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Influence of internal pressure on hydro-bending of
thin-walled aluminum alloy tube

SONG Peng, WANG Xiao-song, XU Yong-chao, YUAN Shi-jian

(School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The influence of internal pressure on faults was investigated for a SA02 aluminum alloy thin-walled tube in
hydro-bending process by experiment and finite element method. The effects of internal pressure on wrinkling on the
inner arc, cross-section distortion and wall thickness distribution were analyzed, and the thickness variation regularity
was achieved. The mechanism of defect was revealed through stress state given by numerical simulation. The results
show that the absolute value of axial compressive stress can be reduced by improving the internal pressure, and the
wrinkling tendency declines. The wrinkles can be completely eliminated while the internal pressure reaches a critical
value, and the critical value is 2.8 MPa for a 5A02-O aluminum alloy tube with an outer diameter of 63 mm and a wall
thickness of 1 mm. The cross-section distortion decreases with the internal pressure increasing. The biggest thickness
thinning of the specimen appears at the bottom of the outer arc. The axial stress and hoop stress enhance as the internal
pressure rises, and the tendency of thickness thinning on the outer arc increases.
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Fig.1 Principle of hydro-bending
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Fig.2 Schematic diagram of specimen shape (mm)
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Fig.3 Stress distribution of toroidal shell: (a) Stress state in

bending zone; (b) Stress distribution
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Fig.4 Wrinkling on inner arc at different internal pressures: (a)
2.2 MPa; (b) 2.4 MPa; (c) 2.6 MPa; (d) 2.8 MPa; (e) 3.0 MPa;
(f) 3.2 MPa
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Fig.5 Burr along die parting face at internal pressure of 3.2
MPa
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Fig.6 Schematic diagram of dimensions of wrinkles
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Table 1 Results of wrinkles dimensions at different internal

pressures
Internal Depth of Width of
pressure/MPa wrinkle/mm wrinkle/mm
22 2.58 30.50
2.4 1.46 25.62
2.6 0.72 20.80
2.8 0 0
3.0 0 0
3.2 0 0
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Fig.7  Relationship between non-circularity and internal

pressure
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Fig.13 Stress state at bottom of wrinkles at different internal
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Fig.14 Stress state at bottom of outer arc at different internal

pressures: (a) 2.8 MPa; (b) 3.2 MPa

(1

[2]

[3]

(4]

[3]

(6]

(7]

SCHUSTER C, LORETZ C, KLASS F, SEIFERT M. Potentials
and limits with hydroforming of aluminium alloys[C]//
Proceedings of the 4th International Conference on
Hydroforming. Fellbach: MAT INFO, 2005: 113—-135.
LOVRIC M. Press-bending of thin-walled tubes/Increasing the
productivity of internal high pressure forming processes[C]//
Proceedings of the 4th International Conference on
Hydroforming. Fellbach: MAT INFO, 2005: 365—386.
PEEK R. Wrinkle of tubes in bending from finite strain
three-dimensional continuum theory[J]. International Journal of
Solids and Structures, 2002, 39: 709-723.
[J]. ,2004, 23(12): 1509-1514.

ZHAN Mei, YANG He, JIANG Zhi-qgiang. State of the art of
research on tube bending process[J]. Mechanical Science and
Technology, 2004, 23(12): 1509-1514.
VOLLERTSEN F, SPRENGER A, KRRAUS J, ARNET H.
Extrusion, channel, and profile bending: A review[J]. Journal of
Materials Processing Technology, 1997, 87: 1-27.

[J].

,2006(2): 15-18.
ZHAO Chang-xi. Application of low melting point alloys to
manufacturing of complex thin-walled parts[J]. Aerospace
Manufacturing Technology, 2006(2): 15—18.
[D].
,2007.

LIU Ze-yu. Press-bending of the thin-walled tube with internal



21 2 317
pressure[D]. Harbin: Harbin Institute of Technology, 2007. [12]
[8] s R [D]. ,2007.
1. , 2009, 16(4): 35-38. KOU Yong-le. Experimental research on NC bending with small
LIU Ze-yu, TENG Bu-gang, YUAN Shi-jian. Effect of internal bending radius of aluminum alloy thin-walled tube[D]. Xi’an:
pressure on thin-walled tubes bending with internal pressure[J]. Northwestern Polytechnical University, 2007.
Journal of Plasticity Engineering, 2009, 16(4): 35-38. [13] [D].
[9] - [D]. ,20009.
,2009. LI Qiu-giang. Numerical simulation and experimental research
DAI Yu-xin. Research on hydroforming of double-layer cladding of thin-walled tube press-bending with internal pressure[D].
elbow composed of stainless steel and low-carbon steel[D]. Harbin: Harbin Institute of Technology, 2009.
Harbin: Harbin Institute of Technology, 2009. [14] LIEWALD M, WAGNER S. State-of-the-art of hydroforming
[10] SHR Shiuan-guang. Bending of tubes for hydroforming: A tubes and sheets in Europe[C]//Tube Hydroforming Technology:
state-of-the-art review and analysis[D]. Columbus: The Ohio Proceedings of TUBEHYDRO 2007. Harbin: Harbin Institute of
State University, 1998. Technology Press, 2007: 19-26.
[11] R N s N S [15] LIEWALD M. Main research and current developments in

[J]. , 2007,
14(6): 78—82.
SHEN Shi-jun, YANG He, ZHAN Mei, LI Cheng, LI Heng, LI
Hai-feng. Experimental study on large diameter and thin-walled
aluminum tube NC bending process[J]. Journal of Plasticity

Engineering, 2007, 14(6): 78—82.

hydroforming at the institute for metal forming technology
(IFU)[C]//Proceedings of the Sth International Conference on
Hydroforming of Sheets, Tubes and Profiles. Fellbach: MAT
INFO, 2008: 111-130.



