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Forming Analysis of a Metal Bellows
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The manufacturing of metal bellows consists of the four main forming processes; deep-drawing,

ironing, tube bulging and folding. Among these, the bulging and folding processes are critically

b

[l

important because the quality of metal bellows is greatly influenced by the forming conditions of these

processes. In the present siudy, the finite element analysis technique is applied to the bulging and

folding processes to obtain information about the design parameters of a metal bellows.
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Fig. 1 [Illustration of the overall bellows
forming process

Fig2ol ZreFs] Jehigint a4

thate] FEPed gHIHE st FHe
F7reuiol FHEbe A (crown point)S Y|EoE
ubzEo) thaiM ek 2t

g FH F FE U 492 POl PE A
23y WAL dAF of W Friol: x|

A7l FAL A4H 324 (explicit FEM)S
2 FYsga, 2P e JdH fha

A% (implicit FEM)S.2 dstgth
slao] AT 94T oA VA 4 e
ks 3

=

=
cze) AR A4E TiE AgsA,
AL Qe ARFoH AR AFE e

h
To
I u Initial state
0 0
—_—r
h
r
0 e
Bulging
h
Py ¢
—_—
h
‘o Folding
(—W v
Py h/
—
h
To
Springback
Inner
oint ,
p hy
—r
Crown

Fig. 2 Analysis modeling for the bellows
forming process
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Material : Phosper Bronze (Full annealed)

Young's Modulus (£) : 92 GPa

Poisson's Ratio (v) : 0.34

Lankford Value (R) : 1.0

Density (p) : 8.5 x 10° kg/mm3

Stress-Strain Curve'”
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Table ! Process parameters and initial blank
information for the simulation of the bellows
forming process

Process Parameters Value

Plate Die Velocity (v) 0.1 mm/ms
Max. Die Stroke (ho-hy) 2 mm
Max. Pressure (Py) 10.98 MPa
Initial Blank Radius (o) 45 mm
Initial Blank Height (/) 3 mm
Initial Blank Thickness () | 0.1 mm
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Fig. 3 Time schedule for the external loads in
the simulation of the bellows forming process
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Fig. 4 Comparison of the deformation shape at
the end of each process step
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Fig. 5 Deformed shape of a convolution of the
bellows before-(a) and after-(b) springback

Major strain at the outer surface of the blank

Fig. 7 Variation of the major strain at the outer
surface of the blank along the normalized height of
the original blank measured from the crown point
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Fig. 8 Variation of the minor strain at the outer
surface of the blank along the normalized height of
the original blank measured from the crown point

Fig. 6 Normalized displacement of the crown

point along the process time
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Fig. 9 Variation of the thickness strain (engineering)
of the blank along the normalized height of the

original blank measured from the crown point
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Fig. 11 Variation of the second principal stress at the
outer surface of the blank along the normalized height

of the original blank measured from the crown point
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Fig.
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