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Predicting the bending limit of AA8112 tubes using failure criterion in Hydro-
Rotary draw bending process
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Nowadays thin-walled tube rotary draw bending in small bending ratio is a production process widely
Received 29 November 2015 used in advanced industries such as aerospace and automotive. Cross section ovality, wall thickness
Accepted 12 March 2016 changing during tube bending are the main inevitable defects in this process. The purpose of this

Available Online 16 May 2016 - - . - f - .
valiable Dniine v research is to obtain the smallest bending ratio and maximum pressure applicable in hydro-rotary draw

Keywords: bending of thin-walled aluminum alloy 8112 tube using failure criterion. For this purpose, the

Hydro-Rotary draw bending equivalent plastic strain at the critical extrados region is used for necking prediction. Concluded results

bending limit showed that this failure criterion by a maximum difference of 12.5% from experimental tests, is a useful

AABLI2 method for predicting the necking onset in the bending process. Moreover, the effects of bending ratio

FE simulation and internal pressure on the defects such as cross section ovality and changes in thickness are
investigated with simulation in the ABAQUS software and experimental methods. The maximum
ovality is not located at the mid-cross section of bent tube unexpectedly and regardless of the internal
pressure and bending ratio, occurs at the cross-section with an angle of approximately 6=33°. The
minimum achievable amounts of ovality at R/D1.6, R/D1.8 and R/D2 were 11.42%, 7.72% and 4.35%
respectively. Furthermore, bending ratio and internal pressure had noticeable effects on the cross section
of the bent tubes, so that as the bending ratio or pressure increased, cross-section ovality and the
thickening of the tube wall at the intrados decreased, but contrary to bending ratio, as the internal
pressure increased, extrados thinning increased.
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Table 1 Tube Elements wt% from emission spectrometry.

Si Fe Cu Mn Mg Zn yais
0.37 121 0.26 0.09 0.11 0.37 Qo yd
Ca Pb Sn \% Na Bi e
0.002 0.02 0.002<  0.007 2t 0.003< RV
Cr Ni Ti Zr B Ga yais

0.07 0.04 0.011 0.009  0.0011 0.01 o yd

4.]9] oole ‘;.u&c ua‘? 2 Js»\?
Table 2 Mechanical properties of AA 8112 tube.

pebed A5 cere I el e S Gl
(MmPa) Ogles (kg/m®) k (MPa) N e
76.604 0.33 2670 123.543 0.0939
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Fig. 4 Hydraulic power supply unit used in experiments (power pack).
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Fig. 8 Flattening phenomenon at the extrados in the bending without
internal pressure at R/D1.8
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Fig. 10 Maximum and minimum wall thickness variation according to
internal pressure at mid-cross section and R/D=1.8
2 A3l b sy Wy ol aneS 5 aniin Cuwls ol 10 JSS

18 o5 w5 o5 Gloe gl o

Fig. 11 Bent tubes in various pressures
alises ‘_glJb)Lié 50 od > ‘_ngdJ’.c.; 11 %

14
PEEQ 0.1s
SNEG, (fraction = -1.0) —_—

1.2 (vg: 75%) 0.15s
+8.540e-01 : .
+7.828e-01 Do

1 +7.117e-01 i\ meee- 0.25s
+6,405e-01 .
+5.603e-01 S N
+4.982e-01 H
% 08 +4.2708-01% !‘\ :
+3,558e-0 :
e +2.847e-0 A

0.6 +2,135e-01 HEH
+1.423e-01 1\
+7.117e-02 | “:
+0, +| °

0.4 0,000e+00 :

I

0.2

0

20 30 40 50 60 70 80
Distance along path (mm)

Fig. 12 PEEQ curves in different times of process according to distance
along the path through extrados at 2MPa internal pressure and R/D1.8
condition

2 alols sy > 65 51 alisee slag)] o5 50 Jolee (25,5 loges 12 S
1.8 o3 v 5 Sl B 2 jlid o (o3 )5 slismil 10 ooy jae Jsb

5 o)leiis 16 095 1395 Al po (e SuilSe wiie

2 bl wsdie ol i JK8 s an 0 g 03 (o bl ol
b SKhaol Ol jl cot o S5l dgd (S o)l (o3 s gLzl
ol Caelbes s g olge Ll b,z 5l aile a5 caul (Ses B L
O 0 028 b jleans WS doys ISE ol j0 0gb e ]
5 eS8 Gbus 5 (gjlwand S110 -7 oSS plad jo

sl Wig e ead b sgame glyzl Jow cplply sl sogr %10
518 o3 Cund 0 228 Glaced WS St @95 a ) e
plo lp g as 3 plxl JKWLEL 2 5 1.5 1 0 L3h slolid cov
oads slaiel (giluwand slo gmin 4 o> Glocas 5 Bl slo)lud

B oy LA 5 (plows S o3 Cod Jilao (mni -2-4
Jlos!

0 o b JSbKe 2-0 U3l jlid cod sad eols JS5 sladiges
oo 1-4 e j0 a5 jbilen ol oads ool plas 11 S5 0 1.8
Sorm Gzt 4l 5l JKubKe 2 jlad o dgd o o5 Gimlej] jo o
3l al 0ol Alg) (S a i o5 alesl (nl ogdise o)y o>
e Jsbo 5 U 615 Sl il (slag o5 3 Jolas 55 fagas 5 o
US55 5 i 10,5 B i IG5 o3 (2 )5 Lzl o 0uh (ens
sl 00 00l lias 12

Ui, S o o8 5 glalid 0w 0,51 22 iy 0 a5 jsbilen
oaialas wuly mali8l Cal 4 g SSL O jgod (SeS Al S
S LS sl (25 Jlas axkd o ol | el (g5l5 51
e & OMDolS 5 950 o)y axkad b abl e T (0l adlaie )
aliwl 12 IS5 @ arg b onlple sol ool o3 dabd 09099,
ST T el o3 asly ol Jor o5 51 4l 0.2 aliod o (s 0518
GrSojlil az )0 16 sgax ;0 528 Gl j0 5 a0 18 giluans o
53 S 125 oS el o

PGB wnlp (Ses o3 Ced 5SS L le
0adol o3 slaiaws ab gileJoe 2, 1.8, 1.6, 1.5 5 slacas
Mg oyp b g aBS JIE Jldod 050 Gl (I3 lalid o
10 Jlael 16 i o iy oo ooyl slioul 4 Jolas Setdly S
Comd (5 SesS amd )3 el Cewdty (29l5 Jlae SSTL 03 S 2
L5 ol 4 Jlael 5 (I31s b ity 5 16 4l s LB o5
el 003 Sy o

a2 e Gl |y o3 Sl 5o )0 e alojl il sl 13 S
aicdion ol o] Gy (ilwand 5l ol ool lae SeS 4 a5
24 31705 554231806 3 slocans o Jleel JB jLzé
o s il b iy s ol ) o] sty ISl
B bl s sk la S als el Gl s aboe Gl4
GleSe Lt s 0l com &5 a3 Ced R L o>
sl ansls 1) oV lajlad oo Cobl 35S ,5 03 slacens
JSacl dgl jemme gbialy o oatiolnl (25,5« Job (555 slae
O o3 Cad GRIBIL ) o3 ()5 bl o Jsb (155 als 14

128



Ve 9 Zolby 313 30

e VILPRVY Y uil),éuduh.\',s)l.fln'; PR w,lf)Lﬂ:.o..ﬁeSA.}SllZ uo,.uu.o,JT algJ \S)UP'\AU“"U‘A‘“

Fig. 15 Wrinkling in the tube which bent at R/D1.5 and 1MPa internal
pressure condition
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Fig. 18 Effects of internal fluid pressure on the hoop thickness
distribution at mid-cross section with R/D1.8
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Fig. 20 a) Thickness strain, b) Longitude strain, c) Hoop strain distribution at mid-cross section with R/D1.8, along the determined path shown in
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