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Shape Optimum Design of Ship’s Bellows Using Statistical Method
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ABSTRACT: Bellows are mechanical components which prevent the damage of system by absorption of the vibration and the
displacement of axle and radial direction. Thermal piping system is expanded by the fluid of the high temperature from the heat engine
inside. At this time, bellows prevent the damage of the piping due to the thermal expansion. Recently, design of bellows is required to
fit some other operational environments which are not suggested in the EJMA code book. And it is difficult to produce and to
maintain bellows of high temperature and high pressure because of its complicated shape and this causes the manufacturing cost to rise.
The objective of this study is to determine optimum shape of bellows which can endure in the high temperature and high pressure. The
maximum stress has an effect on the fatigue life of bellows, therefore it needs to be minimized. This study attempts to find a shape
which minimizes the stress occurring in the bellows by the design of experiment. The model used in this study is not presented in the
EJMA code book, therefore, from the result of design of experiment we find the factors which give effects on the characteristic value
and we presents the recession model using the RSM, which can predict the characteristic values depending on the change of factor

values.
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Fig. 1 Design variables of bellows
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Table 1 Specification of bellows

Design parameters Unit  Value
Diameter of bellows (in/out) mm  300/325
t (Thickness of bellows) mm 1.0
t. (Thickness of pipe) mm 12.5
HI (Height of bellows 1st convolution) mm 6.25
Rm (Mean radius of convolution) mm 6.25
A (Angle of 1st convolution and 0
middle convolution height)
Lt (Welded part of pipe and bellows) mm 20
Table 2 Boundary and load conditions
Conditions Unit  Value
Design pressure MPa 05
Inner temperature C 200
Axial deflection (compression) mm 25
Lateral deflection (+Y direction) mm 2
Left part of bellows Fix

. Deflection
Fix

Fig. 2 Boundary and load conditions model for analysis

Table 3 Factor and levels used in analysis

Level
Factor
0 1 2
t 0.6 08 1.0
Hi 10 125 15
Rm 425 6.25 8.25
A 6 8 10
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Table 4 Initial analysis of variance of von-Mises stress

HN

Des.ign DOF S Vv F P
variables
t 2 207234 103617 756.77  0.000
H1 2 213798 106899  780.75  0.000
A 2 343138 171569 1253.06 0.000
Rm 2 1087131 543566 3969.97 0.000
t *HI 4 7082 1771 1293  0.000
t*A 4 2513 628 4.59 0.012
t ¥Rm 4 106033 26508 193.6  0.000
HI1 *A 4 2823 706 5.16 0.007
H1 #Rm 4 49958 12490 91.22  0.000
A *Rm 4 2986 746 545 0.006
t ¥HI *A 8 334 42 0.3 0.953
t *HI *Rm 8 6878 860 6.28 0.001
t ¥A *Rm 8 2471 309 2.26 0.079
H1 *A ¥Rm 8 253 32 0.23 0.979
e 16 2191 137
T 80

Table 5 Edited analysis of variance of Von-Mises stress
Desi, DO
varifbjes F > v F P
t 2 207234 103617 789.67  0.000
H1 2 213798 106899 814.68  0.000
A 2 343138 171569 1307.53 (0.000
Rm 2 1087131 543566 414252 0.000
t *H1 4 7082 1771 13.49  0.000
t*A 4 2513 628 4.79 0.003
t ¥Rm 4 106033 26508  202.02 0.000
H1 *A 4 2823 706 5.38 0.001
HI #Rm 4 49958 12490 9518  0.000
A *Rm 4 2986 746 5.69 0.001
t *Hl *Rm 8 6878 860 6.55 0.000
e 40 5249 131
T 80 2034823
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Fig. 3 Main effect plot of maximum stress for each factor
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Fig. 4 Interaction effect plot of maximum stress for each factor
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Fig. 5 Main effect plot of volume for each factor
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Table 6 Factors and levels used in response surface method

Level
Factor
-1 +1
H1 10 125
Rm 5 7
A 4 6

Fe A% FAN g A 2719 0622 TN W
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