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Dieless forming process of metal bellows with small radius-to-thickness ratio

Zhang Zicheng, Dai Wenlong, Tong Tengteng, Cheng Qiwen
(School of Mechanical and Automatic Engineering, Northeast University, Shenyang 110819, China)

Abstract: The excessive thinning and performance deterioration of bellows prepared by the traditional forming process limit the application
of bellows in the aerospace field. Therefore, the bellows was fabricated by the dieless forming process that induced the axial buckling of
tube blank by local heating and axial compression. Furthermore, in order to obtain the bellows with small radius-to-thickness ratio, uni-
form corrugation and good comprehensive performance by using dieless forming process, the influence laws of heating temperature, deform-
ation zone width and compression ratio on forming load, corrugation shape of bellows, peak height, peak spacing and peak thickness were
studied by combining experiment and finite element simulation. The research results show that with the increasing of heating temperature ,
the forming load of bellows decreases significantly. As the width of the deformation zone increaseing, the peak height and peak spacing
tend to increase, while the peak thickness tends to decrease. With the increasing of compression ratio, the peak height tends to increase,
and the peak spacing shows a decreasing trend.
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Fig. 1 Principle diagram of dieless forming process for metal bellows
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Fig. 2 Finite element model of dieless forming process for metal bellows
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Table 1 Material properties of SUS304 stainless steel tube

PP/ SRERL g/

s MR L e
GPa Wm0 (- (ke - K))

g 210 0.3 22 495 0.7
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Table 2 Boundary conditions of finite element model

WEER BEHEHSHR MPEROR S ASHR
ZH AHE FR E b1

REZ/C (W - (m =€) ) (W (m? - )" ) (W (m* - C)™)
HiH 23 3500 37000 20

2.2 SRRYELENFEIZHRITEZ AT EERIE

K3 D9 M AL TR ARSI, a5 54 R
JURLDL ARSI IX 4 il B2 70 A1 i 2 XF LU P, LR A
PRE RO ATE X b r, IR Z 9 1200 °C, Tk
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Fig. 3  Temperature distribution curves on surface of tube in

experiment and simulation
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Fig. 4 Experiment and simulation results of longitudinal section for bellow sample

(a) Bellow sample

(b) Longitudinal section of sample under measuring microscope

(¢) Simulation result of

longitudinal section for bellow sample
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Fig. 5 Effect of heating temperature on forming load
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Fig. 6 Effect of compression ratio on peak spacing and peak height
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Fig. 7 Effect of compression ratio on maximum and minimum

values of forming load
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distribution of tube
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Fig. 9 Temperature distribution diagrams of tube under different

deformation zone widths
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