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Numerical Simulation of Influence of Process Parameters
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Abstract: By establishing a three—dimensional coupled mathematical model, the effects of the current intensity
and the depth of the electrode inserted into the slag pool on the temperature field and electromagnetic field dur-
ing the electroslag remelting(ESR) process of G20 bearing steel were investigated. The magnetic field strength is
mainly concentrated on the outer surface of the ingot. Due to the high electrical conductivity of the slag, the
Joule heat of the system is mainly generated in the slag pool, and the highest temperature is located in the center
of the slag layer. With the increase of current intensity, the current density of the whole system increases and the
temperature increases. And with the electrode insertion depth increased from 10 mm to 30 mm, the temperature
of the system showed a downward trend. At the current intensity of 1 500 A and the electrode insertion depth of
0.1 m, the maximum temperature of the central axis of the system is 2 187 “C, and the average temperature of
the slag—gold interface is about 1 600 “C, which are all greater than the liquidus temperature of the steel ingot,
which is 1 493 “C. The molten molten steel passes through the slag layer and gradually solidifies to form an in-
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got, which can provide a theoretical reference for actual production.
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Fig.1 Electroslag remelting model and grid division
diagram
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Tab.1 Simulation parameters and physical properties

Parameter Value
Electrode diameter/mm 40
Electrode height/mm 160
Slag density/ (kg m™) 2 800
Ingot diameter/mm 55
Ingot height/mm 140
Thermal conductivity of slag/(W -mr'-K™) 10.46
Current/A 1 300,500,700
Slag specific heat capacity/(J-kg™-K™) 837
Slag permeability/ (2" +m™) 1.26x10’
Ingot specific heat capacity (J-kg'-K™) 1225
Frequency/Hz 60
Ingot thermal conductivity (W-m™-K™) 30.52
Electrode, steel ingot conductivity 7.14x10°
Electrode insertion depth/mm 10,20,30
Slag layer diameter/m 55
Slag layer height/m 40
Ingot liquidus/C 1493
Slag conductivity/ (2™ -m™) 360
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AT M A 60 Hz T HL i 044 i 72
() H 1% 7 5 R PR BE | A AR B NG BE 1)
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FIF7R o
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Tab.2 Simulation using process parameters

Electrode

. . . Frequency
Serial Current/A insertion

depth/mm /Hz
1 1 300 20 60
2 1 500 20 60
3 1 700 20 60
4 1 500 10 60
5 1 500 30 60
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Fig.2 Temperature distribution diagram of the center

Y

longitudinal section of the electroslag remelting system

5 L FE G R i A R B T 2 — ik
PR A AR H AL AL . BT 3 (a) IR 1500 A R
AR ATREE D 20 mm B9 FE H- 2% 220 A 18], IEL 3
(a) AT LA M A H 30 2 00 A 70 T b P PR A AN 45
BE AR AR H AR D A2 R AR A, PR
F s ) R B G KT A RN B H U R v b 2
P AR R A SR EL AR T R I DR R JER AR A R A i
T i 1) 320 PR SR A i LAAZ A W U B P ORI Atk
AR H R B R

K 3(b) AL pi s 1 500 A, S [ oo B 4 A TR
J¥10,20,30 mm F, BHEARRHR 2 mm 8 it B R

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

(FEF 3 (), e fo & T AR B KM ) i AR B
WEE A, B 3(a) AT LLE s B A1 EE 1)
1/2 4 (r<15 mm) (4 X 3R A K 0 £ B30 A4 H Ak
AT BE LR E R NS r>15 mm Y Xk P4 8 H A
5 I A o A1 RE T 1) S RS 2 BN | W
HEAE r=19 mm {7 B, 07 T BN 5 9 Tt 422 fish 11 20
FAER LA HL U R R K TR AL HL AR A
TREE R 10 mm B P2 AR H R R, X T
A 5 5 s Sl ik T AR/ S SRR A R

Joule heat density/(W/m®)

1.1750e+08
1.0967e+08
1.0184e+08
9.4003e+07
8.6171e+07
7.8338e+07
7.0505e+07
6.2673e+07
5.4840e+07
4.7007e+07
3.9175e+07
3.1342e+07
2.3507e+07
1.5676e+07
7.8437e+06
1.1023e+04

(a) Joule heat density distribution map
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(b) The influence of the Joule heat density at the depth of 2 mm
from the bottom of the electrode when the electrode is inserted
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Fig.3 Influence of process parameters on Joule heat
density
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(b) The influence of the current magnitude on the temperature
distribution of the central axis of the electroslag remelting process
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Fig.4 Influence of process parameters on the temperature
distribution of the central axis in the electroslag remelting

process
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Fig.5 Current density vector diagram
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(b) The influence of the electrode insertion depth on the

magnetic field intensity distribution in the center of the slag layer
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Fig.8 Influence of process parameters on the magnetic
field strength in the center of the slag layer
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