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Abstract

The residence time for individual tundish configuration is one of the most important factors of the tundish
metallurgy. In the T-type tundishes, it is difficult to set a tundish furniture in order to obtain similar residence
time for every strand. The tundish furniture is obviously designed for correct set ladle shroud position and
angle. In this paper is quantified the ladle shroud deviation angle from vertical axis on residence time of three
strand tundish of Zeleziarne Podbrezova, a.s. (ZP). using water model in scale 1:2. In the continuous casting
machine in ZP, the manual ladle shroud mounting on ladle is used. Generally, the misalignment of the shroud
has a negative effect on the flow of the steel in the tundish. This fact may negatively affect the cleanliness of
the cast steel but also wearing of the exposed places of the tundish lining. The results are also evaluated by
using sophisticated statistical methods.
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1. INTRODUCTION

Increasing demands on steel quality, production and casting performance promote continuous innovation
efforts in the steel industry. For example, mathematical and physical modelling of continuous casting of steel
including the steel flow in a tundish is now a vital part of the overall optimization process. Within this framework,
the SimConT laboratory was built as a joint effort of the ZP Research and Development Centre (ZP VVC) in
Podbrezova and the Faculty of Materials, Metallurgy and Recycling of the Technical University of KoSice. The
laboratory focuses on basic and applied research in physical modelling and optimization of liquid steel flow in
a three-strand, T-type tundish used in the Zeleziarne Podbrezova steel plant at Podbrezova, Slovakia. A top-
class, 1:2-scale physical model of the tundish is at the heart of the SimConT laboratory. The model uses water
to simulate the liquid steel flow in both steady and transient casting conditions and is fully controlled by the
Simatic® control system.

During the projecting of the water model of the tundish [1], the question of the precise position of the ladle
shroud against the impact pad was solved. Since this is one of the key parameters influencing the flow of steel
in tundish, during layoff the cold tundish was placed in continuous casting machine and the empty ladle with
new ladle shroud was placed on the ladle turret Figure 1, Figure 2, Figure 3 [2-6]. On this system were
performed measurements of real position of ladle shroud.
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Figure 1 The measurement of Figure 2 The possibility of ladle Figure 3 The example of ladle
precise of ladle shroud setup shroud deviation to the side wall shroud deviation directed to the
of tundish rear wall of the tundish

After inspection and consultation of this problem with operators, the main factors influencing the ladle shroud
precision mounting were resumed:

a)

2,

The ladle shroud can be mounted in various angles by operator using mechanical arm. The precise of
ladle shroud mounting can increase only from his angle of view. The example of real mounting of ladle
shroud is in Figure 4. This can affect not only the impact point of steel on the impact pad, but also the
angle of an impact.

Figure 4 The examples of ladle shroud mounting during casting

The ladle turret drive has not a position switch. Stopping of the ladle turret is performed manually using
marks.

The position of impact pad in the tundish is not exactly specified. Impact pad can be placed 5 - 7 cm
against anterodorsally axis.

SIMULATION OF LADLE SHROUD MISALIGNEMENT

Based on the above findings, extensive number of simulations have been performed to approximate this
phenomenon for a ladle shroud misaligned by 5 cm relative to a vertical axis along a circle on 8 points. This
misalignment corresponds to a 10 cm on the real ladle shroud. Individual configurations are identified by the
letters A - H (Figure 5). The parameters of simulation of casting are in Table 1. The ideal ladle shroud setting
(0° deviation) is represented by configuration "O".

The main monitored parameter, in addition to the visual assessment of steel flow, was the tundish residence
time, describing the residence time of the steel in the tundish in steady state, represented by the C-curve [7,8].
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Figure 5 The points of ladle shroud deviation for simulations

Table 1 The parameters of simulation of ladle shroud deviation

Regime Steady State
Water level in tundish 320 mm
Water flow, each strand 8 |.min""
Volumetric flow rate from ladle into tundish 24 |.min”’!
Number of repetition of measurements 3
Amount of used tracer 150 ml

Measured values of residence time are in Table 2.

Table 2 Measured values of minimal and maximal residence time for each ladle shroud deviation

A 63.7 230.7 24 77 65.5 188.3
B 68.7 209.17 41.2 85 73.8 197
C 76.3 224.8 26.7 121 733 205.7
D 61.3 182.3 29.7 167.3 72.7 189
E 68 237.3 25.5 105.5 67.3 253.25
F 58.8 225.8 26.5 93.8 74.7 228.8
G 54.8 180.8 33.8 107.5 64 182.5
H 62 234.7 25.5 109 57.5 188
(o) 66 213.8 33.2 133 68.2 207.5
Average minimal residence time for Average maximal residence time for
each tested configuration each tested configuration
100.0 300.0
80.0 2500
60.0 200.0
111
A0k -
” ! B c D ! F G ! 0 o0 A B c D E F G H 0
mLlmin mSmin ®Pmin W Lmax Smax m Pmax

Figure 6 Minimal residence time for tested
configuration

Figure 7 Maximal residence time for tested
configuration
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A clear summary of the residence time achieved on each strand is shown in Figure 6 and Figure 7. Each
configuration was tested 3 times and the average value is always presented in the graphs.

Mirror configurations (E - H. G - D. F - C) were compared to verify the accuracy of the measurements. The
graphs show a relatively high match for mirror configuration measurements. The inaccuracies could be due to
turbulence and deviation of the angle setting of the ladle shroud.

3. STATISTICAL EVALUATION OF THE LADLE SHROUD MISALIGNMENT ON THE RESIDENCE
TIME

The measured data were statistically evaluated by metrology experts at the Institute of Materials Engineering
and Quality. FMMR. The individual strands are designated: strand No. 1 as L (left), strand No. 2 as C (central)
and strand No. 3 as R (right) in the following text.

Table 3 descriptive statistics

Minimal residence time Maximal residence time
strand L (Tmin) C (Tmin) R (Tmin) L (Tmax) C (Tmax) R (Tmax)
mean value 64.208 29.104 68.615 215.698 108.271 204.073
standard deviation 9.36 6.761 7.923 27.566 36.274 33.788
normality 1 (p-value) 0.383 0.352 0.662 0.297 0.538 0.57
normality 2 (p-value) 0.172 0.047 0.857 0.112 0.816 0.644

Outliers were determined by the Grubbs test at a significance level of a = 0.05 using the Graphpad software.
The presence of outliers would signal that the process is out of statistical control and is affected by assignable
(not common) causes. The data normality has been determined and confirmed by software QuantumXL using
(1) module “Design of Experiment (DoE)” or (2) Anderson-Darling test. If the p-value is greater than the
significance level (a = 0.05) the file of measured values has a normal distribution and parametric tests can be
used for the analysis [9,10,11]. The descriptive statistics of the considered files (mean residence time, their
standard deviation, the number of outliers, and the p-value of normality tests) are shown in Table 3.

Figures 8 and 9 show diagrams illustrating the relationship between the misalignment of the ladle shroud and
the minimum (Figure 8) and maximum (Figure 9) residence time.

315°/G

225°/H

180°/A 180°/A

Figure 8 The minimal residence time Figure 9 Maximal residence time

The situation for minimum residence time for correctly set ladle shroud is shown in Figure 8. The residence
time Lmino for the left, Cmino for the central and Rmino for the right strand are indicated red. Residence time for
misaligned shroud are Lmin for the left, Cmin for the central and Rmin for the right strand, marked in blue. The
greatest disagreement between the minimum residence times on the individual strands is at the angle 270°
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(position F), the maximum agreement is at an angle of 0° (position B). There is a certain difference between
the residence time of the right and the left strands, but the difference between them and the central strand
declined in this case.

The situation for maximum residence time for correctly set ladle shroud is shown in Figure 9. The residence
time Lmaxo for the left, Cmaxo for the central and Rmaxo for the right strand are indicated red. Residence time for
misaligned shroud are Lmax for the left, Cmax for the central and Rmax for the right strand, marked in blue. The
greatest disagreement between the residence time at the individual strands is 180° (A), 225° (H), and 135°
(E), the maximum agreement is at the angle of 45° (D).

The statistical significance of the rotation of the misaligned shroud (factor No. 1) and the strand (all three,
without resolution, factor No. 2) on the residence time was evaluated using two-way ANOVA (analysis of the
variability) method with replication (three repetitions for each shroud/strand configuration). If calculated the p-
value is greater than the considered significance level (a = 0.05), the factor is not statistically significant. As
shown in Table 4, both factors - the angle of rotation and the strand - have a statistically significant effect on
the minimum and maximum residence time. At the same time, their mutual influence (interaction) is also
statistically significant [11].

Table 4 p-values for two-way ANOVA

Minimal residence time Maximal residence time

strand (L. C. R) 2.13E-26 3.4E-19
rotation of the shroud 0.002626 0.043277
interaction 0.030394 0.003468

The influence of the rotation angle of the deflected shroud on the residence time in the individual strands was
analysed using a single-way ANOVA. As shown in Table 5, the residence times on the individual strands are
not evenly affected. The left strand is not significantly affected at the minimum residence time and both central
and right strands are not significantly affected at the maximum residence time. The value a (%) is the
percentage of variability resulting from the observed factor.

Table 5 p-values for one-way ANOVA

Minimal residence time Maximal residence time

strand L C R L C R
p-value 0.122693 0.005894 0.04746 0.122693 0.005894 0.092037
a (%) 46.4 66.5 54,1 46.4 66.5 48,9

4. DISCUSSION

a) The ladle shroud manipulator allows the tube to be mounted at any angle - signalling the correct position,
or full automation of the ladle shroud mounting on the ladle (it would be appropriate to associate with
the slag penetration detection system).

b) The ladle turret rotation control allows to stop in any position, control system use only with marks on
ladle turret - high tolerance - installation of end sensors on the ladle turret.

c) The seat on the ladle in the ladle turret does not have a precisely defined place and the crane puts it in
with a certain tolerance - welding the pins on the ladle and ladle turret, securing the exact position of the
ladle in the ladle turret.

d) Impact pad is inserted into tundish manually with relatively large tolerance - to ensure constant position

of impact pad in tundish.



gy, ..
MERAL

2019 May 22" - 24t 2019, Brno, Czech Republic, EU

None of the action themselves will have a significant impact on ensuring constant conditions for the flow of
steel in the tundish, these actions must all be resolved.

5. CONCLUSIONS

For all configurations, including the correct ladle shroud setting (configuration 0), the residence time of the
centre strand is always the shortest. The misalignment of the ladle shroud results in a shortening of the
minimum residence time in the centre strand, except configuration B (the ladle shroud towards to the back wall
of the tundish). The deviation of the ladle shroud to the back wall of the tundish results in the prolongation of
the residence time on all strands - although this is a positive effect in terms of steel flow, this cannot be
considered as desired phenomenon. Negatives may be caused, for example, by increased wear of the
refractory lining of the tundish. The misalignment of the ladle shroud generally has a negative effect on the
flow of steel in the tundish, which can negatively affect the cleanliness of the cast steel, but also to a more
pronounced wear of exposed tundish work lining areas [12-16].
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