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Abstract : The response surface method is the statistical method which can be applied to the non-sensitivity based
optimization. The response surface which is constructed by the least square method contains only the polynomial terms
so that the global maximum and minimum points are easily obtained. In this paper, this response surface method is
utilized to optimize the crashworthiness of auto-body members. As the first step, the thickness of a simple circular tube
is optimized to confirm the application of the response surface method to the crashworthiness. Optimization of the
thickness on the front side member is, then, performed with the constructed response surface of the absorbed energy and
deformation. Optimization results demonstrate that the absorbed energy and the deformation pattern of the front side
member is improved in the viewpoint of enhancement of the crashworthiness.

Key words : Response surface method(9H-8- XA 1), Least square method(#) A AF59), Crashworthiness(Z &4
), Front side member(Z E Alo] = w1 18])

LA 2 SgaA HFH o Hgsm ok 53, Azkel
- 35 AR AR GG 277 Bol T
H49970E GFG Ropl A el gEFL e ©

o, AFEAL ALl i A o] P s s o AHHE Dol STtses] WE] A
3 =0 i‘_ To] 3t} 1Ll AR AL Ao = TE A F-Ee] Al IHs] A= gl
e u AYuAE QA AW Aga) w01 AT TE MY sng e A
Aol %Mcﬁq 2o Mf;; wag  EIRE A A e vige GAEIdE
ARG A5 WM FRe o Ay e A0 VT BE MRS wesder o

5 fPasun AVANAN 27 A4 wAny | Aed HAHAAL Rl pEA as.
= rRAsE = N Aer 7 Al BEA AHAAE AP
g ] B Tl o R BR7t Ahs s 17
st e = 7198l Aeelt ARLAG FAH R



LSE - &8s

SE T e AFEA o2 Aste] ANtEe] B3
2715 B o s <lste B8l 8E A7) 3
=7 W} o] sh vl mate] whg EAW T} 2L v Bl
2E 7HE Bests Ao PR 7ol 1]
sted AAH Yoz HHIE FAY 9o
o, FaH o2 BAEE F4, AU T wA
orm AA A A AA shete 5 Q= G ol
1=s

3
& 2Ad e EY S S L}EM &= 9le ®
E]¢l R?EZ, Seber'= kST W el A}
AEE e 5 Qe RS AT ol
HSEREES FE BAS AYo) HgF AT
WYmmwﬂEﬁ%@%%%%ﬂﬂaaﬂi¢
8319 0™, Kutaran® & Yamazakio] Q£33 18 &
A, W A w o] FE 243, :wl LRSS
B E FojBo] A HAGE 35 o
ol = T Fato] B whgEW L o) &7
A7 A48} e At

2 E g 34 FAol Aghs
Ak, ¥EEEW Y] 25 T4 FHshd A4 7}
5% 7HE B zlEhd] FekE I 9k £ = ioll A
€ AR E o] &3t A 1 AE 72
9 ¥ 2% A73E 4959 48 oS
HESL, ol & vlE o 2 A4 A& FAQd =
E Aloj= #H|(front side member)-J 2545 A
< % HHshl L8t} THE Alo]= WY
o] 749 713814 gt E"‘Lo}—’ AR o2 A
7t AEH Jlen® BE FAE AANTFE A}
g8 = gk ulgh] ZHE Alo]= Hl o] A
35 et E =8 e d5rEdd dAS A4
HtS T HS TASE AR L] Falslg e
H, N o AP Foeke AR E T4
of BX g2 sty X 3E FAsAT

82 sRRSAIEEE=2E H13A H4S, 2005

@

& -z
2 HISERO| T o HEy
18- W W (response surface method)S ©]-8-3}o]
HAstg Fdste AGL dAAGANA 2AHE A
3 A (design point)E vl o R WL THE TS}
= @At ollA Ao REE RS B3] HH
g Faddte AH oz EFE I Uk vead
< T DAl A= AAIEA i 2 2
FZ vl oz HaAA < H(least square method) S

Agstony vrgae TA5A Ak

10 11—

F A HE A 3 3] A A (multiple linear

regression analysis)ol| 4] 3] Al

g 7571 5o

AHgERE 7 A AR ol th oL 9 e Al

Vi = ﬁ0+ﬁ1xil +"'+ﬂk~xik +§&;

where Vi

B,

: i-th response
: regression coefficient
: design variable

: error term of the i-th response

4714 sl AAsE 4 ()9 2o 28 Hrh

mianzrl:f,‘,,2 =(y-Xp)' (y- XB)

oL

- 2XTy+2X"XB =0

op

SPBb=(X"X)"'X"y

webq 2ALE S ERE A (3)3 2ok,

¥ =Xb

where };
b:

A2AENE Fohe) dolA e e T

& gapa o] Ago] meba thdaiA 24

: approximate response

: regression coefficient

2 7H 3 gl gl Hhatel FBL A E A%
g AAMSE gelarh aem AAMF A A
99 AREL 0 AR D FTh vl TR A7
WEE Dol E Aol Bate] BT golt o
Mg R, 714 Loirl Aste] HAASH
2 Hgstel 4 ()% 2ol WSEAL BRI
Ak

@

3)



o webd Hasue
Fol AA ) A3E 74 2
Al 4gol 7hg He v

Hebstdeh € B tste] R? 2 RY,
= A (4} 2ol FoH, 03} 1 A}ol 9] gg 7}A
Al 53, dhg T 2ALE 7} TolA 4 E 14 717t
& 22 7PA Ay @ R E v R T

A

Adoll glejA Az FrlE Fol %ﬂxﬂ/] 3-8 3 H o]
v d3kg nRE= G $ollE o]HKRE T v Al
& Kol 5ol 3T
Z(yi _j}i)z
RZ - i=1
(Ai_y)z
i=1
-1
R, =1-| =2 1- R 4
z =1-(-2L i) @

where Yi: i-th real response

Vit i-th approximate response

Y : mean value
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Fig. 1 Crash analysis condition for the circular tube
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Table 1 Maximum internal energy and deflection of the circular tube at 20 msec

Thickness Radius Internal Energy Deflection Deformation

(mm) (mm) k) (mm) Pattern
Run 1 0.6 . 169.60 6.653 235.28 Axial
Run 2 1.0 101.76 9.635 218.19 Axial
Run 3 2.0 50.88 15.947 154.14 Axial
Run 4 3.0 33.92 17.666 95.81 Axial
Run § 4.0 25.44 17.596 79.55 buckling
Run 6 5.0 ’ 20.35 17.611 94.11 buckling
Run7 6.0 16.96 17.560 98.02 buckling

Table 2 Fitting results of the response surface

fitting order R Rad]
3rd 0.9985 0.9976
4th 0.9985 0.9970
5th 0.9994 0.9984

Table 3 Results of the optimization and FEM analysis

Thickness Energy Error
(mm) (kJ) (%)
. Absorbed | RSM 17.791
(&) Axial Energy | FEM | 0 o | 0%
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Mass = 200 Kg

Fig. 6 Analysis condition of the front side member
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Table 6 Material, thickness and mass of the each part
) Thickness Mass
Part Material (mm) (ke)
Out-A SPRC40 1.2 1.014
Qut-B SPRC40 1.2 0.111
Reinforce-A SAPH38 0.9 1.111
Reinforce-C SPRC45 2.0 0.905
Reinforce-D | SPRC45 | = 16 0.360
Inner SPRC40 1.6 2.848
Hook SPRC45 2.0 0.702
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Table 7 Maximum internal energy, deflection and mass of the front side member

. Energy | Deflection | Mass . Energy | Deflection | Mass
Run In Out-A | Rein-A (kjf (mm) (kg) Run | In | Out-A |Rein-A (k])g (mm) (kg)
1 1.0 1.0 0.6 8.151 325.39 5.416 15 1.5 2.0 0.9 11.633 279.50 7.523
2 1.0 1.5 0.6 10.540 315.26 5.840 16 2.0 1.0 0.9 13.575 263.45 7.567
3 1.0 2.0 0.6 10.649 307.63 6.263 17 2.0 1.5 0.9 14.171 254.11 7.99
4 1.5 1.0 0.6 11.758 291.95 6.306 18 2.0 2.0 09 13.307 252.04 8.413
5 1.5 1.5 0.6 13.247 283.58 6.729 19 1.0 1.0 12 10277 | 31234 6.157
6 1.5 2.0 0.6 11.347 286.22 7.153 20 1.0 1.5 1.2 10.885 300.38 6.58
7 2.0 1.0 0.6 13.070 267.86 7.196 21 1.0 2.0 12 12.495 283.03 7.003
8 2.0 1.5 0.6 13.864 259.13 7.619 22 1.5 1.0 1.2 12.407 281.70 7.047
9 2.0 2.0 0.6 12.828 259.54 8.042 23 1.5 1.5 12 12.586 270.27 7.47
10 1.0 1.0 0.9 9.464 320.51 5.787 24 1.5 2.0 1.2 13.719 258.51 7.893
11 1.0 1.5 0.9 10.183 305.87 6.210 25 20 1.0 12 14.279 257.55 7.937
12 1.0 2.0 0.9 10.190 300.81 6.633 26 2.0 1.5 12 15.125 236.62 | 8.36
13 1.5 1.0 0.9 11.976 283.93 6.677 27 20 20 12 14.532 23892 8.783
14 15 | 15 | 09 |[13707 | 27565 7.1 '
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