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Interface Microstructure and Tensile Properties of Different-Bevel-Angle
Galvanized Steel/Aluminum Alloy Joint by Laser Fusion Brazing

YANG Yang. ZHOU Xin, YU Shuang, BAI Yujie, LU Yanan
(Department of Mechanical and Electrical Engineering, Suzhou Vocational Institute of Industrial Technology,

Suzhou 215104, China)

Abstract: 6061-T6 aluminum alloy plate and AISI 1045 galvanized steel plate were welded by laser fusion
brazing with ER4043 welding wires; the bevel angle of the aluminum alloy plate was 30°, and that of the steel was
30° and 60°, respectively. The microstructure and micro-zone composition of the brazing interface on the steel side
were studied, and the tensile properties of the joint were tested. The results show that zinc-rich areas and
microvoids were formed at weld toe and weld root on the brazing interface of the joint when the bevel angle of steel
plate was 60°, and a continuous intermetallic compound layer was formed at other areas on the interface. For the
joint wth the steel plate bevel angle of 30°, zinc-rich areas were only formed at the weld toe, and a continuous
intermetallic compound layer was formed at the entire brazing interface. In the two joints. the thickness of the
intermetallic compound layer on the lower area of the steel plate groove surface was higher. The thickness of the
intermetallic compound layer in the joint with the steel plate bevel angle of 30° was greater than that with the steel
plate bevel angle of 60°. The average tensile strength of joints with the steel bevel angles of 30° and 60° was 120.3,
151.7 MPa, respectively. The two joints fractured at the steel/weld interface during tension, and both fractured in

cleavage fracture form.
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Table 1 Chemical composition of base metals and filler wire %
R - ﬁgéﬂ& :
Si Fe Cu Mn Mg Zn Ti Be Al S P Ni Cr
6061 544 0.52  0.26 0.21  0.06  0.95  0.17 FS 0.12
AISI 104540 0.45  0.30 FS 0.15  0.70 0.025 0.030  0.18  0.20
ER 4043 #5#2 5.0 0.15 0.13 0.02 0.02 0.05 0.10  0.0003 4%
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Fig. 1 Schematic of laser fusion brazing
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Fig.3 Macromorphology of weld surface (a—b) and cross-section (c—d) of welded joints of different-bevel-angle steel
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Fig.4 Micromorphology of different zones (shown in Fig.3) on cross-section of 60°-bevel-angle joint:

(a) zone A; (b) zone B; (c¢) zone C; (d) zone D; (e) zone E and (f) zone F
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Table 2 EDS analysis results at different spots

in Fig. 4 %
- B4

Al Si Fe Zn
1 91.26 0.81 0.48 7.45
2 86.34 0.75 1.02 11.89
3 84.12 1.39 3.12 11.37
4 70.40 5.53 23.83 0.24
5 80.62 3.05 14.03 2.30
6 83.84 0.86 0.35 14.95
7 75.20 1.53 0.36 22.91
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Fig.5 Micromorphology of different zones (shown in Fig.3) (a—b, d—h) and element linear scanning results in zone G (c¢) on cross-section of
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30°-bevel-angle joint: (a) zone G, on steel side; (b) zone G, on weld side; (d) zone H; (e) zone I; (f) zone J; (g) zone K and (h) zone L
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Table 3 EDS analysis results at different spots

in Fig.5
(A
Al Si Fe Zn

1 54.93 1.50 43.57 —
2 63.69 1.27 34.22 0.82
3 70.20 1.20 28.14 0.46
4 75.84 0.80 23.36 -
5 96.40 1.25 1.88 0.47
6 64.52 1.60 33.55 0.33
7 72.19 1.72 25.55 0.54
8 74.30 2.17 23.32 0.21
9 70.94 5.82 21.74 1.50
10 73.13 3.20 22.55 112
11 88.72 1.41 — 9.87
12 92.90 1.68 — 5.42
13 70.62 5.11 22.48 1.79
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Fig. 6 Images of 60°-bevel-angle and 30°-bevel-angle joints after tensile fracture
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Fig.7 Tensile fracture morphology of welded joints of different-bevel-angle steel plate/aluminum alloy plate:

(a, c) at steel plate side and (b, d) at weld side
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