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Optimal Shape of Fillet for Minimum Stress

Ho-Ryong Kim*and Jang-Yong Yi

Abstract

In this study, an optimal shape design was performed on a fillet model which is subject
to surface traction through minimizing the maximum stress of the fillet.

A 2-dimensional quadratic isoparametric element with 8 nodes was used in stress analysis
for finite element method, and Hooke-Jeeves direct search algorithm was adopted for
optimization. '

From the resulting optimal shape, it was found that the maxium von Mises stress on the
boundary of fillet was reduced by 36%, compared to other paper in which the cross sectional
area of fillet was minimized.

In conclusion, a real optimal fillet shape could be obtained in the viewpoint of yielding,
and more pratical fillet design could be accomplished.
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U : Object function . Inequality constraint
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Fig.5 Initial filet shape

Table 1. Von mises stress on the boundary of initial fillet

Element No. YS1 YS2 YS3
20 62.9625 95.1676 127.3730
25 127.3730 160.0384 192. 7040
30 192.7040 220.9015 249.0989
35 249.0989 276.8974 304.2819
40 304.2819 333.0051 361.7283
45 361.7283 393.9263 426.1244
50 426.1244 465.2491 504.3738
55 504,3738 560.6181 616.8625
60 616.8625 760.6141 904.3657
65 904, 3657 1167.8579 1431.3494




(5w

{
/

/
".

Fig.6 Optimum fillet shape

Table 2. Von mises stress on the boundary of optimum fillet

Element No. YS1 YS2 YS3
20 364. 4441 613.5255 862.6069
25 862.6069 861.2493 859.8910
30 859.8910 861, 2300 862. 5690
35 862.5690 854,8434 847.1178
40 847.1178 849.6358 852.1544
45 852.1544 850.5955 849.0366
50 849.0366 851.5125 853.9891
55 853.9891 857.9308 861.8719
60 861.8719 852.2613 842.6514
65 842.6514 852.6253 848.8105
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Table 3. Comparison of initial and optimum design variables

No. of design variable Initial fillet(cm) Optimum fillet(cm)
b1 22.717 14.1685
b2 20.574 13.6923
b3 19.431 13.1446
b4 18.288 12.7398
b5 ‘ 17.145 - 12.3826
b6 16.002 12.0988
b7 14.859 11.8587
b8 ) 13.716 11.6682
b9 12.573 11.5491

Table 4. Comparison of maximum von mises stress

Initial fillet ]| Optimum fillet

Maximum Von Mises stress(kPa) 1431.3522 - 862.5345
Reduction ratio 39.7 %
:\'ﬁhm- N
NNN""’*N NLA
NI 1]
(a) {(b)

Fig.7 Comparison of optimum fillet
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Fig.8 Optium fillet of reference (5)

Table.5 Von mises stress on the bound of optimum

fillet of Fig. 8

Element No. YS1 YS2 YS3
20 11.4547 132.3756 253.2965
25 253.2965 801.0594 1348.8226
30 1348.8226 1242.4840 1136.1461
35 1136.1461 1063.2037 990.2613
40 990.2613 958.1744 926.0869
45 926.0869 938.6699 951.2535
50 951.2535 898.8167 846.3801
55 846.3801 823.0820 799.7846
60 799.7846 789.1729 778.5611
65 778.5611 -972.4406 766.3201
Table 6. Comparison of maximum von mises stress
preseht Ref.[5]
Maximum von Mises stress(kPa) 862, 5345 1348.615

Reduction Ratio

36 %
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