are also analyzed. The results indicate that

has a great influence on the formation of welds
and the weld formation is poor
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diameter side-blown gas, the fiber laser welding of SUS 304 stainless
S

, when the laser power

angle of gas jet nozzle, and other welding parameters are constant

. | 304 stai
s and metallic vapor are observed by using the
high-speed photography equipment under the background light source and the fusion depth and formation of welds

position and
Without the sma

distributed weld formation with lots of the spatters is achieved. When the gas flow value is small, the uniformly-

welding speed, defocusing amount, i
, the fusion depth of welds increases with the
increment of small diameter side-blown gas flow. The small diameter side-blown gas can open the keyholes
obviously, maintain the stability of the keyholes, and also enlarge the area of the molten pool

The gas flow value

diameter side-blown gas, the uniformly-

11 di
distributed weld formation with few spatters is achieved. When the gas flow value is too large
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SR RE R RS I D/ R TE LU R RS O SR R B Iz A e R AR e R D R S
JRACHe i RE R A By PR R EG . T S I T R AR R O BT ST AT TR IE ST L A B i A e <
PRI T IEAE T . Arata S5 BIFFE TR A0S IR ) 256 010 B A8 o AR 58 W 1952 W) L Ok LA A T
A Az = RS ) G T SR A e 57T 0 o 24 B A T g 25 T s 85 T 4 1 R DR L PP B T L AR
BEIR DR B, LR SE S MOIE « 250 B VR TR 0 50 i I, AR B S 0 T 02, JHC s s IR T A 4 52 0 A0 Il 19 0
TR AEIRGE S LR D s 5 B MR Ty il B i 7 A T SRR i IR . ER A ENBEAT T M T xR AR
WREGSZM 13 8] T B AR R AR BE . Wang 885 W58 1 M0 WA UK X O BRI A8 oI5 5% % 45 o T IR 40 10
SO, 2 BN WA AT AR R AR . X BB SR AR 3 R T CO, SOt AR . 11 CO, Ot 8 78 HOL I HR 5L
RN S SR 850 2 L SO G BE N R WA 5K 3% Sl PR AN B L LG B0AE B 1 O SO AR 04 57 1 L Wi 3 5 000
FEE L IARBE LA AR B L i CO, BOEAR BEIS B AY AR S AUSE A TARSE B BR . SLLFHota i Bk 1
X — SR, EDG AR OB BOR 19 & S I [, AT BT DB BOB AR N R TR 19 7 1k 22 02 R 305 22 48
A5 5 T 5% T8 0 M AR A 2T OL TR IR T Z RO BT AT 08 . A SCTE A AR O SR B3 B T LR
4 kW SGEFHOLXT SUS 304 AR SEAT AR 52 BF 58 17 4045 48 000 W =M AL 0T 0O Hb TS AR O e i R M
FREE ISP 19 52 0 R R BB ULER TR B R o I R AL e R AR R AR

2 IR S A
YA R R SUS 304 AW, KA W2 1. AR S 150 mm X100 mm X 8 mm, ff A 55 K4
IR K 10 kW AL LF O AR 217 /832, 6 R R & (BPP) 8 12 mmemrad, f/NEEE EAE R 700 pm, A
210 mm, f#FH Photron SA-X2 & # AL (Fastcam SA-X2,Photron A&, HA) 5 Cavilux G4 B G IR &
%t (Cavilux HF,Cavitar 24 A, 25 22) WA 72
# 1 SUS 304 AEEMIL: A (Bt 2250 00

Table 1 Chemical compositions of SUS 304 stainless steel (mass fraction, %)

Element C Si P S Mn Ni Cr Fe
Content 0.08 1.00 0.04 0.03 2.00 8.00~10.50 18.00~20.00 Bal.

3 Ik

FHAD AR R HEAT AT B DA 25 B e T S AR B, O F PRI B 25 3R T ¥ X AR BEAT 28 B 0 . OB R S¢
WE 1 FTR IR AR AR 2 mm, BE TR 2 mm, 5 T4 Mk 45°, S0 0 % HE OB LB
Lo PRPVIARBEHE NN 10 mm, B TR 10 mm, 5 TR Mk 45°, 5 00K S ARmEHE y m AR . AR
SR 5 R SRR . R RGN B 2 P, R AL A A R A = 5 Sk 5 KO TR
45°, S B WU A 4000 frame/s, BEYGHTE] R 5 ps, LE R 512 1024 pixel X 1024 pixel .3 5 TR B
K 808 nm HyHH 500 W O, 468 28 A8 I R KP4 Jr X, B2 3k 5K P 147, 240 F L E
AT FOCIR ., BN R 4 kW, B E RN — 10 mm, R SUE R N 10 L/min, 23R 0.6, 1.0,
1.4 m/min, fll ARG D 0~20 L/min,

| N~ - q
\aser beam. -

N2
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A

( 8,
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Hae ra -
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Bl 1 HOLRER G R K & 2 mEEE R
Fig. 1 Schematic setup of laser welding system Fig. 2 Schematic setup of high-speed photography system
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REFLAY TR,

t=t,+0.25 ms | t=t+0.50 ms | =t +0.75 ms

keyhole pool
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- .
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eyhole pool
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P 3 A [l O e <A U B T A AR LAY IR AR . () 0 L/mins (b) 5 L/min;
(¢) 10 L/min; (d) 15 L/min; (e) 20 L/min
Fig. 3 High-speed photography images of molten pool and keyhole under different side-blown gas flow.
(a) 0 L/min; (b) 5 L/min; (¢) 10 L/min; (d) 15 L/min; (e) 20 L/min
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Fig. 4 Area of (a) molten pool and (b) keyhole with and without side-blown gas
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metallic vapor A = metallic vapor _ N .
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Fig. 5 High-speed photography images of metallic vapor under different side-blown gas flow.
(a) 0 L/min; (b) 5 L/min; (¢) 10 L/min; (d) 15 L/min; (e) 20 L/min
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K6y 4 M T A . & 6 AT L, Bl A& O IO Bt i 09 385 K, KR 48 OB A T 28 k. AR & A
10 L/minff, Z WY B A4F K485, AR & K TE4E T 15 L/min B AR MUE B 2. 40 5 R
YR A 15 L/ min B Q0L 3Cd) BT 46 it 19156 B St o ELAM R AP s b ) R R A IR T IR 5 U
A B S VRS 42 TR AR 0] R 38 Bl Y R , t 2 1) s 5 3R is Bl . IR R RIE AN TE 2 WA &8
B VRS 2 JE ) L) AT e, IR0 R SR IR [ 5 L S s R Ve 0 TR A PR TE 9 T8 W ] A T AR A SR T
T — AR AETE R B [ ST AR FR 4% P 822

10 mm 10 mm

B 6 AR W A< fA o B R AR 42 B . (2) 0 L/mins (b) 5 L/min; (¢) 10 L/min; (d) 15 L/min; (e) 20 L/min
Fig. 6 Weld formation under different side-blown gas flow. (a) 0 L/min; (b) 5 L/min; (¢) 10 L/min;
(d) 15 L/min; (e) 20 L/min
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Fig. 7 Side view of poor weld formation
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Fig. 8 Change of depth of fusion with side-blown gas flow
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