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Influence Factors of Fiber Laser Welding Modes for 304 Stainless Steel

Leng Xiaochun'?*, Luo Shouyi’, Li Yanbao'*, Jin Weifang®
' School of Material Science and Engineering, Shanghai Jiaotong University, Shanghai 200240, China;
2 Shanghai No. 1 Machine Tool Works Co. , Ltd. , Shanghai 201306, China

Abstract In order to investigate the influence factors of the fiber welding modes for 304 stainless steel, a group of
experiments with the laser power, welding speed and defocus distance as the variables are designed in accordance
with the idea of an uniform experimental design. By the analysis of the formed welds, the characteristic forms of the
heat-conduction welding and the deep-penetration welding are obtained in the fiber laser welding process. The
relationships among the weld mode, each welding parameter and their interactive action are calculated
quantitatively, and the influence factors of the welding modes are determined. The results show that, there are four
typical weld formation forms determined by the heat input density for the 304 stainless steel {iber laser welding. The
—3

weld has an arc shape when the heat input density is smaller than 43.04 Jemm ° and the corresponding welding

*  the weld has a nail-

mode is the heat-conduction welding. When the heat input density is larger than 66.82 Jemm
head or a nail shape and the corresponding welding mode is the deep-penetration welding. Meanwhile, there exists
an intermediate mode when the heat input density is between the two values for the above welding modes.
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Table 1 Test plan of single-factor uniform design

Welding parameter Dependent variable
Test Laser Travel Defocus Power ) Heat input
Spot area Heat input
No. power speed distance ) density density
S /mm®* i , E/ (Jemm™")
P /kW v /(mmes™ ") z /mm Q /(10° Weem ™ 2) e /(Jemm *)

1 1.27 60 6 0.492 2.58 21.17 43.04
2 1.33 85 2 0.397 3.35 15.65 39.44
3 1.42 55 9 0.625 2.27 25.82 41.28
4 1.50 80 5 0.459 3.27 18.75 40.84
5 1.54 50 1 0.388 3.97 30.80 79.42
6 1.65 75 8 0.575 2.87 22.00 38.26
7 1.74 45 4 0.432 4.02 38.67 89.43
8 1.80 70 0 0.385 4.68 25.71 66.82
9 1.84 40 7 0.530 3.47 46.00 86.73
10 1.95 65 3 0.412 4.74 30.00 72.89
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Fig. 1 Test point distribution when interactive action included. (a) Power density-welding speed;

(b) heat input-defocus distance
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Table 2 Test plan when interactive action included

Welding parameter Dependent variable
Test Laser Travel Defocus Power Heat Heat input
Spot area

No. power speed distance , density input density e /

P /kW v /(mmes™ ") z /mm S (mm Q /(10° Weem 2) E / (Jernm™ 1) (Jemm™*)
11 1.65 40 8 0.575 2.87 41.25 71.74
12 1.50 50 5 0.459 3.26 30.00 65.34
13 1.84 65 7 0.530 3.47 28.31 53.37
14 1.74 75 4 0.432 4.02 23.20 53.66
15 1.54 85 1 0.388 3.97 18.12 46.72
16 1.27 60 0 0.385 3.30 21.17 55.00
17 1.65 75 2 0.397 4.16 22.00 55.45
18 1.80 70 5 0.459 3.92 25.71 56.01
19 1.95 65 7 0.530 3.68 30.00 56.56
20 1.54 50 9 0.625 2.46 30.80 49.24
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Fig. 2 Typical weld shapes. (a) Circular arc shape; (b) triangular shape; (c¢) nail head shape; (d) nail shape
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Table 3 Summary of test results

Welding parameter

Dependent variable

Test  Laser Travel Defocus Power Heat Heat input Type of
Spot area
No.  power speed distance , density input density shape
P /kW v /(mme+s ') = /mm $ /mm Q /(10° Weem ™ ?) E /(Jemm™ ') e /(Jemm *)

1 1.27 60 6 0.492 2.58 21.17 43.04 Circular arc (a)
2 1.33 85 2 0.397 3.35 15.65 39.44 Circular arc (a)
3 1.42 55 9 0.625 2.27 25.82 41.28 Circular arc (a)
4 1.50 80 5 0.459 3.27 18.75 40.84 Circular arc (a)
5 1.54 50 1 0.388 3.97 30.80 79.42 Nail head (¢)
6 1.65 75 8 0.575 2.87 22.00 38.26 Circular arc (a)
7 1.74 45 4 0.432 4.02 38.67 89.43 Nail (d)

8 1.80 70 0 0.385 4,68 25.71 66.82 Nail head (¢)
9 1.84 40 7 0.530 3.47 46.00 86.73 Nail (d)

10 1.95 65 3 0.412 4,74 30.00 72.89 Nail head (¢)
11 1.65 40 8 0.575 2.87 41.25 71.74 Nail head (¢)
12 1.50 50 5 0.459 3.26 30.00 65.34 Triangle (b)
13 1.84 65 7 0.530 3.47 28.31 53.37 Triangle (b)
14 1.74 75 4 0.432 4.02 23.20 53.66 Triangle (b)
15 1.54 85 1 0.388 3.97 18.12 46.72 Triangle (b)
16 1.27 60 0 0.385 3.30 21.17 55.00 Triangle (b)
17 1.65 75 2 0.397 4.16 22.00 55.45 Triangle (b)
18 1.80 70 5 0.459 3.92 25.71 56.01 Triangle (b)
19 1.95 65 7 0.530 3.68 30.00 56.56 Triangle (b)
20 1.54 50 9 0.625 2.46 30.80 49.24 Triangle (b)

3.2 BERFEHENSH

] 2 Ca) v i) 0 e 5 LR () 3R S AR ARRAIE L 3X AT BB
AT 304 AN I B 2 A A8 i R ik s L AR R —
BB AT OGRS WO IR ORI, B 2(b) H i
A BRI AR A RRIE (R E S TR B R ] , aX —
5 TG U6 B LG BE /N AL R T 15 53 — T T 156 B O A
304 ANEEH AT RE C 2k I — 8 TR AL 0

AP O RIZL, K 2o PR 2 B A
B0 T A TR A R AL U T I /N L 2B R
K 2(d) i AR EERR T /L IR BR A L BT 3K 5840 1Y
FEARIF AR th B A9 728 1 X B A /INLIE B AR
R— 7330 RE 1 /N FLI S /N LR A SR 1F
T HOR PR 3 TR T AR O TR AR (BN LAY B
WO FEAE— A RAE LR

111402-4



55, 111402(2018)

ANSHBIZFHRE

www.opticsjournal.net

33 REERWERSH

T R WML T A — R R HEAEHE R
X KB AR 52 ) L K B DR 3R 1 S B e /N B
KB HE 51, Hx Ry A R 42 B an ] 3 () ~ (D i
R. ATRAE o — DR 3R RRLIR 38 14 28 A X
TR A 5 i A AN B
3.3.1 MASEEEN IR

i 18 3Ch) A] 1 (R 45 & 3R 3 BdiE, T IED , 248
22 3 B R [ 10O Dy 6 8 BE AN TRl i, 22t BAS T
8 AR A5 2 YOG Ty e 28 R T ORI A 3] 1 A 4 A X
T 1) TR AR . R R 3 (D AT AT, 2 T R B N
B VO AR 22 A5 2 ) T A S AR 2 ) R AR
B, WO KRR 1] TR . #E— 2P Bl A,
Wi o A5 R ) A, TR R T 0 ) ) SR R R
3.3.2 BN R

1 Tl 3 Co) mI 0, 2 ' B T AR [ e, A A CRID

o d
g 84 C (a) . . . .
2 b . o . e o o .
E « g e o . . .
12 13 14 15 16 17 18 19 20
Laser power P /kW
o o d
8 3 C (C) - . * * .
Eg b -e o o . .
@ g9 . . . . .
035 040 045 050 055  0.60 0.65

Spot area S /mm?

= . .
g 3 g (e) . o .
g b e eee o o e
E n g e o oo .
10 20 30 40 50

Heat input E /(J-mm™)

LR RE ) TR 75 2] i A5 4 T O 1) T IRIE R . i A
3Ce) HI A, 2 Pk A /NI O KA = i 1] F 0
JE 5 B BRI OB KRR 1) T IR .
— 25 43 AT TN B OB TR Y 1 O R AR T T 1
LRER MR,
3.3.3 HMAFENH®

TG Ty 285 B I A TG Tk Y 4 e R R A
2o 30 T B3 0 75 AR e R O R T AR A S e, 3
56 A A% B e . B 3D AT, Bl I
N B BB R WO R 4 5 2 el AR S R ) R AR
HAE

TR A B 2 T DL P i O AR B AR U Y
. M A% /N T 43.04 J/mm® B, 304
AEW R EBE XSRS i AR ERT
66.82 J/mm’ i}, 304 A 5 0 1y 45 B B X O IR
IR .

sy de .
Seclm’ -
EE b . . . . . .
% g . . 0 . .
40 45 50 55 60 65 70 75 80 85 90

Welding speed v /(mm-s)

@ . y P i -

- e L] eee o
L] . LR
.0 2.5 3.0 3.5 4.0 45 5.0
Power density @ /(10° W-cm2)

® o e o

Bo d
o C
,:b LN ® s L]
E”’a

Heat input density e /(J - mm~?)

K3 £RESKELRBPYLR. QEOLTE P; (D EEMEE o (OJLHRA S;
(DIIHREE Qs (A E; (DI AR ¢
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