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Optimization of Pin-hole Location to Minimize Stress Concenstration
around Hole in Rotating Disc under Centrifugal Force

Dong-Seop Han', Geun-Jo Han’, Tae-Hyung Kim"~ and Jae-Joon Shim"

ABSTRACT

The objective of this paper is to decide optimal location of a pin-hole to minimize stress concentration around
the hole in a rotating disc. The focus of this investigation is to evaluate the effect of pin-hole on stress distribution
around the hole using optimum design technique and finite element analysis. Design variables are the radial and
the angular location of pin-hole from center of the hole and objective function is the maximum stress around hole
in a rotating disc. Using first order method of optimization technique, we found that the maximum equivalent
stress around the hole with optimized pin-hole could be reduced by 15.1% compared to that without pin-hole.

Key Words : Optimum design(Z & A7), Centrifugal force(J4 &), Circular hole(¥ &), Pin-hole(¥ &), Rotating
disc(3] A W), FEA(R TR A 5)]4)
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Fig. 2 Relative location between hole and pin-hole in
rotating disc
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Table 1 Mechanical properties of STS 304 [KS D 3731]

214 GPa
0.29

o, 206 MPa
519 MPa
8.03x10° kg/mm’

Elastic modulus

Poisson's ratio

Yield strength

Tensile strength

Density
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Fig. 3 Meshed shape of rotating disc with hole and
pin-hole (1/4 model)
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Table 2 Comparison of maximum stress of rotating
disc with and without circular hole(H)

r 28.77 48.58 1.69
400 ) 43.53 114.03 2.62
e 38.34 112.15 2.92
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Fig. 4 Stresses according to radius of a rotating disc
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Fig. 5 Stresses distribution of around hole along angu-
lar displacement(Xz) as w =400rad/s
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Table 3 Stress concentration factor(K.) for equivalent
stress around hole with pin-hole (Rn=0.1)

1 0° 30° 90°
1.2 3.98 3.59 g% 0 292
1.3 3.29 3.11 2.89 2.92
14 3.06 297 2.90 292
1.5 3.00 2.94 2.90 292

Table 4 Stress concentration factor(K.) for equivalent
stress around hole with ‘pin-hole (Ry=0.2)

) 0° 30° 60° 90°
1.3 4.73 453 3.03 2.91
1.4 3.73 3.74
1.5 3.35 3.36
1.6 3.15 3.18 2.84 2.91
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Table 5 Stress concentration factor(K.) for equivalent

stress around hole with pin-hole (Rn=0.3)

Xi 0° 30° 60° 90°
14 5.34 5.39 3.78 2.90
1.5 4.10 4.28 2.82 2.90
1.6 3.62 3.73 2.90
1.7 3.35 3.50 2.76 2.90
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Stress concentration factor for von Mises
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Fig. 6(b) Stress concentration factor for von Mises
around hole with pin-hole (R=0.2)
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Fig. 6(c) Stress concentration factor for von Mises
around hole with pin-hole (R=0.3)
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Table 6 Initial value and range of design variables for

optimum design

0.1 Xy 1.2 1.15 1.35
) X2 60 50 70
0.15 X 1.3 1.25 1.45

X2 60 50 70
02 X 14 1.35 1.55
X 60 50 70
Xy 1.5 1.45 1.65

.25
0 X2 60 50 70
03 X1 1.6 1.55 1.75
' Xa 60 50 70
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Table

7 Optimization values of the models with
respect to Rn
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0.10 5437 | 111.95 | 110.10
0.15| 1.39 54.75 | 110.07 | 108.30
0.20] 149 5542 | 10848 | 106.76
0.25] 1.60 56.76 | 107.08 | 105.36
0.30] 1.71 59.50 | 105.77 | 104.03
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Fig. 7 Optimum position of pin-hole with respect to the
magnitude ratio of pin-hole(Ry)
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Fig. 8 Maximum stresses around hole with optimized
pin-hole with respect to Rn
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