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ABSTRACT

The mechanical properties of bellows, such as the extensibility and the strength can be changed depending on

the shape. For the shipbuilding material, it is favorable that the fatigue life is long due to the elastic property and

the reduction of thermal stress in piping system. Nowadays, the domestic production and design of bellows are based
on the EJM.A Code. Therefore, the design standard is in need because of much errors and lack of detailed analysis.

In this study. it is attempted to find out the optimal shape of U-type bellows using the finite element method.

The effective factors, mountain height,

length, thickness, and number of mountains’ and the length of joint are

considered and the proper values are chosen for the simulation.

The results shows that if the numbeg of mountains are reduced, the volume decreases while the stress increases.

However, the number of mountains are increased, the volume increases above the standard volume and the stress

obviously increases. In addition, the effect of the thickness of bellows on the stress is very large. Both of the volume

and stress are decreasing at a certain lower value region.
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Table. 2 Load conditions of U type bellows
Lo 6000
Standard of design life cycle
{cycle)
Design pressure 0.2(MPa)
Fig. I Geometric model of U type bellows . ‘ Temperature 220(T)
Fixed design
2.2 Hl_al_DIE_l E% variable Cylinder diameter 154/165
(IN/OUT) (mm)
lﬂ]i © 2z Eﬂ_,] ]7“§}-E _(]6} desngn parameter Tc (P)pe thiCkl’ICSS) 55(mm)
= Table. 1o} UElAT. 242} 9) parameter= ¥R
Szo] Z) Wg oz o] Ty wxE, Ay F9 Axial compression -28(mm)
FA A, Al A a7 R 2 P} o 71 A A Displacement Axial . 28
o Are Y AFolmZ 6 7, 8709 A A laod xial extension (mam)
2 3 A A A=Al wrod® AAW
= tolch wehx #ab H Az grdg 2A Lateral Y/Z 4/4(mm)
¥ Tb, Rm, HH o]t}
Table. 1 Design Parameters and initial values
3. 42 e=0| XXHMA
Design parameters Initial Value
30 HHHH F@As
Tb (Bellows thickness) 0.8 (mm)
i Minimize :
Rm (Radius) 25 (mm)
HH (Height) 25 (mm) flz) =2n NHH(HH+24)
Rm+ T (l) -
NN (Convolution number) 7 [/ (1+ V(Rm+ Yb)z*rﬂz )dx
0
mn
— (1+ vV Em®—2%)dx)
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Table. 3 Range of design variables

R
ange Initial Lower _ Upper
D.V. :
Rm (mm) 6.25 55 7.0
HH (mm) 25 22 28
—
Tb (mm) 0.8 0.6 1.0
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Table 4 Result of size optimization

- —
Convolution number

NN=6 | NN=7 | NN=

D.V. and OBJ
Rm {(mm) 6.62 | 6.78 | 6.99
HH (mm) 26.39 | 26.06 | 27.97
Tb (mm) 0.63 | 0.64 0.6
VTOT (mm) 114660 130930/148530

Volume of Reduction (%) | 15.4 34 9.5

Maximum stress (MPa) 599.54 149795 [ 402.28

Stress of Reduction (%) 52 213 36.4
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4. 48

At dleez=e) ) Jhx) AW Bahol
A 89S A7 A% HAstE FPsigia,
&9 2o 2os 2dn

() RER$22 29 A7t 7740 B¢ 47
B A} ¥, 89 g JEeR ad HHg
AR A e AFr 2 A Fde Za
st FEol Fbsin, Abe 7HT7} solde §
e A gadht F97) JER g sy
= 235 24

EAYESF Rm & HH = gol Z7HE42
o=y 37t solus de] dleomz
APE g 5ol ufet AL o]& AA Al mH ol
g Roz rch

() lv:”

OEI.Q.
o AT

() WE§22) 7 o AA A 4y 2 4%

& vlAY, AATAAA BastEM g3 RoE

RF ZaAgn getd 2meze 274 A 48

@ AANG ol2R § F A= Tael ol

B8 AN AT Do Ao Agad
anes

1. M. Radhakrishna.

vibrations

C. Kameswara Rao.. "Axial

of U-shaped bellows with elastically

1306

w

. S.W.Lee:

- E2RY.

restrained end conditions,” thin-walled structures 42,
pp.415-426, 2004.

"study on the forming parameters of the
metal bellows." journal of materials processing

Technology(130-131). pp.47-53. 2002.

. Lu Zhiming, Tong Shuiguang, Qin yi, Fang Deming,

Gao Zengliang. "In-plane instability tests of bellows

subjected 1o internal pressure and deformation

load.”, International Journal of Pressure Vessels and
Piping 79, pp.245-247, 2002

. Satoshi lgi, Hiroshi Katayama, Masanori Kawahara,

"Evaluation of mechanical behavior of new type
bellows with two-directional convolutions." Nuclear
Engineering and Design 197, pp.107-114, 2000.
A P4 RE WR9Z §
Hardd I FRAYAAT Bgca A4
e, 1995.
WY, WHT, ARGz 0P f8
N mzaw @ 3uae Aus PR
A, @A =E A4 A 218 8%, pp.
1195-1208, 1997.
Wi, /‘1%@
LA 5EFRAHL
f‘P%ZPEZ}*E}iﬂ{%%‘J A3A A6s.,
111, 1995.

e
333

o
&

o



