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Fig.1 Schematic diagram of electromagnetic pulse welding (a); current vs. time curves under different discharge energies (b); schematic diagram

of electromagnetic and structural modules (c); schematic diagram of SPH model (d)
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Table 1 Chemical composition of LA103Z (wt%)

Li Al Zn Fe Cu Si Mg

10.15 3.02 3.05 <0.01 <0.01 <0.01 Bal.
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Fig.2 Contour plots of the induced magnetic field (a); variations of magnetic field intensity with discharge energy (b) and distance (c)
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Fig.3 Induced current magnitude and distributions on the 1060Al

flyer plate at different moments within a discharge cycle
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Fig.5 Lorentz force magnitude and distributions on the 1060Al at different moments within a cycle
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Fig.6 Deformation process of the flyer plate: (a) 8.69 ps, (b) 9.69 ps, (c) 10.43 ps, and (d) 10.72 ps
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Fig.7 Variations of Lorentz forces with discharge energy (a) and statistical analysis of collision velocity and angle for 1060Al (b)
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Fig.11 Wave formation process and comparative analysis of interface

morphology: (a—f) wave formation process; (g) interface mor-
phology at 38 kJ; (h) magnified view of the region marked in
Fig. 11g; (i) corresponding welding interface morphology;

(j) magnified view of the region marked in Fig.11i
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Fig.12 SPH-simulated interface morphologies under different

discharge energies (a—d), interface temperature distribution at

38 kJ (e) and EDS element line scanning results and line

scanning position at 38 kJ (f)
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Fig.13 Mechanical properties of the joint and comparison of joint strengths using different welding methods: (a) tensile shear force vs.

displacement curves of the joints under different charge energies; (b) statistics of the maximum tensile shear force of the 1060Al base

material and the joints under different charge energies; (c) comparison of Mg/Al welding joint efficiency (RSW-resistance spot welding,

FSW-friction stir welding)

FA AR 2 A
4 % iL

1) 7E LB ik i e v JRSE G 3 (1) DR /N R 2 B
Tk (7 FRLIAL R /N A 5 T J L FEL IR 118 R /N DU ke - 28
Rl HL IR ) AR A R R . A I P RE R R BG , 2Rl TP )
FELI R /NI A ol 3 35 B 25 186 K, 8 1060 A1 AT 52 542
25 115, [ BAEL A4S 1060A1 1 LA103Z 22 [] H B Al
B R T IR SRR IR, TR R R EE R
lf 428 385, T o) G 2 A 5 D S IR/

DTEFTIEN 4 AN T BE & T, SPH AL ) S 1H FE2 50
FISEBR B A5 T S A0 9 TR 5%, LY K/NER R B b
TR HEL R B 3G R E KEss . RIZL R BT UI/E F 51k )
S Ja8 SFHIRURT el PRI 1 FH 51 B D) AN R E AN 42 ) 1)
IEVEIR BN 2 T ) S A

TEATA R REE 1 T, LA103Z/1060A1 35 1%, 1)
S TR, R S IR SZ TSR, BRS04 )8 a1k
G R . SPH AL — R B, LA103Z/1060A1 5+
T P o il FEALS T 2 Bl BEAA (10065 A ZEAIEA A)EE 1.5 mm
AR L RE B 38 kI N, SR Sk I BY D)5 BE A B 1 AR BEA
58 FE 111 90.38%

E

[1] Kong Lingfei(fL4 3F), Huang Xuqiang(#Zii5#), Zhou Huimin(fF
E 1) et al. Rare Metal Materials and Engineering(Fi A5 4 J&#1 K}
5 TR, 2023, 52(10): 3640

[2] Yang Bowen, Ma Chuanchuan, Xue Chun et al. Rare Metal
Materials and Engineering[J], 2023, 52(1): 125

[3] Guo Xuefeng(EL2%%%), Yang Wenpeng(#% L if), Ren Fang({E: fj)
et al. Hot Working Technology(#IN T.T.Z)[J], 2012, 41(24): 7

[4] Mordike B L, Ebert T. Materials Science and Engineering A[J],
2001, 302(1): 37

References

[5] Liu Qinyu(X1}3: %), Zhou Li(f& F), Rong Xiaoyu(Fii% F) et al.
Materials Reports(F1EHF#K)[J], 2022, 36(10): 146
[6] Kapil A, Sharma A. Journal of Cleaner Production[J], 2015,
100: 35
[7] Zhang Wentao, Xie Jinlin, Chen Yuhua et al. Scripta Materialia[J]
2022,210: 114434
[8] Zhu Congcong, Xu Shiwei, Gao Wenli et al. Journal of
Magnesium and Alloys[J], 2023, 11(7): 2366
[9] Xie Jilin(#f & #k), Peng Cheng(3% %), Xie Wanxin(i§%i ¥7) et al.
Materials Reports(F B 4R)[J], 2023, 37(5): 171
[10] Zhou Yan(Jfl ), Li Chengxiang(Z= f§4¥), Du Jian(k: %) et al.
Transactions of China Electrotechnical Society(F T ARSAR) 1],
2022, 37(2): 459
[117Chi Luxin, Liang Shifa, Wang Xinxin et al. Materials
Transactions[J], 2022, 63(1): 33
[12] Li J S, Raoelison R N, Sapanathan T et al. Acta Materialia[J],
2020, 195: 404
[13] Li Chengxiang, Wang Xianmin, Zhou Yan et al. Journal of
Materials Processing Technology[J], 2023, 321: 118161
[14] Zhang Yuhu( 5k & J%). Study on Weld Formation and Numerical
Simulation of Aluminum/Steel Electromagnetic Pulse Welding(%7/
A EEL T B o S A R R % B AU %) [D]. Chongqing:
Chongqing University of Technology, 2023
[15] Su Dezhi( 75 15 %). Study on Welding Process and Microstruc-
ture of Magnetic Pulse Welding for Aluminum-Copper Dissimilar
Metal Plates(57-8 5 b <5 J8 T UL ik b -2 22 55 fon 4
FJHEF0)[D]. Chongqing: Chongqing University, 2018
[16] Nishiwaki J, Sawa Y, Harada Y et al. Materials Science Forum[J],
2014, 794: 383
[17] Liu M B, Zhang Z L, Feng D L. Computational Mechanics[J],
2017, 60: 513
[18] Chen Yingzi( [ ¥ F). Numerical Simulation and Experimental



* 1792 «

W] B RS TR

5 55%:

Study on Magnetic Pulse Welding of Aluminum/Titanium Plates
CBRVBR AR T ok o 7 122 B4 5540, 15 SE B8 WF 5) (D). Chongging:
Chongqing University, 2022

[19] Chen Zhijun, Qian Lingyun, Ji Baoping et al. Journal of
Manufacturing Processes[J], 2023, 87: 260

[20] Aizawa Y, Nishiwaki J, Harada Y et al. Journal of
Manufacturing Processes[J], 2016, 24: 100

[21] Zhou Yan( Ji 7). Study on Transient Process and Bonding
Mechanism of Electromagnetic Pulse Welding of Copper-
Aluminum Plates(Hi-%5 8% H R K i1 B2 A5 1 FE e B A LB
i} 5¢)[D]. Chongqing: Chongqing University, 2021

[22] Hayat F. Materials & Design[J], 2011, 32(4): 2476

and Magnesium Alloy(f56 4 586 41 HFH £UE) [D]. Luoyang:
Henan University of Science and Technology, 2018

[24] Zhao Peifeng(it* 1% &), Zhang Qingyang( 7K i ), Gu Weiwen
(1% 3) et al. Hot Working Technology(3il T. T. 2)[1], 2023,
52(11): 33

[25] Dong Shaokang(# /> §¥), Ma Yuhang(D 52 #0), Zhu Hao(%< %)
et al. Transactions of the China Welding Institution(S&4%#4R) [J],
2022, 43(12): 84

[26] Lu Xiaowen(#5&30), Zhao Yadong(X . <), Cui Hongbao(4£ £L.
£8) et al. Hot Working Technology(#INT.T-2)[J],2021,50(17): 27

[27] Alireza M, Arvin T, Atefeh S et al. Transactions of Nonferrous
Metals Society of China[J], 2014, 24(5): 1317

[23] Wang Ning( L T*). Resistance Spot Welding of Aluminum Alloy

Effect of Discharge Energy on Interface Morphology of LA103Z/1060Al Dissimilar

Materials in Electromagnetic Pulse Welding

Sun Suiping, Xie Jilin, Liu Guanpeng, Wang Shanlin, Zhang Timing, Chen Yuhua
(Jiangxi Key Laboratory of Extreme Manufacturing Technology for High-End Equipment, Nanchang Hangkong University,
Nanchang 330063, China)

Abstract: The connections of dissimilar materials LA103Z magnesium-lithium alloy and 1060Al alloy were achieved by electromagnetic pulse
welding (EMPW). The effects of discharge energy on interface morphology, wave formation mechanisms, and element diffusion were
systematically investigated through numerical simulations and experiments. The results indicate that the induced magnetic field and current are
determined by the welding current’s magnitude and rate of change, respectively. The increase in discharge energy enhances the Lorentz force
experienced by 1060Al, thereby increasing the impact velocity, while the impact angle almost remains unaffected. The rebound phenomenon,
which alters the contact state between the flyer plate and the target plate, is identified as the key factor in forming the annular weld seam. Both the
simulated and actual interface morphologies are sinusoidal, with the amplitude increasing from 3.02 um at 32 kJ to 6.48 um at 38 kJ. The wave
formation is attributed to shear-induced instability and metal-plastic flow triggered by high-speed collision. No melting is observed at the
interface. The maximum shear strength of the joint reaches 90.38% of that of the aluminum base material. Numerical simulations confirm that the
interface temperature remains below the melting points of both base materials, which is critical for improving the mechanical performance of the
joint.
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