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Fig. 1
(b) Ti,AIND alloy

Microstructures of alloys: (a) TCI18 alloy;
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Table 1 Chemical composition of TC18 titanium alloy

(mass fraction, %)

Al Mo A\ Cr Fe C
5.32 5.14 5.08 1.03 0.86 0.008
Si 7r (0] N H Ti

0.053 <0.01 0.12 0.004  0.003 Bal.

&2 T AINb HEHH Moy
Table 2 Chemical composition of Ti,AINb alloy (mass
fraction, %)

Al Nb 0) N H Ti

223 257 43X107 52X10° 9X10* Bal
xR3 HRETZSH
Table 3 Welding process parameters
Voltage/  Focused  Current/ Spee({/1 h\ezet:licrlli;r)lft y
kV current/mA mA (mm-s ") (J-m)
150 1950 25 6 625.5
150 1950 25 8 469.5
150 1950 28 6 700.5
150 1950 28 8 525
150 1950 31 6 777.5
150 1950 31 8 582
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Table 4 Elevated temperature tensile properties of T, AINb/TC18 (400 C)
Welding Welding Tensile Yield . Percentage
current/ speed/ strength, strength, Elongation reduction of area Frac.t.ure
mA (mm-s ™) R,/MPa R./MPa rate, 4/% Z1% position
25 6 813 682 16.5 69 TC18 side
25 8 442 - - - TC18 side
28 6 807 681 17 73 TC18 side
28 8 768 647 18 77 TC18 side
31 6 783 652 21 75 TC18 side
31 8 756 635 19 74 TC18 side

Ti,AINb/TC18 & &= (1 m i BB L), (E 3
TR L REM AR o N4 A (RN, oy i i B B
R AL BRI G R, 402 v=6 mm/s B, =25
mA  FIPTHE 5 FE (R) A R FE (Re) TR, 20501 R
813 MPa fl 682 MPa; Ifi /=31 mA [IPTHLHE (R )
e IR 9 BE (Re ) B /N » 7330l 4 783 MPa £ 652 MPa.
MR R, B RS PEC, SR
HIGE FE R W K, 0 =28 mA I, v=6 mm/s (4
$7 98 E (R ) R IR SR FE (Re )R K, 73730 807 MPa
F1 681 MPa; v=8 mm/s [HTHL 8 (R ) A 528
(Re)H/N, 73514 768 MPa Al 647 MPa.
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Fig.2 Macromorphology of welding for T, AINb/TC18
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Fig. 3 Macromorphologies of lower end of weld: (a) /=25 mA, v=6 mm/s; (b) /=28 mA, v=6 mm/s; (c¢) /=31 mA, v=6 mm/s;
(d) I=25 mA, v=8 mm/s; (e) /=28 mA, v=8 mm/s; (f) /=31 mA, v=8 mm/s
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Weld center 3 Weld center Weld center

Ti,AINb HAZ S Ti,AINb H
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Fig. 4 Microstructures of welding interface under different electric currents (v=6 mm/s): (a) 25 mA, TC18 heat-affected
zone; (b) 28 mA, TC18 heat-affected zone; (c) 31 mA, TC18 heat-affected zone; (d) 25 mA, weld center; (e) 28 mA, weld
center; (f) 31 mA, weld center; (g) 25 mA, Ti,AINDb heat-affected zone; (h) 28 mA, Ti,AINb heat-affected zone; (i) 31 mA,

Ti,AIND heat-affected zone

B 5 MRS R T B R (=28 mA)
Fig. 5 Microstructures of welding interface under different welding speeds (/=28 mA): (a) 6 mm/s, TC18 hat-affected zone;
(b) 6 mm/s, weld center; (c) 6 mm/s, Ti,AINb heat-affected zone; (d) 8 mm/s, TC18 hat-affected zone; (e) 6 mm/s, weld center;

(f) 6 mm/s, Ti,AIND heat-affected zone
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Fig. 6 Fracture morphologies of specimen under different welding speeds: (a), (d) 25 mA, 6 mm/s; (b), (¢) 28 mA, 6 mm/s;
(c), (f) 31 mA, 6 mm/s; (a"), (d") 25 mA, 8 mm/s; (b'), (e') 28 mA, 8 mm/s; (c¢'), (f') 31 mA, 8 mm/s
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Effects of electron beam welding processing parameters on
microstructure and properties of Ti,AINb/TC18 joint

LIU Ying-ying, LI Jie-jie, ZHANG Le

(School of Metallurgical Engineering, Xi’an University of Architecture & Technology, Xi’an 710055, China)

Abstract: The microstructure and elevated temperature tensile properties of Ti,AINb/TC18 dissimilar alloy welded
joints were investigated by vacuum electron beam welding. The results show that, as the welding processing
parameters are adopted properly, the fine acicular « phases are distributed homogenously on the HAZ of the TC18
alloy side. f grain boundary of the weld is obvious, and the fine o phase and o, phase are distributed on the £ grain
boundary. Moreover, the HAZ on the Ti,AIND alloy side and the weld are separated obviously, and the S grains are
coarsened. Furthermore, the welding processing parameters have little effect on the elevated temperature plasticity
of the Ti,AINb/TC18 alloy, but they have an obvious influence on its elevated temperature strength. When the
welding speed is the same, the elevated temperature tensile strength of welding current of 28 mA is the highest
(807 MPa). As the welding current is the same, the elevated temperature tensile strength of welding speed of 6
mm/s is the highest (813 MPa). The reason is that the microstructure of the weld is relatively fine, which leads to
the increase of the grain boundary area and the obstruction from the dislocation slip. Therefore, the strength of the
joint is improved. When the welding parameters are 28 mA and 6 mm/s, the tensile fracture necking is more
obvious, and the dimple is larger and more uniform. All of these are demonstrated that the elevated temperature
tensile properties of Ti,AINb/TC18 prepared by the welding parameters are better, which is related to the narrow
width of the interface and the fine microstructure as well as its uniform distribution.

Key words: vacuum electron beam welding; welding processing parameters; Ti,AINb/TC18 alloy; welding

interface; elevated temperature tensile properties; microstructure
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