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On-line Measurement of Solidification Shell Thickness and Estimation -
of Crater-end Shape of CC-slabs by Electromagnetic Ultrasonic Method

Téru YOsHIDA, Tadashi Atsumi, Wataru OHASHI, Kiji KAGAYa,

Osamu TSUBAKIHARA, Hiromu SOGA and Katsuhiro KawasHMA

Synopsis:

To establish the technique for producing very high temperature steel slabs required in a continuous cast—
ing—direct rolling process, the measurement method for the solidification shell thickness of a continuous
casting steel slab has been developed using the electromagnetic ultrasonic technique, and industrialized
at Sakai Works, Nippon Steel Corporation. The main features of this method are as follows:

(1) On-line, real time, non—contact and continuous measurement is done at every 15 seconds.

(2) Sensors are transversally scanned and the measurement is done at any desired points.

The measurement error was determined to be 1.2 mm (standard deviation) by comparing the measured
results with the destructive method, driving a special aluminum plated rivet into a slab of 250 mm in thick-
ness.

Combining the shell thickness measurement with the two dimensional solidification simulation, the es-
timation method for the location and the shape of the crater—end (solidification completion end) was also
developed.

In the real operation of the continuous casting machine, the shell thickness variation due to the casting
speed change was clearly measured and moreover, the interesting shape of the W-figure type craterend
was obtained. This measurement system has become very useful for the stable operation of the continuous

casting machine and is now working very well.
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Fig. 1. Measurement principle of solidification
shell thickness of CC slab.
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Fig. 2. Schematic diagram of solidification shell
thickness measurement system in practical use at
Sakai Works.
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Photo. 1. Solidification shell thickness
measurement system in CC-machine,
Sakai Works.

Photo. 2. Electromagnetic ultrasonic trans-
ducer in use to measure solidification shell
thickness.
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Table 1.

Test conditions.

Slab thick- Casting speed Cooling water

No. Steel grade

ness (mm) (m/min) ratio (I/kg)
1 L{C]-Al-K 250 1.6 0.77
2 L{C]-Al-K 250 1.0~1.6 0.52
3 L[C])-AlI-K 250 1.43~1.5 0.52
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Fig. 6. Solidification shell thickness, measured
by rivet method versus electiomagnetic ultra-
sonic method.

WEMAROFG VGBS S OB LRCBE LT W &
AR NG, BE Y = VEZRDOUEZR T, B0
ERETHD Al BEEREOMME LS X 5KRET
SHTHEDEELZ, Al DA D OFCcH L BRI
WER ¥ CREERS VEET S SHE L oo BEIR
¥ COMERERYEE > = VERE L.

FHBECB T, 2D Al Ho XL ERETIC X
LB v = VERORIER, HBHIEFPOLE=y O D
200mm B CEREL, OMEMBD HE %1700,
T A L&A Table | @, 52 +ER%Y Fig. 6 R
TH, ZOFERND Al DO X FRMIERE ST 5 B

Photo. 3. Typical cross section of alu-
minum plated rivet method (etched by
picric acid).

B X A HEEDE®EL, o=1.2mm Th5LE %
5.
42 AEREICHTIER

BRGEEFRIC X 58E Y = VEL o BIEBEL, Al
DHOXEEBHRITHLEEN L ¢ =1.2mm CH 5 &
WARTeA, T T TIRAFHAMEDREE DEE T 5. BE
Vo= VBKR (d) 1%, BEEEARE (), BRIER (D),
Bl - WA TFEEEREE OB TRATES.

d=F (7, D, Tss V1) wooreeererensereneensnncnnnns (12)
BEIIRRTHOLEINBY. LKL Vi OFEAXENR
L7,
af
Vs
e (13)

|Adkﬂg{—ar e

+%£ADP¢

(1) F@EEEEoREE do)

5 BRI B I 0 R R S E R R OER X D E
BLTED, LN >THEEROEORAE - FERL Y
DT UL B, FODRIIMEBLZERED
BN EETH DN, ZTRBEHUIE R LB TIIAE L
RIgOTEVBRTA Ve THLERDS. BELBE
BEEZ(2)ROBEFELD Y, Ln>TRES DL
MOt A S 7 CIRERRREAGE TE, ChEEHLE
FRREOZERFHREL L. Tbbh, BT
MBI A 5 7 DIESR S 10 BB DA S,
25 7ORESAXAEL, ZORESHFESTHE
BEMEZEHTS. OB ERRRH & EELE AR o
B % Fig. 7 R, Zhh bERRR o E2E
X 6.=0.09ps LEX 5.

(2) SHHEZRFHRA%E (4D)

BWIFHOBRAZ 72 HWT, ¥ VERFCHBEX

— 143 —



1128 B L W #7045 (1984) %95
51.5 I 126
— slab temperature 895C ~1000C T
F £
B8 122
~ ]
g o © ® /
= .g center /
k: £ 118
2 510 = N
8 o &, ° S 200mm from
S slab edge
g 3 14 / 9
3 ° z Vo /
e g
o 1
1 S 110 ~
50.5
50.5 51.0 51.5 320 33.0 34.0 350 360 37.0

calculated transmission time ( usec)

Fig. 7. Relation between calculated transmission
time and measured one.

Table 2. Measurement error of shell thickness.
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Fig. 8. Caluculated shell thickness using heat
transportation equation.
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Fig. 9. Shell thickness measured by rivet method
in the vicinity of crater-end (solidification com-
pletion end).
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Fig. 10. Continuous measurement of shell-thickness at three different locations.

DEM DB REL IS K CORBBMOBERIZ LA

EXTGTBRERETO BN v A DR ThE s LES
5. &bk Fig. 9 oFR2EE TS L (14) KOS
FHEXNTETENTE S,

dX 1
— sz/Q—X P (14)
T X BEY . EL
D: 23578z

K :gE -5 2 —x
(1)Ko Kz, Fig. 9 o5 E X v Az LTRe, K=78
mm?/min S gD, ZOKEIXEEH =, © 200mm {7
B2 BEF T ROALE & TR~ Th o, (1)K X 0kt
MEDRDH, T LY HEELTO Y = AELRME
6 Xo X0 tymin BORUHEHEEH D> = LEZL Xp
HAETHZ ENTES.

xo= 2 (2 —xf 2k,
V= VMELPERIC Xo=D/2 LicHicET AR, 3
b LELEE T A ETARM 6 XA kTR
BHbhhb.

1 /D 2
ty= .2—}(7(2 _Xn) eisseesreniacnans

TDty EEEERER O Y = AEZEINE X D, 52e
BETHME, Tihbb s L — 2 LMUENHEE T X
5. AR, ¥ VEZGTERENERECEEZL (16)R
AV Xy, A=, v 200mm (7 2 S
FHOLEE CO 27 v— 2 LEBMOTREEN 7T 52 T H
%.
52 RBREADEH
KBEFECTRE > = VEZRFH LR % Fig. 10

R 1)

ceereneeens (16)

Rt BIERREERIEROAE &=y KA 2 033
FMTH5H. Fig. 10 s\ T 20 i 44 HEEF Cl3ghs
HEX 1.6m/min THbH, 2KEHKEIL 0.57 I/kg
ThbH. TOEBELEEEY 1.8m/min = LR X2 &
FIFFIC/AIREDS 0.77 kg I & T 5. 3~
= VEZITFEINL 124 mm Fi & I12IFREL T 5B,
HWEEEB IO LIZ U 21 B 0 HEEcE/ME 115
mm %R LB ERNRERL 120mm EE LT
W, WERTBOEERIERI T N FE M OEEE,
BHKBIC I OTHRE BDIERTH Y, FORICE/NES
POABERIC D BT 5 D% 2 KEGHEEE B =
WIEBBITE S E CTOMIK 16 m B HIKD Io\E Sk Y —

YD, REEERIC 2 REHEER 288 Ly
AR B R ¢ Z DS — v @B LTl
ERE THEL, ToOMCREDNTCHET Liss ot
HDTHAS. O X5 CEBMBEED Y = VELBEIE
KEIZ XD, EFHE LOIREHTLOBRE IRE OB
EE CHHRCHRE TS Z LA L Ioot.

RIZHEFED 7 v — 2 FLomik k #E L 7-fl% Fig.
1 w3, Fig. 11 CTHERFRLALBEI D =, SHO 27 L
— 2=V FAVERLCWBDbns. it B-F
EERE 7 r v AR WT, =, CHOBREHEEIE
EThY, BhHRETEHEC = » O OB
EBLTWBZEILIBLDTHS.

PRIz X o5k, KRvATF Ak, BEY - VE
HZOPBW N 7 LV — &= v FZE R LOEBEBIR O
BEORWRIMARIREE 78D, Ao A T ARBEF 57 €7
A XvFERALSh, #HEORBHAEMcERE L HE%
B LT 5.

— 145 —



% 70 4 (1984) £ 9=

1130 % o #
E
» le—  slab width —
§ 37.0
2 c;ater—end
@ o
uile VAR
§ 3s.0 g =
E .8
g 340
T  —-500 [¢] +500
{(mm) (mm)
edge center edge

Fig. 11. Shape of crater-end (solidification com-
pletion end) estimated by using measured shell
thickness and solidification equation.

6. it

BRGBEE W A REERE > = VERHIEEE K L O
BRBR L, MBS TEALLAD & R 1B
7=,

(1) 2)TnEeF N THERNBEED > ¢ o
Vv YERERL, RESMLEE2ZKNTRETE
HZ xR L. bz hiAvs EEHROFBEE
THEE R, ROALCERTFERE»BLRD B D Z
EXRTEFL, “oBGEEA ey = VELG R BER L
7z

]|

(2) BRBEHC LS Y VELZORAERE T, Al
DOOFRDOPEITHIC X HERFER L o bk X O A

ENHEFV, o=1.1~1.2mm BETH5.

(3) 7 v—2EmoBEEERY, MEEBOREHEY
BLTWAZH2RILEBEEEFAE IV Al Do
MCHER Lo ha e b Ure. B> = VERBIE &
HAEbLELZ LIV 7 V-2V BRIV Z v
— 2 IR O HEE AR BE & Tn DT,

(4) AVAT 2 ZEBRFCHEBLCER, EFT -
FEHEMOBEIRED BEILE F TEHAITE D & L0
fEE et Av AT ~RRBEERCHE L, digs-EE
Bii 7 r e AOBNRERDCERD EEH YR LT
5.

X [

1) Jig#EE, EEBHE, THR¥EHR,
g, 29 (1980), p. 837
2) JIgEE: % 76 EIFEILGLEHA#E (1981),
p- 229

3) E. P. Parapakis, L. C. LynnworTH, K. A.
FowLeEr and E. H. CARNEVALE: J. Acoust.
Soc. Amer., 52 (1972), p. 850

4) W. Kurtz and B. Lux: Arch. Eisenhiitten
wes., 39 (1968), S 521

5) BAZHEGS: #HEME MBYF I BT 5 EAKER
LEFETE, BRERFSSMBAF I ERSRE

6) MRS, KMAK, EH=M, STHEL &
%, 55 (1969), S 108

7) JiFiEE, den Ak kL8, 60 (1974), S 60

8) BAFZ KM, NFEH, EFH Z: g-#, 58
(1972), S 115

9) JNE#EE, FEFERE, ZHES,
#, 67 (1980), p. 1515

Bk 8L JEBK

B Bh %k

— 146 —



