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Numerical simulation of continuous casting solidification
process of TC4 titanium alloy during EBCHM
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Abstract: The continuous casting solidification process of TC4 alloy during electro beam cold hearth melting (EBCHM)

was simulated by using PROCAST finite element software. The temperature field distribution, the molten pool shape and

the distribution characteristics of the microstructure under different conditions were studied. The results show that the

deepening of molten pool, shallowing of pasty region, as well as the increasing of primary dendrite radius and secondary

dendrite arm spacing under the same pouring temperature were caused by increasing casting speed. While under the same

casting speed, the deepening of molten pool, shallowing of pasty region, and the increasing of grain size were caused by

increasing pouring temperature. In this experimental condition, the casting speed of 10 mm/min and the pouring

temperature of 1 760  were chosen as the best technique parameters, which are of benefit to ensuring high productive

efficiency and obtaining titanium alloy ingot with good metallurgical quality and fine microstructure at the same time.

Key words: titanium alloy; electro beam cold hearth melting (EBCHM); continuous casting; pouring temperature;

casting speed; PROCAST
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Fig.1 Schematic diagram of EBCHM melting process
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Table 2 Thermal physical parameters of copper mould

pllkgm™)  ¢/Jkg"K")  Conductivity/(W-m -K™)

8930 386 398
1 000
W/(m?-K) 5 000
W/(m?K)
(1760 )
(7 10 14 min/min)
(70 100 140 Kg/h)
(10 mm/min)
2 100 kg/h (1760 1860
Fig.2 Three-dimensional finite element model 1960 )
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Fig.3 Thermal conductivity (a) and enthalpy (b) with
temperatures in TC4 alloy
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Table 1 Thermal physical parameters of TC4 alloy

p/(kg'm™3)  Solidius temperature/  Liquidus temperature/
4430 1 604 1 660
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Fig.4 Temperature field distribution at different casting speeds: (a) 7 mm/min; (b) 10 mm/min; (¢) 14 mm/min
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Fig.5 Primary dendrite radius at different casting speeds: (a) 7 mm/min; (b) 10 mm/min; (¢) 14 mm/min
(2) (b) (©
Spacing/mm Spacing/mm Spacing/mm
i 00200 JO0.0214 W o0.0161
00186 [110.0200 [ 0.0150
p0.0173 - 0.0185 [ 0.0139
0.0160 0.0171 0.0129
0.0146 0.0157 0.0118
0.0133 0.0143 0.0107
10.0120 0.0128 0.0096
=0.0106 =0.0]l4 : =0.0086
.0.0093 [ 0.0100 [ 0.0075
& 0.0080 1 0-0086 i 00064
.0.0067 .0.007[ 3] 0.0054
.0.0053 .0.0057 m 0.0043
.0.0040 .0.0043 & 0.0032
.0.0027 .0.0029 & 0.0021
.0.00]3 .0.00[4 il 0.0011
0 0 0

6
Fig.6 Secondary dendrite arm spacing at different casting speeds: (a) 7 mm/min; (b) 10 mm/min; (¢) 14 mm/min
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Fig.7 Temperature field distribution at different pouring temperatures: (a) 1 760  ; (b) 1 860  ; (c) 1 960
(a) (b) ()
Radius/mm Radius/mm Radius/mm
2.870 2.870
= 2.679 =2‘679
2487 52487
2.296 - 2.296
2.105 2.105
1.913 1.193
1.722 1.722
= 1.531 = 1.531
O 1.339 [t 1.339
. 1.148 o 1.148
2] 0.957 .0957
=] 0.765 .0.765
] 0.574 -0.574
u 0.383 .0‘383
] 0.191 0.191
0 -0

8
Fig.8 Primary dendrite radius at different pouring temperature s: (a) 1 760  ; (b) 1 860 ; (c) 1 960
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Fig.9 Secondary dendrite arm spacing at different pouring temperature s: (a) 1760
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