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Application of the Growth-Strain Method
for Shape Optimization
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The growth-strain method was used for shape optimization. which carries out the optimization by
distributing uniformly the distributed parameter such as von Mises stress and shear strain energy
density. Shape optimization is carried out by iteration of stress anaysis and growth strain analysis. In
this study. the effect of growth ratio in the method was investigated and then the range of the
adequate value of the growth ratio was determined. Also the growth-strain method was improved by
applying the linear PID control theory in order to control volume required by a designer. Finally, an
automatic shape optimization system was built up by the improved growth-strain method with a
commercial software using finite element method. The effectiveness and practicability of the developed
shape optimization system was verified by some examples.
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ARSTE Mises S8 o] ©e) A=ol} w ©

ol oz FeH T 84 Aole JaAge] A
g o, dhuse QuEoz 2R 34 AR
ARl F7 we} grste BYS 2Tk 2202 o)
AE57t FUBY P4 W) AadE AZE
ot Aol meh ohpasel P A
WES AN £ ot Fig 19 2o BE 2204
Fa ARAZE 0% 59 B MAHN o7 ot
de ol wystn, 33 AWIE o7 ounk 2
gt AAEAe oe A% 2ol verd &
sk,

el= 229 5.1 (N

AN e e AR AF, o PAESR(Mises $
g), ot uuse JEE(dE BY B3Eey, Hue
g), &,t Kronecker delta, Z12]a hi A3PHge] =7
g zAsl 1Ho g4 22 9ole] A4 AFAEo|t



F3A7IAGHA A 8 A Al 4 & 1999. 4.

7 gaoll X Wse AR o JAREL 53
d 242 sl AdN S7h e AN EA bt
Aok gk AAAYA o LT F AF AR
7h HastEve VIeeR AAdel 2ydva 7Hs
HOARHAE A RN ted 2ol F4sdd
AZagel] oaia TR FHNUA U «§ ) 4%

HA(uf )9 F52A the 23 o] Fojzitt,
G _ _1_ G_ _B G_ _B
US( uf) = 5 fw (ej—ey Dy (e5—e5 )(2)

7l Ve APEE del A, D e 8 74
dAolth. xie AdE Hel A FRoldh A (2)d4

eBe Wl A gid ey AA WEE Wy
eS & ul o ohest g WAL At

eg = %(ufj—uft-) (3)
PR U ¢ )E Ha3 dte zde A9
2.

SUN uf)= [ (ef—el Dy 8§ av’ = 0 (4)

4714 se 7MY Wstgelrt. H(4)E WEH: FHZ
VB o 2o
L8 TDNNd = [ 5 (ATIDA  (5)

FRAAUE AgaR 7 ekl 4% wdgE Y
(e(x D) e B3 2ol Fd HAud (oo o) ®
ddo

{e%x D} =[B(x D« (6)
d71A  [B(xD]E BHEH HY vEYS
229 EYUSE ovig

A4)dl [BlxD1g {«9F digstz AA HEHA

(xhHe

_29_

= el tadt 22 BAYE dett

8(u [, [BGx D) [DILBGx D1aVi{u)
= o{uS) wa [BGxD1TIDN{B(x D}V ) ()

g A A H(1)2 Fesld ves &
o] F3@€.

[K)u% = (£) ®)
A7IN [K1E B4 MEAZ (f)e AEY W
{ef)el ela) w4e $7h 2Y WEeld ol e
2} o) x@L}

(K1 = [ [BGOIIDIBGDIEY  (9)
fy = [, 1BGOTID{ D)V (10)
QAR WE (O H(8)2RE LU [K)E
4 delgzye Addn (F)E D A(10%

o] g3 ojztt, A(8)RFE] dojd HA AW
WE («%e P8 8 H - AR {xen 9 A
L AL

60 = ;g—g]'é}“\—:‘ 7@_@ }‘}‘E- @‘JH {xNEW }A].o]oﬂ E}—g-
74 2& #AE Feth

(11)

{xnvew) = {xaw ) + {«%

3. AH Hof

HellM 71t HHE By MEGeN Fd Y
Yol dojd £ lou AAA) dake A4%e EX
o2 Aoyl faiMe A€ AXE dart sidh
Zt whEo A gy o7t AAY WaFe AEAe
o|EdMY 9H(disturbance) 22 ZHFE 4 Ut o
24 AA Aol e dig As Alojoh T & 3l
ong AU 2(1)& Ay PIDAY AdE o &3}
o 2(12)9 2ol /MAsET. H(12)e AHeHe 71 B3k
o2 4(13)3 Zo| AXE Hi L=l AT



g

4 o

- o}

2

-y =D
P 5
—(n—1)
o

V( k) __
YK
ob;

—(n-1
6 =

Va
65(") 8,7h _{Kp Vobj

Vobj +K V(n n_ V(n—Z)

7 } (12)

(13)
a7]14 (n)& ndH WHEI Lol Kp, K.
LERSCER 7k 949 AFH,
yE ¢, V,= BEdE £ A4, vPen
011*191 Z AAL onigy. 2(12)9 i%% A A
e A(DdMg ol 3L FYIA wi=e A4S
&, Zk Q2dM] vlw o mat A HEAYA|
Ak, NEA F718 F Wﬂ g AdE %ﬁ%ko A
ojgtad AP RE QAN FUdAH BYIRESH
gtk Zb uHEE oA xﬂxtl R Aolo] ukel &
AR 7 @A Wdo| Aozt A(12)4M KpE 74
= wA e 4% PID Aojolld vl Ezte di-gsta
ZEAATe] Hio wel AFHAL AT, KE
WA WA g AREA gt ARHEAE 29
o} ouiAgte 2 KpE ¥5e o WA 32 nEEd o
o5t e BF 39S IEFARIG. 7 PN 4
A7} Zrke mp aRel AR G Az wet
A, R A va@AdAT Ke, Ki, 2812 Ko #ll ¢
& 79 AFo] taldewn AFE EHEFgeZ Aot

WA 2 S FAA Bee Aol beatA €

a8)a Kp
7t a49)

NEE

- -
I

0.

-
L

o Iy

,Q_
=

4. 88 YA AlAH

B HHAA A2Ele] 220 BEEE Fig, 29 K2
th o] A2HS A% §3aL MTE%M (I-DEAS)” 9}
A AA-APERE o83 g4 HAG ZEaYPoeR
FA A ik 27 839 T"rf&ﬁi 7S e oy

2E eddiel w98 2 $HHH T AP

A ga3d 2E dolele2 ZAa A (post-proce
ssing task) S ol &ale] A2g dlojg A& ATt
ZAY AYAME 7 ghd tiF FE afAHS(Mises
sE)7b FeA D, HAYE AF WY & }F4
T)o] the Aol el e AF AAXAH 5
03 Zo|ARE RN CAolZ ey T2 9

V(n~1)_ )

bj

,Soﬁ

Initial Shape

e

Stress
Analysis

(Convergence Yes »|

Final Shape

NO

/ Eva!uatlon of
Distributed

Papameter : General Purpose
FEM Code
Bulk Strain
. Calculation
_1— O i Developed
program

Growth
Analysis

Shape
n

Mogc_@catno

Fig. 2 Schematic flow chart of shape optimal

design system
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Fig. 3 Shape optimization of plate with a hole
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Fig. 4 The effect of growth ratio h

,_31_



@497

A AIE 2ot 58402 $gsl7] ¥ H4¥ PID
Aelol 29 A Kp, Ki. Ko &2 o2l 7K HHstE
FYF Ay IvHoR A8d £ Sle AR AHe
#<1 0.5, 0.5, 0.2 AA&ATE. hitol 0.1 hefA
2713k o AR Ao Mises $39 vlol WEE
Fig. 59 vdehiden, Hzzhd 342 Fig. 3(c)d U
Bt o W A 27iges A RAHNL
o, Hdl Mises ¥t W& 63% F=2 23S

2.0
° :v(n)/v(m
1.5 1 B :u(n)mal/a(ojmal
T 10 ¢
2o ’\Q—\(x\o\o\c’—«
05
0.0 - ——
[¢] 1 2 3 4 5 6

lteration Number

Fig. 5 Iteration history of plate with a hole
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