ch 87| H Bt 200195 FAHEtEE=8% A pp. 804~809

KSME 01F132

4982 Bt Fug T2 A4

o
a

1

A*,
e

HE”

Optimal design of a portable structure under impact loading

Deog-su Oh, Kwon-hee Kim
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Abstract

Optimal design of a portable structure which supports impact loading is presented. The
structure requires impact loading capability, stiffness and minimum weight for portability. A
collapsible tripod structure with locking mechanism is suggested. Taguchi method has been
used to identify the most important design variables and the initial design. Subsequent
optimization yields additional weight reduction under stress and displacement constrains.

F(X) : objective function

Omax | Maximum von-mises stress(kgf/mm®)

Omax - maximum displacement(mm)

fi : 1st natural frequency(Hz)
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Fig. 2 Finite element model

Table 1 Material properties of S30C steel

material properties values
Young's modulus, E 210 GPa
Poisson’s ratio, v 0.3
Density, o 78%10" kg/mm’
Tensile strength 400 MPa

Table 2 Dimensions for the preliminary analyses

parts dimensions (mm)
height of main post 350
inner radius of main post | 0
outer radius of main post 45
length of fixing leg 230
height of fixing leg 45
thickness of fixing leg 25

Aoige ¥ REo] Aud
Aejol A QBT WALEHo F7|F Abdte] &3
. 485 #A4dM FHHY G AAE Zo| o
ol AN ko] Bel 2oHBR FASF T
SrteEe Asstd AR dASAT AA
zAoeA AWd SdE Z 3Ade] LY Y
B nE B3 gl FEEHAY B FF o
g A9 #ZAFL £F Y IFHTe HH=Z
A N A=
2.3 ofd] 34

ARRog AAY F2EY FA3F A g
& detsty] Yate] duidds AAFRG. A
A e 23t 8FFH WHe TEE A
gad, 1 g8 AAHAE B3k WY 4
FAHA 239 FAEA doAe AY F
S 360N (-y Wihez AR

AR, AHAM oo FXEI 1A LAHIF
(st natural frequency)® #N3t7) Y3 B4
A Ajstd
Fig. 3, Fig. 4 9 B9 AT Zo] A4 A7
F71% At Ho8 ¢ (maximum displacement)<
-y Wgog 029mm 2, FEAAAL 12329N/mmE
Ao}z Hol-$ 3 (maximun von Mises stress)S F
2 F71%3% F1%3 W (main fixing plate)o] AAEH<E

o

2

S

T

Lo
=)

- 805 -



veat nydes Fu3@
MPa = w43t

oAz z 13 ZH4AFFE T30HZE Yo
o olE 4A%9 dL¥AA FAE dodA BE H
o)t}

Fig. 3 Deformed shape of finite element model

Fig. 4 Plot of von Mises stress
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Fig. 5 Definitions of control parameters
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Table 3 Levels of control parameter values

Level 1 Level 2
symbols | control parameters
(mm) (mm)
section type . Rec,
A of main post Circular rounded
height of main post 300 400
c inner radius 0 1/2
of main post of D
outer radius
D of main post 40 0
length of fixing
E legs 210 250
F height of fixing legs 40 50
thickness
G of fixing legs 2 3
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Table 4 ¥ AA&A ¥ Roafy A3E FgPsie
AaAdEE Jeldlx it 439 ﬁﬂ %‘%oﬂ o
g Fggde ¥Ys 131 ~ 309 MPa o4, o
B 014 ~ 055mm 231 134 1/AFFE EF

479Hz o}/golth.

Table 4 L8 array with analysis results

Oinas &n;m f 1

Run 3
(N'mm°) (mm) (Hz)
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1 300 0 40 210 40 2 354 032 847
2 300 0 50 20 30 3 13.1 014 952
3 0 400 20 40 210 30 3 292 048 938
4 400 25 0 WO 4 2 399 051 4719
5 0 300 20 40 230 40 3 311 037 864
6 0 300 2B 30 210 0 2 185 0.16 1039
7 0 400 0 40 250 30 2 283 055 676
8 0 40 0 50 210 40 3 26.7 034 557
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Fig. 6 Mean value analysis for stress
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Fig. 7 Mean value analysis for displacement
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Minimize

V(B,D,F) = gV,- (D
Subject to ;

0 < Opax < Ou

0 < [8max|l < 184
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Table 5 Initial values and ranges of design

variables
desi initial — —
vaxisgglrel:s \lrr;llues lower limits | upper limits
D(mm) 3B 15 35
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Fig. 9 Volume history of the optimization

500

allowable

400 4

w

a

k=3
L

N

S

=3
1

Stress (Nlmm’)

A

T T T T Y Y J
1 2 k] 4 5 6 7 8 B 10 11 12
Iteration number

Fig. 10 Stress history of the optimization
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Fig. 11 Displacement history of the optimization
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Table 6 Optimization results

s optimized
optimization parameters

values
3004

B, height of main post (mm)

control | D, outer radius of main post

(mm) 07

variables

F, height of fixing leg (mm) 20.0

Omax (MPa) 1867

solution

variables 30

6 1max ()

A

Volume (mm®} | 0.358 X 10°
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