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Residual Stress Field in the Process of 2D Ultrasonic Rolling 7050
Aluminum Alloy
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(School of Mechanical & Power Engineering, Henan Polytechnic University, Jiaozuo 454003, China)

ABSTRACT: The work aims to study formation process of residual stress fields and distribution law of surface residual stress
of 7050 aluminum alloy after 2D ultrasonic rolling. Finite element software was used to simulate the process of 2D ultrasonic
rolling, so as to analyze the formation process of residual stress fields and distribution law of the surface residual stress. Ortho-
gonal experiment was designed to perform 2D ultrasonic rolling test to the 7050 aluminum alloy, so as to study the effect law of
process parameters on surface residual stress. Test results were compared with finite element analysis results to validate reaso-
nability of the finite element simulation. During the process of 2D ultrasonic rolling, surface material stress of the 7050 alumi-
num alloy first decreased and then increased, and finally tended to be stable, and residual stress formed; the residual compres-
sive stress first increased and then decreased in the direction of rolling depth, and later translated into residual tensile stress; the

thickness of residual compressive stress layer was about 1.05 mm, and the maximum residual compressive stress was 285 MPa.
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Provided with identical process parameters, the results obtained from finite element analysis were nearly consistent with the test
results. Static pressure had the greatest influence on formation of residual stress, and the surface residual compressive stress in-
creased as the static pressure increased. Severe plastic deformation occurs on the surface of 7050 aluminum alloy as a result of

2D ultrasonic rolling, and certain depth of residual compressive stress forms. The surface residual compressive stress of alumi-

num alloy increases along with the static pressure, but rotational speed and feed rate have little effect on the residual stress.

KEY WORDS: 2D ultrasonic rolling; residual stress; 7050 aluminum alloy; finite element simulation
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Fig.1 Principle of 2D ultrasonic rolling
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Fig.2 Finite element model for simulations
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Tab.1 Mechanical performance parameters of material

RS HE/(kg'm™) LR/ GPa ALV RS DL /MPa Ji£i B 1% 73 /M Pa
7050 2600 70 0.3 300 450
YG8 14500 600 0.21
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Fig.3 Distribution of equivalent residual stress along surface
layer induced by 2D ultrasonic rolling
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Fig.4 Distribution of residual stress in depth direction
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Fig.5 Variation of nodes stress as a function of time
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Tab.2 Experimental scheme and results
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Fig.6 Effects of process parameters on residual stress: a) ef-
fects of static pressure on residual stress, b) effects of re-
volving speed on residual stress, c) effects of feed rate on

residual stress
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