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A Study on The Optimum Shape of Bellows Using Response Surface Method
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ABSTRACT

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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Table 1 Design parameters and loading conditions
Design parameters
Cylinder diameter (in/out) (mm) 154/165
Rl (lower radius of convolutions) (mm) 8.3
Rh (upper radius of convolutions) (mm) 83
H (height) (mm) 25
Loading conditions
Disign pressure (MPa) 0.2
Temperature (T) 220
Axial compression (mm) -28
Axial extension (mm) 28
Lateral Y . (mm) 4
Standard of design life cycle (cycle) 6000
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Fig. 2 U-type bellows FE model
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Table 2 FEA Data of Box-Behnken design for RSM

AYAE z, T, @ Mass Von-Mises
stress
1 0 1t -1 051476  940.62
2 0 -1 1 052315  954.14
3 1 -1 0 052155 1174.8
4 0 1 1 049953  880.16
5 10 1 050198 1104.5
6 1 0 -1 051737 11689
7 10 -1 053652  804.44
8 0 -1 -1 053926 99135
9 | 1 0 049794 1100.3
10 0 0 0 051897 95272
11 -1 0 1 052057 77573
12 -1 -1 0 054086  818.67
13 -1 1 0 051637 76721
14 0 0 051897 95272
15 0 051897 95272
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