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Properties of magnetic pulse welded joints at high and low
temperature cycling experiments

LIU Quanxiaoxiao' , XIA Zehua', CUI Junjia'*, LI Guangyao'”

(1. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body( Hunan University) ,
Changsha 410082, China;2. Joint Centre for Intelligent New Energy Vehicles, Shanghai 201804, China)

Abstract; Magnetic pulse welding is a kind of efficient solid-state welding process, which is positive for the
application of dissimilar metal materials in automobile lightening. In this paper, high and low temperature
cycling experiments were carried out under different conditions for 5052A1/HC420LA plate magnetic pulse
welding joints. Comparing with the mechanical properties of welded joints before and after high and low
temperature cycling experiments, the effects of cooling modes and cyclic numbers on the properties of welding
joints were studied. The micro-structure of welded joints was studied by SEM, and characteristics and changes
of micro-interface features before and after high and low temperature cycling experiments were compared. The
results show that the connection strength of the 5052 A1-HC420LA magnetic pulse welded joints were reduced
by 5% ~ 25% under different conditions compared to the strength of 5052 aluminum alloy base metal.
Moreover, the mechanical property of the joint decreased with the increase of cooling rate and cycling
numbers. Two shearing failure modes(failure of base metal and failure of welding seam)were obtained before
and after high and low temperature cycling experiments. Water-cooled cooling joints were more likely to
produce microscopic cracks than air-cooled cooling.

Keywords: magnetic pulse welding; automobile lightening; high and low temperature cycling; dissimilar

metal materials; microstructure
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Fig.1 Schematic illustration of magnetic pulse welding

method for sheets
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£ 5052 454 4 Al HCA20LA 1= 5 4K 19 16 2% 1
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H: 100 mm x 10 mm x 1. 4 mm A AR A, B3
TEIEE Sy 20 mm. A SCrp, B - AR SR RSk R AR
30 kI HLRE L, 1. 4 mm [A]F@ 0 T2 240F 31015,
SR8 A 4 s, 186 T /Y 5052 FR G 4
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x1 5052 REEUEHRT (RESE %)

Table I ~ Chemical components of the 5052 aluminum alloy
(wt. % )
Si Cu Mg Zn Al
0.25 0.10 2.2~2.8 0.10 A

&2 HCR20LA §ENULFERD (RESH/ %)

Table 2 Chemical components of the HC420LA high
strength steel (wt. % )
C Si Mn P S Fe
0.10 0.5 1.60 0.025 0.025 e

5052 54
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Fig.3 Geometry and dimensions of magnetic pulse

welding specimens
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Fig.4 Specimen of the welded joint
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Process parameters of high and low temperature

Table 3

cycling experiments
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Fig.5 Specimen of microscopic interface observation
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magnetic pulse welded joints
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Fig.7 Distribution diagram of shear load of welded joints

under different experiment conditions
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Table 4  Results of mechanical properties under different ex-

periment conditions

p . . AR AR A
B IEHREC B EIE/N A%
1 9822 95.63
=5 2 9254 90. 11
3 8787 85.56
1 9217 89.75
ks 2 8814 85.82
3 7794 75.89
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Fig. 8 Failure modes of aluminum-steel magnetic pulse wel-

ded joints
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Fig.9 Micro-interface of welded joint without high and low
temperature cycling experiments: (a) micro-interface

of welded joint; (b) EDS curve of the transition region
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Fig. 10 Micro-interface of different cooling treatment; (a) air-

cooling welded joint;(b) water-cooling welded joint
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Fig. 11 Fracture morphology of different cooling treatment
after the joint failed; (a) air-cooling welded joint;

(b) water-cooling welded joint
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