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Study on melting simulation of Ti551 alloy ingots with spatial coordinate
transformation based on MeltFlow-VAR
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Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, Liaoning,
China)

Abstract: Vacuum arc remelting (VAR) is the key technology for the preparation of titanium alloy in-
gots. However, traditional processes struggle to precisely control the coupling effect of multi-physical
fields, which easily leads to compositional segregation of ingots. In this paper, melting simulation re-
search was carried outon Ti551 alloy with atarget composition of Ti-5.3Al-1.5Mo-1.0V-1.0Sn-1.0Zr-1.0Cr-
0.10-0.15Fe. The MeltFlow-VAR software was adopted to simulate the solidification segregation of
Ti551 titanium alloy, and four melting cases with spatial coordinate transformation were designed for
Ti551 alloy ingots. By simulating the melting processes of primary and secondary ingots, the distribu-
tion characteristics of alloying elements such as Al, Mo and V under different cases were analyzed. The
results show that obvious elemental segregation exists in the primary Ti551 ingot. Al, Mo and O exhibit
negative segregation, while V, Sn, Zr and other elements present positive segregation, and the segrega-
tion is mainly concentrated in the riser of the ingot head and the ingot tail. Among the four cases, the
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cutting and welding cases have the optimal effect on improving the compositional uniformity in the
middle of the ingot. Case 2 enables the elemental content in the middle region to be closer to the stand-
ard values, and case 4 effectively weakens the element concentration fluctuation of large-size long in-
gots. The traditional head-to-tail inversion method cannot fundamentally eliminate segregation defects,
whereas the restructured melting based on spatial coordinate transformation can break the original se-
gregation distribution pattern. In addition, Mo features a high melting point and high density with prom-
inent negative segregation during VAR processing. The reconstruction methods including cutting and
welding can regulate the transport and redistribution mechanism of Mo in the molten pool, which effect-
ively optimizes the compositional uniformity in the middle of ingots. This study provides a technical
reference for the segregation control of high-melting-point elements and the improvement of finished

product rate of titanium alloy ingots.
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Table 1 Physical property parameters of Ti551 titanium alloy used in calculation

Liquid  Solid Volume
density density ~ expansion ————
(kg/m’) (kg/m’) coefficient/K Solidus Liquidus

Temperature/K Latent
heat (J-kg™")

Electrical
conductivity
AV m™)

Thermal conductivity Specific heat Dynamic viscosity
JW-m K", 1873K) /(J-kg'K™,1873K) (Pa‘S, 1 873 K)

4060 4510 935107 1947 2000 = 3.20x10°

8.5x10°

0.317 2107 0.947x10° 3.35x10°

1.2 BRHOTE

BRI — R BE . IREE DI LT L FAR
HLIL . A olE R — 2. B AY Tiss1 &k &
SRR T AT

1) — W &E: 2.80~ 3.20kA; 3.00 ~ 4.00 kA;
4.00 ~ 5.00 kA;

2) T W EE: 3.00~ 4.00kA; 4.50 ~ 5.20 kA;
5.50 ~ 6.50 kA,
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4 EIE AT 2 35— e, HHLA & 9200 mmx
930 mm, $ H v — 372 — Y Ee I R DT, RS 43
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T HAE A H M, RS MR AR A B, 7 i B A R
2260 mmx1 100 mm,
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Table 2 Melting cases for spatial coordinate transformation of Ti551 alloy

Melting Ingot

cases Melting batch quantity Matching method Product dimensions/mm

First VAR 1 ©200%x930

: Second VAR 1 9260%550
Fist VAR 1 Cutting and welding ©2200%930

? Second VAR 1 2260%550
Fist VAR 2 Welding head and tail ?200%930

} Second VAR 1 0260x1 100
Fist VAR 2 Cut one ingot into sections, match it with another one, and then weld them together ©2200%930

* Second VAR 1 ©260x1 100
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Fig.1 Schematic diagram of melting Scheme 1
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Fig 2 Schematic diagram of melting Scheme 2
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Fig.3 Schematic diagram of melting Scheme 3

2 #REtR

2.1 —REEMREEUZE BT

F IR IRIGHE T 20 Ti551 44 4 A i bbpss
1, 158 T Kl 5 s 8 Al Mo, V, Sn, Zr, Cr, O
1 Fe TR =, Hodnl LU, Al Mo #1 O Jt
RRIMH AT IEIE, b B AR X TR
T R AIG, T % BE JVC S e B W = ()RS O, 1TV, S,
Zr, Cr il Fe JUR N S BLH IEIWHTIHIE, X L0 RAE

S (14 B 0 ALk R T 0 3 B A AR A I B O
L Mo T2 RBI4H7: Mo I8 2 qE— 1 g v S BRI 65
B S AT, 3X £S5 Mo BRI S, (29 2 623 °C) FlI
BREE (1028 glem’) A Koo F VAR MEHRIT R,
Mo T4t A4 s 818, HL5) PG R X 5
B BT VY A SRS T 1] IS 3R 3 4 . LA, Mo 7 R Fa
SE B AHIIICES, HAM I 2B T 1, S8t [ f o
TERHE IR AR XFRHTIT HESL A4 VAR &
Wb LA S, o 5 22 ] AR bR AR R TS A
TEEAE T SRR

T >
@ @ 9 e
82 m.
| 7’1-; |

B4 BEARNRE

Fig. 4 Schematic diagram of melting Scheme 4
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Fig. 5 Distribution contours of Al, Mo, V, Sn, Zr, Cr, O and Fe elements in Ti551 titanium alloy primary ingots
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Fig. 6 Distribution contours of Al, Mo, V, Sn, Zr, Cr, O and Fe elements in Ti551 titanium alloy secondary ingots under case 1
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Fig. 7 Distribution contours of Al, Mo, V, Sn, Zr and Cr elements in Ti551 titanium alloy secondary ingots under case 2
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Fig. 10 Distribution contours of Al, Mo, V, Sn, Zr, Cr, O and Fe elements in Ti551 titanium alloy secondary ingots under case 3
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Fig. 12 Distribution curves of Al, Mo, V and Sn elements in Ti551 titanium alloy secondary ingots at axial direction under
case 3 and case 4
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Fig. 13 Distribution curves of Zr, Cr, O and Fe elements in Ti551 titanium alloy secondary ingots at axial direction under

case 3 and case 4
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