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Technical Study on Nanosecond Laser Welding of Stainless Steel and Aluminum Alloy
Wang Shuyong, Yi Xin, Ye Bing
(Wuhan Huagong Laser Engineering Co. ,Ltd. ,Wuhan ,Hubei 430223, China)

Zou Feng,
Abstract A Raycus nanosecond laser was used to technical study the stitch welding of 0. 2 mm 301 stainless steel and 0. 2 mm
6063 aluminum alloy. The welding method is spot welding and the pattern is spiral. The main parameters that affect the nano-
second laser spot welding performance are waveform, frequency, average power, speed and spiral line spacing. The orthogonal
tests of these five factors were carried out to verify the influence of these five factors on the tensile force and residual height of
the solder joints by using visual analysis and variance analysis. The results show that the influencing factors on the residual
height of the solder joints from the primary to secondary are waveform, pulse frequency, average power, speed and spiral line
spacing, the influencing factors on the tensile fore of the solder joints from the primary to secondary are average power, pulse
frequency, waveform, speed and spiral line spacing. And through the orthogonal test method, more and better welding param-
eters can be found.
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Fig.1 Raycus 100 W nanosecond fiber laser
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Tab.1 Raycus 100 W laser equipment parameter table
PRF 0 PRF max Pulse energy max Pulse width at 50% Pulse width at 10% Peak power
Waveform
/kHz /kHz /m] /ns /ns /kW
0 70 1 000 1. 00 46 240 13
4 105 1 000 0. 69 38 160 11
6 119 1 000 0.61 35 130 11
10 144 1 000 0.50 30 100 10
14 179 1 000 0. 40 33 58 10
19 245 1 000 0. 29 32 40 10
25 490 1 000 0.15 16 20 9
28 999 1 000 0.07 9 10 7
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Fig. 2 Nanosecond laser welding tracjectory
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Fig. 3 Standardization of tensile testing
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Tab. 2 Orthogonal test process parameters

Symbol Factor Level 1 Level 2 Level 3 Level 4 Level 5
A Pulse width/ns 40 58 100 130 160
B Frequency/kHz 500 600 700 800 900
C Average power/W 60 65 70 75 80
D Speed/(mm/s) 180 200 220 240 260
E Spacing/mm 0. 040 0. 045 0. 050 0. 055 0. 060
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Tab.3 Results of orthogonal test

Orthogonal test No. Pull strength  Reinforcement
(ABCDE) /kgf /pm
1(1,1,1,1,1) 8. 90 90
2(1,2,2,2,2) 8. 00 90
3(1,3,3,3,3) 8. 31 80
4(1,4,4,4,4) 9.59 79
5(1,5,5,5,5) 5.25 75
6(2,1,2,3,4) 8.76 102
7(2,2,3,4,5) 8. 24 53
8(2,3,4,5,1) 8. 65 47
9(2,4,5.1,2) 0. 56 75
10(2,5,1,2,3) 9.26 46
11(3,1,3,5.2) 8.50 66
12(3,2,4,1,3) 1.00 63
13(3,3,5,2,4) 3.25 74
14(3,4,1,3.,5) 0.71 13
15(3.,5,2,4,1) 4.62 0
16(4,1,4,2,5) 9.98 60
17(4,2,5,3.,1) 5.17 45
18(4,3,1,4.2) 0.69 15
19(4,4,2,5,3) 0.63 19
20(4,5,3,1.4) 9.66 21
21(5,1,5.,4.3) 8. 45 62
22(5,2,1,5,4) 0. 00 7
23(5,3,2,1.3) 9.27 16
24(5,4,3,2,1) 9.43 36
25.(5,5,4,3.2) 8.06 26

ANENGHE ST SRR R 2
AR 50 pm MIE DL TS T B AR B de Kz 7y .
IE s g A5 T LU .87 (107,207 237 (247
H1 257 e Ay = BOR TR R L 0 ¥R DLk #)
8 kgl DA b. ik 7S 4L 56 BE AT /MK 58 TR Bk 58 & =
B AT AN [R) S EE 5500 3R B S8 R TR B AR A
BRA 4 S A5 B mT AR AR K 5 v WA v T 3B o
(R AN 85 N LA SR & & 7 OF AR B — 2 1 IR
TR [RVESE FHARG VK 5 R feg 19 J6 42 380 B ] DA B AR b i R
L R ER A & ke, RS E WP AR
A B3 Ao ok T AR e A T e — g ) A R
LA NGRS A i, AT A5 31 53 9 i
J14x i o PR 3E B TE A iR 5 Ty ik mT DUAE A RO ik
e N BNFF AR IR SR
2.2 ER X A AT

FEIE 2SI 1Y 25 ik, I ACIKSE) Bk
SE 1(Pulse width=40 ns) (Y37 5 H L%, $ X 5
YR 0B R A e o B AT RONAR ST Kia
[F) PR 4 LR AE 45 7K N B I 45 ) & L 45 2R a0
# AR,

F4 b R AN E NESHRAERFIKFE TR
KRS RE/MIEZ 2. R ERME T o ilorE
BRIV R A 8K, 32 W12 R 25 56 98 A 19 52 ) K5 12
Z RAE/NRIZH ZX AR m /A, R 4 7]
LS T 4% v A B 1 52 e PR AR pl R B R R ok i Tk
RN G o B 5 L= 9 kS A I ERD O E DAAE (=8 7
(52 e R 2R H 3 3R 1 24 B K i A R K B
TR E LR (B BE . AE R R OK O 5 48 A5 1 T 4R
&l s 4 BoR .

— 779 —



T4 EXKBEEMSHER

Tab. 4 Visual analysis table of orthogonal test

.. Factor
Statistical -
Target ) Pulse width Frequency Average power Speed Spacing
magnitude
/ns /kHz /W /(mm/s) /mm
K, 8.010 8.918 3.912 5. 878 7.354
K, 7.094 4,482 6.256 7.984 5.162
Pull strength K; 3.616 6.034 8.828 6.202 5.530
/ kgl K, 5.226 4,184 7.456 6.318 6.252
Ks 7.042 7.370 4.536 4.606 6.690
R 4.394 4,734 4.916 3.378 2.192
K, 82.8 76.0 34.2 53.0 52.4
K, 64. 6 51.6 45. 4 61.2 53.0
Reinforcement K; 43.2 46. 4 51.2 53.2 40.5
/mm K, 32.0 44.0 55.0 41.8 50. 4
K; 29.4 33.6 66. 2 42.8 58.2
R 53.4 42. 4 32.0 19.4 17.7
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Fig.4 The relationship between factor level and index
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Tab.5 Variance analysis table of orthogonal test

Target Factor S f \7
Pulse width 62.050 4 15.51
Frequency 78.999 4 19.75
Pull strength Average power 82.454 4 20.61
Speed 29. 205 4 7.30
Spacing 15. 504 4 3.88
Pulse width 10 414.0 4 2603.50
Frequency 4 955.2 4 1 238.80
Reinforcement Average power 2 794.4 4 698. 60
Speed 1314.8 4 328.70
Spacing 813.2 4 203. 30

i X H R 4 R 5 3E P 2 e 22 7 5 Rk
ZEVHEE LA PGB 3 A0 A i 9 23 SRR B AL R —
FAY - DA e 3 s W B A0 25 93 A 2 RE TSR D K
N QUL TSNS SR SN I 2 LT S oS
ESCETIRIIF = A TN ER/ G S PR BoW = )



A LA 3 A R 2R B 0 A e A S i R
2.4 EEHHFR

XA GG &0 S5 S R i El 5
Jros s B 5 Ca) S 4 0SE PR U0 R B 45 08 A A T 2
YiIE . & 5 (b) J2& 4 f BT 1R L AN N R A
SRR N 0.2 mm,

(a)

(b)

SUS301

6063Al

F 5 RNEMSMEE SRR Smgs
() G T BRI B (b)) J3 SR s 2 ¥
Fig. 5 Cross-section morphology of stitch welding

solder joint of stainless steel and aluminium alloy
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