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Abstract: Owing to the excellent physical and mechanical properties, Ti-1023 alloy has been used widely in large

structure parts. Nowadays Ti-1023 ingot is produced by vacuum arc re-melting( VAR) process, which may cause the B freck-

les due to this alloy’s high Fe content. So the B freckles can affect forgings’ properties. In this work, the shape of molten pool
and the element distribution of the Ti-1023 ignot at different stage during the VAR process have been simulated by Melt
Flow-VAR. In order to validate the agreement between the model and experiment results, a full-scale Ti-1023 ingot has been

prepared. The results show that the shape of molten pool changed from bowl shape in the initial stage to V-shape in the

medium stage, and then to deep V-shape in the last stage during the melting process. The final depth of the molten pool is

about 0. 28 m, which is in good agreement with the experimental result. In the top and bottom part of the ingot, the simulated

results of the distribution of Fe and Al are in good agreement with the measured results. However, there is a big deviation

between the measured and modeled results for the distribution of Fe and Al in the middle part of the ingot, which should be

attributed to the computing deviation of isometric crystals sedimentation in this model.
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Table 1 VAR process parameters

Item Value
Electrode diameter D560 mm
Ingot diameter D640 mm
Ingot length 1800 mm
Temperature of the cooling water 303 K
Intensity of the axial magnetic field 40 Gauss
Inlet superheat 150 K
Emissivity, ingot-mode heat loss 0.4

®2 Ti-1023 AEEHMESHD
Table 2 Physical properties of Ti-1023 alloy®’

Property Value Units
Density 4567 ke/m’
Viscosity 0.0020 Pa-s
Specific heat 1200 1/ (kg - K)
Thermal conductivity 20 W/(m - K)
Heat of fusion 323308 J/kg
Electric conductivity 10° S.m™!
Magnetic permeability 1.26x107° H-m!
Thermal expansion coefficient 6.5x107° K!
Partition coefficient for Al 1.23
Partition coefficient for Fe 0.28
Partition coefficient for V 1
Solidus temperature 1890 K
Liquidus temperature 1930 K

3 ZRER

3.1 AEEEMERBREZMRIGEMER

VAR B H52 — A G R AR R S A0 B0 b 9
A, BERMIERSNSRE, EAREEN BRI
R AL AR, B 1a 2 Ti-1023 & S ERHY)
W(1=0.3 h) B2 F IR EE RS 4 . BT LI
i, FRALTEG IR TSR, GEBML (T =
1890 K) AW AAZE (T, = 1930 K) JL -3 H T 45 S #s B |
HRER N HE SRR EN T A 0=0, MIERLERD
TR R ) — B, TR U AR B B B T B TR
JEMIES , WA BT DUR T SRR, i e KA
PRAETIEBOLE, 290 5 mm/s, BEMARTERE b v Y S 28 6
WE, HEHERIE GRS, WS E L),
PRV b 1) B IR Bl S T A A A I R e A e
rot, B b N Ti-1023 & EEHE TP (c =3.0 h) i
ZIF IR SRR A . B2 o B ZIA A, IR
e kA B E A, ¢, I 2050 2k ) G 458 o0
HIRER N S B R e f 0 95 45°, KEEs
0 LA G i AR AL A VT IR, A TR £ R AR
LR ARPIR X VR E B 0. 02 m 3803 0. 20 m, M AHAI AL
G ¢ RT3, RS i Rl AR I B
TEHE WA O S P 1 g BT, 1B 1e O Ti-1023 & 4 7E
SEW AR (1,=5.0 h) B2 TR ES MRS a6, SR
ik — L m G e ke oo, SRR E S B
FERIIE S 0 1L o, BT 2K 3 BRI BT T R,
TROAH DA I B 20 4, AR DR 1o 9 /N, (R
P ARTE OB T 1) AR AR A, s b T 350 Fl 42 9 v 40
BV BB “ R V7B, AH IR B BT AR 0 T AWK
PRI S AT A TP A AE 1) L R TSR AR A s
3.2 IBFitREEMER

HE AREBHEN T 2SR TR UEEHRR. Bk,
PEFERE A K I, X S S BOTE M i R P 5 ) 4
JaE AT P T A B | Ak RV 2 S 1 2 Ak
T 52 10 4 J8 ol A FE R RITRIIR X RS, e &
TCEAT A, Z5A Ti-1023 A4 B PSR TR
FIRTZIF IR B, B 2 B — RS T
IR SRR hEE . WTLLE N, EHEPIHI(0~20 min) H
S, AT IR B K R IR K O S, R
RN AR, TEREHR ] (20~ 220 min) , R 52 9K
TERBOE R IRLEE, TR 0. 20 B4ME 0. 50 m, K
TR Mt IR 38 8 Ry < U B, A6 M 45 s 3 (220 ~
380 min) ML IR BEHEK 02818, Tt B IR 4R R A
0.55 m, FHIMAIAE TREEH B, EHHKLD



BUNESE: Ti-1023 54 VAR KEHREUE BT 5T 369

Velocity and Temperature Fields

Velocity and Temperature Fields c

= 10mmfs
—_———
Temperature K

2200
1930
1890
170
1600
1457
1329
1200
1000
300

500

300

X(m) o

1

N\
INd
gl

[] o5 LT 01 02 03

B 1 Ti-1023 &4 VAR KRB BEIRE S AR HER . (a)1=0.3 h, (b)1=3.0h, (¢)t=5.0h

Fig. 1 Simulation results of flow and temperature fields in the ingot at different stage during VAR process for Ti-1023 alloy: (a)t=0.3 h,

(b)t=3.0h, (¢)t=5.0h
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Fig. 2 Simulation results of depth of melting pool in the ingot at differ-

ent melting stages during VAR process for Ti-1023 alloy
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Fig. 3  Simulation results of elements distribution of Aluminum, Vanadi-

um and Iron(w% ) after the VAR process for Ti-1023 alloy
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Fig. 4  Longitudinal solidification macrostructure of the large-scale

Ti-1023 alloy ingot
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Fig. 5 Comparison of elements contents at different positions along
central axis  between numerical simulations and
experimental data for Ti-1023 alloy ingot; (a) Fe element;
(b) Al element
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