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Abstract

Structural optimization often require the evaluation of design sensitivities. The Semi Aanlytic
method(SAM) is popular for shape optimization because this method has several advantages. But when
relatively large rigid body motions are identified for individual elements, the SA method shows severe
inaccuracy. In this paper, the improvement of design sensitivities corresponding to the rigid body mode
is evaluated by enact differentiation of the rigid body modes. Moreover, the error of the SA method
caused by numerical difference scheme is alleviated by using a series approximation for the sensitivity

derivatives and considering the higher order terms.
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Figure 1. Rigid body mode in 4 node element
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Figure 2. Cantilever Beam
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Figure 3. Sensitivity of cantilever Beam
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Figure 5. Sensitivity of cylindrical panel

FHAEHES x7) step size o] thallM= oF
AAJA FEAHS Holtrt 1038 FEAo) F
A3l oA AL B F v, v wby
< 1078 oA FERE ZEAT, 10 oM o
7F 43 F7 & Aok v, ARz b
ERL nad a4 HE step sized] TAY
o] AR +¥ AFE Holx .

4.2 ZH2ETF 3K ge =d

ghollA s stgld Al

AA FLsH it aRL AR BRol
gl oE AlatEE 2ol n)g X
7Y B8 A7) gFq wE

2= A4 Aol G

7] gEoltt. o ZA
of v AAET BE A7 ulREle Ite

Mol 9Re T+ de BA. H
AH8E EAAY desle ted 2o
F=1N/pm, L=100mn,t=1mm, v=0.3, H=20mm
. _ 2
U= TLZE L —gs5x 0 (19)

Figure 6 3 Figure 79 &AL 33 7Y
AA 2l E4d Ax 228 AASH, sl
A} A3} Figure 8% Figure 99 JehJg it

l H symmetric

T symimetric

L

Figure 6. Regular element model

/ l H symmetric

T symmetric

L
Figure 7. Irregular element model

Iteration SAM
FDM

e SAM
e FDM
—A-rigid_body —
~m- teration

step_size

Figure 9. Sensitivity of irregular element
9) 9] gy)ro]m BAREIE AX ¥ 2E
e bR WS nE S 4 ol
£ A48 \,ﬂ AL ¢ 5 Jdubh. 2,
7F il Y & 107 7}
A, oJAL K FENA step
size 7} 2 &Y 9 truncation error7} 7]
7= 7,4\22 step size 7} zto} AFE

7

A dt. B4 AANAE F

step size

- 689 -



4.3 3% A4= Y

M JFYE W 2HX EAE

3o},

ges} 2ol

K(x)u(x) —A(x0)M(x)2(x) =0 (16)
of A= A ol daia wRE L st A
3, o33 e o] YAt
u,(K(bHJ) K(p)
h

M(b+h1 M(b)}u an

S
I

o AR $EY BT o h o B

l':_
A% au™ e 299 AR £ A o

T K'u A 45 &5 ¥¥3 ZAns 1y
L= #8539 ds3 2.
(STt a* v, DK (u+ at rp)
=(ui T+ ot vy WK ui-a*Kr,)
- ulTKutdtn TEwi g
—a*u ™Ky ,—(Ca®?r, "Kr
Ao HalA v MA G Kr=0°] o3 £A
Hi, F 4R &L - g*r, TKu$ 2 049,
oA A MAE T Aojrng, 9o A
S wiTK ui-2¢*ut Kr, o 8. ui}
di _ ul K'uf-2a*u’ Ky,

dx u'Mu
A, AA W4 dgd dig 14 YigsE o

&3 o] E@E

~Au"M'u

(19
4.3.1 S (Dynamic) 22X st&Bxt
v4
A
b
y
a T x
Figure 10. Vibration problem of plate
76’74] }—a\_ \_'\I_'X] Z]E 6}' E=100, t=1,

v=0.3 olth. Hgk FZ VL dLs=
obzjol FoiA tt.
AFE dEs
B A”m_ p n 2 m 292
0= Bz—n[(a)+(b)] (20)
i (D
5 —( ph)
DA NBE YL
00 __An*r'[ (m\?, (m)\?
a al [(a)+<b)] @1
s (1,1) mode ens (2,1) mode
] -
\\ - /r ar -
\ - f =
kg ‘//J
. (3,1) mode . (1,2) mode
“F——IZJ—ﬁL - F

2 K A W6 07 K8 0 W L P T -
v s

Figure 11. a/b=2 ,Result of eigenvalue sensitivity
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