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Single and dual beam laser welding-brazing characteristics of
magnesium/zinc-coated steel dissimilar alloys
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Harbin Institute of Technology, Harbin 150001, China;
2. Institute of Automatic Detecting and Process Control System, School of Electrical Engineering and Automation,
Harbin Institute of Technology, Harbin 150001, China)

Abstract: The single and dual laser welding-brazing of AZ31 Mg alloy to DP980 galvanized steel was conducted with
Mg filler wire. The effect of different parameters on the weld appearance was analyzed. Moreover, the interfacial pattern
under different heat sources and its influence on the interfacial strength were obtained. The results indicate that good weld
appearance can be achieved using both single and dual laser beam welding-brazing as filler wire. It tends to produce the
lack of fusion defect by single-beam welding and the welding process is unstable. The dual-beam welding has much more
uniform temperature distribution, so, the spreading-wetting ability is better than the former. The shear test results show
that the highest joint efficiency of single-beam and dual-beam welding are 30.9% and 42.4%, respectively. The crack
produced at the toe of weld after laser welding-brazing is the main reason for joint failure.
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Table 1 Chemical compositions of base metals and filler metal

AIANEF LL CO WO #E, L AZ31 BEG
22 JyIATRATRL, XTI RGBT R B T
B S/ RFN O ET IR L U, SO
PZ S I RE, AR S SO 2 AR SR
B EEINIIG 4 5 G B e A

SEEGRER A 1.5 mm JE (1) DP980 #EEFANFI AZ31
B S MOM o BEEEAN A SURHAN , 3 TR 2 K )R R Ol
15~20 um, BG40 H24 2, FLHlEAEAIR K. 1
FM B S R R RS St 22, HAA 2 mm. B
MR S22 I o e 1 ). B BREA DI 100
mmX 30 mm KUAEHRAE, T 25 R R AN Bl
TR, T B LR G SR MBI A2 5
FEH T R vE -

K i Iy 3 kW I A HI5 456
CO, W E RS BT IR LSS . B 1 T B, XL
HeI AT R o AESER I R T, ot E G,
BOCAE ] AAME ST 1 mm, JE22 ORI
JFIEN, SRR AL A 300, AR N+10 mm,
RSO S8 A8 T4NAR 7 10 mm Ab. SO PEER, IL
HROCBREAZ N 1 mm; XOUCH SRR, KA
BORBOG / BOIFAT B M HOG, SGHRIEE Y 0.6
mm, HATROEHEEARLN 3 mm. EESHCAHOET
P, PR vy, IR v

P K A B B (OM) RT3 FiLB% (SEM) . fiE
W3 T (EDS) S5 T B Sk A ZUE S S22
AT ILELRI 34T o P SZEG /F INSTRON-5569 LT )i fiE
B BT, Ak 0.5 mm/min, #dfE £
HEERD 10 AN, JRE 18 'Co Tl I I A RS K
VG FE KA e T R T AR, U R B Ak AR RSk
TR A KN

Mass fraction/%
Material
Fe Mg Al Zn Mn Si C Mo Cr
DP980 steel Bal. - 0.45 - 2.1 0.05 0.135 0.35 0.15
AZ31B 0.005 Bal. 2.5-3.5 0.5-1.5 0.2-0.5 0.10 - - -
Filler metal 0.001 8 Bal. 3.27 1.26 0.24 0.007 2 - - -
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Fig. 1 Schematic diagrams of laser welding-brazing process in single and dual beam mode: (a) Schematic diagram of laser

welding-brazing process; (b) Single beam mode; (c) Dual beam mode
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Fig. 2 Weld appearances((a), (b), (c), (d), (e), (f)) and cross sections((a’), (b"), (c), (d), (e'), (f')) of joints at different welding
parameters: (a), (a") 1 200 W, single beam; (b), (b") 1 600 W, single beam; (c), (c') 1 800 W, single beam; (d), (d') 1 000 W, dual beam;

(e), (e") 1 600 W, dual beam; (f), (') 2 200 W, dual beam



522 %5 6

FEVANE, 25 SR/EEEHN 2P & Bt . SO ABOL T HR4E 1

1581

90

(a) 4 — Dual beam
= — Single beam
80+
E
s 70t
S
)
g
5 60F
[+]
&
»n
50
40

1.0 12 14 16 18 20 22
Laser power/kW
B3 A AE ) SO RN R

(b) 4 — Dual beam
100 - = — Single beam

< 80t
=
g
0
£ 60r
5]
=

40+

20

1.0 12 14 16 1.8 20 22
Laser power/kW

Fig. 3 Relationship between wetting-spreading ability and laser power: (a) Curves of spreading area vs laser power; (b) Curves of

wetting angle vs laser power
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Fig. 4 Cross section morphology of laser welding-brazing joint
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Fig. 5 Microstructures of interface in various heat inputs: (a), (a'), (@”) 1 600 W, single beam; (b), (b"), (b”) 1 800 W, single beam;

(c), (), (c") 1 600 W, dual beam; (d), (d"), (d”) 2 200 W, dual beam
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Fig. 6 Comparison of shear properties of single and dual

beam
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Fig. 7 Fracture location and morphologies of steel side in single/dual beam welded joint: (a) Fracture location; (b) High

magnification of rectangular block in (a); (c) High magnification in steel side; (d) Fracture morphology of single beam joint; (e)

Fracture morphology of dual beam joint
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