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version 3.1.0

Significantly improved quality management

V3.1.0_rcx: since September 2009 in productive use
V3.1.0: Release October 2009

History of “productive versions”
optiSLang v1: 1.0.12
optiSLang v2: 2.1.5
optiSLang v3: still 3.0.1

Step 1: improve quality management

Step 2: quality management flexible enough to
deliver beta-versions more frequently
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Parametrize Editor

e Token wise parsing

ApEEmEBER 0 e

vehicle - PAE —
Updated to ata 050035 0047 W245 - Y245 @ 15
1 4
3 { Output_Impactor_Linwel_3 ) CFC180
Fes. welocity (m/s)
—comp. velocity (m/s)
-comp. welocity (m/s) Parameter Settings
Z-comp. welacity {mss)
0 QOO0 EHO00

(=]

L OOO00CE+000 - Parameter

o

(=]

o

(=]

o

(=]

o

(=]

o

[=]

Q00000 E4+O00

o

B.000000E+000 -6, 000000E+HI00 0. 0O0000E+HIOD
2. 000000E-001 value type: real
B.000000E+000 5. 000000E+000 0. 000000E+000 0, QO0000E+I00 active: i
3. 000000E-001
B.000000EH00 -6, 000000E+000 0. 000000E+H000 0, GO0000E+H00
8. 000000E-001 token: 4
B.000000E+000 5. 000000E+000 0. 000000E+000 0, GO0000E+I00
1. 100000E-+I00

L DOO000OE+I00
B.000000E+I00 -5, QO0000EH000 0. 000000E+000 0, QOO000E+000

1. 000000E-001 ; |
£.000000E+000 -6, 000000E+000 0, O00000E4HI00 0. DO0000 EH000 [LE: il |
£.000000E+000 -6, 000000E-+000 O, 000000E+000 0. 00000 E+000

3. 000000E-001 constant: [

4. 000000E-001
£.000000E+000 -6, 000000E-+000 O, 000000E+000 0. 00000 E+000 description: -
£.000000E+I00 -6, 000000E-+000 0, O00000E+I00 0. 00000 EH000 g0 to parameter

£ 000000E-001

7. 00D000E-001 ~Location
.000000E+I00 -6, 000000E-+000 0, O00000E+I00 0. 00000 EH000 line offser: 9
£.000000E+000 -6, 000000E-+000 O, 000000E+000 0. 00000 E+000

9. 000000E-001 oK Cance

1. OOC000E-H000
6.000000E+000 -6, 000000E-+000 O, O00O00E-+HIOD
£.000000E+I00 -6 00G000E-+000 0, OO0000E-+HIO)

1. 200000E-H000

1. 300000E-+000 k
. 000B00E+I00_—F . D0B0D0E-H000 0, OO0O00E+I00 0. 000000 E+000

[=]

[«

(=]

Top line: 1
File name: example.lvl

File type: output file
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Parametrize Editor

e Improved icons

e multiple
highlighting

e add/import
additional trees

e additional
mathematical

functionality for
signal processing

Input File: 10bar-truss.s

= : =:10_bar_truss_iterative_...|- |O

Settings Tree

Sl =

eleneht
eleneht
elenent
elenent
elenent

-

create,
create,
create,
create,
create,

6348,
7157,
8628,
9247,
10 5 3 8, /

e e e e

* RADIUS /

ohject create, replace real wector, 1, physical ta
object modify, set, physical table 1 80e-3, /
section modify, physical data, 1 physical_ table, [
object meodify, set, physical table 1 80e-3, /
gection modify, physical data, 2 physical table, /
object meodify, set, physical table 1 80e-3, /
gection modify, physical data, 3 physical table, f
ohject modify, set, physical table 1 80e-3, /
section modify, physical_data, 4 physical_table, /
object modify, set, physical_ table 1 90e-3, /
section modify, physical_data, 5 physical_table, /
object modify, set, physical_ table 1 90e-3, /
section modify, physical data, & physical_ table, /
object modify, set, physical table 1 90e-3, /
section modify, physical data, 7 physical_ table, /
object modify, set, physical table 1 90e-3, /
section modify, physical data, § physical table, /
object modify, set, physical table 1 80e-3, /

X]

? * parameter tree
? EI parameter section

v (£ IR

@ whole file

FBE raa

rad2

rad3
radd

rads

radé
rad?

rads

radd

L

? 5] response tussot

@ whole file
@ mass

2N mDEDL E

@ disp

stress

vectar section
signal section

1]

section modify, physical data, 9 physical table, /
object modify, set, physical table 1 80e-3, /
section wmodify, physical_ data, 10 physical table,

['v]

Top line; 61

File name: 10bar-truss.s

File type: input file
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Post Processing

e add Image Plot Window to post processing

File Show Modify Window Help

- Linear correlation matrix Lii [ = AN Histogram: first variable M|i-0 - Coefficients i [
OUTPUT: F5 vs. OUTPUT: F3, r = 0.138 OUTPUT: F5 Coefficient of Importance (linear)
~ full medel: adjusted R? = 100 %
[ Update data ] - 1.0 g r 1 ol INPUT: GZ |
- 0.8 0%
1. Parameter, Response .
(] 0.8 ] INPUT: GY
[outpuT: F5 ]| g | = j nf 006 ]
= - 3 »
2o = g
(eh=] L g .
2. Parameter, Response g 0.2 EYr lNFUT',,GX q
= 0.0 My ] 0%
QUTPUT: F2 5 e ool i ©
l ] k| 0.2 = el INPUT: EZ i
o 0.4 5 0%
i z
a‘a -0.6 n Tl INPUT: EX 1
- 0.8 S 1 0%
-1.0
dillls histogram
8 10 12 14 1180 1200 1220 1240 0 40 60 80
Samples 132/132 (68 failed) QUTPUT: F5 adjusted Col [%] of OUTPUT: F5
- Quadratic correlation matrix i |l Turba ]

OUTPUT: F5 vs. OUTPUT: F3, r = 0.145

-
=
o~
PR}
&
g I
o
a3 0.7
3 0.6
o 0.5
2 0.4
Ew
3 0.3
8 0.2
& 0.1
o 0.0
4 6 8 10 12
Quadratic - Linear r = 0.007
- Anthill plat m.-n
OUTPUT: F5 vs. QUTPUT: F3, (linear) r = 0.138
= T T —w T —
I
.
=]
ak J
N
Do o
aEF 3
[
=]
a
5
o8| J
=
.
SL = J
o
. M . . .
1180 1200 1220 1240 1260

ODJHSLOHQ OUTPUT: F5

5 dqhabdo
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Multi Criteria Optimization Strategies

Pareto Optimization Strategies

- Parallel Coordinate Plot and Control

File Show Modify Window Help

g X i Objective data [ IE=1PS Design (input} parameters =S Response (output) values (i P -
Objective Pareto Plot Best Design #109 RESPONSE DATA: (Best Design #109)

[ Update data || sl * ]
=]
1. Objective .
: : stress
o ) g il 4.32932e+07
=)
2, Objective
[081: obj2 s 4l |
= p .
Select to front d —®— Current archiv i 3
elect pareto front design e *  Objective pareto designs o 2
ldssign 109 s ] ﬁg = N, | b i
s = :
Selected design - 5 é
- - sl i E €
ldsslgn 109 s l p] s. E
5
[ Best Design ] = e |
S .
[T . .
v . .
gLt |
= .

[ Design selection ]

l Design sctivation l

80

L L
1000 1500 20 40 60
Relative Size to Response Range [%]

100

[ .
2000 2500 3000 3500 40 60
objL Relative Size to Bounds [%]

Term, objective & constraint values m. o History
OBJECTIVE DATA: (Best Design #109) Parameter History

T 12 of 110 designs
LAl max siress rad? rads masg strese objl
0.0818 0.0895 0.00 0.0868 3790.180.0060858657084ek.686768+EF80.190 02277
e~ = £ = C = (o = r

OB): obj2
0.0197212

4

©OBJ: objl
1033.64

3

a
£
i
@
8
5
2
v
2
T
g
5
o
E
5
g

2

TERM(obj2): disp
0.0197212

0.0116 0.0042 0.0069 0.004 0.004 000646 0.00587 0.004 0.00937 0.00613 £848.915-0.14614113241e857054e+@88.9150 015100
rad2 radd radé radg radlo disp max_stress obj2

TERM(obj1): mass
103364

: a0 50 40 &0
ODhSLOﬂg [%] of Data Range Optimization Designs

Export image file X 905.918 % 0.0844514 «

’ 15./16. Oktober 2009 dqngr\dO
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Multi Criteria Optimization Strategies

Pareto Optimization Strategies

- 4 dimensional Pareto Plot Objective Pareto Plot
(colour) & . | |

- 5 dimensional Pareto Plot
(bubble size)

9000

Objective pareto designs ]

BOOO

-350
-750
-1000
-1250
-1500
-1750
-2000
-2250
-2500
-2750
-3000 | -
-3250

-3540

=

F000

ackagecosts
EE 1]

5000

4000
@
|

0.6 0.8 1
costsperkwh

7 < c
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Optimization within optiSLang 3.1

Improve biological algorithms!



Particle Swarm Optimization

Motivation: fester and better resolution of Pareto Frontier
e - fast and easy to drive algorithm
e - applicable for single-objective problems (comparable to EA-

quality)
e - shows good performance for multi objective test problems

—
D ——
.................. }*»’ 5*&#.‘,‘? \IL = _-‘:‘
0 e I "’ ';,-%‘* f:‘ -
> > N
i ..’ - {\_-:_—.?_’ -_‘ @
[ —— -}’ .
.... “.‘
N
g‘? :\ v - ‘.“'..
- sl *
0 < c
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Particle Swarm Optimization

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

selection: design with best objective becomes swarm leader and
will be stored in an archive

adaption: each particle flies into direction of its personal best
position and the global best position (swarm leader)

mutation: the calculated new position will be modified in a
randomly selected dimension

selection for multi objective:
- non dominated are stored in archive (sorted by e.g. distances)
- select swarm leader to assure diversity

10 < c
Weimarer Optimierungs- und Stochastiktage 6.0, 15./16. Oktober 2009 qﬁgr\ O



Particle Swarm Optimization

. single objective optimization

o 10 bar truss example:

° - a typical run shows global search and late convergence

o - results for single objective problems were not better than EA

Objective History

Objective History

i
\N 1||,!||| \ w
’”' ) W | “w 1.!|"|| i |;H| !

g
I\ | v ’: |“ l'! ““[i lll”'l'| : | ""'iw'
I |
‘ II i N|| ||| | || |“ ||| .mn’
I‘ 'i l|l ‘

“H\ |
1 | | 1
0 200 400 600 800 1000

‘ i
hl"‘

3500 4000 4500 5000

Obaective Value

Objective Value
2000 2500 3000 350%) 4000 4500 5000 5500 6000
T T T =

2000 2500 300
T T T

s
. LEg)

D 6 260 Optci‘réw(i)zation DGeE)s(i]gns 860 10‘00 Optimization Designs
[] convergence with EA convergence with PSO
[] mass = 1839,15 Ibs (834 kg) mass = 1880,67 Ibs (853 kqg)
H Weimarer Optimierungs- und Stochastiktage 6.0, 15./16. Oktober 2009 dk,{ﬁ(]bd@



Particle Swarm Optimization MOO

more designs on pareto front than EA
better diversity of pareto front

Kursawe: f1E= Y = 10exp= 020 [ 0x] [T
i=1

C Objective Pareto Plot
Objective Pareto Plot

15
T
| ¢l

Current archiv

wn a
g — n h
- Objective pareto designs * g:g;zl tb::E d“;sign
~ Pareto front
=] : Objective pareto des...
~ Pareto front

o
i

IS il

Y S

126

t i 1 L 1 C 1 L | 1 1 1
-12 -10 -8 -6 -18 -16 -14 -12 -10 -8
ol ol

200 designs EA 200 designs PSO

12 < c
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Variation Analysis (Sensitivity and
Robustness Evaluation) within optiSLang 3.1

Coefficient of Prognosis (CoP) & Metamodel
of best Prognosis (MoP)



statistical measurement of importance CoD/Col

Coefficient of Determination (CoD) optiSLang 2.0 (multiple
correlation coefficient) shows only pair wise correlation

Coefficient of Importance (Col) optiSLang 3.0 improves
measurement of the influence of a single input parameter to the

fraction of variability
e Show more importance:
e correlations of multiple variables are included

Coefficient of Importance (quadratic)
full model: adjusted R2 = 81 %
T11 %

Coefficient of Determlnatlon (quadratlc)
fuII model: adJusted R =

INPUT: dropletSMD
2%

ter
3
3 B

INPUT: sprayAngle
6 %

parame
2.5

INPUT: dfopVelo
%

INPUT
2
2

INPUT parameter /

1.5

INPUT: massFlow
11 %

o 20 40 e w0 o 20 20 60 80 100
optiSLang Version 2 optiSLang Version 3
(CoD does not quantify importance) (Col does quantify importance)

e Show less importance:
e Dbetter noise effect filtering
e in case of correlated input variables

4 dunardo
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Definition - Coefficient of Prognosis

e What proportion of the variation of a
response can be forecasted with
identified arbitrary non-linear
correlations to the input parameters?

e CoP has three benefits A setting:
e \We reduce the variable space S —— _—

with different filter = best

=1

Percentage of test points 3= W

Use significance filter

34 support points

subspace

We check against arbitrary non
linear correlation by checking
numerous MLS/Polynomial
regression = best regression

We split the sample set and
check the forecast (prognosis)
quality of the identified
correlations at the test samples.

18 test points

Models to check
Pohkmomial [v] ClassicMLS v

Interpolating MLS [

Rating

Delta COP

0.01

Info

Approximatehy 25 model evaluations.

Quantile [%] 99 to 95|—j

Use correlation filter

Number of steps (10

Use importance filter
COl limit [%] 0 to 5,—j
Spearman rank order

Use adjusted CoD

Reset

Cancel | | 0K

15
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CoD/Col/CoP

Get ready for productive use.

Coefficients of Prognosis (using MoP)
full model: CoP = 73 %

Coefficient of Importance (linear) - Spearman ranked data/, ‘ ‘ ‘ I
ful model: adjusted R2 = 19 %

e, INPUT: Pad_G33 |
©
a 73 %
|—
2
a
Z 0 40 60 80 100

oP [%] of OUTPUT Max_damping_5500_6300Hz

arameter

2

g

p

MLS approximation of Max_damping_. 5500 6300Hz
Coefficient of Prognosis = = 73 %

0
T

1.5

INPUT

Coefficient of Importance (lingér)
full model: adjusted R2 = %
T T

INPUT: Pad_G33
14 %

3.5

20 40 60

L
_5500_6300Hz
-0.06 -0.04 -0.02
T T

3

g optiSLang Version 3
g~ (Col find most important )
Sk { variable) ¢ “
EH INPUT 1 3 | 31300 2000 é:(?_oGw 3000 3500
6 %
b | | | | ] optiSLang Version 3.1
0 20 40 60 80 100

(CoP quantify nonlinearity)
ng Version 3.1

optiSLang Version 2

(CoD shows no importance)

MoP: -Approximation
Sample Split 70/30

16 . . dunordo
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MOP benefits

Coefficient of Importance (guadratic) - Spearman ranked data
u I model: adjusted R2 = 73 %
T T

e To calculate the CoP a metamodel of -
optimized prognosis (MoP) is created §NI INPUT: massfow.scale |
e Best subspace and best regression g,w INeUT: s fg e el
model =L ‘ . ‘ |

20 40 60 80
adjusted Col [%] of OUTPUT: femur_left_04

e MoP can be used for visualization
MLS approximation of femur_left_04

. . ) Coefficient of Prognosis = 99 %
e global prognosis quality and local prognosis
quality can be evaluated!

-5952

-1
¥ -1.5
et
g 2
Coefficients of Prognosis (using MoP) &
fuII model: CoP = 99 % 1 -2.5
- I T T 3
[ £
Dy INPUT: massflow_scale ] & -3
= 4 %
c -3.5
(=%
= INPUT: scale_force_level_ITafel ] 4
z 92 %
2 -

| | | |
20 40 60 80
CoP [%] of OUTPUT: femur_left_04

dunardo
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How to verify the CoP/MoP

e compare Col/CoD and CoP
e check plausibility and correlations (2D/3D visualization)

e in comparison to Col, CoP may be more optimistic for single
variable importance

MLS approximation of max_accelz
chchchch pproximation of max_accelz
f Prog

MLS a
Coefficient ol nosis = 68 %

Coefficient of Importance (linear) Coefficients of Prognosis (using MoP)
full model: adjusted R2 = 52 % full model: CoP = 68 % 38

3 1
al |
.
E ». |
I T T T ol ot T, N
£l .« - . i 36
INPUT: safety_factor b %;_ . . . .7l |
INPUT: safety_factor | 24 % . .., P T R
Ea. |
9 % A . . . s
] I e R . il
- - - .. - P—
A . . . . " 1
L
INPUT: position ] L T . Y|
35 % 16 1B 2 22 24 26 28 3
safety_factor
o
ly
| INPUT: rigid_factor
36 %
INPUT: ri%id_factur 4
28 %
L I |

0

3

3

ramete
2

INPUT: position
9 %

INPUT pa

INPUT ga rameter

1

1

20 a0 60 80
CoP [%] of OUTPUT: max_accelz

20 40 60 80 100
adjusted Col [%] of OUTPUT: max_accelz

If plausibility is not verified:
e repeat CoP with single response value

e add samples and repeat CoP

18 Aynardo
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Data Import/Export

E3 Microsoft Excel - V02_6responses_Summary.csv
i3] Datei Bearbeiten Ansicht Einfigen Forma

PN RSV R G

Y Auswahl der Inputs // optiSLang-Export

i fat ol B [ 5 S RN e BN 5 | Inputs
o
1 T & D_THIO Bitte geben Sie in diesem
A | B C | Schritt den Excel-Bereich an,
1 [Source Design D THIo1  [Dy| | derdie Inputs enthalt
2| 1| 1.64634845 0 %{:n sich d.iehltnpuhs in
3 3] 1.54357108 0 menreren, mc
4] af 128572457 o RIS O
5 5 1,39686287 1 Sie mit der untenstehenden
T 6] 148861444 0 Scha_lt‘ﬁéche eine Liste
7] 7| 1.13855308 sreeigen.
8| 8| 1.07357418 0
9| o) 1.72433115 0
10 10§ 1.18738933 0
|11 1) 1.71247734 1
12| 12] 1,61811283 1
13 13) 1.22239792 0
14 14) 1.26913159 1
15 15) 0,85889158 0
16| 16] 1,01064129 1
A7 17) 1.15278398 0,
18| 18I 1,44214351  0,65324131
119 19) 1.57856142 0,86233661
20 200 0,91449592 096244459
21 21| 0,87092354 1,00008371

2.19232044| 206805732 1,71044777 1.97928443
2.68405354] 150260281 152600888 2.20313937 268380546 2.20298611

2.0069332| 1,76745513) 1,50947659  1,5443191| 2,39331969 3,03466945
2.02683937] 2.41025444 235878996 163907697 227698344 325733808

Die Daten befinden sich in folgendem Bereich
|'[‘u"DQ_&esponse5_5|.|mmary.csv]‘u’ﬂZ_Gresponses_Summar)"!SC |

() horizontale Anordnung (weitere Designs in neuen Zeilen)
() vertikale Anordnung (weitere Designs in neuen Spalten)

(%) die erste Zeile enthilt die Parameternamen
() die Parameternamen befinden sich in folgendem Bereich

Hinweise
Bereich mit 3 Parametern fir 25 Designs.

= Zuriick weiter » ] [Fertigstellen” Abbrechen

1.56706666 2,78854014

Excel Plugin via
support@dynardo.de

Exporting Excel Data to optiSLang

New Version 3.1: support of MoP/CoP Flow

19
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Strategy "No Run to Much”

Using advanced LHS sampling, significance filter technology, Col, CoP
we can check after = 50 runs
= can we explain the variation

= which input scatter is important
= how large is the amount of unexplainable scatter (potentially noise,

extraction problems or higher order non linearity)

MLS approximation of sum_eps_plast_3712400
Coefficient of Prognosis = 74 % 115

Coefficients of Prognosis (usmg MoP)

‘ full model CoP— 74 % ‘ 100
® INPUT: yleld 26370135 ] :g
L4 70

INPUT: yield_3731601 ° ° 60
3 %
45

[
(o)}
o

-
»
o

© INPUT: thick_26510501 0
8 % 3
- |
2 3
2 INPUT: thick_3791600 o 120
9% =
o] [
[ wn
8 ~ 10
< INPUT: barrier_z N
2 10 % S 80
D
z S
INPUT: yield_26370124
A 60
INPUT: thlck 26370916 40

- vielg 3712400 '
v /L

80
CoP [/] of OUTPUT sum eps plast_3712400

20 Aynardo
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Reliability Analysis within optiSLang 3.1

Get ready for productive use!



Adaptive Response Surfaces

= Reliability settings

(&)

Load Save Fresets

e Sampling methods on the

reliahbility algorithm | Adaptive response surface

MLS approximation:

M

Farameters

e Adaptive Sampling

AssumedfﬂlureprnhmilﬂyM ® DIFECtIOna| Samp“ng
(supports more than two

Sampling method directional sampling

adaptive sampling
Number of directions |directional sampling

failure domains and sigma

level independent)

Initial DoE schema |I]—nptima] quadratic Tl o Cluster ana|y5|S tO detect

Initial axial multiplier 1.0

| number of failure domains

Following DoE schemes | D-optimal linear

= with high failure probability

Rotate DoE schemes (v

o Rotatable, adaptive DOE to

Maxdmum number of clusters |3

improve the approximation

accuracy

Max. number of adaptions |E

Accuracy of failure probability [%4] |5IZI.IZI

Limit bound of parameter changes [:] |2.IZI

e Improved defaults

Res et

Cancel

22
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Advanced information

Method : Adaptive Sampling on Adaptive
Response Surfaces (ARSM)

Complete iterations : 3/3

Selected data : 2. Approximation
All samples

Number of designs : 42 (0 failed)

Number of samples :
Total : 4182 /4182
Safe domain : 2262
Unsafe domain : 1920
Failure strings : O

Probability of failure : 0.0002072 ( 0.0002072 )
Standard deviation error : 6.272e-06 ( 6.272e-06 )

Most probable failure point:

DO :68.9287850365
DA :75.5617433774
FO :62284.2219661
YS :755.333557655

Distance median - design point (beta) : 3.349

Probability of failure (FORM): 0.0004051
Standard deviation error (FORM): 0.2986

INPUT: YS vs. INPUT: FO
( 2. Approximation / All samples )
I I I

»
00— @ -

1led
[66]

5

INPUT: FO
4

| | | |
600 700 800 900 1000
INPUT: YS

e (alculation of the MPP or design point
e Corresponding FORM result

23
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Directional sampling on MLS

e Sampling n:&:hods on the
MLS approximation:

e Directional Sampling
(supports more than two
failure domains and
sigma level
independent)

200
150
100
- 50

-50
~-100

OUTPUT: g_min

24
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RDO Procedure

All about efficiency and balance of optimization and robustness part

OUTPUT: DIST_HEAD_ROOF

H M 7
Man

60

50

alpha:

30 40
s
3
3
£

PDF

=18
i _---H""-\-\.___
2 — -
85
>\ ¥
. I
2 0.245 0.2 =
:65|
T 5 ~— Iteration history (rad1) |
5s] | Lower bound
5o | .° Upper bond |
- | 3 | .
“JL----’ ) E
- i
-2 --‘I-\-H"""ﬁ-. e T4 g:‘ \
Py R A
“"’"-‘m ey 1 Siel ’gpn ‘Lol U VAR N e e

Ro Design ﬁlm Lz.,aIIQn

Safety/ Robustrfes -

e
"‘:"}" Shae e SE

Sensitivity analysis

25 . cynardo
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Key developments for version 3.xXx

Automatic generation of reduced response meta models

using optimized LHS Samplings to scan the approximation
space

using statistical significance filter for correlation coefficients
and coefficient of importance filter to reduce
approximation space

using of prognosis measurements (CoP) to select the most
effective meta modal (polynomial/MLS/support vector)

using meta model for visualization, optimization,
robustness and robust design

development of adaptive Sampling strategies for reduced
meta models
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optiSLang 3.xX

Use of MOP as solver module for all optiSLang
flows

Release: ASAP

GUI based Job Distribution System
Simplified Signal parametrization
Release: Q3 2010

dunardo
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optiSLang LT (v4.x)

Ongoing developments: Zimz—w o
e database E—Z%
e covert Algorithms m T
e GUI setup ~— .
 Python bindings | S

preparations for Matlab and Octave integration

integration of moduls for ETK (Ansys und
Abaqus)

First customer version: Q2/2010
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optiSLang Integration Environment

(\_.-
r)w

optiPlug
SoS - Statistics on Structure L ' )
ETK - Extraction Tool Kit j

29
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Extraction Tool Kit (ETK)

e Extraction toolkit to replace e E%)

the scripting for result dynorco

eXt ra Cti O n a n d p rO Cess i n g QDE file: ‘C:'I,Dokumente und EinsteIIungen'l,|:|ausch'l,Desktnp'l,abaqus'l,Feder.u‘ E]

Cukput File: ‘C:'I,Dakumente und Einstellungentpauschioptiifeder, app ‘ E] Export
H H | Figld output || Histary output | Tree '-r'arial:ules|

e GUI interface for extraction = =

and processing B
o Ba tC h exeC U ti O n m Od e El" F?-mDZslcriptinn: Increment  0) Step Time = 0,000

Incremment number: 0
e Creates optiSLang *.pro file R
=) Field outputs ()
#- Field autput: AC YIELD

) -- Field oukput: CF 3
e improved support of Abaqus el e

*.0db and ANSYS binary files P ot PR

(RST, RTH,RMG, RFL) ey

) [#- Field oukput: U

¢ I m p r.ove d m a t h e m a tl Ca | ™ F;mD?aszcriptinn: Increment 1: Skep Time = 5.0000E-02 R

function base Bt
e Support of ASCII output for i 1

MADYMO

. . . -_Build Tree

e Available on Windows/Linux
30
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Extraction Tool Kit - ANSYS

ANSYS binary files

(RST, RTH,RMG,
RFL)

Praject file: |C:‘v:levelop‘P.eposiboriesmhests\pomplex_history.eLk

) [ (oo

HE pbaqus 6.3 | M\ Ansys m Madymo | \.l'ariablesl

ANSYS binary file: |C:‘\develo|:l‘lP.epositories‘E‘K\ansys‘JibANS\"Sbinary\best‘ﬂruedce_neu\ﬁle.rst | [ Browse ] [ Import ]
~Selection o " itories ETK\ans =
Solution: |T|n1e: 2 [Last] MNamed selections ichy riblel
- Result section
= o] RS - tmefrequency toble
| ;E[#\S'IIEI'E - geometry section
VAPLATTE il ]
HANKER - nodal solution
WAMNKER. - RF_DOF
- RF_FORCE
- ESL
Label ranges: |1-2573 - Time: 0.4
Complex part: v - RF_DOF
- RF_FORCE
History extraction ESL
History bounds - Time: 0.7
- nodal solution
Lower bound: - RF_DOF
bourd: 2 - RF_FORCE
Upper bound el
L4 | 1T}
Information
Job : file S
Machine : INTEL MNT
MNum of Cpu : 2
Product : FULL
Variable name: | [ Add ] EE
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Extraction Tool Kit

e Extraction Gy o ME <)

e Single Value, vector, cynarco
m a t rl X , te n SO r ODE File: |C:'|,anumente und EinstelIungen'|,|:|austh'l.DESktUIJ".abaqusl'-FEdEV"‘ E]

Cutput file: |C:105|1proiect51federifeder-aDD ‘ E] Expart

e Definition of new variables

| Field output | History autput | Tres | Yariables ]

. maokion_&C_YIELD FEDER-1_EAIA Marne:
® P Focessin g ;’;EEEEEETEE,;;E&EE_%&-E”‘ | Imotion_CF_FEDER-1_Na_Max |
e Mean value Addtional text
e MIN/MAX it |
e Standard deviation i ”
e Integral/difference
i N te g ra I geee 8 Faramgterliee | 125 [v]
e Signal processing P Flestrac
* Filtering el < S
B o
e Export of optiSLang © emctvesean
problem file _
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So0S

Post Processing

Statistic Measurements

- Single Designs

- Differences between
Designs

- Variation interval

- Minimum/Maximum

- Mean Value

- Standard deviation

- Coefficient of variation

Quantile (z 3 0)
Correlatlon & CoD
- Linear correlation &
CoD

- At nodal/element level

Process quality criteria
Cp, Cpk process indices

Random field generation

- Mesh coarsening

- Mode extraction and
visualisation

Statistics on Structure

—r

g

o

B
r
EEEEEN

[

# uil E IligllllE E ili

RELXDISP_0.0995999 =

CoD - Re edi. (w.p.)

[Will, J.; Bucher, C.;

Ganser, M.; Grossenbacher, K.: Berechnung und
Visualisierung statistischer MaBBe auf FE-Strukturen fur
Umformsimulationen; Proceedings Weimarer
Optimierung- und Stochastiktage 2.0, 2005]
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SoS v2.2 - Developments new version

Interfacing §68 < Burierdsne’ (nodined

Project View Help

e ABAQUS (odb) OB

@ structure| | gement - projection
@ Data

e Flexible user interface for o |

| projecton Syt dst =
other ASCII based Formats S || [

No. elements: 1722

20 [26]

Meshing algorithm
topology mesh

Random field projection

Statistical processing
e Handling of element eroding P

Subspace dimension: |ggy - (@

e Mesh coarsening (uniform and e
to p O I O g y ) Qutput variable based projection

| Use output variable based projection

e Result based generation of ; e
Random fields

e Visualization of Random Fields e
(Modes) with Significance Bt e
(variability)

IZ] [@

cdunarco apply
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SoS - Eroding elements

Eroding percent plot shows the
percentage of eroded elements.

General eroding information.
Green area: no elements eroded.
Red area: there were eroded elements.

35 c c
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SoS - Random Fields

Version 2.0: structure based generation of random fields [input:
dimension/correlation length]

New: output variable based projection [input: dimension]

New: Visualization of single mode
shapes including significance index [how
much variation the mode contains].

36 c c
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SoS -Multi level data environment

Original data Coarse mesh

_ Subspace
Mapping o (random field)
1oy,
\%
Result
= (original mesh) ¥ 1. Mode
< Back
transformation
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SoS - Using data projection for filtering

Coefficient of Generation of 200 Smooth noise statistical
determination of measurement point with results via projection
Robustness evaluation at result mapping back to original mesh
6000 FE-elements using MLS interpolation

using 100 LHS

38 < d
Weimarer Optimierungs- und Stochastiktage 6.0, 15./16. Oktober 2009 L’{hgr\ O



SoS - identify random field parametric

- Subspace generation structure based or output based

Generation of 200 Indentification of
measurement point scatter shapes using
with result mapping 100 Random Fields

Generate COD using 100
random fields at
measurement points
level + back projection
to original mesh using
MLS interpolation

Coefficient of determination
of Robustness evaluation at
6000 FE-elements using
100 LHS
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SoS - Output Variable based projection

sssssssss

Origin(sémlw’cl ata = Thickness: selfprojected with 5
thickness - v o] rth n-Eigenvectors

Cor.related ~ Non correlated
Variable Variable

Plastic strain Stress
for correlated outputs the For uncorrelated data
projection can be used projection not useful
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SoS - Qualify reduction quality

- Variability will be smoothed via mesh coarsening and mode
reduction

- Variability loss is measured with normalized variability
fraction

- Main smoothing effects from mesh coarsening!

- Example forming simulation:

niform 7550 7550 100 % 68 %
Liniform 7550 40 99 % 67 %
|uniform 7550 10 94 % 64 %
|topo|ogy 7550 7550 100 %
|topo|ogy 7550 40 99 %
|topo|ogy 7550 10 94 %

41 < c
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SoS - Applications

- use SoS for robustness evaluation of forming processes
- use SoS for visualization and hot spot investigation at robustness

evaluations in crashworthiness or drop test applications

0 nits of Prognosis (using MoP:
ful I:%%P= [83‘12 !

INPUT: E_X2070 Battg? abby_Metal
1

6

met;
-;——‘—‘

paT: RADIUS_L2_BCM2048A0_76WLBGA_SOLDERS
4 %

wn

INPUT: E_L3_WULM_INSU_TAPE
2%

%MI INPUT: E_XZO?O_Bagg’gnn_Tabby_Plastlc

o

2 INPUT: E_L3_WULM_GLASS F | E

& 2% g

s 2

=t INPUT: E_L2_RAPSTACK_RAP3GS_SOLDER300 | '5 T: ANGLE_Y
2 6 % 3” 42 %

z of =

N-T: 2% | | sevrameex |
41 %
-} INPUT: ANGLE_X
A INPUT: ANGLE | A
66 %

0 20 40 60 80
CoP [%] of OUTPUT: S_11_IP1_element:137774

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

by courtesy of INIOIKIA
- use SoS for the identification of random fields from simulation or

measurements
42 dunardo
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ongoing development

Additional interfaces to FE-solver

Algorithm:

e Improve Random Fields identification from simulation data and
measurements

Post processing:
e Reliability fraction index (random field)

e Quality index for interpolation (coarsening+subspace for
every statistical data, (how much RF are necessary to
represent 90% of variation)

Improvements for forming simulation

o Identification of Random Fields from forming part and projection
to crash part

Improvement for Crashworthiness Applications
e Ranking of input correlation to single output correlation
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optiSLang - ANSYS Workbench
v12 Interface (optiPlug)



ANSYS Workbench v12 optiSLang Interface

Parameter

File  Edit  Wiew

Toalbox

N\ Lagerwinkel - Workbench

Tools

Units  Help

|J Mew [ Open... | Save (&l Saus W e ReCtE N £

| B Parameter Charts

u Parameters Chart

Manager

2 optiPlug WB 12

W Parameters Parallel Chart {all)

sh Project - Update Project ﬁ]lmport... @Return to Project QW Compact Mode

L BX
=

G optiPlug. ..
Table of Design Points ]

T | e

|W'rile aptirization project

| Optimization problem

1
v .
3 ?p P4 D5_Befestigungsbohrung 3 Current 10 140 —~ 2.4
4 p ps D5_H * UDtT
5 b re DS_T1 )
£ b r7 D5 Eohrung 1
7 p ra DS_H_Fohrung
g p ro Ds_L
9 D5_B .
D5_D1 3

D35 _Rippenwinkel

DS_Rippenhoehe

D5_Rippe

inpuk parameter

Mews name

larmeters

Lower baunds [-] % Upper baunds (+] |20 %

Update made

|Don't wiite filez, show a warning message

Gesamtverformung Maximum

Vergleichsspannung Maximum

Geametrie Masse

oukpuk parameter

[ Save results
Show WEB GUI during calculations

[7

Wiews All [ Customize. .. |

SLang-Plugin:

just cligk to integrate

X v

: Ready

[IEI show Progress ][L.Ql Show 19 Messages ].:5

workbench in
optiSLang

Parameter &
Responses
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ANSYS Workbench v12 optiSLang Interface

new Version optiPlug 3.0 for WB 12

Available at project page — support of all workbench parametrik

Update mechanism for existing optiSLang projects
Default: workbench batch mode

copy all workbench files into Design directory
Parallel job distribution supported

46
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