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Abstract: The microstructure, tensile fracture morphology and initial residual stress of ZTC4 titanium alloy
repair welding are analyzed by stereomicroscope, optical microscope (OM) , scanning electron microscope
(SEM), X-ray residual stress analyzer and tensile testing machine, and their effects on room temperature/
high temperature tensile properties and fatigue properties are studied. The results show that the
microstructure of ZTC4 titanium alloy after repair welding is mainly composed of equiaxed grains (with a
grain size of about 1.5 mm) and grains with a large aspect ratio (5:1). Different repair welding diameters
and annealing treatment can affect the properties of residual stress, thus affecting the mechanical properties.
The residual stress at the center of the original state of the room temperature/high temperature tensile and
fatigue specimens is mainly tensile stress, which is 115.9, —24.6 MPa and 55.6 MPa, respectively. In the
high temperature (350 ‘C) tensile test, the larger the initial residual tensile stress (173.3 MPa) at the
center of the repair welding diameter 4 mm specimens, the lower the tensile strength (710.7 MPa) ; the
larger the initial residual compressive stress ( —159.1 MPa) at the center of the repair welding diameter
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4 mm and annealing specimens, the higher the tensile strength (749.3 MPa). The residual tensile stress

significantly shortens the fatigue life of titanium alloy, whereas residual compressive stress increases it. The

initial residual stress at the center of the original state, repair welding diameter of 2 mm, repair welding

diameter of 2 mm and annealing, repair welding diameter of 4 mm, and repair welding diameter of 4 mm
and annealing specimen is 55.6, 109.9, —189.1, 61.4 MPa, and —64.3 MPa, respectively. The fatigue
properties of the specimens with initial residual compressive stress is better.
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Table 1 Chemical compositions of ZTC4 cast titanium alloy

(mass fraction/ %)

Al \Y% Fe Si C N H O Ti
6.38  3.96 0.048 0.025 0.013 0.006 0.003 0.16 Bal.
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Fig.1 Photo of plate and sampling diagrams of mechanical properties

(a)photo of titanium alloy plate; (b)tensile specimen sampling diagram of room temperature/high temperature ; (¢ )sampling diagram of fatigue specimen
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Fig.2 Schematic diagrams of residual stress test locations for room temperature/high temperature tensile specimens

(a)repair welding diameter of 2 mm; (b)repair welding diameter of 4 mm
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Fig.3 Macro and micro morphologies of repair welding zone in titanium alloy plates

(a)macroscopic morphology of repair welding area; (b) , (¢)macro and micro morphologies of equiaxed crystal;

(d), (e)macro and micro morphologies of columnar crystal
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Fig.4 Initial residual stress distributions of tensile specimens at room temperature in different states
(a)original state; (b)repair welding diameter of 2 mm; (¢)repair welding diameter of 2 mm and annealing;

(d)repair welding diameter of 4 mm; (e)repair welding diameter of 4 mm and annealing
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Fig.5 Initial residual stress distributions of tensile specimens at high temperature in different states

(a)original state; (b)repair welding diameter of 2 mm; (¢)repair welding diameter of 2 mm and annealing;

(d)repair welding diameter of 4 mm; (e)repair welding diameter of 4 mm and annealing
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Fig.6 Initial residual stress distributions of fatigue specimens in different states
(a)original state; (b)repair welding diameter of 2 mm; (¢)repair welding diameter of 2 mm and annealing;
(d)repair welding diameter of 4 mm; (e)repair welding diameter of 4 mm and annealing
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Fig.7 Initial average residual stress distributions of specimens with different mechanical properties

(a)room temperature tensile specimen; (b)high temperature tensile specimen; (¢)fatigue specimen
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Fig.8 Stress-strain curves of room temperature tensile specimens in different states

(a)original state; (b)repair welding diameter of 2 mm; (¢)repair welding diameter of 2 mm and annealing;

(d)repair welding diameter of 4 mm; (e)repair welding diameter of 4 mm and annealing
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Fig.9 Stress-strain curves of high temperature tensile specimens in different states

(a)original state; (b)repair welding diameter of 2 mm; (¢)repair welding diameter of 2 mm and annealing;

(d)repair welding diameter of 4 mm; (e)repair welding diameter of 4 mm and annealing
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Table 2 Fatigue properties at room temperature of specimens in different states

State No. N/cycle Result Failure mode
Original state 17 10007 Fracture Broken in working section
27 11253 Fracture Broken in working section
3 30000 No failure
47 30000 No failure
Repair welding diameter of 2 mm I 6378 Fracture Broken in working section
27 10966 Fracture Broken in working section
3" 10621 Fracture Broken in working section
Repair welding diameter of 2 mm and annealing 17 30000 No failure
27 30000 No failure
3" 10790 Fracture Broken in working section
Repair welding diameter of 4 mm 17 4371 Fracture Broken in working section
27 7864 Fracture Broken in working section
37 10690 Fracture Broken in working section
Repair welding diameter of 4 mm and annealing 17 30000 No failure
27 30000 No failure
3 30000 No failure

TR WLER A% IV 0 TE AT 318 I 5 4 T i) 22 78 g ) &
T, SRR R AR X9 55 A R AR . B UR AR AR
IO 3 Y SN DR/ N 3 i 57 P RE A AR RS i), 74
BR AR I D A 23 X R A e 43 P BE A 8 20
PERE™ A BOR B SR, JE R BAR P ) 22 b
B 55 T3 i RME WD o SRR AR AME EAR 42 mmid
PR 2R AR I ) BN FRARLIN 7, DR M7 5 T
55 M, R SRR A 2K 21 [ R 7 208 U 18
Wirsdo MRS S5 PERE T I, LIRS B s R T
JOE 33 3 98 55V R R AN RIRZ W it 25 18 738 KO
BR AR N ) oA BN Y, I ELRER S R ST, A
T 57 PEREAF B 236 o NI, X ZTCABR & bk
Lo RBAEHEAT AN IS, 12 R PO 25 A9 25 15 718 K Ak
B BRAS R AN ) KA 51 34, I 23 Hp

FiTERE

24 ER/GERALHETOSH

R T WG E IR AL ] XA [FRR AR Y
W B S R AT 20 b, A 12 s o [ 12(a) MR IA S
PLARWT HIES, AT AR AR R I . s PEN
S DT 24 1) B AR IE 2 — | — 0 R B R 56
T I8 P 0 RN ) 3 B R/ IN R R v — A e 1
55 M AR A A SRR SR AR TR BE D) o AE R A
RN R R NS 7)o By NI R/ S W E R 6 1 )
G R RME R AR v B DX RPN A KR Y
PEAZTE | T B — 26 1 B LR, LI B 8 % K
KR B IR AR Y 38 3] — o R BB, B0 88 2 )
R E FE S . B 12(b) ~ (e) 4l Ry R EL A%
2 mm FMEER 2 mm+ R K MR E AR 4 mm  FRE
FLAE 4 mm—+iR AR E IR A W COR AR AT R
RS —FEAFAE R E W5, A L )5 B R I 2



278 TR 2026 4 4 H

B2 wihr it b Fog s
() JFEEAZS; (D) FMEE AR 2 mm; () FMEE AR 2 mm+3E & () #MEEAE 4 mm; (e) #ME B 4 mm 438 K

Fig.12 Fracture morphologies of room temperature tensile specimens

(a)original state; (b)repair welding diameter of 2 mm; (¢)repair welding diameter of 2 mm and annealing;

(d)repair welding diameter of 4 mm; (e)repair welding diameter of 4 mm and annealing
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Fig.13 Fracture morphologies of high temperature tensile specimens

(a)original state; (b)repair welding diameter of 2 mm; (¢)repair welding diameter of 2 mm and annealing;

(d)repair welding diameter of 4 mm; (e)repair welding diameter of 4 mm and annealing
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