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ARTICLE INFORMATION ABSTRACT

Original Research Paper Bulging with elastomer tool has been used in the production of integrated hollow parts as one of the
Received 21 July 2016 flexible forming methods. Nowadays, most industries such as Aerospace and military are using flexible
Accepted 09 September 2016 die forming methods due to their flexibility, high quality and lower cost. In this research, finite element

Available Online 09 October 2016 simulation has been implemented by ABAQUS software to investigate the behavior of stainless steel

304 tube bulging process using elastomer tool. By comparing the geometry of deformed tubes in

'éi‘ggﬁrgf'experimem experimental tests and simulation results, the FEM model was verified. The aim of this study is to
Finite element simulation determine the process factors and their effects on the average thickness and depth of bulged tube. In this
Tube bulging regard, design of experiment (DOE) was performed using a full factorial method and the results were
Elastomer interpreted using analysis of variance (ANOVA). Also, a regression model was presented to predict

Stainless steel 304 these responses. Results showed that among the studied factors, friction (between tube and rubber),

rubber height, punch displacement and tube axial feeding have significant effects on the process.
Finally, the optimal values for significant factors were presented.
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Fig. 2 True stress-strain curve of 304 stainless steel tube
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Fig. 3 Set-up of tube bulging [10]
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Fig. 10 Normal plot of the effects (response is thickness average)
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Table 4 Analysis of variance table for thickness average with center
point
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3 O ey PN &l
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7.92 0.000 49 x 107 1 F
0.77 0.019 5x107° 1 BxD
0.80 0.017 5x107° 1 CxD
8.93 0.000 55 % 107® 1 DxF
0.01 0.771 7 x10°° 1 Curvature
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Fig. 9 Normal plot of the effects (response is average of bulging depth)
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Table 3 Analysis of variance table for average of bulging depth with
center point

RPN a0
g5 P i Slaye ggome sal3l &b
0.46 0.013 1x10°° 1 A
0.48 0.011 1x10°° 1 B
0.33 0.036 1x10°° 1 C
81.79 0.000 154 x 107* 1 D
1.10 0.000 2x107° 1 F
6.65 0.000 1.3x107° 1 CxD
0.44 0.015 1x10°° 1 Curvature
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Fig. 12 Effect of axial feed on average of bulging depth and thickness
average

Lo coalied g pobloil glis | g s als) (o 5me adis 3l 12 JSC&

)

0.80F /,/'
€ o079} e
\E/ ,// Punch
2 -7 Displ t
g 078' r/ |spaceme3no
2 —a—. 50
< 077}
c
3
= o.76}

0.75k L .

0 10

Axial feed (mm)

Fig. 13 Interaction plots of parameters on thickness average
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Fig. 11 Effect of friction on average of bulging depth and thickness
average
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Fig. 14 Interaction plots of parameters on bulging depth
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Table 5 the optimum of effective factors
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