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A study on the shape optimization of ship's bellows using DOE
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ABSTRACT

The mechanical properties of bellows, such as the extensibility and the strength can be changed depending on the
shape. For the shipbuilding material, it is favorable that the fatigue life is long due to the elastic property and the
reduction of thermal stress in piping system. Nowadays, the domestic production and design of bellows are based on
the EJ.M.A Code. Therefore, the design standard is in need because of much errors and lack of detailed analysis.

In this study, it is attempted to find out the optimal shape of U-type ship's bellows that is applied to design of
experiment using the finite element method. The effective factors, mountain height, length, thickness, and number of
mountains and the length of joint are considered and the proper values are chosen for the simulation.

The number of mountains are increased, the volume increases above the standard volume and the stress obviously
increases. In addition, the effect of the thickness of bellows on the stress is very large. Both of the volume and stress
are decreasing at a certain lower value region.
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Fig. 1 Geometric model of U type bellows

638

22 mEfolg 2H
W2 ez pdol FAMEsl Max. stressoll T A
FEE dolr 7] 38 design parameterS Table.l
3} Fig.2oll YEFHAY. Z+2he] Parameter= W2 9=
o] FAA(T), WES-=2] 9] Aute] §Fali=
282 49 o FEWMAEY 3HPR), =3 Ak
FENA 9] HI(RR), LM = A 7¥9] EOI(H),
sl AL AEate 4
A S TR o, 7E ]
0157_ o]}: uﬂiozvq

parametero] A 2F4=9] 7 $-

L
.

_'J_T_

Table. 1 Design Parameters and initial values

Initial Value

0.8 (mm)

Design parameters

T (Bellows thickness)
RR (Percentage of

Rh between Rl )
P/2 (Bellows pitch per 2)

1

12.5 (mm)

N (Convolution number) 7

H (Distance of Rh between RI)
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Table. 2 Load conditions of U type bellows

Standard of design life cycle 6000(cycle)
Design pressure 0.2(MPa)
Fixed design "l'"empere%ture 220(C
2b] Cylinder diameter 154/165(mm)
mm
variable (IN/OUT)
Tc (Pipe thickness) 5.5(mm)
Axial compression -28(mm)
Displacement i )
Axial extension 28(mm)
laod
Lateral Y/Z 4/4(mm)




Table. 4 Tables of orthogonal arrays for finite
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Table. 3 Design variables of the bellows shapes for
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Upper

7.0

28

1.0

Lower

5.5

22

0.6

Initial

6.25

25

0.8

Design of experiment
Range
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Table. 5 Analysis of variance of maximum stress
=X S DOF v Foé\)//v F(0.05)
A 446674.2 2 223337.1 1 111.6 4.1
B 25471.0 2 12735.5 6.3 4.1
C 331575.8 2 165787.9| 82.8 4.1
D 684038 2 342019 | 170.9 4.1
F 976446.6 2 488223. | 244.0 4.1
A*B 7746.4 4 1936.60 | 0.96 3.48
AxC | 21891.7 4 5472.92 2.7 3.48
BxC | 38723.5 4 9680.89 | 4.83 3.48
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Fig. 3(a) main effect of factor deciding bellows
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