297-287 yoye 9 oleuid (16 093 1395 H3T (yu) e Suilke Jwdie Alxo

R9)s ole dolinle _b=,

O W0 S0 (wigo = 5
VAR
mme.modares.ac.ir ;):{;’@,

1390 iS” S I a WT 8 50 Jadie Slow 10 Jlw Jlid oKl w)y g
Sl RS L T H6lus sy

3""30:“"“ A5 yo ‘*Zur"“L}'" a0 ‘1&""‘:"‘*"‘ »re

b b gy i o515 (Sl i ) (quli S (sorily -1
bl Glorsg (o dRA (Suile (pige lolinl -2

el e el eyl sty oMol o151 o8l (KMo pusitigo e)lyolisl =3
elyasi@nit.ac.ir <484 i, Gotio (b *

aSa Wlis OleYb!
dor 5l (o3 gl R RIDS2) Jlyo o o > (dg) caobs t g dg 2yl hdD D/t>20) Sibjlas sladly) (6)l5 w5 059l JolS (oo lia
B e gl glasel 5 Calsid Slyis ) 5505 b ol 1500 ol 3 (s3bwg o5 Lilln o )3 315y 25 slaanl 1998 St 0
o gld (B d)lge 3155 cpizman Wb (IR ()l Gloul ) g GIjEl edred Ay (S lidl 3 culis e ) 2y 1395 03';@?:;:]
oS 09 om0t Jyaie j) g ghaw glasel 9 (SuSsyr 8 lp Cmo 3 iblge BT B sl > (S0 0 il S8 b3l 4l
Joie 3l oslizial il S8 o3 B pled 4 (53)lsm 53 ol 3yl (Kiy o3 glad 5 ) £lad end Apgly edly) i &y Jyiio Sl hed oS (o5 s
wsllash 1y Sllas )3 cpl g amdie G125 Lzl o 1) Ay o)l (SABSL b aje  09dle (Jpate [ 090 lizz] e
310 g Jyg> S ()8 03 T8 5 Ui slotr (315 oo )L 5 dodly) Sin 9,00 dnags & 495 b b (g 53 G Ju 8

dgaze yladl (gjlwdnd

g S S 1l S T8 b g (565 IS5 a5 T 5 enli o il sliior cnlls ol 4B 3t
ol glis ond al)) Gimgss 5l odel sty ol ol 0dd (gilwdnnds LusS Ul 58l 5 dlawsgds (JBI Sl JLid g Jyaie b 3pnly g3 L aly)
e & s sl 31, 49 slys (S sl (g (S 5SS T8 5 Syt sl & (D Jlow L5 Sl
ol Jhtie b b &y s o B glisdl 3 0jlgyd (Sadpssus piSlas g glaiie pdaw glagel piSlis Lol isy o demn (6 pSodies

b oo
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Nowadays, thin-walled tube bending (D/t>20, D-tube diameter and t-tube thickness) in the critical bend
Received 08 May 2016 ratio (R/D<2, R bend radius) is a widely used manufacturing process in the aerospace industry,
Accepted 12 August 2016 automotive, and other industries. During tube bending, considerable cross-sectional distortion and

Available Online 24 201 ! ano : . . !
vailable Online 24 September 2016 thickness variation occurs. The thickness increases at the intrados and reduces at the extrados. Also, in

some cases, when the bend die radius is small, wrinkling occurs at the intrados. In industry, the mandrel

éﬁ{;ﬁsrﬁfa'w bending is used to eliminate wrinkling and reduce cross-sectional distortion, the choice of the mandrel depends

Mandrel on tube material, bending angle, radius tube and bending radius. However, in the case of a close bend

Internal fluid pressure die radius, using the mandrel is avoided. Because in addition to the cost of the process, with the mandrel

Finite element simulation the thinning of the wall increases at the extrados and this is undesirable in the manufacturing operation.
So, in the present study, with regard to development of tube hydroforming, internal fluid pressure is
used instead of the mandrel. Therefore, the purpose of the feasibility study, observation and analysis of
the formation of tube bending process, the tube rotary draw bending process with two of the mandrels
and the internal fluid pressure is simulated by software ABAQUS.
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Fig. 2 Multiple defects or instabilities in tube bending [3]
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Fig. 18 The effect of internal pressure on the tube wall thickness

Ayl ol Cles  Jls Jlas 3118 S

Gzl 3 o)l Canlis Bl o3 b o 5l lad o S
el 4213 2153l e s 0.073 alg) aly] Caslieds 4y s o2y

gl o)l (Sadipd 5 (SaiI iU s, S ,Las 51719 IS
3 a1l Aol jlas mldl Loso S e caslin e e lis |
20.87 4y 00,0 22.803 51 13y bl o Sodpess ax 0 JSubKe
JSablSe 3 4 0 5 L5l Jlad ilil b ppizmes .oy o LialS 0oy
el 00,5 oy 38l 0oy 14.2 4y 0o )0 6.943 5 SasSil ax o
SHESHL p Lol jlad o 36 ik 19 S o lajlaged o515
il e sl o)leyd  Sesed & Capas

o L5 Jlacl oty 26,5 ams Slyisn o fogad (s b
Gials (s gLl o onsl sgzga ssil> g ok g lid sl
ol oad axlb opl je Sadess el coge cplpln ol o
ol sl 5 o3l 5 g S slot 5 sl L et
a5 OB el o wygle sy |y AT slogti S
23,8 oo

S8l L 50x1x100 olel 4 AI5052-0 iz dgd 55 cpos
5 90,0 14.2 6 lgs SasS 5l Sl was)s 9.184 alaie g gl gl
anlp 0 SAE slabisl b Gilhe (sls bzl jo (SaSs g9
WdF PSS @t I Jlew jLid olren 4 Gl c22S (5S>
el

anlp e e gl 4 I3 Jlw lad 650 L wanye
0o y0 25.7 5 g o300 SabSh iSTas sl lygs S (g ,5 s
sialS 00,0 4475 soy S &S Cuwl Al alS s 142 4
Ol Jysse 3l eolaznl cdls a4y s alg )5 glisl o 1) Culks
(Jysie b 6,803 4 s (J3Is Jlow jLid ol ot 4y (5,505 Lol a5 0
AS1a g doy0 9.184 4 wsyo 4.307 5l alaie mhaw zlegel 2Slas
ol 0s 0 20.87 4y 0o )0 11.989 511 I3l bl o Fodpuss
3O > Bl bkl o STy obel Jlasl g cowl cols
Sles Jyoe b 6,05 5l it (B Jlew b olpen a4y o505

G515 Sl Ui ol y0b 43 65 0 39 o Casud e 51334
b osalie Jydie b 5,05 anT 50 gl (625 ISS 0925 gy 5o
G0lS L Ll o plosl Cibye 175 52 05 (sloces 5o Ay (550>
B bl o alyd FanSb aslas g 1.25 15 4 o3 e
Sl a5l i 4 aw, g0 oy 47.94 5 38.82 3211 4 sy

296



Vbl 9 ilodhw pala

G pd glubs by 3618 Gladly) SilrgS HbS SIS EA 34T rd )3 Usdie lads A1 Jlws Hlisd Ha)Sals w)

90 S S AR 0 gl (6 USE 05 0 b -2
Slad Jleel b ags 35 osalin (L3l Jlow jLid oljen 4y g
A5 5 S 35 4y B S Ayl il da b
Db oo Dby dlg) Al gLl o

o2 dod )5 b ol ol Shop el Al jlas poliel -3
ol adsl ylad ey (B Hla8 sliwly )3 o8 5 (sogee Shad sl o
b Gl 8 e o 28 el s 2l 5 0,5 o
a0 g Sl 1) ag) Jb bl o Sabpss ax 0 S5l
sl 536 Ll aes o aolidl |, ) bl o SassTt
i (S Sdeetts 4 Cand Ayl ojlgs FaaSL Sl jLes
Al o

3 Jyse by A3l Jlw lid o en 4y alg) (o S5 anslis -4
PP § o Cod G0 L s o plis el o slacad
2B bl jo dgd culis ol ol (o 5o Lyl ol
L o)Sps Uhgy @ ond o5 slodlg) cailin i pas Jule
Jhw JLid ol 4 )03 sl 0 Ul il Jjose
Wb o oS > )5 bl (o dd Culs  SanSiL A3l
L 55 canSh el alaa g glosel 5 (S5, ogee U

&1 -6

[1] M. Gregory, Tube Forming Processes: A Comprehensive Guide, pp. 72-110,
Dearborn, Michigan, Society of Manufacturing Engineers, 2003.

[2] The 5 basic bending tooling components explained, Accessed on 28 october
2015; http://www.tubeformsolutions.com/blog.

[3] H. Li, Study on Wrinkling behaviors under multi-die constraints in thin-
walled tube NC bending, PhD thesis, Northwestern Polytechnical University,
Chinese, 2007.

[4] H. Yang, H. Li, Z. Zhang, M. zhan, J. Liu, G. Li, Advances and trends on
tube bending forming technologies, Chinese Journal of Aeronautics, Vol. 25,
No. 1, pp. 1-12, 2012.

[5] A.V. Kale, H.T. Thorat, Effect of precompression on ovality of pipe after
bending. Journal of Pressure Vessel Technology, Transactions of the ASME,
Vol. 131, Issue. 1, No. 011207-7, 2008.

[6] A.Veerappan, S. Shanmugam, Analysis for flexibility in the ovality and
thinning limits of pipe bends, ARPN Journal of Engineering and Applied
Sciences, Vol. 3, No. 1, pp. 31-41. 2008.

[7] M. Zhan, H. Yang, Z. Q. Jiang, Z. S. Zhao, Y. Lin, A Study ona 3D FE
Simulation Method of the Bending Process of Thin-Walled Tube, Journal of
Material Processing Technology, Vol. 129, No. 1-3, pp. 273-276, 2002.

[8] J. Yang, B. Jeon, The Tube Bending Technology of a Hydroforming Process
from an Automotive Part, Journal of Materials Processing Technology, Vol.
111, Issues. 1-3, pp. 175-181, 2001.

[9] L. Heng, Y. He, Zh. Mei, S. Zhichao, G. Ruijie, Role of mandrel in Nc
precision bending process of thin-Walled tube, Journal of Machine Tools &
Manufacture, Vol. 47, Issues. 7-8, pp. 1164-1175, 2007.

[10] H. Li, H. Yang, M. Zhan, Y. L. Koy, Deformation behaviors of thin-walled
tube in rotary draw bending under push assistant loading conditions, Journal
of Materials Processing Technology, Vol. 210, No. 1, PP. 143-158, 2010.

[11] J. Wang, R. Agarwal, Tube bending under axial force and internal pressure,
Journal of Manufacturing Science and Engineering, Vol. 128, No. 2, pp.
598-605, 2006.

[12] L. Lazaresco, Effect of internal fluid pressure on quality of aluminum alloy
tube in rotary draw bendig, The International Journal of Advanced
Manufacturing Technology Vol. 64, No. 1, pp. 85-91, 2013.

[13] S. Montazeri, A. H. Gorji, M. Bakhshi, A novel technique for Push bending

of thin walled tubes in hydrobending, Modares Mechanical Engineering, Vol.

14, No. 12, pp. 190-198, 2014. (in Persian .. ,s)
[14] H. Li, H. Yang, J. Yan, M. Zhan, Numerical study on deformation behaviors

of thin-walled tube NC bending with large diameter and small bending radius,

Computational Materials Science, Vol. No. 4, 45, pp. 921-934, 2009.
[15] H. Li, H. Yang, Z.Y. Zhang, G.L. Li, N. Liu, T. Welo, Multiple instability-

constrained tube bending limits, Journal of Materials Processing Technology,

Vol. 214, No. 2, pp. 445-455, 2014.

297

PEEQ PEEQ
SNEG, (fraction = -1.0) SNEG, (fraction = -1.0)
(Avg: 75%) (Avg: 75%)

+3.126€-01 +2.654¢-01
+2.865¢-01 +2.433¢-01
+2A305e-81 +2.212¢-01
+2.344¢-01 +1.990e-01
+2.084¢-01 +1.769e-
+1.823¢-01 Tacot
1.548e-01
+1.563¢-01 +1.327¢-01
130201 +1.106e-01
+1.042¢-01 % .
+7815¢-02 v et
6.635¢-02
+5.210e-02 +4.423¢-02
+2.605¢-02 g, x +2.212¢-02
+0.000¢+00 +0.000e+00
&l (a
@ () )
PEEQ PEEQ

SNEG, (fraction = -1.0)
(Avg: 75%)

SNEG, (fraction = -1.0)
(Avg: 75%)

+3.892¢-01 +3.392¢-01
+3.568¢-01 +3.109¢-01
+3.243¢-01 +2.827¢-01
+2.919¢-01 +2.544¢-01
+2.595€-01 +2.261¢-01
+2.270e-01 +1.979¢-01
+1.946€-01 +1.696¢-01
+1.622¢-01 +1.413¢-01
+1.297¢-01 +1.131e-01
+9.730e-02 +8.480e-02
+6.487¢-02 +5.653¢-02
+3.243¢-02 +2.827¢-02 1
+0.000¢+00 +0.000¢+00 ¥+ X
s) (d
@ @©
PEEQ
SNEG, (fraction = -1.0)
(Avg: 75%)
+5.388¢-01
+4.939¢-01
+4.490e-01
+4.041¢-01
+3.592¢-01
+3.143¢-01
+2.694¢-01
+2.245¢-01
+1.796¢-01
+1.347¢-01
+8.979¢-02
+4.490e-02
+0.000¢+00

()
Fig. 20 Equivalent plastic strain changes in Bend ratio a-2, b-1.75, c-
1.5, d-1.25and e-1
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