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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 desirable 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 E.JMA. 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 bellows using the finite element analysis. The design factors, mountain height, length, thickness, and the number of convolutions
are considered and the proper values are chosen for the simulation. The results show that as the number of convolutions reduces, the
volume decreases while the stress increases. However, as the number of convolutions increases, 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
mass and stress are decreasing at a certain lower value region. Also, we investigated shape optimization with considering maximum
stress distribution tendency.
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Fig. 1 Design variables of bellows

Table 1 Design parameters and loading conditions

Design parameters

154/165

" Cylinder diameter (in/out} (mm)
Tc (Thickness of pipe) (mm) 55
T (Thickness of bellows) (mm) 08
g (Pitch) (mm) 25
W (Height) (mm) 25
N (Number of toroidal shell) 7
Lt (Welded part of pipe and bellows) 20
Loading conditions
Disign pressure (MPa) 02
Temperature (T) 220
Axial compression (mm) -28
Axial extension (um) 28
Lateral Y (mm) 4
Standard of design life cycle (cycle) 6000

59 - 95% - 297
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Fig. 2 Flow chart of optimum design
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Fig. 3 U-type bellows FE model

Table 2 Material properties of model

Pipe Bellows
Material STPG370 SUS304
E (Young's modulus) 181364 (MPa) 188150 (MPa)
v (Possion’s ratio) 0.3 03
a (The expansion 4 7y 5 mm/mmC 17E-5 mm/mmC

coefficient)
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Table 3 Initial design variables and level of bellows

Level
Design 0 1 2
variables
W (mm) 15 25 35
g/2: H (ratio) 08:12 1:1 12:08
T (mm) 0.6 038 L0
N 6 7 8

Table 4 Last(final) design variables and level of bellows

Level
Design 0 1 2
variables
RI (mm) 10.3 8.3 6.3
Rh (mm) 10.3 83 6.3
H 14 12 10
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Fig. 6 Stress distribution of U-type bellows

Table 5 Analysis of variance of von-Mises stress (/V=6)

Design

variables DOF | 4 FX(VyVe) F(0.01)
A 4921131224 2 24605656 3509.805 8.65
B 6807124956 2  340356.2 48.54916 8.65
C 336333344 2 1681667  239.8766 8.65
A*B 1008325991 4 2745815 39.16691 7.01
A*C 27191064 4 6797766 96.96482 7.01
B*C 5667642444 4  14169.11 2021112 2.81(0.1)
e 56084.38889 8  7010.549

T 57185551.38 26
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Table 6 Analysis of variance of von-Mises stress (/V=7)
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Table 8 Result data of bellows analysis

D&_Sign DOF v FO(W/Ve)  F(0.01)
variables
A 32215366 2 16107683  1954.94 8.65
B 446836.6 2 2234183 27.11559 8.65
c 2297882 2 1148941 1394434 8.65
A*B 839000.6 4 2097502 25.45673 7.01
A*XC 1914829 4 4787072 58.09921 7.01
B*C 49969 4 1249225 1516146 2.81(0.1)
e 6591583 8 8239478

T 37829799 26

Table 7 Analysis of variance of von-Mises stress (/N=8)

Design

variables DOF 14 Fo(Vyve)y  F(0.01)
A 23105711 2 11552856 1724.12 8.65
B 316021.16 2 1580106 23.58 8.65
C 1675252 2 837626 125 8.65
A*B 628467.38 4 157116.8 23.44 7.01
AXC 14581973 4 364549.3 54.40 7.01
B*C 37213.598 4 9303.4 1.38 2.81(0.1)
e 53605722 8  6700.715

T 27274468 26
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1 0 0 0 0.54913 821.81
2 0 1 1 0.52848 796.15
3 0 2 2 0.50868 740.28
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5 1 1 0 0.52687 969.39
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Fig. 7 Optimum solution of U-type bellows
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