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Fig.1  Schematics of double-side and double-pass unequal
penetration EBW welding: (a) the root overlap zone is

retained and loaded and (b) the root overlap zone is cut off
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Table 1 Chemical composition of TC4 alloy (/%)

Al \Y% Fe C

H O Si Ti

5.90 4.20 <0.25 0.028

0.0042

0.0011 0.0395 <0.026 Balance

T2 TCARKEEBHTFRIEEZESH

Table 2 Electron beam welding parameters for TC4 alloy

. . Focus current, Velocity, Beam current,
Welding position Voltage, U/kV 1/mA v/mm s 1o/mA
First pass 60 2108 4 600
Second pass 60 2108 6 350

B2 XU T RSN RTT SR &

Fig.2 Different layers of the EBW joint: (a) macro-cross section

and (b) three typical regions (Layer 1, Layer 2 and Layer 3)
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Fig.3 Schematic diagram of specimens from the workpiece
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Fig.4 Dimensions of specimens of Charpy impact (a) and tensile
test (b)
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Fig.5 Comparison of microstructure morphologies of Layer 1, Layer 2 and Layer 3
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Fig.6 Microhardness distribution of various layers of the joint: (a) Layer 1, (b) Layer 2, and (c) Layer 3
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Fig.7 Tensile test results of various layers of the joint: (a) Layer 1, (b) Layer 2, and (c) Layer 3
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Fig.8 Tensile fracture morphologyies and their magnification of each layer of joint: (a) Layer 1, (b) Layer 2, and (c) Layer 3
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Fig.9 Impact absorbing energy of each layer of welded joint obtained at room temperature
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Fig.10 SEM images for WM of Layer 2 of the joint
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Fig.11 Finite element analysis of cooling rate near 900 ‘C in each layer of joint: (a) position distribution; (b) point 1, (c) point 2, and (d) point 3
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Fig.12 Tensile fracture position of each layer
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Microstructure and Properties of Double-side and Double-pass Unequal Penetration EBW
TC4 Joint in Hollowed-out Load-bearing Thick Beam

Zhuang Mingxiang®, Liu Yonggiang®, Liu Bo', Wang Weixian®, Long Jian?, Zhang Linjie?
(1. AVIC Xi’an Aircraft Industry Group Company Ltd, Xi’an 710089, China)
(2. Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: According to the structural characteristics of 140 mm thick hollowed-out load-bearing TC4 titanium alloy beam, a double-side and
double-pass electron beam welding (EBW) scheme with unequal penetration was proposed. The welding test was carried out and the
microstructure and properties of the obtained joint were analyzed. It is found that the microstructure of the weld zone is obviously non-uniform in
the direction of thickness, and the overlapping zone at the root of the two welds is the most noteworthy part. There are a lot of needle o' phase and
scattered B phase in the overlapping area of the root of the two welds, while the needle phase is short and the interlacing phenomenon of o’ phase is
obvious. The needle o’ phase and o phase distributed in the original 4 grain boundary are observed in other weld areas of the joint, but the laths are
longer and arranged in a more obvious direction. The microhardness of the weld in the overlap zone of the root of the two welds is about 10%
higher than that of the other weld zones in the joint (3410~3460 MPa). At room temperature, the impact energy of the weld in the overlap zone at
the root of the two welds is about 11% lower than that of the other weld zones in the joint (about 47 J). The area where the roots of the two welds
overlap is the area where the joint have the lowest tensile strength. With the aid of finite element simulation, it is found that the cooling rate around
900 °C of the overlapping area of the root of the two welds is higher than that of the other areas of the welds, which is an important reason for the
difference in the microstructure and performance between the overlapping area and the other areas of the welds. It is noted that all joints are broken
in the base material area during tensile tests, and it is believed that the inhomogeneity of microstructure and properties of large-thickness forgings
in the direction of thickness result in the inhomogeneity of tensile strength of joints. The results show that it is feasible to use double-side and
double-pass unequal penetration EBW welding scheme to fabricate thick hollowed-out load-bearing TC4 titanium alloy beam. Meanwhile, some
beneficial measures such as improving the uniformity of microstructure and property of the base material and strictly controlling the interval time
between two passes of welding are recommended.

Key words: titanium alloy; hollowed-out load-bearing thick beam; electron beam welding; double-side and double-pass unequal penetration EBW

welding; microstructure and properties
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