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Table1l Chemical composition of tested materials («/%)
Al Cr Cu Fe Mn Si Ti Zn
98 0.04~0.35 0.14~0.4 <0.7 0.8~1.2 <0.15 0.4~0.8 <0.15 <0.25
i 80 — _i %ﬁﬁ%ﬁ%%ﬁ%:energy dispersive )f-ray
3 60 —— 13 spectroscopy, EDS) jfEff) JEOL JSM-7001F 37k 444
é m J— f 3 HifaB% (scanning electron microscope, SEM) FIE £
E 0 E G J AR ER W RS . SR PANalytical 785X 73 #r
5 119 (X-ray diffraction, XRD) i1 5t i Ak v ) 4k
;;3 12 4. XRD B BRI M 202905 HK 0025 Hiffii
. D B 0.29s. KHEAE 0.1 mm 1) K BRI & 7 1R 5t
e e TR IE, WU 7EAHE 1 RTEEAE 05 mm Ht E

K2 IR R A S R IR

Fig.2 Measured welding current and vibration amplitude
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Fig.3 Schematic diagram of thermocouple temperature measurement
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Fig.4 Measured temperatures for various currents and time
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Fig.5 Measured interface temperature of AUSW, USW, and RSW
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Fig.6 Cross section morphologies of Al-Cu weld by USW (a, b) and
AUSW (c) for 0.2 s (a, c) and 0.4 s (b)
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Fig.7 Variations of measured sonotrode downward displacement
with time by AUSW and USW
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Fig.8 Cross section morphologies of Al-Cu weld by AUSW and USW under different currents: (a) 0 A, (b) 1300 A, (c) 2600 A, and (d) 3900 A
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Fig.9 Morphologies of interface IMC phase by AUSW for 0.2 s (a~d) and USW for 0.4 s (e) under different currents: (a) 0 A, (b) 1300 A,

(c) 2600 A, and (d) 3900 A
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Fig.10 EDS line scanning and EDS analysis results of interface IMC phase by AUSW for 0.2 s (a, b) and USW for 0.4 s (c, d)
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Fig.11 XRD patterns of Cu-Al weld fracture surfaces by AUSW
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Fig.12 Variation of lap-shear force with current of Cu-Al weld by
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Fig.14 SEM morphology of fractured surface (a); magnified view of marked region B in Fig.14a (b); magnified view of marked region C in

Fig.14b (c); magnified view of marked region D in Fig.14a (d); magnified view of marked region E in Fig.14d (e)
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Effect of Assisted Current on High-Power Cu/Al Ultrasonic Welding

Li Huan', Zhang Changxin', Ao Sansan?, Zeng Caiyou®, Zhou Kang*
(1. School of Mechanical Engineering, Yangtze University, Jingzhou 434023, China)
(2. School of Materials Science and Engineering, Tianjin University, Tianjin 300350, China)
(3. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)
(4. School of Mechatronical Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to obtain reliable Cu/Al dissimilar joints, current assisted Cu/Al high-power ultrasonic welding was proposed. The effects of
current on the temperature rise, plastic flow, intermetallic compound (IMC) growth, and mechanical properties of the joints in Cu/Al ultrasonic
welding were investigated. The results show that the obtained hybrid welded joint is well bonded, the tensile-shear force of the hybrid welding
joint is 3030 N, and the fracture mode of the hybrid welding joint is ductile-brittle composite fracture. At the same welding time of 0.2 s, with the
increase of the current, the peak temperature of the Cu/Al interface increases, and the metal plastic flow and diffusion at the interface also increase,
which indicates that the assisted current can significantly enhance the interfacial metallurgy. Compared with the single ultrasonic welding at
welding time of 0.4 s, the assisted current can meet the welding formation requirements of interface temperature and material plastic deformation,
but reduce the thickness of the interface IMC layer. This is the primary reason for the enhanced Cu/Al joint by assisted current. The results provide
guidance for optimizing the strength of Cu/Al current assisted ultrasonic welded joints.

Key words: ultrasonic metal welding; resistance spot welding; aluminum alloy; plastic flow; intermetallic compounds
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