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Abstract: Focusing on the fusion welding technology of titanium alloys, this paper systematically reviews the research prog-
ress of mainstream processes such as laser welding, gas shielded welding (TIG/MIG), and laser-arc hybrid welding: it re-
veals the formation mechanisms of joint brittleness, porosity, and cracks in different welding methods, and clarifies the con-
trol rules of process parameters (such as laser power, shielding gas flow rate) on the microstructure (a'/f phase evolution)
and mechanical properties of the weld; it particularly analyzes the breakthroughs of new processes, including the deep melt-
ing mechanism of keyhole TIG welding, the melting depth enhancement effect of vacuum laser welding, the composition op-
timization strategy of laser filler welding, and the adaptability of laser-arc hybrid welding to dissimilar material connections.

In view of the current challenges such as the difficulty in controlling defects in thick plate welding and the formation of
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brittle phases at the interface of dissimilar materials, it is proposed that future breakthroughs are needed in intelligent defect

monitoring, the development of special cored wires, and multi-energy field collaborative welding, providing theoretical and

technical support for the efficient and high-quality connection of titanium alloy components.
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Table1 Mechanical properties at room temperature of several common

titanium alloys

R 2 ALY BRI/ MPa  JESHRIE/MPa
TA7 Ti-5Al-2.58n 785 700
TAIS8 Ti-3A1-2.5V 895 800
TC4 Ti-6Al-4V 895 824
TC1l  Ti-6.5A1-1.5Zr-3.5M0-0.3Si 500 790
TB2 Ti-5Mo-5V-8Cr-3Al 1100 875
TB5 Ti-15V-3A1-3Cr-38n 1080 900
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Fig. 1 Content chart of three main elements in titanium alloys
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Fig.2 Macroscopic gold phase diagram of pores
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Table 2 Relationship between shielding gas flow rate and mechanical

properties
s PAPRIREY (dm’minT!) R /MPa  fiiEAL/mMm
TIG 1 6 420£7 33.9+0.8
TIG 2 8 43545 35.3+£0.9
TIG 3 12 443+10 36.4+1.0
TIG_4 16 460+8 37.5+1.1
TIG_S 18 481+6 39.0+1.2
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Fig.4 Average grain size in the welded joint
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Table 3 Results of fatigue test measurements
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Fig. 10 Variations in weld penetration depth and fusion width
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Table 4 L9 (3°) Orthogonal experimental design and results “”
- - <__Laser beam
Wi MR WOLR  ABGEIE BORBRE  fPEOR >~
%% /mm kW /(m-min”")  /MPa 1% o
BEpF — — — 1090 15.10
1 1 1.1 1.3 1015 8.9
2 1 1.2 1.4 1051 9.2
3 1 1.3 1.5 1020 10.2
4 2 1.1 1.4 1007 7.4
5 2 1.2 1.5 1032 11.5
6 2 13 1.3 1005 11.4 Ny *
(a) BEARGS Y B iR T IR S
7 3 1.1 1.5 1019 13.4 S
8 3 12 13 1030 10.4 L2
9 3 1.3 1.4 1026 11.6
Stringer
a=b
: = g
Prefabricated a + Skin &
ib

1 gL
Fig. 11 Weld morphology
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Fig. 12 Schematic diagram of synchronous welding with dual laser

beams for T-Joint
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Fig. 13 The effect of laser heat input on the microstructure of the
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Fig. 14 Curve of Shear Force Varying with Power
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Fig. 15 Martensite microstructure in the laser welded zone of TC4 alloy
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Fig. 16 The effect of laser power on the porosity of the welded seam
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Fig. 18 Macro morphology of single laser surfacing welds under
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Fig. 19 Microhardness of the welded joint
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Fig. 20 Microstructure of welded joint without heat treatment
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Fig. 21 Microstructure of welded joint with heat treatment
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Table 5 Mechanical Properties of Titanium Alloy Base Metal and

Welded Joints
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/MPa % /1
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SR 924 11.0 JeE 25
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ZEHE LR

Fig. 22 Microstructure of flux-cored wire and cable wire welding

joints comparison
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Fig. 23 Images of molten pool behavior during welding process with

different welding heat inputs
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Fig. 24 Microstructure morphology of weld zone
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Fig. 25 TEM images of welded seam
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Fig. 27 Oxidation layer on joint surface with different CO, additions
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Fig. 28 Cross section of joints
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Fig. 29 Illustrates the cross-sectional morphology of welded joints

under different laser powers
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Fig. 30 Microstructural morphology of welded joint
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Fig. 31 Morphology of tensile fracture surface of the specimen
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R6 TCARALHNA-MIGCEFRETIZSH™
Table 6 Process parameters for Laser-MIG hybrid welding of TC4

titanium alloy

kW /(mm-s™) /(m-min™")
1 FIKE 4500 10 10
2 WA 4000 10 9
3 i) 6000 16 15

®7 AEMCEHEHERELER ()

Table 7 Results of impact toughness tests at different locations (J)

s Tk P X Bt
1 33.1 34.0 34.0

2 31.0 30.7 33.0

3 27.8 352 335
S 30.6 333 33.5
2= 2.18 1.90 0.41

B YA -2 mm I, FLER R R 5 (4.21%) ,
H/NUAAEAR BB R B 4R s Y & i +4 mm
Fl-6 mm B, FLIR 2 RN L 80% , /NMLERE 5 B3 £E
Ho+6 mm ), 4P S LR

AEER T HOC-H IR AR SR X
W 55 B R AT N LA KO 215 8
Z WA EAE R . F b 48X 12 mm J& TC4 £k
B AT TR, 45 R, 54E X 280000
B 30 EL A O A T LART S 8 B, S A 5 [ A
RAE, FRAGOR AR, B T oy
Ji& 5 B DX L E) A B ) 22 SR, R EUL R gL
JRE It B A i, DR AR B DX P A7 0 R KA B
LRI o R R X B A ey R b
OGS

AW T RN I EHOG-MIG & &
SRR A o 78 SO S5 TAIR G 4
WOL-MIG & G133k R A N 1 i A i oE
TEREL B b (FEEG23 mmAb ) , 4 1] 7 )
BRI JPIRAS e KAE (-767.6 MPa) H B0 S
SR, 5 42 Sk v 1] DX B4 A 1) 5 1) 7 ) R RR A
7T A SRS DX S8 ) 07 T 08 B0 2 o e e B TR
FE7 ] A A AT L, ) 7 T RGN 1l g T SRR S
18G4k 6 mm ALK E N 1A, 5353124 -376.8 MPa
F1-225.6 MPa; G B KR 4% 19 10 2 DX I, A 1] iz g D) 3
A Y45 6 FE N RS B 8, i A ) 1 WA
~100 MPa HJv; 35 Bl N 38 5

Li EPA i TROEHA MIG LAY A AR
L, HOE-MIG &5 AR A48 B S, R R HL?
TR/ s R G AR B 3E N R 55, AT KR AN R
JRJE AR, HREIE N 2 R A 2% T 00 5 15
PR AR R OB HOR MIG R H BLAE T RE S A
TE UL, $R TR R s 1 s sl i Ak B0t
B SRR AR S RO A BRI A S RAL R . et
B A AR, B O BRA B 4 U Y
BT Z—

5 #it

RLRGHH T A SR B AR W58
R TS T AURGRYE (TIG AR MIG ) 530t
FE CRIEOGIR BOBIEZ AR BO6-R I 58D T
R O R R A, RSB AT

(1) TIG /£ B IR ER A R EARTE /N R4 R
LR T RS SRR (R
I BUBCR AR, 7 ARG B2 vh 75 M3 7 (R B i 4%
SEUCHE T2 MIG R R O R i i R 7 2
b IR A RSO, AR KAk
OB 25 55 8, S TR 0 RIE A
SRR OGN T R 2L T AR, 1R
TR (<6 mm) (14 =545 BE X2, BB K IRE06
) LA B 78 ] R EE 7 (] B S B R I R e, 2.
FOCIR B I G T RIE A A IR ok
WA IR TN TR 2, ol LA T 280845, Ot
A3 o R AR A 2 03 S AR RO SR 22 AR AR
JEhE, RO I AR L PO e A B 2
5 s WO - IR A48 (HOE-TIG JHOE-MIG)
Rl RUEAIE P 4%, BAATG T X3 110 RS BE 25 kS
JE DA KR A of e B 1) e m SR, O HL R R T T
1B BR AP AL e

(2) 8K E 4 IR SOOI I & R a3 . OF
il 5 W KR B . BR A AR R 2 P AR
FL RSB Q] A S TR T B 3 R
KR E SR Z— OILrR L tkae. &
SRR T2 G AR B A O i it — 2P 4R
EERA SRR R 1R . OB R B AR
AL BT XK A A W REEME S5 T R T IS A )
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