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Development of Multi-layer Bellows using Ferritic Stainless Steel

C. H. Suh, S. K. Oh, Y-C. Jung, J. Y. Choi, M. K. Park and Y. S. Kim

Abstract

Ferritic stainless steel is used for parts of exhaust system of commercial vehicle, because it has such advantages as low
price and high corrosion resistant compared with austenite stainless steel. Even though ferritic stainless steel has these
merits, to manufacture multi-layer bellows with complex geometry, austenite stainless steel is being used in the industry,
because of it’s high ductility. However, recently, the mechanical property of the ferritic stainless is getting improved and
alternating austenitic stainless steel. In this paper, the possibility of mass production of bellows made of ferritic stainless
steel like MH1 and 443CT is studied. Tensile test and ridging test are carried out to observe mechanical properties of
STS304, MH1 and 443CT. Forming analysis using FEM is performed to investigate plastic strain during forming process.
Prototype bellows has been made using STS304, MH1 and 443CT, respectively, and fatigue tests are carried out to

evaluate fatigue life of bellows.
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(c) Multi step process
Fig. 1 Forming process of bellows
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Table 1 Chemical composition of stainless steels used
in the present study (wt%)

Table 2 Results of tensile test

Tensile 0.2% proof i
. Elongation
Material strength strength %)
(MPa) (MPa) >
STS304 708 286 69
MHI1 586 354 30
443CT 492 322 36
1000
. 800+
o
o
e
@ 600
o
b
2 00
£ g —0- 8TS304
g 200f —o MH1
w X - 443CT
0 ‘ n 1 A 1 . 1 A 1 i il i 1 L L

0.0 0.1 02 03 04 05 06 07 08

Engineering strain {(mm/mm)

Fig. 2 Engineering stress vs engineering strain curves

Table 3 Results of roughness test

Ra(pm) Rz(pum)
Material
before after before after
STS304 0.121 0.849 0.716 4.474
MHI1 0.126 0.981 0.767 5.128
443CT 0.117 0.993 0.671 5.068

Material C Si P | Mn | Ni Cr

STS304 0.05 ] 0.56 10.03 |1.63 |845 | 18.19
MHI1 - 0.37 10.02 10.19 1 0.20 | 15.31
443CT - 0.11 10.02 10.16 10.24 | 22.24
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(a) Single step process

(b) Multi step process

Fig. 3 Deformed shape during forming process

Table 4 Results of forming analysis

Fig. 4 Bellows manufactured by roll forming

. Mises Equivalent
Forming . ] )
Material stress plastic strain
process (MPa) (mm/mm) Table 5 Results of fatigue test
Single STS304 826 0.255 Material Fatigue life (cycles)
step MH]I 751 0.262 STS304 500,000
process 443CT 654 0.256 MHI1 500,000
Multi STS304 703 0.191 443CT 350,000
step MH1 662 0.201
process 443CT 643 0.206
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