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Performance evaluation of the forming methods used in the production
of bellows for LNG carriers 1

- Comparison of design methods and mechanical properties of bellows -
Pyung-Su Kim' - Jong-Do Kim'
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Abstract: Bellows for LNG carriers must be corrosion resistant in order to operate in seawater environments. They must also have
long fatigue lives in order to withstand the expansion and contraction caused by large temperature changes and continuous vi-
bration in extreme environments. In order to incorporate these properties into bellow design, it is important to use materials that
are resistant to cold brittleness and corrosion, and maintain their optimized forming condition. The design conditions and forming
methods used for bellows must be optimized in order to incorporate these characteristics. In this study, finite element analysis was
used to develop cryogenic bellows, which have good mechanical strength and reliability. In addition, two different forming meth-
ods (mechanical and hydroforming) were used to design and produce bellows, in order to derive their forming condition. The
height, thickness, and hardness of the convolutions of bellows produced by each method were measured and compared with each
other. The results confirmed that the two forming methods produced bellows with different mechanical properties.

Keywords: Finite element analysis, Mechanical forming, Hydroforming, Mechanical properties

1. A & 7% Fuh dubdow Aubg A9 MEe=o A
an]ihoi‘z—% x_";gl.a_‘_‘:, cé] ] ]/H\: )gﬁ :rLi Bé]i—?*z. EIMA J’%é}% 9—%%?} /‘]’%iﬂ' 7332& va'g’oﬂ T"}Zﬂ7]’
ARG Sol ] WA EIMA NS Agate] AAg WA ING AmE 49 dugne] A 18 oA

G
o o] EES ARSI 2Bt AdsEa Qe a  THEEH B
o A=, Ado] et 8-S Aalste] WE Holthy. L = 7= AvE Y il
A A2 e=o) AEHIAE FAANN AFE-§Eol W AAgE sk vlstel E4(hogging 3 A7

g Sio] thzn] oo uje} el G FAe] gl (asgingE WEHARRE AT

I

T Corresponding Author (ORCID: http://orcid.org/0000-0002-2125-0426): Division of Marine Engineering, Korea Maritime and Ocean
University, 727, Taejong-ro, Yeongdo-gu, Busan, 49112, Korea, E-mail: jdkim@kmou.ac.kr, Tel: 051-410-4253
1 Hanjo Co., Ltd, Engineering Center, E-mail: pskim2000@chol.com, Tel: 051-416-5266

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © The Korean Society of Marine Engineering



o
o,
iy

‘0,
i
$
©

A oox > # oot zo (H

+ EIMA @39 xFE Al
el g Alg wlg

N
L’
rE
Lo
T
[-40
o
o &

_OL
2
o
o
il

(M 2 9
it}
i)
fitl

z Jo
[N
ol
ox
2

z 2
p{g
0
N
X

(mechanlcal) 2L ’3}01
@ato] 43}

#
4 vmsgn,

o
ot
N
A
tlo
b
i
ob
=
oX
o ==
e
lo,
N
[N
o

2.1 §steA HAAXA
LNG Auhg Wz g-=o] 714 7|22 Q] el slo]Loj
AR Mze=E SR FEHEA, Wkl fEskA @
29-27} do] o] WAl HatAY o] o)Al 55
g0l a2 p-zo] o] AAHYE HAA &5
M2 Q== gho| 27t Gof| o]t A FEHAE st

= ooag e 2 W9 ey flake dold e
o T} w9 GRS kS ALESlT) Wzgze V)3
84 Ge FuPolm, sFEol & W afFol )
el Agol & v1Fe) BalolAw, sk, o 8%, % 4
7_]— KeN

3

3T
A s

ANSYS Mechanical APDL ver. 15.0& AF&-3}it}.
w2 9= AAgA 7] 23 7|54 225 Figure 19

A
UERATE M2 9-2= 0.8mm AAE 23S ARl At
T 104 AYeelen, Ak IXE 28.0mm, Folv
29.0mm= AAEIE w3l ek Aol Fid] whedd
T AESE FANFER 49 a4TS Ao, &

_>4i
.

B
2 1709 Z71E 3 WS 02 mmE S, A 34,72070
o a4= FAEAT. Atel ARE-E SUS316L A&el o
3 SE.HEE AEE Figure 29} 2Y HAAIGE 195
GPaO]_TL SHE-5-22 300 MPao|t) ®R29-= Aol 235 AL
wElEe] Qo HAFZAAI HEE  Targetl699F
Contactl75 845 ARE-3le] RAFSIGITE 1699 175% &
A AEFAAE vt 93] Fom AFEE HEe s
9] 7‘%@0] Elrﬂ]o_/]k_g] Z‘]XJ/\}.O]E ZIH &=
1345]01 %ﬂx%oi 7_]1 Juﬂo] ) Z ) o];g
3HA] ZEtes g v ME9-=0] A9
A A S HE AUt HetER o)E
3 Mol HE A AAdoF sl f3t

AL M2 9-=7 Y& Wako 7 ERo|Y(troidal) 3

.

fllo
w W o]
N o,

r
B A
o <m O

o
o o

(

o}
i)
N

S g

fo L ot
ot B o

o,

)

ofl
o
[o
o
=
%0,
N
2
Mo ©
S
. =
rjz
}-\:1
mﬁ_-
[ ot X
lo
=<
m
=4
o
o
fru é [N

oy

o
1

OO ®0 00606 O

_ meﬂﬂ

Figure 1: Geometric model of LNG bellows
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Table 1: Compositions of STS316L & INCOLOY825(wt.%)

Element(wt% . . .
C|Si|Cu|Mn|Ti|P | S |Ni|Cr|Mo|Fe
Materials
STS316L [0.02/0.46/0.31]1.67| - |0.020.003[10.0{16.6]|2.11|68.9
INCOLOY825/0.0080.50]1.80(0.40(0.8210.0170.00140.68022.96/3.2529.25
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Figure 8: Schematic illustration of forming process of bel-
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Table 2: Measurement position and measured values for thickness of convolution formed by mechanical forming(mm)
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Position
- 1 2 3 4 5 6 7 8 9 10 | 11 | 12| 13
Specimen
No. 1 1.6 | 1.4 |1.378|1.445]1.578]1.533]1.556|1.511|1.622| 1.4 |1.422{1.445| 1.6
No. 2 |1.533|1.378|1.355| 1.2 [1.578|1.555|1.489|1.489|1.556|1.356|1.289(1.266|1.578
Table 3: Measurement position and measured values for thickness of convolution formed by hydroforming(mm)
Position
- 1 2 3 4 5 6 7 8 9 10 11 | 12| 13
Specimen
No. 1 [1.666|1.576|1.644|1.666|1.666|1.756|1.734|1.644|1.644| 1.6 |1.688(1.644/1.666
No. 2 [1.666|1.622|1.689(1.644|1.733|1.734|1.711|1.688|1.711]1.688|1.733(1.644{1.688
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Figure 11: Microstructure of formed bellows by mechanical

forming

Microstructure of formed bellows by hydro-
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