‘_‘i.‘ »
H{%tﬁi RESEARCH

S MK B RE, £NRPE, FHE, F. Ghvit bR G T RPETAISE S 4k AT 9 K LR RE 8 #Fra[]]. AL % #1837 R,
2025, 68(22): 106—115.
SHI Yilei, ZUO Congjin, XU Haiying, et al. Effect of high acceleration voltage on thermal behavior and properties of TA15
titanium alloy joints welded via electron beam[J]. Aeronautical Manutacturing Technology, 2025, 68(22): 106—115.

B niE EEESH%%ﬁik%&TAlsékAé&;Lm TAHR
4R L RE R RSN

BRE, AN FEE, TAE,E R, 2L X R, FHEE
(1. P BALE %) # B AR %, L7 1000245
2. TFALEALK K, LT 100191;
3.AREIKRT, &R 210094)

[(FHE] EFRFERAEQHZE.RKAE KEFP. GREEBFRIER T @ LR, TRAKRBEKRESE LM

HRAAFELILS®E, AR AZEETF R, 320 mm B4 TALS 4K 37154, A% 0W T £AR im0+

T, 100 kV.120 kV F= 150 kV Anik o Rt HE 4k 694040 5 A S aeag % vd, 4808 T mik & R AP IF42ad A2 09 AR A

Wbl R BF, ik b R e I Sk 69 B3Rt A, LA ik b R A 38w, it A K, AR T TALS 4642

/\/\m%:}r%ﬁ%x, RATH R @A K o' Aafe VR K o A8, £ 150 kV T, TAIS A& 2T RBERFEARET AL
SRR A BTN, BT AENBREETLR . AIXMRERTAZERSFEF RIFEXEEZK

Sy LA R PRI IR IE

KR BT ORI, deik R TALS K04 I3 A 3 UL Aa 47

FESES: V26; TG456 MERFRERS: A DOI: 10.16080/.issn1671-833x.2025.22.106

Effect of High Acceleration Voltage on Thermal Behavior and Properties of TA15 Titanium Alloy
Joints Welded via Electron Beam

SHI Yilei"?, ZUO Congjin', XU Haiying"*, WANG Yongfeng', WANG Zhuang', SANG Xinghua',
LIU Xin', QI Bojin®
(1. AVIC Manufacturing Technology Institute, Beijing 100024, China;
2. Beihang University, Beijing 100191, China;
3. Nanjing University of Science and Technology, Nanjing 210094, China)

[ABSTRACT] The development of electron beam welding technology is advancing toward higher voltages, greater
power, extended lifespan, improved stability, and intelligent control, positioning it as an ideal welding technique for thick
titanium alloy structures. In this study, a high-voltage electron beam was employed to weld 20 mm thick TA15 titanium
alloy, systematically analyzing the effects of 100 kV, 120 kV, and 150 kV accelerating voltages on the microstructure
and mechanical properties of the weld joints under consistent heat input. Additionally, the thermal action mechanisms of
accelerating voltages on the welding process were also investigated. The results show that accelerating voltage significantly
impacts local undercooling within the weld joint, and as the accelerating voltage increases, the undercooling degree
decreases, thereby promoting the diffusion and transformation of alloying elements in TA15 titanium alloy, resulting in the
formation of fine needle-like o’ phase and a small amount of lamellar o phase. At 150 kV, the room-temperature ductility of

the TA15 titanium alloy was notably improved due to the increased presence of the B-phase and high-angle grain boundaries
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in the weld, which in turn enhances the alloy’s plastic deformation capacity. These findings offer crucial theoretical insights

for the engineering application of high-voltage, high-power electron beam welding in the fabrication of thick and tough

titanium alloys.

Keywords: Electron beam welding; Acceleration voltage; TA15 titanium alloy; Weld pool dynamics; Microstructure
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Table 1 Chemical composition of TA15 (mass fraction) %
Al Mo Si v Zr @ O N H Ti
6.86 1.74 0.035 222 2.19 0.01 0.124 0.005 0.0016 A
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Fig.1 Equipment, physical mechanisms, and schematic diagrams
for electron beam welding
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Table 2 Electron beam welding process parameters
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100 75 400 1125
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Fig.2 Sampling position and size for electron beam welded
TA1S joints
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Fig.3 Cross-sections of TA1S5 joints welded by electron beam under

different acceleration voltages
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Fig.4 Microstructure of TA1S joints welded by electron beam at
different acceleration voltages
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Fig.5 BSE microstructure of TA1S5 joints (weld and heat affected zone) welded by electron beam at different acceleration voltages
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Fig.6 Inverse pole figure (IPF) and pole figure (PF) colored maps of TA15 joint welded by electron beam at different acceleration voltages
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Fig.7 Grain boundary diagrams and orientation angle distributions of TA1S joints welded by electron beam at different acceleration voltages
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Table 4 Impact toughness of electron beam welding TA15 joints at
different acceleration voltages
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10 7R[E)ANER FE R FE F SRR TALS 32 Shifbf 3R
Fig.10 Tensile fracture morphology of TA1S joints welded by
electron beam at different acceleration voltages
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Fig.12 Formation process of electron beam deep penetration welding keyhole under different acceleration voltages
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Fig.13 Position fluctuations of electron beam keyhole at different acceleration voltages
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Fig.14 Schematic diagram of phase transition with temperature in

different regions of TA1S5 titanium alloy joint
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