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Layout and procurement of arc furnace

transformers

For many EAF steelplants an
exchange of the furnace trans-
former becomes an issue at a
certain time, possible reasons
being an increase in productivi-
ty, obsolescence or defects. The
layout of a new transformer is
complex as it depends on
process demands, design details
and the power supply of the
plant. As a coordinating inter-
face, Badische Stahl Engineering
GmbH ideally combines process
and design knowledge,
enabling a tailor-made construc-
tion in which all side conditions
are taken into consideration.
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Figure 1. Arc furnace transformer at the testing facility

For quite some time now the trend
in the layout of transformers for elec-
tric arc furnaces (EAFs) has been
towards high power (> 90 MVA) with
long arcs, i.e. high secondary voltages
(> 900 V). The reason is that scrap can
be molten very efficiently with long
arcs. For stabilization of the long arcs a
serial reactor is necessary. That is why
this article focuses on arc furnace
transformers (figure 1) in combination
with serial reactors.

Transformer layout

As experience shows, the optimal
layout of an arc furnace transformer

depends on three important factors.
Sometimes the power supply has to be
expanded for the installation of a
more powerful furnace transformer
(e.g. step down capacity, switch gears,
cables, compensation). Network dis-
turbances (flicker, voltage drop under
load) may change and it might be nec-
essary to adapt the over voltage pro-
tection equipment (surge arresters,
RC-filters) in case of changed equip-
ment configurations. In such cases a
network analysis is required.

It is also necessary to define the volt-
age tapping of the transformer. The
correct balance between current and
voltage has to be established. Experi-
ence shows that an appropriate cur-
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Stability curve for 100MVA/1100V and reactor 0.5/1.8 Ohm
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Figure 2. Calculated stability curves of two operating points

rent must be available to achieve the
required arc stability during scrap
melting. For refining the arc length
has to match the furnace diameter and
the foaming slag practice.

Also the required reactance of the
serial reactor has to be defined. Too
high a value reduces the achievable
power input. The safe maximum value
can be calculated by the following rule
of thumb: depending on the highest
voltage tap and calculated for the sec-
ondary it should be greater than or
equal to the value of the short circuit
reactance of the high current system
subtracted by the transformer reactance.

Calculation of the optimal
serial reactor reactance

The optimal reactance can be calcu-
lated with the computer simulation
developed by BSE — as much as neces-
sary, as little as possible. The computer
simulation depends on a phenomeno-
logical model of the three phase arc
furnace system using rectangular/
trapezoidal arc voltages. Thus the non-
linearities, in particular the operating
reactance, are considered automatical-
ly. This in turn provides a simple way
to investigate the average stability of a
working point. The method works as
follows.

A stability curve is calculated for a
working point taking into considera-
tion parameters like voltage tap, reac-
tor value, short circuit impedance, etc.
This curve shows the dependence of
the stability index R,/X, (arc resistance
divided by primary total reactance [1])
on the electrode current and shows a
characteristic maximum. On the right
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side of the maximum the stable work-
ing points are found, on the left side
the instable ones. Without calculating
the curve it is not obvious on which
side of the curve a working point for
the given parameters is located.

The criterion for a stable working
point can be derived as follows (A sta-
ble working point is characterized by
arcs transferring their energy efficient-
ly to the material to be molten).

At the maximum of the stability
curve R,/X,, = {(I) a current I, is found.
This current has to be increased by the
typical fluctuation width of this work-
ing point Al/2 (experience value found
through a very large number of own
measurements), yielding the current I,
which characterizes an on average sta-
ble working point (I2 + AI).

If the nominal current I is smaller
than the stable current I,, then the
working point is instable on average. If
the nominal current I is greater than
the stable current I,, then vice versa
the working point is stable on average.
Figure 2 illustrates these relationships
and compares a stable (green: 1.8 Ohm
reactor) with an instable (red: 0.5 Ohm
reactor) working point. The influence
of the reactor value becomes clear in
this example.

The possible higher active power can
then be calculated for the found stable
working points. This is done for a
defined power profile. Thus the reduc-
tion in melting time can be determined.

Transformer specification

After completion of the initial inves-
tigations, the basic transformer and
reactor data are determined. For the

specification the layout has to be
worked out in detail. Experience has
shown that using a general inquiry
with many open points yields only
many different quotations suggesting
different technical solutions, which
are very difficult, if not impossible, to
compare in terms of both technology
and economy.

The design of modern transformers
and reactors is entirely calculated and
optimized by computers. With the
competitive squeeze and raw material
costs increasing (e.g. core iron, winding
copper) the manufacturers try to save
costs. This does not mean that the
quality becomes worse but the aggre-
gates are no longer designed to take
20% overload from time to time as used
to be common practice in the past. For
the operating company it is therefore
necessary to specify not only nominal
values but also limit values. This might
lead to a slightly higher price but it
guarantees a long lifetime. The proba-
bility of failure of arc furnace trans-
formers must be brought down to zero
because of the inherent risk for the
whole enterprise due to resulting pro-
duction losses. The following parame-
ters must be included in a specification.

Nominal electrical data. These
include currents, voltages, power, vec-
tor group and mains frequency as well
as limit values like inrush current,
magnetic flux density in the core,
over-excitation, impedances and losses
including tolerances, and insulation
levels. Besides the nominal electrical
data there are some more parameters
to be considered.

Temperature rise. The increase of
the oil and winding temperatures has
great influence on the lifetime of the
paper insulation.

Cooling system. The power of the
coolers is derived from the water inlet
temperature and the permissible tem-
perature rise. The cooling system
should be redundant.

Weight. The manufacturer has to
state the definitive weight already in his
quotation. This allows an assessment of
the mechanical stability compared to
other devices. Sometimes the weight is
limited by the capacity of the trans-
former vault or the cranes. This in turn
has influence on the achievable power.
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Supervision instruments. Certain
instruments have to be specified
because they are not used as standard
devices.

Dimensions of the high current sys-
tem. These are of highest importance.
The low voltage connections of the
transformer must fit exactly the
dimensions of the existing high cur-
rent system. Otherwise there will be
problems during the installation
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which cannot be solved easily and
quickly. P

Tap changers. These are normally
located inside the delta connection of
the high voltage windings and are
laid out for the nominal current
divided by the square root of 3. Dif-
ferent nominal current classes are
available. The demands on the tap
changers are enormous, a quality
product is absolutely necessary.

Depending on the transformer layout
either three single-phase tap changers
(direct tap change) or one three-
phase tap changer (booster trans-
former) are used. The nominal cur-
rent class must accurately match the
demand. There are considerable price
differences from class to class.

The tap changers for the serial reac-
tor play a particular role. For high
power aggregates the current becomes
that high that special solutions are
required. One solution is to use tap
changers which are designed to lead
currents greater than 1,500 A (e.g. a
100 MVA at 33 kV has a nominal cur-
rent of 1,750 A).

But these tap changers are very
expensive and have large dimensions.
Another option is to integrate the reac-
tor inside the delta connection of the
high voltage windings of the trans-
former. Thus the current for the tap
changer is reduced by the square root
of 3. A solution with an internal reac-
tor (built in the transformer vessel)
leads to a large and complicated trans-
former design, particularly if the reac-
tor's tap changers are to be switchable
under load.

The on-load switchable external reac-
tor with fine tap changer stepping (e.g.
in 10% steps) can be considered as the
optimal solution today. The possibility
to switch small steps under load pro-
vides high flexibility for an operation
with long arcs. The power profile can be
adapted very easily and very efficiently
to the requirements of the melting
process. The external design reduces the
complexity of the transformer but it
requires the corresponding space.

Examples. The following two
examples illustrate the impact of
optimization possibilities. An exter-
nal serial reactor can be integrated in
the delta connection of the trans-
former's high voltage windings. Both
the transformer and the reactor have
six 21 kV bushings, i.e. open connec-
tions which are connected by Cu-bus
bars, figure 3.

The reactor dimensions are compact
and the same tap changers as for the
transformer can be used. In case of
emergency the transformer can be
operated without reactor. The over-
voltage protection of the transformer
was recalculated and only the RC-fil-
ters had to be positioned closer to the
21 kV bushings of the transformer.
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can be exchanged by a combination of
EAF- and step down transformer. Arc
furnace transformers which are
designed for direct connection to high
voltage are constructed with an inter-
mediate circuit (booster) and are there-
fore quite large and heavy. The new
transformer had to be much more
powerful and in addition was to be
built in combination with a serial reac-
tor for use of high secondary voltages.

After thorough discussions it was
decided to split the transformer into a
110 kV step down transformer and a
30 kV arc furnace transformer with
integrated reactor, figure 4. So it was
possible to build the furnace trans-
former with direct tap changers, i.e.
with one tap changer per phase. A
booster design (2 cores) was not neces-
sary. The construction was very much
simplified and possible error sources
were eliminated.

On the basis of the detailed inquiry
the manufacturers quote comparable
constructions. Thus the prices are
comparable and the negotiation range
can be fully used for the placement of
the order.

After the checking and authoriza-
tion of the dimension drawings and
coordination of other details the active
parts (core and windings) can be
checked at the transformer factory.
The active parts must be placed inside
the vessel directly after leaving the
drying furnace to avoid that humidity
is picked up anew from the environ-
ment. Finally the aggregate is tested at
the testing facility according to IEC
standards, primarily consisting of in-
sulation tests (high voltage, induced
voltage), measurement of impedances
and losses and of the winding ratios
(guarantee values).

Special tests like temperature rise or
lightning impulse test for the reactor
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have to be specified before. The dura-
tion of the test is about 2-3 days
depending on the number and kind of
tests.

Conclusion

As the central aggregate the furnace
transformer must operate as long as
possible without problems, guarantee-
ing high productivity. A transformer
project with serial reactor and related
conversion work is an expensive deal
as the investment might amount to
Euro 1 to 2 million depending on the
volume, power and design. Because of
the complexity of such a project — due
to the requirement of matching the
transformer, reactor and power supply
with the arc furnace process — it makes
sense to call in a consultant to discuss
the optimal layout already before an
inquiry is prepared. m
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Correct diagram (figure 2)
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Stability Index Ra / Xp

 Ra/Xp  1,8 Ohm  Ra/Xp  0,5 Ohm

I1 ([Ra/Xp]

max

) = 38 kA

I1' ([Ra/Xp]

max

) = 51 kA

Nominal current: I3 = 52,5 kA

Typical fluctuation width

for these operating points: 

10kA

(52,5 ± 10 kA)

stable on average: I2' = 61 kA

stable on average: I2 = 48 kA


