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Synopsis :

Slab temperature control in the secondary cooling zone of continuous caster is
important to prevent surface defects. In No.6 C.C. machine at Mizushima Works of
Kawasaki Steel Corp., an automatic surface temperature control system was developed
and has been working satisfactorily with such performances as follows: (1) The
deviation from aimed cooling curve of slab surface temperature in this system was
considerably corrected to become better than the conventional speed cascade control. It
is now constantly controlled with in the range of =15°C. (3) The transverse cracks on
the surface of steel slabs containing V, Nb and Al were remarkably decreased to a

negligible level.

(c)JFE Steel Corporation, 2003
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Slab temperature control in the secondary coocling zone of centinuous caster is important to prevent surface

defects. In No, 6 C.C. machine at Mizushima Works of Kawasaki Steel Corp., an automatic surface temperature

control system was developed and has been working satisfactorily with such performances as follows:

(1} The deviation from aimed cooling curve of slab surface temperature in this system was considerably cor-

rected to become better than the conventional speed cascade control. It is now constantly controlled within

the range of +15°C.

{2) The transverse cracks on the surface of steel slabs containing V, Nb and Al were remarkably decreased to a

negligible level.
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Table 2 Comparison of surface temperature
hetween cuscade control and water
ratio conirol

P Average Standard
Position | Control)| Number temperature denatmn
method |of heat o
(°C) ( )
C.C. 44 1071 20.7
A - o
W.R.C. 33 1081 9.6
C. C 37 934 24.2
H _ - —
W H. L 33 981 18.5
C.C. 37 804 48.3
( .. . —
W.H.C 33 808 37.4
C.C 37 722 28.6
D
W.R.C 33 713 17.9
C.C. W, H C.
Mold size 2151615 2151615
Casting speed i___ | 0.7 0 70'76 B B
(m/min} o 0.06 0.05
Total \2’ :;! }ﬁ;)vomme 1_37_-_? -;______1:?77;7:-7_
Steel grade ‘\I kll](d 10kgf,mm class
C.C.. Cascade control
W.R.C.: Wuter ratio coentrol
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Table 3 Casting condition for caluculation
of heat extraction ratio

—_]_;stance helow meniscus (mm] 3000 8000
Casting speed {m/min) 0.70

Slab size - 240)(1910_
Spray water temperature (°C) 20

Air temper;ture in the chamber (*C) 50 i
Rall length in touch with slab (mm) | 243 232
Roll pltC]‘I (mm) 270 290

Specific water volume (I/kg) 1.175 1.175

Spray pressure (kg/em*} 330 5.30
Spray water flow rate ({/m-s] 3.0 3.0
Thickness of spray {mm) 56.7 58.0

— 127 -



A1

Moy %

ot

1974

Q 1060 . Depth from
B Casting direction slab surface
@
p 9mm
E 900 6
;, Surface
290 mm
Zone in touch }nP without Lone “][hgut Zone in touch
withroll 51’“} ‘;pray zone | spray with roil
TTITTITTTTTI T I
Roll Spray Roll

Fig. 13

ZOGTEFE NI G T, SRR L
A — I*"é“ﬂ'f‘ AT Tl fi[ﬁ]ﬁ'xiﬁ_ﬁ‘ }L}' [y 1)7;

WA R R
H& U‘féf}‘fhi-fu itrﬁ fif a*; - Vl*f&ﬂi 3 'T)L-*f‘?tq:' =
# 145AY DT T, ThbbibEdEoRs

KT E L THRBRII BT L 8 B &m
ez OSBRI AR L, R Y
Fig, 12 128K T — 5oL 90 Kl isJE
1254 %, Table 4 (2 = o i 8 {ﬁ, ML ey g

A fRl s A & i, TR b Bk
L THBAE N B 30~ 45/ b 1% i T
BT W e Ay — F S Tl WA
G H D oty s 407 il’m B
L ed A h, 2oL ik iAo
B Rt Rl & % - 72 No. 6 25 7

EEEETL S AN (T k-T2
B, v — LR S odiEis ko TR
-

3 L -
210 i
= {oas =
= =
s =
é 95t 194 &
E —'—:Lii"d heat f]uxfcasling_0_40 g
= [=
_E —O-~~Mean heat flux o
= 1 i =

0.5 1.0
Casting sppedim/min)
Fig. 14 Influence of casting speed on heat

extraciion

Calculated change of the siad temperature at the various depth from surface

Table 4 Calculated ratio of heat extraction at diff-
erent positions in secondary cooling zone
_ - ( (}J
Spray Radiation Extractlnn
cooling i and convection | by rells
3000mm
from 30 50 20
meniscus
8000mm
from 45 30 25
meniscus
KA A [ﬁjfz*rff)"/ﬁﬂi”f)ﬁ‘-fjfll)f (T B & A
RS TN RO N =Y ¢ A7 = Ry B o
1EE < e/R N AT I ﬂt’f '”Qt)ﬁ{%&hiﬁf}g?WJ#J?

FREINTHE

Z OV AS 7{\7‘ WAl A a (CA
P ABER B o LBl L SRS Th e BT M
L T DO S LN 5 Lo
AF oy FEEENERE) 2T —n11
FIUEDRMBERAE F BIE L 2, oMl g

A Fig 1542, i ‘*J&F%ﬁw Bl 7
L EHERE % Fig, 16 (0 31, ma“iuz%m%cfow-
L 270 — i Moy S 534 L 4y 259, 7 5 BB ATAS T

p- 5

FELC L S I L S DI RUKE R 21‘14.‘1%
DYEHEAT B UL Hiali i HE s A s o —
FLUCRRIRES S22t 2 - FiIsL v,

4.2 EEEEFHEHCHIT 2 NEMS

g;lmum ,(_I}”flb{“l') W7 L:L, ;:!F“i! ln){_-[;fm[_:il ;“'”m'&f_'! j—(})

— 128 -



Vol. 11 No. 3 AR
2 1000
g
E 900 Roll
Pt pitch
g V=077
E 800 = m/min
E pm}'%lah size 240 1910nm
o 0 20 40 60 80 100 120
Time (5}

Fig. 15 Actual surface temperature at No.J3 roller
apron segment measured by CA thermo-
couple

Spray Spray
Tuo D.04F
=
‘-_U- A: Radiation
S 0.03f B: Roll contact
ft
£
=
= 002}
=
LT
jun}
0.01r
[ > Time {5}

5s
Fig. 16 Calculated change of heat flux in one roll
pitch at No.3 roller apron

GRS T L, 2 LafERs B L 1
MBI AT AR S EET L, ZagliETe

WA ST oy 7RI A Fig 17umL,§M:FE
DRHEIZ T T I &R L T Fig. 18 1208
_g-u

(1) st oL 7RIE S G, (s) DI HELT
S (A NOE TR

ok JE Il A

i ,i)ti & ‘f*rh 7 42 I RIS E Sy T

Vith 4 elt)

Fig. 18  The simplified block diagra.n;i;-f’surfa(‘e
temperature control

(2) 74k o SRIRET B,

(3} Armid i3 AR AR U (A, ) 02 & - Tl

iz,
(4] 7 A ZUEHE 2 A4 2wy (2
CriniEsy &4 2,

IO TR HERIIKROEREY TEL,
vt WA R L BT A TR
e(e) o w0
Wels) o Ksh B~ BRI
s Al I & (. 4

R AW Sy

dr CoHkREENIE )

@, i-1tv7 g ORCERY
hy ArEEIL AR

T -1 75 3 KGR RC AT
Gy () i-1 4270 n7HES
2] S | A

cle) o HpaEmE

w (1), us(t): 24X

Jii N ) S SR 7 S TR K2

e ks 7R

by Fl T BELENE 7 —

e
T4 —F. 747 — PRI
x(1) P 7 s R

TITES LAz, WAROBE (14X

Fig. 17

The striet block diagram of surface temperature control

- 129 -



wbt) )L B L RHE DR A o (1) 00 288 BER < 2 )

Zov BATB LA Wols) 20K 25 D ani g

5,
(1(1),— l(f)—r{i) ........................ {10
1 e, ,
< gt I5> 7llm —2,1th AT PR (11)
Figlt -0 Wishit SMLnetei Uy Ly (12) &
THRIME, (12) Al xlt), wle), olE) % 775 7

TR T X(s) Uls), Vishx 424
Fig. 19+ %

a1 (G -

(1) > 2 b

Hf, (S} (.r]( ) ;
Vi - cteeast o
Wis) lJ-W() G ols) (12)
_l()J’_LV({J(lE)-S}L,)
A== Welsh Gols)
=Wis) I Vis)— Uls)) 1 tds) -nnes {13)

I et FRIANE T A O Eribi o 7
ATEIRE &L TN #4540 2 50 2, Wiener- Hopf @
W R (M) DB L7 Wels)hifsn il a9

T6L - Winde - (14)

[}
Boalr) = <alt)d(td ) >,
é,.(7)- <rz(t)-a(t+‘r)>“
2L wlt) D 27 b %
. 2y a
v(i)ml’\/ l‘ = G:)T_+"y—2
THL, ult) & Fl‘l@.ﬂﬂéut_ﬂid:L TOAALT |
AEIE &2 N LT, Fig. 18 9 Gols) o £ #2850
e L |3 Pade 1511
—Ls 2’ LS
p —
2+ 15

EERBPENL LT (12) A R E D We(s)
3015) R MBI & 5 pods ) S o T

T -3 PID B s GE T4 5 = k1270 4
— F+ P ‘5 ...........................
Wels)= CH o (15)

TR0l T HDL A0 PLD M5S0 -

=L + )
+ o (it |-
Vit) altd | &JQL_-% Xia)

Fig. 19 The equivalent block diagram of surface
temperature control

Wk

R

AT B S 12

1579

S DA e T el A

Rl B R T E RS A
5-2  2RAHEIE - RnkE

I NN £ A L At SR A B P TR e
f?m e S Al B T RO & T g
Nb, V, AV g5 8 <0 71 4 frran
IR A N R 5 R R L AR L1
Dtz VLV F0RS, RS HT S,

rlilj ‘k K.H(})” b 4
T,

Gk vy

WL, BERIALOR A AL T L BN 4
T2 HUT I TN BT S ok fe b A
T2 Fig, 20 120050 (1, 1, 554
AL A A AN 23m T D i3 A T
WE LI 2o RS L S ks
U T ORI LI MR A 588 XA 27 Fapiid

S L DRI T, 2 b R
HIER Fig 20234 L 70w 7 - 7 —
PG s Lo h 2. Sk s

5E 4 ’

£ o

= c o

=2 o o

8L 0 //

2 b .

s = o 4 °

5= .

%": 1+ . *

5 8 B o

i‘: - oF @9 @g

60 85 110 135 160 185 210

Spray intensity in upper cooling zone (//m?. min}

- 20 Relation between spray intensity in upper
zone and longitudinal erack index

=
=

-
o
(=8
-n k]
2
2
-
R o
A 0o B°
i o
_=
- o0 @
5= e " o
-_ o o
5E 0 i e e o
E =
./'S L L A i L
60 85 i@ 135 160

Spray intensity at cooling plate 1n

upper cooling zone {//m?.min}
Fig. 21 Relation Letween spray intensity at cooling
plate and het shortness index

- 130 -



Vol. 11 No. 3 [T Y
2 i qunﬂr%MWWHMMka&Mk
[,“[,}) :_/L ”Jf\ 3

ez, RERELIE 2 /hlm]{li WS T TI BRI IR i
)ATE ) ey 3R Rz i A,

AL ERD Y (10~ 30mm {8 3
R. XifTo AIN, Nb, V%
W45 2k L ARURNILN

YR L,
ARl

C.o¥F Cutlesd (0.10-0.12%) T 6 y&
e WRRUERID E T o poa HL R

LDy AT A4 TR
ABFT LT & A FsiE e JIT'|"'
Mzt L TR B NRER S A s
TR S AR
fnls il F

ﬁ?;'i"[r' Feift] I
J E‘gl”l :l}(
mnmwm
SRR 2 Photo 112058, 7R
“10--35mm {2 E LR R A - TR T
VAT E AN, DR N, Rl
TO#E TS DR R R e TR
LAY, WAl AR T R L e Do 2200
HWARR A — o T B s T B 7} o
AR NS I /I Al PO L S LRI £ A N

A5 A, Z@is T BT O sE S lZ-'}’"
e, - b, Figl 20, Pig, 21 Til~odz X o #
P DAL ot i i s R LK
ﬁﬁm#ﬁWT&GByffmkaMMB”m
WAV H D 2T TR B i - WU
LTAd5
FMILH AT, Fig, 2210 053 L 51045
LM BT S M BUE A 750°C Lo
S ERET L, Fig 23128 ¢4 —yﬁjjmﬁﬁ};un
DRI A T, OIS TIIT o BT
LFER ST o i J[‘i‘iL FAEAL I WA A R N
itk 1|IJ’C I RAEBIERM A T 2 LT, ko

j/‘f‘

H_

Photo. 1

Transverse crack of type A in cross
section

AIN, Nb, vV, Wik #2008 26

h*qﬂﬁ”&wdmﬂﬂrwﬂ\ 438

PR W

o

-

o

;E

“T2

‘f'; ﬂ(m%:w
=

\J‘rw

= X

s 1 o ® oo e
~ =

o

;E 0.

[rap-]

£

3%

=9

| 1. 1
600 700 300

Surface temperature al bending point (7]

Fig. 22 Relation hetween surface temperature at
bending point and transverse crack index

Cooling pattern | Index of transverse crack
A 10.50
B B 5.03
) 1.60
¥ 1100 ¢
5]
1)
2 1000
bid
g 900
&
v 800
b=
A 700 |
g0l Spray cooling zone Rending point
L " ; J!
] 5 10 15 20

Distance below meniscus (m)
Fig. 23 Relation between cooling patterns and
transverse crack index

ZEDEGEE AUz, 900°C DL Lov SRR d)im

O 2 BGTHEI GG L ¢ 7 - T R AL AR
Lot 750°C LUF ol s hife 3 2 2 00 4
AT Y TEL LML A Y A Tk
it i EE 2 2 fz, BELY OB A D
WEEIL ORI R A B L L T 12 0014,
(I} 9SS b A 7 4 7RG R L g
(2) 2T LIETHMB B R E o 1 Ik
S WAIN, Nb, Vo BT S L i
TEOBERIIER LR LR,

2L Nb VAR TOME N Ok
2H0THIE 2 LT N, V, CO#F &ln &
BRI C A ROEHES ARG, ThHE d-y
HE - ARG Cit (0.10-0.129%) TiE
Hovy — s s PR L 2,
Fig. 24 (2 Al 9 — > 2 0055994 - T 2Rs& o )
(7972 B) FuTES - TR G (v 8 — o

— 131 -



439 A1 %Y

T
[=5
x 2.0F
4 2 Pattern B
-
o
w - 15l i * Pattern C
w I
< g
g = 3
; Eﬁ l‘OL
ar
3
E % 0.5F t
E = O/‘\l
2 5 . . ‘_';L. _
0 067 9008 o011 013 o015 017

Carhen content [%))

Fig. 24 Influences of both carbon content and
cooling pattern en transverse crack index

Colzaptt T#AT 2 F 2 U 22 BRon C 7544 w5
WAL A 2, oYY — o CONF TR
Rl Twb ML, IHHTA AIN BLFND, VO
R o e £ & MR L 2 2k
Wt B EEZ LD

etz EaEh - ‘;.fl:[ﬁi'ﬁzjwﬂ}ﬂ’\ F o oa SR
L. ik s L Cieked)L s 2 s - F%Iﬁm:kw
[ T RT I I S R R A tA v kol R el
PLRAEMI O &S Fig, 25 20059, 2oy L 9is
TR EMR T2 0k ')’Ir f/J}"z[ﬁ
B OTMARYE L Crh i A X 9 h - 104
B, wArh o s A i T m«ﬁ#
(700 ~750°C) &4 & 47~ ClLoWH$ 2 2 &
FESIZTEL LI T A et ﬂﬁi’é
# (% Nb, V, ALER) TR A AM 4 5 =
EABEGE B

5. %

MG BT 5 2 K AGIEE S e TF Y

EL RS A

5o
el

Frequeney

P
EEa

Frequency {7

1979

1[)0* - 0.0394

BOr | Casrade control

50}

40—

201 ﬂ

I | —

1[}0;::0.005

BOF

60F Surface temperature control

40 |l

200 L

S

Number of transverse cracks per

umt surface area of slab {m %)

Fig. 25 Comparison of transverse crack frequency
hetween cascade contro) and surface
temperature control

L OER L ofEY, AMiaHEE A R L 9 ("u
f (UJ[];’C(J")ZDL]MLHHHH ]?;Lf:u ‘,ﬂ_ig-}.{\ x_.
FEMLRJEEIAZM & No. 6 2 7 77l gk ko i i L

kI,

FRE I R AN BB A R L’\J%‘F

wf?Nb,V,AlﬂM:-m»;, IO RN

W AR AT

AL I R & SRR R L TR L R
Fif §5 ﬁ#‘mﬂ}i‘r_rti FELRASEL T, $H20
Mmm%ﬁmthLWMWM%ﬁMﬁéﬂ,i

EANE /BN

L 22 dh & WET- AR (05 P 0 &) B g i

DHNIZEHBL T3

Stk I Fediili i % ‘%M“E L KT
MERGEE Y bSO R A T B Lz A7
s S ANTEARO IR 7 X R ﬁfl}f iillﬁﬂmllfii’lﬁ

I
Ve E T,

T ot THHE A P AR 4 ok S T

& £ X &
L B RRFR R, AR RE D8RS 62 (1976), 1503
2) herMih, B, KM, BN BRSS9 (1973) 4, S22l

=

!

)

JoOBUH, YR, LML, dddE D §EE 8, 59 (1973), S89
4) Awairy, Ramelot: Metallurgical Report CRM,
5) B, THEEEM, 52 (1966) 10, 1463

6} BRMEE b SO DB, 60 (19740 7. 1023
7)o B PR M, 54 (1968} 14, 1457

8) H.Miiller, R.Jeschar: Arch. Eiseniittenv., 44

(1976} 46, 23

[1973) 8, 5589

132 -



0l No 3

R ESHAE FIR P | AR B AT

HEAL L AU (e A

YL o NI RIELTE EL 8 (1977) 1.2, 14

GIE AN B0 IR BRE 0 62 (1976) 4, SR9
H.Kobush: Proc. Nat. O-H Comm. {1968). 118

Lo Al

Dty MR ALY ) 0 US4, i65-9, {1976)

U N, B, WG SRS 0, 64 (1978) 4, SI54, 153

133 -

440



	★j11-428-440
	j11-428-440

