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Industrial Experimental Study on Solidification Structure Control of
Oriented Silicon Steel Slab
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Abstract: Industrial experiments were conducted on oriented silicon steel slabs under different continuous casting
process conditions to study the effects of superheat, casting speed, electric stirring parameters, and electric stirring
structure on the solidification structure of the slab, and to explore effective means of regulating the solidification
structure of oriented silicon steel. The results show that the equiaxed crystal rate of the billet decreases from 66.6% to
63.4% when the superheat temperature increases from 20 °C to 25 “C. When the current of the stirring parameter
increases from 200 A to 900 A, the equiaxial crystal rate of the billet increases from 33.3% to 66.6%. Under the
conditions of drawing speed 0.9, 1.0 and 1.1 m/min, the cylindrical crystal angles are 5°, 8° and 12°, respectively.
Considering the influence of drawing speed, superheat and electromagnetic stirring on solidification structure, it is
considered that electromagnetic stirring is the most effective means to control solidification structure of oriented
silicon steel.
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Tab.1 Main components of alloy elements in experimental materials w/%
LRSS C Si Mn S N
CGO 0.03~0.04 3.10~3.20 0.18~0.20 0.007~0.009 0.005~0.010
HiB 0.05~0.06 3.10~3.20 0.08~0.12 0.005~0.007 0.005~0.010
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Tab.2 Production test scheme under different continuous casting working conditions

ES 1R i1 38 /(m/min) i /C FHL 14 1k 2 50
1 CGO 0.9 25 #=, 900 A-3.0 Hz
2 CGO 1.0 25 #=, 900 A-3.0 Hz
3 CGO 1.1 25 #=, 900 A-3.0 Hz
4 CGO 1.0 20 #=, 900 A-3.0 Hz
5’ CGO 1.0 20 #=, 400 A-3.0 Hz
6 CGO 1.0 20 #=, 200 A-3.0 Hz
7 HiB 0.9 25 #i=t, 900 A-3.0 Hz
8’ CGO 1.0 20 A, 350 A-4.0 Hz
9 CGO 1.0 20 L, 300 A-4.0 Hz
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Fig.1 Schematic diagram of solidification structure

control test process for casting billet
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Fig.2 Schematic diagram of sampling position
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Fig.3 Solidification structure of casting billet at a pulling

speed of 0.9 m/min
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Fig. 4 Solidification structure of casting billet at a pulling

speed of 1.0 m/min
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Fig. 5 Solidification structure of casting billet at a pulling

speed of 1.1 m/min
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Tab.3 Proportion of crystal zones and average grain size

of casting billet with different pulling speeds

b/ R Rk ARIRSE D dE S NIREE
(m/min) FR /% MR/ Y% G /mm Gl /mm il /mm
0.9 65.2 34.8 3.57 3.16 3.21
1.0 63.8 36.2 4.40 3.22 3.65
1.1 64.3 35.7 3.60 2.67 3.30
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Fig. 6 Schematic diagram of cylindrical crystal growth

direction of casting billet
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Fig. 7 Crystal dip angle of casting billet cylindrical under

different pulling speed conditions
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Fig. 8 Solidification structure of casting billet at superheat
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Fig. 9 Solidification structure of casting billet at superheat
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Tab. 4 Proportion of crystal zones and average grain size of

casting billet with different superheat temperatures

e SEEE AR ARIRAE A NIRAE
BE/C /% SR /% W /mm Bl /mm 5 /mm
20 66.6 33.4 3.19 2.40 2.60
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Fig. 10 Solidification structure of casting billet under box
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electric stirring parameters with 900 A-3.0 Hz
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Fig. 11 Solidification structure of casting billet under box

electric stirring parameters with 400 A-3.0 Hz
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Fig. 12 Solidification structure of casting billet under box
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HEL 11, 12 AT . AR A LA S 85 T 5 0
PR AER T . AR TET 174 258 1 235 ) JRE AR R (] 5 L i P 10 93
PP PG RET, PR A Al A A N B

& 13~14 Jy 3 #8420 °C, Fi 1.0 m/min B,
AP 514 F 300 A—4.0 Hz, 350 A-4.0 Hz HLf%
PP S B 5 I EE R 4544, t K] 13, 14 ATAL 5538
BEF A3 3 2, RIZHS Z 4080 X AR A
DX 45 Al it X5 A TR L R SRR S R A
T . AT 9 56 [ 45 48 EE AR [R] 5 %55 Lt 300, 350 A
ZRAFR B IR EE [ S5, B PR e RE T R F T R, B
WS R R

25 N UE 20 ¢, F7 1.0 m/min B, [
FECH RETEFE T 55 20 5 DX EL A 72 ok R



428 TR 2 4 (A RBLAR)

2024 4

M2 5 ATF : FBEREHEN 2 3.0 Hz, LT A 900,
400, 200 A B 119 55 20 45 5l 5 2R 5311 R 66.6%, 52.7%,
33.3%, HI e WA Pr o B 3G ek, B4 0 00 S5 il i R 4R
TR 3K A2 PRI Ay R JAC S8 O HsF b A B0 e i B U A v, PR
PEFER N TIEAZ BN, B R g, B AR
PR R 5 5 S X ST 8 [ HVR AR, YN T R A
JE, AR TR A ) S A R 200 A
PERH] 900 A B, PR 0 Al i R SE e 2.40 mm
R 2.22 mmy A 7] 5504 T A5 4l 5S35 RST e /2]
MG Sy v S50 <P IS5 0 & <O 1 DI A5 B 5, 41
S 252 Ay 5 S 25 ]SE A 3.19~3.64 mm, PY 9IR 45 4l
SEHIRSE N 2.60~2.84 mm,

E8

SMR

(a) FEA T
E13 R EEEHESE 300 A—4.0 Hz THSERR E 414

Fig. 13 Solidification structure of castings under roller
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electric stirring parameters with 300 A—4.0 Hz
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Fig. 14 Solidification structure of castings under roller

electric stirring parameters with 350 A—4.0 Hz
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Tab.5 Proportion and average grain size of casting billet

under box electromagnetic stirring

B 5 E%?Fﬁ FER AIRAE PSR ORAE
R % R % 5 mm B mm S 5 /mm
900 A—-3.0Hz 66.6 334 3.19 2.22 2.60
400 A-3.0Hz 52.7 47.3 3.26 2.29 2.71
200 A-3.0Hz 333 66.7 3.64 2.40 2.84
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Tab. 6 Proportion and average grain size of casting billet

under roller electromagnetic stirring
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A R/ % & /% Bl mm Bl /mm A /mm
300 A-4.0Hz 59.9 40.1 3.49 241 2.86
350 A-4.0Hz 62.9 37.1 3.00 2.26 2.92
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Fig. 15 Solidification structure of casting billet with
secondary columnar crystals
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Tab.7 Solidification structure of CGO and HiB casting
billets
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CGO 38 37 31.6 68.4
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