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A Study on the Deformation Behaviour of Bellows

Subjected to Internal Pressure

K. H. Lee - J. S. Wang

Key words : bellows(3}3 ), conical frustum-shaped element (€133 8 4), axisymmetric
shell analysis(Z:tl % €13]4]), step by step method(¥+A¥Y), local coordinates
system(=+ 22} ¥ 4)), global coordinates system(Z %} 2 ¥ #|), spring constant(X
3 A 4F), transformation matrix(WA $ 8 )

Abstract

U-shaped bellows are usually used to piping system, pressure sensor, and controller for refriger-
ator. Bellows subjected to internal pressure are designed for the purpose of absorbing deformation.
Internal pressure on the convolution sidewall and end collar will be applied to an axial load, tend-
ing to push the collar away from the convolutions. To find out deformation behavior of bellows sub-
jected to internal pressure, the axisymmetric shell theory using the finite element method is
adopted in this paper. U-shaped bellows can be idealized by series of conical frustum-shaped ele-
ments, because it is axisymmetric shell structure. The displacements of nodal points due to small
increment of force are calculated by the finite element method and the calculated nodal displace-
ments are added to r-z cylindrical coordinates of nodal points. The new stiffness matrix of the sys-
tem using the new coordinates of nodal points is adopted to calculate the another increments of
nodal displacements, that is, the step by step method is used in this paper.

The force required to deflect bellows axially is a function of the dimensions of the bellows and
the materials from which they are made. Spring constant is analyzed according to the changing
geometric factors of U-shaped bellows. The FEM results were agreed with experiment. Using
developed FORTRAN PROGRAM the internal pressure vs. deflection characteristics of a particu-

lar bellows can be predicted by input of a few factors.
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Table 1 Mechanical properties of STS304 for bel-

lows
___ Properties STS304
) Pmsson s ratio ) 0.3 ]
Yielding stress 928.612 kgf Imm*
_ Tensile strength - 6T kgf/mm*
_ Elongation | 5%
Young's modulus 14306 kgf /mm

Table 2 Material, chemical composition of bellows

Cp}ggpsitionw ) ST$304 o
e L 75165%7H
Ni i 23.02 9

c | 13.93 f’

P 6.41 %

Mn 2.95 %

si 1.48 %

S 0.56 %
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Fig. 2 Stress-strain relations for STS304 with
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N e ) B T R

J L
- ==
' |

!
|

D,

Fig. 3 Dimensions of bellows

Photo 1 Specimen for internal pressure test
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