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Technology for Predicting Residual Stress in Extruded Members of 7000
series Aluminum alloy Considering Heat Treatment Process
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Abstract

Extruded members of 7000 series aluminum alloy, which has the highest 0.2% proof stress among aluminum
alloys, is effective for automotive weight reduction. However, its high sensitivity to stress corrosion cracking
(SCC) makes it important to manage residual tensile stress in the members. This paper describes an equation to
predict residual stress after artificial aging treatment or after the paint baking process from the residual stress
caused by plastic forming during T1 tempering of 7000 series aluminum alloy on the basis of the creep test
results of 2 types of newly developed alloys and an extruded material made of standard 7003 alloy. It has been
clarified that the artificial aging and paint baking process for extruded members of 7000 series alloy significantly
reduce the tensile residual stress caused by plastic forming during the T1 tempering, reducing the risk of SCC.
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Fig.1 Typical manufacturing process of 7000 series aluminum alloy extrusion parts for automotive
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Table 1 Typical mechanical properties in longitudinal direction
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Fig.2 Dimension of test pieces for creep test W) —=THEL, FOTA0ERKLEELTLE, FOT
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Table 2 Creep test conditions
Creep test 1 ( artificial aging process ) Creep test 2 ( paint baking process )
Temper of . Applied stress N Temper of | Temperature Applied stress N
Alloy test pieces Temperature (MPa) Note test pieces (C) (MPa) Note
Artificial aging 100, 150, Pre-strain 0.01, 0.02, 0.05, 0.1 60, 90, 120,
Alloy A T temperature for T5 190, 220 conditions are added in 220 MPa. s 170 150, 180 :
: - Artificial aging 150, 190, Pre-strain 0.01, 0.02,0.05, 0.1 . 60, 90, 120,
Alloy B r temperature for T7 220, 250 conditions are added in 220 MPa. 7 170 150, 180 )
Artificial aging 90, 120, 150, Pre-strain 0.005, 0.01, 0.03, 0.05 120, 150, 180,
7003 m temperature for TS 180, 200 conditions are added in 150 MPa. s 170 200,210 °
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Fig.3 Creep strain - time relationships at each alloy’s artificial aging temperatures in which pre-strain are not applied
(Alloy A: artificial aging temperature for T5, Alloy B: artificial aging temperature for T7, 7003: artificial aging temperature for T5)
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(c) 7003-T1 (T5 aging temperature)
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Fig.4 Creep strain-time relationships at 170C which is estimated to be the temperature of the paint baking process (zero pre-strain conditions)
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Table 3 Steady state creep rate &, for each condition (Unit: h ™)

(a) Artificial aging temperature

Applied stress (MPa)
Alloy and temper Temperature
90 100 120 150 180 190 200 220 250
Alloy A-TI Artificial aging 766606 . |1seE-05| - |a33E0s| - | 1.03E-04
temperarture for T5 . . . .
Alloy B-T1 Artificial aging | 32405 142E-04 | | 3.14E-04 | 1LOIE-03
temperature for T7 N ) .
7003-T1 Artificialaging ) oop 05| | 6.26E-05 | 6.66E-05 | 2.08E-04 | - |7.45E-04|
temperature for TS
(b) Paint baking temperature (170°C)
o Applied str MP
Alloy and temper | Temperature ('C) pplied stress (MPa)
60 90 120 150 180 200 210
Alloy A-T5 5.45E-05 | 5.91E-05 | 1.67E-04 | 6.20E-04 | 4.62E-03 h
Alloy B-T7 170 1.08E-05 | 6.02E-05 | 8.54E-05 | 2.11E-04 | 2.67E-04 ]
7003-T5 . 7 1.08E-04 | 9.14E-04 | 1.18E-02 | 2.43E-02 | 4.18E-01
F4 NTHHEEICBI2FOTAEERZ ) —THEOMGR (FOT A0 OMETELITLIL)
Table 4 Steady state creep rate &, for each pre-strain at artificial aging temperature
(Dimensionless are applied by the value at no pre-strain, &, )
Alloy and t T 1t Applied stress (MP Pre-strain
oy anciemper | femperatire pplied stress tMPa) ™5T0005 | 001 | 0.02 | 0.03 | 005 | 01
Alloy A-T1 Artificial aging 100 | | 240 | 2908 | | 419 | 475
temperature for T5 AN .
PP . 220 . - N -
Alloy B-T1 Artificial aging 100 | o | n1o | roa | | 293 | 3.05
temperature for T7 N
e - . ™\ \\
7003-T1 Artificial aging 150 00 | 075 | 1s7 | o | 1o | 210 |
temperature for T3 . N
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Fig.5 Effect of pre-strain on steady state creep rate at artificial
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Table 5 Parameter list of stress relaxation characteristic prediction equations

Alloy Temper Temperature Ao (]—.") m k "
T1 Artificial aging temperature for TS 0.66E+03 3.16
Alloy A - 9.81 0.404
TS 170°C (paint baking process) 1.48E+07 3.84
T1 Artificial aging temperature for T7 9.47E+12 6.55
Alloy B - 8.64 0.583
7 170°C (paint baking process) 9.25E+03 2.88
T1 Artificial aging temperature for T5 6.09E+04 3.23
7003 - 13.43 0.809
TS 170°C (paint baking process) 3.76E+32 13.28
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Fig.6 Changes in residual stress due to artificial aging process (estimate results using Eq. (5))
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(c) 7003 (TS5 aging—170°C X 20min)
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Fig.7 Changes in residual stress due to artificial aging treatment and paint baking process (estimate results using equation (5))
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