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Optimization of Pin-hole Location to Minimize Stress Concenstration
around Hole in Rotating Disc under Centrifugal Force
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Key Words: Optimum design(Z %44 7]), Circular hole(! "), Rotating disc(¥] ¥ ¥), Pin-hole
(¥1 %), Centrifugal force(4 =)

Abstract

The objective of this paper is to decide optimal location of pin-hole to minimize stress concenstation
around hole in rotating disc. The focus of this investigation is to evaluate the effect of pin-hole for
stress distribution around hole using optimum design technic and finite element analysis. Design
variables are radial and angular location of pin-hole from center of hole, objective function is
maximum stress around hole in rotating disc. We use first order method of optimization technic.
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Fig. 1 Stress components of rotating disc under centri-

fugal force
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Table 1 Mechanical properties of STS 304

Elastic modulus E 2.14x10° MPa

Poisson's ratio W 0.29

Yield strength iy 206 MPa

Tensile strength 0 519 MPa
Density p 8.03x10° kg/mm’

N
o

1o -

ga%wo] ueh NFol FAABY AFFS
R A= JFS B 9@ A4
ge et gk

A WA, FResdNE B AFe f7)
0E sadne gt L AgFeel sy
T Auch T oA, ATl NES W
sto] WEel vl wE WES ANHH S
Fstel Ehte $HMSRE BHFORA 4
Freel AupAgde A28 I 5 de A
z9) 948 Aget

Fig. 2 Meshed shape of rotating disc with hole and
pin-hole (1/4 model)
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Table 2 Initial value and range of design variable

D.V. Initial Lower Upper
X 1.2 1.2 2.0
X 0° 0° 180°
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Table 3 Comparison of maximum stress of rotating

disc with and without hole

W Items Without hole| With hole | Difference

[rad/s] [MPa] [MPa] [%]
O h,0mx 24.10 28.51 18.3

200 O h,rmx 8.25 12.15 47.2
O hemx 23.77 28.04 18.1

0 h,6mx 54.22 64.16 18.3

300 O hyrmx 18.57 27.33 47.2
0 hemx 53.42 63.10 18.1

O h,0mx 96.39 114.06 18.3

400 O h,rmx 33.01 48.59 47.2
O hemx 94.98 112.17 18.1
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Fig. 4 Stress distribution of around hole along angular
direction as ®=400rad/s (reference local coord-

ination system in Fig. 3)
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Table 4 Optimization values of the models with
respect to R,/Ry (as ®= 400rad/s)

RUR D.V. Max. Stress [MPa]
s Items Value Items Value
X, 1.29 0 h,0mx 113.68
005 ° O h,rmx 5025
XZ 5762 O hemx 1 1 180
X, 1.36 O h,6mx 112.59
0.10 N O hrmx 52.50
X 35.55" | g pems 110.73
X, 1.44 0 h,0mx 111.27
015 ° O h,rmx 5565
X 56.46° |5, om 109.43
X, 1.52 0 h,0mx 109.49
0.20 N O hrmx 58.05
X 55.65° |6 poms 107.73
X, 1.56 O h,6mx 107.20
025 ° O hrmx 6249
XZ 5523 O hemx 10561
X, 1.65 O h,6mx 105.20
0.30 N O hrmx 62.33
X 53.88° | 6 pom 103.56
120
110 5\5Q —
g —
a 1004 = Circumferential Stress
3 L —e Radial Stress
= T —2—von Mises Stress
2 60 _— * b
g o—°
.; ./
g sl e—
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Fig. 5 Maximum Stress of the models with respect
to Ry/Ry (as o= 400rad/s)
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Table 5 Compason of maximum stress between what
has only hole and what has hole and
optimized pin-hole in disc with respect to
angular velocity (as o= 400rad/s)

Homs Max. Stress [}l\;ﬁl’a]& Difference
ole %
Hole Pin-hole %]
O h,6mx 114.06 105.20 - 777
O hrmx 48.59 62.33 28.28
O hemx 112.17 103.56 - 7.68
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