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Study on Weld Formation and Microstructure of TC4 Titanium Alloy Laser-TIG Hybrid Welding
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Abstract The effect of different laser power on the joint formation, weld morphology, and microstructure of TC4 titanium al-
loy were studied by laser-tungsten inert gas (TIG) hybrid welding process. The results show that TC4 titanium alloy welded by

laser-TIG hybrid welding can form a welded joint with good surface shape, and no obvious defects such as undercut and over-

lap. The molten pool near the laser beam will produce violent flow, and there will be pits at the center of the weld surface after
the molten pool solidifies. With the increase of laser power, the cross section of the weld gradually changes from “mushroom”
shape to “hourglass” shape, the average pore area gradually decreases, and the pores are mainly concentrated at the bottom of
the weld. Under the hybrid of laser-TIG, the increased laser power will make the molten pool flow more intense and the grain
size will gradually decrease. The microstructure of the weld is «' Martensite bundles composed of multiple parallel «' Martensit-
ic with narrow residues 8 Phase band. The width of the 3 phase band varies considerably, the wider area is about 1. 95 ym, and
the narrow area is about 0. 45 um.

Key words TC4 titanium alloy; laser-TIG hybrid welding; laser power; weld formation; microstructure
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Table 1 Chemical compositions of base metal and filler material

Element Al V

Fe C N H O Ti

Mass fraction/ % 5.600~6. 500 3.500~4. 500

0. 300 0. 080 0. 050 0.015 0. 200 Bal.
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Table 2 Experiment parameters

Welding speed

Number P /W I /A
/(cm * min™ ')
1} 1 400
2 1 500 60 20
3 1 600
2 WWHERESH

2.1 BT F 5Tk R 8 R om
K2R T TCAKEESHEARBOCIIETH
WMOG-TIGC E61EELEmMESN. MNP rILIEH, &

— 49 —



EREMEARBOCHERT . YRIER M, Twill B ST naEBEEE. NE 2l IER,BEEETH
o B W BB, (BT AR AR R ) O Ab B B M BT, BEIEERWRES/NTERE. LTI ER P=
%ﬂﬁﬁ%‘ﬁﬁfﬁﬂ]iéﬁﬂﬂ MTZEET A2 K., Bt 1600 WH , fEfR 48R iy MGt th <AL, tn &
% P=1400 Wi, 28 mH MR BEE. HEE 200K

PRA— surface

M2 RSO R T #OE-TIC & 4 0 % R Y5
(a)P=1 400 W;(b)P=1 500 W;(c)P=1 600 W
Fig. 2 Surface morphology of Laser-TIG hybrid welded joints with different laser power
(a)P=1 400 W; (b) P=1 500 W; (c) P=1 600 W

K 3 NARBOCTIR FRER LR AE 0.92 mm §/N2) 0. 38 mm, FF4EF (& K IF &
3Ca) W A] WL, BEE BOC IR B AR SE T o o #EmE] 0. 98 mm., HI, I &, RETH
7.59 mm,7,.80 mm F1 7. 92 mm, %§ 4 1 1f & 145 B 5 B A1 1T B o A Bl RO 6 D SR B 18 R 28 T A
To BRI EIEMNE] 4. 92 mm, HIREFMEGE  KMEENRSAEZEEMNK. R, R5E5%ER
S5 RBEMZEF MM 3.36 mm @E/NH 0.32 mm, N BOCHIFRZEMRIR W IFAH T .

A 3Ch) Hh ] D, B HO6 2 5  3E 0 B A R TR A

12 . 1.5 1
@ = - weld width (®) —a- weld reinforcement
10 } —-@-start area width at the back _@- weld back bulge
- —@—-end area width at the back { 3 san .
3t = - u | _J
T X 1.92 = ¥ 0.98
g 6l 5.25 E
= _ 451 ke .
2 .l 1.93 3 0.5 0.38
E L
2 | =
; 2 lack of penetration
0k lack of penetration v : -
I il | ’ | J ———— i B e S
1400 1 500 1 600 1 400 1 500 1 600
Laser power/W Laser power/W

Bl 3 AR SO T AR AR 5 1 LA R )
(a) 5% B ; (b) &
Fig. 3 Weld geometry sizes with different laser power

(a) Width; (b)height



& 4 )
TIG JEZE.

N T ARBEOEI R FRERESH L (b) . () P . SO A B 3 8] B4 37 31 /Y % 8, 7 &E [#]

& 4 n] U, 8 80 B P g T o T 2 EeSEBERm b M, inE 2 s,

o € 1 % %E:t; . WOGVTIG B K& 22 1k | e it bt & P3O T S5 ) 9 0 AL 2 -t ok B R 2, DR O M 3¢

T R Ak

{aplin

B

5 AARITHICT T B A BE R 5 15 22 g X Ak 23y 1y B JF HLAR 42 S wl B LB B 25 -

i J

Spatter

N

weld pool  laser

B4 ARFBERFRBERESHEOL-TIGIEE
(a)P=1 400 W;(b)P=1 500 W;(c)P=1 600 W

Fig.4 ILaser-TIG morphology in a stable state with different laser power
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Fig. 6 Cross section morphology of welded joints with different laser power

(a)P=1 400 W; (b)) P=1 500 W: (c)P=1 600 W

FAXT R E RS . HEEE P REOLR thZH TR, EEZHEMGTAE AL, A 2 (c)
IR A RIZUR W B, IR A IR A, A 4 AR




A7 AARIBOEYI R T WEEMBIR ALY BRI E & N N IR 48 I S8R AR T R
SALEA . AT BEEEOCT RN, REREBE . SJBOLTIR P=1 400 W i, BER BT ¥
LR W3 oK, T~ B AL AR @i . BT AR S BUR T 5E [ B (E] AR A, B LR A B TE] , DA
HOCT R T IRGE S AN R e Bm AR WA 2 AL i AR e >

HE 28 2.0

S 26 s

2 S 15

- 5

> 24 )

- 3

E 5 10

g 22 S

L

- <

2 0.5

5 %0 1 400 1500 1 600 1400 1500 1 600
Laser power /W Laser power /W

A7 A EOG TR AR A e A AU F 2 <AL i FR
(a) %8 4% fs1 8 AR ; (b) 2 < fL i 7

Fig. 7 Average porosity area of weld cross section with different laser power
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Fig. 8 Microstructure of weld with different laser power
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