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Abstract The experiment of the laser overlapped welding for the DP980 and A6061 sheets is conducted and the
influences of the nickel foil on the microstructure, the microhardness and the tensile shear property of the weld seam
(WS) and the fusion line (FL) of the laser welded joints are compared and analyzed. The results show that, as for
the sample without the nickel foil, the entry of the Al element into the weld pool results in the formation of a large
number of soft phase d ferrites and some lath martensites (LM) within the WS and FL. The brittle intermetallic
compounds of FeAl, and FeAl; separate out near the steel-Al interface, whose peak thickness is about 50 pm, and
thus there occur brittle fractures of welded joints at the interface during the tensile process. In contrast, as for the
sample with the nickel foil, the nickel element effectively suppresses the Fe-Al metallurgical reaction, and thus the
transformation of & ferrites into austenite is promoted. At room temperature, the WS obtains the full LM

microstructure. The WS hardness increases, there occurs the Ni-Al intermetallic compound near the interface, and
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makes the laser welded joint strength increase up to 61 MPa, which is 1.4 times that of the sample without the
Jﬁ:l]

intermetallic compound; mechanical
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Table 1
Composition
Value

SRR KR kS A DP980 Y Al A6061 45 A
Si Mn
0.09 0.06

A JREEYI N 1.5 mm, Ao LR 1 R 2,
Chemical compositions of DP980 (mass [raction, %)

OGRS B AR SE R S 0.10 mm, 82
B 3T B A BT 99.99 %,
DP980 Ay 1k 24 h 43 i it 43 5. %0)

Ti Cr Mo
1.90 0.03 0.50
2 A6061 BBE54
Composition Cu Si
Value 0.15-0.4

Al

Nb
0.20
B A OB 4 8, o)
Table 2 Chemical compositions of A6061 aluminum alloy (mass fraction, %)
Fe
0.4-0.8

0. 03
WO IR0 /8 36 H IPG A Rl AE 85

Fe
0.30
Mn
0.7
YLR-6000 Y P3G LR oG A% o8 i, RE B ML

Bal.
Mg
0.15

Zn
0.8-1.2

Cr
0.25
SO AT 1 (R — B R

4 300 mm, YEEEE 2R 0.3 mm, AR AR A [

Ti Al
0.04-0.35  0.15
H15 L/min, & 1) B AHOLEHR B R
(W
WA

Bal.
AR R DT S B T o 2 A BRI R

TEW R 3. WOL MR 12 52 5 BT HTRE dh 19 RSF
80 mm > 60 mm. A EHL W EBERKIEL T 10 mm,
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Fig. 1 Schematic. (a) Laser welding; (b) welded joint
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Table 3 Experimental scheme of laser welding
Sample No.  Thickness of nickel foil /mm Laser power /kW  Welding speed /(memin ') Defocusing /mm
1 0.00 2.0 4.2 0
2 0.10 2.2 4.2 0
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Fig. 2 Size dimension of tensile shear sample
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Fig. 3 Cross-sectional morphologies of welded
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joints. (a) Sample 1; (b) sample 2
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Fig. 4 Element distributions of DP980 side welded joints. (a) Horizontal element distribution of sample 1; (b) longitudinal

element distribution of sample 1; (c¢) horizontal element distribution of sample 2; (d) longitudinal element distribution of sample 2
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Fig. 5 Microstructures. (a) Ws of sample 1; (b) FL of sample 1; (c) WS of sample 2; (d) FL of sample 2
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Table 4 Chemical compositions within WS and FL. (mass fraction, %)

Sample No. Position Phase Al Ni Mn Fe

5 2.20 - 2.12 88.78

1 WS LM 1.20 - 2.10 89.30

o 2.38 - 2.10 88.60

FL LM 1.08 - 2.10 88.90

WS LM 1.90 5.28 2.02 83.35

2 3 4.30 9.05 2.00 76.35

FL LM 2.95 7.38 1.90 79.50
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Fig. 6 Microstructure at welded joint interface: (a) Sample 1; (b) sample 2
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Table 5 Elemental contents at different areas near

welded joint interface (atomic fraction, %)

Sample No. Position Al Fe Ni
A 46.08 21.96
1 B 55.93 15.38 -
C 48.02 22.27 2.62
2 D 59.43 16.74 2.58
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Fig. 8 Macroscopic morphology and stress-strain curve of sample after tensile shear. (a) Macroscopic morphology

after fracture; (b) stress-strain curve
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Fig. 9 Microscopic fracture and EDS analysis of tensile shear sample. (a) Fracture morphology of sample 1;

(b) EDS analysis of sample 1; (c) fracture morphology of sample 2; (d) EDS analysis of sample 2
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