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(Shape Optimization of Structures with a Crack)
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Abstract HABANARE N2E nA AE FE 2
Most of mechanical failures are caused by o] W4F o)},
repeated loadings and therefore they are strongly a8y, mEsue F4AT7] 9 dA A

related to fatigue. To avoid the failures caused by
fatigue, determination of an optimal shape of a
structure is one of the very important factors in the
initial design stage. Shape optimization for a
compact tension specimen in opening mode in
fracture mechanics, was accomplished by the linear
elastic fracture mechanics and the growth-strain
method in this study. Also shape optimization for a
cantilever beam in mixed mode was carried out by
the same techniques. The linear elastic fracture
mechanics was used to estimate stress intensity
factors and fatigue lives. And the growth-strain
method was used to optimize the shape of the
initial shape of the specimens. From the results of
the shape optimization, it was found that shapes of
two types of specimens and a cantilever beam
optimized by the growth-strain method prolong their
fatigue lives very much. Therefore, it was verified
that the growth-strain method is an appropriate
technique for shape optimization of a structure
having a crack.
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Fig. 1 A schematic diagram of shape optimization
process



0052, Kp, K;, Kp & 4% 15 2, 002 4
st AR AAE T B HAHHE s
gt x7) AT AAZAS Fig. 24, X3
g 842 Fig. 30 JeRAAT

AH Aol sasta o wE A9 27| AH
o g #MAH e Z7] Aol von Mises &
W ¢y, 27 4 SFFAAFN A
s guiA sl e MEE Fig. 40 e

A3 B g AHL 4T d2 27 A
Hgtez Sdstgod, A von Mises S
o %7 A9 von Mises 2379 828%%, &
AgoiAse e X7l HEAAS  #e
736% 2 #AadFHh

o] AHd Wi HzFFL

N():O,Cz

mm/ cycle _
MPa/my™ "
g o, 27] ¥4 U@ A=ZFPL 663Reu
A3 @ y4d o N2 24532 27
zslstgeh. 271 B4 dd FAHNHe=
FHR sFGAAFE HAd 22 4% olUdA
A 2= A

2.71x1078 3702 A4

42 EE

sgue Y4 HAge A As8E Gani®
9 AREL AgsPen, JuRY AHGS
ol :AAANZL, AfddE Al HALEH
5171 MPaslA 2 Aa@&H 0 MPa7tA 9 wt
2 adgE( 0 )e FAd 34 FHse A
A3 A B85S Table 20 HEMIAT

Quro tstd Mo BEHRS 7] AHY
100%2 AdAszm, AFE h@ge 01Z,
Kr, K;, Kp 3% &% 6, 20, 022 4R
AR Aol Futo A HANE TS
gmre %7] 4L Fig. 59, A3 | ¥4
< Fig. 691 Yehlidrh

AR A FYPste o) kg A9 27 AH
of st AMAv(s} 271 WK von Mises §Fel
o3 e¥u], x7] ¥4 FFGdAFA W
238 A0 9 HEE Fig 79 HEARAS.
T3 uf wE Ao dY = gid FHE
A% K3 A BE Ko e YA
o] W3EE Fig. 8 Yehgdoh

301

Table 1 ‘Data for compact tension specimen

Ttem Value
E  Modulus of Elasticity 71 GPa
P« maximum force 4880 N
P minimum force A870 N
v  Poisson ratio 0.33
t  Thickness 25 mm
K, Material toughness 29 MPaV m
0y Yielding stress 523 MPa
a Initial crack length 10 mm
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Fig. 2 Initial Shape of a compact tension

specimen
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Fig. 3 Optimized shape of a compact tension

specimen
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Fig. 4 History of iteration for the change of
volume, von Mises stress, and K, of a compact

tension specimen
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Table 2 Data for a cantilever beam

Item Value
E Modulus of Elasticity 72 GPa
T max maximum shear load 5.171 MPa
T min Mminimum shear load 0 MPa
v Poisson ratio 0.33
t Thickness 0.914 mm
K;  Material toughness 154 MPaV m
o y Yielding stress 690 MPa
a Initial crack length 25.4 mm
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Fig. 5 Initial Shape of a cantilever beam

[7T7777
NEEEN

Y,V
(11
T
[
1]
1]
|
I
T

it
iyl
ARkl
i
[T

Wil
VWi

SiE=ss

Fig. 6 Optimized shape of a cantilever beam
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Fig. 7 History of iteration for volume, von
Mises stress, and K; of a cantilever beam
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