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for Improving Shape Optimization

Jinil Sung*, Jeonghoon Yoo**

Key Words : Shape Optimization(3 73| & 8}), Finite Element Method(f+ 3+ 2.4 %), Shear Locking
Phenomenon( & 322# 4}), Dummy Load Method(7+d3+25 )

Abstract

In the shape optimization based on the finite element method, the accuracy of finite element analysis
of a given structure is important to determine the final shape. In case of a bending dominant problem,
finite element solutions by the full integration scheme are not reliable because of the locking
phenomenon. Furthermore, in the process of shape optimization, the mesh distortion is large due to the
change of the structure outline: therefore, we cannot guarantee the accurate result unless the finite
element itself is accurate. We approach to more accurate shape optimization to diminish these
inaccuracies by improving the existing finite element. The shape optimization using the modified finite
element is applied to a two-dimensional simple beam. Results show that the modified finite element
have improved the optimization results.
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Fig. 1 Procedure of Shape Optimization
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Fig. 2 Analysis Model
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0.030511 | 0030707 | 0.030499 | 0.030705 | 0.030747 | 0.030707
(1.703%) | (2.357%) | (1.663%) | (2.350%6) | (2.490%) | (2.357%)
1.8929 1.9051 1.8928 1.9045 1.9052 1.9051
(1.411%) | (0.776%) | (1.417%) | (0.807%) | (0.771%) | (0.776%)

22 120.93 12171 12083 12167 12183 12171 28
(1.58796) | (0.952%) | (1.58796) | (0.985%) | (0.854%) | (0.952%) -

0 18394 1901.6 18894 1901.0 19035 1901.6 1920
(1.594%) | (0.958%) | (1.5949%) | (0.990%) | (0.859%) | (0.958%)

200 29522 29708 29519 29701 29741 29707 30000
(1.593%6) | (0.973%) | (1.603%) | (0.997%) | (0.863%) | (0.977%)
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(8.354%) | (8.490%) | (7.417%) | (3.370%) { (1.109%) | (2.984%) |
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Table 1. Analysis results
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Fig. 3 Comparison of error with some codes
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Fig. 4 Von Mises Stress of Initial Model
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HAEPAY SRI SRI+BUB DRI DRI+BUB|DRI+HGC|] NAS

Volume 1.21318 1.21784 1.21317 1.21485 1.22063 1.21581

(ZL89%) | (39.341) | (39.108) | (39.342) | (30.258) | (38.698) | (39.210)

HH(NAS) | 10097 93287 10097 10035 96334
(@) (6m), = 10000 psi

HFYY SRI SRI+BUB DRI DRI+BUB|DRI+HGC| NAS

Volume 1.04185 | 1.04899 | 1.04185 | 1.04225 | 1.04910 B

(F28%) | (47908) | (47551) | (47.908) | (47888) | (47.545) i

MAH(NAS) | 15279 14726 15280 15184 14789

(b) (Gpm)a = 30000 psi
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(F28%) (48.784) (48.598)

4 (NAS) 46842 43585

() (Oym)e = 45000 psi
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Volume 1.02335
”
@zase | X X X X | agszn |
34 (NAS) 48255
(d) () = 50000 psi

Table 2. Results of shape optimization for 10x4 rﬁodel
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(@) (Oum), = 10000 psi

(b) (Opm), = 30000 psi
(€) (Oum), = 45000 psi
(d) (Gm), = 50000 psi

Fig. 5 Optimal shape and stress distribution
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COMPARISON OF VOLUME DECREASE FOR EACH METHOD

~ash!
@SAI+BUB

-
QDRI

| QoRI+BUB
B@DRI+HGC
BINASTRAN

DECREASE RATIO (%)

15000
CONSTRAINT(V on Mises Stress)

Fig. 6 Comparition of volume decrease for each method
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3y SRI |SRI+BUB{ DRI |DRI*BUB{DRI*HGC|{ NAS

Volume 1.04632 | 1.04780 | 1.04632 | 1.04642 | 1.048%
(2 89%) | (47.684) | (47.600) | (47.684) | (47.679) | (47.552)

\i‘i (NAS) | 45834 44565 45834 45754 43585

(@) (Opm)e = 45000 psi
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X X X ?
(g% X (47.745) :
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(b) {(G,m) s = 50000 psi

Table 3. Results of shape optimization for 20x8 model
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