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Stirring Process

Homogenization of temperature and
chemical composition

Enhance chemical reactions
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Measurement of stirring process
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Schematic diagram of the cold modelling apparatus (Krishnakumar,and Irons)
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Cold model rig
(H=500mm, D=420mm,Q=2Ipm-20Ipm)

© Swinburne University of Technology



Rapid image analysis
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Relative spout area (%)

80

70 -

60 -

50 -

N
o
|

30 -

20

10 -

- h=05mm
——h=10mm
—+—h=15mm
h=20mm

8

10 12 14
Gas flow rate (I/min)

16 18 20

© Swinburne University of Technology



13

30%

25%

20%

15%

10%

5%

0%

W

-&- Relative spout eye area

-o— Stadard deviation

10

20

30

40

50

60

70 80 90
Frame numbers

100

110 120 130 140 150

© Swinburne University of Technology



14

Sound intensity (h=5mm,Q=8lpm)
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Vibration signals from cold model bubbling
(h=5mm, Q=2lpm)
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single sided Amplitude Spectrumn of vibration, File No. 21
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Image

Analysis strategy

| Sound I

A 4

| Vibration I

y

[ Relative spout eye area J [

Time / frequency domain
analysis

I

Time / frequency domain
analysis

State matrix

—

PCA
=

System description,
identification,
control...

© Swinburne University of Technology



What is PCA?
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Ref. Jon Shlens, “A tutorial on principal component analysis”
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Loading vectors and eigenvalues of cold modeling experiments

Score 1 2 3 4 S
0.312 -0.147 -0.935 0.080 -0.030
0.568 0.418 0.124 -0.239 -0.656
Loading vector 0.333 -0.320 0.239 0.836 -0.175
0.514 0.455 0.239 0.095 0.716
0.454 -0.703 0.086 -0.478 0.159
Eigenvalue 0.01552 | 0.00178 | 0.000502 | 0.00021 | 0.00002
Total variance (%) 85.92 0.86 2.95 1.15 0.11
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Stirring power

VT (1+en )
e=14.23 — |log i
M| l148R,

From: Turkdogan, E. and Fruehan, R. J., The Making, Shaping and Treating of
Steel - Steelmaking and Refining Volume. 11th ed. Fundamentals of Iron and
Steelmaking, ed. Fruehan, R.J. 1998: The AISE Steel Foundation. 759.
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Stirring power (W/kQ)
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Removal of one channel of signal
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The relationship between the stirring power and PC1 (without vibration signal)
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The relationship between the stirring power and the PC1 (without sound signal)
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The relationship between stirring power and PC1 (without image signals)
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Comparison of the results by removal of one channel of signal

Removal of | Dominant | Relationship between
Signal Principal PC1 and stirring power
Vibration 93.9% No clear relationship
Sound 89.3% Linear (R°=0.84)
Image 87.6% Linear (R%=0.95)
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Results

» Stirring process can be monitored by signals from image sound
and vibration and they are highly correlated.

» PC1 of the combined signal can describe most of the variation of
the cold model data (86%). There is a strong linear relationship
(R?=0.96) between this “latent” variable and stirring power.

» Stirring process can also be monitored without image signals.
The combined signals from sound and vibration can pick up most
of the variation of stirring process (88%), and there is also a clear
linear relationship (R?=0.95) between PC1 (without image signal)
and stirring power.
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