Transactions of KSAE, Vol. 11, No. 4, pp.68-78 (2003) Copyright © 2003 KSAE
1225-6382/2003/064-10

X&xpe KHo] PRGN 2 REAEAA

1 1 =
NEP AN

o O L. —

StTietm Chetel ZIAIMASI - REXNSAIZATAY - STistn ZIAHBAY s

Structural Analysis and Optimization of a Low Speed Vehicle Body
Jung-Kyu Shin" « Jin-Wook Shim" - Sang-Jin Hwangz) - Gyung-Jin Park”™

DDepartment of Mechanical Design and Production Engineering, Graduate School of Hanyang University,
Seoul 133-791, Korea
2)[nvestigating and Research Laboratory, Korea Automobile Testing Research Institute, Gyeonggi-do 443-871, Korea
Division of Mechanical and Information Management Engineering, Hanyang University, Gyeonggi-do 425-791, Korea
(Received 3 March 2003 / Accepted 15 April 2003)

Abstract : Recently, low speed vehicle (LSV) is beginning to appear for various usages. The body of the LSV is
usually made of the aluminum space frame (ASF) type rather than the monocoque or unitary construction type. A part
of the reason is that it is easier to reduce mass efficiently while the required stiffness and strength are maintained. A
design flow for LSV is proposed. Design specifications for structural performances of LSV do not exist yet. Therefore,
they are defined through a comparative study with general passenger automobiles. An optimization problem is
formulated by the defined specifications. At first, one pillar which has an important role in structural performances is
selected and the reinforcements of the pillar are determined from topology optimization to maximize the stiffness. At
second, the thicknesses of cross sections are determined to minimize the mass of the body while design specifications
are satisfied. The optimum solution is compared with an existing design. The optimization process has been performed
using a commercial optimization software system, GENESIS 7.0.
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(%381 7+ 4), Torsional stiffness(1] & & 7+ Ad), Structural optimization design(-72=3 4 44 7))

LM E Agon B g vzA B Az &
Srdon AgHE A5 |
AEA oA A AFsE A A B 3)%);%XV _} B : ;aow ;f:d V;h:jr;)
o HE, & A
FAE ] Eolu MEe 7 ® =gr]Ed A N A;]OﬂtWEF' o ° DA
vl gel g oS o] Suksts) o] o)A 5t gtk 1, ACRTA = (national highway traffic
safety admlmstratlon)oﬂ Hi: AaefTe £33 25

olglg w9 dgo g AYAdME LFIE
2#o]l~ ZY(aluminum space frame)S 283
A7) AAFAE et gk ArAEAE A

mph ©o]5}+2] £#-g 7}x= 2ol el A o)sta,
]E}ﬂ A= o] 7hA okshE Qb A o)) Tl Wt

=2 A S Ao e ofal Al =82} 17
5 o)s AN BR7F e, o e Am g © )80 HOITk SN, obH B S8
: 011/‘1 X115’451°1 L, TE A B Aus

. nhed w0 QA vt
To whom correspondence should be addressed. | B ol T A= F Al A Fo) 2012 A Lx e B

gipark@hanyang.ac.kr

68



MaxIZ Aol TelA B PEAIMA

ol dja) T2 L AT, Ak S8t 1)
iwafe] Roke). Akl g A
ezt bz A Aol
A5 A7} 7 s ole] g
B57} grh 2, 2 ATl A HhE A4
A4 ole@ 71E mlo] glome, Ak 54
T2 5ol Ulg Assh vaste] A5l W
Selobd 7245 Aeldl ngd,

A &atgo] whEsok st FRASTS

7] Sl =, vhe A MR TR

ol
KL

PR
Lo oo

=,

ge FERFEL WEAI)Y] A A%

A
9] FAE AANSFE AAste] AFHHA
A

A0 o

ol ol

- -

2

L o

03:_5"

By

2oy

(LA

W

]

Rl

S~

- 2

_C_’,r'-‘—a( 4
o] P)F_ENH,O:
% Sy o
Tnﬂﬁ_‘lm"m
o_uolrjgéﬂ'm
T N
2B B N er ook mt o oXl

2. A0 ABO|A Za|olnp MAX|E

21 2F0E AHo|A =Y

dFoEL AEA FEF] 2ME gl AH8H
= FH(steel)ol] vlaf D=7t 1B3A S SFO0 2 w|$-
7l M = A &8-A] Mol vls] FF o] fA5
= ot g A3 gl HZel = ol
e 7P GF v A8 daske] AATER
AHESEE Q1 kv @asiel” eu, doA &

T3HE 54 USSR Bel2 g, Fig. 104 1}
B A o] FE o]&3 JEe Be3a

o
(monocoque) T H T} o]~ Q) 27}
A e
dutdog A B w-md PFEE galste] ¢
' Lol A ZYYde HEY Ay, 72H A
WEAA F7) Yefja] 2uo]x Zefg)e] Thal =
AZF F7VsHA HE), o2l § Aol Tx7 et

=
(e
A FF ANUA 45e FA @R ol9) e

Root panet Cantrait

R, Lugpage

floor panel
Rear
quarter
panel

Tonneay
panel

8-post ! Vatence
D-post  Panel

Bulkhead

or trzwalt Masn Hoor panel

Valence panet Front wing
or tender

Outer silt panel
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(a) CAD model
Fig. 3 Schematic view of a low speed vehicle

(b) Finite element model
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Table 1 Material properties for T6-6061 aluminum'’

Young's modulus 73.1 GPa
Poisson's ratio 0.33
Mass density 2.7 x10°kg/mm’
Yield strength 275 MPa
Ultimate strength 310 MPa
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Table 2 Specifications for a low speed vehicle

F Total vehicle weight* 730 kg

[ Wheelbase 1565mm ~
: Track front 1205mm

‘ Track rear 1205mm
li Center of gravity height 520mm
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Fig. 6 Free body diagram for forward/reverse brake situation
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Fig. 7 Free body diagram for left cornering at'1.0g

Table 3 Reaction forces for forward/reverse brake

R Ry
Forward braking at 1.0g 600N 2980N
Reverse braking at 0.8g 2742N 838N
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Table 4 Reaction forces for left cornering at 1.0g

R; R4
Front axle 3335N 245N
Rear axle 3335N 245N
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Table 5 Loading conditions for strength analysis (Unit: Newton)

Pothole corner Pothole corner i i
Load case Pothole brake . . K Ultimate vertical
(left hand side) (right hand side)
Wheel X y z X y z X y z X y z
Front left 2980 0 8940 0 3335 { 10006 0 -245 245 0 Q 5370
Front right 2980 0 8940 0 245 245 0 -3335 10006 0 0 5370
Rear left 600 0 1801 0 3335 | 10006 0 =245 245 0 0 5370
Front right 600 0 1801 0 245 245 0 -3335 10006 0 0 5370

Lateral curb strike

Lateral curb strike

Load case Reverse brake (left hand side) (right hand side)
Wheel X y z X y z X y
Front left -670 0 838 0 6671 3335 0 245 245 _‘
Front right -670 0 838 0 245 245 0 6671 3335
Rear left 2193 0 2742 0 6671 3335 0 245 245
Front right 2193 0 2742 0 245 245 0 -6671 3335
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Table 6 Maximum stress results of strength analysis
PotholeB|PotholeC{ Ultimate | Reverse |Lateral Kerb

rake omer | Vertical| Brake Strike

Von Mises 195(L) 134(L)
1 105

Stress 205 195(R) 38 101(R)

Yield |Ultimate| Yield | Yield | Ultimate
Strength | Strength | Strength | Strength|  Strength
Evaluation | Safe Safe Safe Safe Safe
(L: Left Hand Side, R: Right Hand Side, Unit: MPa)

Criterion

Fig. 8 Deformation(left) and stress contour(right) for po-
thole brake loading condition

Fig. 9 Deformation(left) and stress contour(right) for po-
thole corner left hand side loading condition
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Fig. 10 Comparison for strength analysis results
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Fig. 12 Result of topology optimization for entire model
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