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Multi-layer Bellows
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Abstract

Generally ferritic stainless steels are used for parts of exhaust system in commercial vehicle, because they have many
advantages as low price and high corrosion resistant compared with austenitic stainless steels. Even though ferritic
stainless steels have such various merits, austenitic stainless steels have been used to manufacture multi-layer bellows
with complex geometry because of their high ductility. Recently, the mechanical properties of the ferritic stainless steels
are getting improved and alternating austenitic stainless steel. In this paper, the possibility of mass production of multi-
layer bellows made of ferritic stainless steel like MH1 and 443CT was studied. Tensile test, ridging test and corrosion test
were carried out to observe material properties of STS304, MH1 and 443CT. Three types of prototype bellows were made
using STS304, MH1 and 443CT stainless steels, and stiffness and fatigue tests were carried out to evaluate performance of
the prototype bellows.

Key Words : Bellows, Multi-layer, Ferritic Stainless Steel, Roll Forming

.M 8 ZFA AL gk 3 fA A4S AFste] HE A
Fe A witel S3bell dho] X AlxE ol
AgAHg WESEE AR AN A LR ool Ax Urke] Al frelsiu.
3 7| stel 25 AdsiH, dxa} 9)Fo F A MEs=2g 22s FE QAHYE
2 Frett 9ue @k wslFel Am EEF A STSI4 sE|ele gl AgH T ek e
g ojdo] otk Fgag WEs== S8AE O|EA ZEIde 27k WA ge] f-Etal @
ez HsA BHu 53k Aol 875 ZH WOl EAl 2E|l g 270 Hlel aip 49l
7] Wil WEoR AgEE S8AEIE we U gl vl§ vl sHHe] Ay )
UEel guz Aedn dEAd Az Iyl ol WA RELew o AeEn A o
sel=zxm 29 Fyel Qo selEx  Aw AFAL thh PEHeY] wie] Mgzl
£y el sl BEW TP AsAdel Lol wAPel aTHE FEAE 4YA 29
7bestal FuiA 7 Bel FashA o A g 22 we EAE vEhda ok S el
1. A7 AF-FATD ZIAR-E A R 7HE
2. Golz st 7171
3. A= distal 7)Ao
# WAAR: 7N AFEAT L 7 AFF LA D E A,
E-mail:ycjung@dmi.re.kr
stEAMIIE st x| /A 18 M35, 2009H/223



A HFHS T IS A% Ao =

sQlel 2o Aol Ehs AALHT 9

ook setelEA sEelY e A

$29) el Ug AFE HEE Aol
$zo] #E 71Ee] ATES il o

GolEA 2Eleage AEE wEwel U

Dé ?‘Moﬂ o & Od?aol EH‘:‘E°1E}[2~4].

S-gk

2H Sl 27el MHL ¥} 443CT 2 A}-&3)
S8 ey BR=E el A
29=o] AL TtedE AHE s 9

7)) STS304 & EFT 3 7HA Aol oie
A 837 AAE AR, AE 2 W AE
gato] e WRe=xo TS HIHEHA

2. NE 2

B AFd AFRE AAE FA7F 0.25mm <l
STS304, MH1, 443CT o], s}8t% A& wgE
FEATIE AR Hrtslglt

2Ae] A4 AEE Frelr] A EAE S
KS B 0802 7+l weba agstiiom, A K
B 0801 13B & Ao =z otAwrary) HalslA 7}
TRt A E -2 Instron 5569 = AR-g&3}o] W A
o] WAlo 2 0.000033m/s(=2mm/min)d] HEZ
gatom, Mg 44 A4S HsA 1H
72 50mm 2] A&7 (extensometer) S AF-8-3} T

ZAle] A (ridging) 58S A7Fshr] Hg A4
2 KSB080253% Aoz hAnteky) 3 a)s)A
7hestglon, WaEo] 25%% = AldoA A¥

P

wn

N

2 WEI AR BTN AU A
Yo EWAN/E ZHsvh £ A5
Hol xAS FAR VAL 9Be AR
Salx fAle 250 QAR ARG A1e
o zElQleazge] $A4 Wk Yel AbgEe

JASO Aol S H- AN S a3t

zHRIgE A 2AE AHEEY AzxEHeE oded
Wle9zol BAR PSS Fig. 1 o YERRA
FARE= S5 AEo] 96mm, FEH] I X<} 7:‘
o]= z}z} 83mm ¢} 9.6mm &= AAsITE T
7} 0.25mm, *o°] 89mm <l FAZS A5l -
A4 e A EE A FE EEE 4Y
a4 Fe YXPow HAA= TAHS

224 /8= 2871353 X] /M 183 M 3%, 20094

gave A4z
oo, g 52

& 9 902 A

ssieh. ol F 4 Ao FEE AAE BEe 4
$Yom 4Yagnh. BAY 49 F I% 29
of sholx= griste] Mm =T TN,
FAge ¥ g4 HE BAS B =

0.000083m/s('—.5mm/m|n)94 Log o s
o gte] F7tstelth

WA RS WU Alo] Ao Fdsgion,
Fwgko® <17 15mm ©F §F5 15mm 7} REEA O
2 AgstEs sholth. AldS EEek S AR

7)<

ol
2
to
[
Ho
offt
tlo
Sy
2
o
g g
Ho ¢
offt
o
fru
®
ot
>

Fig. 1 Schematic of the multi-layer bellows body
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Table 1 Chemical composition of stainless steels used
in the present study(wt%b)

Materials C Si P Mn | Ni Cr
STS304 | 0.05 | 0.56 |{0.03 |1.63 |8.45 | 18.19
MH1 0.004 | 0.37 {0.02 | 0.19 | 0.20 | 15.31
443CT | 0.002 | 0.11 | 0.02 | 0.16 [0.24 | 22.24
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Fig. 2 Comparison of engineering stress vs strain
curves

Table 2 Comparison of the results of tensile test

. 0.2% offset

Tensile . .

. yield Elongation
Materials strength
strength (%)
(MPa)
(MPa)

STS304 708 286 69

MH1 586 354 30

443CT 492 322 36
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Fig. 3 Surface profiles on center of specimens after
ridging

Table 3 Comparison of the results of roughness

measurement
Ra(pm) Rz(pum)

Materials | Before | After | Before After
ridging | ridging | ridging | ridging
STS304 0.121 0.849 | 0.716 4.474
MH1 0.126 0.981 | 0.767 5.128
443CT 0.117 0.993 | 0.671 5.068
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Fig. 4 Comparison of the results of cyclic corrosion
test using stainless steel sheets and 25%
elongated stainless steel sheets
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present study by roll forming with different
materials
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Fig. 6 Comparison of the results of stiffness test using
multi-layer bellows

Fig. 7 Fractured 443CT multi-layer bellows after
fatigue test

Table 4 Comparison of the results of fatigue test using
multi-layer bellows

Materials Fatigue life (cycles)
STS304 500,000
MH1 500,000
443CT 350,000
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