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Fig.1 Appearance of 7050 aluminum alloy ring
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Table 1 Main chemical composition of 7050 aluminum alloy
(Wt%)

Zn Mg Cu Zr Si Al
5.82 2.21 2.14 0.10 0.03 Bal.

2 705055 A MR TRALIERIZR K N %
Table 2 Thermomechanical treatment and residual stress

detection method of 7050 aluminum alloy ring

. . Residual stress
Ring Experiment

detection
Al Solution Blind hole method
A2 Solution-cold bulging Blind hole method

474°C,55h

Solution Residual stress detection:

®4lind hole method

Temperature

Bulging ratio:
1.5%+1.5%

Cold bulging &2

Time

>

K2 7050 F85 ISR A

Fig.2 Experimental process of 7050 aluminum alloy ring
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Fig.4 Macroscopic finite element model of cold bulging process of 7050 aluminum alloy ring
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Table 3 Coefficient of interaction matrix of slip systems™

a [¢4 a. a [ [¢3

0

0.1 0.22 0.30 0.38 0.16 0.45

1 2 3 4 5
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Fig.5 Flow chart of ABAQUS-UMAT calculation
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Fig.6 EBSD results (a) and RVE model (b) of 7050 aluminum alloy experimental ring
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Table 4 Parameters of crystal plastic constitutive model of 7050 aluminum alloy

C,/MPa C,,/MPa C,/MPa n s’ 7,/MPa w/MPa b/nm Possy/Hm’” K y/nm
100 000 60 900 28 300 10 0.001 170 28 000 0.286 1 25 3.57
Note: C,,, C,, and C,,—elastic constants, n—strain rate sensitivity coefficient, yj—reference shear strain rate, r,—initial slip resistance, g—shear modulus,

b— Burgers’ vector magnitude, p, sgp—initial SSD density, K—dislocation formation constant, y —dislocation critical annihilation distance
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Fig.8 Residual stress distribution cloud diagrams of 7050 aluminum alloy ring after solution quenching: (a) Mises stress, (b) circumferential

stress, (c) radial stress, and (d) axial stress
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Fig.9 Detection results of residual stress of 7050 aluminum alloy ring
by blind hole method after solution quenching: (a) end surface

and (b) outer surface
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Fig.10 Residual stress distribution cloud diagrams of 7050 aluminum alloy ring after cold bulging: (a) Mises stress, (b) circumferential stress,

(c) radial stress, and (d) axial stress
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Fig.11 Detection results of residual stress of 7050 aluminum alloy
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ring by blind hole method after cold bulging: (a) end surface

and (b) outer surface
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Table 5 Reduction degree of quenching residual stress of 7050

aluminum alloy ring by cold bulging

End surface Outer surface
Circumferential Radial stress Circumferential Axial stress
stress stress
63% 65% 74% 70%
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Fig.12 Microscopic residual stress distribution cloud diagrams of

7050 aluminum alloy ring after quenching
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Fig.13 Cold bulging strain history of 7050 aluminum alloy ring
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Fig.14 Microscopic residual stress distribution cloud diagrams of

7050 aluminum alloy ring after cold bulging
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Abstract: In the process of preparing and processing aluminum alloy rings, micro residual stress is generated, while macro residual stress is also
generated. The release and redistribution of macro residual stress cause the deformation of the workpiece during processing and service, which
will affect its dimensional accuracy. The superposition of macro residual stress and external force reduces the strength and fatigue limit of the
workpiece. Under the combined action of micro-residual stress and external force, it is easy to cause stress concentration in the micro-area, so that
the workpiece produces micro-cracks under far less than the yield stress, and ultimately fractures. The most important process affecting the
residual stress in aluminum alloy forgings is the quenching process after solution treatment. In this paper, the macro residual stress of 7050
aluminum alloy ring during solution-cold bulging process was detected by blind hole method, and the macro finite element simulation of 7050
aluminum alloy ring during solution-cold bulging process was carried out by ABAQUS software. The macro residual stress evolution law of 7050
aluminum alloy ring during solution-cold bulging process was analyzed. It is concluded that the introduction of appropriate cold bulging process
after solution quenching can greatly reduce the macro residual stress of 7050 aluminum alloy. The cross-scale analysis of residual stress is realized
by the combined application of multi-scale simulation methods: Based on the crystal plastic finite element simulation method, the micro-area of
interest is determined according to the macro-finite element simulation results, and the strain history of the micro-area is extracted. The strain
history is applied to the micro-polycrystal model at the corresponding position by ABAQUS software to study the distribution law of micro-
residual stress and its relationship with the microstructure.
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