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Robust Design Optimization

Overview for Optimization in ANSYS Workbench

Parameterfree Parameter
optimization optimization
Topology optiSLang optiSLang
Optimization inside with optiPlug
Workbench
Easy-to-use Advanced
tool for difficult tool for all
& nonlinear tasks
optimization
tasks,
robustness

evaluation and
robust design
optimization
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Robust Design Optimization

Example for Topology Optimization: PowerWind GmbH

6 different loadcases were considered

------- + Standard Earth Gravity

------- ] T Acceleration

....... I, Fixed support

....... 1 LF1_Wind_links

------- e LF1_wind_links 2

------- L LF1_ind_rechts

------- " LF1_‘wind_rechts 2

------- L LFZ_schnee_links

------- " LF2_Schnee_links 2

------- ﬁ L LFZ_Schnee_rechts

------- w LFZ_Schnee_rechts 2

------- B LF3_Winde

------- % LF3_Kran_links

------- i LF3_Kran_rechts

------- ﬁ 1. LF3_Haubengewicht_links
------- ﬁ " LF3_Haubengewicht_links 2
------- ﬁ I LF3_Haubengewicht_rechts
------- ﬁ " LF3_Haubengewicht_rechts 2
------- ﬁ 1. LF4_Haubengewicht_links
------- ﬁ " LF4_Haubengewicht_links 2
------- ﬁ » LF4_Haubengewicht_rechts
------- ﬁ " LF4_Haubengewicht_rechts 2
------- e LFS_wvind_links 3

....... 1, LFS_tind_links 4

------- e LFS_\wind_rechts 3

------- L LFS_Mwind_rechts 4

....... L LFa_winde

------- L LF&_kran_links

------- " LF&_Kran_rechts

------- ﬁ » LF&_Haubengewicht_links
------- ﬁ . LF&_Haubengewicht_links
------- ﬁ 1. LF6_Haubengewicht_rechts
------- ﬁ 1. LF&_Haubengewicht_rechts

AN
& Tonology Optimization INNSYE
TORO e
0
Expression: ToPo 180
urit: kg

17.10.2011 10:17

0 2e+003 4e+003 (i)

1e+003 384003

NS %S
E: Topelogy Optimization JZ\) \ib >
ToRO ot
0
Expression: TOPO IS0}
Unit: kg

17.10.2011 1012

":>I
[ 22003 42+003 (mm), #

14003 304008

by courtesy of PowerWind GmbH
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Robust Design Optimization

Project Description

Create a design within a predefined space, that

- consists of beams with predefined cross section profiles

- where the beams do not exceed a predefined stress

- where the 1stfrequency will be as large as possible

- where the structure will be a 2-o design or higher due to appearing
stresses

. CADFEM



Robust Design Optimization

Topology Optimization

Steps to do topology optimization with several load cases:

Define several load steps...

(3 Model (B4, C4, D4)

+

+

][

ABR Geametry

,,.f..'.-‘:-:. Coordinake Systems

B Connections
AT Mesh

=] Static Structural (B5)

N ?nal sis Settings loadcasel
%p;t\) loadcase?
These will represent thg
loadcases

Run Macro...

Mechanical [ANSYS Professiona

Tools Help T Show Vertices %ﬁ

& rite Input File. . I,
Solve Process Settings. ., l
- Addins. .,
’@,ﬁ Cpkions. ..
I

YWariable Manager

Run Macrao, ..

2 Tnpnlngynptimizatinn.jEI

Solve...

&
£ .
¥ Saolve
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Robust Design Optimization

Topology Optimization

- Use Topology Optimization in Workbench

- Several load cases can be considered:
- a ,one-click-solution”

= Tnpnlngynptimizatinn.jsl

CADFEM



Robust Design Optimization

Topology Optimization

Use topology idea, to create a manufacturable concept:

Parameter Manager

Parameterize the beam structure bplitl = 0.64

. . . splitd = 0.45

to allow different design constellations: |spiits = 0.7s
splitd = 0.45

split5 = 0.65

splite = 0.5

3 CADFEM



Robust Design Optimization

Topology Optimization

What's been done so far:

2 ﬂﬂ Geometry v 4

™

initial Geonmetry

Topology Optimization with contacts

2 |0 ceometry
— 3 .[}P_"‘ Parameters

parameterized Geometry

=

4
5
5]
-?

@) Gearnetry
@ Model
@ setup
--SDIUEion
9 Results

Static Struckural

& Engineering Daka
@ Geormetry

@ Model -

a Setup

. Solution

9 Results

fp:‘ Parameters

Skatic Structural

2 @ Engineering Data "

v
v
W

£l el ) & o

v 4
v

F

Fl

A

i " Modal

‘—I? G Engineeting Data
.‘-—I_S @) Geumetr}.—f
———mt G Madel

4/05 _ﬁ Setup
] Solution

# @ Results

] rp:‘ Parameters

Modal

W

'
‘/._
‘/..
‘/.
v

| E'p_.l Parameter Sek
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Robust Design Optimization

Robust Design Optimization with ,,optiISLang inside Workbench*

General Information:

Dynardo integrated ,,optiSLang” in ANSYS Workbench as an easy-to-
use tool.

It's called ,optiSLang inside Workbench*

Cuskom Syskems

+ p kion

- B
1 P
z @ Eng qData « ,~——— @2 & Eng ghata v 4
@ Mesh 3 [ Geometry v B3 () Geometry v 4
|2 Microsoft Office Excel ! g Mod A 2 e S 4
’ 5 Setup F - 5 Setup r a
M Vista CCD & |G solution F ‘—/_. & Salution F o
B vistaRTD 7 @ Resuls 4 7 @ Resuk 7 .
! Viska TF =8 E’p—J Paramel ters 8 rp:' Paramel ters 1
Model, Static Structural Model, Modal k

E DptISLang \ |[’p':l Parameter Set

& Optimization

™ Robustness - - = -

= Sensitivity 1 Sensitivit W ¥ Otirizatic
2 |l Parameters v 2 M Parameter v 4 2 W Parameters v 4
3 | Criceria v 4 3 cCriteria v 3l criteria v 4
4 |8 DoE e " 4 'B EA v 4 # sampling v "
s'ir MOP o 5'5.; Result v o4 s B mop F o4
5L Resul: v 4 Optimization EA & L Results P .

Sen: Robustness

-> It will be used for the ,,Robust Design Optimization“ Workflow

10 CADFEM



Robust Design Optimization

Robust Design Optimization with ,,optiISLang inside Workbench*

General Workflow:

Inputl
Input4

Sensitivity Analysis:

Optimization:

Modify Constraints

Optimization

i

. A > 1-sigma
level

for a new —>]

Optimization 2:

Inputl' Input4’

Objectives .
Constraints' =

- Inputl™ Input4"

v

Inputl Inputd |

i
l“ "Ii\'m i

Robustness Eva.:

Inputl® Input2 A

Robusthess Eva. 2:
Inputl™ Input2 J\

’,
Objectives | g
: Input3 Input4’

Constraints : |

[EmEEEEm InputS Inputé L
> Inputl’ Input4' Input7 ... .

Constraints
11

Input3 Input4" -
Input5 Inputé ..
Constraints

v

) 4

j I > 3-sigma
| I level

GCHDTE




Robust Design Optimization

Robust Design Optimization with ,,optiISLang inside Workbench*

General Workflow in ANSYS Workbench:

ZZ  Statisch-mechanische Analyse ¢ Modalanalyse

2 @ Materialdaten v & Materialdaten d
3 w Geometrie o W Geometrie v 4
4 @ Model a4 @ Model £
k5 @ Setup ¥F ‘—/—05 @ Setup ¥y oy
£ - Lésung r £ . Liisung r -‘
7 @ Ergebnisse F u 7 9 Ergebnisse F i
g -E)pj Parameters = 2 8 fp:‘ Pararmeters B

Madel, Static Structural Madel, Maodal

| rpj Parameter Jet

-
o Cptimization ARSM 1 g Robustness ' Optimization AR5M
2 |\Ph Parameters " 2 |\P} Parameters v o, 2 |\Ph Parameters 2 |Ph Parameters v
3 L Criteria v 3 |f_ Criteria v 3 |f_ Criteria [~ 2 |f_ Criteria &,
4 | B poE v 4 | M arsm Ao, 4 B semping @ 5 4 |8 aRsm &,
5 bl mor J', 5 B resuls 2 , s B mop By 5 (| Results 7 ,
6 |0 | Results v 4 Optimization ARSM £ 1.1: Resulks 7 4 Cpkimization ARSM, modifiy constraink
Sensitivity Robustness, modify P1-3

Stepl Step2 Step3 Step4

12

=% Robustness
2 |Ph Parameters
3 IT__ Criteria =
4 B sampling ,ﬁ 4
5 ) Mop P P
5 |_-: Results =

Robustness, modify P1-3

Step5
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Robust Design Optimization

Robust Design Optimization with ,,optiISLang inside Workbench*

Step 1: Sensitivity Analysis - Setup

[pd Parameter Set

ﬂ[, Criteria

= DOE

-
1
2 @ Patamneters
5
4

s b mop
6 . Resuls

Sensitivity

13

eeeeeeeeeeeee

eeeeeeeeeeeee

Deterministic

eeeeeeeeeeeee

Deterministic

Deterministic

]

u E = W = [

555555

£21 DOE Dialog
Sampling Method: | 4-LHS |
Mumber of Samples: !50 : |

Sawe Design Poinks

LIz Previous Samples

K, ] [ Cancel

] [ Apply

Reset to defaults -

1. Define
lower &
upper bounds

2. Define number
of samples

CADFEM



Robust Design Optimization

Robust Design Optimization with ,,optiSLang inside Workbench”

Step 1: Sensitivity Analysis - Results

8

4 0.
INPUT: solit2

| Resgm nse

Anthil plat

Parameter
4

2 & 8
From: DOE  Samples 40/40 (0 failed)

- Important parameters: split2, split3, split6

14

Stress: 88 %
Deformation: 24 %
Frequency: 80 %

CADFEM



Robust Design Optimization

Robust Design Optimization with ,,optiISLang inside Workbench*

Step 2: First Optimization

Parameter setting

; , Define constraints & objectives:
3||‘- Criteria o< 435

g ARSM

5 .i;: Resulks d < 017

frequency = max

Optimization ARSM

Just choose an algorithm. -t o o
The ,decision tree' helps! e

) CADFEM



Robust Design Optimization

Robust Design Optimization with ,,optiSLang inside Workbench”

Step 2: First Optimization - Results

4 5 &

NumheBr of Parameter

2

1

=
(@)

2 -
=
150 200

Best Design #132

0.83678

- splitl

Relative Size to Bounds [%]

Stress = 40.87 < 41.5 (limit) v/
== Deformation = 0.169 < 0.17 (limit) v
1stFrequency = 27.9

CADFEM



Robust Design Optimization

Robust Design Optimization with ,,optiISLang inside Workbench*

Step 3: Robustness Evaluation with optimized design

QUTPUT: Maxlmum_Combined_Stress_Maximum_Maximum_value_Over_Time

1.5
I

PDF

0.5
T

~—— Fitted PDF |
dillth Histogram

{ —— Limit line

L
s

o | | 5 (e,
40.6 40.8 41 41.2 41.4 d41.6
: Maximum_Combined_Stress_Maximum_Maximum_Value_ O

The current sigma level for this design is: (41.5-41.16)/0.242 = 1.4
-> not good enough

17
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Robust Design Optimization

Robust Design Optimization with ,,optiISLang inside Workbench

Step 4: Second Optimization with changed constraint

Define new stress constraint:
o<41.2

d<0.17

frequency =2 max

Best Design #131

&

5

4

Numbe3r of Parameter

2

1

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

18

Objective History

i 1 .t
0 200

Stress = 39.0<415 /
Deformation = 0.168 <0.17
1stFrequency = 27.8
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Robust Design Optimization

Robust Design Optimization with ,,optiSLang inside Workbench”

Step 5: Robustness evaluation with second optimized design

OUTPUT: Maximum_Combined_Stress_Maximum_Maximum_Value_Cwer_Time

1 !
—— Fitted PDF >

| dlllh Histogram

o b - - e e r i
39.06 39.08 39.1 39.12 39.14 39.16 39.18
: Maximum_Combined_Stress_Maximum_Maximum_Value_Ov

Now, the sigma level is > 20

- ok! optional: 3rd run with
Interpolated stress-

Eonstraint cﬂnFEm



Robust Design Optimization

Conclusion

- Topology Optimization good for finding a concept

- Parametric Optimization good to work with manufacturable
parameters and in more than 1 physics domain

- Robust Design Optimization can now be done inside Workbench in
a very quick way: ,,optiSLang inside Workbench*

—> easy-to-use tool, that safes time for the user:

A - B -
7 s s L q T o
@ Geometry —\.2 & EngineeringData ' 90 mln oMz @ M v
initial Geometry 3 @) Geometry v o4 v B3 ) Geo Y
. 4 @ Model v 4 L ;a4 @ Mo 7
‘d? | s |@ se 7ol 5 @ setup <5 @ sen ¥
m LED e 20 min  §e
[ -
30 In 7 @ Resu = 7 @ Ergebrisse ;@ Ergebrisse #F
1111111111 10 I I “n 26 |[pd Parameters > & [5) parameters S e u p - I l I I e
Model, Static Structural l ‘ MMMMMMMMMMM
5 ’

4 4 A 4
3L Criteria 3 ||k n 3 | o 3L Criteria 3L Criteria .
4 Don - 4| 8 - 4 7 i AR 4
] IR 5 | [E] Re s |l ™ o |0 Resul 5 L mop
6 |10 Re optimic 6 |10 | Results Cptimization ARSM, muG., & 1/ Results [
0 e T = e = c H D F E m



I_ Robust Design Optimization

Thanks for your attention!
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