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A Study on the Comparison of Performances between Section Property Method
and Section Shape Method for the Section Design of Vehicle Structure
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ABSTRACT

Section design of vehicle structure has been developed by two methods. One is the section
property method which uses section property as a design variable, This method shows the
tendency of an optimum section approximately. The other method is the section shape method
which utilizes geometric parameter of section as a design variable. Practical solutions are
obtained by this method. However, it is very expensive for large-scale problems due to the
large number of geometric parameters. These two methods are compared through several sample
problems. The finite element method is used for the structural and sensitivity analyses. The
results are analyzed based on the number of function evaluations, the quality of cost function,
the complexity of programing, and etc. The applications of both methods are also discussed.

271289 : Structural Optimization(7%# & A), Section Property Method(¥H A5
M), Section Shape Method(&'d 3 4%), Thin-plated Structure(sh#F =)

32 sl FaPorlN LA A B
1.H & 8 A9do) gk 722 SN AATEY B
Wl Eﬁﬂzﬂllﬂ“ﬁ] $8€ elel 7H ol o

HHYAA 82 38 EA g ¢ngdF sl A7} o]=olx st slgmsle myg)
9 ALe T8 gaks ZA ALo] rFeai) I ' i

A(frame)s FAeH= FLoEA thste] Static
Response, Modal Responsec] w8 gl7r=3)4

Az ?JJ_PJ-— 9 AFH Z2ahsE gol

A= g 53 F3eiye dam oAy 9 HHe Lo Tede HHAA wore
AXNFATE Mamorus?e x4 Fz2e A

+ AE Y Aradsta Za2 €
o 24;: Mimj};; ;1:1014 % #dd AR FzIAHEA Ve =FL
T 7?;]/;7415}3} oE 28 AT AeE =S 9e e Hasty

o o] wEe nad Pyl A AxER

FRAFAE et =2 AR A A1 E, pp.13s~147 135



o e AAAe] 7%= AKX (know-how)7} ¥
a8ttt AEREYL B(beam)s] GRASFE A
AWMz AML-5ted @]TH (cantilever)9t Z Y
(frame) 7% 3 HHHAE st o
AS0e Axe dAHAL 2 Ao FAS
HAWG2 Agatd ANE FHFgde IF
wee AMe $8 e A gnh Nishio
8} Igarashi”e Abzberd st %J,agw-g 742 =
Azpzd halA HH4A
& Zgd(frame) s FAEE
Fo| ey WAT FAE HARFR AHEEA
o,

glg} e vy AFE 24 T A Woﬂ
gste] AR TR gl g ANLYAS

L ]
o
i
'L
X,

(section property method)®|zt2
ot 2#d dRAFEE ol &3y
o gHATE Ze 44 9 3
£o]3 Qo] opirk T A
' A% $4 % gHe A7)
st & AFE ok dolzl ©@EA
AARALRE o] &ate] Ao WHENE
3t7] 9% A3 2 4 A (shape optimization)2
e o FEEts Ze] dutFHe|) & & s
= oHe g4e #Aesie 70}3*4 5

N
>}ijﬁm

my o, g N, ok o @ ok g

o 2 2 |
reor

:il

to & rf n@ T

i
ol

rN ofil rfh W
ruﬁ 4 St ox

rSl

A
14 (section shape method)ol2t H-E
g} @dEAEE uus 748k ¥
(geometric parameter)& HAMFZ AE-51
HAHHLAE sste FHo|BE HHY HA|
el HAhg nlE dojd 4 it

o] T WHE 47 &8EC W=

=78

136 A

2 25e] @ Yrulae Wz olFoA A
Rt B AFo|NE 2 AP FEE BAE

Sete] gouyel N2 gold % /A H%4
Agel Ase Murdsn 2 848 2

A39) ZRAA e wdatd YoiA A
AEAEs) Hlb% Apsee] dlolel7t Basi
4 a4= Fig. wedelst F7 7
o|2ofA glom 7|
= 35S 237 0039 452 o1FT ok

Fig.1 Thin-plated beam with
arbitrary geometry

Ztzte] Wl 849 FAHE AAGBY
ozyH U AdE o1 sinx
Agde] dHBYENES ’-“1‘(1)‘”(6)%
@ & v Fig. 12 gele g4

B2 (Thin-plated beam)9H Y =
1:}

ot
A UL LA
41 e “34‘ e

S «4‘3 o ok
it ru[o
R
oo

(I cos%0;+1,sin%0,+ d;*A,) Q)

1=

= 2

(L ccos?0+ 1, sin’0+ d,SA) ()

= Z]{Lz(fyi—fz;)sinZBﬁ-Aidzidyi} (3)

I,=-"5 4



IZ,-—_—T )
di=\ d.+d,; (6)
0:1 -l zz:_—. %— i“l_l:_lo.l 2‘17-];"]1 dyz

S E2REY FAAYE JYEldY,
1%% A= 7 @i (open section)d #H @
Y(closed section)o.2 FE3Fe FHAE 4

J{g[ N

L
1

ok 7 2R i v EY A AN 2t
1 37

j_3 121 tz lz (7)
A71M, 12 Bed Zo|, 1= FAE UE

aa ) wde] dg HEY e v
2o =& & ii® Fig. 2= Y99 BuHg
zt= T4 7} 982 #(Thin-walled tube)S WEH
Wit

Fig.2 Thin-walled tube

4284 abcd® 7}83M9H Fig. 3% o] A
Hol 93l ©H abo] FAEIE TS

Tytpdee] L BH cdol FA8ete PL o f.dx

Fig.3 Small portion of thin-walled tube

A A A

ge) FYe neishd Au-gds B A%
d B 4@ o] Y FE 2=

f=rpty=r1,t, =1 t= constant (8

old), /= M@F(shear flow)d}t &t o] &
HE Aol @AAGle] AT ghelth

AFo Ao Fgse HEERY A &
Hud Fig. 4904 AdFo] 98 F2 fdsoln
ol@d Qo 3l 39 RdEE 2](9)9) ZT}

dT=r- fds 9

Fig4 Section of thin-walled tube

g FAFHAY Zelg L,olg s F
AZAAS] Aelg wetd H(9)d st HE
g FASdE A(10)F 2k

Low
T=Ff  rds (10)

EE g FAFAM0E Seide WA
S A(109] wigistd T=2fA,7F €t
oJ=RE 4ADE FET 5 Uk

(11)

& A% dEdAley ) daddEe] e 39 a7 137



ﬁf ~ oA zf (13)

st Zo] WHIUA S HEFe] Fog T 5
Atk 4136 AHAYA ) vhg 2 Bgsia
A 9] @ Sy 45 049 2

2

i:J_

(14)

J=

_‘E,

FJ[FL r’_’ﬂ. F

4714, A, @
w3 cgle] A
9% ojg 2& Qe
sel %Y P48 7

o) Bl
Woz 01%1
ZSERERE j-a— 01%

7 7 %\E]r

+X0H € A&

£ d7olA diAFEY dRgAAEY 4%
AgL2 9L H(cantilever) —[LZ‘_%IL]— =
(frame) FZ2g BA9 oz vy 25

ok Z wbEe] HZAE ¢uE]EL Table 13
ook 2% TzA4 2 NPT A4e sAstl
MSC/NASTRAN Ver, 70& Ap&-3t4che),

Table 1 The algorithm used in optimization

Whole routine Linear Extended Interior

algorithm Penalty Function method

Broydon-Fletcher-Goldfarb
-Shanno variable metric
method

Search direction
detect algorithm

Golden Section method
followed by polynornial
interpolation

One-dimensional
search algorithm
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Table 3 Optimized result of section property method
CASE 1 CASE 2
Optimal  Initial Optimal
OBJ 1.000 0.109 1.000 0.102
CON 1 3000 -5299E-4 4500 -2484E-6
CON 2 2247E-5 -0.016 1500 -3.298E-5
A 2.000 0.001 2.000 0.001
I, 0667 0.667 0.667 0.667
DV I, 0167 0.009 0.167 0.005
e 0000 -30.000 30.000 -30.000
J 3987 0.001 3.787 0.001

Initial

Note : OBJ] ; normalized objective value
CON ; constraint valug
DV ; design variable
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Table 4 Optimized result of section shape method

CASE 1 CASE 2
Initial Optimal Initial Optimal
OB]J 1.000 06057 1.000 0.6057

CON1 0629 -1.12E-2 0693 -1.18E-2

CON 2 0509 -6.86E-3 0573 -6.87E-3
L 178 307 1785 3075
L 1400 1000 1400 1.000

DV @ 0000 -30.000 30.000 -30.000
0100 0050 0100 0050
z 0100 0050 0100 0.050

A 0837 0507 0837 0507
10440 0667 0440 0667
I 0406 0144 0406  0.144
7 03% 0282 03% 0232
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Table 5 Optimized result of section property method

Initial Optimal
OB] 1.0000 0.6384
CON  Bending 4.4166 -1.0667E-5
Torsion 0.4558 -1.7333E-4
DV I Iz 4 J
Initial
EL 1-10 2000 1.000 30000  2.000
Optimum
EL1 0538 0.091 1.604 1.956
EL2 1.097 0084 0916 1.956
EL3 2757 0002 0.000 1.944
EL4 2761  0.005  0.000 1.944
EL5 1.098 0067 0458 1.963
EL6 0544 0101 2578 1.963
EL7 0673 0052 0802 0.001
EL8 0.000 0.001 30000 499
EL9 0.001 0001 30000 4999
EL10 0673 0077 -0515  0.001
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Table 6 Optimized result of section shape method

Initial Optimal
OB]J 1.0000 0.6125
CON Bending  3.3752 -2.12E-04
Torsion 0.2804 -1.52E-04
DV I 2] @ t ta
Initial
EL2-5

2.000 1400 30000 0100 0.100

EL
2. . : ) .
167,10 000 1.400 0000 0100 0.100

Optimu

m

EL1 2809 1000 0360 0050 0.050
EL2 3.778 1129 0319 0030 0.050
EL3 4609 2802 -1576 0030 0.050
EL4 4533 279% -1658 0.050 0.050
EL5 3.817 1133 0323 0.050 0.050
EL6 2809 1.000 0436 0030 0.050
EL7 3084 1.000 0.000 0050 0.050
EL10 3084 1000 0.000 0.050 0030

Dv d i t @
Initial

EL 89 3.500 0.200 30.000
Optimum

EL3 4421 0.100 30.000
EL9 4.481 0.100 30.000
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Table 7 Optimized result of frame structure

Initial Optimal
OB]J 1.0000 0.584
CON Bending 6.9501 -6.98E-04
Torsion 0.5622 -1.06E-02

Dv h L Is @ h L

Initial

EL

16710 1.785 1400 1.785 0.000 0.10 0.10

Optimu

m

EL1 2153 1.000 1.000 -0.196 0.05 0.0

EL6 2153 1.000 1.000 -0.196 0.05 0.05

EL7 2426 1.000 1.000 0.000 0.05 0.05

EL10 2426 1.000 1.000 0.000 0.05 0.05

Dv h b a fy

Injtial

EL 2-5 178 1400  30.000  0.100

Optimum

EL2 4166  1.182 0.407 0.050

EL3 5323 2132 -1.013 0050

EL4 5283 2173 -1273 0.050

EL5 4186  1.174 0467 0.050

Dv d; t @

Initial

EL 89 3.500 0.200 30.000

Optimum

EL3 4.703 0.09 30.000

EL9 4.723 0.09 30.000
gHEREe] Aderae #e a7 145
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Table 8 Function calculation of two methods
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