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Bulging with elastomer tool has been used in the production of integrated hollow parts as one of the 
flexible forming methods. Nowadays, most industries such as Aerospace and military are using flexible 
die forming methods due to their flexibility, high quality and lower cost. In this research, finite element 
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 
experimental tests and simulation results, the FEM model was verified. The aim of this study is to 
determine the process factors and their effects on the average thickness and depth of bulged tube. In this 
regard, design of experiment (DOE) was performed using a full factorial method and the results were 
interpreted using analysis of variance (ANOVA). Also, a regression model was presented to predict 
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. 1 Schematic of symmetrical free tube bulging with elastomeric rod 
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Fig. 2 True stress-strain curve of 304 stainless steel tube 

2  -   304  
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Fig. 4 Comparison of FEM model and actual deformed part [10] 
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Fig. 5 Comparison of Strain distribution in FEM model and 
Experimental test in a longitudinal path of tube  
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Fig. 6 Schematic view of deformed tube 
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Fig. 8 Residual versus fitted value plot 
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Fig. 9  Normal plot of the effects (response is average of bulging depth) 
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Fig. 13 Interaction plots of parameters on thickness average 
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Fig. 12 Effect of axial feed on average of bulging depth and thickness 
average 
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Fig. 14 Interaction plots of parameters on bulging depth 

 14  D C    

 5   
Table 5 the optimum of effective factors 

    
) A(  0.1 

) B( 0.05 
) C( 150 

) D( 50 
) E( 5 
) F( 10 

) G( 40 
 

 
1  .

 
 . 

-
  

 .2 

5  .
5 4 0.8   

 .  

-6 

304  .
  

 

) B()C) (D (
) F ( 

1 Response optimizer 
2 Desirability 

 

) 82%)  (62% ( .
 

 

 
 30 

50 
19.5% 

 . 
 30 

50 

3%  
 

  .  

7 -   
[1] M. Ramezani and Z. Mohd Ripin, Rubber-pad forming processes. 

2012. 
[2] M. H. Dirikolu and E. Akdemir, “Computer aided modelling of 

flexible forming process,” J. Mater. Process. Technol., vol. 148, no. 
3, pp. 376–381, 2004. 

[3] M. Ramezani, Z. M. Ripin, and R. Ahmad, “Computer aided 
modelling of friction in rubber-pad forming process,” J. Mater. 
Process. Technol., vol. 209, no. 10, pp. 4925–4934, Jun. 2009. 

[4] M. Kalantari and H. Bisadi, “Numerical and experimental analysis 
of the effect of die and workpiece geometry in Bulg-Forming 
process of T-shape tube,” in International Conference on 
Manufacturing, 2010. 

[5] M. Kalantari and H. Bisadi, “Numerical and experimental 
investigation of friction in Bulg-Forming process of T-shape tubes,” 
in International Conference on Manufacturing, 2010. 

[6] A. C. Girard, Y. J. Grenier, and B. J. Mac Donald, “Numerical 
simulation of axisymmetric tube bulging using a urethane rod,” J. 
Mater. Process. Technol., vol. 172, no. 3, pp. 346–355, Mar. 2006. 

[7] M. Ramezani, Z. M. Ripin, and R. Ahmad, “Sheet metal forming 
with the aid of flexible punch, numerical approach and 
experimental validation,” CIRP J. Manuf. Sci. Technol., vol. 3, no. 
3, pp. 196–203, 2010. 

[8] A. Mahshidifar, “Numerical and Experimental Study of Parameters 
Affecting Metal Forming Using Rubber Pads, on Parts with Radius 
of Curvature,” Int. J. Adv. Des. Manuf. Technol., 2013. 

[9] A. Vafaeesefat, B. Davoodi, and B. Zareh-Desari, “Experimental 
Investigation and Finite Element Simulation of Effect of 
Mechanical Properties of Elastic Cushion on Spring-Back in Multi-
Point Forming Process,” Mech. Period., vol. 11, no. 2, pp. 63–73, 
2015. 

[10] H. Ghaforian Nosrati and M. Gerdooei, “Experimental and 
numerical study of friction in free bulging 304 stainless steel 
seamed tube using elastic pad,” Modares Mech. Eng., 2015. 

[11] M. F. Naghibi, M. Gerdooei, M. B. Jooybari, and A. Gorji, 
“Experimental and numerical study of formability in stainless steel 
304 tube by hydroforming process,” Modares Mech. Eng., vol. 14, 
no. 13, 2015. 

150130

4.0

3.5

3.0

2.5

2.0

1.5

1.0

Rubber height (mm)

M
ea

n 
bu

lg
in

g 
de

pt
h 

(m
m

)

30
50

Displacement
Punch

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

10
.3

3.
4 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

24
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.10275940.1395.16.10.33.4
https://mme.modares.ac.ir/article-15-6684-fa.html
http://www.tcpdf.org

