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Fig.1 Waveform of 1 kHz pulsed beam current!'”
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Table 1 Electron beam welding parameters

Sample Frequency, Base value, Peak value, Average value,

No. f/Hz Iy/mA I,/mA I,/mA
1 DC - - 12
2 100 6.0 18 12
3 1k 6.0 18 12
4 Sk 6.0 18 12
5 10 k 6.0 18 12
6 20 k 6.0 18 12
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Fig.2 Schematic of tensile specimen preparation
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Fig.3 Surface appearance of weld for sample 1 (a), sample 2 (b),
and sample 5 (c)
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Fig.4 Schematic diagram of weld appearance
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Table 2 Forming quality of welded joint

Frequency/Hz W/mm Wy/mm H/pm H,/pm
DC 2.65 1.30 56 161
100 2.49 1.32 81 152
1k 2.41 1.01 150 192
S5k 2.52 1.63 32 32
10 k 2.69 1.61 25 23
20 k 2.55 1.67 36 25
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Fig.5 Effect of pulsed beam current on temperature and metal

evaporation rate: (a) direct current and (b) pulsed current!"!
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Fig.7 Microstructures of weld under DC (a) and pulsed current with different frequencies: (b) 100 Hz, (c) 5 kHz, and (d) 20 kHz
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Fig.8 Microstructures of weld zone under DC (a) and pulsed current with different frequencies: (b) 100 Hz, (¢) 5 kHz, and (d) 20 kHz

KO AN FA5E i X oM 20 21
Fig.9 Microstructures of heat affected zone under DC (a) and pulsed current with different frequencies: (b) 100 Hz, (¢) 5 kHz, and (d) 20 kHz
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Fig.10 Microstructures of the coarse grain region under DC (a) and pulsed current with different frequencies:

(b) 100 Hz, (c) 5 kHz, and (d) 20 kHz
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Fig.11 Microstructures of the fine grain region under DC (a) and pulsed current with different frequencies:

(b) 100 Hz, (c) 5 kHz, and (d) 20 kHz
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Fig.12 Microhardness of welded joint
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Table 3 Tensile properties of welded joint

Frequency,  Tensile strength,  Elongation, Fracture
f/Hz R/MPa ZI% location
Base metal 1027 18.7
DC 1045 12.9 Base metal
100 1076 13.1 Base metal
5k 1029 13.7 Base metal
10 k 1007 14.9 Base metal
20 k 1088 14.1 Base metal

Fracture location

k- e
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Fracture location

| —

K13 SRR A

Fig.13  Fracture position of the weld
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Research on TC4 Titanium Alloy Sheet Welded by Pulsed Electron Beam Welding

Fan Jikang'?, Qi Bojin®, Li Xiaopeng', Xu Haiying*, Yang Dongging', Peng Yong', Wang Kehong'
(1. Nanjing University of Science and Technology, Nanjing 210094, China)
(2. Huaheng Welding Co. Ltd, Kunshan 215300, China)
(3. Beihang University, Beijing 100191, China)

(4. China Aviation Manufacturing Engineering Research Institute, Beijing 100024, China)

Abstract: The welding experiment of 1.2 mm TC4 titanium alloy sheets was carried out by conventional continuous electron beam
welding and pulsed electron beam welding with different frequencies. Then, the microstructure and mechanical properties of the welded
joint were tested. Results show that pulsed electron beam welding can form welds without fusion defects. As the frequency increases, the
weld undercut and backside weld reinforcement decrease and the surface formation is improved. Due to the change of welding thermal
cycle, the pulsed beam flow can accelerate the cooling rate of the molten pool and refine the microstructure grains. Both DC and pulsed
electron beam welded joints are broken in the base metal zone during tensile process, so the tensile strength is higher than that of the base
metal. The high-frequency pulsed electron beam can improve the plasticity of the welded joint and the micro-hardness of the weld zone
and heat-affected zone. When the frequency is 10 kHz, the elongation after fracture of the welded joint can reach 14.9%, which is about
80% of that of the base metal, and the microhardness (HV,.) of the welding and heat affected zone are 3750 and 3680 MPa, respectively.
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Corresponding author: Li Xiaopeng, Ph. D., Lecturer, School of Materials Science and Engineering, Nanjing University of Science and

Technology, Nanjing 210094, P. R. China, Tel: 0086-25-84315776, E-mail: Ixp@njust.edu.cn



