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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.

Please cite this article using: tamlod oalitw! i3 &yl 5 Wlio cpl @ glan ) (sly
M. Paluch, M. Elyasi, M. Hosseinzadeh, Predicting the bending limit of AA8112 tubes using failure criterion in Hydro-Rotary draw bending process, Modares Mechanical
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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 yais
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

b g 5 18 o3 o 0 05 (25 Ll o (Sadprhas olnyl 8 S
PN

\
v-10.31% y-11.02% V-26.65%

1-9.36% v-11.23%

v-25.38%

c b a
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internal pressure, b) 1MPa, c) 1.5MPa
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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, ¢) Hoop strain distribution at mid-cross section with R/D1.8, along the determined path shown in
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