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Fig. 1 “Volume effect” of ultrasonic vibration(UV)
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Table 1 Effect of UV excitation on nuclear parameters

A/pm g &
5.81 —0.73 0.0950
7.12 —0.93 0.0953
8.41 -1.11 0.0957
9.63 —-1.30 0.0960
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Table 2 Effect of UV excitation on attenuation rate 4

Alum  h(t=0.0002) h(+=0.001) h(+=0.005) h(t=0.01)
5.81 0.1746 0.6988 0.9854 0.9873
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963  0.1711 0.6867 0.9740 0.9767
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Table 3 Material properties of AZ31B
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Table 4 Simulation step setting of UV tensile

aSntZII; :ifs Time/s Type of analysis igﬁ?j;jrc
Step-1 10 Dynamic/Explicit ON
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True stress—strain simulation curve in tensile
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Fig. 4 Simulated decrease under different amplitudes: (a) A=5.81 um; (b) 4=7.12 pum; (c) A=8.41 um; (d) 4=9.63 um
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Table 5 Parameter values in acoustic plastic model

Model parameter Symbol Value Source
Taylor factor M 3.06 Ref.[21]
Dimensionless quantity p 294 Experiment
Dimensionless quantity m 0.5 Experiment
Lattice resistance/MPa Ty 0.1 Experiment
Modullus‘ of shear u 2% Ref. [22]
elasticity/GPa
Burgers b 0.286 Ref. [23]
Material d:nsiw/ Pl 1845 Experiment
(kgrm )
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B7 R A FRMARERCE 440 TEM (4

Fig. 7 TEM images of dislocation distribution of tensile specimen under different amplitudes: (a) 4=5.81 um; (b) A=7.12 um;

(c) A=8.41 pm; (d) 4=9.63 um
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Fig. 8 Dislocation density of tensile specimen changes with

amplitude
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Constitutive relationship of
AZ31B magnesium alloy under ultrasonic vibration

CAO Miao-yan" % TIAN Shao-jie"%, HU Han" % ZHAO Chang-cai’, HAN Xu-bin®

(1. College of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China;
2. Hebei Innovation Center for Equipment Lightweight Design and Manufacturing,
Qinhuangdao 066004, China;
3. Key Laboratory of Advanced Forging Technology and Science of Education Ministry (Yanshan University),
Qinhuangdao 066004, China)

Abstract: The studies of theory, experiment and simulation were carried out for exploring the “Volume Effect” rule and
mechanism of ultrasonic vibration(UV) in plastic forming of magnesium alloy AZ31B. Firstly, the stress superposition
model of UV for magnesium alloy AZ31B was established based on non-local theory. And the model was verified by
simulation. Then, the UV acoustic plastic model of magnesium alloy AZ31B was established based on thermal activation
theory and dislocation evolution theory. The accuracy of the model was verified by the experimental data. The results
show that the stress drop is linearly and positively correlated with the UV amplitude. The stress superposition effect
model and the harmonic plastic effect model can describe the stress dropping in the ultrasonic assisted forming. The
superposition effect causes the average flow stress of the material to oscillate and decrease. Acoustic softening effect
refers to the dislocation absorbs ultrasonic energy to overcome the nailing effect, which is beneficial to the plastic
deformation of the material. Acoustic residual hardening effect mainly reflects in the high ultrasonic energy leading to a
large number of dislocation density proliferation. The dislocation plugs up at the grain boundary to form a dislocation
wall, causing the material flow to be blocked. Eventually, the material shows residual hardening.

Key words: ultrasonic vibration; effect of stress superposition; effect of acoustic plasticity; constitutive model
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