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Development of System for Predicting and Preventing
Sticking Type Breakout in Continuous Casting
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Synopsis:

A method to detect and prevent a sticking type breakout in
continuous casting was studied in order to avoid operational trouble
associated with breakout at high speed casting. After intensive
studies, the method was applied as a prediction and prevention system
first to No. 1 and then to No. 3 continuous casters in Chiba Works.
Test operation showed that the system was a powerful aid for pre-
venting the breakout, and the system was effectively used in com-
mercial operation. Results obtained are summarized as follows:

(1) The breakout can be successfully predicted by thermocouples
installed in parallel to meniscus in the mold copper plate.

(2) All the breakout can be detected, but 14.39% of breakout
alarms are false and the frequency of the false alarm is 0.0002
time per heat.

(3) When the breakout sensor alarms, the casting speed is in-
stantly lowered down to the predetermined allowable level to

avoid the breakout.

ok 3nERPSER, BELE, AT IHEREOHEMN SV
— 2TV rOTH - BHEOEBCEE L. fFElEITv—-2T7 0
DT> Ti, BEBY SRR G OB R RIE R, 5
B e~ VbR, EbIIEFNIRIBNEHRY 255, &
REOHEICTRLHFET v— 2 7o VOB A CORE
PREBENOECCHFALLLOTES, $is, WEES V-2 7y
PO OTEL, RSBTSRBTS
EFv— s T RERTELEGIBELDOHREENSL, L
L, FEEEEOSMIHECHEEOEILY, FhREAMHITTEE
H, ELICREEHHOMERLRTLLERLLOT, WHES
V=27 t HERTALSOREEEOCRERY RN ETAZE
REHE DD, A bAA, REEAFEIREXIIE T2 0 THHE
v —r 7o b FHOBESRYRSZLENSH D, SRR



178 RSB AHEE TV — 2 7 L OTFH - ik A F A0BETE

W LaEE S v — 2 79 b ORHBEL 100%™ THHOIH L,
g MOBER o LCERT D BEEELAFIRT 2540
BT 6010 ~64%D bR Tuvb, & OETSEEY AT S
v - L EE L OEBoECERTS EBbha, L, $HE
R H DS OTF A ORBENT 689%™ L& <, Bk R btk
BThD,

FEETI, SOSYFRLT, BEERMNESRC L LHRERES
V279 FEOEEER L EE e B R LA #E
ERt oW THE Ui, ¥, BREREST, BRLR
WS v —2 T2 OFH - Bl ¥R 7 A0 20Tl %,

2 BRERANERERLBEETL-VFIMFH
R

T v — 27 7o Ty, Fig.l o (1)~(5) o7 v—2
7Y RAEEED ERWT, VERR LABRER OBEEE (con-
stricted line of shell) 2YEHIC LR, BB LM I TR TTH
T 2B, EEEAGERET A MBS L A B0 MER AR
BlE L Fhics i TRAZ IRBIh3 Z ExFIHL T3,

FaHEE, ChETBEAMShTVASRER @A) tok
TERREMHERSLFIRATLHESD LR, BSOBEY @A
(EHR ~OEELHEL Y L b sREEREHic - TH
B+aD A0THD,

FEAE G #) oo, BEETRAWE S B EE T 5 R
BT, B REHHOBRMEEY, thih Wy, W, L35 L,
B EHEARAOEBERE £ f ik, RRTEEING,

fx=Wytan flaV o= Wiy [Vyrermmmern (1)
Fpm= WalaV o= Wi[Vy coermrenenmee {2)
ST, B WM OKERE AR
a FFAGEIE Vo T 5 R O THRBEED 1L
Vi, Vi BEWHROR L HEH A~ DREEE,

MR V-2 7Ty R R AT RS LcBRERD 8 E,
Fig. 2 st oo, Voolgink Fawka{ AnrEMAETL Vo
=0.7~1.6 m/min T 30~53° CHstce L2L, (1), (2) FFD

newly solidified shell

7). _-meniscus
/ v
stuck .
¢ shell
muuly
é thermocouple breakaut
withdrawn shell
(L (2 {3) {4} {5
£
=
B
£

Time

Fig. 1 Mechanism of sticking type breakout and its tempera-
ture change in mold plate
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Fig. 2 Effect of casting speed and slab width on the angle of
constricted line of shell, 8, before and after the breakout
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Photo 1 Surface of shell remained in mold after the sticking type breakout
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Fig. 4 Flow chart of prediction and prevention system of stick-
ing type breakout for No. 3 continuous casting machine

at Chiba Works
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Table 1 Casting conditions at No. 1 and No. 3 continucus
casters in Chiba Works

No. 1 CCM Nao. 3 CCM
Cast steel + Stainless steel + Low carben and
. ultra low carbon
- High carbon steel steels for cold
rolled sheet
+ Middle carbon steel
(C/0.08-0.149,)
Slab size
Thickness 200, 260 mm 230, 260 mm
Width 800-1 250 mm 800-2 000 mm
Casting speed 0.6-1.1 m/min 1.1-2.0 m{min
Mold oscillation
Stroke 2-8 mm 7.8 mm
Frequency 70-200 cpm 110-140 cpm
Negative stripping _
time ratio 5-60% 5-30%

Table 2 Experimental results of the breakout prediction sys-
tem at No. 1 caster in Chiba Works

Frequency of Ratio of
Steel grade false alarm* prediction™*

{timefheat) (%)

AISI 304 0.032 22

AISI 430 0.0048 33

AISI 410 0.0089 ]
High carbon steel 0

Other steel 0 0

Average 0.011 26

* Frequency of false alarm—

** Ratio of prediction=

(Alarmed heats) — (BO predicted heats)

Alarmed heats

Total heats
{BO predicted heats) % 100

Table 3 Experimenta! results of the breakout prediction sys-
tem at No. 3 caster in Chiba Works

Frequency of Ratic of
Steel grade false alarm™® Prediction®*

{time/heat) (%)

Middle carbon steel 0.016 78
Al killed steel 0.0068 25
Low carbon pseudo- 0 0

rimmed steel i

Other steel 0 0
Average 0.0058 37

(¥, ** See Table 2)
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Fig. 5 Changes in temperature and its differential with time
during the breakout prediction and prevention process

bind k5, SERBERNERL, EEEHIFC ST B
BEHTLr b, poBEEEGT V-2 T T F PV AT A
S Lo

Fig. 513, 7v—27 9 b &FAUTEEE LR OHELFIRE
€, RETLHES IVBEREOE YT T, HEEELXRES
REZECEAT, v — 2T b RERTEE D EAREDR
TEf, EHBARIT 14.3%, HERZ 22 P F 2 VELH 0.0002
M e— +C, BfLEEEEEONMRS A B HERRCREE
THLO0, BEFTHOH LV rhRRH (C/0.08~0.14%) &\
TOEBOEMTIAEShT, Fv—27 9% b OERLEL 0% Th

2 TCo

4 WEETL—s70 FERBICHTZEAFY

BoE L MBS v — 2 7 bRERT A DR, ®KD34%
HABREIhALEND D,
(1) BHEEI-T, Ry 3B UsLERERD,
(2) BEEIhbdRy - ADEREL—EBrEl2tirhs,
(3) MEIhicHEY ARSI SROTRCELBTED
fr BeoBikFElz > 5METHE TS,
AP, (1)~(3) #MES 2BV THRET 5,

4.1 BEICXBHEL  LOBRES

WD Y o THE & = AR GRS h D ERN B,
Fig. 6 I Lo TR CTE 3, Tibb, HEC Y AR IRT
WTHEEE—0EBY T 588, EEEE Ve CORFT 4 FHE

Table 4 Operation results at No. 3 caster in Chiba Works

Total number Frequency of Ratio of Ratio of Time of prevention Time of miss-
of heat false alarm prediction® detection®* {prediction) prediction
A B (time/heat) C {9 D (%) E F
8775 0.00023 85.7 100 12 0

* C=100E/(Ax B+E+F)
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