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Abstract : The main function of expansion joints used in various industrial fields is to compensate for
movements in pipe systems, machines and equipment. The movements to be compensated are relative
motions between two parts of a system, caused by temperature differences, misalignment during
installation, vibration, etc. There are many types of expansion joints, but bellows type expansion joints
are most widely used that can absorb movements in any directions, require no maintenance, and take up
less space than others. In this study, in order to determine the optimal dimensions of the bellows for
expansion joints, the response surface optimization was performed to minimize the maximum stress and
volume. The height of corrugations, the pitch of corrugations, and the thickness of the bellows were
selected as design variables for optimization. The stress and volume of the optimization model decreased
by 11.6% and 30.1%, respectively, compared to the basic model.
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Fig. 1 Cross-sectional shape of the U-shaped
bellows
Table 1 Dimensions of the basic bellows
Specification Value Unit
Inner diameter, D, 114 mm
Height of convolution, w 24 mm
Pitch, ¢ 23 mm
Thickness, ¢ 0.6 mm
Number of convolutions 6
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Fig. 2 Finite element model of the basic bellows
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Fig. 3 Boundary conditions applied to the bellows
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Fig. 4 Stress distribution of the basic model
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Fig. 5 Stress variation of the basic model along the

top path of the convolutions
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Table 2 Table of design experiments

Height | Pitch |Thickness| Maximum | Volume

(mm) (mm) (mm) | stress(MPa) | (mm°)
25 24 0.6 1052.6 61458
20 24 0.6 1566.5 52080
30 24 0.6 945.72 71402
25 20 0.6 1148.4 62242
25 28 0.6 1111 60674
25 24 0.2 2124.8 20486
25 24 1 1510.9 102430
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Fig. 6 Response Surfaces according to design variables
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Table 3 Comparison of basic and optimal models

Optimal model
Basic model
Response Verification
surface
Height
24 26 26
(mm)
Pitch 23 28 28
(mm)
Thickness 0.6 0.4 0.4
(mm)
Max. stress
(MPa) 1113 992 983
Volume 59736 41765 41754
(mm’)
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Fig. 7 Stress distribution of the optimal model
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