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Fig. 1 Schematic illustration of CGP process’: (a) CGP mold; (b) First pressing; (c) First flattening; (d), (¢) Second

pressing; (f) Second flattening
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Table 1 Experimental parameters of USP

Specimen  Treatin Shot Sonotrode  Peening
P . £ diameter/ amplitude/  distance/
No. time/s mm um mm
I 400 2 32 7.5
2* 200 2 32 7.5
3" 100 2 32 75
4* 100 14 32 7.5
5" 100 3 32 75
6" 100 3 40 75
7" 100 3 40 10
8" 100 3 40 12.5

()

4

4 SRR %
Fig. 4 Preparation of metallographic specimen: (a) After
USP; (b) After cutting; (c) After inlaying
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Fig. 5 Hardness measurement position of group A 6"
samples and variation of hardness with distance from USP
surface: (a) Hardness measurement position; (b) Variation
of hardness with distance from USP surface
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Fig. 6 Microstructures of A, B and C samples without USP: (a) Without CGP; (b) 1 pass at 200 “C; (c) 2 passes at 200 ‘C
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Fig. 7 Effect of CGP on hardness of AZ31 magnesium
alloy
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Fig. 8 Effect of USP treating time on microstructure of AZ31 magnesium alloy: (a) 100 s; (b) 200 s; (c) 400 s
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Fig. 9 Effect of USP treating time on hardness of AZ31

magnesium alloy
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Fig. 10 Effect of USP shot diameter on microstructure of AZ31 magnesium alloy: (a) 1.4 mm; (b) 2 mm; (c) 3 mm
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Fig. 11 Effect of USP shot diameter on hardness of AZ31

magnesium alloy
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Fig. 14 Effect of USP peening distance on microstructure of AZ31 magnesium alloy: (a) 7.5 mm; (b) 10 mm; (c) 12.5 mm
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Fig. 16 Microstructures of AZ31 magnesium alloys treated with different USP treating time in group B: (a) 100 s; (b) 200 s;

(c)400 s
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Fig. 17 Microstructures of AZ31 magnesium alloys treated with different USP treating time in group C: (a) 100 s; (b) 200 s;

(c)400 s
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different USP treating time
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Fig. 19 Microstructures of AZ31 magnesium alloys treated with different USP shot diameters in group B: (a) 1.4 mm;

(b) 2 mm; (¢) 3 mm
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Fig. 20 Microstructures of AZ31 magnesium alloys treated with different USP shot diameters in group C: (a) 1.4 mm;

(b) 2 mm; (¢) 3 mm
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Effects of constrained groove pressing and ultrasonic shot peening
on surface microstructure and hardness of AZ31 magnesium alloy

HUANG Qing-guo', ZHU Li-hua', WANG Zong-shen', GUAN Yan-jin’, CHEN Hao', YU Cong-xiao'

(1. School of Mechanical Engineering, Shandong University of Technology, Zibo 255000, China;
2. School of Materials Science and Engineering, Shandong University, Jinan 250061, China)

Abstract: The effects of a composite process of constrained groove pressing (CGP) and ultrasonic shot peening
(USP) on the surface microstructures and hardness of AZ31 magnesium alloy were studied. The results show that
the superposition effect of CGP and USP can further reduce the grain size of AZ31 magnesium alloy and enhance
the surface hardness compared with the single process. After the composite processing, the minimum average grain
size of AZ31 magnesium alloy is 7.52 um, which is 43.16% finer than that of the original sample, and the surface
hardness is up to 236 HV, which is 306.90% higher than that of the original sample. In addition, the effect of USP
on the surface microstructure and hardness of AZ31 magnesium alloy is more obvious than that of CGP. With the
increase of USP treating time, the grains become finer and the hardness becomes higher continuously. However,
when the treating time reaches 400 s, the grain size is no longer significantly reduced and the hardness reaches a
certain limit.

Key words: AZ31 magnesium alloy; constrained groove pressing; ultrasonic shot peening; grain refinement;

hardness increase
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