

Respo
I'5 p

Parameter
4

2

CADFEM



Understand your Design

6

arameter

INPUT
P2

2

Example: Notch

Take a look at the different result modes:
- See which parameters have an influence
- Check the result variation. Does the variation reach critical stages?
- How do | have to modify my parameters to get a desired value for the

deformation.

Coefficient of Importance (linear)
full model: adjusted R2 = 81 %

| INPUTI: ausrulndung |

0 %
B INPUT: notch_radius
0 %
INPUT: notch_thickness
0 %

L INPUT: thickening_length
0 %

INPUT: cylinder_thickness

8 %

INPUT: cylinder_radius
22 %
INPUT: thickening_thickness
46 °/(|)

OUTPUT: Total_Deformation_Maximum

[dﬂ[l]: Histogram J

PDF
20 40 60 80

0

0.035

0.03
OUTPUT: Total_Deformation_Maximum

0.015 0.02 0.025

|
0 20 40 60 80

adjusted Col [%] of OUTPUT: Total_Deformation_...

Statistic data

Min: | 0.01303 \ Max: ‘0.03481

~N

-1

Linear correlation coefficient

1l
B INPUT: notﬁh_thickn

B INPUT: au’%undung 7
|

- IN{UT: é;liiﬂder_radius 7

]
INPUT: thicaning_Ien [ ]

E 1
(1 -1

INPUT: natch_radiu @)

INPUT; cylinder_thickness

INPUT: thicker ing_thickness

|
-0.5 0 0.5

Parameter vs. OUTPUT: Total_Deformation_Maxim...

CADFEM



Understand your Design

Example: Notch

Remember the optimization goal of minimizing mass and deformation by
considering a maximum stress of 140 Mpa?
Open the parallel coordinates plot to check your optimization possibilities!

7 ( unfiltered ) of 50 ( active ) designs ( total : 50 )

cylinder_radius | cylinder_thickness | notch_thickness | ausrundung | Equivalent_Stress_Maxi... |
thickening_length —| thickening_thickness | notch_radius | Total _Deformation_Maxi.. Geometry_M...
7.925 5.98 3.4625 8.98 0.497 1.197 1... 0.0232175 l'_-i"}.t' 0.0230...
(] L ) () (]
14
47
30
3
8
J
43
Ll () L () (] () ) [
5.015 2.02 2.0075 5 02 0.301 0.603 4.12 0.0130283 68.9385 0.014266
Parameters Responses

CADFEM



Understand your Design

Example: Notch

Now check your forecast quality and deeper correlations by starting
the optiSLang meta model of optimal prognosis!

© & A N0 ©O N A O ©

The model will be automatically reduced to the significant inputs.
All noticable correlations will be determined.
The forecast quality is estimated.

CADFEM



I Understand your Design

Example: Notch

The correlations are determined more detailly

OUTPUT: Total_Deformation_Maximum vs. OUTPUT: Total_Defor... INPUT: cylinder_radius vs. INPUT: thickening_length, r = -0.024

10

3 oo}
c® v
8_ c
) a
o 0
o te)
| - _
] e
L4 Q
o £
EY o<
: :
M

o

™~

2 4 6 8 10 6 8
From: DOE  Samples 50/50 (0 failed) From: MOP  Samples 50/50 (0 failed)

CADFEM



Understand your Design

INPUT pazrameter

COPs
= Check the single CoPs to extract the significance of each input

Coefficients of Prognosis (usmg MoP)
full model CoP = 98 %

INPUT: thickening_thickness
23 %

ﬂ PUT: cylinder_radius
32 %

INPUT: cylinder_thickness
44 %

0

40 60 80
CoP [%] of OUTPUT: Geometry_Mass

100

Coefficients of Prognosis (usmg MoP)
full model CoP = 95 %
T

INPUT: cylinder_thickness _
3%

NPUT: cylinder_radius J
30 %

2

INPUT parameter

INPUT: thickening_thickness 4
67 %

0 20 40 60 80
CoP [%] of OUTPUT: Equivalent_Stress_Maximum

Coefficients of Prognosis (usmg MoP)
full model CoP = 98 %
T T

INPUT: cylinder_thickness il
20 %

INPUT: cylinder_radius J
27 %

INPUT pazrameter

INPUT: thickening| thickness i
58 %

0 20 40 60 80
CoP [%] of OUTPUT: Total_Deformation_Maximum

CADFEM



Understand your Design

Example: Notch

As a summary, check the CoP Matrix:
You can explain all of the variations perfectly just with 3 of 7 parameters!
Any other parameter variation is not necessary — this saves time.

Total_Deformation_Maximum, Total CoP = 0.981

1)
5
i F %
s g2 -
¢ 55 >
G £
-g : l
3.0
UJ"""
cylinder_radius cylinder_thickNeSS b eni...hickness Total
Parameter

CADFEM



Understand your Design

Geometry_Mass

0.035

o
o
@

0.025

0.02

Polynomial regression of Equivalent_Stress_Maximun
icient of Prognosis = 95 %

Coe

Example: Notch

The deformation and the stress has nonlinear
correlations to the input parameters.
The mass is linear as is common.
Linear regression of Geometry_Mass g 100
Coefficient of Prognosis = 98 % .

MLS approximation of Total_Deformation_Maximum | s5
Coefficient of Prognosis = 98 %

0.03

0.025

0.02

WwinwWixe uolew.loeq|eIoL

A9
B Cyﬁ“
o 0.015

\’"adf,_,s 5.5 5.5

CADFEM



Understand your Design

Example: Notch

Now let's improve our design!

Analysis Systems

Component Systems

Custom Systems

Design Explaration

E optisLang

[ I Optimization

B Robustness
#= Sensitivity

- A
il = Static Structural
2 @ Engincering Data v 4

3 W) Geometry v 4
4 @@ Model v
5 a Setup + 4
6 |§F solution v 4
7 @ Results v 4

=8 E)p:] Parameters

Muaodel, Static Structural

o USl Project Schematic

Just drag & drop the optimization
on the MoP — use the information

of the beginning analysis to
improve your design in the most
efficient way with as less calculation
effort as it is possible.

| [pd Parameter Set

____________________

1
1
b
~_ | 2 % DOE v 4
> 3 MOP v 4
L— ! i 4 £ Results v
L Sensitivity

_____________________

Transfer B3

CADFEM



Understand your Design

Example: Notch

The unimportant parameters are automatically filtered!

.../ Optimization Wizard = <=
Parametrize Inputs I'G,
Parametrize the inputs &
Mame Parameter type  Reference value Constant Resoclution Range Range plot PDF Type
1 Force Magnitude Det+Stoch 1000 filtered Continuous 900 1100 [ UNIFORM
2 cylinder_radius ~ Det+5toch 7 m Continuous 5 8 | | UNIFORM
3 thickening_len... Det+Stoch 5 filtered Continuous 2 6 N | | UNIFORM
4 cylinder_thickn... Det+Stoch 3 (] Continuous 2 35 R | | UNIFORM | _
5 thickening_thic.. Det+Stoch 8 B Continuous 5 9 N | | UNIFORM
6 notch_thickness Det+Stoch 042 filtered Continuous 03 05 R | | UNIFORM
7 notch_radius  Det+Stoch 1 filtered Continuous 06 12 N | | UNIFORM
& ausrundung Det+5Stoch 10 filtered Continuous 4 12 _ | | UNIFORM e
N T | »
Import parameter ~
[ Mext = ] [ Cancel ] ’ Help

CADFEM



Understand your Design

Example: Notch

Let's insert our goals using the wizard

Criteria

I} Optimization Wizard

Specify the algorithm criteria

=)o)

Variables Parameter Fesponses
Name Expression Value MName Value |~ Name Value g
| i
1 F Magnit... 1000
e oree_Vagni Equivalent_St.. 77.3451326372 H
lind dius 7
ylinder_radius ~| |Geometry_M.. 0.0301139899567 -
Chjectives
MName Critericn Expression Value ki
Goal 1 MAIN Total_Defermation_Maximum £
GoaI_ZI MAIN Geometry_Mass 0030114
Constraints
Name Left side expression Criterion ght side expressic Value
Constraint Equivalent_Stress_Maximum <= 140 626549
new
Import criteria ~
< Back ] [ Mext = ] [ Cancel ] ’ Help

CADFEM



Understand your Design

Example: Notch

optiSLang suggests automatically
the best suiting method!

Therefore you do not have to care
about different algorithms or
sophisticated settings. This is done
by the software!

i) Optimization Wizard E@

Optimization method S:‘L!J\'

Specify the optimization method

Optimization method

Response surface method

O Adaptive Response Surface Method (ARSM)
Matural inspired optimization algorithms

O () Evolutionary Algorithm (EA) - local

O @ Evolutionary Algorithm (EA) - global

O () Particle Swarm Optimization (PS0) - local
O ) Partide Swarm Optimization {(PS0) - global
O Stochastic Design Improvement (SDI)
Gradient based optimization

O Mon-Linear Programming by Quadratic Lagrangian (MLPQL)

Additional options

[ Use Previous Data As Starting Point{s)

< Back H Mext = H Cancel H Help l

CADFEM



Understand your Design

Mass
0.025 0.03 0.035

0.02

0.015

Example: Notch

What is the best compromise?

ponse

2

Number of Res

eometry_Mass
0.0216754

uivalent_Stress_Maximum
100.878

0220813

20 40
Relative Size to Response Range

mation_Maximum

80 100
[%]

RESPONSE DATA: (Design Number: 204)

|
0.025
Deformation

2
c T
o |
(=%
v
& I S M
Equivalent_Stress_Maximum
s 69.5787
@
o
E
3
z 3]
- Total_Deformation_Maximum
0.0129044
0 20 40 60 80 100
Relative Size to Response Range [%]
RESPONSE DATA: (Design Number: 131)
i
0 Geometry_Mass
0.0164628
Q
[72]
c
o
a
w
4
ss_Maximum
5™ 87
E
3
o
E
3
z

20
Relative Size to Response Range [%]
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Understand your Design

Example: Notch

Check the effect of manufacturing tolerances!
Vary the geometry by 1% and the Force by 5%

./ Robustness Wizard EIE
Parametrize Inputs a
Parametrize the inputs ‘

Parameter type Reference value Constant Resolution Range plot Std. Dew.
O S R T

2 cylinder_radius  Det+Stoch = Continuous _ _/\ NORMAL
3 thickening_len... Det+Stoch 5 B Continuous 45 55 — _/\_ NORMAL 5 0.05 1%
4 cylinder_thickn... Det+Stoch 3 & Continuous 27 33 — __/\ NORMAL 3 003 1%
5 thickening_thic... Det+Stach 8 = Continuous 7.2 88 — _/\ NORMAL 8 0.08 1%
6 notch_thickness  Det+Stoch 0.42 ] Continuous 0378 0462 [ _/\ NORMAL 0.42 0.0042 1%
7 notch_radius  Det+Stoch 1 B Continuous 08 11 — _/\ NORMAL 1 0,01 1%
8 ausrundung Det+Stoch 10 El Continuous 9 11 —— A NORMAL 10 01 1%
< 1 | 3

Import parameter -

Next = I [ Cancel ] [ Help

CADFEM



I Understand your Design

Example: Notch

The correlation matrix indicates that the 5% variation of the force is dominant.

INPUT: Force_Magnitude vs. INPUT: cylinder_radius, r = 0.010

10

Response
d Respory

Parameter
4

2

2 4 6 8 10
From: MOP  Samples 100/100 (0 failed)

CADFEM



Understand your Design

Example: Notch

The variation is of the same magnitude as the input variation of the force

OUTPUT: Total_Deformation_Maximum OUTPUT: Equivalent_Stress_Maximum
. 3. .
o
o .
: Hr—
o
Lo <
o
o] 03
o o~
i 9
— o
o | »__ e ay e e o
0.0155 0.0165 0.0175 0.0185 0.0195 80 85 a0 95 100
OUTPUT: Total_Deformation_Maximum OUTPUT: Equivalent_Stress_Maximum
Statistic data Statistic data
Min: | 0.01545 Max: | 0.0202 Min: | 79.81 Max: | 102.9
/Mean—-e-ﬂ-ﬁﬁﬂ\ Sigma: | 0.0009201 /Meaﬂ—%-’&\ Sigma:  4.649
C ovjoosied ) C ovloosiz )
SkewnessTUTIIE Kurtosis: | 2.825 SkewnessTTUTEET Kurtosis: | 2.71

CADFEM
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Understand your Design

Typical Questions

PRACE Autumn School 2013 - Industry Oriented HPC Simulations, September 21-27,
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Content

» Typical Questions
= How to evaluate 1000 designs?
= Accuracy and numerical noise
» Robust parameter settings
= Which settings are the best for my design improvement?

1- CADFEM



How to evaluate 1000 designs?

= Context senstive overview of all results.

Histogram: first variable Coefficents

1.000 OUTPUT: WB_Y Coefficient of Importance (Ilnear)
full model adjusted R?

ar correlation matrix
OUTPUT: WB_Y vs. OUTPUT: WB_Y, r

1 Update data )
e INPUT: WB_XS |
1. Parameter, Response 0%
[outpuT: WB_Y ¥
2, Parameter, Response - INPUT: W8 X4 |
[outpuT: wB_Y 7| g e @
5 5
g H
& 13 g
—— e e i i
5 g { 0%
2 e
[7] confidence interval % § !
g z
Display. & N‘ INPUT: WB_X2 J
12%
[ =

1

INPUT: WB_X3
36 %

|
|

L
80

= n
2 3 4 5 TR 20 50
From: DOE  Samples 100/100 (0 failed) OUTPUT: WB_Y adjusted Col [%] of OUTPUT: WB_Y
o Quadratic correlation matrix Am.ofa Anthil plot Am. ofa Histogram: second variable sm. o
OUTPUT: WB_Y vs. OUTPUT: WB_Y, r = 1.000 OUTPUT: WB_Y vs. OUTPUT: WB_Y, (linear) r = 1,000 Linear correlation coefficient
T T T T T T T T —s T T T i T T
& I
= il
.'." nlb INPUT:|WB_XS5
© 4
.
3
S s 1 <t INPUT: [ WB
3 d
H & J L
& o 2
& z 2
s ) e INPUT{ W
5 e °
G E g
U o | 8
2 s
= v | NS INPUT:|WB_X2

2
INPUT
® 1
.
L

. ,
fSI_ 2 e 4 5 8 6 4 -2 0 2 4 3 8 -1 -0.75 -0.5_ -0.25
Op | Qﬁg Quadratic - Linear r = 0.000 OUTPUT: WB_Y Parameter vs. OUTPUT WB v
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B

How to evaluate 1000 designs?

= The correlation matrix

10

= Red: Positive correlation

between the different results!

. L
wu
» Blue: Negative correlation gm
E’L .
= Grey: No significant correlation. o ..
5 5
Check: €< . ..
. 1]
= Correlations not only bet- E ..
ween input and output but also ~ ..
4

6 8 10

? 3 CADFEM



How to evaluate 1000 designs?

- Three input parameters show influence on the results.
- Four parameters show no influence.

CADFEM

N



How to evaluate 1000 designs?

MASS

. DEFORMATION

STRESS

Deformation and Stress: positive correlated
Mass: negative correlation to stress and deformation
—>Important for future design improvement.

5- CADFEM



How to evaluate 1000 designs?

» Get the overview of all correlations using the extended correlation matrix!

m_Geomet...Mass

0 - @
a @
8 8
= =
f.‘} g
E 13
s S
@ @
o o
E v
2 2
E i
5|
2
5 v
g
&
E
5
£
%| |

il
8

i 2

Thck
T

i wipllll . s e - - t s “ el e
° Y RO S et i SE e =l | ol | s o sl g
g i b P A . o0l LA . < s ; Y priite s
T T T n T T n n T
cRad Leng cThek Thek nThek nRad Blend Total_...ximum Equiva...ximum Geomet...Mass c ﬂ D F E m



How to evaluate 1000 designs?

Parallel Coordinates Plot:
- Good for a quick exploration of input/output trends
- Check whether desired design improvement goals can be reached.

60 ( unfiltered ) of 60 ( active ) designs ( total : 60 )

cRad | cThek | nThck | Blend | Equivalent_Stress_Maximum
Leng | Thek | nRad | Total_Deformation_Maximum Geometry_Mass
775 5.567 3.4875 8.96667 0.498333 1.195 11,9333 0.0334722 212.271 0.0346631
e
RPN
,;«/7\?«.“:5\ X
SR 7
/"vm\f “ A0
1) XY A
.' b A M e T
AL AR
"’ 0 j’)g;"_; 'V LAY
157 \.‘\\ JIf!. q
Y jif
4 \ ‘J’A‘ 8
/7 1 y=ea)
5.025 2.03333 2.0125 5.03333 0.301667 0.605 4.06667 0.0140214 70.1318 0.0160285
Parameters Responses
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The optiSLang Meta-model of Optimal Prognosis (MOP)

» Characterize the system behavior by a mathematical description
» Determination of the best approximation model

» The response surface visualizes the behavior model

= Filter out the unimportant parameters

» Asses the forecast quality of the model:
The Coefficient of Prognosis (CoP)

» Estimate occuring numerical noise
= Check concerning nonlinear correlation .
» Explore improvement possibilites

0.79

MLS approximation of myeta 0.81
Coefficient of Prognosis = 98 %
1 0.80
1 0.79
= 0.78
0.77
0.76
0.75

0.74
3 0.73

0.78

e1Aw

0.77

0.76

0.75

0.74

-2400 12
2200 . . 8 10
-2000

-4
Myon,. -1800 2 09
/L 'heg 3 2 0 06 /g\l ~
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The Coefficient of Prognosis (CoP)

Estimation of the forecast quality of the approximation model
Explain the model behavior with a reduced parameter set

Handle nonlinearities
Determine coupled correlation — some parameters boost or efface each other

= A low CoP indicates occuring numerical noise

Coefficients of Prognosis (usmg MoP)
97 %

Coefficient of Importance (quadratic) - Spearman ranked data
full model CoP =
T

full model: adjusted R2 =
T T

INPUT: X_3 INPUT: X_3
1% 20 %

INPUT: X_2 INPUT: X_2
3% %

- INPUT: X_1
20 %
I 1

| 1 | | | |
20 40 60 80 0 20 40 60 80
adjusted Col [%] of OUTPUT: Response CoP [%] of OUTPUT: Response

9- CADFEM
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Accuracy and numerical noise

» Check accuracy using the Coefficient of Prognosis
= A CoP of larger than ~80% is a good start value for further design improvement

= What if CoP is < 60..70% ?
= Check variation space (to big / small)?
= Forget some very important parameters?
= Too much numerical noise in my model?
= Too less samples?
= Difficulties in result extraction?

Coefficients of Prognosis (using MoP)
full model: CoP = 68 %
T T

INPUT: safety factor | * -
24 % .

3

INPUT: position
35 %

2

INPUT parameter

1

INPUT: rigid_factor
36 %

| |
20 40 60 80
CoP [%] of OUTPUT: max_accelz

0

CADFEM



Reviewing the results

» Histograms:

= Relative distribution of result values

= Determination of critical stages

= Check for possible design improvement
OUTPUT: Total_Deformation_Maximum

PDF
20 40 60 80

o
0.015 0.02

[-u Histogram J

0.025
OUTPUT: Total_Deformation_Maximum

0.03 0.035

Statistic data
Min: | 0.01303 Max: | 0.03481
Mean: | 0.02288 Sigma: | 0.004786
CV:0.2092
Skewness: | 0.5064 Kurtosis: | 3.104

-11 -
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Robust parameter settings

= What are robust parameter setting?
* The solution always converges
= The geometry can always be generated
* The mesh can always be created

= Can we determine robust parameter settings in advance?
» Do we even need them?

12- CADFEM



Determining robust parameter settings

» optiSLang enables you to visualize failed designs to show the expected

INPUT: DS_Y

position in the variation space!

- 52 54

50

48

46

INPUT: DS_X vs. INPUT: DS_Y, (linear) r = 0.113

[o]
[s]
o
o
o
. J _
e
.
.
.
o _
.
.
™
. _
.
o
o |
.
™
| | a | | |
46 48 50 52 54
INPUT: DS_X

-13-

INPUT: DS_X

52
T

50
T

46
T

PDF
02 0.04 0.06 0.08 0.1 0.12 0.14

INPUT: DS_X

_____

54
T

48
T

50
INPUT: DS_X

I
52

L
54

at. fail.

52 54

50
PUT: DS_X

CADFEM



BUT - Do we need always converging and regeneratable models?

= optiSLang can deal with failed designs!
= Do not limit your variation space!

» Rather accept failed designs than loosing information!

14- CADFEM



Restart option

= What is if your computer system crashes or you need it for other purpose?

= optiSLang can be interrupted and restarted at any time.

) Computation stopped @

You stopped the project “Actuator_sensi” during the last computation.

Do you want to continue the computation, reset and re-run the project or
re-evaluate it?

< Continue computation
Keeps current results,

< Reset and re-run
Discards all existing results and starts a new computation.

% Re-evaluate project
Discards all existing results but performs the same computations
again.

Cancel

-15- CADFEM
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Parallelize your calculations

= Use the optiSLang RSM Mode to send several designs in parallel to your
solver system

® optiSLang inside Workbench uses the RSM technology and therfore you
can combine it with your own jobmanagement systems.

Properties of Schematic D2: DOE * X
A B

i Property Value
EM-ce |

3 Component ID DOE (optiSLang)

4 Directory Mame Sensitivity

5 Save Design Point Directories |:|

5 = Mo

7 Motes

8 = Cptio

g Use RSM Mode

10 Preferred Mumber of Design Points in%rallel 10

i1 Fun Python Script for Update ]

e——

1- CADFEM



Hardware

= \Workstation
= Local High End Computing power
= Local High End 3D Graphics
= Up to 16 Cores and 512 GB Memory

" Benefit

= All kind of sequential simulation
processing

Desktop Workstation

@ EliteBook

Mobile Workstation

Z1 All-in-One Workstation

CADFEM



Hardware

= Compute Server

Remote High End Computing power
No 3D Graphics

Scalable in cores, memory, disks
Redundant components

Service Level Agreements SLAs
availible

Remote service access on hardware
level = high availability

® Benefit

All kind of sequential and simultaneous
simulation processing

= Highly scalable in the number of
cores per job

= Highly scalable in the number of
simultaneous jobs - large DoE's

CADFEM



Hardware

" Terminals & Cloud

® Benefit

= High bandwidth connection from blade
workstation to compute server - fast
postprocessing

= Flexible allocation of virtual
workstations = cost effective
,workstation“ usage by multiple users

= Flexible scaling of hardware resources
—> better scaling and availability by
external hardware sharing

CADFEM



Parallel Processing = Multiple cores per Design

= Use multiple cores
= Today, every computer is a parallel computer

NVidia Tesla 2075 ~ 2-3000€

8 Cores - factor 4 on industry FEA models is typical average
HPC Pack with 1 additional GPU - additional factor 1.5

l# cores

Speed-Up

icomputing h

Total speedup Cores*GPU: 4x1.5=6

1

24.0

1.4

17.1

2.4

10.0

Important: SMP & DMP availible

DD N [

3.5

6.9

4.2

5.7

8

3.0

32

15.3

1.6

® Benefit

14
12
10

oON O

Speed-Up CPU

1 8 16 32

Source: MicroConsult

= 1 HPC-Pack: +200% corepower (300 % with GPU) for +35% costs (ANSYS/MECH)
= 2 HPC-Pack: +990% corepower (1500% with GPU) for +70% costs (ANSYS/MECH)

CADFEM



Time

Time

Simultaneous Processing = Multiple Designs at once

(7] _
| E d—p_4— T ] ] )
L L8 Cfrﬁ____g’_';? set of Multiplying licenses enables you to
25 Hap2 o keys drastically reduce time to innovation
% ~— Without HPC
a4 al

e

ores “w

+
= ~
- 3
x ‘T———___. 4 Qé
S 4
2
3
o S PR
= ~_— Foursetsof solver keys i
- OR — R
g — | I
~ One set of solvers and +1 HPC Pack | )
—— . 4 ""‘-—————________
1 HPC Parametric Pack | 94% Reduced Time
— O | _— I
9/h° ' £ ‘I| to Innovation———
_ VA 4 o . ey
e any /1 ’ /1
e A e ey Y @
-y | oy 2
- - = - <
- —ty - — oy 3 >
> — /4 1 T “""’“““. ‘ rb'“‘?
Simy ° Sim 3 ]
ltaneoys Design Point ¢ 6 ultaneoyg Design Points ’



CADFEM C.A.V.E. - Why

[ | H|gh number Of S|mu|at|0n result sets 9 blg Displacement L1h1 Translational Magnitude &?‘X

data

= Workbench integration of VCollab (Visual
Collaboration Technologies)

6.644
6.201
5.758
-5.315
—-4.872
-4.429
- 3.986
- 3.543
- 3.101
- 2.658
-2.215

Reduced amount of data by factor
50 to 300 for cost effective archiving and B
Sharing 0 8R6

High speed visualization

Flexibility by visualization independent from
CAE software

™

R[S [ | |

Source: AGCO FENDT

Sharlng Of 3D reSU|t data for a better tion Molding Tool (9 results) tF Xe
understanding of all project partners Automotive Assembly (16 results) 68 GB 1.0GB
Seamless integration into ANSYS Workbench  MechanicalPart(@ results) 19768 0468
and Office

-7- CADFEM



CADFEM C.A.V.E. - Summary

= High data compression rate
= Minimized costs for archiving
= High speed visualization

® [mproves communication and
understanding by sharing results

= 3D Result viewing for everyone free of
charge

= Seamless Workbench integration
= Safety First: Automated consistency
= Time effective result extraction >

CADFEM



Understand your design

Optimization

PRACE Autumn School 2013 - Industry Oriented HPC Simulations, September 21-27,
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I Optimization dynardo

Table of contents

1. General Information
2. Optimization Algorithms
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Optimization

dynardo

1. General Information

Workflow:

CAD and CAE
Parameter definition

>

p ” minimize

X ' Define optimization
‘ Validate optimized goal and optimize

_3. design

. Copewsme

CADFEM



Optimization Adynarcdo

General Information

® Design variables

Variables defining the design space
(continuous, discrete, binary)

= Objective function
Function f(x) has to be minimized

| | f (x1,22,...,xy) — min
= Constraints, State variables
Const_raln the deggn space, ge(z1, 20, .. xn) =0; k=1,m,
Equality/Inequality restrictions
are possible

hi(x1,29,...x5) > 0; 1 =1,m,
x; € [ZEl,ZIZ‘u] C RN

T <X < Ty

4 CADFEM



Optimization duncr\do

2. Optimization Algorithms

Available Optimization algorithms in optiSLang:

Deterministic methods Stochastic methods
e Hill climbing methods e Sampling methods
e Plain Monte Carlo
e Simplex strategies e Markov Chain Monte Carlo

e Latin Hypercube Sampling

» Gradient-based strategies * Simple Design improvement

e Physical process procedures

e Surrogate models ¢ Simulated annealing

* Global response surface e Tunneling algorithm

methodology L ]
« Adaptive response surface ° Artificial life approaches

methodology ¢ Evolution strategies
¢ Geneticalgorithms
¢ Particle swarm optimization

‘5 CADFEM



Optimization dynardo

Optimization Algorithms

Decision Tree:

Number of Objectives

i'—‘—*

multi single
Pareto-Flow'| NOA-Flow

Type of Parameter Knowledge about the problem

t—k—i*—‘—*

discrete | continuous unaware | fragmental [preoptimized
EA’ (PSQ) | PSOD (EA) global local

Constraint violations Type of Parameter

— —

discrete | continuous

None seldom | frequently binary
EAZ | EAZ (PSO) | PSO (EA)

Constraint violations

ﬁk—i

MNone seldom frequently

CADFEM



Optimization

dynardo

Optimization Algorithms

optiSLang inside Workbench chooses the best algorithm by a wizard:

) Optimization Wizard [=o|[=@ =]

Optimization method gﬁl\bﬂ

Specify the optimization method

Optimization method

Response surface method

o () Adaptive Response Surface Method (ARSM)

Natural inspired optimization algorithms

") Evolutionary Algorithm (EA) - local

() Evolutionary Algorithm (EA) - global

() Particle Swarm Optimization (PSO) - local
") Partide Swarm Optimization (PSO) - global

() Stochastic Design Improvement (SDI)

00000

Gradient based optimization

O @ Non-Linear Programming by Quadratic Lagrangian (MLPQL)

Additional options

Use Previous Data As Starting Point(s)

[ < Back ][ MNext = J[ Cancel ][ Help

CADFEM



Optimization Cluncr\do

Optimization Algorithms

Nonlinear Programming Quadratic Line Search (NLPQL)

Recommended area of application:
reasonable smooth problems

Remark:
The gradient optimizer sometimes stucks in local optima
Also use with care for binary/discrete variables

8- CADFEM



Optimization

Optimization Algorithms e |
Adaptive Response Surface Method: o - __,'___I__?;._-_;_-_]EJ:. .
o

+ Fast catch of global trends,
smoothing of noisy answers

+ Adaptive RSM with D-optimal linear | 1° ' |
DOE/approximation functions for " desi
. : | esign space
optimization problems with up to L . .

5...15 continuous variables is
possible

9 CADFEM



Optimization @umar\dg

Optimization Algorithms

Adaptive Response Surface Method:

_______________________

1. lteration

Design variable 1

-10- CADFEM



Optimization
Evolutionary algorithm (EA)
It imitates Evolution ("Optimization”) in Nature:
= Survival of the fittest

= Evolution due to mutation, recombination and selection

= Developed for optimization problems where no gradient information is
available, like binary or discrete search spaces

¢ e Modet2 o LILIERTHAL oot Evolution Strat}:pgles [ES] Genetic Algorithms [GA]
FLYING MACEINE,
’ Ko. §44,8186. Patented Aug. 20, VEOS. I_{J‘
OV T EA /0 GA
i i
N T o /0
- NG S I
NN/ V0
) . (1€ G1 G2 Ga
G T il
o/ h:‘k /(0 Rt" 0 N /0
L //n W0 N NN/ N
w”‘ /o \ VIV
S - \ o
;,//’// If:l’ S L{I? ﬁ\\ \\ \ﬂllj
2 A Wl
f ﬁ LJ?' U / \\ \\)./ fllj
Al NN
0 0 AT
4 _l'.? .// F
0 /o 4 0 N0
i
. j » . N
o ( j*’/'/g ( ﬁ><u
oy L
7. 5 €. ‘;f@ " q Wy /T
;f‘gfs{?j}i = 5 J//Erii ‘Cﬂfggzﬁ IL‘I g‘\:ﬂj‘
T G R Y s cidire \g
“11 - \d

viivil LIl



Optimization

Particle Swarm Optimization (PSO)

- swarm intelligence based biological algorithm
- Imitates the social behaviour of a bees swarm searching for food

= Selection of swarm leader including archive strategy
o Adaption of fly direction
= Mutation of new position

. Available for single/multi objective Optimization

* .............................................. P ».#, * ..... B . ~
PEESI— 'r-#l ;
> e .
................. — "*‘
..... <
N |
ES
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Optimization

Simple Design Improvement

ol

O

O

Best Design

/

- Q_ | — P _—

Next Center

" [mproves a proposed design without extensive knowledge about
Interactions in design space

= Start population by uniform LHS around given start design
" The best design is selected as center for the next sampling

" The sampling ranges decrease with every generation
-13 -
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Optimization

dynarco

Gradient-based

algorithms method

* Most efficient method < Attractive method
If gradients are for a small set of
accurate enough continuous

variables (<15)

« Adaptive RSM with
default settings is
the method of

choice

» Consider its
restrictions like

local optima, only
continuous variables

- ol i D

-1_0:7%'5);25 Sy

0, oo 057!
0.25 >~ 050
Y Axig e A ¥ RS

-14 -

Response surface

Biologic Algorithms

« GA/EA/PSO copy
mechanisms of nature to
Improve individuals

* Method of choice if
gradient or ARSM fails

 Very robust against
numerical noise, non-
linearities, number of
.variables,

................ o R = y SPTE
--‘.'0. ........ '/’ x,% &

CADFE



Optimization C\lumgr\do

R

1) Start with a sensitivity study using 2) ldentify the important parameters
and responses

- understand the problem

- reduce the parameters

Coefficients of Prognosis (using MoP
full model: CoP = B85 %

< IUT: RADIUS_L2_BCM2048A0_76WLBGA_SOLDERE
4 %

I INPUT: E_X2070_BattConn_Tabby_Plastic
8 %

INPUT: ANGLE_Y
42 %

eter
3

Understand the
Problem using
CoP/MoP

INPEJT param

1

INPUT: ANGLE_X
73 %

1 1
0 20 40 60 80
CoP [%] of OUTPUT: S_11_IP1_element:137711

Search for Optima

3) Run the suiting

optimization algorithm

4) Goal: user-friendly procedure provides as much automatism as possible

15 CADFEM




Optimization

18.0 = I I | I I
16.0 F DOE samples o  _
14.0 L Weighted objectives —eo—

120 L y .Constraint objectives —e— |

10.0 -
8.0 |
6.0 |
4.0 |
2.0
00 1 | ] 1 1

0.00 0.20 0.40 0.60 0.80 1.00 1.20

Xlmax [M]

= Objective 1: minimize maximum amplitude after 5s

= Objective 2: minimize eigen-frequency

=" DOE scan with 100 LHS samples gives good problem overview
= Weighted objectives require about 1000 solver calls

16 CADFEM

o [1/8]




Optimization

dynarco

multiobjective
optimization problem

minimize f|

minimize f,

minimize f

subject to
constraints

{

multiobjective optimizer

{

Pareto-optimal
trade-off front

Y

-17 -

Strategy C: Pareto Optimization

optimization phase

decision phase

higher-level
information

selection of one

solution

A\

L)

CADFEM



e Only for conflicting' objectives a Pareto frontier exists
For positively correlated objective functions exactly one

Design space

fa

a )
N

optimum exists
-18 -

Optimization

ODbjective space

¥y

—

o

f

1

.
-
f.

1
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Optimization dynardo
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obj2
0.02

0.04 0.05

03

0.

0.01

o

Objective Pareto Plot

—%— Current archiv

Objective pareto des... T

| | | | |
1500 2000 2500 3000 3500

obj1

Conflicting objectives

|
4000

T T
| = objective pareto plot |
™
NE
H
-
-
N
o
Q -
”'
-
© - L]
of -t
-
ey
o 1 1 1 L 1
1.5 2 2.5 3 3.5

“obj1

Correlated objectives
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Optimization

dynarcdo

Gradient-based
algorithms

Response surface
method (RSM)

5 et ?
0,757 = 1.
‘sb'-%.zsc‘ a0
0.25 105
J\ Faye %.%',5 TERT

-20 -

Local adaptive RSM

=

- B
SERT
_______________ zi,L __':}::::'J.
Lo
" t

1
i design space

Global adajgﬂt-__i‘ve RSM

Biologic Algorithms

Pareto Optimization

A
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Do you want to get deeper into optiSLang?

= Take a look at our seminar!

Strukturmechanik mit ANSYS

* Praesenz-Seminar. Optimierung und Reverse Engineering mit opliSLang inside ANSYS Workbench

www.cadfem.de or www.cadfem.at

1- CADFEM


http://www.cadfem.de/
http://www.cadfem.at/

B

Tomorrow

Your feedback!
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More Information?

" Brochures
" Feedback Form

® Contact Information
& 0800-1-CADFEM
& 0800-1-223336

www.cadfem.de

optiSLang
inside ANSYs
Workbench

W’rr;':un Software fr Seasitititsstudien,

nd 3oy Hplinire Optimicrung, Robustheits
Zuvertissigheitsanatyse sowie Robus

Dexgn Optimierung. :

t
and performance enhancement

RDO-JOURNAL P
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