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Abstract—In the article the author presents the principle of
operation of alternative resource-saving maximum current and
longitudinal differential protections, the purpose of which is to
protect high-voltage electric motors from external and internal
short circuits. The presented protections are performed without
the use of widely used in the electric power industry measuring
current transformers (CT) with metal cores, which have
significant weight and dimensional parameters and high cost.
The proposed protections are made using magnetically controlled
elements such as reed switches and inductance coils. Protections
with their application can be used as an alternative to traditional
motor protections and at the same time are not inferior to them
in terms of speed. The developed protections represent an
innovative approach in realization of relay protection of various
electrical installations. Resource-saving of these protections is in
the use of inductive coils and reed switches, which are, both in
terms of cost and weight and dimensional parameters, an order
of magnitude cheaper and smaller in size and weight than the
above-mentioned current transformers. Protections are
recommended for use in high-voltage electric motors, presented
in the form of maximum current protection (MCP) and
differential protection against multiphase short circuits and
internal faults. The proposed protections are performed in the
form of devices, with their installation inside the cell of complete
switchgear (complete switchgear), voltage 6-10 kV and electric
motor. The use of the presented protections increases the
reliability relay protection, as protected electric motors, and the
cell of the complete switchgear.

Keywords—maximum  current  protection, longitudinal
differential protection, electric motor, inductive coil, reed switch

I. INTRODUCTION

The issue of resource saving in the power industry has
been raised many times at international conferences on large
power systems (CIGRE), remaining relevant for relay
protection of electric motors against short circuits, without the
use of expensive and having significant weight and
dimensional  parameters of metal-intensive  current
transformers (CTs) with metal cores [1]. The problem
becomes even more large-scale in connection with the wide
introduction together with traditional current protections,
expensive microprocessor protections, reliability of tripping
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and non-tripping of which in some cases is sometimes
insufficient [2-3]. To improve the reliability of relay
protection it is advisable to use alternative protections, and to
maximize the effect it is necessary to use an alternative of
both the protection device and the current transformer. Works
on creation of resource-saving protections without current
transformers with metal cores, which have their own
disadvantages, have been carried out since the 60s of the last
century. Below is presented on what element base such
protections are performed. Protections made on magnetic
current transformers (MCT) [4]. These magnetic current
transformers are used to supply relay protection circuits of
both high and extra-high voltages. A magnetic current
transformer is essentially an induction-type magnetic probe,
which in turn is subdivided into freestanding and built-in
magnetic current transformers. Protections using Hall sensors,
in which the Hall effect occurs when a magnetic field is
applied to the current that flows through a semiconductor [5].
The main property of this sensor is its ability to develop an
electromotive force when it is placed in a magnetic field, if a
current flows through it. Protections made on the basis of
magnetoresistor, which has its basic characteristic, where
there is a dependence of resistance on induction R=f(B) [6].
Protections made with the help of magnetodiodes and
magnetotransistors, in which the magnetodiode effect is the
best known effect arising when a semiconductor with non-
equilibrium conductivity is placed in a magnetic field,
manifested by the injection of carriers from the p-n junction
when a direct current flows through them [7]. Protections
made with the use of current sensors on the basis of Rogowski
coil, which is a wire wound on a core of non-magnetic
material, placed around the conductor in which it is necessary
to measure the current flowing through it [8]. Protections
based on a reed switch as part of an electrical circuit, in which
the reed switch is a contact that changes its state by
mechanical closing or opening, when it is exposed to a control
magnetic field [9,10]. Under the influence on the reed switch
of an external magnetic field created by a conductive rail,
permanent magnet or control coil, the ends of the contacts are
magnetized differently, their ends bending attract, closing the
electric circuit.

Reed switches and inductance coils have been selected for
the construction of relay protection of electric motors without
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the aforementioned current transformers. Their choice is
conditioned by the fact that in comparison with other
magnetosensitive elements they have important advantages for
relay protection, consisting in the fact that signal transmission
is carried out not through measuring circuits, but through
control circuits, they can simultaneously perform the functions
of the analog-discrete and measuring converter, measuring
protection body, have low cost, low weight and dimensional
parameters in comparison with current transformers with metal
cores. Over the last decades, a number of reed and inductive
coil based current protections have been developed. Below are
presented which protections have been developed so far.
Protection based on reed switches and inductive coils [11].
Protection based on reed switches. Relay protection based on
reed switches without the use of current transformers [12].
Developed installation for the study of electromagnetic field
inside the complete switchgear for the purpose of further
construction of protection on inductive coils or reed switches.
Designs for the installation of reed switches near busbars of
electrical installations with remote selection of current
protection operation settings [13]. Gas protection of power
transformers based on reed switches as an alternative to the
existing conventional gas protection. A multifunctional
protection set that provides constant and remote control of
protection performance [14]. This paper presents and discusses
the principle of operation of the maximum current and
differential protection of high-voltage electric motors, made in
the form of devices.

II. RELEVANCE AND SCIENTIFIC SIGNIFICANCE

As it is known, the maximum current protection trips when
the current of the protected high-voltage electric motor
exceeds the set operating current. Longitudinal differential
protection reacts to internal faults inside the electric motor.

One alternative way to detect this type of fault is to use
inductance coils and reed switches instead of traditional
current transformers with metal cores. In this connection it is
necessary to consider the realization of maximum current and
longitudinal differential protection of high-voltage electric
motors in the form of devices.

III. METHOD

The purpose of the research: creation of alternative current
protections for electric motor protection, such as maximum
current and longitudinal differential current protection, made
of reed switches and inductance coils, without the use of
current transformers and current relays with metal cores for
these protections. The main factor is the refusal to use metal-
intensive, bulky and expensive current transformers and
current relays.

Main tasks: to achieve the set goal it is necessary to
develop a maximum current protection, as well as longitudinal
differential protection for the protection of high-voltage
electric motors.

IV. RESOURCE-SAVING MAXIMUM CURRENT PROTECTION OF
ELECTRIC MOTORS

Fig. 1. Resource-saving maximum current protection of a high-voltage
electric motor: (a) its device; (b) placement of the maximum current
protection device inside the cell of a complete switchgear cubicle.

Maximum current protection of high-voltage electric
motors, presented as a device, is installed in a cell, for
example, series KRU-2 in the following sequence [15]. In this
device, the platform 1 is mounted on the frame 2 of the
withdrawal cart of the circuit breaker (Fig. la). Before
installing the device in the cell 3 determine the optimal place of
installation of the plate 4 with reed switches 5 fixed on it, that
is, the place where the intensity of the magnetic field has the
maximum value, taking into account the required distance from
the current-carrying bus bars 6 to reed switches 5, as well as
the angle at which they should be located, in relation to the
power lines of the magnetic field created by the current bus bar
6 [16]. Moving to this optimum place of the plate 4 with reed
switches 5 is carried out by rotation of the first wing 7, by
means of a threaded rod 8 connected with a worm wheel 9,
which has a clutch with a worm shaft 10 and is moved along
the first longitudinal 11 slot of the platform 1, located at a
distance of 120 mm. (minimum permissible safety distance
according to the Electrical Installations Regulations for
electrical installations with voltage of 10 kV). One full turn of
the thumbwheel 7 is equal to moving the plate 4 from a
distance of 0.5 cm. Since three plates 4 with their reed switches
5 are used, each located opposite its current-carrying busbar 6,
when setting the maximum current protection only one of them
is moved, for example one plate 4 with reed switches 5, the
other two remaining plates 4 are not moved. This operation is
carried out by tightening the first screw 12 securing inside the
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clamping bracket 13 the first axis 14 fixed to the plate 4, and
vice versa for the other two plates 4 by unscrewing their first
screw 12. At the same time, the clamping brackets 13 of the
plates 4 are encamped with removal of their first axes 14. After
that, one of the plates 4 moves, but the other two plates 4 do
not. After reaching the optimum position of the plate 4 in the
cell 3, the first screw 12 is tightened (Fig. la). The same
operations are performed for the other two plates 4 when they
are installed relative to their current carrying bars 6.

If it is necessary to install the plate 4 reed switches 5 on the
second longitudinal slot 11 of the platform 1 (at a distance of
180 mm. from the conductor bars 6), it is moved from the first
longitudinal slot 11 with the help of the shaft 15 - by rotation
of the second thumbscrew 16 and with fixation at these
positions of the shaft 15 to the first bar 17 by the second screw
18 (Fig. 1a,b). These actions are carried out as follows. Since
the first 7 and the second 16 thumbs are located on the same
geometric axis, when the second thumbs 16 are rotated and the
distance between them equal to 0.5 cm. is overcome, the first
wing 7, having connection with the second axis 19, connected
to the worm shaft 10, which is connected to the worm wheel 9,
having connection with the threaded rod 8, fixed on two rigid
rings 20, the clamping bracket 13 with plates 4 with reed
switches 5 fixed thereon by means of the first axis 14, as well
as the screw nut 21 are moved to the stand 22. The distance by
which the plate 4 is moved horizontally and vertically is
determined by the scales 23. One full revolution of the second
wing 16 is equal to moving the plate 4 from a distance of 1 cm
along the transverse slit 24.

Maximum current protection of electric motors works as
follows. In case of inter-phase short circuits on the motor
terminals connected to the cell 3, the current exceeding the
protection tripping current increases (Fig. 1b). In this case, the
induction of the magnetic field acting on the reed switches 5
also increases and becomes sufficient for their operation and as
a result closes its contacts one of the three reed switches 5,
giving a signal to the input of the time-setting organ 25, the
output of which is connected to the actuator 26, which its
output is connected to the circuit breaker trip circuit (Fig. 1a,
b). When operating in normal mode, the rated motor current
does not exceed the protection tripping current and,
accordingly, reed switches 5 are not tripped.

The presence of the first 7 and second 16 thumbs allows, at
horizontal and vertical positions of the platform 1, relative to
the plane of current-carrying tires 6 to realize the remote and
adjustable movement of both plates 4 with reed switches 5, and
the platform 1 together with these plates 4. As a result, it makes
it possible to install reed switches 5 in the places of maximum
magnetic field induced in the cell 3 of the complete switchgear,
in order to further realize the selection of maximum current
protection tripping settings.

V. RESOURCE-SAVING LONGITUDINAL DIFFERENTIAL
PROTECTION OF HIGH-VOLTAGE ELECTRIC MOTORS

Longitudinal differential protection of electric motors,
presented as a device, consists of elements fixed in the cell of
the complete switchgear in the following sequence. On the
current-carrying conductors 1 of the power cable, placed inside

the cable compartment 2, for example, the cell of a complete
switchgear, series type K-63, in compliance with the minimum
permissible distance according to the Rules of the device
electrical installations, equal to 120 mm. (for electrical
installations with voltage U=10 kV) from them and exactly at
the middle of the length of the segment of these conductors
(from the current-carrying busbars 3 to their exit from the first
end coupling 4) fix the supporting stand 5 together with the
first group of inductance coils (IC1-IC3) 6 [16, 17] fixed on it,
located perpendicular to the plane of the cross-section of the
current-carrying conductors 1 (Fig. 2a). To install the second
group of inductance coils (IC4-1C6) 6 inside the electric motor
7 on the leads of its stator windings 8, a supporting stand 5 is
also used (Fig. 2b). The support stand 5 itself is fixed on the
middle of the stator winding leads 8 (Fig. 2b). Before installing
and fixing the inductance coils (IC4-IC6) 6 on the current-
carrying conductors 1 and on the terminals of stator windings
8, they are installed in the points of maximum values of the
magnetic field induce induced by each conductor 1 and stator
winding (closer to its terminals) 8, as well as taking into
account the convenience of placement of these inductance coils
(Fig.2a, b). Then turn on the circuit breaker 9 and on the first
contact cores 10 of reed switches 11 the potential "plus" is
applied (Fig. 2c).

c)

Fig. 2. Device of resource-saving longitudinal differential protection of a
high-voltage electric motor: (a) placement of inductive coils in the busbar
compartment of a complete switchgear cell and (b) of the terminals of the
stator windings of the electric motor; (c) structural diagram of the longitudinal
differential protection of the electric motor.

The operating principle of the device is based on
comparison of magnetic field induction values. The protected
zone is the area between the two groups of inductance coils
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(IC1-IC3 and IC4-IC6) 6 having the same parameters - set by
means of adjustable resistors (R1, 2,3 and R4, 5,6) 12. The
effect of magnetic fluxes F created by the currents in current
carrying cores 1 and stator windings 8 on inductance coils 6 is
shown by arrows (Fig. 2c). The voltage amplifier (A)13
amplifies the voltage taken from the terminals of the
inductance coils 6 to the required value.

Longitudinal differential protection of electric motors
works as follows. In normal operation mode of the electric
motor, the parameters in the longitudinal differential protection
are adjusted by means of resistors 12 so that the voltages Ul
and U2 coincide in magnitude. This allows the device circuitry
not to react to external short circuits — outside the current
carrying cores 1 and stator windings 8 of the electric motor 7
(Fig.2c). In case of a short circuit in the protected electric
motor 7, the current in its stator windings 8 increases and the
inductance coils 6 react to the change in magnetic field
induction. As a result, an increased value of electromotive
force is induced in them (Fig.2c). In this case, the voltages Ul
and U2 are directed in different directions and are not equal to
each other - they will be different, and in connection with this
will be different and currents in the control windings 14 of the
reed switch 11, creating a magnetic flux affecting the reed
switch 11 (Fig. 2¢). Due to the fact that this value of voltage
taken from the terminals of the inductance coil 6 is small
(about 5-7 V), then it is increased with the amplifier (U) 13 to a
voltage value equal to U = 220 V. and fed to the first terminal
of the control winding 14 reed switch 11 (Fig. 1c). As a result
of reaching this difference between the voltages U; and U, - a
value sufficient to trigger the reed switch 11, it under the
influence of the magnetic field created by the control winding
14 triggers and closes its first 10 and second 15 contact cores,
sending a signal "plus" from the circuit breaker 9 to the first
terminal of the winding 16 of the intermediate relay 17 (Fig.
2¢).

The relay 17, having tripped, gives a signal to the first lead
of the winding 19 of the indicating relay 20 to the first lead of
the trip coil (YAT) 21 of the circuit breaker through the first
lead of the winding 18 connected to its closing contact. The
second leads of the winding of the intermediate relay 17 and
the trip coil (YAT) 21 are connected to the minus pole of the
circuit breaker 9. As a result, the electric motor 7 is
disconnected from the general power supply (Fig. 3).

° K-63 7
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Fig. 3. Connection of the protected electric motor to the complete switchgear
cell.

VI. ELECTRICAL MOTOR CURRENT PROTECTION WITH REMOTE
SETPOINT SELECTION

Current protection with remote setpoint selection, presented
in the form of a device in its composition consists of reed

switches 1 (Fig. 4a), which are mounted on the plate 2 and are
located at different angles to the plane of the cross section of
the current-carrying bus 3 cells KRU series K-63 [17]. The
leads of contacts 4 of reed switches 1 are connected to the
time-zapper 5. The plate 2 is fixed to the first end of the
support post 6 and is located opposite the current-carrying
busbar 3, at a safe distance from it. The other end of the
support stand 6 is fixed inside the container 7 with the help of
the sleeve 8, fixed to the wall of the container 7. Inside the
container 7 on the platform 9 the motor-reducer 10 is fixed, on
which the worm wheel 11 is mounted, as well as the worm
shaft 12, the time setter 5, as which uses a time relay and the
actuator 13 as which uses an intermediate relay, are installed
and fastened. On the rear wall of the container 7, the platform
9, the time-holder 5 and the actuator 13 are mounted. The plate
2 is connected to the first end of the worm shaft 12 by means
of the hollow cylinder 14, the second end of the worm shaft 12
is attached to the back wall of the container 7. The motor-
reducer 10 is attached to the platform 9. The penstock 7 is
fixed in the switchgear panel. The number of these peninsulas
7 is three, each located opposite its current-carrying busbar 3
(Fig.4a).

The gearmotor 10 is powered by the control unit 15
installed in the protective cabinet 16. On the front panel of the
control unit 15 there is a display 17 for controlling the
operation, as well as the "forward-backward" control buttons
18; 19 for the gearmotor 10. The control unit 15 is powered by
the circuit breaker 20 (Fig.4b).

a) b)

Fig. 4. Current protection device: a) placed in the switchgear panel; b)
gearmotor control unit.

Regulation of triggering parameters of current protections
from short-circuit currents is carried out by approaching the
current-carrying busbar 3 plate 2 reed switches 1. At the same
time for one protection use one of the three reed switches 1.
Moving the plate 2 by means of geared motor 10, pressing
buttons 18; 19. The required distance from the plate 2 to the
current-carrying bus 3 in a cubicle switchgear, defined by
turning the geared motor 10, implemented by a microcontroller
(not shown in the diagram) mounted in the control unit 15.

Before installing the device in the switchgear cubicle
calculates the necessary distance from the current-carrying bus
3 to the reed switches 1 and the angle at which the reed switch
1 must be in relation to the lines of force of the magnetic field
created by the current in the current-carrying bus 3 and
according to the table, take the reed switch 1, with a given
magnetomotive force of operation.
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The current protection works as follows. In the busbar
compartment of the cell at a safe distance equal to 0.12 m. (the
minimum allowable distance according to Electrical
Installation Regulations from live parts of electrical
installations with voltage U=10 kV) from the live busbars 3,
install three penalized enclosures 7. In the 16 bay protection
cabinet place and connect the control unit 15 and circuit
breaker 20. Then turn on the circuit breaker 20 supplying
power to all elements of the current protection device (Fig.4b).

As an example, consider the setting of protection for phase
A, made with one of the three reed switches 1 (the first),
located on the plate 2 relative to the plane of the cross-section
of the current-carrying busbar 3 at an angle 0°. The remaining
two reed switches 1, also located on the plate 2, are designed to
provide a more accurate choice of settings, and will be used, in
case the reed switch 1 (the first) cannot be selected with the
necessary magnetomotive force. At the very beginning, the
display 17 of the control unit 15 shows the distance to the
current-carrying busbars 3 at which the plate 2 with the reed
switches 1 is currently located, e.g. 0.15 m. Then by pressing
the "Forward" button 18 the geared motor 10 is started which
moves the plate 2 together with the reed switches 1 closer to
the current-carrying busbars 3. After the display 17 shows the
value 0.12 m, release button 18 and thus the reed switch 1 is
smoothly set at the necessary distance from the current-
carrying busbar 3 of phase A. Similarly, the current protection
(the other two hangers 7) is set for the other two phases B and
C.

When a short circuit in the protected electric motor, the
current flowing on the current-carrying bus 3 of the switchgear
panel, exceeds the current operation of protection, at which one
of the reed switches 1 triggers (closes contacts), sending a
signal to the time setter 6, which after a specified time delay
sends a signal to the executive 13, which in turn sends a signal
in the circuit breaker off the electric motor.

In nominal load modes, the electric motor current does not
exceed its maximum value, and in this regard, the reed
switches 1 are not triggered. The motor reducer 10 makes it
possible to remotely adjust the distance from the reed switches
1 to the current-carrying busbar 3 of the switchgear panel, thus
ensuring the selection of the required setting of the electric
motor current protection operation, and the absence of the use
of expensive and bulky current transformers ferromagnetic
cores (compared with reed switches) provides significant
savings in material resources, which together makes it possible
to use this current protection in any series of switchgear cells to
implement current protections of electric motors of any type
and voltage class.

VII. CURRENT PROTECTION WITH CONTINUOUS FAULT
MONITORING

The principle of operation of this protection, presented in
the form of a device based on the impact of magnetic fluxes @
(shown by arrows), created by currents of current-carrying
busbar of switchgear, to which is connected to the protected
electric motor on the inductor coil 1 (Fig.5). This device can be
installed inside the cells of a complete switchgear and closed
switchgear, either for all three phases in one set, or for each

phase separately in the place where there is a maximum value
of magnetic fluxes. Application of the microcontroller 2 is
conditioned by monitoring the serviceability of the elements of
current protection, which carries out the alternate supply of
potentials from a direct current source 3 and alternating voltage
4 (fig. 4a). In this case, its contacts 5 and 6, connected to the
AC voltage source 4, as well as 7 and 8§ are connected to a DC
source 3 trigger simultaneously and in pairs, i.e., for example,
when the contact closes at 6 opens contact 8§ and by the same
analogy with the closure of the contact 5 opens contact 7.
When a short circuit of the terminals of the prtected electric
motor, current in the busbars of the cell of the switchgear
increases and the inductor coil 1, installed at a safe distance
from the busbar "Rules for Electrical Installation" reacts to
changes in the magnetic field, and it induced an increase in the
electromotive force (Fig.5b). Due to the fact that the value of
the voltage taken from the terminals of the inductor coil 1 has a
value of about 5 V, it rises with a voltage amplifier (A) 9 to a
value equal to U = 220 V (In this case the gain amplifications

to K, =%=%= 44 ) and fed to the leads of the control

1

winding 10 reed switch 11. As a result, the reed switch 11
under the influence of the magnetic field created by the control
winding 10 closes its contact 12 and sends a positive potential
"+" coming from a constant current source 3 to the first lead of
the winding 13 of the intermediate relay 14. This relay 14,
when triggered, applies potential "+" through its contact to
close 15 and passes through the contact to open 7
microcontroller 2 to the first terminal of the pointer relay 16,
and for it to the first terminal of the trip coil winding (CW) 17
of the electric motor switch. As a result, the protected electric
motor is turned off. Triggering of the electric motor current
protection is detected by the indicating relay (IR) 16.

In normal operation of the electric motor, the parameters in
the voltage amplifier 9 are adjusted so that it triggers only
when the voltage on its terminals exceeds 5 V, and when the
voltage is less than this value, this protection from turning off
the electric motor does not work. In order to ensure the reliable
operation of this current protection, there is a continuous
control of the serviceability of its elements. This control is
performed using the microcontroller 2, which performs with a
set time delay, equal to 0,02 s. (At an interval of 180 seconds)
from an AC voltage source 4 of one of the phase potential "~"
through its contact to close 6 to the first terminal of the voltage
amplifier 9, on the second terminal of the amplifier 9 through
the contact to open 8 microcontroller 2 continuously comes
from a source of alternating voltage 4 of the other phase
potential "~"(Fig. 5a).

After that, the voltage output from the amplifier 9 also
increases to a value of U = 220 V (as in the case of a short
circuit), the gain is also equal to K, = 44 and fed to the leads of
the control winding 10 reed switch 11. The reed switch 11
under the influence of the magnetic field created by the
winding 10 closes its contact 12 and sends the positive
potential coming from the direct current source 3. This
potential passes through the winding 13 of the intermediate
relay 14, which closes its contacts 15 and 18 by triggering.
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Fig. 5. Motor current protection with functional fault monitoring: a)
microcontroller; b) structural protection schema
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Then the positive potential flow from the contact 15 of the
relay 14, as well as through the contact to close 5
microcontroller 2 to the signal lamp 19, which lights up to
indicate the serviceability of the device (Fig.5b). After a time
interval equal to 180 s. this check of the device operability is
repeated again according to the algorithm described above. If
any part of the device is damaged, there is no positive potential
to the signal lamp 19 and it does not light up, which can be
easily detected by the service personnel.

VIII. RECOMMENDATIONS AND CONCLUSIONS

Presented and considered protections have features,
consisting in the fact that the current protection of electric
motors has a function of monitoring the serviceability of their
elements, which is carried out automatically without human
intervention, allow you to choose their settings by remote
movement of reed switches, relative to the plane of current-
carrying busbars of the switchboard. This does not disrupt the
operation of the motor connected to the switchboard, as it is
not required to disconnect it due to the need to roll out the
circuit breaker (vacuum, low-oil and others). Operations on
setting of current protections are performed remotely. All
structural elements of the presented protections are made of
heat-resistant, durable and lightweight plastic of "PLA" type,
printed on a 3D printer. The absence of current relays and
current transformers (remote and built-in) with ferromagnetic
cores, containing expensive copper, steel and high-voltage
insulation, as well as having significant weight and
dimensional parameters in these protections meets the current
problem of energy - resource-saving materials, which allows to
significantly save copper and steel, representing a completely
new approach to the implementation of current protections of
electric motors and, as a consequence, the use of the presented
devices for re-protection of electric motors.

ACKNOWLEDGMENT

This research has been/was/is funded by the Science
Committee of the Ministry of Science and Higher Education of
the Republic of Kazakhstan (Grant Ne AP14972954).

(1]

[2]
[3]
(4]
(5]

(6]
(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

REFERENCES

A. F. Dyakov, “Power industry of the world at the beginning of the XXI
century,” (Based on the Material of the 39th Session of CIGRE, Paris).
Energy Abroad, vol. 4, pp. 7-16, 2004.

V. A. Andreev, Relay Protection and Automation of Power Supply
Systems: A Textbook for Universities. Moscow: Higher School, 2006.

E. M. Shneerson, Digital Relay Protection. Moscow: Energoatomizdat,
2007.

V. E. Kazansky, Measuring Current Transducers in Relay Protection.
Moscow: Energoatomizdat, 1988.

A. Kobus and J. Tushinsky, Hall Sensors and Magnetoresistors.
Moscow: "Energy", 1971.

G. I. Kotenko, Magnetoresistors. Leningrad: Energy, 1972.

G. A. Egiazaryan and V. L. Stafeev, Magnetodiodes, Magnetotransistors
and their Applications. Moscow: Radio and Communication, 1987.

L. A. Kozhovich and M. T. Bishop, “Modern relay protection with
current sensors based on the Rogowski coil,” Modern Trends in the
Development of Relay Protection and Automation of Power Systems:
Collection of Articles. Report Int. Scientific and Technical Conf.
Moscow: Scientific and Engineering Information Agency, pp. 39-48,
2009.

Ya. M. Dikovskiy and I. I. Kapralov, Magnetic Contacts. Moscow:
Energy, 1970.

S. M. Karabanov, R. M. Maisels, and V. N. Shoffa, Magnetically
Operated Contacts (Reed Switches) and Products Based on them.
Dolgoprudny: Publishing House Intellect, 2011.

D. D. Issabekov, M. Ya. Kletsel, A. B. Zhantlesova, P. N. Mayshev, and
B. E. Mashrapov, “New filters for symetrical current components,”
Electrical Power and Energy Systems, no. 101, pp. 85-91, 2018, doi:
10.1016/j.ijepes.2018.03.005.

D. D. Isabekov, M. Ya. Kletsel, B. E. Mashrapov, and D. T. Amrenova,
“Reed-switch-based relay protection without current transformers,”
Russian FElectrical Engineering, no. 4, pp. 247-253, 2022, doi:
10.3103/S1068371222040058.

D. D. Isaberov, B. E. Mashrapov, G. N. Mashrapova, and Z. B.
Issabekov, “Structures for mounting reed switches near the busbars of
electrical installations with remote control of their position,” AIP
Conference Proceedings, no. 2337, pp. 1-7, March 2021, doi:
10.1063/5.0047151.

D. D. Issabekov, “Multipurpose power system protection set that
provides constant remote serviceability control,” 2022 International
Conference on Industrial Engineering, Applications and Manufacturing
(ICIEAM), Sochi, Russian Federation, 2022, pp. 35-39, doi:
10.1109/icieam54945.2022.9787128.

K. I. Doroshev, Complete Switchgears 6-35 kV. Moscow: Energoizdat,
1982.

Order of the Minister of Energy of the Republic of Kazakhstan. Rules
for the device of electrical installations of the Republic of Kazakhstan:
approved by the Ministry of Energy of the Republic of Kazakhstan.
March 20, 2015, Ne 230

Complete distribution device with voltage 6-10 kV. KRU K-63.
Technical information. Novosibirsk: Open public association Siberian
plant "Electroshield", 2015.



	I. Introduction
	II. Relevance and scientific significance
	III. Method
	IV. Resource-saving maximum current protection of electric motors
	V. Resource-saving longitudinal differential protection of high-voltage electric motors
	VI. Electrical motor current protection with remote setpoint selection
	VII. Current protection with continuous fault monitoring
	VIII. Recommendations and conclusions
	Acknowledgment
	References



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles false

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (None)

  /CalCMYKProfile (None)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.7

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 0

  /ParseDSCComments false

  /ParseDSCCommentsForDocInfo false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness true

  /PreserveHalftoneInfo true

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 200

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /ColorImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 200

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /GrayImageDict <<

    /QFactor 0.76

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 15

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 400

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 600

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<





    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>







    /HUN <>

    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>





    /SKY <>



    /SUO <>

    /SVE <>

    /TUR <>



    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)

  >>

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



