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ABSTRACT: During stainless steel and titanium alloy dissimilar metal welds, it was easy to produce inter-compound, resulting
in low solder joint tension. This paper aims to improve the tension of the welding spot. The welding experiment of 304 stainless
steel and TC4 titanium alloy was carried out using nanosecond laser. The welding spot was composed of laser running helix.
Through orthogonal experiment on the process parameters, the maximum welding force was obtained. When the laser power
was 90 W, the laser frequency was 600 kHz, the welding speed was 200 mm/s, the helix spacing was 0.04 mm, and the pulse
time was 10 ns, the maximum solder joint tension was 29 N. When stainless steel and titanium alloy were welded using nano-
second fiber laser, the time of laser and material action was very short, which was 10 ns, the temperature of the molten pool was
relatively low, and the produced inter-compound was too late to grow, which can greatly improve the tension of the weld spot.
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Tab.1 Chemical composition of 304 stainless steal and TC4 Titanium alloy (mass fraction) %
Fe Al Si Cr Ni Mn Ti C v
304 <1.0 18.0~20.0 8.0~10.5 <1.0 0.08 0.0
TC4 0.3 5.5 0.08 3.5
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Tab.2 Factor level
A B C D E
W /kHz /(mm-s™") /mm /ns
1 60 500 120 0.02 10
2 70 600 140 0.03 20
3 80 700 160 0.04 40
4 90 800 180 0.05 60
5 100 900 200 0.06 100
3 EXRKBERER
Tab.3 Analysis of orthogonal experiment
A B C D E
/W /Hz /(mm-s ™) /mm /ns /N
1 60 500 120 0.02 10 19
2 60 600 140 0.03 20 15
3 60 700 160 0.04 40 24
4 60 800 180 0.05 60 15
5 60 900 200 0.06 100 11
6 70 500 140 0.04 60 22
7 70 600 160 0.05 100 19
8 70 700 180 0.06 10 16
9 70 800 200 0.02 20 12
10 70 900 120 0.03 40 25
11 80 500 160 0.06 20 23
12 80 600 180 0.02 40 11
13 80 700 200 0.03 60 14
14 80 800 120 0.04 100 23
15 80 900 140 0.05 10 25
16 90 500 180 0.03 100 20
17 90 600 200 0.04 10 29
18 90 700 120 0.05 20 21
19 90 800 140 0.06 40 22
20 90 900 160 0.02 60 17
21 100 500 200 0.05 40 13
22 100 600 120 0.06 60 19
23 100 700 140 0.02 100 14
24 100 800 160 0.03 10 22
25 100 900 180 0.04 20 16
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Tab.4 Visual analysistable of orthogonal test
A B C D E
/W /Hz /(mm-s ") /mm /ns
K, 84 97 107 73 111
K, 94 93 98 96 87
N Ks 96 89 105 114 95
K4 109 94 78 93 87
Ks 84 94 79 91 87
R 25 8 29 41 24
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Fig.3 Microstructure of welds and laser heating schematic
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