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Fig. 1 Ultrasonic welding equipment and sonotrode shape
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2 OREJEREE T Mg/Al 33k BSE %

Fig.2 BSE images of Mg/Al joint with different welding time: (a) 0.5 s; (b) 0.7 s;(c) 0.9 s; (d) 1.1 s
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Fig. 3 XRD patterns of Mg/Al joint fracture with welding time
of 1.1s
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Fig. 4 Temperature measurement results of Mg/Al joints
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Fig. 5 Microstructure and EDS line scan results of Mg/Zn/Al joint with different welding time: (a) 0.5 s; (b) 0.7 s; (c) 0.9 s;

(d) EDS results
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Fig. 6 Microstructure(a) and EDS line scan results(b) of Mg/Cu/Al joint with welding time of 1.1 s
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Fig. 7 Microstructure and EDS line scan results of Mg/Ag/Al joint with welding time of 1.1 s
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Fig. 8 Fracture form and fracture morphology of Al/Mg joint tear test: (a) Al side fracture (0.7 s); (b) Interface tear (1.1 s)
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Fig. 9 Tensile and tearing force of Mg/Al joint
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Fig. 10 Tensile and tearing force of Mg/Zn/Al joint

200

83.1

%
o5

20
e
9
‘0

0%
%
XX
2e%%eY

<

0

Bl 11 JRERTICN 0.5 s (19 Mg/Zn/Al 323k HiZ 000 (1 i 2% 2 2 i D1 B35
Fig. 11 Fracture form and fracture morphology of Mg/Zn/Al joint tear test with welding time of 0.5 s
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Fig. 13  Fracture form and fracture morphology of Mg/Cu/Al joint tear test with welding time of 1.1 s
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e, S GrJE S R BELRR Mg/ AL R ISR S IS M) A 1613

B 15 RN 1.1 s ) Mg/Ag/Al H2 3k B 250 1) i 278 X K i 11 750
Fig. 15 Fracture form and fracture morphology of Mg/Ag/Al joint tear test with welding time of 1.1 s
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Effectiveness of metal foil barrier interfacial reaction during
ultrasonic welding of Mg/Al

LI Ming-feng', WANG Guan-ming', ZHU Zheng-qiang', ZHANG Yi-fu', HU Qing-hua?, XIAO Qian-kun'

(1. School of Mechanical & Electrical Engineering, Nanchang University, Nanchang 330031, China;
2. School of materials science and Engineering, Guilin University of Technology, Guilin 541004, China)

Abstract: In this paper, AZ31B Mg/6061-T6 Al was used as the research object. The foils of Zn, Cu and Ag were added to
the interface, respectively, and ultrasonic spot welding was used to inspect the joint performance. The microstructure and
mechanical properties of the joints were investigated by metallographic microscope, SEM, XRD and tensile tester. The
results show that when the welding time is 1.1 s, the joint temperature reaches 358.6 °C, and the interface forms a
continuous IMC brittle layer composed of Al;;Mg;; and Al;Mg,, which reduces the mechanical properties of the joint and
the fracture is brittle dissociative fracture. Adding Zn foil to the interface can reduce the welding time for obtaining
reliable joints. The maximum tensile shear force is 1154.4 N and the tear force is 146.9 N at 0.5 s. The fracture shows the
characteristics of toughness, and the effectiveness of Zn foil decreases with the increase of welding time. The addition of
Cu foil effectively blocks the formation of Mg-Al IMC, however, due to the poor weldability of Mg/Cu, the mechanical
properties of the joint are very poor. The addition of Ag foil can also effectively block the formation of Mg-Al IMC. The
tensile shear force of the joint reaches a maximum of 1141.4 N at 1.1 s, but the tearing force is small (72.2 N). The
fracture of the Mg/Ag interface exhibits brittle fracture characteristics.

Key words: ultrasonic spot welding; Mg/Al heteroalloy; intermetallic compounds; metal foil; mechanical property
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