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Experimental Research on High Power Fiber Laser-TIG
Hybrid Welding
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(Institute of Laser Engineering , Beijing University of Technology . Beijing 100124, China)

Abstract Laser-induced plume affects the process of high-power fiber laser welding. The effect of Tungsten Inert
gas (TIG) arc on the plume characteristics and the welding results are investigated. An IPG YLS-6000 fiber laser and
a Fronius MagicWave3000job digital welding machine are used in the experiment. The profile of the plume and the
arc plasma are recorded by a high-speed camera. Furthermore, the weld depth and weld width are measured by a
microscope. The fundamental law of TIG arc on plume induced in high power fiber laser welding is studied, and the
main mechanism of this effect is analyzed. The results show that, the weld depth of hybrid welding significantly
increases by about 20% compared with pure fiber laser welding, and almost isn't affected by arc current. The weld
width gradually improves as arc current increases. The weld depth and weld width are insensitive to the distance
between laser and arc within limits. The main effect of TIG arc on plume is the gasification of the particles in plume
by high temperature TIG, so the influence of plume on laser beam significantly weakened.

Key words laser technique; fiber laser; plume; tungsten inert gas arc; hybrid welding

OCIS codes 140.3390; 160.3900; 350.3390

1 8 = WO 5 P J2 5 2 3 62T WO A5 4 v —

B2 O WOL SR R T R R MOL IRk ARPOIBLR . Kawahito 55k Jy g 2 5 4
TR e R B 0 PR ROR . o ETROCHRRTE S ORI A0 25 9 7 I Ll
B UL AR B OB AL S T A k29 6000 Ko Sheheglov 30 £ 0 £F O 1t £
FEUNFTES N T30 2 e 3, ol i s e 4 it 7 — Fif B 2 BB T S 0 O 8 o 19 R s RT3k 7 00 . AT
e T I E TR L s S B0 T A i et B HOPDFE S 7 12 1 A B AT R R s I A O B 2

KRB 2013-11-14; Y EIMEM R EHEE: 2013-12-09

EETA: BXARB¥EH4(51275013,51175008) | 6 5 B 45 5k 4 1 (2013ZX04001-131)

EE® A : & 986, M A, ELEAFEOLH ORI T B HF5E . E-mail: hxly9977@163. com

SURE N HoRRFL965—) I 208 W AR W, Gt S MO LR LS R A RNEOE n E ok in Ca T
BT RSN AR S RGPS . E-mail: rsxiao@bjut. edu. enGEFHER N (hE 224405 . S0420111435)

0503004-1



H |

# ot

T 4 Ja 2 P 3R 114 20 DK R T A AR TX 26 T 5 ok
WSO 8T 11 i o 5 o AR e i AR L Xao 45T R
PR 3% PR 1) 5 12 LA R ) SPIRAE A9 A7 )™ T 5 )
FRRRANIR 0 AT I i HSPIRE X Ol £F OB MR 3 R A
GURFFARE R . ARG C A 1B ISR A S
A 3 R AN I A 7 3 WF T R 9IRS P S AR 2
SURERIELE SiDE AT

BOLHINE SR A 20 b4 70 AR H DIk
WU B Tz SR L H AR S 2 A O A
I HR) DI e o G B — PREUAR 4 1) — LB B 3 A 2 [
FF DR R AR 17 X 39 11 %) o 5 00 2 O L ) 225K ]
AAS B 5 g 10 48 T O ) 0 A O L) R D
PR R BRI T WOL RN 5 R B BT Y
ERETTE . OB RAR £ 2R CO, Bt
TIOGLFWOLTE T W PR CO, WOLTE T M55 5
RAFAEAR R 2200 BB AT A S0 49 78 T PIL ) e
FAEREZE R I, CO, WO AL IRE £ 48 42
W T ST A R OE AN T T OB Ot A RO A O
RINE GRS A RA . 7100 RIEE A
(9 A9F 7 245 SR T v OGS 25 0 HE TR 0 6 21 SO 1
WS RE 2 AR /N B FT LM R T R e 7E B
FEI AR AT LU 25 08 R SO0 D' 21 OG5 L i 2
% J8 L SO T 1 I R TP OPURE A 4

AICR AT PG YLS-6000 JE£F#0t % Fscy ek
T SRR IR CTIG IR HL L 4T T B LR BOE T
AT AROL-TIG IR SR S0l ad i
SRR AR SR AR I i R P R 45 TR TR 2 A ]
PR S BRI 00 5 O o A 2 8 ) e TR N 538 L IF S T
TIG H I P B AR 45 SRR i B AR R

2 SR T

SC R FH ) TPG YLS-6000 Y6 £F 8056 28 . 4 2
AN 6 kWL PN 1,07 pm, S £ 4% iy it 44 71 1
H 5 A 200 pm Fl 200 mm, £ A 300 mm R
BRERER FENERERN 0.3 mm, 53] &
4 KUKA NHPLW T Mz g F 6. R TIG
PEHL A Fronius Magic Wave 3000 job {18,
TIG R4 5 T/ e /M 2 607, Wk H &N
2.4 mm, & SCEOE A IR IR RN EE S Doy, SO
AAMBEWIIS Dyy B2 mm S5 J7 18] 2 380G 76 1 HL IR
FEJG o XoF PR B A 45 8 AR A UL R T 1 2 5%
E PHOTRON Fastcam 1024R2 ¥ {4 /& 3 £ 12 1%,
S A EH R B WA 1 PR .

S B RE Sy Tk Al gk, HOR S S 100 mm X

laser beam

welding direction
——

molten pool

key hole

workpiece

ol

1 BEHEBERER
Fig. 1 Schematic diagram of hybrid welding
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Fig. 2 Typical weld cross section
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Fig. 4 Influence of Dy on weld depth and weld width
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Fig.5 Profile of plume in fiber laser welding
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Fig. 6 Influence ofarc current on plume (D;x =2 mm)
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