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Table 1 Chemical composition of TC4 and HR-2 (w/%)

Cr Ni Mn Si Fe

HR-2
19~21.5 5.5~8.0 8~10 1.00 Bal.
Al \% Fe Si Ti

TC4
5.5~6.8 3.5~4.5 0.3 0.15 Bal.
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Fig.1  Schematic diagram of the position of electron beam:
(a) electron beam welding and (b) electron beam weld-

brazing
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Table 2  Electron beam welding parameters
Acceleration voltage, U/kV Electron beam, //mA Welding speed, /mm-'min"' Scan frequency, f/Hz Offset distance, d/mm _ Focal
60 22 950 1000 0 Focus
60 27 950 1000 0 Defocus
60 27 950 1000 0.2(TC4) Defocus
60 27 950 1000 0.2(HR-2) Defocus
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Fig.2 TC4/HR-2 weld of electron beam
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Table 3  Electron beam isolation welding parameters
Tsolation layer Acceleration voltage, Electron beam, Welding speeld, Offset distance, Focal
U/kV I/mA V/mm-min d/mm
Cu 60 27 950 0 Defocus
Cu 60 27 950 0.25(TC4) Defocus
Cu 60 27 950 0.25(HR-2) Defocus
Cu 60 27 950 0.5(HR-2) Defocus
Ag 60 27 950 0.5(TC4) Defocus
Ag 60 27 950 0.5(HR-2) Defocus

5 mm
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Fig.3 TC4/HR-2 welds of electron beam isolation welding:
(a) electroplated Cu and (b) electroplated Ag
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Fig4 TC4/HR-2 welds fracture of electron beam isolation

welding: (a) 0.25 mm beam off-set to HR-2 side
electroplated Cu, (b) 0.5 mm beam off-set to HR-2 side
electroplated Cu, (c) 0.5 mm beam off-set to TC4 side
electroplated Ag, and (d) 0.25 mm beam off-set to HR-2
side electroplated Ag
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Table 4 Electron beam isolation weld-brazing parameters

Isolation layer Acceleration voltage, Electron beam, Welding spe_eid, Offset distance, Focus
U/kV I/mA V/mm-min d/mm
Cu 60 27 950 0.8(HR-2) Defocus
Ag 60 27 950 0.8(HR-2) Defocus

Bl'5  TCA/HR-2 H 5 o BH IR 45 6T 45 4k
Fig.5 TC4/HR-2 welds of electron beam isolation weld-brazing:
(a) electroplated Cu and (b) electroplated Ag
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Fig.6 Macrostructures and hardness distribution of TC4/HR-2

weld of electron beam isolation weld-brazing
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Fig.7 Interface of TC4/HR-2 weld of electron beam isolation

weld-brazing
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Table 5 Elemental analysis of the interface in Fig.7 (at%)

Zone Fe Ti Al Si
A 0.91 89.19 9.89
B 28.49 63.94 7.57
C 80.31 17.04 2.65 -
D 26.95 64.25 7.44 1.36
E 35.10 56.59 7.64 0.67
F 23.65 68.09 8.27
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Fig.8 Fracture location of TC4/HR-2 welds of electron beam

isolation weld-brazing
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Fig.9 Effect of electroplated coating on tensile strength of the

weld
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Fig.10 Fracture morphologies of TC4/HR-2 welds of electron beam isolation weld-brazing: (a) macrostructure and (b, ¢) microstructure

of weld electroplated Ag coating; (d) macrostructure and (e, f) microstructure of weld electroplated Cu coating
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Effect of Isolation Coatings on Mechanical Property of Electron Beam Welding Joint of
Titanium Alloy to Stainless-steel

Wang Yarong, Fan Yali, Yu Yang
(China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: Electron beam welding, electron beam isolation welding, and electron beam isolation welding-brazing for the dissimilar
combination of titanium alloy and stainless steel were studied. The results show that the brittle intermetallic compound formed in the
welding process is the key factor to influence the joint properties. The penetrated crack is formed in the electron beam welding process and
the electron beam isolation welding process directly leading to the unsuccessful joint. In the electron beam isolation welding-brazing process,
the joints have the characteristics of welding and brazing and the metallurgically bonded joint is achieved without melting the titanium
alloy sheet. Ag and Cu as filler material exhibit a good isolation layer which minimizes the formation of Ti/Fe intermetallics, and has a
relaxation effect on the residual stress of the weld. The interalloying of dissimilar materials is well controlled, and a reaction zone is
gained on the interface. The maximum tensile strength of titanium alloy/stainless-steel is up to 100 MPa. The welded seams are formed
well in both sides of the joints and there is no crack and detected porosity in the joints through X-ray inspection.

Key words: electron beam welding; titanium alloy; stainless-steel; isolation coating
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