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Abstract : Lower control arm (LCA) is a part of chassis in automotive. Performances of LCA such as stiffness,
durability and permanent displacement must be considered in design optimization. However it is hard to consider
different performances at once in optimization because these are measured by different commercial tools like Radioss,
Abaqus, etc. In this paper, firstly, we construct the integrated design automation system for LCA based on Matlab
including Hypermesh, Radioss and Abaqus. Secondly, Akaike information criterion (AIC) is used for assessment of
reliability of LCA. It can find the best estimated distribution of performance from limited and discrete stochastic
information and then obtains the reliability from the distribution. Finally, we consider tolerances of design variables and
variation of elastic modulus and achieve the target reliability by carrying out reliability-based design optimization

(RBDO) with the integrated system.
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Fig. 2 Sequential design of experiment using optimal Latin
hypercube design and maximin distance design

ol glek. ol & R 3l AAPANS ol &
sho] 7] AAAH S & Fol HaANANY L
olgstel AAY Fe griHo ErA W7ol
He Ry #7149 REAS FEele wye
A g9k ol ZH AAMSS] A o ot 5
242 2 st |ul, o] & =2 shek e Fig. 29} 2

AW o] §3te] F

sy L O W

3.2 32| ZAIZE

2] SAPR AL AA| 5 el s dehes
ARt fxfel sl TR o] o ® 7}
A= B2+ 2 (interpolation model) =4 €] 52421
SA7F HAEA] e WAk AdA A e AT

o vehar,

AR de] 42 vk} gk

Y(x) = f(x)T3+r(x)R "}'Y —F3 ()
B=FTR'F-IFTR-Y

R(6,x',x}) =exp

Ny . )
Y6, (x —x1)?
=1

o714 9,x ER™ oIt} 2} (3)9] A< 6+= A
2574 H(maximum likelihood estimation: MLE)]l

1. BOJFEBYAY MARISS ALY 75

ZolREEere sl e A

i

g a3} v s



Reliability-based Design Optimization for Lower Control Arm using Limited Discrete Information

ol
Ol
g

o wr= x3kaicl A3 84S RadiossZ ©]
3

X
3l A2 Abaqus & ©]|-& gt T3 7] 2
o

[ ox JZi oo

Hypermesh& AF-8-517] wiZol o2 &84
ol & Fste HAgol dFAolrh wgt
Aol whet s RS A skal sk

& Al=w o] Ak Aot d stk
"1‘:* RO|AEZS Wk ol e} o] 23k A4S

TokE A -3 0] AAIAE S Al 'S T

AFa A ALATEY N E Gr|How
7] 918Fo] Matlab-S- AF-8-3+51 0.1, o] = Fig.
A=z b ek 3 A g (Step. 1) 2
Z77gd ot} Hypermesh= 7|24 o2 19 A}
A} Q¥ | o] X (graphical user interface, GUN)E 3t
24 A 9 aks dEo] 7HedtaL, Tel Qlo] =
Hypermesh A}A|o] S48 A5 o]&3 W&o
(command)E ©]-&3Fe] GUIS PV IAE 84 A

Bo(m oox o
> 2 o

“© V1°
:Iolé

18

wdo] F R0 g dEFor WA
A4 2 ZH(export) F =
A3 E 5 31 -& Hypermesh2}: ﬁ
29S8 A=t} RadiossZ T3 s}=
3}]” © FEM #4=xlo] A= Z ¥, Abaqus
2 Fsh= T A2 inp FgA}] -4' 2 &Y
Hrk 7 AR 274(Step. 2)2= B F) A 74 o]t
3} 4d-2 Radioss 2} Abaqus S ©]-8-3+C} wEX](Step.
o= Y # FH aga JHEEe A9E
_,Z__

Matlabg ©]-8-3}o] 23} 1ol A st} 9]¢

3 A et ol 7hsstth el 45 8] 9l
Matlab2 7] 2dS & Z(import)st ¥H43+H
Hrds

3

A~

( ‘ Set sample points

Create command file by Matlab

JJ

&3kl 4 Y

op g SR RN

QL
P 2

ox 2

& o

&

e R O 1
o o
2

2

i oxl X
ol
O

il'f

-

2 e Mooy
ot

4N o
-
X

284y Fe
o so g I

N

uu =
2
>
i)

)
9,
~
2

&

it
£
(o]

ox
off
o
R
°
1 o

=

A =2 114]

)
Y
Mo

o 2
il
S

_0|L
N
R
_OL
Ey:
;—]
&
(¢}
W
\I
L
)
Uy
F{N

o L
>
N
N
)
1o

%E;‘—?

R E

Aol A= o]

]—fr% Al ]o}t‘% Al S AAkstar %‘3}

FZF (£ 0.09 [mm])E

o
o T
L
Eﬁu&
o
£
2y
N D
% 3
5
3,

o
W=
i [
10 PM
E
N
N
=
(e
;'z

%ﬂﬂﬂ&@agﬂ@@wm
©] 29210 [GPa] = & A L
ﬂﬂ#ﬂﬂ@ﬂ

Qrell EAst

SEEEEL

Table 1 Get limited discrete data from normal dist’n

Fig. 3 Process of integrated system for design automation

[GPa]

izl (Include import, modify & export) | Meaning Tolerance Data fr‘_)m’
range normal dist’n
\ /) Run Hypermesh by command file ] o Thickness of arm £ 0.09 N(xi, 0.02)
— ‘ 2 [mm]
Step.2 Run analysis S/W - ,
P- (Radioss & Abaqus) ) X2 Variation [mm] +0.03 ~N(x2,0.017)
f S Collect data from output file X3 Variation [mm] +0.03 ~N(x’, 0.01%)
S ) by Matlab ) -
X4 Elastic modulus 8% B N(x4, 82)
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Fig. 4 Limited discrete information of LCA
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Reliability analysis based on AIC

1. Get limited discrete data

2.Find best estimated distribution
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Fig. 5 Process of RBDO based on AIC
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Table 2 Optimum of RBDO

Meaning Imt}al Design Optlrpum
design range design

x, | Thickness of 3.5 [3238] | 33891

arm [mm]
X, | Variation [mm] 0 [-1.53.0] 3.0000
X3 | Variation [mm] 0 [-1.53.0] 1.1594

Table 3 Reliability at optimum and validation by MCS

.. . Validation at
. Initial | Optimum .
Meaning desien desien optimum
& & (MCS)

Reliability of

G Stiffness [%] 93.9 96.7 97.0
Reliability of

G, Life [%)] 31.8 95 94.4
Reliability of

G; Perm, Displ. [%] 100 98.4 93.9

304,218
i.| Vol ’ ’ -
Obj olume [mm’] | 306,663 (0.80% | )

27 28

(a) Stiffness

24 25

(b) Life

(c) Perm. displ.
Fig. 6 Histograms of performances at optimum point
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