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Development of Diagnosis System of Mold Oscillation in a
Continuous Slab Casting Machine

*k % XEEK

Jae-Chan Choi*, Sung-Jin Lee**, Kang-Hyeong Cho and Hyeong-Il Jun

ABSTRACT

In order to prevent shell sticking by providing sufficient lubrication between the strand and the mold, the
mold oscillation has been used. Now it is well known that the shape of the oscillation curve has a decisive
effect on the surface quality of the cast product. Besides, oscillation parameters such as stroke and fre-
quency are also very important. In order to guarantee that parameters which have been found to be opti-
mal for a certain grade of steel do not change with time, periodical checks of the physical condition of the
whole equipment are necessary.

The portable mold oscillation analyzer with integrated computer, developed by POSCO, records the move-
ment of the mold in every spatial direction. The system uses the gap sensors to measure the mold move-
ment {(displacement) in the two horizontal directions according to the mold narrow and broad faces and the
vertical strokes in the four corners of mold. The gap sensor is a non-contacting minute displacement mea-
suring device using the principle of high frequency eddy current loss. The mold oscillation diagnosis system
integrates the gap sensors, their converters and the industrial portable computer with plug-in data acquisi-
tion boards. The all programs, such as the fast Fourier transformation module (amplitude and phase spec-
trums) and harmonic analysis module, was coded by LabVIEW™ software as the graphical language. In an
own “expert module” which is included in the diagnosis program, one can obtain much information about
the mold oscillation equipment.

Key Words : Mold Oscillation (53 %1%), Diagnosis System(#& Al2"l), Continuous Casting Machine(d4 F271),
Spectral Analysis (ZHEZ £4)
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Table 1 Specification of casting mold in Kwangyang's
No.2 casting machine

Slab size 230t * 820 ~ 1600w
Casting speed max. 2.2m/min
Type Curved mold
Mold oscillation

Stroke length +3.5mm

Frequency max. 235 cpm

Curve Sinusolidal wave
Oscillation generation Eccentric cam (4 SET)

Fig. 12 8 2% A& ¥dsto] 2l A
Al m¥ol 7tedt=eE FAE quick change unit &
VEbd 23o)}

M1, M2, M3, M4: vertical strokes
MS: back-front movement
M6: lateral movement

Fig. 1 Quick change unit with mold oscillation device
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Fig. 2 Schematic of mold oscillation device and location of
non-contacting displacement measuring sensors
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Fig. 3 Relation between mold speed and casting speed
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Fig. 4 Mechanism of oscillation mark initiation in a
continuous casting mold

Table 2 Estimated items of mold oscillation and its
effects on slab quality

r Items |

Increasing —

Effects i
Increasing

Vertical stroke lengths Meniscus fluctuation
(M1, M2, M3, M4)

Back-front movement

Depth of oscillation mark on the

(M5) broad face of a slab
Lateral movement Depth of oscillation mark on the
(M6) narrow face of a slab
Phase differences Sticker-type breakout initiation
among M1,M2,M3 and M4
Distortion of Cracks in slab corners

oscillation wave-form
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Fig. 5 Schematic diagram of mold oscillation diagnosis
system
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Fig. 7 Block diagram of non-contacting displacement
measuring device
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Table 3 Specifications of dynamic signal acquisition board

Model AT-A2150C
Maker National I
Number of ¢k 4 single-ended, simul yusly sampled
Resolution 16bits 1 in 65,536
Sampling rates (kS/s) | max.5].2

+ 2.828V (2Vrms)

+ 0.5 ° DCto20kHz

+ 1.0 ° DCto20kHz

Analog and digital antialiasing

Passband ripple: + 0.01 dB pk-pk,
DC to 20kHz

Stopband attenuation: 86 dB

Attenuation rate: 90 dB in 1/6 octave

Input signal range

Phase linearity

Interchannel phase
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Fig. 11 Displacement and velocity in a continuous casting mold
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Fig.12 Power spectrum and harmonic analysis of
vertical stroke (M1)

Table 4 Result of harmonic analysis of four vertical strokes

t ic amplitude (Vrms
frequency Ml M2 M3 M4
#1h i 2.57 0.2095 0.1937 0.1716 0.1633
#2harmonic 5.15 0.0131 0.0095 0.0089 0.0076
#3harmonic 775 0.0018 0.0010 0.0011 0.0010
%THD 6.3025 4.9485 5.2051 4.6381
%THD+noise 31.254 30.982 31.052 30.959
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Fig. 13 Phase spectrums of four vertical strokes of a mold
(M1, M2, M3 and M4)

2P| o3 44 Aolo] A AHE 71E9 FFT
BY71E ol g3t} vlma] Btrt, 71Ed) AHEH = FFT
47l 48 7BA7F ey 1 F /NEF #iggel 2
FFT $471(249%: CF-900)& o| &3] 2 w37t

L T T T T

=G~ FFT Analyzer (CF-800)

2b ——
—O New developed "Vi_MODS" J

Phase difference (degree)

M1-M3 M4-M2 M1M2 Md.M3 M1-M4 M2.M3
Signals

Fig. 14 Calculation of phase difference by new developed
package compared with conventional FFT analyzer
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Table 5 Basic result of mold oscillation diagnosis

Criterion |FFT analyzey VI_MODS
\ CF-900
Ono Sokki
M1 86 % 1.0 9.00
Vertical stroke length M2 8.66
(mm) M3 7210 7.62
M4 7.46
Back-front movement MS 0.17
(mm) <03
Lateral movement M6 0.21
(mm)
Mt -156.40 3
Phase( *) M2 - 157.06 ©
Phase order: M3 -156.14@
M2>M4>Ml>M3 M4 -156.74 @
Cam shaft M1-M3 -0.3 -0.26
Phase M4-M2 +0.4 +0.32
difference | Coupling MI1-M2 <20 +06 +0.66
{a®) bli Md4-M3 -0.6 - 0.60
Disgonal | M1-M4 +03 | +034
comers M2-M3 -0.8 -0.92
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