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Abstract: The large-scale development of titanium alloy in naval and marine fields has become an inevitable trend. As
the basic material of titanium alloy forgings and plates, ingots are also developing towards large-scale. For the industrial
production of oversized ingots, the melting process of vacuum arc melting (VAR) of oversized TC4 ELI titanium alloy
primary and finished ingots was numerically simulated using finite element analysis. The results show that coil’s current
and coil’s period during primary ingot melting directly affect the trajectory of inclusions in the molten pool. For TC4 ELI
titanium alloy primary ingot, the more suitable coil’s current is 30 A and coil’s period is 40 s. When the finished ingot is
melted, reducing the melting current and increasing the coil’s current and coil’s period, that is, strengthening the stirring
in VAR melting process can help to improve the uniformity of ingot composition and surface quality. The industrial
production of 12.8 t oversized TC4 ELI ingots with good surface quality and uniform composition was carried out based
on the numerical simulation results.
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Table 1 Physical properties of TC4 ELI titanium alloy

Parameter Value

Liquid density/kg-m™ 3925

Solid density/kg'm” 4200
Volume expansion coefficient/K™' 6.9x10°

Solidus temperature/K 1860

Liquidus temperature/K 1898
Latent heat/J-kg 3.5x10°
Electrical conductivity/S-m’ 7.6x10°

1200 50.006
—~ 35k 4
|
2 41100
é 30F 1 7 70.005 «
= —— Thermal conductivity 41000 75 | g
2 25— Specific heat 1 v >
z —— Dynamic viscosity 900 ; 10.004 Z
Z 20 1 ] 2
3] 1800 8 g
2 s . 5 40.003 .9
D[ =
g 1700 % §
=} ] =3 =
glor 4600 @ 40.002 &
2 = [
= oor 4500
T T Y Ty Jo.oo1
0 500 1000 1500 2000 2500
Temperature/K

1 TC4 ELI 8k &5 &R MIES KL
Fig.1 Physical properties of TC4 ELI titanium alloy at

different temperatures
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Fig.3 Motion paths of inclusions in TC4 ELI titanium alloy primary
ingots under different coil parameters: (a) 25 A + 30 s;
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Table 2 Melting parameters of oversized TC4 ELI

titanium alloy ingots

No.  Current/kA  Voltage/V  Coil’s current/A Coil’s period/s

1* 36 35 20 20
2" 34 35 20 25
3" 32 35 25 25
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Fig.4 Simulation results of finished ingots corresponding to different processes: (a, ¢, i) profiles of molten pool;

(b, f, j) local solidification time; (c, g, k) distribution of Al; (d, h, 1) distribution of V
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