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Lubrication Phenomena in a Mold and Optimum Mold Oscillation

Mode in High-speed Casting

Hideaki Mi1zukaMI, Kiminari Kawakami, Toru KIiTAGAWA,

Mikio SUZUKI, Shigetaka UcCHIDA and Yoeshkimi KOMATSU

Synopsis:

High speed casting of slabs has become one of the mandatory requirements for improvement of produc-

tivity and energy conservation of continuous casting processes.

In high-speed casting, however, the

lubrication ability of powder between the mold and the solidified shell is deteriorated by increasing casting
velocity, and the shell sticking in the mold results in breakout. In order to increase the casting speed,
therefore, one of the most important factors is to improve lubrication in the mold.

First, we have carried out quantitative analyses on lubrication phenomena between mold and solidified
shell and casting tests with an experimental continuous caster to make in-depth studies on the lubrication
mechanism in the mold. Second, based on the results, we have proposed the new concept of mold oscilla-

tion for high speed casting.
The results are summarized as follows:

1) Liquid lubrication is dominant at the portion of closely below the meniscus than solid lubrication,
and solid lubrication is dominant in the lower portion of the mould.
2) Non-sinusoidal oscillation mode is more effective to reduce the friction force between mold and shell

than the conventional sinusoidal one.

By the application of the results of these fundamental studies, Fukuyama No. 5 continuous slab caster
 has been operating at a maximum casting speed of 2.5 m/min without occurrence of breakout, using a
non-sinusoidal oscillation mode and powder with a low melting point and low viscosity.
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Fig. 2. Temperature distribution between molten
steel and copper mold.
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Fig. 3. Flow chart for calculation of friction force.
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Fig. 4. Schematic view of experimental continuous
caster.

Table 1. Major specifications of oscillation unit.

Maximum acceleration 1.0G
Maximum velosity 6.91cm/s
Modification ratio, a 70%
Reservoir volume 30001
Servo valve rated flow 800l/mm
Main pump rated pressure 210 kg/cm?
rated flow 139.5 !/ min
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Table 2. Experimental casting conditions. N positive | negative Ve=0.8m/min
@ 1340 - strip strip +4mm, 100cpm
Steel grade 0.06%C, sheet grade T 670
Casting speed 1.0 m/min e
o 0
Oscillation +4mm, 100 cpm = j 4
A | TP =1100C, 3.0 poise (1300C) 5 —670 ' et
Mould powder —1340 1 |
C Ty =850°C, 1.0 poise (13007C) | | | measured ==
Mould effective 750 mm, 500 mm I I | calculated -o~
length (L) i ° v ( [ |
> I I | Vm=27rAf cos2rft
L. 50
H _}/— _ —U ————— Ve
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2-2.1 fEPTRER Fig. 6. Comparison between measured and cal-

culated friction force.

Fig. 5 WiZIEBO—EAHD 5 HT Ve OHMEEI R
k&I B DREERE T L EREE DO MY £ = A

HAMLOEMICH L TER TR LEL. CoROFES Powder A F(P)O
FRRRIIICR LR, 7 50— ADRFER Table 2 ic 7z E" 1000~ pPowder C EE:;Z "’_g’\'
Lic. IREIO—RAHD 5 BT f1 1k Vu=2ndf DA = FIN A / !
L Vp=—27Af OEOOEEB Lk, Va=V, ’-é B0O [~ L2 mould effective 1 /
L BB f1=0 Lich. LiesioT fi=fs LishirE g ool K
Zy IZEBO—FEECE T A a B LTw5. X E 750mm
Ih, 2= AR ABETFTIE Va O HRE?» &K 7 % 400 |-
bbb fi BERARDOFETS Li<fs &ich WHKEEIZE &
ML T B, Eie Vi DRSHENBADORE, HHT [
W fs<fi &is b EREE SRR E T 0 : , R . R
DTS, 200 400 600 800 1000
F(P), F(N) (calculated), (kg)
fe,(Vm=2rAf) F(N) : Maximum friction force at negative strip period
120 fs F(P) : Maximum friction force at positive strip period
Powder A Fig. 7. Comparison between measured and cal-
culated friction force.
80
2:2:2 ghIEREAREE
—~ 40 Fig. 6 itw — Fe A CHIE SRR —AHOH%
5 TSI AR L. BFEC, SR & BRI eSS
. I FHEHE & SR 100 S LR M A B TR L.
S (vm=Ve) EBEH—FAHO 5 boFREHHNE L OWT, ERE
S LEHBEHELIRLS —K LTS, Fig. 7 ©i3HC7 4
2 % FALY T, RHTF 4 TANY  THEO BB
(Vi AR KOE) ORAME & R X 5B
—80 LGRLE. B lZERRLS —H L. ok, Mk
. EA&%%F&JO)@%?}D%@E F(P), F(N) i 2-1 HT
-120 (Vm=—22A0\ R UTCBEAIE R Y 7o ) OBEEET) f(g/cm?) OSERNEKS
; 1 | BThH5.
0 20 40 60 80 2.3 % =

2-3-1 g7 - A Mo EREE
UE SEIOEITEFARED, BENTRETHE
BEHEYTHEECE A EIHERTEL. Tz ®

— 53 —

distance from meniscus (cm)

Fig. 5. Distribution of liquid friction force and
solid friction force in the mold.
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