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Laser welding-brazing and numerical simulation of
zinc-coated steel and 6016 aluminum alloy

ZHOU Dian-wu, WU Ping, PENG Li, ZHANG Yi, CHEN Gen-yu

(State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha 410082, China)

Abstract: The laser welding-brazing is an effective process to inhibit or reduce FeAl brittle intermetallic compound
produced during laser welding-brazing of steel and aluminum alloy. The laser lap welding test was carried out based on
the DC56D+ZF galvanized steel with thickness of 1.2 mm and the 6016 aluminum alloy with the fiber laser. The Matlab
software was used, according to the actual situation of welding process, the steel and aluminum dissimilar metal laser
welding pool shapes of the mathematical model in the flight quasi-steady state was established under a certain basic
assumption. Based on the quasi-steady numerical equations, the shape of molten pool geometry distribution was obtained.
The welding process parameters were adjusted through the experiments to get the best welding forming. By optical
microscopy, scanning electron microscopy and X-ray diffractometry, the microstructure, element distribution and phase
composition of the steel/aluminum interface were studied. The results show that when the welding beam irradiates at the
aluminum-seam interface, the welding power and welding speed have great influence on pool geometry. With the laser
power increasing, the penetration increases; while with the welding speed increasing, the penetration depth becomes
shallow. When the welding power is 1 600—1 800 W, the welding speed v is 30 mm/s and the defocus distance D is 0 mm,
the best forming of welding is obtained, no cracks, holes and other defects are seen, and there is a bench-shape structure
in the welding joint area. In the platform area, there is obvious boundary between the steel and aluminum. The interface
bonding relies on the liquid aluminum on the wetting, filling and spreading of steel surface. In the concave region, the
steel/aluminum fusion is better. The width is large for Fe and Al elements mixing zone, and FeAl brittle intermetallic
compounds do not form, the thermal diffusion bonding between Fe and Al is the main reason for the region.
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Table 1 Chemical composition of zinc-coated steel sheet

(mass fraction, %)

C Si Mn P S Fe

0.014 0.008 0.118 0.014 0.030 Bal.

F2 6016 By
Table 2 Chemical composition of 6016 aluminum alloy

(mass fraction, %)

Si Mg Fe Zn
1.0-1.5 0.25-0.6 <0.5 <0.2
Mn Cu Ti Al
<0.2 <0.2 <0.15 Bal.

1.2 KWHZE

9% Zn BN 6016 F5G a4 5 Je B &t
ITHOCHE R, SRR A AR 7 =G, il 1,
S H PR A BN 2 b, RO A S
15 MRS AE A by 8 AP R SF4r ik 35
mm X 80 mm F1 35 mm X 20 mm FIES O 322 5 5448
R b, IREEEOC AR R e 8% . RS S tob
TEWOCIEFN SRR, AL R [R5
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Fig. 1 Clamping means for laser welding-brazing of steel and
aluminum: (a) Aluminum and steel direct lap welding; (b)

Upper aluminum stitching
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Table 3 Thermophysical properties parameters of steel and aluminum'
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W I, ORI NS, RN L, HREEIE
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#2, WK 3R, TR SRR A I, SRR T
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[14-16]

Densit Melting Boiling Specific heat  Latent heat Latent heat of Diffusivity for Diffusivity for
Material /(k m}j;) temperature, temperature, capacitance, of fusion,  boiling, L/ liquid state,  solid state, o/
pIsE Tw/K Ty/K c,/kg 'K Lo/Okgh) (kg a/( m*s™) (m*s )
Steel 7 800 1 803 3000 620 2.72X10°  6.3X10° 49X107° 4.0X10°
Aluminum 2 702 933.52 2 740 900 3.98X10°  10.5X10° 21X10° 21X10°
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Fig. 3 Macro-morphologies of steel and aluminum at laser powder over 1 800 W: (a) Surface of weld; (b) Back of weld; (c) Cross

section of weld
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Fig. 4 Macro-morphologies of steel and aluminum at laser powder of 1 600—1 800 W: (a) Surface of weld; (b) Back of weld,;

(c) Cross section of weld
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Fig. 7 Cross-section morphology of weld of sample
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Fig. 9 Microstructures of steel and aluminum welded joint: (a) Base metal of aluminum side; (b) Platform area; (¢c) Morphology in

fusion zone; (d) Thermal diffusion zone
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Fig. 10 Morphology of sample joint area(a) and elements

distribution of steel and aluminum welded joint(b)
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