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SUMMARY

Influent factors on dynamic properties of the a.c. electric arc steelmaking arc furnaces- were shown in the paper.
In the simplified furnace circuit model to be applied the dynamic arc model. The whole problem described using
the equations system of thermodynamic and electric magnitudes. Finally gave advices how to qualify parameters
of models and showed courses of temporary electric magnitudes.
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MODEL MATEMATYCZNY LUKU ELEKTRYCZNEGO DO BADANIA PROCESOW CIEPLNYCH
I ELEKTRYCZNYCH PIECOW LUKOWYCH

W artykule przedstawiono czynniki wplywajqce na wlasciwosci dynamiczne tuku elektrycznego stalowniczych pie-
cow tukowych pradu przemiennego. W uproszczony model obwodu pieca wiqczono dynamiczny model tuku. Ca-
tos¢ opisano ukladem rownan wielkosci termodynamicznych i elektrycznych. Podano wskazowki sposobu okresla-
nia parametrow modeli i zaprezentowano przebiegi czasowe wielkosci elektrycznych.

Stowa kluczowe: luk elektryczny, charakterystyki dynamiczne, piec tukowy

1. INTRODUCTION TO THE PROBLEM active resistance and inductance of system R, and L, and
furnace unit is substituted with equivalent linear active resi-

Electric arc in arc steel melting furnaces (ACE-AF) can be  stance R, and inductance L,,,. Electric arc is shown as non-

considered as main source of technological heat. Therefore linear resistive element uy(i7).

it is natural to describe its calorific characteristics during

arc modeling [1]. At the same time electric arc parameters

including thermal parameters vary as random process and R, L. Rua Lya

are connected with electric parameters. In such a way ther-

modynamical model of arc does not describe entirely its

energy characteristics as converter of electric energy into

thermal.

The second feature of arc thermodynamical model is (* e(?) us(iy)
a fact that its characteristic should be modeled as averaged
one without consideration of instantaneous changes in the
processes.

2. PROBLEM DEFINITION Fig. 1. An equivalent circuit of AC-EAF electric power supply

The mentioned features of arc behavior are caused by chan- 3 pROBLEM SOLUTION
ges of fluid dynamic parameters of liquid metal, particularly
such as meniscus depth and form on the surface of liquid
metal under electrodes, their vibration, parameters variation
of electric power supply system circuits and dynamic forces
between arc columns of separate phases.

Considering arc electric parameters dynamics makes it
possible to model successfully stochastic electromagne-
tic processes in electromagnetic circuits of electric power

An expert evaluation has shown that combination of ther-
modynamical and electrodynamical models that take into
consideration laws of electric parameters changes allows us
to obtain more adequate thermal characteristics of AC arcs.
Dynamic model of electric arc [3] on the basis of full energy
equation in general can be written down in the following

equipment of AC-EAF [2] electric supply systems. An equ- i

ivalent single-line circuit of such electric supply system is o

shown in Figure 1. Here electric supply system is shown as 9H (g) dg = (0" _ P,(g) (1)
an equivalent sinusoidal electromotive force e(?) and linear dg dt !
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where:
H(g), P,(g) — arc enthalpy and power of energy losses
caused by conductance of arc column
g in unsteady condition respectively;
i(f) — instantaneous value of arc current.

According to [3] enthalpy and power losses are expres-
sed using the most simple polynomials depending on arc
column, particularly:

H(g@(1) = a18" (1)) +ag

B, (g(i(®)) =big" (i) +by

2

where: a,, ay, by, by, n and m are coefficients of approxima-
tion of thermal and energy characteristics of investigated
arc.

Those coefficients have particular values for special fur-
naces and arcs power. They can be estimated experimental-
ly or using technique presented in [3].

Electrodynamic model of arc in general case can be writ-
ten down using dynamic volt-ampere characteristic with
time-dependent parameters, namely

. A .
uy (i) =U,, 1 + Ajatg(i5 () +

Ay (t) + Az /i3 ()

+ ‘1 —i (t))‘ sin(2nmiy (t))}

where:
i) =iy(t)/ I3, relational instantaneous value of

arc current;

I, — amplitude value of arc current on
interval of some technological
stage;

Ay, ...,A4 — coefficients of approximating

function of the arc (their values
changes has random character);

U, — the greatest voltage value which
can be estimated experimentally
for arcs of AC-EAF with diffe-
rent power.

Dynamic resistance of the arc can be estimated as deriva-
tive of voltage by current. The inverse value to dynamic
resistance is dynamic conductance of arc column of alterna-
tive current depending on current and time simultaneously
and can be written down in the form of equation

8@y (1)) =1/(duy (i3 (1)) / diy (1)) “4)

Taking into account expressions (1)—(4) extended mathe-
matical model of dynamic arc of alternative current as ther-
mal energy source can be written down in the form of the
following equations set:

uy (i (1)) = f (@3 (1))

. _ 1
)= GO0
H(g((0) = ag" (1) + aq 5)

B, (8(i(1)) = big™ (i(1) + by

OH (g(i(1))) dg(i()) _ i(1)?
ogl@®)  dr gl@®)

— B, (g(i®)

In the given case simultaneous solving of given equation
allows to obtain thermal and electric characteristics of alter-
native current arc at the same time. On the basis of obtained
characteristics it is possible to evaluate energy characteri-
stics of arc. Using generator of random values for modeling
of approximation coefficients presented model allows to
analyze any stage of technological process of AC-EAF on
instantaneous level, and, respectively, to obtain the most
important energy characteristics of furnaces which can be
used for technical and economic assessment of furnaces.

A set of dynamic volt-ampere characteristic of the AC-
EAF electric arc of the phase is shown in Figure 2. AC-EAF
was described using model (5) and has a capacity 100 ton.

Fig. 2. A set of dynamic volt-ampere characteristic
of the AC-EAF electric arc

In the Figure 3 instantaneous current of the arc of
AC-EAF-100 on the stage of metal melting on one second
intrerval is presented. As it can be seen from this figure the
arc current contains a wide spectrum of frequencies (diffe-
rent from commercial frequency) besides considerable am-
plitude deviation caused by accidental short circuits and
abruption of the arc.

In order to obtain energetic characteristics of the arc it is
necessary to calculate root-mean-square values of voltages
and currents and average values of AC-EAF power that can
be done easy when computer simulation is used.
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Fig. 3. Instantaneous current of the arc of AC-EAF -100
on the stage of metal melting

4. CONCLUSIONS

Presented generalized mathematical model of alternative
current arc in the form of thermodynamic and electroma-
gnetic equations makes it possible to model thermal ther-
modynamical processes of AC-EAF taking into considera-
tion arc parameters chahges which depend on technological
stages of furnaces.
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