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Effect of Mold Oscillation Curves on Heat Transfer and Lubrication
Behaviour in Mold at High Speed Continuous Casting of Steel Slabs

Mikio SUZUKI, Shinobu Mi1YAHARA, Toru Kitacawa,
Shigetaka UCHIDA, Takashi MoRI and Kazutaka OKIMOTO

Synopsis :

High-speed continuous casting is prerequisite to realize the hot direct rolling. It is necessary to under-
stand the phenomena of solidification and lubrication in the mold for the prevention of the troubles on the
operation of high-speed casting.

In this work, the effects of mold oscillation curves on the heat transfer rate and lubrication behaviour in
the mold are investigated by means of the measurement of temperature in the copper plate of mold, and hy-
draulic pressure of the cylinder for oscillating the mold, and the behaviour of lubrication in the mold at
high-speed casting are discussed. The results obtained are as follows :

(1) The heat transfer rate near the meniscus for the non-sinusoidal oscillation curve is reduced approx-
imately 10% in comparion with that for the conventional sinusoidal oscillation curve.

(2) The frictional force in the mold is proportional to the relative velocity of mold to casting speed, and
the non-sinusoidal oscillation curve can reduce the frictional force drastically.

(3) The lubrication mechanism in mold at high-speed casting can be assumed to be liquid lubrication for
the reason that the measured frictional force has a good agreement with the values calculated from the
liquid lubrication model.

(4) The upper limit of casting speed in the continuous casting process with oscillating mold can be pre-
dicted to be 5 to 8 m/min on the basis of the comparison of the frictional force and the tensile strength of
solidified shell beneath the meniscus.

Key words : continuous casting; continuous casting mold; oscillation mode; non-sinusoidal curve; heat
transfer ; lubrication ; frictional force ; high speed casting.
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Table 1. Casting conditions for measurement of
heat transfer rate and frictional force in mold.

Low [C] Al killed steel
25~30K

Steel grade

Super heat in tundish

Table 2. Amplitude coefficients * of oscillation

curves of mold used for casting tests (Amplitude=
+4.5 mm).

y=i a; - sin (2-7-F-i-1)
i=1

Width : 900~1 550 mm
Thickness : 220 mm

1.6~2.6 m/min

Slab size

Casting speed

Submerged entry nozzle | Angle : Downward 25 degree

Oscillation curve a; [ a3 ay as

Sinusoidal 4.50 0.0 0.0 0.0 0.0

Non-sin(]]§(n=18.7%) 4.341 —0.6655 0.0333 0.0 0.0
Non-sin(V )(e=40% ) 3.996 —1.2780 0.3960 —0.0945 0.0135

Viscosity at 1 573 K : 1.0 poise

Mold powder Solidification temperature : 1 223 K

Curve : Sinusoidal, Non-sin II, Non-sin [V
Frequency : 139~180 cpm
Amplitude : £4.5 mm
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Fig. 3. Schematic diagram of sinusoidal and non-
sinusoidal oscillation curves of mold.

5 —9 Tdh%, Table 1 ICHIE 1T B DOHESM%
FEOTRLZ. HRIREIEF I Fig. 3 1ICRL2ED
WIEZBEEEREAR c ORLDIRHEEZH T HW /2.
a LR EREIRE OB E SR A 5 FIE S
3 CEALT % R AN IESZEIRE O 7 i A mE A
¥RLTWS (e DEHKIE, Fig. 3 0B 22MH). R
FIEZEECREFRIT® - D ERLEEICTHRT 5
By, BRI EAFENEZBEROEE LD b KIE
B 5. FEICHCREEZERFE, adzheh,
18.7% (m#vIEREk 1) & 40% (RHFEHE N) TH
5 RFEZERIEL OEZEOMTER T Z EHTE,
Table 2 IZF N FhhOIREEE O SR ERL /2.

300
ATime =10min
Q ~(max. temp)
= 250}
° K — L = 160mrm
5 ~— — _ (80
o ‘ ——5
% (min. femp)~_ 120 &
£ 200 e (40)
5 300 |
® ‘/,/f\ (220
s - ~.
o ~ AP
2 50l 200 f
QE, (820)
= L :distance -
from mold ( Distance frorn)
top end (mm) * meniscus,mm
100

! |
400 200 0]
Distance from mold center, W (mm)

Fig. 4. Temperature distribution along the mold
width (Mold width = 1550 mm, V.= 1.8 m/min).
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Fig. 5. Temperature profiles of mold copper plate
in the direction of height of mold (Depth of
thermocouples : 8 mm from the inner surface).
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Fig. 6. Effect of mold oscillation curves on
temperature profiles of mold copper plate in the
direction of height of mold (Depth of thermo-
couples : 8 mm from the inner surface).
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Fig. 7. Effect of casting speed and mold oscilla-
tion curves on the maximum local heat transfer rate
in mold.
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Fig. 8. Relationship between local heat transfer
rate (¢) and resident time in mold ().
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Fig. 9. Thickness of solidified shell in mold at
various casting speeds.
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maximum frictional force (F7°*) in one cycle of
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Fig. 12. Relationship between relative speed of
mold to shell and maximum frictional force in mold.
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Table 3. Numerical values used for calculation of
frictional force in mold.

Local heat flux ¢ (W/mz)
q=(257.5—12.28 1 +0.8355 £2—0.0349 134+0.0005 ¢*)x 10*
(0<1<30s)
Powder consumption g, (kg/m cycle)
q,=0.012 ¢ ,+0.0008
Viscosity of powder 7, (poise)
Log 7,=8 326/ T—5.28( T>1323K)
Log 7,=21018/T—14.88(1323> T > 1223K)
Solidified shell thickness Dy(mm)
D=22/T

t: time(s), t, : positive time(s)

Mold displacement, ¥ (mm)
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Fig. 13. Change in the average frictional force

(F;) in mold during one cycle of oscillation
(Oscillation curve : Non-sinusoidal (e=40%), V.
= 2.0 m/min).
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NKK 1@ 1155 5 4 & I\ C i dshE 247\, S8
I DRBGEEE & SRR 2 W52 U, SEIRBIRE O

il
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BERN, LToEEI BN

(1SRN KIRBE RS BEEO LR L & bITHX
LTw< A%, 2.0m/min BLETULZWICH#EInEEIZ/NE <
h.

( 2)ERNIRAE IRBIETOLE LX), RIS
HARTRFEZEOBEICIE A =2 A A THEED
ETAaALNS,

(3 )EnEh Ry OSERINER ) 35 [ HOEE R L &
LITHRT B, WEEAEOKS RRTIEZKICT S
LN AR TE 5.

(4 )5k S O S5 R PEIE (3 S50 ST AT AT 12
FHRENTWD,

(5 )$EBIMNEEN & & = VIBEEOA/NEGRS S ¥ 2 b
BT AR = % & ARE L C R EHRIIRE) )7 3 0 # i o R
ROKEE L HE LR, 5~8m/min D L HEET
I A

£ 5

D,: BH Y = VEA (mm)

F: #8485 (Hz)

Fy: BOTHEAEY 72 0 OFHEET) (N/m?)

L.:MAMES (m)

PFe : (gﬂﬂéﬁjf (Pa)

P.: i omET ) v ¥ —OMES GRES Y ¥ ¥ —
DOAYE, HEOES P, P, ®#%) (Pa)

P, : ZeiBli OWE S ) ¥ ¥ — DR S (Pa)

AP : $1Erh & 2RO R OEE (= P.— P)
(Pa)

S: ¥ » ¥ —HWERE (m?)

T,, T::8mm, 18 mm & DFAMPIIREE (°C)

T(x,): ¥ = VHADORE (°C)

To : MAMBIREE (°C)

T,.: ¥ x VOFEHEE (°C)

T,: ¥ = VEHRE (°C)

U,..: 551/86 1 O M #E DR AME (m/s)

V,. : $RHE (m/s)

V,: 8K 5 13#EE (m/min)

W, RN OLSEES (N)

a; : HRURBIE R ORE (—)

deo : BB OFAWRE A SO HHE (m)

dy: 289 ¥ —7 4 v AOWBAEEHA (m)

fi A=A ADS 2 WEDOEES (N/m?)

£, BT M 7= 0 O KBRS (N/m?)

£, BATHEIRE Y 72 0 O FEREEES (N/m?)

q : APkEE (W/m?)

Qmax : INAFTRE (W/m?)

Qp: 1A 7 NV -GBRIBNEIX YY)Dy ¥ —HER
(kg/cycle-m)

v HRRERO LN (= L,/L,) (—)

t: 5 (s)

%, EEMBDOY 2 VEHAR (m)

y: SFRIZAL (mm)

2: AZAA R HOFEH (m)

w, d: HEEES (m)

a: REFEFBEEOBERELE (%)

VIEAVE AP WNY 1. N0 D)

N SERIBE L K Sy ¥ — 7 4 Vo0 BEREEGEK

(=) '

Aca : SADBAREE (W/m-°C)

A, B Y 2 WO BIREE (W/m-°C)

0, X F— 25 7 DEREE (kg/m®)

og: ¥ = Vi (N/m?)

op: BEHEJ] (N/m?)
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