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Hardening behavior of 5A02 aluminum alloy
tube under combined action of internal and external pressures
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(1. National Key Laboratory of Precision Hot Processing of Metals, Harbin Institute of Technology, Harbin 150001, China;
2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: In order to investigate the hardening behavior of tubes under the combined action of internal and external
pressures, the analytical models of stress and strain for the tubes bulged under the combined action of internal and
external pressures were deduced firstly based on the assumption that the free bulging zone can be fitted perfectly using
the elliptic equation. Moreover, an experimental investigation was conducted that the thin-walled 5A02-O aluminum
alloy tubes were bulged under double-sided pressures using self-developed double-sided tube hydroforming equipment at
the same external pressure of 85 MPa(1.00;). Then, the stress—strain curve of SA02 aluminum alloy tube under
double-sided pressures was obtained. The results show that the free bulging area of SA02 aluminum alloy tubes can be
fitted perfectly using the elliptic equation. The thickness at the highest point (P) has a linear relation with the bulging
height. In addition, the strain hardening exponent n obtained from double-sided free bulging (0.274) is lower than that
obtained from uniaxial tension (0.304).
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Fig. 1 Schematic diagram of tube bulging under combined

action of internal (p;) and external pressure (p.)
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Fig. 2 Mechanical equilibrium during tube bulging under
combined action of internal and external pressure: (a)
Geometrical shape of die and tube; (b) Stress analysis at highest
point p of bulging zone
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Fig. 3 True stress—strain curve of 5A02-O aluminum alloy

tubes along axial direction
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Table 1  Mechanical property parameters of 5A02-O

aluminum alloy tubes along axial direction

Mechanical parameter Value
Yield strength, o/MPa 85.9
Ultimate tensile strength, o,/MPa 2229
Total elongation, 6/% 26.1
Strength coefficient, K/MPa 454.1
Strain hardening exponent, n 0.304
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Fig. 4 Experimental setup of tube hydroforming under

combined action of internal and external pressures
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Table 2 Initial parameters of tubes and die

Parameter Value
Initial outer diameter of tube, dy/mm 63
Initial nominal thickness of tube, #,/mm 2
Length of bulging zone, Ly/mm 140
Total length of tube, L/mm 234
Ratio of length to diameter in 29
bulging zone, Ly/d,
Die radius, Rg/mm 2
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Fig. 5 Photos of bulged tubes with different bulging heights

under external pressure of 85 MPa
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Table 3 Internal pressure, external pressure and bulging
height
Tube Internal External Bulging
No. pressure/MPa pressure/MPa height/mm
1 95.3 85.0 1.06
2 96.2 85.0 1.50
3 97.3 85.0 2.38
4 97.5 85.0 3.68
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*—Pp;=95.3 MPa, p.=85 MPa, Ap=10.3 MPa
*—p;=96.2 MPa, p.=85 MPa, Ap=11.2 MPa
371 a—p=97.3 MPa, p.=85 MPa, Ap=12.3 MPa
*—Pp;=97.5 MPa, p.=85 MPa, Ap=12.5 MPa
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Fig. 6 Elliptical profile of bulging zone under external

pressure of 85 MPa
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Fig. 7 Linear relationship between thickness at highest point
in bulging zone and bulging height and bulging height under

external pressure of 85 MPa
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Fig. 8
double-sided tube bulging at external pressure of 85 MPa

Equivalent stress—strain curve obtained from
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