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IN NON LINEAR DYNAMICS

Abstract

On the basis of a very simple example of crash simulation,
different issues concerning optimization in non linear dynamics
are reviewed, such as robustness, convergence and choice of
the best formulation and/or optimization technique within those
available through optiSlang. Robust optimization (RDO) is also
performed on the example problem.
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Introduction: a crash course in crash

Crash performance of a structure amounts to the
ability to dissipate a given amount of energy while:

- Limiting the injuries to weak users
- Sustaining reasonably little damage

* Minimizing the cost (mass for a given material and
technology)

In today' automotive industry, crash performance is
measured by standardized tests, imposed by
government bodies or de facto regulators (NTHS,
EURONCAP, insurance companies).

These tests may vary widely, but they have some
common features ..
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.. one of which is that the structure must
demonstrate the ability to :

‘Dissipate (relatively) small amount of energies with
little aggressiveness and/or local damage.

‘Dissipate (relatively) large amount of energy
avoiding catastrophic effects.

The trade-off between these two conflicting
requirements leads naturally to a constrained
optimization problem.



For automotive crash, we require:

‘Limited (repairable) damage for
insurance tests

Absence of occupant injuries for
65 Km/h test

For road barrier crash, we
require:

‘Low acceleration for light
vehicle impact
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*High restraining capability for
truck/bus impact

For pedestrian head impact, the
same requirement (HIC) amounts
to:

‘A very flexible structure for
child head impact

‘A relatively stiff structure for
adult head impact
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The actual structures designed
to sustain these impacts are
very complex and diverse.

However, many such structures
can be modeled as a sequence
of structural elements with
increasing stiffness and energy
dissipation capabilities.

In the following, we call it
a multi-stage structure.
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A multi-stage system is modeled
with 2 non-linear springs.

Each spring may have different
failure modes.

The rest of the vehicle is
modeled by a lumped mass at an
initial speed.

For the simplified modeling we
use a in-house application,
developed using ENKIDOU, a
SimTech -proprietary library of
Java components for the
development of vertical
applications.

Simplified multi-stage structure

&
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The impact parameters are the mass
and initial speed of the impacting

vehicle (impactor).

The multi-stage structure can be
composed of any number of elements
with different characteristics.

For the present
study, we consider a
two-stage structure
made out of linear
spring failing at a
given deformation
(length).

Non linearity comes
from failure.

i gimulationData EI

1 simulationData =

vehicleMass 1.0

mpactSpeed 180000 | |
Close

£ elementCascade

Il elemiame lenoth section |
1 LinearSpring 2000 Edit
2 LinearSpring 7000 Edit
] sectionData

stiffness 1000.0

unithlass 1.0E-4
LinearSpring ™ Add Remove

Close

Close




J@h This simple model captures some of the main features of
the impact phenomena under investigation.
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1000000.0

timevalues

At high speed (20 m/sec) we
have two events.

First, the soft spring is
crushed.

The stiff spring dissipate the
energy with high
acceleration.

20000

1000000.0

At low speed (5 m/sec) we
have a one long event, where
the first spring dissipate
energy with low acceleration.

timevalues

a o "0z ".03 "4 ' 05
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If we put more non linearity, we get more
complex behavior. In particular, this simple
model may represent bifurcations (different
failure modes)

Ei_i-_,dg'*"*"*'accepl:ahIE'*"*"*'

force_CB_danner

FAILURE MODE
ANALYSIS

force_rail-danne
S00000,0 1000000,0
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Some other examples of ENKIDOU vertical applications

An environment for the virtual

A specialized (pre-) and post-processor ' testing of road barriers
for VR&D GENESIS
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S gorosis

x| Project Genesis SE MAC [perfence Trapsferd Plot Uities  Aindows  Wiew
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~ Topological_1 R bk pANEL x| x|

13 7.927841E-02
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w Deformed
= Seale [10
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Optimization problem set-up

The simulation process for our problem involves
two crash simulation:

B Script_writer

Workflow name: |Script_wr'rterjaram_ﬂ?'11EIEI_IZIT1 256

E l e me nT <<d anne r))“%scripﬁon: Hesign a sequential script

low speed crash— --r-r it i
(5 m/sec) So—

Element «bfd»: ||
° " =
h lgh s peed C r.as h specify file(s) with optimization/stochastic parameters -
specify file specify file{s) with optimization/stochastic parameters
(20 m seC) ° copy auxiliary file{s) for solver calls into execution directory

file(=) [ execute a program, script or command
do nothing for a while
wait until a file exists

wait until a file is removed

]

& name remoue file(s) after completion
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‘ Start H Save H Reset|

[ ¥

[ [
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This specific set-up is
proper to an automotive
crash design problem.

Hence, we call element 1
“crash box”
and element 2

(1) ol
rail
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Each element has input and response parameters
defined from the xml I/0 file of the application ..

input parameters for
“danner”

Input File: danner.dat

File Goto Tools

I B = Ta|

=101 x|

Help

¥ml wersion="1.0" 2>

'-— ENEIDOU (C}) 19958-2005 5imTech --»

SimML-

Data name="zimulacrolongheroneEdithata™>

Array name="elementCascade” zize="2" of="Data">
Data name="Linear3pring” typeld="LinearSpring™>
Value name="elenflane™ of="3tring">
LinearSpring

AWalues

Value name="length" of="real™>
385, 08722671856083

AWalues

Data name="sectionData">

Value name="stiffness" of="real">
300,

faluex

Value name="unitMasz" of="real">
3.0E-&

fTaluex

sDatas

fDhatas

Data name="Linear3pring” typeld="Linear3pring™:
Value name="elenlName™ of="3tring">
LinearSpring

AWalues

1|

[v]

Top line: 1

File name: danner.dat

File type: input file

response parameters

for “danner”

oI gy B e T B

=0l x|

Help

!xml wersion="1.0" =

!-- ENKIDOT (C) 1998-2005 SimTech ---
SimML-

Data name="impactResults -

Walue name="finalTime" of="real”>
0.096731924

FValues

Walue name="stroke"” of="real">
305. 0698

fWalues

Value name="maxicceleration”™ of="real™>
51150.734

/Walues

Value name="residualipeed”™ of="real">
-0. 17063206

/Walues

Value name="railMass" of="real":>
4. 94773

FValues

Array name="elementitatus”™ size="2" of="Data">
Data name="elementitatuslinearfpring™s
Value name="isactive” of="boolean>
Crue

/Walues

Value name="endDisplacement” of="real™>

L]

[ ¥]

Top line: 1

File name: danner.resp

File type: output file
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Design variables:
ecrash box length

ecrash box stiffness

& Parameter Tree

Tree

g [m [

erail length

erail stiffness

— VvV

&

@ & parameter tree
o] % parameter section
& [43 darner.dat
P I whale file
El lerith
El atiffness1
E length2
E stiffness2
© [33] el dat
- E’D danner resp
= E’D bid resp

@ -{]‘- constraint section
°£ maxAccBfd
°£ failureCEDanner
°£ failureRaiDanner
@2 taiureraiat
B2 totalLengthiax
B2 tataiengthiin

Lo @ chjective section

& parameter Settings

~Parameter

name: Iength1|

ye: pure optimisation -
value: 385.087 22671856083

value type: |real - |
active: [¥]

| go to parameter |
~Location

line offset: 10

column offset: 0

format: 17 13"

expandable: E

~Optimisation

lower bound: 250.0

upper bound: 400.0

optimigation type: | continuous -

sample points

Objective function:

*Mass ~ length1*stiffness1 + length2*stiffness2
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Constraints:

‘Total length (architecture) €

‘Rail deformation in high speed crash (residual space for<———
engine)

‘Rail deformation in low speed crash (no damage}
Crash box deformation in low speed crash (no crushifigy—

‘Maximum acceleration in high speed crash <

Inequality: 0=

Mame | Constraint
maxscchfd 1.5e6 -maxsoccBfd
failure CEBDanner 0.5 - dannerStrokedength
failureRaillanner 0.05 - dannerRaillizplength2 .
failureRailEfd 0.525 - bfdRailDizplencth2
totallencthiax 1100 - lencgth! +Hlength2
totallengthidin [lengthd +length - 300

Hew Remove

OK Cancel
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PRELIMINARY CLOUD
ANALYSIS



it@ﬁrior‘ to the actual optimization, we run a (relatively) huge
random sampling of the design space. The resulting cloud has
been analyzed with our in-house tools.

Total number of shots is 23300.
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This looks like a lot of
points, but in practice
it means 1 point every:

12 mm of crash box
length

218 N/mm of crash
box stiffness

30 mm of rail length
645 N/mm of rail
stiffness

. random_20000.cs¥

3 Export

3 Claning

3 Plat

[T carrelations
T Selection

Select by values
Select Pareto

| Remove selected |

| Remove unselected

[Nl Selected| length stiﬁnes..] length2 |stiﬁnes..l stmke...|ma}{Ac...|resSpe..lraiIMas.. raiIDis...| struke...| maxhc..
1 [ |224.89./1297.7../690.39..13192...[145.45 | 17186, -1.302../94.000../13.027../384.00..) 21002,
2 [0 |270.75./1499.0. |760.80.. 12856, [136.46. | 18320, -0.748.|101.86.|14.250.[420.97..) 19312,
3 [ 23099 |1669.1. /5539713638, [130.00.| 19230, -0.664. |79.534.|14.100..|389.40..) 20376
4 [ 2393310438 |76B.72. /71238 [165.70. | 15086, -0.965. |47 11821177 |4A7 86| 15567
5 [0 |28226./1492.9 |707 96.14107...[136.08.| 18371, -0.733.[104.08./13.022 /423,41 19912,
B (] 287.591673.3../501.70.. 8666.5..)133.591.. 18725..) -0.259../48.292. | 21.606..| 461.33..[ 150487,
7 [0 |21545./1245.8..882.83.. 10649, (149,71, 16688, -0.178... 96,704, 15679, 394.69..) 19088,
8 [0 |276.54.|797.33.[695.11.J10818. [183.48. | 13625, -0.383.[77.409. /125084 453 56..| 19151

|-

]

| Add || Remove || Up || Down |




In order to get a
visual information
about the admissible
domain, we apply the
following
transformations:

-Selection of
admissible shots

-Identification of the
Pareto surface of the
admissible shots

def_raii_frontal

PARETO
FRONTS

ADMISSIBLE BOX :
1338 POINTS FROM 23300

PARETO SURFACE:
1085 POINTS

& ***acceptable*+* =
| ass
_.
_.
_.
T 1
L 10
_.
fililll. I I
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For the exploration of the Pareto surface, we use
the correlation analysis and other basic statistics.

x
Title | length1 |stiffnes..| length2 |stiffnes..| stroke...| maxAc.. resSpe.lrailas..| railDis...| stroke...| maxAc.. resSpe.JrailMass| failure...| failure... | failure... tuM X
lenath1 -0.368..-01200.|-0177 .. |0.3754.|-0.375.../0.1342.-0.221 .. |-0133.. -0.473../0.0917..-0.221...|-0.639...|-0.087... |0.5054... 0.4294 .
stiffne... |-0.358... -0.032..|0.3776... -0.236...|0.4819../0.5019...-0.680...|-0.086... -0.003...|0.4819...-0.544,
lenath2 |-0.120...|-0.032.. -0.342..\0.0813..-0.082...|0.0289...|0.2068... 0.2762../0.0803...|-0.215...|0.0594 .. |0.2068...| 0.1 790). . |[-0.BTE.. 1
stiffne... |-0177.. |0.3776...|-0.342. -0.428..|0.4681..-0.120.. -0.585.. |-0.640...|0.7482.. -D.113...--D.242. . [-0.328..-0.406...
stroke... |0.3754.. 0.0813..[-0.428.. 0.2313..-0.489..|-0.457..|0.7018...|0.0093.../0.0078...|-0.489. |0.5649). (e 141 02765
maxAc...|-0.375... -0.082...|0.4681.. -0.239...|0.5406..|0.4273..|-0.724...|0.0088... -0.0145... \0.5406..|-0.558 ] -0.838..-0.277
resSp... |0.1342.|-0.236... |0.0285...-0.120... |0.2313..|-0.238.. -0126..|-0.092.../0.2021.../-0.043..|-0.018...|-0.126... | 0.0955) 01342 0.0988.
tailba... |-0.221...|0.4819..|0.2068.. -0.495...|0.5406...-0.126... -0.355..|-0.633... |0.5650... -D.D?Q...--D.EB?... -0.762 D.DBBB...\
railDig..|-0.133... 0.5019...|0.2762...|-0.585... |-0.457...|0.4273...-0.092... |-0.355... 0.0201..-0.768..|0.1063..]-0.355..|-0.284... -0.141..|0.1790..
Strnke...--D.EBD... 0.0803..[-0.640... 0.7018...-0.724...|0.2021...|-0.633... |0.0201 ... -0.583../01017..-0.633...|-0.083.. |-0.047 .. |0.6272..0.5129..
maxAc..|-0.473.|-0.086... |-0.215...|0.7482..|0.0093...|0.0088... -0.043... |0.5650..|-0.768... |-0.583.. -0.159... |0.5650..|0.4078.. |-0.633...|-0.231...|-0.4581 ..
resSp... |0.0917.|-0.003...|0.0594. |-0113..|0.0078...|-0.015...|-0.018...|-0.072...|01063..|0.1017...|-0.159... -0.072..|-0.065...|0.0722.../0.0185...|0.1035...

£ Correlation stiffness2 railMass
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railia... |-0.221..10.4819.. D.2068..._—D.499... 0.5406...-0.126... .|0.5650...-0.072... -0.267.. -0 %=
failure... -0.539.|-0.544 . |0.1790..|-0.242.|0.5649.|-0.658..|0.0955.. .|0.4078..|-0.0645... |-0.267 ... -0 railazs + +
n
failure... -0.087..|0.5320..|-0.277...|-0.284 . |-0.516... |0.4875.|-0.108... L |-0.B33../0.0722.-0.456...|-0.377 ..
o
failure... (0.5054..|-0.539... |-0.678... |-0.328... |0.5141..-0.638... |0.1342.-0.752..|-0.141.|0.6272..)-0.231..|0.0185..-0.752... |0.0184..|0.] _:*I JF"'++$
totalle..|0.4284 |-0.223.. --0.406... 0.2765..|-0.277...|0.0988.. |0.0686..|0.1790..|0.5129..|-0.451...|0.1035...|0.0686...|-0.128...|-0 + +
+
=1 +
el o U stiffness?

2274.0 'B211.25 '9163.49




itQ?’f:r'om the analysis of our Pareto surface, we can obtain
some prior knowledge about our optimization problem.

First, we can be reasonably sure that there is a global
minimum and where it is approximately.

“ass vs. CB:length
B

area around
global
minimum
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itﬂMWe can also foresee which will be the active
constraints. In our case, all but the maximum
acceleration in the high speed test.

1158661.75
1158661.75

17629.5
176295

0213 ' 0356 05 33 " &6 '8

1158661.75
1158661.75
+
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L]
totalLengtf
76819 '934.02 '1099.86 38 4B

failureRailBfd

17629.5

fe)
=
~
i
=
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Statistical analys
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quadratic correlations
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OUTPUT: dannerRailDisp vs. OUTPUT: maxAccBfd, (quadratic) r = 0.843

ANT-HILL plots = | | |
(scatter plots) -
ot
© pi
~d
<
P
L
o
o]
&
<
»
g
.
I STATISTICS  Project: monteCarloOnWh  File: D:data travail'confdynardoZ 007 ppp'mo i - Dlﬂ Lg ..
7 1
Eile  wWindows |STATISTICS Project: monkeCarloOriih File: Dridataltravailiconfdynardo2007ipppimonteC: o
Scale symbols 1 Histogran: second varisble EX B a¥ ¢
100 | [ QOUTPUT: maxAccBfd L]
& None o o 80
R Danner Rail Displacement
& Lognemmal o 1

& Exponential

- Wizibull
- 1
o Uniform
Automatic
- 4
(m] Inverse o
o
]
L
=
w
=)
o 4

0.6

0.4

distribution
functions

(m CoD data

0.2

Update data
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Quit

1.2 1.4 1.6
OUTPUT: maxAccBfd [1e6]
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Principal Component Vector 1

' ' ' 1.00 . °
OUTPUT: resSpeediid 0.75
OUTPUT: resSpeedBiu ggo PrlnC|pa|
OUTPUT: maxAccBfd 0:00 °
-0.25
m T |
o is  component analysis
-1.00
OUTPUT: bf|IForce
ar OUTPUT: bfdJlaiIDisp 1
OUTPUT: danngrRallDisp
@l QUTPUT: dannjgrStrokd ]
INPUT: impE peedBFD
ol INPUT: impactSp%dDan Principal Component Vector 2
T T I T
INPUT: mass\ﬂCLE + e 3'22
— LUTHFU L Tesspeedn) -
0.50
<H INPUT: stiffnéssRAIL 0.25
OUTPUTY maxAccBfd 0.00
-0.25
INPUT: lenathRAIL - -0.50
— OUTPUIN railMass -0.75
HF INPUT: stiffjessCB -1.00
OUTPUT: bfdFarce
INPUT: Ie|£ thCB
! ! =il QOUTPUT bfdRailDisp 7
-0.4 -0.2 a
PC vector coefficient
OUTPUT: dannerRailDisp
wiighted 'Principal Component’ [PC)
e T T ; H @ H QUTPUT: fannerStroke h
INPUT: impactSpeedBFD
=1
o= INPUT: |mpactSpeedDanner b
gl INPUTE assVEHICLE
i
g - - INPUT: skifnessRAIL
¢;.
INPUT: JengthRAIL
of s INPUT: ktiffnessCB
. INPUTY] lengthCB
4 6 [ 10 1 1 1 I
Number of PC ‘0.4 -0.2 0.2 0.4

o]
PC vector coefficient
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Coefficient of Determination (quadratic)

QUTPUT p: rameter

QOUTPUT: dannerRailDisp
0% ( 98 %)

OQUTPUT: dannerStroke
00% (96 %)

QUTPUT: railMass
0% ( 100 %)

QUTPUT: resSpeedBfd
2% ( 18 %)

OUTPUT: hfdRailDisp
5% ( 97 %)

OUTPUT: maxAccBfd
8% ( 97 %)

OUTPUT: bfdForce
8% ( 55 %)

20 80

40 60
R2 [%] of INPUT: lengthCB

Ceefficient of Determination (guadratic)

100

QOUTPUT: dannerRailDisp

100
80

OUTPUT pjrameter'

0% { 98%)

OUTPUT: bfdRailDisp
0% ( 97 %)

OUTPUT: bfdForce
0% { 55%)

OUTPUT: resSpeedB
0% ( 18 %)
QUTPUT: dannerStroke
0% ( 96 %)
OUTPUT: maxAccBfd
0% ( 97 %)

QUTPUT; railMass
14 % ( 100 %)

60
40
20

20 40 60 80
R2 [%] of INPUT: lengthRAIL

OUTPUT n?rameter

QUTPUT pfr'ameter'

Coefficient of Determination (quadratic)

OUTPUT: railMass
2% ( 100 %)

OUTPUT: resSpeedBfd
5% ( 18 %)

OUTPUT: bfdForce
16 % (55 %)

OUTPUT: bfdRailDisp
18% ( 97 %)

QUTPUT: dannerRailDisp
19% ( 98 %)

QUTPUT: maxAcchfd

29% (97 %)

40 60
R2 [%] of INPUT: stiffnessCB

Coefficient of Determination (quadratic)

MoB M om

OUTPUT: dannerStroke
3% ( 96 %)

QUTPUT: resSpeedBfd
8% ( 1B%)

OUTPUT: bfdForce
15% ( 55 %)

UT: maxAccBfd
6 % (97 %)

OUTPUT: bfdRailDisn

63% ( 97 %)

QUTPUT: dannerRailDisp
76 % (98 %)

OUTPUT: railMass
B2 % { 100 %)

] 20

40 60
R? [%] of INPUT: stiffnessRAIL

80




OPTIMIZATION USING
DIFFERENT ALGOS OF
optiSlang

rve

Gradient based
Response surface
Adaptative response surface

Evolutionary optimization

Copyright© SimTech 2007 All rights rese




Copyright© SimTech 2007 All rights reserved

(NLPQLP)

For the first optimization, -

tart from a “nice” initial value
we S € CBLENGTH 300
pOIﬂT, where constraint CB STIFENESS 1000
violation is not important. RAIL LENGTH 700

RAIL STIFFNESS 5000

Results are excellent for a ¢ 11.4

total of 160 design points.

Bl x|

c
e e - oo

~ L L = 2 stiffness2
Objective History Best Design #46 RESPONSE DATA: (Best Design #46) [0

- stiffnessRAIL
2282.7

IL
m‘

maxAccBfd
901070

railMass
5.26597
bfdForce
901070

g
&
a~
[s)

Numhsr’ of Parameter

ﬂ__]

|
= m
... n
L ]
| r u .‘
™ [ | 21.406248;8390.95¢

ﬁ.l [T b

@ Optimization using gradient method

final value

381
304
718
2283
5.27

o
[ ! ! ! ] s
o 40 80 120 160 0 20 40 60 80 100 0 20 40 60 80 100 g
Design Number Relative Size to Bounds [%] Relative Size to Response Range [%] o
L Ik . =8
2l =
OBJECTIVE DATA: (Best Design #46) Parameter History
@
@
z
2
2o
S
9
@
2
£, g
g
1)
2
pdate data 7. o
@ =} .
= : mass =] railMass
1] 5.26537 N I " I ] = ; ;
0 20 40 60 80 100 (] 40 80 120 160
ODMSLOH@ [%] of Data Range Design Number 10.0 200

n|
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25 A

20 A

ass

15 4

10 +

30 —

+ approximation of admissible domain
== minSTminL
minSTmaxL

‘@ Robustness of the gradient

izer

admissibleStartPoint
=¥e=maxSTmaxL
—0—maxSTminL

We have run the
optimization with four
more different starting
point, at the corners of
the design space

0
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NLPQLP converges
very rapidly towards
the same optimal
value

2000 3000 4000 5000 600 00 8
rail stiffness ]

rail mass

5.4

5.2

»
3

»
o
\

4.4

+ approximation of admissible domain
= minSTminL

4.2

minSTmaxL
admissibleStartPoint

4

=H¥=maxSTmaxL
—&— maxSTminL

2100

2120 2140 2160 2180 2200 2220 2240 2260 2280 2300

rail stiffness
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RSM optimization

Starting point: 9-point
DOE

Convergence is achieved
in 150 points

CB LENGTH 400
CB STIFFNESS 300
RAIL LENGTH 700
RAIL STIFFNESS 2483
MASS 5.97

Object ive data = &

Objective History

9 10 11

8

Objective Value

7
T

6
T

.,

(i} 40 80 120
Design Number

r ]
Design [inputl parameters = O

Mumber of Parameter

4

l

5]

B

oo
L

2 3

1

L
o
(=]

Best Design # 149

stiffnessRAIL

RAIL
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ARSM optimization

Convergence is
achieved in 155
points

CB LENGTH 382
CB STIFFNESS 304
RAIL LENGTH 718
RAIL STIFFNESS 2281
MASS 5.26

Object ive data

Dhjective History
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58 6.2
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2 6 10 14
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= 0O
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1
} stiffnessCB i
303.596

 lenathce |
0 20 40 &0 8O 100
Felative Size to Bounds [%]




Convergence of RS based

methods
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Evolutionary algorithm
1. Global search

30 7 & first population
= bulk
last population 4
25
20 1 .
. o
L g
L Y
" : L T
2 45 | ;L. ¢
£ I T
[T ‘
10 -
Object ive data = &
Objective History
5 ﬁ|’|
0 ‘ ‘ ‘ | %N
CB LENGT?—IOO 2 000.00 334 4 000.00 6 000.00 8 000.00 10 ®m 12 000.00
CB STIFFNESS 409 rail stiffness E“'
RAIL LENGTH 609 53
RAIL STIFFNESS 3308
MASS 6.45 N
N°ITER 2000 0 500 1000 1500 2000
Design Number
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Evolutionary algorithm
2. Design Improvement

181 # first population
= bulk
167 jast population
14
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CB LENGTH rail stiffness i 127
CB STIFFNESS 300 5
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ROUBSTNESS ANALYSIS
with optiSlang

Plain MonteCarlo

Latin Hypercube Sampling
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4. 25pring_robustness1.pro

Robustness problem overview

|i Robust

Mame |Jistribut..] Mean o =tddev |[Lower . | lpper Cut| Active
lencthCE | nortmal 381.0 1.0E-4 | 0.0331 - - v
tiffnes...| normal a04.0 0.1 30400, - - ¥
lencthiR...| nortmal 7180 1.0E-4 | 00718 - - "
iffnes...| normal | 22830 0.1 2283 - - v
mazsY... | normal 1.0 0.1 0.1 - - ¥
impact>...| normal | S000.0 0.1 S00.0 - - v
impact=...| normal | 200000 0.1 2000.0 - - v

| Cancel | | OK |




OUTPUT: dannerStroke

PDF
0.002 0.004 0.006 0.008 0.01

0

Min:
Max:

CV:

194.1

Mean:
Sigma:

Skewness:
Kurtosis:

427.6 7
306.2
37.2
0.1215
0.1712
3.026

200

output ?
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250 300 350

QUTPUT: dannerStroke

Variance analysis:

400

Which input factor contributes
to the variability of which

Response variability:

Variance, pdf, etc ..

Coefficient of Determination (quadratic)

full model: R2= 100 %

Robustness analysis results

100

INPUT parameter
4

2

INPUT: impactSpeedBFD
0%

INPUT: Ien%thRAIL
0 %

INPUT: lengthCB

0 %

INPUT: stiffnessRAIL
%

INPUT: stiffnessCB
14 %

INPUT: massVEHICLE

17 %

INPUT: impactSpeedDanner
69 %

80
60
40

40 60
R2 [%] of OUTPUT: dannerStroke

80
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Danner stroke

BFD rail displ.

obustness analysis: PMC vs. LHS

LHS converges faster than PMC ...
LHS

PMC
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motivation

stiffness failure
CoV  probability

10%  80% 5
5% 80% |

i

N.B.: failure probability is "
independent of the variance
of the design variables

1CB stiffness-

ROBUST OPTIMIZATION

8
. =% safe |
1 &7 - region
S L. |
'$r .
AR
SRR
- ﬁét’eiﬁiﬁﬁ&icﬁ' e f;lu}e'a; D'a
“optimal design i
unsafe: .

When we take into account
uncertainties, the optimal design
point is not robust.

We all use safety factors to deal
with this problem.

How can we find them properly ?

‘region
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~ L o
1800
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ROBUST OPTIMIZATION

definition of safe'ry factors

1. Find active constraints

2. From reliability analysis,
find the values of the
responses such that
POFr'esp = POFTar'ge'l'

3. Change constraint value and
run a new (deterministic)
optimization

4. Repeat if necessary

. in our case:

Active constraints:
- Danner CB failure
- CFB and Danner rail failure

Q
)

280 300] 320 340

260

=)
=
™

“CB stiffnéss

240

unsafe. .




£ ROBUST OPTIMIZATION
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definition of safety factors

Under the hypothesis that active constraints are
independent, the safety factors can be found by
elementary probability:

No failure == (q; > 0) && (q, > O) .. && (q, > 0)
or
P(no failure) = P(q; > 0)*P(q, > O) .. *P(q, > 0)

One (engineering) solution is thus that the new
constraint value is such that

P(q; > 0) = [P(no failure) ]!/



£ ROBUST OPTIMIZATION
robust solution

Data scatter:

CoV on element stiffness = 10%
Global PoF,,...: = 3%

There are 3 active constraints:
‘Danner max stroke,

‘Danner rail displacement,

‘BFD rail displacement
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For each of the constraint, PoF,,. .. = 1%




£ ROBUST OPTIMIZATION
robust solution
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The procedure converges in 4 iterations

1.7 R 1
1.6 Significant
1 MASS 1ncreas.e of mass
. CB LENGTH and rail stiffness
1. RAIL LENGT —e 101
1 CB STIFFN —
' RAIL STIFFfJESS * target PolF
1.2 POF (log
11 i cemamen SN UL
1 R Little change in
09 lengths and CB
g stiffness
0.8 \ \ \ 0.001
0 1 3 4 5




&)
L

Copyright© SimTech 2007 All rights reserved

CONCLUSIONS

- The analysis of simplified models is

interesting for the formulation of
optimization problems

- optiSlang optimization performs well on

non-linear, dynamic problems. ARSM s
articularly fast and accurate.
volutionary algorithms are predictably
slow in convergence.

- Approximate robust optimization s

possible with using the present features
of optiSlang (with a little more pdf
analysis ...)



