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Interfacial properties and tensile strength of
laser arc hybrid welded dissimilar Al/steel joint
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2. Wuhan National laboratory for Optoelectronics, Huazhong University of Science and Technology,
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Abstract: Dissimilar metals of Al alloy to stainless steel was conducted by fiber laser-cold metal transfer (CMT) hybrid
welding technique using Al-12Si filler wire. By the analyses of SEM, EDS and XRD, the results show that a IMCs layer
is found at the interface between stainless steel and fusion zone. From top to bottom of the joint, the thickness of IMCs
layer increases gradually and the shape changes from serrated to plate-like. The IMCs layer is usually composed of two
layers, the 6-Fe, (AL Si),; layer near to stainless steel and the 75-Alg(Fe,Cr),Si layer near to fusion zone. When the offset is
0.4 mm, the optimal range of heat input is 80—110 J/mm. Within this range, the thickness of IMCs layer is 3—8.5 um, and
the tensile strength of the joint is greater than 130 MPa, which is more than 80% of the tensile strength of aluminum base
material.
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Table 1 Chemical composition of raw materials and filler wire

Material Mass fraction/%
Ni Cr Mn C P S Si N Fe
SS304
9.25 18.25 2.000 0.070 0.035 0.03 0.068 0.100 Bal.
Si Cu Fe Mn Mg Zn Cr Ti Al
AA6061
0.68 0.25 0.7 0.15 1.0 0.25 0.09 0.15 Bal.
Si Cu Mg Ti Fe Mn Zn Al
Al-12Si

12.14 0.0002 0.0013 0.0032 0.193 0.0005 0.001 Bal.
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(@) Laser beam
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(b) . 10° Welding direction
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Fig. 1 Schematic diagrams of welding set: (a) Front view; (b)

Side view
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Fig. 2 Cross-section SEM image of aluminum/steel laser-

CMT hybrid welding joint
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Fig. 3 SEM images of laser-CMT hybrid
welded Al/304SS joints in different areas: (a)

Al-Si1 eutectic

HAZ, corresponding to area F' in Fig. 2; (b)
Weld metal, corresponding to area E in Fig. 2;

(c) High magnification image of (b)

IMCs layer

IMCs layer

m I

304SS
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Fig. 4 SEM images of IMCs layers of different areas in Fig. 2: (a) Area 4; (b) Area B; (c) Area C; (d) Area D
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Fig. 5§ SEM image of IMCs layer(a) and corresponding line
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Fig. 6 XRD pattern of IMCs layer
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Fig. 7 EDS spectra of points P(a) and Py(b) in IMCs layers Fig. 8 Relationship between hot input and tensile strength of
in Fig. 5 Al/steel joint
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Fig. 9 Fracture morphologies of tensile specimens of Al/steel joint: (a) Overview; (b) Area D of (a); (c) Area E of (b); (d) Area F
of (b)
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Fig. 10 SEM images of fracture surfaces of Al/steel joint: (a) Overview on SS304 side; (b) Overview on welded seam; (c) High
magnification image of (a); (d) High magnification image of (b)
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Fig. 11 EDS spectra of different points in Fig. 10 of fracture surfaces of Al/steel joint: (a) Point P;; (b) Point P,; (c) Point Ps;
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