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Abstract—A  comprehensive  protection of furnace
transformers on magnetically sensitive elements is proposed,
consisting of differential protection and protection against
damages to individual phase conductors from low voltage side. In
differential protection, a reed switch is installed on the lower side
near the conductors of each phase. Its control winding is
connected to the current transformer from the higher voltage
side. The magnetic fluxes created by the currents in the
mentioned conductor and in the winding are compared. If their
difference exceeds the value required for the reed switch to
operate, it gives a command to turn off the transformer switch.
In the first protection against damages to the conductors, the
EMF induced in them by the currents of the conductors at n (m,
p) points near phase A (B, C) is measured using inductance coils,
the average EMF values from the n (m, p) coils are determined,
and if one of the values reaches the specified value, the mentioned
command is given. In the second protection, three equal groups
of phase conductors are each covered by a Rogowski coil; the
EMF induced in them by the currents in the conductors are
compared with each other, and if the difference of any pair of
EMF exceeds a certain value, a signal is given to turn off the
switch. Schemes of all developed protections and detuning from
the influence of voltage regulation under load of the protected
transformer are given. The behavior of the protections in various
modes is analyzed.

Keywords—furnace transformer, differential protection, reed
switch, inductance coil, Rogowski coil, conductor, damage

L. INTRODUCTION

Transformers supplying arc steelmaking and ore-thermal
furnaces operate in a mode close to short-circuit (SC), and have
a wide range of regulation of the transformation coefficient,
which causes the flow of sufficiently large currents (from 25
kA) from their low voltage [1-6]. For this reason, current
transformers are usually not installed here. Thus, the only
protection against damages from the low voltage side of the
furnace transformer is overcurrent protection, which is set on
the side of its higher voltage and is detuned of the maximum
operating current of the furnace. Often, this current differs
slightly from the current at phase-to-phase SCs behind the
transformer, so the protection may be insensitive to these
damages [7, 8]. Also, the protection cannot detect breakages of
individual conductors of the same phase from the low voltage
side of the transformer and SCs between them. Differential
protection can be more sensitive to phase-to-phase SCs behind
the transformer. However, for the possibility of its
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implementation, it is necessary to use such current sensors that
could become an alternative to current transformers from the
low voltage side of the transformer, taking into account the
above-mentioned features of its operation. Works [9-20], as
well as our developments [21-31] on the construction of
protections on reed switches for 6-35 kV networks are devoted
to such current sensors (work has begun [32, 33] on the
construction of protections for higher voltage networks as
well). This paper proposes a comprehensive protection of
furnace transformers on magnetically sensitive elements,
consisting of differential protection and protection against
damages to individual phase conductors from the side of their
low voltage.

II.  DIFFERENTIAL PROTECTION OF FURNACE
TRANSFORMERS

A. Protection Scheme
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Fig. 1. Functional Scheme of Differential Protection
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The differential protection scheme (Patent of the Republic
of Kazakhstan No0.19001) contains for each phase of the
furnace transformer 1 (Fig.1) reed switch 2 with normally open
contacts 3 and put on it a control winding 4, block 5 of the
detuning from the influence of an on-load tap-changer (OLTC),
block 6 for monitoring the presence of aperiodic component in
the inrush of the magnetizing current, elements 7 MEMORY, 8
TIME and 9 AND with two inputs, one of which is inverse,
phase-turning scheme 10, voltage limiter 11, transreactor 12,
current transformer 13 and also common to all phases element
14 OR and executive body 15, acting on switch 16.

The scheme of the block 5 of the detuning from the
influence of an OLTC contains (Fig. 2): resistors 17-20; relays
21-24; elements 25-28 NOT; triggers 29-36 with an element
AND at the input; elements 37-40 AND with three inputs,
among which one is inverse; elements 41-44 AND with three
inputs, among which two are inverse. The number of elements
in block 5 depends on the number of control stages. Fig. 2 for
example shows a scheme for a transformer having +2 tap-
changer taps.

B.  Operation of the Scheme

Reed switch 2 with winding 4 is fixed in the magnetic field
of the phase conductor from the low voltage side of the
transformer 1. The induction B, of the magnetic flux (MF)

created by the current in the conductor acts directly on the
contacts 3 of the reed switch. Its control winding 4 through the
block 5, phase-turning scheme 10 and voltage limiter 11 is
connected to the secondary winding of transreactor 12, the
primary winding of which is connected to the secondary
winding of the current transformer 13, installed on the high
voltage side of the transformer 1. Thus, the current 7

wind .
(proportional to the phase current from the higher voltage side)
passes through the block 5 into the winding of the reed switch
2, creating a MF, the induction B, , of which also acts on its

win,

contacts.

The parameters of the winding 4 of the reed switch 2, its
position in space, the parameters of the block 5 and the
transreactor 12, as well as the transformation ratio of the
current transformer 13 are selected so that in the load mode of
the protected transformer 1 and with external SCs, conditions

_ load load
Bop 2B, = kdel (med, - B ) and
ext.SC ext.SC . _
B,>B,,, =k, (me . —B: ) are satisfied, where k,, =1.5

is the detuning coefficient; ng is the induction of the MF,

under the action of which the reed switch is operated.
Therefore, the reed switch 2 does not operate and the
protection does not work.

When the transformer 1 is switched on under voltage or
when the voltage is restored after disconnecting the external
short circuit, the inrush of the magnetizing current (IMC) is
thrown. If this is an aperiodic IMC, then the reed switch 2 is
operated, since there is no current in the phase conductor from
the low voltage side of transformer 1 ( BMC :0) and only

IMC
B wind.

induction >B,, acts on the reed switch through the

winding. The signal from the contacts 3 of the reed switch 2
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through the element 7 MEMORY is fed to the direct input of
the element 9 AND (the element 8 TIME is also started). The
inverse input of element 9 AND is connected to the block 6 for
monitoring the presence of aperiodic component in the IMF, at
the output of which there is a signal. Therefore, there is no
signal at the output of element 9 AND, and the protection does
not work. After time #=0.1s, the signal from the output of

element 8 TIME goes to the reset input of element 7
MEMORY. With periodic IMC, the reed switch 2 does not
operate, since in addition to the above-mentioned detuning

from the inductions B, ,, and B, ,,, the induction of its

operation B,

selected so that the condition B, >1.3B

, by analogy with traditional protections, is

is satisfied,

wind .,rat.

where B is the induction of the MF created by the

wind .,rat.

current / in the reed switch winding is proportional to

wind .,rat.
the nominal phase current from the higher voltage side of the
transformer 1. Therefore, the direct input of element 9 AND
the signal is not received and the protection does not work.

In the internal SC mode in the transformer 1, the reed

switch 2 is operated by the induction B™*° of the MF created

wind.
by the current 7”* in its winding 4, and through the element

7 MEMORY it sends a signal to the direct input of the element
9 AND (the element 8 TIME is also started). Block 6
recognizes the SC current and there is no signal at its output.
Thus, at the output of element 9 AND, a signal appears, which
through element 14 OR triggers the executive body 15. The
protection is operated, and the switch 16 turns off the
transformer 1. After time ¢ =0.1s, the signal from the output

of element 8 TIME goes to the reset input of element 7
MEMORY.

When regulating the voltage under load in the block 5 of
the detuning from the influence of an OLTC from the relay
contacts (not shown in Fig. 2) of the OLTC device, an
additional resistance is shunted (when decreasing) or
introduced (when increasing the voltage). Its nominal value
must be such that the equality B, =B, ,, is observed. In this
case, the protection does not react to changes in the tap position
of the OLTC device.

Block 5 works as follows. Suppose transformer 1 operates
with an OLTC located on tap -2. When the voltage drops in the
network, it is necessary to raise it by switching the OLTC
device one step higher, and therefore reduce the current /

in the winding 4 of the reed switch 2.

wind.

When switching the OLTC device to -1 tap, the automation
device operates, the final relay of which is the "add" relay. The
inputs of element 25 NOT and trigger 29 are connected to one
of the contact groups of this relay. When the contacts of the
relay "add" are closed, trigger 29 and relay 21 are triggered,
and from the secondary winding of the transreactor 12 the
current is supplied to the winding 4 of the reed switch 2
through the resistor 17. After releasing the contacts of the
"add" relay, a trigger 30 is operated through element 25 NOT,
preparing the scheme to wait for the next signal from the same
relay or from the "reduce" relay.
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Fig. 2. Scheme of the Block of the Detuning from the Influence of an OLTC

When the voltage in the network increases, it is necessary
to reduce it by switching the OLTC device one step lower, and
therefore increase the current /,,;,; in the winding 4 of the

reed switch 2. When the contacts of the relay "reduce" are
closed, a signal appears at the output of the element 37 AND,
which will reset the trigger 29. The relay 21 will return to its
original position, thereby shunting the resistor 17 with its
contacts, and the current from the secondary winding of the
transreactor 12 to the winding 4 of the reed switch 2 will be fed
through its contacts. After the trigger 29 is reset, the signal
from its inverse output goes to the input of element 41 AND.
The latter will work and the signal from its output will reset the
trigger 30, preparing the scheme to wait for the next signal
from the relay "add" or"reduce".

If there is an OLTC device on the transformer 1 with a
large number of control stages, additional cascades of elements
are connected to the circuit in the gap of connections shown in
Fig. 2 dotted, and the total number of cascades should be equal
to the number of taps of the OLTC.

III.  PROTECTION OF FURNACE TRANSFORMERS AGAINST
DAMAGES TO INDIVIDUAL PHASE CONDUCTORS FROM THEIR
Low VOLTAGE SIDE

A. The First Protection Variant

The protection scheme (Patent of the Republic of
Kazakhstan No. 31950) is shown in Fig. 3, a. Here: 1, 2, 3 —
groups of conductors of phases A, B, C from the low voltage
side of the furnace transformer; 4, 5, 6, n (n+1, n+2, n+3, n+m;
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ntm+1, ntm+2, n+tm+3, ntm+p) — EMF sensors (as which,
for example, inductance coils can be used) located near a
closed non—magnetic core covering group 1 (2; 3) of
conductors of phase A (B; C) 7, 8, 9 — adders; 10, 11, 12 —
dividers; 13 — setpoint setting block; 14, 15, 16 — comparison
schemes; 17-element OR; 18 - output intermediate relay, the
contacts of which are included in the circuit of disconnecting
the switch of the furnace transformer (Fig. 1).

In normal modes, when there is no damages to the
conductors in any phase, the average EMF values from n, m

m b4

ZE/' ZEq
By =i By =)
located near phases A, B and C are less than the specified
reference value E,r , as a result of which there are no signals

n

2 E;
A4 _ i=l
and p sensors ( E, =——

> >

at the outputs of the comparison schemes 14-16 and the
protection does not work.

When a SC between the two conductors is in phase or when
the fastening of a conductor is loose (when changing the
resistance in the contact area) changes one of the average
values of EMF (E,f, E,ﬁ or Epc depending on the phase in

which the damage occurred), which is becoming more than
E,¢r , with the result that the output of one of the comparison

schemes 14—16 appears a signal, which is fed to the output
intermediate relay 18, which gives a command to turn off the
switch of the furnace transformer.
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Fig. 3. Functional Schemes of the First (a) and Second (b) Variants of Constructing Protection of Furnace Transformers Against Damages to Individual Phase

Conductors from their Low Voltage Side

B. The Second Protection Variant

The protection scheme (Patent of the Russian Federation
No. 2618216) contains for each phase of the furnace
transformer from the low voltage side the Rogovsky coils 1-3
(Fig. 3, b), covering the first 4, second 5 and third 6 groups of
phase conductors, isolation transformers 7-9, rectifiers 10—12,
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subtractors 13—15, reference setters 16-18, comparison
schemes 19-21, logic block 22, made in the form of elements
23-25 AND and 26 OR, as well as common for all phases
element 27 OR and output intermediate relay 28, whose
contacts they are included in the circuit of disconnecting the
transformer switch (Fig. 1).
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When there is a SC between two conductors in the phase,
for example, in the first group of conductors 4, the current in
the conductors of the damaged phase changes, as a result of
which different EMF values are applied to the inputs of the
subtractors 13 and 15. From the subtractors 13 and 15, the
voltages are fed to the comparison schemes 19 and 21, where
they are compared with the reference setters 16 and 18. The
value of the reference voltage U,.r =kgo U,y is selected

taking into account the detuning from the unbalance voltage
U,.». In the normal mode, which may occur due to the

inequality of turns in the Rogovsky coils, and most importantly
— due to the asymmetric arrangement of the conductors in each
group. Then, from the outputs of the comparison schemes 19
and 21, signals are sent to element 25 AND. The use of signals
from two comparison schemes for each of the elements 23-25
AND allows to implement the majority principle of "2 out of
3", which ensures an increase in the reliability of operation and
non-operation of protection. Further, the signal through the
elements 26 and 27 OR goes to the output intermediate relay
28, which gives the command to turn off the switch of the
furnace transformer.

IV. CONCLUSIONS

The use of magnetically sensitive elements (reed switches,
inductance coils and Rogovsky coils) allows to implement a
comprehensive protection of furnace transformers, consisting
of differential protection and protection against damages to
individual phase conductors from their low voltage side. At the
same time, the proposed differential protection due to the
presence of a block of the detuning from the influence of the
operation of the transformer’s OLTC device will have a higher
sensitivity than known analogs. The proposed two variants of
constructing protection against damages to individual phase
conductors make it possible to detect not only breakages and
short circuits between them, but also to weaken their fastening.
The introduction of the considered comprehensive protection
of furnace transformers will allow achieving a significant
economic effect due to the reduction of their downtime and
repair costs due to the timely detection of emerging damages.
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