H49E 1 ERMERE S T Vol.49 No.1
20264 1 H ORDNANCE MATERIAL SCIENCE AND ENGINEERING Jan., 2026

TCAELUER 5 48 TIG Kk = il I RO PR RERIF S

MR, 2R KD, ERL,RE, T REAT4E]
(LITTRHE R SRR 5 TRRER 1105 ST 212000 ; 2.9 EASAARMERF I T, TR T685 214000
3 S HALE e 4 4 4 [ S SE G %, V195 Jo) 2140005)

B NPT TCAELL K5 4 15 5% A3 W 746805 I Tl 8L, X TCAELT 8k 4 4 TIG K42 3k 04 14 7 oot (UTT) A0 B,
LA AT P e A B IS 42 Sk O BR AN R F1 S M RE RN bk o 45 SRR - e R w45 0 BRI A A 5 A
J7 B WA, LR YN 5 5 AT 143 )% 25 -944 MPa Fl1-584 MPa, K 6] 5% 4307 1143 3|l 2 ~881 MPa Fl-432 MPa. i iy
i 2 = T TCAELLAR 422 3 AT B A b cb 0 1, 43 AR 8 T 2 5% R0 1%, RIS, B8 75 ook 5 (1 TCAELL £k 4 453k
HLAT AR o

FKEBIR TCAELL; JE% ;s B vl s BRAYY 1 5 3 ki
FESES TG404 XERE A

DOI : 10.14024/j.cnki.1004-244x.20250520.002

NLEHRE 1004-244X(2026)01-0062-06

Study on performance of TC4ELI titanium alloy TIG welding joint after ultrasonic impact
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Abstract To solve the problem of high residual stress after welding of TC4ELI titanium alloy for ships, ultrasonic impact (UIT)
treatment was applied to the TIG welded joints of TC4ELI titanium alloy. The residual stress, mechanical properties, and
corrosion resistance of the joints before and after ultrasonic impact treatment were compared and analyzed. The results show that
after ultrasonic impact, the residual stresses at the center and toe of the weld are significantly reduced, with longitudinal
residual stresses dropping to =944 MPa and —584 MPa, and transverse residual stresses dropping to =881 MPa and —432 MPa,
respectively. Ultrasonic impact significantly improves the hardness and impact toughness of TC4ELI welded joints, with the

hardness and impact energy at the center of the weld increase by about 5% and 11%, respectively. Meanwhile, the TC4ELI

titanium alloy joint after ultrasonic shock has better corrosion resistance.
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Table 1 Nominal chemical composition of titanium alloys
(mass fraction/%)

RS Ti Al A Fe G N H 0
TC4ELI 45 5.5~6.5 3.5~4.5 025 0.08 0.3 0.012 0.13
TC3 it 45-6.0 3.5~45 030 008 005 0015 0.15
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Table 2 TC4ELI titanium alloy TIG welding process parameters

JREZERL MERRUA BV SREERUE/ (memin)
1 151 11.0 0.09
2 180 12.0 0.16
3 200 125 0.16
4~9 215 14.0 0.18
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Fig.1 Schematic diagram of test points for residual stresses

in butt joint
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Fig.2 Comparison of residual stresses of joints of welded and

ultrasonic impact states
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Fig.3 TC4ELI titanium alloy joint microhardness test position
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Fig.4 Comparison of microhardness of joints in welded

P IRREE HV

and ultrasonic impact states
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Table 3 Comparison of tensile properties between welded
and ultrasonic impact states
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Fig.5 Comparison of tensile fracture micro-morphology between

welded and ultrasonic impacted states
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Fig.6 Comparison of impact results of welded joints with

and without ultrasonic impact effect
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Fig.7 Comparison of microscopic morphology of fracture in

welded state and ultrasonic impact state
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Table 4 Impedance spectra fitting data of butt joints in welded
and ultrasonic shock states
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Fig.9 Comparison of potential polarization curves of joints in

welded and ultrasonic impact states

R5 IESMBAE M H R EE LB AR &S HTT
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