|
g
E

A T 7 E G

BRICKT 5w - LVEFOREITX 5 AEENESE 2225

© 1986 1ISIJ

B A 7 7 e E R

Kbz X 2 NEREINEG L

B DR —LVEFIO R

USRI IAN

KNP FE* - BIF FBHES - A RE”

Prevention of Inner Cracks by the Optimum Roller Arrangements
in a High Speed Continuous Slab Caster

Kunihiko ONISHI, Kunio NAGAI and Toshie HASHIMOTO

Synopsis:

Concerning a high speed continuous slab caster, strains in a slab were analyzed and a state of loads act
on rollers was discussed. From this analysis, the followings were elucidated:

1) The maximum strain in a slab caused by bulging is the component in the casting direction on a
inner surface of a shell in a broad side of a slab just under a roller.

2) The allowable roller pitch to prevent internal cracks of a slab caused by bulging becomes much -
smaller as a temperature of a slab becomes higher. But the influence of a casting speed on the allowable

roller pitch is small.

3) Straightening strains in a slab advance not along a designed radius of a machine but along a
curvature defined geometrically by a roller arrangement, and the variation of strains of a slab is not linear
in a roller pitch and in some cases strain rate becomes very large.

4) For high speed casting, multi-straightening is necessary to prevent internal cracks of a slab caused by

straightening strains.

Further, using the results of this investigation, a method of the decision of proper arrangements and
constructions of rollers to prevent internal cracks of a slab was systematized.
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slab roller Table 1. Conditions of a calculation of bulging.
7 shell in Roller pitch 450 mm
:\) broad side Slab width 1 860 mm
Slab thickness 250 mm
shell in, Shell thickness of broad side 74.3 mm
“\' +SB narrow-side Shell thickness of narrow side 74.3 mm
1l Ferrostatic pressure 0. 029k gf/mm?
i R V4 Elastic modulus of a shell 2 266kgf/mm?
| N y iN H Poisson’s ratio of a shell 0.3
';(C 2 + ¢ 3
liquid steel B S 005
o0 oo
Fa=KnWg W 2Wa_ -0
Fn=KsWn £ \}\JBC <L9%X 9 a0
Ms=Mn i Y00!
We_2Wh —~ 002
9z "2y l 003
2 v %
W o B -002-001 0 001 002E=W%) Exg%)
Fig. 1. Model of a slab and its coordinate €28(%)
system for an analysis of bulging.
002
KIFFTIL, SR SED AL v ZIREEN D b 5 X O(.)Ol
5, RPN T CBEE L bh, MERO R -00!
BIC X BB Es R, by Fig. 1 g -002

ATe -1l v, sBogBhEsnEy B X h, Tivosa-
ENKO LOFEHZBORDA, Zo=FABHEIRTE
Ay = ADANY v PR Wy BRORTEINE.

W= 4‘;3 x 3—1é{16x4+24lzx2+ 504
+ (162*—24B%22-+ 5B%) }
+ qé; m}':lam cosh m;rz cos m:lz'x
-+ qu: m%’: lazmcosh hdiiad cos m;z
+ g; m%';aam m::z sink nrz cos m;rx
+ qDlj_:m%: la4m m;x sink m;x cos m;rz

Bl = VER U THRAFBORBEH S h 5. 25
ww, Fig. 1 wRTBAKE ERIh, REUK OB
Ve VOBRN W, Wy BB S. i, ROV =1
HEDOSEEST MELRED exp LRI ABLES .8 1
KA TEHEINS.

€,5=—0Wn/ox2 - Sp/2
e,p=—0WB/dz? - Sp/2 e (2)

By = "HEDOELR S, Wy > LRRCETE IS .

ZhboRILEh, AT TERICOWT, Table 1 1
&ALy v SR ENMTbRE:. Fig. 2 11 v »
NAEIECBBEASMOFAEERERTH, Zhicix
KOEMIRER TS, BRADFIEERZe —AET

En 50001

Fig. 2. Distribution of strains in a slab
(calculated values).
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Fig. 7. Flow chart of the calculation of a
straightening process.
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a straightening process (Influence of a roller

arrangement).
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Fig. 9. Influence of roller arrangement on de-
formations of a slab in a straightening zone.
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Fig. 11. Distribution of temperature
in a roller contacts with a high tem-
perature slab.
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slab bottom casting water sealing slab top
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cycles 50 ~ 100 cycles lcycle |

large stress by constant small large stress by -
reaction forces  stress by bulging  reaction forces
of straightening  forces ‘of straightening

Fig. 12. Schematic diagram of a bending stress
in a roller during one charge of a casting.
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Fig. 13. Systematic diagram for the decision of the proper arrangement of rollers.
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Fig. 14. An example of the construction of segment
roller and its temperature.

HEUHSBEARIROIERTHH &, LUK, BAY
HRERCHBRT 2 D0HHFr -1y F1X, 8RO
ARk, ROSEEOFmELECIE LIRS 2 L2
.

2) S ADBIEEL LY RD Db ORE BikE
rh, TOHEEZRCIFEND, &R, g

CIDPTCEEDMBCHO>TERL, ¥/, MO
i, ARVATE, EAFCRERN TR, BLEE
PIEFBCKREL BRBHEODH B Lok, B,
TORMEEL, BEEAOELEFERXYEE, ok
O EESEE T, BROWNBENLEL+ 5ot
RBENRBLETH B Z LB ghof.

3) = DIART LAY FDORRERHIET B
CABE e — A OBECELT, »—ARERTHHE
DREEABHBLNC I B Lk, FER e — AEFIO R
TEENREI NI

[ =}

E =1
A BEY = VEROKIEE  (mm?)
Uy ~am : ~NT YV PEHHBROREEHR (—)
B: gRE (mm)
D : BE Y = Db RIME:  (kgf-mm)
E, : BE Y = A OZMEMRE  (kgf/mm?)
F: gRefElT el (kef)

— 81 —



2232 g &L M

# 72 4 (1986) #16%

H: g

I 85 R oo BRI (kef-s™- mm

K: $HOWERKM  (mm/mind)
ko BERE Y = Ao RERER (REOBEE)

(mm)

")

(mm?#/kgf# /s)
L: G b oS M  (m)
l:rm—2 vy, (mm)
M: R ERT5HITFEs—2v 1+ (kgf-mm)

N:p—n2volRi (=)

Ns: BERORE ()

n: BEE Y = VOREBUETR OIETERE ()
g : SFRA AR OBEMEEE  (kgf/mm?)
rBRAEE (m)

1o BOWIAE  (m)
S:BEY = VOEX  (mm)
Tw: 8EY = VOFHEE (°C)
Tous : $EH OHEERE (°C)
Tor : $ER M OBRERE (15200 (°C)

t: BE D HOBBHIEEER  (min)

At : GEHMTED = — A & » 7 BIBIER]  (min)
v: $HEEE  (m/min)

W: @Y = DAY v 746 (inm)
x5 REE  (mm)

y: S ESF AR (mm) _

V' R OEEHRET HEEAE  (rad)
z: G IR HAERE  (mm)

ap: ALV FEBIERTHHIERE  (1/min?)
0p: SNV 7HE  (mm)
e HERFOOTH ()
€p ANV IOTHR (%)
de : BEOTHDHES (%)
des: Ml = VHEORIECT RO (%)
n: SEHPREL DOEL N AEME  (mm)
0: —oDfEr — L AR VORTAE (rad)
p: BEHOWE (1/mm)
0 g5 ORI LEE  (1/mm/s)
pc: SR ORAHE  (1/mm)
ot BEA OFIEIME  (1/mm)
pr: v — AREHE (1/mm)
o: DRI (kgf/mm?)
=
D FRME
Bl = VBT AHE
r— LAV AQRKTAE
B '—/l/ﬁnﬁﬁ%
P & RBECRT 2 BREERS
Y = VBT A
L EEETT B
: B AR TT MBS
: BEHIRTT MBS
s ERILE

B anl ¥

1)
2)
3)
4)
5)
6)
7)
8)
9)

10)
11)

12)
13)
14)

15)

16)

17)

18)
19)
20)
21)
22)
23)

24)

X B

# E#E], INERTE, %ﬁ%%g{'s HEE—, &KH
WiE: gk L 8§, 60 (1974), A 103

0. M. PGHRINGER: Stahl Eisen, 96 (1976),

p. 279

BEH1EE, KBRS, BEx #: g, 62
(1976), p. 1813

REfE—, MRHBE: gk, 63 (1977),

p. 1297

K. Mivazawa and K. SCHWERDTFEGER:
Ironmaking Steelmaking, 6 (1979), p. 68

4. GriLL and K. SCHWERDTFEGER: Ironmaking
Steelmaking, 6 (1979), p. 131

HRHEBAGL, SiEME, FE ¥ PSR,
29 (1979), p. 55

A. PALMAERS, A. ETIENNE and J. MieNoN: Stahl
Eisen, 99 (1979), p. 1039

K EFHEE, dL)II B, JIFfiEE, HEBE: g
$8, 65 (1979), S 169

HAHEZ, %A & g2, 66 (1980), S 191
IR —BR, REEMR, FEF—, PNER: gk
$M, 66 (1980), S 192
BN, BAREE, hRIEE:
(1982), p. 794

S. §. DanterL: Ironmaking Steelmaking, 9
(1982), p. 16

MY B, REESE, BN F: ki, 68
(1982), A 145

S. TiMOSHENKO and S. WOINOWSKY-KRIEGER:
Theory of Plates and Shells (1959) [McGraw-
Hill]

K. WUNNENBERG: Stahl Eisen, 98 (1978), p.
254

REHE, EHIBHE, WARERR: BEERESH
Eﬁi’igfﬁ B2 EEES MERLE (1976),
p.

REFHE, RIHFHE, Hk B gk, 67
(1981), p. 1162

PEER, REBK, ®EA—%, HWEERH: &
$M, 68 (1982), S991

HIHAE, BREE: ERERRER, 32
(1984), p. 58

F. K. G. Opgvist and J. HuLt %, # LEBR:
7Y -7 oHEE (1983) [RrmeE]
RHER, KE—%, WHEV, F ©BH: &
$M, 68 (1982), S990

RILHHEE, KEHE, EK B, FELE,
P BanaEfn bR, 43 (1982), p. 72
BARE, KEHZ: M, 70 (1984), p. 201

gk &M, 68

FH

— 89 —

o bl o



