5 47 55 5 1 RN Vol. 47. No. 5
2026 4F 9 H SPECIAL STEEL September 2026

30 tEBXREEHEAENE T BINERHERL

0L T B F &V
(1 g S F A IR A, i 20024552 10 T T E48 10T Rk A it ol 1 0 030 %, 1A 200245
3 Jb AR R I B R B R A oG JE st 100083)

OO RO R B AL A A i A O AR [ A 2 R e 2 AT R R AR S s R IE T2 5
B, R RN BUE BB AR BT T =R G T 25 R4 30 (BE R (1 250 mm ) 8 K70 5 IR B A915
P R P TR IR A S, ST T G 3 AT R RS T R I 2= R BRI 1 O R AN [ S T X e
B R MR, 45 R Y R A RIS IS, J78 0 T8 38 11 3ol 194 3 5 50 o A IE LB DG &R L L) 12,5013, 65,
15. 00 kg/min J75 38 T A , A5E4DLTSR00 St TR 38 8 1 3182 3 3311 R 0. 257.0. 307 .,0. 397 mm/min, —FA T e 4 LB
BRASHAE A, YU E M H N 12, 50 (13, 65 kg/min B, & iEE [ T JC 7k 35 B B J0 1k 58 43k BN 45 mAs i 4 55 T
F B R e 2 AU B K . EEAE I GG S S A VAR R SR A v B R . BT s =R
T C.V.Cr Mo #BA A[RFREE f G i, o AV S A, Mo Rk, CrA R AT /N e 244NEE =5 2 155 500 mm Ji5 Cr Al
Mo 1) AR BT FE AT B, C ANV 9 S IR AT A 55 I 0 5 o SR RARLIE 9 1 T R 8 I 0004 X T R X TR B 1Y) 5%
Mo, FE A SRR W AR DR B, RIOR 2, WA XK BE R I 2D 40% LA b o 58 AU R DD — e Y Bl Y /2
R b P AH DX R B R BB DG R o FE SR BB 3 AR 8 T DX %A B 8 Je 2 m AT I 52 i, 2 A T 76
R & XIE R HEIE A o JCEWRE R RN Z D HhkE T ) TR, e R m
JCHE ) T HUmAT .

KRR A NS MREERURY:; BLEN, Jeduel; A30RA

DOI:10. 20057/j. 1003-8620. N260076 FESES TG142. 1

Numerical Simulation of Vacuum Arc Remelting of
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Abstract: To investigate the solidification structure and inclusion behavior during the vacuum arc remelting process of
ultra-large die-casting die steel, and to explore and study the process parameters of vacuum arc remelting, computer nu-
merical simulation technology was employed to investigate the evolution of the molten pool shape during the smelting pro-
cess of ultra-large die-casting die steel ingots (diameter 1 250 mm) under three different melting rates. The segregation
patterns of elements were analyzed, and the relationship between melting rate and inclusion removal trajectory, as well as
the effect of different helium pressures on the solidification quality of the ingots, were studied. The results showed that,
during steady-state melting, the growth rate of molten pool depth was directly proportional to the melting rate. When re-
melting at melting rates of 12. 50 kg/min, 13. 65 kg/min, and 15. 00 kg/min, the simulated increasing rates of molten pool
depth were 0.257 mm/min, 0.307 mm/min, and 0. 397 mm/min, respectively. The inclusion removal trajectories were
reasonable at all three melting rates. When the melting rate was set at 12. 50 kg/min and 13. 65 kg/min, the solidification
front of the molten pool could not reach or fully reach the edge of the crystallizer, posing a higher risk of subsurface inclu-
sions on the lower surface of the ingot. The water cooling effect at the bottom of the crystallizer was extremely strong during
the initial stage of remelting, resulting in a high cooling rate. Simulation calculations showed that C, V, Cr, and Mo all
exhibited negative segregation to varying degrees at the three melting rates, with C and V being the most pronounced, fol-
lowed by Mo, and Cr showing relatively less segregation. When the ingot height reached 500 mm, the negative segregation
of Cr and Mo was essentially eliminated, and the negative segregation trend of C and V significantly weakened. Computa-
tional simulations studied the effect of helium cooling on the depth of the two-phase region at two melting rates. The intro-
duction of helium significantly reduced the depth of the two-phase region, reducing the depth by over 40%. Within a cer-
tain range, the pressure of the introduced helium was inversely proportional to the depth of the molten pool’s two-phase re-
gion. The introduction of helium significantly reduced the segregation effects of various alloying elements in the top region
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of the ingot, with the shape of the severely segregated elements zone changing from conical to flatter. The concentration
distribution of elements became more uniform. Elements in the core of the ingot tended to show positive segregation, while
elements on the surface of the ingot tended to show negative segregation.
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trode %
C Si Mn P S Cr Mo v Fe
0.35 025 042 0.012 0.001 5.00 230 0.60 Bal

R2 Type 2367 A4S E
Table 2 Thermophysical properties of Type 2367
24U BfE
AR/ (kg-m™) (7.00~7.20)x10°
[ AR 1/ (kg = m™) (7.80~7.85)x10°

AL /K 1.763x10°
& A4 /K 1.679%10°
BT -kg™) (2.70~2.90)x10°

PR/ W (m-K) ] 32.00~34.29(873K~1873K)

R3 REMBRERIZSH
Table 3 Remelting process parameters in the steady—state
stage

rE RN RsmEeik (S
FEA 240~245 18.5 12.50 0.85
J%B  24.0~245 19.5 13.65 0.85
FEC 24.0-245 21.5 15.00 0.85
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Fig. 4 FElement segregation diagrams at different melting rates : element segregation at the melting rate of 12. 50 kg/min: (a) C, (b)
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Table 5 Effects of remelting process parameters on the depth of the two—phase region in the molten pool

o) Kok B /min AT FEA (500 Pa) WAy FEA(1000 Pa) AT S
7 (kg-min™") AR X R B /mm AR X R /mm /% TAH DX R B /mm /%
1 13.65 300 29.74 28.94 2.69 28.61 3.80
2 13.65 700 87.94 72.03 18.09 69.35 21.14
3 13.65 1000 136.11 85.42 37.24 76.19 44.02
4 13.65 1 200 154.08 86.29 44.00 76.56 50.31
5 13.65 1500 166.32 86.92 47.74 77.17 53.60
6 13.65 1700 172.86 91.50 47.07 79.93 53.76
7 15.00 300 31.04 30.44 1.93 29.61 4.61
8 15.00 700 103.49 80.29 2242 76.17 26.40
9 15.00 1 000 151.62 91.78 39.47 82.72 45.44
10 15.00 1200 165.33 93.40 4351 83.12 49.72
11 15.00 1500 175.87 97.44 44.60 85.79 51.22
12 15.00 1700 181.41 99.78 45.00 86.16 52.51
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Fig. 5 Trend diagram of two—phase region depth variation with time under different helium cooling schemes: at the melting rate of

13. 65 kg/min: (a) without helium filling, (b) with helium filling at 500 Pa, (c) with helium filling at 1 000 Pa; at the melting rate of

15. 00 kg/min: (d) without helium filling, (e) with helium filling at 500 Pa, (f) with helium filling at 1 000 Pa
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Table 6 Elemental composition and calculated segrega-
tion ratio of remelted alloy

SR (Fck ;

g SPORE g YRR g
C 0.35 1.10~1.20 1.10 +10
Cr 5.0 1.20~1.28 1.03 +3

Mo 2.30 1.26~1.80 1.04 +4
v 0.60 >1.40 1.10 +10
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Fig. 6 Segregation of elements without helium gas filling at the melting rate of 15. 00 kg/min: (a) C, (b) Cr, (¢) Mo, (d) V; Seg-
regation of elements with helium gas filling at 500 Pa at the melting rate of 15. 00 kg/min: (e) C, (f) Cr, (g) Mo, (h) V; Segrega-

tion of elements with helium gas filling at 1000 Pa at the melting rate of 15. 00 kg/min: (i) C, (j) Cr, (k) Mo, (1) V
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