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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.

S 9 il gl silu i Ladlga (ilulenlsn i aid iy donio -1

loaly) Lo ons Jladl (slad als 5 o35 (als dlae el 03,5 by lis o (glosyind s 05 b Jar slodly) oS0 059,

Please cite this article using: “awlod o3l 13 @yle 3l lis (il & gloyl gly
J. Soleimani, M. Elyasi, M. Hoseinzadeh, Embedding of internal fluid pressure investigation in mandrel through tube rotary draw bending of thin-walled tubes with critical
bend radius, Modares Mechanical Engineering, Vol. 16, No. 9, pp. 287-297, 2016 (in Persian)



Vbl 9 ilodlw pala

Gz b glab b U1 Slaaly) SilygS b I A 34T 8 )3 Updde SLads A1 Yl Hlisd (sl w)

Wiper die

Pressure die

Fig. 1 The main components of rotary draw bending die [2]

[2] 5o o255 55w B (ol sli2l 1 g

s SUES 5 clie wh 53,5 e Ll 03,5 55l FuSsr
Sl o 5,505 saly) ghie ax o [5] wb wsles oy 1L
aalgd i (I3 glayled o o] Cuaglie wil 5005 (59,0
gl il ands el (S woB 50 (SHASTHL GRS S I 0n
[6] o535

s i e el zlosel alins (53, Gliine LIS 5
3 5 oty plal i ) 55 4518 55 T3z 5 0l
S sladlyd sl 1, oy gse LS (5505 aslp [7] ol e
S o gly GRS LS ws S csalin lap s ST (jluand
S Lol cassle a8l Swl >, bl jo 0)lgys asS 3L iSTas
b oo Gl ad O seds (J3ls gLzl (o o jles ot iSlas

ol 4 Gy iS5 anlp iluans L [B] 955 5 KL
Seo5 ol w4y alg) alade «Jy0ie b p3 3 90 50 4 Wi, A
WOl az g BB Wil oG9y slizal jo culbrs als Lol iailsee (S

Jyl o0 CoS p 1y e glaylly 51[9] ol Kem y Sin
basdl o gl iaiols J18 sy 0550 (go0s JPBS g5 4 S0 o
So03 RSy 4 gulen 2S5 (o)lad ot Jyane Hhad iliEl
5l ke g goas S5 )0 anld e (SaSsr 5 wisdie
n ol 4 gl el (sl g (wlas) ojgmms 50 (g Lad (sla s
FoS dgad ;0 Sy hled @il g8 ,5 Jjaie yhd az e wiagw,
SN p3 anl b 50 aezle 352 L0l b ) Ktngy o 05 e
dozbo ol b alg)  SuuSg 2 cis S sanlin g wols 1,8 auglie 9,50 1)
Jazle3 52 L )50 wnlp 0 Sy a Jlo o wms e 2,150
Sl Gl L ahaile mhav (39 S9nld pas Olime Geizes 39500
Ao ol baszls

glads b alg) Slgs 285 5,505 wnld e [10] olises 5 I
oaaad Jo (595 Glyieds 1) 0uiiS Cusl 5 (5)L8 B S5 )55
B e a4l o ool Gl oz a iz S Sl s) 4 6 e
S ige ekt Ay 6503 bl sy sl ol i o] s s S
Cillas &g 00LS s 5 5 e (g ylid B el i )lid I3
iS5 B slp (oS oajlad S plyedr Wlgioe lojen
D5 08 5 54 S3U Jlas gl Sl g0

Sl 5 Ayl ahaie mhau 05 Gonlopd [11] Jlg)5T 5 Sl
SIS e ((Ssyae )5 anlE o | dy) olns culis
B en e Sileand g s O pge (B JLad 5 5 e

9 o loubs 16 0551395 ,3T ()3 Sulse (Sw e

Wed a5 SasS o3 glad b wolab ol b ool odd oo
o shy, GRS e sl SesS o3 gl b Ay 5>
oee obul Gl 5B gled jrals L1y casbie )80
B ojlps ax Sl e (FaBSH o3 Sl glad o (5005 0nx
g Saldl T aile g adafe gelas S0 s el

Sype wolle o3 oy Cuz a5 Gz b, glyl Gl
Cod g mpdeene Glsieds Slhes pniS (6 e wiland 318 colaral
Sga> 0590l a5 p9boay Cenl oad wBlil W) S B9y (S
2 G ol vedee el hg) onl b by 5> Sliles 95%
Sy S wiile ol ls bealgd 603 slats; nle b avslic
15 ool Oz Uy ol coeslie CoinS b o3 oy amss cds I
g axls S5 (59, Alie 5Ly o g slaps sl Gl o2 4l
Bsgm 2ol 4 azgl anse gl 5 Slols mall axs o
(1] el 5551 B e § Sl

olas 1y Glhgo o2t g 55 48 oo solatul sla,lnl "1 S
s am B ) ale il b onl 58 @, B glizl [2] ans s
4 dnksd ol 5l Lies gl g 0gh e gmime S glad ol glads
00,88 o B igy; T, Wl o)lsen 2"“‘5""6‘" B ogl oo 5)ly Ayl
3. - . . 7 . TS
ST B el e ples 5 e e o o) Lawss dlg) 5 atileaSs
Hia 51, A 5 a5 e spSslr 03 B den 4 Ay 25
S obul b roren 10510 o0 45 WS o0 0 )lg dg) 4 1 LJB AT (g gl
SxSslr g (SuSsmr 3l (Soaly B Ly e S )led o
(OO S e Dyge 50 g Abb S e b col Wl o jlad B oS e
a0 jmals cel g wiS o SIS (68 0S ddlate JS s 4 oole by A
c 4 B . s soE s s
S erSde lp Sonl B sl 0 Som gl (SasSHL
ool 03l S8 o5 glads a5 adlys 15 03 5D Ceond SuSs >

. z z 5 e

e ghie gl glosel 5 (FoSoz 5l 6xSslr sl T ene 205
135 9,5 s p oSl o> 0 Wb Jyae 3l eolawl jo adl ogd oo 00y
gl J21s leansS coler Jule G Jjdie cams oo ol 1) adgs 4t s
Slge 5l pizred (0gd co Al Jate g Cull Ojgo 4 Vaars a5 Conl
59:0,5 odlitul Jydie plgieds Gl oo b b89) JLad B w0 aile o
9 03,1005 B s Ll Sl gl bl ¢ Glyes (o885 (6,505 s,
0l B 5 03 B Gljen 32 b e S9Sos s o B
B i 5 e 00w o3 B L (g5, 5 s I olual ;5 o)
al> o j0 .08 sbul gl (59, ais 90 p3 agly a5 el slojlail 4 STy
Sl 55T 0sb o0 )5 Ayl (950 5l Jyoie a3l S daugi o
g o (65,00 1,k gl 5 oo lax alg)

5 @b A5 mig (SS90 bS5 anlp e sl
Cpe Sl aS oad sl Ao (25 g IS gt o iy 4 S
lsel (casa) s> 5l i (SasS L (S0, oer wile gousie
Cosyd i [B] (2 US) 05 e 0yf 5 5,28 2ty plaiie s
Bl 5l )05 wnlp lapine » fse U555 5 (Ko slaonssy
s 3l g @3 anld (b 4] cud 5,503 ane; o ol

! Bend die

2 Clamp die

® Pressure die
* Wiper die

® Mandrel

288



U 9 Siloshw 2l

Gz b glab b THB)I0 Sladly) SilygS b I A 34T H8 H3 Updde SLds A1 Yl Hlisd (HsiSals w)

ol 00l sslazwl 4J9J

Jkio b (s3Le o Jo1ya-1-2
Ll b e (Jaie b A g 5255 (50505 anlp il o
)y ylSen 5 el 485 plol [14] o Sen 5 J sloginles]
35, ashon 1l 5 ala 50 glach 1 50520 pyioagll e
byl 1 Joaz wiogei o3 Cudge b yio des 100 (6505 glas
a3 oe oL |y GhlSen 5 (J g dg (o S 05 (o Ss

5 B izl annin 1 ce haid & JJoay tegh opl o
52 Mgy ot Sygo 4 Ayl sl oad o Jl3dlas o Sk
o tans o liug Syge 4 B el L 5 00 S
BOXIX100 Wyl ,5es Joo "3 JS" wlond gjle o lile s
ol 1y (6,805 glad -R g o)lpo cualies -t walg) s -D DXtXR)
.J.bQLso

Oyl o pd (b ST S gxie Jold Ay Sliogas
035 ol 2 ooz 0 0 Slesals oy s S SVl e
Syl i (6 )50 sl ileacs (b ooole )l oyl &l ol
Gl sl o0 p 0 Silnenl T 15,5 L Sedlym ¥l oolo
L2 e peked sl 53 = KE™ i (iS5 dolas jl kb, ol cipogs
el 00 oolaiwl 0.55 (60 SKiluoals o o

ol g ams e plas 1y LB acgeme Eil (SigSe M4 JS2"
@ arg bl 0aud S ouad a5 G jo o] b glwand plxl ragh
3 el 0b5 eole JSKi i g ol 0y plosil 0y > j0 a5 018 g5
. . . . 6 A
3 s Sy (2SS ez eolatul T Sl e Jo 4
2 S ey [14] gz e illas cliwlos o 2alS (gly el o)log
i G5l ke B ol 280 ojlgen ol ans § s oasl 1.964
aSTE WSS 55w o S (3o (65,3l Egemme o yd SOl IS s
(9> Soold ol Cand (0000 Laas Wl Soliul ald ca b
s S s s ol eyl plye 4 Culs Slpass 5 (285 (A

RO P

Lusss 50X1X100 ol L AIFB0520 iz dly) (6 5 3 1,25 bal,5 1 Jgusr

[14] o) \Sen o J
Tablel Experimental conditions for Al-50520 tube bending with
50x1x1000 by Lee et al [14]

Slade el
47.6 (Mm) Jyoae allss ks
476 (Mm) Jyaie ozl ;b
6 e (mm) (el alati 51 Jjase (Sael i Jsbo
3 drse gladezle slass
20 Kk (mm) aesblo cubrs
21 p(mm) leaszlo o o5
0.8 v (radfs) s S s e
0.08 Vp (MmM/s) s G e oo
/2 0 (rad) 505 a5l;

% shell

® 3D deformable

* 3D discrete rigid

® Hill yield function
¢ Dynamic Explicit

289

Cracking Cross-section
distortion

———t -

Wrinkling
Fig. 2 Multiple defects or instabilities in tube bending [3]
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Fig. 7 Comparison of simulation results with experimental results Li et
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Fig. 10 Cross-section distortion percentage change in different bend
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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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