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Adynardco

v3 Compatibility

e Support v3 problem definition
e Load or
e Double - click .pro

e Postprocessing
e v4.0 uses v3 postprocessing
e Double - click .bin
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Adynardco

Documentation

e Tutorials

o Examples

e Supportmail

e Method documentation

e Context sensitive help
e Tabs
e Search

Help

E Content Tree i 4
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SENSTIVITY ANALYSIS
Prev ALGORITHMS NEexT
Sensitivity Analysis
Initialization
Slots

Sensitivity analysis quantifies the importance of the design variables with
ﬁ respect to the model responses. This approach is based on a design
exploration. For this purpose classical Design of Experiments schemes as full-
factorial, central composite and D-optimal designs and random sampling
methods are available. The latter are Monte Carlo Simulation which is pure random
sampling and Latin Hypercube Sampling, which helps to explore the design space with a
emallar numher nf samnlas and redures enurinne danendancies hatwean the dasinn
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Wizards

e Fast and easy creation of:
e Process chain
o Sensitivity analysis
e Optimization task
e Robustness evaluation

e Supported by:
e Principle of wizards

e Defaults
e Decision help

Team Software 4
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Wizard based flow creation

e Use templates
e Drag & Drop
e Automatic connect (Parameter, Designs, ...)

e Algorithms are nodes with inputs and outputs

.' Robustness MOP_Robustness PP__Fifness
» Ol
(&

Sensitivity MOP Evolutionary algorithm

(compact view) L = !
Valldate best design Postprocessing
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Input parametrization

* Automatic detection T
comfortable for a lot of parameters Solver Inputs
Specify the solver inputs
m’ |Assignment =l ‘AutoParam
" larea0l 10 [ 1'HEADING '
e Parameter table k'_leo ; : ?EEQPBIAR TRUSS [T2D2)
- . = : 3 *PREPRINT ,ECHO=YES HISTORY=NO ,MODEL=NO
for fast and easy modification R A B A e e S o OS5
5 ** - Input parameters - Cemn
6 *PARAMETER

7 areall = 10.0
Barealdz - 100
Qareal3 = 100
10 area04 = 10.0
1larealS = 10.0
12 area06 = 10.0
13 areal7 - 10.0

Solver Wizard

Parametrize Inputs 9

Parametrize the inputs e

Name |Parameter type|'erence va| Constant | Resolution | Range [tangeplof| PDF | Type Mean | Std. Dev.

1 |area0l  Det+Stoch 10 o Continuous 0.1 §2o c— _/\moaum. 10 0.288675

-2—-01302 Det+Stoch ilo o rmnumns 'io?:xs 20 —j /\_ NORMAL %10 0.288675
.a—_areaoa Det +Stoch :10 o iContlnuous lo.x 20 _/\ NORMAL 10 0.288675 e fRea
4 |area0s  Det+stocn 10 o Continuous 0.1 zn —[ _/\ NORMAL im 0280675 " oo | aad ||
5 |area05  Det+Stoch 10 o (Continuous 0.1 20 NORMAL 10 0.288675 .
?areaos Det+Stach 10 0 Continuous- .Io—n-: %20 | NORMAL g»m 0.288675 :_&l
Bl .....iv  lneeicoas lan - PSSUNRI FEET MARLIAL  leA A ~ooeve
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Output extraction with ETK

Comfortable extraction of known output file formats
To be integrated in process chain

S

odes 10r. F = =
- ODB File: 2rs\Public\Documents\optiSLang 4.0.3\examples\ten_bar_truss\abaqus\ten_bar_truss.odb Import Responses
e Abaqus redoses |
! Step: [Step-1 |
[ Ad a m S | Frame: [Zj,last] _V]
“ Field output: [COORD -]
Py Position: |Integration point |
A n Sys Element type: | T2p2 Component: [CO(RD_J. v ]
||
Output slots
Section point: m ODesign
;J OErrorCode
Set: [ ALL ELEMENTSINST(PART-1-1) [RAE | Filter: | 2\ opath

ten_bar_truss.inp Solver ten_bar_truss.odb o

Team Software
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Simulation X SIMULALION 3¢

Solver specific dialog and execution Powered by ITI
@ Simulation @
Patameter Responses
optisLang 4.0.3examplesoscillatorsimulation:\oscilator_expanded.ism [P Open
S P JoptisLang 4.0.3 examples) i i _Exp p
= . Marre Walue Unit Description I
spring k20 4 Parameters
tatart 0 H Starzeit
tStop 1 3 Stoppzeit =
termCaond 1] - Simulation beenden... |
gravity 980665 rrfs Gravitationsbeschle...
plitrm 101325 bar Atrrosphirendruck
Tokrm 20 "C Atrnosphirentempe..,
protn 1 - Protokollierung ein..,
traceOn 1 - Tracing eingeschaltet
4 T+ amega
4 Results
¥ [1:438] - Signalausgang
Input slots 4 T eventsHz Oukput sloks
a IBaselir 4 Parameters m rrax_dispy
- direction 0 - Richtung —
iEj IDesign a 0.5 - Gre et ﬁ DDesign
~ Z ITErrorCode P ¥ 0 i Anfangswert Z OErrorCode
Results
Y [1:428] - Signalausgang m omega.y

Team Software
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Matlab

Solver specific dialog and execution

— Perameter atisLang 4.0, 3 examples)oscillatorimatlabhoscillakor m | CIpEn | Responses
k 20 "8 omega_damped 44712
- - Mame Type Yalue ol % . 0623
1 D SCALAR 0.0z - i
3 ervelope WECTOR [100:1] =
4 indicator WECTOR [100:1]
5
6 m SCALAR 1 | &
T nurn_steps SCALAR 1na
8 omegal SCALAR 4,47214
1 omega_damped  SCALAR 447124 i ) 5
Input siots 10 sin_values WECTOR [100:1] i _ Output slots
la [BaseDir Fj DDesign
Fj IDesign % Inputs I{Idn?lcline IreFerenu:e wariables) 1 . g_ OFErrorCode
- !F [ ~e><!st{|n:|,l var} T om= 1,: enu:!,' -
_ g_ [ErrorCode :F E :EE;EEE:E'J{?;;Tr?}}}I kD_=_2I:?.JI:I2?r|I3E|I-:|:I; a | N OMaxParallel
N IMaxParallel if { ~eist('ERIN', "war') ) Ekin = 10;end; ﬂ OPath
% Scalar values

Team Software
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Python

Solver specific dialog and execution

Parameter Jles‘osdllator \python'osdllator, py [ Open ] [ Save ] [ Save as ] Responses
E:I k 20 42 w0 = sgrt(Z2*Ekin/m) - % omega_damped 4.47124
5 43 omegal = sgrt(k/m)
L]'“l 44 omega damped = omegal*sgrt (1-D*D) [%]me 0 17
45
46 #approximate maximum- amplitude from-e
47 x max env = exp(-5*D*omegal) *v0/omega
48 numsteps=100
45

50 #time series
51 Hdef - Cachlsplacement{ t) -

Input slots 52 s5in _value = sin/( t*omega _damped) Output slots
Eﬂlﬂﬂﬂm 53 ----envelope --exp{—_t*D*omean}*va Fﬁ ODesign
— 24 | - return sin value*envelope —
F_:'| IDesign 55 _ ZJ QErrorCode
. ZJ ErrorCode 56 Hdef CcalcIndicator( t, =) : n OStdErr
;-1 57H - -if _t-> 5:
C:\ PPath N - return abs{ x) ‘Aa OStdOut
58 - else:
eI - - - - return -0 i

Team Software
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Excel

Solver specific dialog and execution

Parameter Responses

Yexamples \osdllatorexcel\osdllator, xls E] Open

E:l k 20 % omega_damped
A B Cl=

° lm1 ) xmax

1 Variable values

2 k 20
3 m 1
4

5 omega

6 omega_damped

] 1 3
Input slots 7 Output slots
m IBaselir 8 Fj ODesign
F_:| [Design 9 xmaxenv . &Z| OErrorCode
& IErrorCode - ﬂ OPath
11
12 x_max

Team Software
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Integrations

Appear as nodes with inputs and outputs

Team Software
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Command Line Interface (CLI)

e Create or modify a project
e In GUI
e With python script

e Run the project
e In batch

e No graphical environment needed

optislang - - batch myproject.opf

Team Software
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Adynardo

Python modules and C++ libraries

Use
e DOE
e Robustness evaluation
e Optimization algorithms
e MOP / MOP - Solver

In
o External Code (Matlab, Simplorer, ...)
e Script / own application
e Customized Application

Through
e Import of dynardo Python modules
e Use of dynardo C++ libraries (.dll, .so)

Team Software
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Release

optiSLang inside Ansys Workbench
ACUM

26. 10. 2012

optiSLang v4
WOST 9.0
27.11. 2012
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"optiSLang inside ANSYS SRS
Workbench" SN

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

- efficient, easy, and safe }
Robust Design Optimi

Dynardo GmbH
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optiSLang inside ANSYS Workbench v14

Modules Sensitivity+MOP, Optimization and Robustness+MOP provide
,best practise™ optiSLang functionality

S JNew [Fopen... |al save [ saveas... |ﬁ]hnport.
2 x

Toolbox v

| B Analysis Systems |
Design Assessment

Electric

Explicit Dynamics

d Fluid Flow {CFX) 2 [ Analysis Pl
3 Fluid Flow (FLUENT) | T rwae

Harmonic Response =d

Linear Buckling Microsoft Office Excel
Magnetostatic
Maxwell 2D
§8 Maxwell 30

il Modal I('p'.l Parameter Set
filj Random Vibration

<9 Reconnect @ Refresh Project 7 Update Project | Resume /7 Update All Design Points | (3 Project 0CompactMode

Project Schematic

bW N

A=

I§ Response Spectrum
Ez Rigid Dynamics
& RMxprt

[z5) Shape Optimization

B hd c
Static Structural R optimization EA

A

1
Y steady-State Thermal 2 B Parameters Parameters
(3 Thermal-Electric 3 L] criteria [0 criteria
4
5
6

~ |4

<

AN RANAN
L ‘\“,‘
ol oelw

Transient Structural E DOE m EA

Transient Thermal

| Component Systems Bl mor E Results
[ Custom Systems | £ Results ; Optimization EA |
B Design Exploration Sensitivity Robustness
B optiSLang
k.| Optimization
|>.| Robustness
Bl sensitivity

NSNS
LSRLIN LI
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optiSLang Flows of best Praxis

Safe to use.

automate best practice to ,black box" flows

minimize the risk to miss better designs (optimization)

minimize the risk to estimate misleading measures for robustness,
safety and reliability

offer easy to use measurements of (response variation) prognosis
quality

That task requires sophisticated technology with carefully balance between
number of solver calls and safety to reach the RDO goal.

2 of Rewioms

that “"non expert” can use it!
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optiSLang inside ANSYS Workbench

ANSYS Workbench

1 W 7= Static Structural {(AHSYS) (®] nCode
2 Geometry v ‘\.% Engineering Data :: ‘_Ij ; Enlgin.eering Data : 4 pa ra metrlc Set u p Of
«,/'4 ® roni: 7 complex simulations
5 @ setup v 4 5 (5 Parameters ™
6 ﬁ Salution v 4 nCode Sk Constant {DesignLife)
7 @ Resuls v 4
g rﬂ Parameters
Static Struckural (ANSYS) E a Sy to use:
« Minimize user input
(3 parsmeor s | ' . offer best practise
= ¢ defaults for modules

1 .‘_1 Optimization Y Offer pre dEfIned pOSt
2 | @ optimizaton 2 i des
i—’/—.BlﬁResults > processing mo

Optimization

Sensitivity User-friendliness takes care
that it will be used!
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Sensitivity Module

Minimal required user input:
. Definition of parameter variation

- A
1 .Ei Microsoft Office Excel MName Parametertype  Reference value Resaolution Constant Range Range plot
2 E Analysis w P 1 WE_x1 Deterrministic 0 Continuous non cohst -4 34 _
—= 3 |rp-+‘ Parameters — L .
2 MVB_x2 Deterministic ] Continuous non canst -3.14 3.14 _
Microsoft Office Excel
3 MVB_X3 Deterministic ] Continuous hah canst -3.14 3.14 _
4 WYB_x4 Deterministic ] Continuous non const -3.14 3.14 _
| rﬂ- Parameter Set 5 OWVB_X5 Deterministic 1] Continuous non canst -3.14 3.14 _

Use design as reference ~

e B I (o] 4 I [ Cancel ] [ Apply
. g
Parameters

—

3 ||| Criteria T o4
4 | Bl poe 7 ,l
5 | moe F .
& E Results Y

Sensitivity
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Sensitivity Module

The Meta Model of optimal Prognosis (MOP) is automatically created out of
the DOE-Sampling
Minimal required user input: non
Additional features:
« supports removing designs out of DOE Post Processing

r al
< Mop 19 eS|
hd A Data Filters
Type of testing: [aoss validation e ] Use significance filter:
Splitting ratio: |33 E| Quantile [%] 99 to: 95
U elation filter:
—} | 51 Parameters A Models to check: [¥] Polynamial S8 correaton @
Number of steps: 10
: ) Classic MLS
Microsoft Office Bxcel LUse importance filter:
Interpolating MLS
COLlmit[%] Oto: 5
Delta COP: 0.030 B
Spearman rank order:
Use adjusted CoD:
| [pd Parameter Set Inputs Outputs
Parameter Importancy Response Use
1 WB X1 Selectable 1 WB.Y
2 WB_X2 Selectable
- B
3 WB_X3 Selectable
1
4 WB_xX4 Selectable
2 Parameters
5 WB_X5 Selectable
3 Criteria
4
| [Resettodefouts Lo J[ canel J[ soay ]|
- - = 4
G

Sensitivity
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Optimization using MOP

After sensitivity optimization using
of MOP is supported.

Minimum required user input:
—»3 [ Parameters . drop the optimization
Microsoft Office Excel module onto MOP
. defining objective and

constraints

| rﬂ Parameter Set

T 8 T T pe— “Optima” which are based on
2 [ Parameters. # g 2 & ramews 2, Meta models need to be verified!
3 [0 criteria B 3 [l criteria 2,
4 B&l ooe 2 ./4 2 A ? . Proof optima:
: g::m o S|RlRenis ¥ . Automatic verification with
o oplmization s real ANSYS call
« Check differences in post
processing
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Optimization Wizzard

optiSLang helps you to select a suitable optimization algorithm. Support
the underlying (automatic) selection process with some additional
information about the solver and the problem itself.

Exampel for using MOP and best_design_Sensitivity:

1.

Set the analysis status as “Preoptimized” (best design from Sensitivity)

2. Set the constraint violations to “"Seldom”
3.
4

. Set solver noise to "None” (MOP gives a smooth surface)

Set failed designs to "*None” (MOP gives always response values)

Analysis status: Preoptimized -
Constraints violations: | Seldom -
Failed designs: Mone -
Salver noise: Mone -
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Optimization Wizzard using MOP

Suggested algorithm is NLPQL R — = |

Start point is automatically selected O ety the aptmastion method 3’@
P reSS " N eXt” Optimization method

Response surface method

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

O ) Evolutionary Algorithm (EA) - local

O () Evolutionary Algorithm (EA) - global

O i) Partide Swarm Optimization (PSQ) - local
O ) Partide Swarm Optimization (PSO) - global
O () Stochastic Design Improvement {(SDI)
Gradient based optimization

0 @ Mon-Linear Programming by Quadratic Lagrangian (NLPQL]I u

Additional options
2 Ise Previous Data As Starting Point(s)
| |

o> ]
-

[<oe ) (Chest> ) oo ) b ]
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Optimization with real design calls

—= 3 |EF;I Parameters
Microsoft Office Bxcel

| [d Parameter Set

- Optimization ARSM

Parameters

[] criteria

&M Arsm

[ N S TR K . |

E Results

Optimization AR5V

o] | ol | egll |
TN

After sensitivity und optimization on MOP the
user can continue with gradient-based, NOA-
based optimization or ARSM optimization.

Minimum required user input:
. define objectives and constraints
. choose method (Gradient-based including
start design, NOA-based including best
designs’s out of sensitivity/MOP, ARSM in
the domain of the most important
optimization parameter)

For all optimizer robust default settings are
provided.

NOA - Nature inspired optimization contains:
evolutionary, genetic, particle swarm optimization

ARSM - Adaptive Response Surface Method




optiSLang inside ANSYS © Dynardo GmbH © 2012 duncr\do

Robusthess Evaluation

Minimum required user input:

. definition of input variation /scatter
ey = — . definition of robustness criteria
Mierosoft Officemcal . number of samples for ALHS

| (5 Parameter Set

- ‘E‘

1

2 Parameters
3 | [ criteria 7,
= Sampling 7,
5 L mop F .
6 E Results 7,

Robustness
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"j\

Continue crashed session option inside ANSYS
optiSLang saves every design which was successfully calculated /|

using update at optiSLang container continue or reset can be chosen

using continue optiSLang only send unsolved designs o
) Computation partially completed u

—~ 4
U:II

@ The project “hook_sensi” has been partially computed.

2 | BJ Parameter "
3 0 Criteria 7 Do you want to continue the computation or reset and
4 re-run the project (discarding all existing results)? '
4 | % DoE F2
5| ® Mop Edit... 7 y
< Continue computation
& T Results Lel= el | Keeps current results,
— DoE Resulks (Reduced Data Set) '
Sensitivity |
Finai
S % Resetand re-run
Select Update Script | Discards all existing results.
L — = = 4
Refresh
Reset
E:l:ﬂ Rename
Properties
Cuick Help

ANSYS Conference & 30th CADFEM Users Meeting,

Kassel, October 24.-26, 2012
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—
Recalculate failed designs ")\
£

e Due to different reasons design evaluations may fail
e With “"Recalculate Failed Design Points” you can start them again

Sensi | g ]
nsitivity e - B
T . Edit_
1d | Activati Violated Duplicat Status AREAO1L AREA “ 5
25 2 : 2 By P DoE Results

1 050 [¥] active false Succeeded 5871 17.75

= | 3|t ¢ Show Reduced Data Set
b2 active false | Not succeeded 16517 ‘1.25

3 048 active false Sieceeded 145627 1125 4|3 D Remove Reduced Data Set
4 047 ] active false Notsucceeded  9.453 1975 5|9 M Finalize

5 046 [¥] active false Succeeded 2289 1375 6 | M R| Recalculate Failed Desian Points |I
6 045 active false Not succeeded  14.229 1275 ]

Se Select Update Script

7 044 active false Not succeeded  7.065 1175

8 043 [ active false Not succeeded 18209 1575 23  Duplicate

9 042 [¥] active false Not succeeded  15.025 6.75

- #  Update
P i 4 .
[ok [ cancel | [ Acoly ]‘I

ANSYS Conference & 30th CADFEM Users Meeting,

Kassel, October 24.-26, 2012




optiSLang inside ANSYS © Dynardo GmbH © 2012 dunor\do

Interrupt, save, send & continue

e Stop your analysis
e At the end of the day
e If licenses are not available
.

e Save the Workbench project

e Continue later

e saves every successful design run!
e external optimization using MOP possible!

Sensitivity

"I\ ANSYS Workbench Parameter +/

Criteria v

DOE % 4
G
G

é Are you sure you want to interrupt?

MOP

oo |t | e

a
s
W
=
s

Results

' [ Yes ] [ No J

L e — A Sensitivity

ANSYS Conference & 30th CADFEM Users Meeting,

Kassel, October 24.-26, 2012
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Update via Python scripting

e ANSYS initialize per default an update mechanism, which updates
a complete ANSYS Workbench project

e Mechanism can be overridden via python file
e optiSLang provides this feature for optiSLang design evaluations
e user has full access to his ANSYS model update

Properties of Schematic B4: DoE TR X

A B

1 Froperty Value

3 Component ID DoE (optiSLang)

4 Directory Mame Sensitivity

5 ggﬁgrpp:ﬁr;’q:mcessjng during

6 Save Design Point Directories

7 = Update Options

a8 Run Python Script for Update

g Python Script: C:\WUsers\Werwalter\Desktop\Pythaon Scriptsiupdate. py

ANSYS Conference & 30th CADFEM Users Meeting,

Kassel, October 24.-26, 2012
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Parallel evaluation using Ansys RSM ‘ )
2

e ANSYS RSM is the powerful tool to distribute jobs

e optiSLang can fill the Workbench design table with a predefined number
of designs

e ANSYS RSM organizes distribution of jobs

e If ANSYS RSM is installed you only need to:

Properties of Schematic B4: DOE

e Choose RSM Mode

e Set max. number of parallel jobs

General

Component ID DCE (optiSLang)

Directory Name Sensitivity

Cpen Postprocessing during Solver Run

COpen Postprocessing after Calculation
Sawe Design Point Directories

B Update Options

IUse RSM Mode
Preferred Mumber of Design Points in Parallel | 25

PR == I = T T T P I

ANSYS Conference & 30th CADFEM Users Meeting,

Kassel, October 24.-26, 2012
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ANSYS HPC Parametric Pack
optiSLang inside Ansys Workbench v14.5

optiSLang Algorithm Settings

e Select "Use RSM Mode” to enable parallel
design point submission

e Set the "Preferred Number of Design
Points in Parallel” to the intended RSM job
size

Properties of Schematic B4: DOE

i

2 2 General

3 Component ID DOCE {optiSLang)
4 Directory Mame Sensitivity

5 Cpen Postprocessing during Solver Run
[ Open Postprocessing after Calculation
7 Sawe Design Point Directories
8

5

10

B Update Options

11 Lse RSM Made
12 Preferred Number of Design Points in Parallel | 4

= Static Structural

@ Engineering Data

@ Geometry

. Model

ﬁ Setup

@ Solution

9 Results

SISNSNNS

L - ST T S ST Y TR S

Fﬁﬂ Parameters
Static Structural

| [pd Parameter Set

-

sl 7 Sensitivity

2 | By Parameter

3 e Criteria v

4 | ¥ DOE r A

5 " MOP 7,

6 T Results 7,
Sensitivity




