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A study on the melting process of novel Ti551 titanium alloy using
VAR numerical simulation

LUO Kun"?, ZHENG Youping"’, GENG Naitao', YOU Yanjun’, LI Jingmao™"

(1. State Key Laboratory of Vanadium and Titanium Resources Comprehensive Utilization, Pangang Group Research In-
stitute Co., Ltd., Panzhihua 617000, Sichuan, China; 2. Chengdu Advanced Metal Materials Industrial Technology Re-
search Institute Co., Ltd, Chengdu 610300, Sichuan, China)

Abstract: To meet the demand for pressure-resistant materials in deep-sea equipment, this study invest-
igated the melting process of a novel a+f titanium alloy Ti551 based on Vacuum Arc Remelting (VAR)
numerical simulation. By optimizing parameters through numerical simulation, the melting process was
directly scaled up from a 150 kg model to produce 3-ton industrial-scale ingots via VAR. The results
demonstrate the successful production of high-purity, highly homogeneous 3-ton Ti551 industrial in-
gots. The study focused on the effects of melting current and arc-stabilizing current on compositional
homogeneity and pool profile, identifying reduced melting current as the optimal parameter. Through
comparative experiments of five different melting processes, it was concluded that the optimized pro-
cess conditions—a melting current of 21~24 kA, an arc-stabilizing current of 15 A, and an AC arc sta-
bilization time of 30 s—yielded the best results. Based on this optimized process, the produced 3-ton in-
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dustrial ingots exhibited a smooth surface free from defects such as cold shuts, subsurface porosity, and
slag inclusions. The ingots demonstrated good compositional uniformity, with the range of key ele-
ments including Cr, Fe, Sn, V, and Zr all within 0.03, indicating no significant macrosegregation. The

overall properties meet the stringent requirements for raw materials used in deep-sea equipment.
Key words: novel Ti551 titanium alloy; vacuum arc remelting; numerical simulation; composition uni-

formity
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Table 1 Physical parameters of Ti551 titanium alloy used in calculation

P . E - . E Volume expansion Solidus Liquidus Latent heatx  Electrical conductivityx
Liquid density/(kg'm™)  Solid density/(kg-m ) pansior d ! ! ! et
Haue Censiyltkem olid density/(kg'm coefficientx10/K "' temperature/K temperature/K  10~/(J’kg™") 10°/(A- V' 'm™")
4060 4510 9.35 1947 2 000 3.20 8.5
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Table 2 Different simulation calculation process parameters for the third VAR melting of 3 t Ti551 titanium alloy

Melting condition

Electric current/kA

Arec stabilizing current /A Arec stabilizing AC time/s

Process 1 Benchmark process 23 ~26
Process 2 Increase melting current 25~28
Process 3 Reduce melting current 21~24
Process 4 Increase arc stabilizing current 23 ~26
Process 5 Reduce arc stabilizing current 23 ~26

15 30
15 30
15 30
20 30
10 30
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Fig.1 MeltFlow-VAR simulation calculation of Al element distribution of each ingot in 150 kg Ti551 smelting
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Fig. 2 Process of preparing 150 kg Ti551 titanium alloy ingot by VAR melting
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Fig.3 Comparison between actual results and numerical simulation of VAR for 150 kg Ti551
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Fig. 4 Numerical simulation of the distribution of alloy elements in a 3 t Ti551 titanium alloy ingot under melting current
and arc stabilization current conditions
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Fig. 5 Effect of melting current and arc-stabilizing current on pool depth calculated by numerical simulation
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Table 3 Composition analysis results of Ti551 titanium al-
loy ingot %

(a) Btk (b) 854 (

Cr Fe Sn \'% Zr

Standard value 0.8~1.2 =<0.20 08~12 08~12 0.8~12
Maximum value 0.96 0.16 1.04 1.03 1.01
Minimum value 0.93 0.15 1.03 1.00 0.98

Average value 0.96 0.15 1.04 1.02 1.00

Extreme difference  0.03 0.01 0.01 0.03 0.03
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