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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{}';zrgf: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
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.

Stainless steel 304
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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

RW-pRY P 1y FESY

b I Slapgen ] e
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61.62 0.000 381 x107* 1 D
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 x 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 R jlis Slaje ggoe sal31 &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 x107* 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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Average of bulging depth =
0.002462 —0.0000834 + (0.000084)B
+(0.000069)C + (0.001097)D + (0.000127)F (5)
+(0.000313)C x D
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Fig. 12 Effect of axial feed on average of bulging depth and thickness
average
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Fig. 11 Effect of friction on average of bulging depth and thickness
average

gl Lo clins 5 pobloil glis | Lawsgie 55 SISlasl 56 11 S

10 ojleiis 16 095 1395 s LA Sulk Adlse b dud


www.sid.ir

UbleR 9 (5 00 lgss s

& rogianV )lial 1 o Slaianl by 304 o355 s3Vgd alg) SHT L Sblusl Jelge 5l w22

W) bwgie Gliee y Foe Jole G Glyie @ a9ty Oliee @
) ogd oo aislis (629%) dg) lawgio cualius g (82%) (caslolul
ol Sl sl ansls sgmy blie S Jalse o 51 a5 Lol
Sorba Ol Jale Sl s 4 g wims oo Zewsd Sl 395 Coreal
Jlie SIS Ay (5970 435 g S gl )l ol e 4 acis
05 8 iyt e LT hliie Sl3 b I wiien NS 36

oo Olie i (50 ke 30 (59t yo S i)l (MIBAIL e
Grosks 50 (s9yi0m jo a5 el Jbo o cpl caidly oS lawgis
oo ialdl 105% Jlade a4y moblas! gl lagie (e die
by

30 9yt 5o Ay 6y9mme s AIPIL W) bangte Culs 5 e
50 st ,0 (Jy 800 E) (7P B St S ta e
@ hogle Calrs @yl 5)9me wds Rl L ae s e ke
b oo 213313% 5o

ol @b bele LialesT ohb o Sl alai coll 5l oslinal L @
9y » pAl> g )3 (ewyp Sy9e Jelse Jl a5 cul pl saaas
eobo Jilas bl 13 sl oo Lol lls 5 sog a3 bageuls
Oy mls cds sy BB LSU

&lp-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,” CIRPJ. 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.

10 o losis 16 ©)93 1395 s codIde Suille Swiie

4.0} _a
£ 35} -7
£ -

- Punch

%. 3.0p Displacement
o —_— 30
225 —a- 50
k=
3 20}
8
<15 \

1.0k L L

130 150
Rubber height (mm)

Fig. 14 Interaction plots of parameters on bulging depth
alg) poblusl gl lawgie »C gD Jolse hlate ol 3114 JsCi

sl fse Jelse digy Jaie 5 Jguar
Table 5 the optimum of effective factors

Age e Jolse

0.1 (A) B 5 ) r SSaol
0.05 (B) S g gl o Slaol o o
150 (C) S glis )|

50 (D) asis (55, Ol

5 (E) B as5 glas

10 (F) 4g) (5,50 255

40 (G) s ot 4L Jsbo

bl ol el 005 gy st 3oy o Tl Sleatg
3 5 Siletinge @l Sleddats 5l (S5 A o (el Saa
Orzmed g dg) aoblagl glay )l anciy g ol G o> b Al
ol 99l 45 ol &y dmgd el o iy o al) Coalies aniy sl
Ter 6 el A e (S 3 Al g Wl RaSs 95 oS ]
FB (b @ bl 51 S0e o5 sges SN (Gl b Bl s
23 s3yls ol hogllnn o g, ol bl il Cess Sullan 51 Jod
ol el Aty S 4 ey sl Sl 51 Se e sl ol Sole
agy slaypellb 8,5 a5 o b adbise cvelie LB 5 Jgax 0 g
@dblcdl el iSlas lp i 5 4 o e 08 94 polie S Jour

28l sl Cens Ayl Lagie Colis iSlas 5 alg)

S 5 A6

Jolis gt ol3T ¢ lie mobolucsl oyl 3 y0 Jale can 36 Gudos ol jo

Se¥ el (S s sl e Shsl B g g e SIS

>l Jsb 5 Ay ()50 @l (B alsS eled s 59ty Olie

©¥sd gl aobliil el biwgie 5 Lawgie caalis 5 IS5 0w

L.Cd 5 518 (omyp 3590 S99t Tyl by, 0 (loannd 304 (555

el o ol ) zls (b ly Julos s Ll b, 5l ol

SBhasl cope Jole Sz Sl 55 Jalge o 5145 w05 ovalie o
(D) a5 5 C) SV lis | (B) SV 5 gl

il e yiyobins (F) gl (5,550 a0dis

! Response optimizer
2 Desirability

198


www.sid.ir

