H554 5 @igﬂﬁ\ Vol.55 No.5
202545 H Electric Welding Machine May 2025

DOI: 10.7512/j.issn.1001-2303.2025.05.12
ONEECUR R B 2 R AV G R T )

Fgeoe, Refr, m #, 2 X, ¥E
R B BRI, B 201100

O ASEAARRAIR) 2R A ot RABKES A TCIL, A3 E TR KA TF & F RAF 44 5k 09 UL 2%
RAHAE B F 3 ) 0 Faduh) , RBF R AR T AR A B 4.8 mm e H AR IE T R AT BT
KPR, RN R A AR R R X AR R ke A s ek, FREREAW, AP AR A
A AR T4 T RN, B RR G HIR E TRAE a>PH T AWML, ATk i AR % hu
K& RFETRM, ZHELEM, BROARLEETE R ol HMULLLR 6 R E F 5T 4 AR LA
M&H216.7%, Ryt X L AF4, TCIIMAZ & T RIFFETURMFLE L LA, RAEKT 1030 MPa#y
IR IR4E, B A TSRS MM ag s F RIFHE T E R T ik S A%,
KR e AT R MAAR; HFHaE; MEAITH
FESES : TG456.3 XTHERFRIRFG: A XEHES: 1001-2303(2025)05-0089-05

Microstructure and Mechanical Properties of Titanium Alloy Electron
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Abstract: To investigate the microstructural evolution of electron beam welded joints in dual-aged TC11, an o+f dual-phase
titanium alloy widely used in aerospace applications, and its influence on mechanical properties, this study conducted
vacuum electron beam welding experiments on cylindrical specimens with a wall thickness of 4.8 mm through optimized
process parameters. The microstructure and mechanical properties of the welded joints were systematically characterized us-
ing scanning electron microscopy (SEM), microhardness testing, and tensile testing. Results revealed that the primary o
phase in the heat-affected zone (HAZ) exhibited irregular morphology due to thermal cycling near the a—f phase transfor-
mation temperature, accompanied by f-phase precipitation. The fusion zone predominantly consisted of coarse lamellar
transformed B-phase with a bamboo basket structure, characterized by unevenly distributed a-phase along grain boundaries.
The distinct microstructural features resulted in a 16.7% increase in weld microhardness compared to the base metal, while
tensile fractures consistently occurred in the base metal, indicating superior weld integrity. The optimized TC11 M vacuum
electron beam welding process successfully achieved defect-free Class I welds with a tensile strength exceeding 1 030 MPa.
This study provides theoretical insights and practical references for electron beam welding process design of medium-
thickness titanium alloy components.
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Table 1 Chemical composition of titanium alloy (wt. %)
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Fig.1 Microstructure of TC11 base metal
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Table 2 Process parameters of vacuum electron beam welding
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Fig.2 Appearance quality of welded joint
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Fig.3 X-ray testing of welded joint
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Fig. 4 Microstructure of welded joint
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Fig. 5 Microhardness of welded joint
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Fig. 6 Welding tensile test and fracture location diagram
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