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Electromagnetic Stirring of Molten Core in Continuous

Casting of High Carbon Steel

Hitoshi IWATA, Katsuhiko YAMADA, Teruo Fupnita, and Kyozo HAvasur

Synopsis:

Two—pole rotary field type electromagnetic stirring was applied in the secondary cooling zone in order
to reduce center-line segregation of continuously cast high carbon steel billets.

The results obtained are summarized as follows.

(1) A homogeneous macrostructure of equi-axial crystals are obtained by the stirring.

(2) It is proved that the stirring is more effective at higher casting temperatures, by a statistical method
which is presented to accurately evaluate the degree of center-line segregation of continuously cast billets.

(3) Tensile properties of products, PC wire, are improved by the stirring.
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Fig. 1. Type of rotary field.
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Table 2. Chemical composion and

Table 1. Continuous casting machine and electro-
magnetic stirring equipment.

Type of C.C. machineﬂ Mitsubishi-Olsson, vertical-
bending
E

1
!

No. of strands

Mold for billet, 115 mm square

E. M. S. equipment;
power 30kVA, 400G
structure similar to stator of motor
coil 3-phase, 2-poles, 3 600 r.p.m.
length of stirring | 560 mm
stirring time 14 sec

2.5m under meniscus
liquidus+0~30°C
2.1~2.4 m/min
0.91/kg of steel

setting position
Casting temp.
Casting speed

Spray water
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casting condition of test billets.

swmle | o | G | o | o | op | CUPAgedT | Stming | Casting speed
LS 07 | o2 0.58 0.014 | 0.017 27 280 54
M-S o 0.26 0.84 0.009 | 0.014 10 og 2.4
L- G 0.76 0.28 0.85 | 0.011 | 0.014 2 o8 24
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Photo. 1. Macrostructure in longitudinal section of billets, Left; conventional, Right; stirred.
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Photo. 2. Macrostructure of white band in transverse section of billets.
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Fig. 2. Solutes distribution in transversal direction of continuously cast billets.
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Photo. 3. Change of carbon segregation

(a) conventional {(b) stirred

ratio along center line of continuously cast billets.
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Photo. 4. Macrostructure of transverse and longitudinal section of 10 mm dia. rods.
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Fig. 5. Relation between standard deviation (¢)
and mean value (X) of center segrega-
tion ratio of C.
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Fig. 6. Effect of casting on maximum segrega-

tion ratio (£+3qa).
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Fig. 4. Histogram of center segregation ratio of C in various casting conditions,
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Table 3. Comparison of reduction in area of the rods subjected to lead-patenting.

Charge No. (;:’) ! ?;5 E Dia( ;;’;oc}s E Stirring No. of sample f R(%})Sx l l(jo}/g
1 0.7 0.88 10 ] with 5 2.1 +3.0
2 075 | 0.8 y % with ; 20-2 +2.3
3 0.76 0.85 , ; with ; 2.2 1.1
4 0.78 0.86 . with ; 8- +2.8
5 0.77 0.86 y with Z 2e.8 +2.3

NLOTFEE, C LiFHERE, oo kD (C/Co) max.
=(C+30¢)/Co LEELTHRDAE BARITRIC S XIT
TEAIRE St O ko Fig. 6 R

7k, Fig. 4 kb C o LEITRITIGIEIERS %
LBERERDDT, ik XL (C/Co)max. BLE
DFFTRERIT RO R RIIFEEE X b, 0.14% T
HLEWMETES. EOFEREREDFET KDL
B ol ORI X B5EERY - —/—F
ERYMT XD ] SSTERCHE L CRE B ERM:
BREVEFEDLIEZLTCHS.

X225, (C/Co) max. REHEOFIIC b ST HA
BEOLRLEDITKRELADT L, BIUHBREED
BV EZAHTHRRORPREIND Z L br 5B,
34 8 #

FELWthz b2 #tfo BifE < 2 o fiiffid Photo. 4
(a) WRT X5 LIS E2E. 20D & o
HBBEEA 24 4y PBEEL, —BitA—2F
F A4 MIEEEBC TN, M2 W B IEEA A
LNBHZ LbdH%. Photo. 4 (b) DM ClIEEYE
BEAF L, BUPLRITEREHEED L{RBREhE
BOFOMIKEIT T2 Tw 5. hLBicER LTw
R8T DO — A BRI X o THFmA O S X hiz i

Table 4. Cuppy-like fracture on tensile test of

PC wire.
'Magnetic !
Billet o ofl hux ﬂ ’%;5?‘
£ (G) | ’

Conventional 52 | 0, 0]62/2995—2.1
Stirring one strand 30 0, 240} 29/1785=1.6

o 27 0, 290 20/1660=1.2
Stirring both strands | 16 [290, 290| 6/ 791=0.76

HTHAHH5Y. BEDORIFIKRIBD/STFLF 2540
Bz X 2THERT BB ZELVWDIOIFTE X 24 b -
F oy PR LChIIMEZ L 27 5. MHEmEo <2 o
MBI X O CH R 2 D2 REFMT 5 &N TE, #2
X oTxOMEFSPMET 202 E LTS
Table 313,857 7 1 v NI B OFERKBICk
B DL ETRT. MR EEOF » — o xR
KRAIA F 7 v R, fheEfiEs L, 10.0mmg
SRR e, SRRV RMECERRCL D
WTRER» L, F/phIvafificiocmbELTws
ZENbirb.
35 @ &8

LI R, IARTL & ORI D D &AM
TRACREA OB E U ) B RO NARE T &
LREREMBICOWVTOPESERO—HE B~ 5.
KIADBRE D NS WIGATIIHROSEE VRS
I B LISV 35 R 0 iV IEH 7 /2 b TIhik o
By TR a—-0 TR, LBETT
5. RIEOBENSKE L LB O2NTHEY O/ il
Wile o v E—BE & 72 D, BT Tl RERT2 D
7257, IHEFLVWEAIIZEER X D o TR Tl
BT 5.

Photo. 5. Cuppy-like fracture of PC wire of
7mm in diameter, -
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Table 4 iz kO LETHEE Ihz PC #IEOTI5RAR
LRI BH v E—KEE (Photo. 5) DOREARIKIEF
THEBOFEEZRT.

C-CU13§)—FHE(2.3¢) —1F L T 1 &
& —— {13 (7.04)

O LEURBIETIMOTER D IFEOHBHFE YT

BT LN,

4.

EREEESHC L o bORLIRIT OB BRI L
T, 2HRBHFICF VT 2 MEERR T X D okt
R L2 OFHIZ T o7z

(1) BRA AR X W ERSEMMET52 &
MHTEB.

(2) rhRiITOERNFHE S k& UThOoEagsh
EXFMICSHESH L, *OEHE & S8EET 2R3
DFHHEIRE L.

(3) _LROERMirEEic X % & EHERIT, SHREED
BB E RN LThRB S S 2 & BRI,

o

(4) HEBCXOTAELABRHRERELECTER
50 mE FRBETE I bR

(5) HOmITeXE BRI HHEBOL v ©— K
iRV EIE I XD CKIBICE T L.
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