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Abstract

One of the important tasks which China confronted with in the
new century is to bring along its industrialization and to reform the
traditional industry with new and high technology, including the
application of process model and control technique based on
computer and information technology. With nearly 40 years
tremendous reform and deveklopment, the classical ferro-metallurgy
industry has made great progress, one of which was the rise of
characteristic high effect and low energy consumption mini steel
process, and modern EAF became one of the two largest steelmaking
methods in the world. With the rapid development of EAF
steelmaking technique, the research of developing and applying of
mathematical modeling and simulation technique for different
procedures in EAF process was also continuously intensified and
improved.

The modern EAF steelmaking process could be abstractly
described as a multivariable, non-linear and dynamically coupled
system. Based on the comparison between each kind of model, a
dynamic model was chosen as the investigative goal which was
adaptable to the dynamically changing of process variables and state
in EAF. According to the common operation conditions of domestic
ultra high powered EAF -and the demands for process analysis, the
main input-output variables and parameters in model were selected.
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In modeling, the EAF steelmaking process was summarized into
several reaction zones, correspondingly the concave gas-metal
interface formed by oxygen lance injection onto the hot metal
surface, the metal-slag interface, the solid-liquid interface, the

carbon powder-slag interface in slag, and the gaseous phase. All
reaction descriptions were brought into the summary model from the
modification and transformation based on the available unit models.
Meanwhile, particular reaction models for the characteristic EAF
process were developed according to principles of metallurgical
thermodynamics and kinetics. ]

The author took part in a cooperative project between the
enhanced laboratory and BAO STEEL, in which a monitoring
system for slag situation using sonic signal in EAF and process data
collection system were developed. With the help of the sonic signal
detection system, the relationship between the detected sonic signal
and heat transfer efficiency of the electrical arc was researched by
simulation using diagnosis and prediction model for static process,
and a quantitative bearing formula was obtained, which provided
important input parameters for process modeling. The process data
collection system may dynamically record important operation
parameters, which became the basis for calculation, modification
and examination of the model.

A representative procedure during the middle and later stages of
reactions in a domestic 100-ton UHP AC EAF in hot commissioning
was first chosen for simulation, and the related parameters were
primarily identified and modified. Based on this, a further simulation
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was carried out on the full campaign of a domestic 150-ton UHP DC
EAF with operation of hot metal charge. The results indicated that

the above-mentioned model was suitable not only for the process
with full scrap charge but also the process relying on hot heel and
with a high hot metal ratio. Taking the standard of relative error
within the scope of + 30% for element content and absolute error of
temperature within the scope of +25 K, the hitting accuracies of
terminal contents of carbon, manganese, phosphorus, and sulfur in
liquid steel and the temperature were 44%, 61%, 44%, 78% and 37%
respectively. As the simplified scrap melting model was utilized here,
the departure of the estimated variation of temperature from that
realistic can still be found. This caused the author to put forward the
study of the scrap melting process under the effect of arc heating.

In respect that the actual scrap melting process was difficult to
observe, a physical modeling was carried out firstly, which supplied
essentially fundamental information for the establishment and
verification of the model. Based on similarities of geometry and
power input, an EAF miniature equipped with an electrode take-up
was specially designed, the tin lump and a DC arc welding power
source were chosen as substitutions of the scrap and the actual power
source respectively. The change of the shape and the distribution of scrap
lump during melting time was thus performed and observed.

Based on the spot observation and experimental results of the hot
physical modeling in laboratory, the scarp melting process were
approximately described, including some special assumptions, such as
the heat transfer within the hot gas stream around the core of the arc,
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endothermic affection of scrap melt, the moving and boring of the
electrode, falling and collapsing of the scrap lump, and filling of melted
liquid into the charge, efc.  Following these assumptions, a two-
dimensional unsteady-state heat transfer model of scrap melting was set
up under columnar coordinate. The finite differential equations for

calculation were obtained with help of control volume method, which
were computed using the Gauss-Seidel iteration algorithm. Calculated
results indicated that the temperature distribution in the arc region was
similar to the known references, and the size of bored hole and the
boring time of electrode concurred with the setting values. The
characteristic of temperature distribution in EAF, especially in the
metallic feed, coincided with the changes in melting procedure. Under
different shielding effect of slag, the scrap melting progress and heating
efficiency of hot metal were consistent with the recognized results.
Based on the above work, the two-dimensional unsteady-state
scrap-melting model and the dynamic process model were coupled
to each other. The results showed an obvious improvement in
temperature prediction accuracy from 37% to 83% by the use of
coupled model. For the off-line circumstance the model was capable
for the dynamic simulation and predictions of the whole process of
EAF steelmaking, which provided theoretical basis for process
analysis, manipulation optimization and evaluations of process
economy. After a slight improvement the model could be applied to
real time analysis and on-line predictions and process automation.
Key words steclmaking process, electric arc furnace, dynamic model,

mathematical modeling, process prediction, scrap melting
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