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Abstract: Aiming at the restrictions of lower degree of automation, difficult weld reform control and
inefficiency in root welding of titanium alloy, a laser-arc hybrid welding technique was realized to fab-
ricate a titanium alloy plate with thickness of 10 mm. The welding process and weld seam forming
mechanism were investigated experimentally. During the interaction between pulsed laser with low
power and TIG arc plasma, the plasma behaviors and molten pool state were monitored using a visual
system. The result indicates that pulsed laser can not only improve the arc discharge, but also regu-
late the flow of the molten pool and heat distribution of TIG arc during the hybrid welding process.
The arc was gathered nearby the acting point of laser with a distance between the two heat sources is
3 mm, where the molten pool was forced to flows backwards by the coupled arc bonding force and heat
transfers backwards. Meanwhile the heat distributed in the front and back of the molten pool keeps
the stress balanced and stable, resulting in a well surface appearance welding seam with yield strength

of 96. 3% and tensile strength of 95. 8%.
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Fig. 1 Dimentions of specimen and shaped groove
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Tab.1 Chemical composition of base metal and filler metal (wt¥%)
J ARy Al Zr Mo A% Fe H Si O N HAh
TAI15 5.5-7.0 1.5-2.5 0.5-2.0 0.8-2.5 0.25 0.015 0.15 0.15 0.03 0.3

TAO-1 0.2 — — — 0.05

0.15 0.002 0.08 0.12 0.03 0.1
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Fig. 2 Schematic of laser-TIG hybrid welding system
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Tab.2 Test parameters of Laser-TIG hybrid welding

WOLYIR BEAEE TIGHR Dy
/W /mm /A

T

/mm /(mm * min )

700 1 250 1,2,3.4 400

T WS A AR O R R A S T A
7 D AR b AR 2 B v R R e ok B AR AL
(2 000 frame/s) X HAEAT SEF I . 5 T 72K
B B 4 78 X BR A B MAOIR A AT 2R 4R i P
Je oy 48 D B R 51409 nm, 2 Pk SE

8.7 nm A A PO I T R LAY B Sk AT
PR DA BR IS 2 2 o, Sy 18 T UL U I 9 it
ARAS R ADE R P 59 K 808 nm |y 2f 4K
WO AT W BY BB, R AR e B K 809. 5
nm CPEERK R 9.2 nm AR IR R BT A
BB

P 5 LG R 5 95 T, JF X BUE R 4 i il 2
R 2 R 56 7 5 (1ISO6892-1: 2009 , MOD) 45 E il
TR i 3 Fros) AR RTEH 77 RE i e HL B
AT PRI, B AP HE R 0. 5 mm/min,

20 2
10

S
(unit:mm)

B3 il fE Rk

Fig. 3 Schematic of specimens in tensile test

3 RILER

3.1 EEBEMT SR

BT 2 R W1 1 52 5 POV 3% 0 7 P Ot
5 TIG /L9 Z 6] 7 7 5 54 A9 AR B AR A O R4
PRI DL AE N & MR — D EES A
LR D E A WO IR B AY J h 3 TE_E 84 1E
{37 o DT 52 ) 210 980 15 A 9045 B 1 1 22 18] 9
BRCR . BA WS R TE AR 1 2 O R 1 s
DU PR AN TR B Dy 8l ] 38 AN ] B R 538 56 )
ORI BIATR] B TR . TR S8 BR A 7™ I v
N TP SO ORI AR SE T JR R TR AN 2
R, 7E3% 2 H0E 15 2 80T 247 12 52
50y 1230 45 TR B S X A 1Y T IR A AT W
ZERNIE 4 R, A 4 LB RO S
W5 IS R LA B R B — B A DL T L A
il A Dy B BT AN [ B AT R AR R SE R A



%10 W1 TGRS

EIERHOL- IR A BT R T Z 283

4 Dy, =1 mm B, #4572 B8R AT LS 0 2 05 SR
AL IS Y D=2 mm B, SR 8818 5 &
MBS IR Y D=3 mm B,
TREETE Y 5] 205 & W R B SO B 2L B W, Y
Dy 3G HNE] 4 mm B, 4% IR SR B A

D Gz

B4 KA TE S
Fig.4 Back morphology of weld seam
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Fig.5 Results of static tensile test
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Fig. 6 Behaviors of plasma in hybrid welding
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Fig. 8 Sketch of forces on back of molten pool
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