optiSLang—ANSYS Tutorial

10 bar truss example —— Part 1

Single Object Optimization using ES and ARSM
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Problem description

X

Linear rod elements

Element length L=360 in; load Fy=100000 Ib

Young’s modulus 1*107 psi; density 0,1 Ibs/in®

10 design variables: cross-sectional areas of the rod elements

3 basic response: mass of the structure, max_displacement, max_stress
12 additional responses: stress_1...stress_10 and disp_2 and disp_4

Max stress limit is
25000 psi, use this
as the initial

stress constraint.
Displacement
constraint is 20 in.

The aim is to minimize the
mass of the whole structure

ANSYS will be used
as the computational
solver
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Create project: 10bar_truss _ansys

optiSLang 2.1.5 powered by flowGuide i [ =[]

‘flowGuide | it Tools View Options Help

Start File

@[3 1 doe_opli
© [T 1rob_optiPlug

©- [ 248_soe_optiPlug
@ [ 2rabust_optiPlug
& [ o168 _optiPlug

@ 9 Dok _optiPlug Select a task
@ [ Ex_optiPlug

€~ [ kMD_DOET _otiPiug
& ko R1

€ 7 0R_DCE_optiPlug
©- [ pareto_optimierung
© [ Reliakilty

© [ detautproject o ) Open project
Or) | OI Ig ) Hew project
. powered by flowGuide [ Delete project

) Import project

) Customize project

=

Messages | H

I Start: Project manager
I Create: new project, e.g. “10bar_truss_ansys”
I Define project name
I Create your Project directory: “10bar_truss_ansys”
I Copy the input file: “ansys_link.mac” and the
output file: “ansys_output.txt” into your directory “10bar_truss_ansys”

fAowGuide Project Manager

s jm]

£

Project Manager

Project name: |1Dbar_truss_ansys |

Project directonys |1Dbar_truss_ansys |

' Sub project of:

Hew Project

|j Projects

& [T 10Bar_new
& 3 10_bar_truss
o |j10bar_tru33jareto
& [ 1doe_optiPlug
& [T 1 rob_optiPlug
& [ 245 _doe_optiPlug
& O 2rakust_optiPlug
& [ D163 _optiPlug

© A nnE antibluo =

[C] customize workflow list

1, [ . |
Apply ply the selected actions ki Lo
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Parameterize the problem

.“optiSLang 2.1.5 powered by flowGuide

flowGuide Edit Tools View Options Help

& & 8 X

=alx|

£

Lo d 10Bar_ness
© 7 10_bar_truss
@ [0 10bar_truss_anzys
G B Script_writer
B8 Parametrize_proklem
- M Gradient_based
G Bl Cenetic_algorithm_GA,
@~ B Evolutionary_algorithm_E&
©= Bl Parcto_optimization
@ W Design_of_experiments_DoE
= W Response_surface_tethod RSM |
©= B Adaptive_response_surface LRS!
@ M Robustness_snalysis ;
- B Reliabilty_analysiz
G B Revaluste_resutts
© W Resut_monitoring
@ d 10bar_truss_pareto
& 7 1 doe_optiPlug
© 7 1rob_optiPlug
©= [0 243_dloe_optiPluy
&= 7 Zrobust_optiPlug
& 7 D168_optPlug
&= 7 DOE_optiPlug
€ [T EA_optPlug
©- [ KMD_DOE1 _optiPlug
&= kMo _R1
©- [ OR_DOE_optiPluy
@ d Pareto_optimierung
& [T Reliability
& 7 defauttproject

BN parametrize_problem

Workflow name: |Paramatrize_1 Obar_truss_singles

Description: ’Specif\caﬁon of optimization resp. robustness problems

“Workflow Parameters

- Problem specification

- Select a task

@ Create a new problem specification L) Modify and overwrite an existing problem

i} Create a copy and modify it ) Createa copy without modifications

- Create a new problem specification

£ Will be created, if not exists @ |10bar_truss_problem_single pro

- Show problem overview at the end ?: [l

| Startl\J| Save H Reset |
|

Messages |

optisLang 2.1 5 powvered by flowGiuide star: choose project

Create a new
“Parameterize

problem”

Define the workflow
name, e.g.
“Parameterize_10bar_truss_single”
Define the problem
specification name, e.g.

“10bar_truss_problem_single.pro”
or “10bar_New.pro”

Highlight

“Show problem overview
at the end?”

Start the Workflow
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Choose input file

Look in: Ij 10bar_truss_ansys T @ @ @ @E
Ij logfiles

Ij opti_problem=s

1 workflows

D 10bar_truss_ansys.fgpr
D ansys _link.mac
|j| ansys_output. txt

File name: |ans':.fs_link.ma|:

Files of type: | All Files {*.*})

- |

Open Cancel

pen zelected file

® Open dialog of the file browser window
® Choose input file “ansys_link.mac”
® Specify file type as INPUT

File type dialog ] x|
A I= this file an input or an outpat file 7
jﬂ__l{'j_l._l]_’; N OUTPUT
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Input file ansys _link.mac

A Input File: ansys_link.mac =|olx]

Parsing design parameter PR co e Help
= E i < (] L)
® Mark the parameter value Sl RAEN &N ~ HI‘%’ w| ¢ @ @

R‘uatch E\T -
. CIICk On parameter button | |.ﬂ.ddthe selected string to the =et of parameters.
® Define parameter Ly dh0 E

lengz=360%(2)%%0.5

name as a1 F1=100000

FZ=100000

FY

allE30.0
3,
a3=30.
= ad=30.
& parameter Dialog x| e
a6=30.

a7=30.
Hame: | |a1 ag=30.

o o o o o o O

Marker: |3 whole file ™ a9=30.
al0=30.0

OK Cg Cancel
fini

Jprep?

[«]

p,ex,1,10000000
| 4 |_-'§:_1: :_1:_1:4;:_{

Top line: 1

]

File name: ansys_link.mac

File type: input file
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Parameter settings

£ parameter Tree

Tree

=10l x|

o g parameter tree

© = parameter section
@ D—:ﬂ ansys_link mac
¢ I whale file
E al
*U* constraint section
@ ohjective section

4 parameter Tree

Tree |

=10l x|

Save

Llnfold Tree .
zection

_Format Defaults |

N e w_link.mac

% I whole file
Bl e

*[]* constraint section

.‘@ objective section

integer format
float format "e20.1 41"
string format

Cancel | | OK |

“_—* Parameter Settings

 Parameter

iname: a1l

Etype: pure optimisation

(value: 30.0

(value type: | real

;ac‘tiue: [v]

| go to parameter

 Location
\line offset: 8
column offget: 3

Format: o201t

|expandable: (vl

Optimisation

lower bound: 0.1

\upper bound: 30.0

|optimisation type: | continuous

[ Stochastics
distribution

'mean value
(variation coeffcient
existent
\nonexistent

gproh. of existence

Set As Default || OK CQ Cancel

Define the design

parameter properties by
double-click on it

Use expandable format
Set format defaults
Define the lower to 0.1
and upper bound to 30
Click on “Set as default”
Define the additional 9
design parameters in
the same manner
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Choose output file

Look in: Ij 10bar_truss_ansys @ @ @ @E
Ij logfiles

Ij opti_problem=s

Ij workflows

D 10bar_truss_ansys.fgpr

B ansys_link.mac
|j| ansys_output.txt

File name: |ansys_u:uutput.txt

Files of type: | &ll Files {*.*}

&) |

Ope Cancel

h pen selected file

® Open dialog of the file browser window
® Choose output file “ansys_output.txt”

® Specify file type as OUTPUT

File type dialog |
I this file an input or an outpat file 2
WPUT || OUTPUT |
ks
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Parsing of the responses

4 Qutput File: ansys_outpub.txt oy ] B4 | & parameter Dialog ll
File Goto Tools Help

BEENNEEREE o .
it Ly Marker: |I[% whole file ¥

PARLMETEER. TDTAL_M.ASS =] 12589, 40259 | — §| e |
PARAMETER MAX STRESS = 56821.167101
PARAMETER MaX DISPLACEMENT 4 = -0. 6007050265
PAPAMETER Max DISPLACEMENT 2 = -1.313191862 ParSing response parameter
PRARETER sRessl - SR ® Mark the parameter value of
PARAMETER 3TRE33Z = 1337.458774z2 the reSpOnse “TOtaI_MaSS”
PARAMETER STEES33 = -A821.167101 .
IR Smmsd - - io95.e4sseL ® Click on parameter button
PARLMETEER STEESS3S = 1182.937307 . Define parameter
PARAMETER 3TEE3S36 = 1337.48774z2 ] name aS MaSS
PARAMETER STEES37 = 4032, 541818 .
® Define the responses
PADAMETER STRESSE = -4405 LA3503
AETER STRESSs - 26%s. 55104 “Stress1”...”Stress10” and
PARAMETER STRESS10 = -1891.493304 “Max D|Sp|acement 2” and
“Max_Displacement_4" in the same
manner

[¥]

Top line: 1
File name: ansys_output.txt
File type: output file
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Defining the constraints

i Editing Constraints |
r Equality: 0=
Marre | Constraint |
| I ® Double-click on constraint section to
H Re . . .
- - define the constraints. Add them with
.......................................................................................................................................................................................................................................................................................... “New”.
rInequality: 0<=-
Marne | Constraint

Stresst [1-(fabs(Stress_1)/25000) ® Stress(X)=

Stress2 [1-(fabs(Stress_2)/25000)

Stress3 [1-{fabs(Stress_3)/25000) 1-(fabs(Stress_X)/25000))

=trezsd [1-(fabsiStress_4)/25000) _

Stresss 1-(fabs(Stress_5)25000) forx=1...10

Stressh [1-(fabs(Stress B)/25000) H —

=tressy [1-(fabsiStress 725000) o DISp2(4)

Siressé 1-tebs(Stress_5)25000) 1-(fabs(Disp_Node2(4)/20))

Stressd |1-(fabsiStress I25000) -

=tress10 [1-(fabs(Stress_100/25000)

Dizp2 [1-(fabs(Disp_Mode 200300

Dizpd [1-(fabs(Disp_Made_43020)

We include the “fabs” function to get
| Hew || Remove | the absolute values of our parameters
| OK | | Cancel |
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Definition the objective function

g Parameter Tree = |I:I|£| é Mew objective function I ﬂ

Tree

- Hame: ||:-hj1 |

I

)
EH stress_10 active: [v|

E Clzp:Mede. 4 Matne | Function | \Weight |

EH pisp_tade_2 e Mass . 10
o -{]* constraint section
@é Stress1
@g Stress2
@é Stress3
@g Stress4
O stresss Hew Remove OHL\\\J Cancel
@g Stress6
@é Stress?
@g Stress8
@é Stress9
@g Stress10
© 2 pispz
02 pispa
o @ ohjective section
¢ hm akil [\} e

Double click to add a newy objective function.
b |

® Double-click on objective section and
define a new objective function
® This minimizes the mass of the structure
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Final parameter tree

Ten design parameters to vary

Thirteen responses

Twelve inequality constraints

One objective with one objective term
= Save the parameter tree end exit

e the parametrize section

[H>E- (- H - - {

2 @ @ @ @ @ @ @m @
o

ES
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Write the “call ansys.bat” file

Use a text editor to write this script or modify the included script file

@echo off

REM script: call_ansys.bat

REM generated by optiSLang

REM start a program

"C:\Program Files\Ansys Inc\v110\ANSYS\bin\inte\ansys110" -b -i ansys_link.mac -o out.txt
del file.*

exit 0

Before you write the script — locate where your ANSYS program has been
installed and modify the path, otherwise this script would not work!
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Workflow of the evolutional algorithm |

flowGuide Edit Tools Yiew Options Help

w[eex

Ln
ol

% [ 10Bar_new :
@ mm Script_writer B Evolutionary_algorithm_EA

©= B Faramettize_problerm : -
Workflow name: |Evn|utlunary_&lgnrlthm_1 Ohar

G- M Gradient_based

€~ B Genetic_algotithm_GA Description:
¢ B Evolutionary_algorithm_EA :

Optimization using geneticievolution strategies

2] EA_200_gen

2] EA_40_gen

2] Evolutionary_algaorithrn_EA_p

5 rWorkflow Parameters
[‘E Evolutiohary_algotithrm_EA_p| -

2] Evalutionary_alaarithrm_EA_p [lEIEEL IAREHIES

2] Evolutionary_algorithm_EA_p & Workflow identificator: |1Dbar_EA
G- B Pareto_optimization :

 Continue previous session 7
€= BB Design_of_expetiments_DoE

E= W Response_surface_method_RS s Mo, start from beginning.

1 Yes, continue.

G W Adaptive_response surface ARS
e B Rohusthess_analysis
o~ mm Reliability_analysis : ¥ SRl Singla testiot oy =

G- B Rohust_design_optimization_RD 4 Startimmediately (no questions): [
& BN Revaluate_resulis z

® Create a new workflow of
“evolutionary_algorithm”

® Define “Workflow name” and “Workflow identificator” like shown above!
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Workflow of the evolutional algorithm |

~ Optimization problem

£ problem specification file : |D:1.TMF'_Veiz‘L1 0_har_neulopti_proklems\ 0Bar_Mew: pro

- show problem overview: [

-]

- Optimization strategy

Evolution parameter set

® Create resp. Modify (' Use previously defined

- Create resp. Modify

& Wil be created, if not present in project directory : |ev0|uti0n_parameters.set

1 How many designs may violate the input constraints ? (% % |1 an

+" Do not solve designs which violate input constraints 7 : ]

- Scaling
'® no scaling [ automatic scaling
Lz Scale terms and objectives :

() useexistingfactors [ show scale dialog

~ Sohlver control

- command line to execute

¢ Runa single command (found in PATH) ® Run a script file

 Run a script file

B3 select afile: : |D:1Tru1F'_Veiz‘L1 0_bar_neuicall_ansys bat

1 maximum number of parallel runs : 1

i idle time before starting a run {sec) : |D

i maximum runtime of a single job (min) : |5

- o not solve duplicated designs twice:  [v]

- Monitoring

~" Show monitoring during calculation progress ? =

+" Show postprocessing after calculation has finished 7: v

| Start || Save || Reset |

[l

® Use predefined
optimization problem

(*.pro)
Select the script bat
file “call_ansys.bat”
for starting the solver
® Save your settings
® Start the Workflow
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Subflows of the evolutionary algorithm

x|
| on || o | -
\’ / \ ppppppppppppppp
Popul Selection
Replaceme: nt | | crossover
Evaluation | | Mutation | start population [
Cancel
x|
Eval | Stop | Sele T"’;&,m‘]’;ﬂ;&mfw ]
Endpopulatio —
Stop |
\ [w] parameter free constraint handling
Selection
rrrrrrrrr
- / cliff (50%) O
E'@" || muton | 0 20 40 60 80 100
Reset Cancel

Specify the Population
size (M) to 10

Choose the constraint
handling method
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Subflows of the evolutionary algorithm

x|
it | Eval | Stop | Sele | Xover | Muta | Repl |
| Fualuation | | Stop | minimum num| ber of generations 5
\f Selection
/ maximum num| ber of generations 40
Replaceme it Crossover
| Evaluation | Mutation |
\ / =top after generations of stagnation 10

Specify maximum
number of
generations to 40

Customize the parent
selection method

Set the number of the
parents to 10
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Subflows of the evolutionary algorithm

,[(int_ | Eval [ stop | sele | xover [(Muta [[Rept |

rrrrrrrrrr ethod | uniform

number of crossover points 2

crossover probability: 0.5
0.0 0.5 1.0
distribution parameter
rrrrrrrrrr ate: 0.5
0.0 0.5 1.0
hybrid crossover [

“init [ Eval | Stop | Sele [ Xover | Mut

Choose the crossover
method and

corresponding
parameters

Specify mutation

nitializ Endpopulation
v t b
mutation rate: 0.2 t
| Evaluation | | Stop | 0.0 0.25 0.5 0.75 1.0 pa rameters

\’ Popu selection variable type continuous discrete

/ std, deviation start  [0.1 | |oos |

Replaceme nt Crossover
\ / std. deviation end  [0.01 | |om |
| Evaluation | | Mutation |
\ 3 / adaptive mutation [=
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Subflows of the evolutionary algorithm

4 Em settings

Load/Save PreDefined

| Initialization | Endpopulation |—W

¥
| Evaluation | | Stop |

\_’ Population | Selection |

x archive size: 2
‘ Replacement | | Crossover | :
‘ Evaluation | | Mutation |
Population

Reset

® Specify the archive size to 2

A short question:

g on

27 Really start solver runs now?

sa | | tein |

x|

Cancel || 0“&

L
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Postprocessing EA

o [m] 4
Eile  Windows
v HE || 5 v B || Re . L
Objective History Best Design #393 RESPONSE DATA: (Best Design #393)
=)
2r T T T T T T T ul T T T T
2 o al0 i
- 7.204
™
as -
o 1.2631
=) 4
£ a8
1.2935 1 2
En @
= @ H
e 1 £ 2a
2 Lo 1 g
¢ a o Stress_6
= ] o 16910.4
a o ]
= [ e Stress_5 L
=Y a
&8s - 2 £ 1210375
[l 5 &
Z= e =
< 1
[=]
= 4
a
& a2 4
5.0208 ~ Stress_1 4
23697.3
al AsS
8 | | | g LR | ) | I | 2968.61 I I
Ao 50 100 150 200 250 300 350 400 40 60 B0 100 1] 6 a0 100
Design Number Relative Size to Bounds [%] Relative Size to Responsg Range [%]
e @ |[Hisea cm|
QOBJECTIVE DATA: (Best Design #393) Parameter History
T T T or T T i
PENALIZED OBJECTIVE L2k ¢ New generation
2 .61‘ Upper bound
hA lNE?gADLB:sg\sm L Lower bound
TNEQUAL: Disp2 | wn T History (a1) 4
4.3315 B
N NEQUAL: Stress10 o
= 9717.14
) INEQUAL: Stress9
= 199,782
fa INEQUAL: Stress8 A
g"‘ 4348.79
g INEQUAL: Stress?
s Q7493.15
= INEQUAL: Stressé 4
2 8089.58
o INEQUAL: Stress5
S 12896.5
T INEQUAL: Stregsd A
£ 23722.4
& IMEQUAL: Stress3
E 7117.47
N o INEQUAL: Stress2 4
[ BestDesign | 9494.57
S — INEQUAL: Stressl
iy 1302.69
=" - OBJ: abjl J
2968.61
[ Quit ] | TFRM: Masse
= | I | 2968.61 | I ! =l ! I | | | | ! .
Q| -~ - 0 20 40 60 80 100 o 50 100 150 200 250 300 350 400
O“)TDLU’\ [%] of Data Range Design Number

® |[nitial mass:

12589,4

® First
optimization
(evolutionary
algorithm)

mass: 2968,6
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Design improvement of a pre-optimized structure

Il Evolutionary_algorithm_EA

Workflow name: |E\rnIutinnan,r_algnrithm_Design_lmprnvement

Description:  |Optimization using geneticievolution strategies

Workflow Parameters

- Project properties

& Workflow identificator: |1 Ohar_lmprove

- Continue previous session ?

(@) Mo, start from beginning. ' Yes, continue.

+" Bun a single test job onhy : [

- Start immediately (no questions): [

- Optimization problem

£ problem specification file : |D:1TMF'_VEi?_‘t1 0_har_neuwlopti_problemsy1 0Bar_kew.pro

- show problem overview: [

® Define “Workflow

name” and “Workflow
identificator”, e.g.
“‘EA_10bar_truss_improve”

Use the predefined
optimization
problem(*.pro)
Select the script bat
file “call_ansys.bat”

for starting the
solver

Save settings

Start the flow
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Settings for the Evolution Strategy (ES)

01 global search
| Initiali| 02 design ihp[_ﬂﬂﬂmenf_-;ﬁ'-"! —i

| Init | Eval | Stop | Sele | Xover | Muta | Repl |

v T il

on
\‘» / \ population size I‘I
Population | Selectio |
| Replaceme it | | Crossover |
| Evaluation | | Mutation | start population [

Reset Cancel 0K

EA settings: Select PreDefined - design improvement
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Settings for the Evolution Strategy (ES)

Population size (u)
Start population
Constraint handling
Max. number of generations
Ranking method
Number of parents (A)
Seletion method
Crossover method
Mutation rate

Standard deviation start
Adaptive mutation
Archive size

4

1

yes

parameter free

40

linear

5

stochastic universal sampling
copy/ no crossover
0.2

0.02

yes
1->(1+5)strategy
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Subflows of the evolutionary algorithm

£ GA start-population

X

] # | SELECT | Source |Design Mumber

al

a2

DOE & SAMPLING

Bounds | ;
rDesign of Experiment

) linear

() quadratic

{_ D-optimal linear

) D-optinnal quadratic
(® central composite
) full factorial

) axial sensitive

3

rDesign Sampling——————————————
{_! latin hypercube

) plain monte carlo

10

sample points: 1045 | [ Apply

10 parameteris)
3 response(s)

0 support point(s}
0 selected paint(s)

population size: 1

File import dialog:
Import the file e.g.
“Save_EA 10bar_truss EA.bin”

from the EA

strategy

| [} add

0l Delete

ﬁ Import

Import sets rom fie.

!

MBI ENEHE

Suchen in: | Ij EA_10bar_truss_EA

385 T Design_0391 1 Design_0397

386 E Design_0392 E Design_0398

38T E Design_0393 E De=ign_0399

368 T nesign_o3ss 7 Design_o400

369 1 Design_0395 [ tempFiles

1390 d Des=ign_0396 D Save EA_10bar_truse_EA.bin

4 [Z]
Dateins |Sava_EA_1 Obar_truss_EA hin |
Dateityp: | binary files {*.doe,".sav,”.bin} - |

Abbrechén

Lissgeywshite Detei

Import existing result file

£ Tmport DOE dialog i EI

rParameter Sets with Responses

WorkFlow: EA
parameter: 10, sets: 400
response: 3, sets: 400

objective: 4, =ets: 400
(¥ read data of responges?
[¥| read data of objectives ?

@ all sets
[ last sets

ronhy Parameter Sets

parameter sets: 0

Cancel | ‘ 0K [g
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Subflows of the evolutionary algorithm

Start population dialog

® Revalue objective and constraints

® Sort designs by objective in ascending order

® Seclect best feasible solution as start design

4. GA start-population ) x|
4 2 | SELECT | Source pDesiemsmess L >
| DOE & SAMPLING | Bounds | d | IR ¥l IMPORT[] 5. 350 1693 550972 9.8730072) «
. . : 357 = IMPORT]: S... 357 92355024 =
= R EREREE 375 ] MPORTH}S. 378 : el
i 336 | IMPORTH]:S.. 336 73 &
S inea = : Lo 2 = :
340 | MPORTHM]S.. 340 10.475121
() quadratic 397 I MPORTHMIS.. 397 37 BRI
3 D-optimal linear 399 [l MPORTHES.. 399 s 746078 = anl.
339 ] MPORTHM]S.. 339 310526335
(! D-optimal quadratic 390 | MPORTHMIS.. 390
@ eotiial tompoate 347 [ MPORTHES.. 347
_ 386 ] MPORTHM]S.. 336
L) full factorial 396 [ MPORTHMES.. 396
o il seneitE 394 [ MPORTHES.. 394 [ add
383 | MPORTHM]S.. 383
343 | MPORTHM]S.. 349
3 375 ] MPORTHM]S.. 375
278 | IMPORTH]:S.. 278 ;
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desi

Postprecessing for the

4

i x|
Eile  Windows
= SE| . vE| ; . Y|
| Objective History Best Design #188 RESPONSE DATA: (Best Design #188)
] T T T T T T T T T
J Disp_MNode_2
o all 4
o = 63003 617439
] Disg,Node,‘i 1
P TPETse— ™ ad -2.15827
LAV, kit
as i
1.2895 = Stress_9 i
§ 24845.9
=] 5 a7 @
B 3 12,655 =
2 £ i i
£ fo a6 i g
&
ug & s £ Stress_6
e 5 = S 1518533
& = 0.37645 2 Stress_5 |
g E E 14704.8
ES 4 - E Stress_4
& 52 -1885.48
E 23 Stress_3 4
3652 -20315.2
az 4
= 3.8931 1
g
~ a1 M
[ — 4.9139 2638.91
0 25 50 75 100 125 150 175 o 40 60 80 100 20 L. 80 100
Design Number Relative Size to Bounds [%] Relative Size to Response Range [%]
E st P = O | [History *H
OBJECTIVE DATA: (Best Design #188) Response History
T T T T T T T T T T T T
PENALIZED OBJECTIVE
2 .91
s 1NE?I#AEL4:1I§’|sp4 |_ § © New generation
TNEQUAL: Disp2 " — History (Mass) [
?3 8
o INEQUAL: Stressi0 J
= 8 R674.12 |
] INEQUAL: Stressg 2
€ 154.052 =
Eo INEQUAL: Stress8 1 o
2"‘ 152.253
S INEQUAI 5tr1557
F) S181.6 "
= INEQUAL: Stressé i ]
5 R I 23 g
@ ~
oy
e ﬂ
£° ]
& =] i e
e St \I | £
N
ot i
INEQUAL: Stressl I
38.6623
OBJ: objl 1 =]
g 2638.91 3t
~
~HC ~ 40 60 80 100 o 25 50 7 100 125 150 175
or ,'h\‘)‘,(:iﬁ.g [%] of Data Range Design Number

n improvement

Initial mass:
12589,4
First
optimization
(EA),

mass: 2968,6
Second
optimization
(evolution
strategy),
mass: 2638,9
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Result of the EA after 120 generations

4

OPTIMIZATION P -101 x|
File  Windows
7 v H | ranste v | t1 ualues v Hm|
Objective History Best Design #1148 RESPONSE DATA: {Best Design #1148)
T T T T T T T
=] all 4
s - 2.5466
o
R as - 1
4.0664
. & a8 g =) Stress_9
g 6.491 E 244583 1
= a7 u
" 2 6.0462 @
= = o Stress_7 i
=y o a6 i 7 24441.4
B g 33548 = Stress_6 . I 't' | .
2 s 5 = Asiens nital mass:
&o| £ : o 7297.44 1
g = a4 4 =
3.1051 5
H
a3 iz 1
] 8.2033
: st
z . - ® EA It aft
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Result of the EA after 300 generations

4
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Workflow optimization using ARSM |

flowGuide Edit Tools View Options Help £

4 & B X

% [ 10Bar_new ;
© B Script_writer B0 Adaptive_response_surface_ARSM

€ B FParametrize_problem

©- Bl Gradient_hased :
©- M Genefic_algorithm_GA Description: |Autormatic adaptation of suppart points
G- B Evolutionary_algorithm_EA& :

©- Wl Pareto_optimization :
- B Design_of_experiments_DoE ...........................................................................................................................................................................................
©= B Response_surface_method RS
© W Adaptive_response_surface_ARS §§

Workflow name: |ARSM_1 Ohar_truss

“Workflow Parameters

[P ARSM1 - Project properties
fe] ARsMz £ Workflow identificator: \ARSM_10bar_truss
fe] ARSM3 : ; ) :
5 - Continue previous session ? £
©- M Fohusthess_analysis :
9 relionlinanalysls @ Mo, start from beginning. ' Yes, continue.

©- B Fohust_design_optimization_RD :
& Bl Revaluate_results
& B Result_maonitoring -/ Run a single test job onhy ; (=
€ 7 10bar_Robust_0SL3 :
& ] 2sick_optiFlug
& ] DOE_Kraftaufnehmer
@ 3 0P _optiPlug :
e Qelwanne_opt £ problem specification file : |D:1TMF'_Veiz'L1 0_har_neuwopti_problemsi1 0Bar_Mew pro |
& [ Oelwanne_Rob :
& ] Pareto_optiFlug

Lo -

- Start immediately (no questionsj: [

- Optimization problem

-/ show problem overview: [

® Create a new workflow of “ARSM”

® Define “Workflow name” and “Workflow identificator”, e.g.
“10bar_ARSM’

® Use predefined optimization problem (*.pro)
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Workflow optimization using ARSM ||

— A g P

€ Bl Rohbust_design_optimization_RD)

@ W Revaluate_results
&= M Result_monitaring
@ 3 10bar_Robust 05L3
& (07 Zsick_optiPlug
& [ DOE_Kraftaufnehrmer
& [ 0WP_optiPlug
O3 Oelwanne_opt
3 Oelwanne_Rob
& [C7 Pareto_optiPlug
& [ SkelZ_optiPlug
@ 3 Skel_Rob
@ 7 Skeleton_optiPlug
& [T defaultproject
& [J test_1_optiPlug

T

- Adaptive response surface

~ARSM parameter set

@ Create resp. Modify (' Use previoushy defined

- Create resp. Modify

£F Will be created, if not present in project directony : |arsm_parameters.set

~ Scaling

% no scaling
Lz Scale terms and objectives :
) use existing factors

) automatic scaling

) show scale dialog

- Solver control

~ command line to execute

) Run a single command {found in PATH) ® Run a script file

- Run a script file

£ select afile: : |D:1.TMP_Veiz‘t1 0_bar_neuwall_ansys. bat

maxzimum number of parallel runs : |1

H,

idie time before starting a run {(sec) : |D

ki,

I maximum runtime of a single job {min) : |2|

-/ do not solve duplicated designs twice: [v]

- Monitoring
- Show monitoring during calculation progress 7: ]

-/ Show postprocessing after calculation has finished 7:  [v]

| Start || Save || Reset | Stop

® Select the script bat file “call_ansys.bat” for starting the solver
® Save the setting and start the flow
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ARSM settings

i ARSM settings , PRl < ARSM settings , x|
Load/ Save Load/ Save
| General Options || Stop Criteria |  Advanced | | General Options || _Stop Criteria_| Advanced |

panning parameter |1 0

maximum ARSM iterations |2IZIIZI |

minimum parameter range [%] |EI.IIIIIIIII1 |

|
oscillation parameter |III.E |
|

Zooming parameter II:I.E

start range ] |1 oo | - convergence test

minimum iterations before testing |3 |

optimization method | GASHLPOL b4 |
approximation method | linear - | ignore test mandatory  value [%]
objective o - i) 0.0
subregion DOE method | D-optimal linear b | Q
parameter ] im i) 0.01
start values
Reset | Cancel OK % Reset | Cancel OK

® Change the Settings as shown above:
® Optimization method to “Ga&NLPQL”
® Start range [%] to 100.0
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Postprocessing ARSM

File  Windows

Oudinate seale
[ Linear |

— e
| Appreximation |

Objective Value [1ed
i 0.6 ! 0.%

0.4

12

10

optiSlang

Terms| O?ECENG |Constraints
4 8

2

Objective History

Objective history (approx.)
— Objective history

#29 (523)
5 10 15 20 25
Iteration Number

0 0 60 8
Relative Size to Objective Data Range [%a]

100

Number of Parameter

Best Design #522

10

8

6

4

1]

30

20

Terie T
0.10368
ad
9.235
ad
9.2848

a7
9.426

40 60 BU] 100

Relative Size to Bounds [%

Parameter History

2h

20

== Upper bound
= Lower bound
~©- Iteration history (al)

10 15 20 25
Iteration Number

RESPONSE DATA: (Best Design #522)

6 8 10 12

Mumber of Response

4

20 40 60 80 10
Relative Size to Response Range [%]

v H

Objective data for all support points

1.2

Ob%']egtwe Vaoluses [1e4i

0.4

Objective History of Support Points

bt |

| & Support points

— Objective data for all support points
< Best designs

|

rorvorermmnd 22,522

200 300 400 500
Deslgn Mumber

100

Initial mass:
12589,4

ARSM result after
522 designs for the
mass: 2625

The Response Data

and the Objective
Data is shown on
the following pages
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Postprocessing ARSM

Response Loutput] values

RESPOMSE DATA: (Design Number: 397)

|

8 10 12

Nﬁumber of Response

Stress S (approx.
520587

Stress_9 [original)
2499[8.1

Stress_7 (approx.}
25000
Stress_7 (original

2495;9.19 ]
Stress_6 (approx.)
2155152.%J
Stress_6 [original)
155325

Stress_5 (approx.)
104.063

s 3 grpine)

Stress_2 (approx.}
1'55§5.4
Strass_2 [original)
1553L2_59
Stress_1 (approx.}
25008
Stress_1 [original)
25000.4

Mass (approx.)
1593.22

Masjssggrligiznal]

20

40 60
Relative Size to Response Range [%]

80

100

® |[nitial mass:
12589,4

® ARSM result after
397 designs for the
mass: 1593,22
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Postprocessing ARSM

object ive & constraint values

OBJECTIVE DATA: (Design Number: 397)

14

12

10

8

Terms|Objective|Constraints

6

INEQUAL: Disp2 (approx.
EQ B (approx.)
INEQUAL: Disp2 {original
2 12.6802{ ol
INEQUAL: Stressih {approx.
2 3038.97 tapp )
INEQUAL: Stress10 (original
= 3033.69 (eriginz1)
INEQUAL: Stress (approx.,
Q 1.455192—051”’ ?
INEQUAL: Skress9 (original
= 1.92?68t Sl
INEQUAL: Stresst (approx.
Q -3.63?939-0@1{" ;
INEQUAL: Stress8 (original
= -0.46353E st
INEQUAL: Stress? (approx.
i 3_63?98&0%;» ?
INEQUAL: Stress7? (original
=2 g_gzjzgc L
INEQUAL: Stresst (approx.
B D G )
INEQUAL: Stresss (original
= 946‘.".4?c ginall
INEQUAL: Stresss (approx.
C 24895_9{ LR ?
INEQUAL: Stress5 (original
% 24996.5c S
IMECLIAL: Strgssrl {approx.)
INEQUAL: Stress4 (original
= 1.%828( e
IMECQUAL: Strﬁss:i {approx,)
INEQUAL: Stress3 (original
= 0.38‘9?5c R
INEQUAL: Stress2 {approx.
U TR s (e
INEQUAL: Stress2 (original
= 946?.4?t ginall
INEQUAL: Stressl (approx.
3 3.63?98e—ﬂ£2w :
INEQUAL: Stressi (original
i -O.SEGBﬁ-t it
0B cbil {approx.
1493‘.2%" )
0BI: abjl {original)
1503.22

TERM{0 h]:lg :lsg'lr‘asés; {approx. )

TERM{objl): Masse (original]
1593.22

u]

0

6 8 i
Relative Size to Objective Data Range [%a]

® You see thatin two
cases the stress
constraint is slightly
violated. The
maginitude of this
is negliable!

Aynordo



Comparing the methods

Reference EA EA EA EA
Initial Values Calculation (40 generations) (Improvement) (120 generations) (300 generations) ARSM
Units us S us Sl us Sl us Sl us S us S us SI
Mass 12589,4 Ib 5710,5 kg 1593,2 7227 2968,6 1346,6 2638,9 1197,0 1954 886,3 2080 943,5 1593,2 7227
19354,8
Al 30 sq.in mm? 7,94 5122,6 5,01 3232,3 4,91 3167,7 7,85 5064,5 4,21 2716,1 7,94 5122,6
19354,8
A2 30 sq.in mm? 0,1 64,5 5,02 3238,7 3,89 2509,7 3,24 2090,3 2,09 1348,4 0,1 64,5
19354,8
A3 30 sq.in mm? 8,06 5200,0 15,72 10141,9 13,65 8806,4 8,2 5290,3 16,7 10774,2 8,06 5200,0
19354,8
A4 30 sq.in mm? 3,94 2541,9 17,34 11187,1 14,95 9645,1 3,1 2000,0 2,15 1387,1 3,94 2541,9
19354,8
A5 30 sq.in mm? 0,1 64,5 0,27 174,2 0,38 245,2 3,45 2225,8 4,2 2709,7 0,1 64,5
19354,8
A6 30 sq.in mm? 0,1 64,5 4,6 2967,7 4,73 3051,6 1,34 864,5 2,09 1348,4 0,1 64,5
19354,8
A7 30 sq.in mm? 5,75 3709,7 14,63 9438,7 12,66 8167,7 6,04 3896,8 12,13 7825,8 5,75 3709,7
19354,8
A8 30 sq.in mm? 5,57 3593,5 1,29 832,3 1,29 832,3 6,49 41871 0,26 167,7 5,57 3593,5
19354,8
A9 30 sq.in mm? 5,57 3593,5 1,26 812,9 1,6 1032,3 4,07 2625,8 3,02 1948,4 5,57 3593,5
19354,8
A10 30 sq.in mm? 0,1 64,5 7,2 4645,2 6,22 4012,9 2,55 1645,2 3,2 2064,5 0,1 64,5
Disp.
Max -1,31in -33,4 mm -7,2 -182,9 -5,67 -144,0 -6,17 -156,7 -6,76 -171,7 -6,91 -175,5 -6,99 -177,5
Stress
Max 6821 psi 47 Mpa 25000 172,4 24800 171,0 24961 172,1 24897 171,7 24796 171,0 25000 172,4
Designs 400 196 1200 3000 397
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Conclusion

Best method for this problem is the ARSM.
It is fast and achieves highest reduction of the mass.

Now, start a robustness analysis to check wheather you
have developed a robust design.

Perform a reliability analysis to determine the probability
of failure for your design.
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