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One of the bellows producing methods is hydro forming process.
Some factors of hydro forming process such as internal pressure
and velocity of die close, can affect final characteristic of produced
bellows such as thickness distribution. One of the most important
parametersof control in bellows is wall thickness distribution. In
this paper, the thickness distribution of produced bellows and the
effect of hydro forming process parameterswas investigateusing
analytical and experimental methods together with finite element
simulation using ABAQUS/Explicit FEM software.The results
which are obtained from analytical, experimental and finite element
methods showed good agreement with each other. Prediction of
thickness distribution of bellows using applied FEM method in this
research could be used as a basis of designing a new type of the
metal bellows.
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Table 1. Chemical composition of tube 316L.

C  <0.035% Si <1.00%
Mn <2.00% Cr 16-18%

P <0.045% Ni 10-14%

S <0.03% Mo 2-3%

5 abl (a8 SalesT elad ) (SOl ol =Y Jgde
316L Ay SKasl o i

Table 2. Material properties dimension of and
friction coefficient of tube 316L

Material constant Symbol Value
strain hardening exponent n 0.456
stress intensity factor k 1277 MPa
Ultimate tensile strength UTS 885 MPa
Yield strength YS 232 MPa
Young’s modulus E 200 GPa
Poisson’s ratio v 0.33
density P Kgg/onoﬁ
initial radius of the tube r 6.1 mm
thickness of the tube t 0.12 mm
initial dls(ti?zl(ziei Sbkestween the D, 7.5 mm
thickness of the die disks tq 1 mm
length of the tube Lo 100 mm
coefficient of friction u 0.05
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Fig. 1. Schematic diagram of bellows production
die using tube hydro forming process (a) before
closing of die disk, (b) after closing of die disk
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Fig. 2. Strain-stress curve of tube 316L
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Fig. 3. Thickness distribution of bellows based on
FEM
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Fig. 5. a) Produced bellows,b) bellows cutting , c)
bellows mounting
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Fig. 4. Thickness distribution trend of bellows
based on FEM

S PS P 4 ke e i (g 20
ki bl @ aalad Calbis m58 Sl Gl
GSel Ul Gla ) wuls s 0350 oS 5 ol
S SeI1 S ol by A2l e sslial LG J gane
sl b g ankad Lzl 0 K3 ile Sl i
oy Caad 53 4 (G ka8 g 3 ISl o Kas
ol 05 i ) 8 S phaie e 3530
ile s 5 (BI0A s B GRIB 5 B S el
ol sl Culbs oas (6,8 T IS s ss e
Lopsml Ay S P S s S Sl bl Ly sdd
5 s b Cilie ol ge A 3 (6 - Sel]

a3 QLIS 1 Ssky ol

\YAQ Ql:mb' s e)L«.’L ‘(-35 Ju G)‘}A rl""‘if‘:"

WWW.SID.ir


www.SID.ir

M. Arabbeigi et al., Journal of Materials Science, Vol .2, No .3, 2010, 4-13 11

PN RSN RLEE 1 WIGIVIEIV SV L SRS PR E
Muﬂ j‘<ﬁ"\'<'.’. L) ga.,\AT Cews ;5")}5 9 d9dowe Ol
> gA>ea Qu' c_{b w.)Lﬂ M:L;a olis GLU ol 0

s sy o Bl e Slilel 5 e

Doy A el Cowds Slgnls o anslas —Y Jgd>

Table 3. Comparsion of thicknesses distribution in
three applied methods

Analyt Experiments Finite Method
ical element
Thickn:
32.5% | 33.35% 39% e ness
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Fig. 6. Measuring of thickness by optical
microscope, a) internal diameter and b) external
diameter
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