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version 3.2

Goal of further software developments
- easy and safe to use -

Steps in version 3.2

- Metamodels of optimized Prognosis (MOP) can be used as
solver, including check of optimal design

- MOP/Coefficient of Prognosis (CoP) generation is improved
using cross correlation

- Wizard for Nature-inspired (population based = GA, EA,
PSO, Pareto) Optimization Algorithm (NOA)

- Improved Pre and Post Processing

Weimarer Optimierungs- und Stochastiktage 7.0, 21./22. Oktober 2010 C\IL,{DOI’“C]O



Pre Processing

e Token wise parsing

=D EE

New: only numbers are considered and
automatically identified

EE R o

(5]

wehicle
1 4

Fes. velocity {m/s)
—comp. velocity (m/s)
—comp. wvelocity (m/s)
Z-comp. welocity {mss)
0. 000000E+00
5. 000000E+000 -6, QOO000E+I00
1.000000E-001
5. 000000E+000 -6, QOO000E+I00
2.000000E-001
5. 000000E+000 -6, QOO000EHIO0
3. 000000E-001
5. 000000E+000 -6, QOO000E+IO0
4. 000000E-001
5. 000000E+000 -6, QOO000E+I00
5. 000000E-001
5. 000000E+000 -6, QOO000E+I00
6. 000000E-001
5. 000000E+000 -6, QOO000EHIO0
7.000000E-001
5. 000000E+000 -6, QOO000E+IO0
8. 000000E-001
5. 000000E+000 -5, QOO000E+IO0
9. 000000E-001
8. QOD000EH+O00 -6, QOODD0OEHIDD
1, D00000E+000
5. 000000E+000 -6, QOO000EHIO0
1. 100000E4+000
5. 000000E+000 -6, QOO000E+IO0
1. 200000E4+000
5. 000000E+000 -5, QOO000E+IO0
1. 300000E4+000
&

Top line: 1

File name: example.lvl

File type: output file

o

o

o

o

o

o

o

o

o

b=

o

o

o

3 { Output_Impactor_Linvel_3 3 CFC1BO

L 00OO0OOEHO00
L 00OOOOEHO00
L OOOGOOE+I00
L O0OO0OAE+000
L 00OO0OOEHO00
L 00OOOOEHO00
L OOOGOOE+I00
L O0OO0OAE+000
L 00OOOOEHO00
L QOOGOOE4D00
L OOOGOOE+I00
L O0OO0OAE+000

L 00OOOOEHO00

QOOE+Q00

- FAR

Updated to ata 050035_0047 w245 - V248 @ 16

o

L QOOOOOEHO00

o

L QOOOOOEHOO0

o

L OOOOOOE+O00

o

L OOOOOOE+OO0

o

L QOOOOOEHOO0

o

L QOOOOOEHOO0

o

L OOOOOOE+O00

o

L OOOOOOE+OO0

o

L QOOOOOEHOO0

b=

L QOOQOOEO00

o

L OOOOOOE+O00

o

L OOOOOOE+OO0

o

L QOOOOOEHOO0

=

L QOOQOOE 000

Parameter Settings

- Parameter

name: |tw1

value type: real
constant: [0
active: =

description:

go to parameter

~Location
line offset: 9
token: 4
OK Cancel

[«

v ]
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Pre Processing

Support of free variables

e The variable section within the
parameter editor allows the
definition of free variables

e simple variables can be defined
by formulas, conditional variables
by restrictions

e inputs, dependent input, output
and signal parameters can be
included.

e this can be useful for defining
constraints, objectives and limit
state functions.

(=] simple Variable Dialog @

Simple Variable

type: real
description: IZI
active:
sv_inputs = |x_05*x_06%x_07*x_08%x_09 ‘
(&) Simple Variable Dialog [x]

Simple Variable

ype: real
Settings Tree active:

¢ E (Ohject: REF_)

vector eler

sv_putputs = |branin+rosenbrock ‘

? E (Object: REF_(L=
@ vector eler

! ref_signalvec.
! ref_channelVe
! ref_signalvec.
! ref_channelvVe

- Condition | Assignment Value

& variable section min_rb2 > min_rbl |min_rb2
@ sv_inputs -
@ sv_outputs

© sigper

¢ signal section
¢ il' signal_opti
‘ﬁ‘.. channel_shc
% channel_rbl

% channel_rb2

type: real

Dependencies
Assignment value of first true condition is used

|min_rb1

active:

¢ il' signal_sensi
% channel_cubic
% channel_quadr

"y

q] Il [ [+]
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Post Processing

e add Image Plot Window to post processing Supported
formats:

- Linear correlation matrix i = RPN Histoegram: first variable Bi-.O - Coefficients i P
OUTPUT: F5 vs. OUTPUT: F3, r = 0.138 QUTPUT: F5 Coefficient of Importance (linear)
~ full model: adjusted R2 = 100 %
[ Update data ] - 1.0 ar ol INPUT: GZ
- 0.8 0%
1. Parameter, Response -
&) o8 o INPUT: GY
[outPuT: F5 | g o al el T: 8
2 ; +
2o < 2
a5 0.2
2, Parameter, Response K ol <l INFUE‘W?X J P G
.| wy 8
7 Py —m =18 5
[outpuT F2 al e 0.2 a2 = INPUT: EZ
£ el 3
g 0.4 5 0%
= : 5
k] 0.6 @3 Tl INPUT: EX
- 0.8 ar 0%
: S
-1.0
dilllh histogram P N
)
2 4 6 8 10 12 14 1180 1200 1220 1240 20 0
From: Latin HyperCube  Samples 132/132 (68 failed) QUTPUT: F5
Quadratic correlation matrix L=l ~ Turbo =11 | B M

»

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

PGM
PPM
TIFF
XBM
XPM

g Resf:amse

Parameter

4 6 8 10 1
Quadratic - Linear r = 0.007

- Anthill plot i [
OUTPUT: F5 vs. OUTPUT: F3, (linear) r = 0.138
ar T T —w T ——]
&
-
o
s 1
~
Do +
aig|F 9
[
2
a
5
a3t J
=
.
=] — 1
o

L T L L L
1180 1200 1220 1240 1260

Qph SLng QUTPUT: FS
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Post Processing

e Improved approximation post processing mode for CoP/MoP

I RESPONSE SURFACES Project: sensi_MOP File: Save_sensi_MOP.bin
_COP PIOt nOW File Show Medify Window Help

ava.i Iable at il f |A 1. Response surface 2D plot & @ - ﬂ| 1. Response surface 3D plot

: : [ = ) 2] cosampTRa T, Codis Sparimaton of it
approximation - i o
pOSt proceSSi ng |Single approximation vl EE 1250

=

2o 1200
1, Parameter = 0o 1150
[TNPUT: daM 14 ko | % - 1200 1100
. . 30 amid o &% igzg

— h I f 2. Parameter =E' 1000
Wlt Se e Ctl O n O |INpU‘|’: daM11_ko vl |A. Response surface topview ple & B = I:I| B 950
the response CoP cochdt st L - 00
I 800
and MoP plot of : | -

700
650

the two most o |
Important S 05 o4 o oWl |

dami14_k0

1. Response surface 3D plot

Varl ab I eS are o |A Approximation model information & - ﬂ| |A Coefficients of Prognosis & M - Dl
i 3. Response, Chjective ( | 2 Coeﬁ‘Tfaents of IPro r';oms (uilr‘gg MaoP)
QUTPUT: width E¥3 b | ull mode
a.u to l I l atl Cal Iy Approximation Error Values ;IJ:m TNPUTT damid_phi_1'
maxr: 616.07 R2: 0.78474 E,, T: daBottoml-LnleFressScale
u p d a.te d Selected design: |design 153 b meanr: 74.538 Riad: 0.77429 o THPUT: dalniStrAngle
=% 14 %
: i INPUT: daM1l_kD
Plat type: [Surface plot g3 SE: 11473 design 1591 256.54 En dantls, |
.’ ' 2. PUT: daM14 ko
= 299
. 5 0 20 40 &0 80
Op‘hSLOﬂg Sample Numbers v CoP [%] of OUTPUT: width
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Post Processing

e Extended Correlation Matrix

eThe matrix provides a

overview of variation and

pairwise linear
correlation. The triangle
above shows linear
correlation coefficients
and the diagonal
represents histograms.
The lower triangle
presents 2d anthil plots
for all pair-wise

parameter combinations.

(OUTPUT...check]

val|

INPUT: x_01 INPUT: x_D2 INPUT: ®_10 INPUT: ®_11 QUTPUT:. wal| |QUTPUT: . .cb_val[ QUTPUT: ...ock_val [OUTPUT:...lau_val EUTPUT

Viniadiieiiiie

INPUT: x_01 INPUT: x_02 INPUT: x_10 INPUT: x_11 UTPUT...in_vall [OQUTPUT...b_val| [QUTPUT...k_val||OUTPUT...u_:
3
i

Weimarer Optimierungs- und Stochastiktage 7.0,
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Post Processing

e Traffic Light Plot

e the traffic light plot may serves as an indicator for safety
and failure limit violations

e Mean value, standard deviation included

il
Reference values
®  Mean value / Standard deviation
'EOO__ B > Failure Limit
=] > Safety Limit
9_; " < Safety Limit
T—G
L
~a ]
o
o
bd
L
{
S<| |
o -
o | _
o

| | |
UPR_RIB_DEFL LWR_RIB_DEFL PELVIS_FY HIC36
Output Parameter

8 Weimarer Optimierungs- und Stochastiktage 7.0, 21./22. Oktober 2010 dquI’“C‘IO



Post Processing

e support for incomplete designs

e NOW incomplete designs are
written to *bin files and can be
used in statistic post processing

e NaN values are filtered out for
statistical evaluation

LII55EE4Z 2167116119 09211655634 3BSTEETIME
S0555%5 50671983248 05502515958 | 0.158BEE0SES
— 7356728043 2IBF0ATHIZ  DSJ4HIIIEE
FAISIZI4G  (ZEE00I3044 | LISHOEIR1Z | -0.L07SEA0NIE
FATORTRO] 214TET10HE G.TEE52030%0 I2.B3TTO61E
SERLOTS) R TMS60012 LA3FIae06 4602106657
R4 S20I040795 QE53937TIVE | EB11E2TIL
4027 IF506A6810 2112976400 0.9 368102045
LTHAIGEST B 1S2RRNA4Z LI61925366  0.053121%2424
: IEHEG04G  BNIIE2S0%2  LESNIES2NZ  QASHIINGTIS
— 1075029407  LIZNIBMEAT 00 FLOSEIGD
OTIESS0S0LY | L103220588
-3515543:2 6,134685002 03340195379 DSTIASTRZIE
7 0,3110563192 1178659555  0.53T1451358
JEF5 B, 500435605 Q53W5E13429 | -DATDETTINA
7847322 3668378314 O.6IEITSUGES  4,7B3IGESTES
LBEHEED4T IABG0E3SNE6  LEBA3ITI4IY | DOGIE47ELTES
TRFFFF 08469953473 Q518568547  O.5F0G3R34E0
2191358 6510022471 Q7099393185 0.05312192424
IABEI0A8E 540474 CAGGERTATS
JEETITG 55090092027 ATEFIRIIAS]  D.1407650431
(o

27T1.31B419

3350722313

5693063035

#52.233471

TAL1156574

440,339544%

53010522127

48015886510

1458575271

TALSR2950%

H2T.OB45412

1611486361

4174571477

2823661444

1762600066

1273,674%8

3458587497

1327.343208

5236335226
4765260161
E45,B29T506
FETT. N0 362
3TLI000998
BT2.3339952
2107210687
TL1EIAIG24
T2T.022086
1035, 722495

4004051508

453155317

B23,2079954

B235731352

244,3085474

410,07TBTRIS

S41.B485166

1336843076

S8B5T10243
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Post Processing

- Parallel Coordinate Plot and Control

radl ad3 rad? rads mass stress objl
0 ik g 00801 g 00818 Qﬁﬂs 0. 08 00568  37S0.1840, l.rnwﬂ dek G857 Ge+ EFE0. 180 0050 1
v k5 r G = Gl e [l (&

N ___—_____:;:_
(i (3 [ (8 (i -

Y R |
X r l‘\- e i . ¥
5 \ / =1
[ (& - = = . G = -:': i

D-C'llﬂ 0.0042 0.0069 DW-‘L 0.004 000548 000587 0004 Q.00837 0.03;:5
Fa ra

rad2 radd d& radg miak_stress ob{2

New: single Parameter, Responses, Constraints,
Terms and objectives can be removed from the
Window

13 B4B.915 -ﬂ,ﬂl 3241 mT0R4e+ BRE.9150 (1510

10 Weimarer Optimierungs- und Stochastiktage 7.0, 21./22. Oktober 2010
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Post Processing

- 4 (2+2) and 5 (3+2) dimensional Pareto Plot (colour & bubble size)

= 4

Main Application

-

Objective data
Objective Pareto Plot

A H - O

| @ Objective pareto designs -

Archiv - Pareto front
3 Dimensions
4 Dimensions

~~—Fw""

straints

8

OBJ: ohit
1031.58

[ Update data J Color : stress [1.7456e+007, 3. 92255e+uns]
1. Objective - Size : mass_disp [908.525, 4013.16]
|0BJ: objl g3 2r ° =
o 3.9e+008
2. Objective . g-g:ggg
|0BJ: obj2 | S e 2,5e+008
2. 0e+008
o 1.5e+008
3. Objective I
= o 1,0e+008
IDBJ: stress "| .,rﬂg B 1.7¢ +on-".'
_8 e e £
4. Objective e0
w
|DEJ: mass_disp v| SEo,
S - | 4 ob jecoves
i [ @
5. Objective ‘: *ole ® O.
|oB2: st i SF e o e® ...
: stress_disp v| al =] - 9 4
(=]
L]
L ]
Select pareto front design - ..‘ ® @
|design 167 V| =L ‘.;
[5 i i . .I i i i
Selected design 1000 1500 2000 35100 3000 3500 4000
|design 167 V|
[a Term, objective & constraint values L =] [
- OBIECTIVE DATA: (Best Design #167)
f Best Design |
Obie e da 8
ow
4 Dimensions b

ob&Z
.04 0.05 0.06

0.03

0.01

0.02

Objective Pareto Plot

L] Oh}ective pareto designs

Color : stress [1.7456e+007, 3.92255e+008]
= & _.'
i 3.9e+008
3.5e+008
3.0e+008
I L 2.5e+008
2.0e+008
1.5e+008
° 1.0e+008
[ o 1.7e+007
e 9 I
. °
] L]
L] ] ® e,
b eg @ L]
- ™ 9
* . L] ™
. |
* e 1
: L. I i i
1000 1500 2000 2{;5!2;0 3000 3500 4000
obj

0.06

0.01

Objective Pareto Plot

Current archiv

Global best design

Objective pareto designs

Pareto front 1

2.0bjectives

1000

1500 2000 2500 3000 3500 4000

obj1
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Coefficient of Prognosis (CoP) & Metamodel
of best Prognosis (MoP)



Definition - Coefficient of Prognosis

 What proportion of the variation of a response can be forecasted with

CoP has three benefits

- we reduce the variable space
with different filter = best
subspace

- we check multiple correlation =
best regression

-we split the sample set and
check the forecast (prognosis)
quality

New: version 3.2

- Cross validation

- iterative variable reduction and
model complexity reduction

- improved variance based
sensitivity indices for importance
measurement (Col/CoP)

. »
Load/5ave

identified arbitrary non-linear correlations to the input parameters?

fGeneraI rAd\.ranced |

Data

Percentage of test points

99 support points 49 test points

Models to check
Polynomial Classic MLS

Interpolating MLS

Test point determindtion =

[

Use significance filter

Quantile [%] 99 to SEE

Use correlation filter

Number of steps |10

Use importance filter

Rating
CON limit [%] 1 to FE
COP distance to best model
|:| Spearman rank order

Info

Approximately 25 model evaluations.

Use adjusted CoD

=

13
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Strategy “No Run to Much”

Using advanced LHS sampling, significance filter technology and
forecast quality (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,
response extraction related or higher order non linearity)

MLS approximation of sum_eps_plast_3712400

Coefficient of Prognosis = 74 % 115
Coefﬁgn?lnts ?jf fr%g?:os;s (usnng MoP)
ull model: CoP = T
T T /// &“‘-HH
© INPUT: yleld3 263?0135 N __’/" T
/"/ .
INPUT: yield_3731601
3%
160 .

o INPUT: thiclé_‘%oﬁSlOSOl § 140
- |
2 3 .
g INPUT: thick_3791600 Q 120
3 9% g
ey [~ 100
" w
[ INPUT: barrier_z ]
& 10 % B 80
£
z 3

INPUT: yield_263?0124

o
o

£
o

INPUT: thlck 26370915

- weld 371 2400
L ’L

80
CoP [%] of OUTPUT sum eps plast_3712400
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MoP as solver

MoP’s can now be used at optiSLang flows to replace external
solver.

Optimizer (Gradient, NOA [GA, ES, PSO], Pareto)
Robust Design Optimization

Sensitivity (DOE) and Robustness

Reliability Analysis

(Attention: There is no optimal design which can be checked in real
space)

— Solver control

~ Direct calculations or MOP based approximation

) Direct design calculations ( ® Use approximation model from MOP

Use approximation model from MOP

£1 selectafile:: |D:optislangschulungitruss_MOP\Save_truss_MOP .bin
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Check optima at RSM/MOP

It is recommended to check the optima found at approximations (RSM or
MOP) with solver run in real space!

That functionality is available in all flows with RSM/MOP. Post Processing
will show the difference between optimal design at approximation and
real space.

~ Solver control
~ Direct calculations or MOP based approximation

{_) Direct design calculations ® Use approximation model from MOP

£ select a file: : |D:ﬁ.uptislangsI::huIung*.tru5s_r-.ﬂDP\Saue_truss_MDF'.bin

{ Use approximation model from MOP

~ Calculate best design 7
) Do not calculate @mmanﬂ {foundin PATH) < Runa @

" Run a single command (found in PATH)

2 type a command: ; |5Iang -b 10bartruss.s

16 Weimarer Optimierungs- und Stochastiktage 7.0, 21./22. Oktober 2010 dquI’“C‘IO



From best practice to black box

1) Start with sensitivity study using 2) Automatic search for the meta
LHS Sampling model of best prognosis at
best sub space using the best
meta model and checking the

prognosis quality

E
1 -
24
1
| 4 INPUT: poditien
5%
s ANPUT: rigsd_factor
i i
B0

1) 4 &3
CoP [%] of OUTPUT: max_acoeir

Create MoP

Test Optima

4) Check Optima

Goal: User friendly effective procedure using black box algorithm

3) Run Optimization at MOP

17 Weimarer Optimierungs- und Stochastiktage 7.0, 21./22. Oktober 2010 dqﬁor\do



News on Optimization within optiSLang 3.2

Ease of use for Nature-inspired optimization
algorithms (NOA)!



Simple Design Improvement (SDI)

SDI also known as “Stochastic Design Improvement” was used

iIn STORM for optimization

- former Storm user wanted to
have that extremely simple to use

SDI settings

LoadiSave

strategy (only one start design is
necessary input)

- basically a cloud of certain size
are moved in the designs space

- SDI shows usually improvement
In the first (5) iteration steps
before improvement slows down

— main mechanism of the
algorithm is the move of cloud
center point

[ Initialization | _Ssert Design |

Humber of Samples |1IZI

=} .
Sampling Bounds Width [10%:]
0.0 0.25 0.5 0.75 1.0

Minimum Number of Generations: |E- |

Maximum Number of Generations: |4IZI |

@Tyrp-e1 @

Gained improvement

- Type 2 Deterioration of performance

Rezet Cancel Ok

19
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NOA Wizard

Wizards help to select the appropriate single objective NOA
e First step in v3.2: wizard for Nature-inspired Optimization
Algorithms unify 3 optiSLang flows

e GA Flow
e EA Flow with local improvement (ES) and global search (GA)

e PSO Flow with local improvement, global search

(Attention: see manual for decision tree)
e Next Step in 4.0: decision tree included in wizard

— Optimization strategy

L Which algorithm shall be used 7 : Particle Swarm Optimization (P30) - global =earch

|'C hoose algorithm

Evolutionary Algorithm (EA) - global search
Evolutionary Algorithm (EA) - local refinement
Particle Swarm Optimization (P50) - global search
Particle Swarm Optimization (P50) - local refinement
Start Sad Stochastic Design Improvement (SD1)

Genetic Algorithm (GA)

|—HDA parameter set

20 Weimarer Optimierungs- und Stochastiktage 7.0, 21./22. Oktober 2010 CIL,{HOI’\CIO




Improved Mutation Strategies

Available for single objective
EA and PSO Algorithms

New:

- first choice: Self Adaptive (Back) =
modifies mutation for single input
variables

- Constraint Adaptive = decrease
mutation of mutated variables which
lead to constraint violation

- Modulated Adaptive = modifies
distribution function due to
successful mutations

Evolutionary Algorithm (EA) - global search
Evolutionary Algorithm (EA) - local refinement
Particle Swarm Optimization (P50) - global search

Particle Swarm Optimization (P50] - local refinement

Genetic Algorithm [GA)

Stochastic Design Improvement | SDI)

EA settings @

Load/Save PreDefined

( Initialization | Selection | Crossover | Mutation |

Mutation Type Hormal distribution g
None
Normal distribution
Self Adaptive
Mutation Rate: 0.2 (Constraint Adaptive
Modulated Adaptive
Variable Type continuous discrete
Std. deviation maximum  |0.1 | o1
Std. deviation minimum  [0.01 | 0.0 |
| concel | | ok |
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Pareto Wizard

Wizards help to select the appropriate Pareto optimization
algorithm

e First step in v3.2: wizard for Nature-inspired Pareto optimization
algorithms unify 2 optiSLang flows

e Pareto (SPEA2) optimization flow
e Pareto capability of PSO Flow

(Attention: see manual for decision tree)
e Next Step in 4.0: decision tree included in wizard

— Optimization strategy

~Choose algorithm

b

Evolutionary Algorithm (EA) ]

@ Create resp. Modify ' Use previously defined

Lz Which algorithm shall be used 7 :

—Pareto parameter set

£ Wil be created, if not present in project directory : |paretn_pararne‘ter3.5&t

" Create resp. Modify
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Sensitivity Analysis and Optimization

1) Start with a sensitivity study 2) Identify the important
using the LHS Sampling parameters and responses

- understand the problem

- use MOP for optima search

Coefficients of Prognosis (using MoP)
full model: CoP = 85 %

- |'I..IT: RADIUS_L2 .BCHEEF:%:'H ToWLBGA_SOLDERS

i INPUT: E_X2070_BattConn_Tabby_Plastic
8 %

o T: ANGLE Y
42 9

INPUT: ANGLE X
73 %

INPUT parameter

Understand the
Problem using
CoP/MoP

=

20 a0 60 80
CoP [%] of OUTPUT: S_11_IP1_element:137711

3

Search for Optima 3) Run ARSM, gradient based or

n Nature-inspired Optimization
‘ Algorithms

4) Goal: user-friendly procedure needs as much automatism as possible
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optiSLang Integration Environment

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

B
.o

24
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ANSYS Workbench v12 optiSLang Interface

N Lagerwinkel - Workbench
File  Edit

S ]Mew [ Open...
03X

Wieww Tools  Units  Help

@ Save ﬂs =

{

| B Parameter Charts
w Parameters Parallel Chart (all)y

SLang-Plugin:

1
u Rarameters Chart 2 = Input Parameters 2
3 [ DS _Befestigungsbohrung 3 Current 10 140 24
4 B ps DS_H " O t
Parameter 5| G :
6 p p7 DS_Bohrung_t
Manager P [ o 05._pchung
g p po DS
a D5E L
05_01 T

2 optiPlug WB 12

|\N’nte ophimization project » |

‘ Optimization problem £ |

DS _Rippenwinkel

D5_Rippenhoehe

DS_Rippe

input parareter

Mew name

ameters

Lower bounds (-] % Upper bounds (+] |20 %

Update mode

| Don't write files, show a warning message k" |

Gesamtverformung Maximum

Yergleichsspannung Maximurm

Geometrie Masse

output parameter

[ Save results
Show 'WE GUI during calculations

7

Wiew All | Customize, ..

just cligk to integrate
workbench in
optiSLang

X v

Parameter &
Responses

: Ready

[IEI Show Progress ][L‘Q Show 19 Messages ]':;
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Extraction Tool Kit ?

Extraction toolkit to replace the
scripting for result extraction and
processing for ABAQUS, ADAMS,
ANSYS & MADYMO

Extraction
e Single Value, vector, matrix,
tensor

Definition of free variables
Processing
e Mean value, MIN/MAX
e Standard deviation, Integral
e Improved Signhal processing
e Improved mathematics

Batch execution mode
Creates optiSLang *.pro file
Available on Windows/Linux

Extracti Tool Kit [basisls sig2 chnd -8 x
a IS
s | s | Ansys | Madyme | Data | variables | araph | basis15_sig2_chnd |
Reesults File: [ frelerenceladamsiad it-fieres|| || import | bosis1S_sig2_chnd
Nama: DafaultAun
Application:  Adams/view MS Windows NT 5.1 — basisi5_sig2_chnd
Date: H010-03-02 16:45:57 =
Solver: o
Script: -unknown-
Model: ADAMS/View model name: modal_1
Type: | ADME_Variable I sl
— =]
Entity: |SV_theta b 1=l )
Companent: [} = \ / lll'l,]
m /
A
Variabie Hame: [basis15_sig2_chnd] [ Add @ o 200 400 00 &0 1000

an Taol Kit - [basls15 slo? chnd .
W Hle Vsuniization Help =
= Aivsys | My | Data | Versbles |
"/

[ Complax | Tigonemetnc | Linear Algebra | Series | Fiter | Abaqusitd ||
| e ] extract ] |
dary | ntegrate
largestd, [ roo
|
o i
1| 3
Additional Sattings o |
L] opteSLang spec e [

|| Stang header
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Why SoS and what is SoS ?

Why: Engineers need to evaluate statistical data on the
structure to locate ,,hot spots* of variation.as:well as
investigate correlations

0750

0500

e Visualization of correlations and CoD
between random input and structural resu

e Identification of spatial dependencies using

Key features:
e Locate ,,hot spots” of variation

e Data reduction and smoothing by mesh coarsenir
random field projection

= ldentification of relevant scatter éhapes & !
e Visualization statistics of eroded (failed) elements m
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SoS v2.3 — Developments new version

Interfacing
e« ABAQUS (odb) OF - e

@ structure Node - projection-
e Flexible user interface for ® 1| | [ comse mesn projecin :

@ sy W1 Use c

other ASCII based Formats @ o

© statistic

Project View Help

oarse mesh projection

No. nodes: 983

30 %]

‘Meshing algorith

1 topolegy mesh

<«

Random field projection

Statistical processing e

@ Handling Of element erOding | Use structure based projection

- - ‘5ub5pace dimension: @
e Mesh coarsening (uniform and oty o (5]

to p O I O g y) -Qutput variable based projection

e Result based generation of “"’“‘“‘ -
Random Fields

Effective_Plastic_Strain
e Visualization of Random Fields % efective Fatic srsin.2

Effective_Plastic_Strain_1
[] Effective_Stress_{v-m)
[7] Effective_Stress_(v-m)_1

(Modes) with Significance ey
(variability) G ediacamars

[ x-displacement_2

5
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SoS - Eroding elements

Effective_Plastic_Strain_80ms
< Eroding plot >

green: not eroded

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

Effective_Plastic_Strain_80ms
< Erosion percent plot > R %g
I ]‘h@' 22
L I fr 20
T 18
N b
I LLLTY
E=mmmEm=mma===s==mai|bed
; = - S SscsscSoIEssssssste —10t
EEESCes £ SESE B s &
—— E==E=E= o o I 4
= == i R ::‘H e I %
1 IF H NN R S M
o I _::EHE:
1 S
H sssazs
RREEE ol
i i
AL s - fiame: . Effective_Plastic_Strain_80ms
4 X & ‘ Erosion percent plot
" 7 Original data
b g —
Y , minivalbe: 052632
\\/‘( 3 e e 97858

palette range: 0.52632 ... 27.895

Eroding percent plot shows the
percentage of eroded elements.
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SoS - Random Fields

New: output variable based projection

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

STRUCTURE: Metal Forming

STRUCTURE: Metal Forming

#1
Shell_Thickness_T
Reference Mesh

ity: 100% (=0.00035635)
%

#2
Shell_Thickness_T
Reference Mesh

100% (=0.00035635)

ariability: 100 0
95.298% %?101/207%
mulative: 95.298%) 97.411%)
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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

S_11_IP1
< Maximum >

ENPUT! E_LY VWLURLM_ENGU TAPE
%

b ]

amalee

4

PRPUT: E_L3_WARLM_GLASS F
i%

b
e

TRPUT e

NPUT: E_L2 MHH_&'\FJL’G SOLERI00
&

¥
a4
T: ANGLE ¥
Xz - INPUT: ANGLE
L

o} NPT ANGRLE X

e |

INPUT paramsster
3

= [+] 20 a0 &0 L]
o X0 ag 2] RO ol %) of OUTPUT: §_11_1M_slermens- 117711
Cof %] of OUTPUT: 5_11_IFE_element: 137774

by courtesy of INIOIKILA
- use SoS for the identification of random fields from
measurements

simulation or
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