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Experimental investigation of laser deep penetration welding-brazing
of automotive aluminum/steel galvanized metal

SONG Xinhua'*, JIN Xiangzhong , YUAN Jiang'?*, ZHANG Mingjun’, SONG Bin', FENG Binhua'
(1. Department of Aerospace Engineering, Zhangjiajie Institute of Aeronautical Engineering, Zhangjiajie 427000, China;
2. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082,
China)

Abstract: In order to achieve good automotive joining of aluminum/steel dissimilar metals, the experiments of butt
joining aluminum alloy to galvanized steel were carried out by laser deep penetration welding-brazing with a fiber laser. The
seam appearance, the intermetallic composition layer as well as the mechanical properties of the joints were analyzed. The
results show that a typical deep penetration welding seam is formed on the aluminum alloy side, while a brazed seam is
generated on the solid galvanized steel side. There is a thin layer of the intermetallic composition on the interface between
the galvanized steel and the brazed seam, which is less than 10um. The main intermetallic compositions were Al, ,Fe,Si
and (Al,Si) ;Fe,. The tensile samples were fractured at the heat affected zone of the aluminum alloy. The average tensile
strength of the joint is 145MPa. The fracture mode of the joint is ductile fracture.
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Table 1~ Chemical compositions of galvanized steel, aluminum and filler wire

elements (mass fraction)

alloys
w(Mg) w(Si) w(Cu) w( Mn) w(Zn) w(Ti) w(P) w(S) w(C) w(Fe) w( Al)
H220YD — 0. 0001 0.003 0.007 — 0.0012 0. 0006 0.00025 0.0001 balance 0.02
0.0025 ~
6016 0.01 ~0.015 0.002 0.002 — — — — — 0.005 balance
0. 0006
4043 0.0005 0.045~0.055 0.003 0. 0005 0.001 0.002 — — — 0.008 balance
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Fig. 1 Schematic illustration experimental set-up
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Fig.2 Schematic illustration of tensile testing sample
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Fig.3 Cross-section of laser deep penetration welding-brazing Al/steel
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Fig.4 Backscatter electron imaging of galvanized steel/brazing seam in-
terfacial layer in Fig. 3
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Table 2 EDS analysis results of interfacial layer pointed in Fig. 4
elements
Al Fe Si
points
mass atomicity mass atomicity mass atomicity
fraction fraction fraction fraction fraction fraction
1 0.6568 0.7808 0.3042 0.1747 0.0390 0.0445
2 0.5559 0.7107 0.4194 0.2591 0.0246 0.0302
3 0.3811 0.5547 0. 6042 0.4248 0.0147 0.0205
4 0. 6405 0.7823 0.3499 0.2065 0. 0096 0.0112
5 0.6190 0.7648 0.3680 0.2197 0.0131 0.0155
6 0.5838 0.7367 0. 4004 0.2441 0.0158 0.0192
7 0.5533 0.7123 0.4306 0.2678 0.0160 0.0198
8 0.5263 0.6888 0.4549 0.2876 0.0188 0.0236
9 0.4127 0.5836 0.5650 0.3861 0.0223 0.0303
10 0.7177 0.8322 0.2650 0.1485 0.0173 0.0193
11 0.6001 0.7465 0.3779 0.2271 0.0220 0.0263
12 0.5269 0. 6885 0.4528 0.2859 0.0204 0.0256
13 0.2980 0.4619 0.6851 0.5130 0.0169 0.0251
14 0.7396 0.8453 0.2404 0.1327 0. 0200 0.0220
15 0.6162 0.7534 0.3496 0.2065 0.0341 0.0401
16 0.4602 0.6282 0.5155 0.3399 0.0243 0.0319
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Fig.5 X-ray diffraction profile of the fracture plane in steel side
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Fig. 6

Microhardness distribution across the interface between galva-

nized steel and brazing seam

Fig.7 Tensile specimen fractured at heat affected zone of aluminum alloy

b—SEM fractography

a—macroscopic view
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