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Abstract—A brief consideration of the current sensors with
the magnetosensitive elements. The use of reed switches as
current sensors in relay protection is advised. The principle of
building protections on reed switches is stated. The
disadvantages of the known designs for mounting the reed
switches in closed complete current conductors are analyzed.
Four designs for mounting reed switches near three-phase closed
complete current conductors with dividing barriers and on cable
lines are proposed. In the first one, the bracket with reed
switches is attached to two dividing barriers of the current
conductor, in the second to its shell and passes through the
dividing barriers, in the third, the reed switch is mounted on a
rotary drum located in a housing attached to the cable, in the
fourth — on an inclined bracket. Further we speak about how the
response parameters of magnetosensitive elements are controlled
using these designs.
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L INTRODUCTION

It is known that most modern relay protection (RP) devices
obtain data on the protected electrical system from bulky and
expensive current transformers [1-3], which, as has been
repeatedly noted, have a number of well-known disadvantages.
Alternatives to the widespread use of current transformers are
current sensors on magnetically sensitive elements [4—-8], such
as Hall sensors, Rogowski coils, magnetic current
transformers, simple inductors, reed switches (sealed contacts),
reed relays, etc. Each of these sensors has its own advantages
and disadvantages. We have chosen reed switches, as they can
simultaneously perform the functions of analog-discrete and
measuring transducers, as well as of a measuring protection
element; they are not affected by ambient temperature; they do
not need amplifiers; they transmit signals through control
circuits [9—11]. Moreover, they have a low cost and relatively
small size. At present, RP devices with reed switches for
almost all types of electrical installations have already been
developed [6, 12—-16]. However, all these RP devices need
appropriate designs for mounting the reed switches near the
phases of the protected electrical installations. Therefore, in
this article, we propose new unique designs for mounting reed
switches in three-phase closed complete current conductors and
on cable lines.
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II.  THE CURRENT SENSORS ON REED SWITCHES
OPERATION PRINCIPLE

Reed switch is two (three) ferromagnetic plates (contacts)
contained in a glass flask filled with an inert gas or vacuum
(Fig. 1) [9, 10]. Ferromagnetic plates (contacts) overlap each
other, while maintaining an air gap between them.

Reed switch trips under the influence of a magnetic field
with a triggering induction B, [17]:

By =woFy /e =powl, /1., (1)

where i is the air magnetic permeability; /. and F},. is
the minimum value of current and magnetomotive force in the
reed switch coil, at which it is triggered; w and /. is the
number of turns and length of the reed switch coil.

In RP devices, a reed switch is mainly used as a sensor of a
change in the current value in the current conductor, with
contacts that close and open with each half-wave of alternating
current at /. 2 kyp 1, (kg is selected depending on the

required sensitivity). In this case, the #,. reed switch response
time for a current multiplicity of 1< K <4 does not exceed
6 ms, and for K >1.5 itis less than 1.5 ms [6]. This indicates
that when designing RP on reed switches, it is necessary to
take into account the current multiplicity influence on the 7,
reed switch response time.
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Fig. 1. The reed switch structure: a — closing, b — switching

op.

Fig. 2. Reed switch location under the installation phase: 1 - electrical
installation phase 2 - reed switch
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Relay devices have already been developed for low and
high voltage networks, with the reed switches installed both
directly on the bus and at a safe distance h (according to safety
conditions) from the current conductor (Fig. 2). The reed
switch trips under the influence of a magnetic field created by
the current flowing through the current conductor [17]:
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where [, is the minimum current value in the phase of the
electrical installation at which the reed switch trips; B, is the

magnetic field induction, directed along the reed switch

contacts, and created by the tripping current /,.; a is the

angle between the reed switch longitudinal axis and the plane
parallel to the current conductor.

With a short circuit (SC), the current in the phases of
electrical installations increases several times, so the reed
switches can be used to identify the short circuit mode.

It should be noted that for a more accurate calculation of
the RP on the reed switches response parameters according to
formula (2), the correction factors given in [18] should be used.

III.  REED SWITCHES MOUNTING DESIGNS

A. Reed switches mounting designs in three-phase closed
complete current conductors

A number of designs for mounting reed switches in closed
complete conductors already exists [19-21]. However, the
designs [19, 20] cannot provide a smooth and precise operation
parameters adjustment of the reed switches used in RP devices,
and the design [21] is too complicated to make. Moreover,
designs [19, 20] are intended for complete single-phase current
conductors with tubular buses. We offer designs that do not
have these restrictions.

The design for mounting the reed switches in a closed
three-phase complete current conductor with dividing barriers
[22] contains reed switches 1 (Fig. 3, 4), mounted on the first
bracket 2 with clamps 3 and screws 4. The second bracket 5,
with two lugs 6 with holes for the screw 7 on the front side, is
attached to the first bracket 2 with the pivot pins 8. Two guide
plates 9 are mounted in parallel on the dividing barriers 10 with
bolts 11 and nuts 12.

The first 13 and second 14 brackets with recesses are
mounted in parallel on two guide plates 9 with bolts 11 and
nuts 12. The hollow cylinder 15 is fastened to the second
bracket 14 with recesses. Rod 16 is equipped with a wing 17.
The first bracket with recesses 13 has a hole for the rod 16 with
the wing 17, while the base of the rod 16 is integrated into the
hollow cylinder 15. On the shaft 16, a nut 19, glued to the back
of the second bracket 5, is statically fixed. Also two guide rails
18 are glued to the same bracket along the guide plates 9 (not
shown in Figs. 3, 4). All structural parts are made of dielectric
material.

Fig. 3. The reed switches mounting design, fastened inside the three-phase
closed complete current conductor casing

Fig. 4. The reed switches mounting design in a three-phase closed complete
current conductor.

The operation values adjustment of the proposed current
protection on the reed switches design is as follows. As the
reed switch serves as a current sensor of the RE, it is necessary
to calculate the corresponding operation values, according to
the method described in article [17].
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To adjust the operation values, it is necessary to move the
reed switch 1 in relation to the conductor bus 20, i.e. change
“h” (Fig. 4). By rotation of the wing 17, the second bracket 5,
fixed on the rod 16 is moved. Finally, the first bracket 2 with
reed switches 1 will be exactly under the conductor bus 20, for
maximum sensitivity of the reed switches. A scale 21 is applied
on the guide plate 9 for fine tuning. To change the value of “h”
to “h” turn the first bracket 2 and fasten it to the corresponding
holes in lugs 6 with screws 7. The use of a large number of
reed switches on the first bracket 2 makes the operation values
adjustment more accurate and smooth, as each reed switch is
configured to its own operating current, and it is possible to
choose the reed switch with operating current closer to the
calculated one.

The following design for mounting reed switches in a
closed three-phase complete current conductor with dividing
barriers includes a bracket 1 (Fig. 5), with the first 2, second 3,
third 4 and fourth 5 guide rails fixed on it at both edges. One
end of the bracket 1 is equipped with a handle. The bracket 1 is
fastened along the entire length to the slide 7 with the
possibility of moving along and passing through the
corresponding slots in the first 8 and second 9 dividing

B
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Fig. 5. Reed switches mounting design

barriers and in the conductor sheath 10 at an angle o to the
planes of these barriers. In this case, the slide 7 has locking
protrusions for fastening to the conductor sheath 10 with the
mounting bolts 11. The first 13 and second 14 groups of reed
switches are fastened to the bracket 1 near its ends from the
side where two of the three conductor buses 12 are located.
The third group of reed switches 15 is fixed near the middle of
the bracket 1 from the side where only one conductor bus 12 is
located. The reed switches of the first 13, second 14 and third
15 groups are fastened to the rail 1 with the clamps 16, fixed
with mounting bolts 17.

The order and calculation of the reed switches operation
parameters is carried out in the same way as in the previous

design. The bracket 1 with the reed switches is positioned by
entering it through an opening in the current conductor 10
along the slide 7 until it stops. Then the design is ready to

work. When the bracket 1 is positioned at an angle o = 300,
setting the protection operation parameters for each group of
reed switches is simple and uniform, without requiring specific
calculations.

B. Designs for mounting reed switches on cable lines

In contrast to designs for mounting reed switches in closed
complete current conductors, the number of designs for
mounting reed switches on cable lines is much less. One of
these designs is given in [23], where the reed switch is located
on the cable with a fastening block. However, the design
according to [23] has a very limited range of the reed switch
operation parameters adjustment, thus it is not always possible
to select a reed switch for the RP of the protected electrical
installation. To eliminate this disadvantage, the following
designs are proposed.

The Fig. 6 shows the design with rotary drums for
mounting the reed switches on cable lines [24], which consists
of a housing 1 with a cover 2, made in the form of a
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Fig. 6. Design for mounting reed switches on cable lines (general isometric
view)

parallelepiped of non-magnetic material. At the bottom of
the housing 1 are fixed protruding grooves 3. The housing
cover 2 and one of the housing side faces 4 are made
transparent. The housing cover 2 with nine holes is attached to
it by two screws 5. A cylindrical hollow axis 6 and the wing 7
of the rotary drums 8 pass through these holes. The bolts 9 are
passed through the remaining six holes with a pinion gear 10 at
the upper parts of each.

Holes are made in the housing 1 walls near its ends, and the
studs 11 are passed through them. A pinion gear 12 is installed
on each cylindrical hollow axis 6, under the cover 2, and
connected with two of the six gears 10. On the inner bottom
side of each rotary drum &, a reed switch 13 is fixed with a
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clamp 14 and two screws 15, and the outer side of the bottom
is attached to the lifting platform 16. At the edges of the lifting
platform 16, holes are made and nuts 17 are attached, so that
the holes in the nut 17 and the lifting platform 16 are aligned.
The bolts 9 are screwed into the nuts 17 and inserted into the
grooves 3 at the bottom of the housing. Each stud 11 is rigidly
fixed to the bottom of the housing with a clamp 14 and two
screws 15, and their ends are passed through holes in the
movable guide links 18 and fixed with nuts 19. In this case, the
movable guide links 18 encircle the cable 20 from two sides.

This design enables the trip current protection (reed switch)
adjustment as follows. When one of the two bolts 9,
interconnected by the gear mechanism of the gears 10 and the
pinion gear 12, is rotated, the lifting platform 16 is moved in
the vertical plane to a distance h along the bolts 9, where the
rotary drum 8 with the wing 7 is located. When the wing 7 is
rotated, the reed switch 13 is rotated to the angle y (between

the reed switch longitudinal axis and the conductor axis) in the
horizontal plane parallel to the cable 20. Quantification of
changes in angle y and distance % is displayed by scales on

cover 2 and one of the side faces 4.

The design described above enables the reed switches
mounting on cable lines and smooth RP on reel switches
operation current /,. adjustment. This advantage is associated

with the reed switches rotation in the horizontal plane and
movement in the vertical one. When it is necessary to use a
larger number of reed switches and the fine-tuning of the RP
operation values is not required, it is recommended to use
designs with reed switches on a rotary bracket [25].

The design for mounting the reed switches on cable lines
[25] contains a housing 1 with a cover 2, made in the form of a
parallelepiped (Fig. 7). Cover 2 is mounted on the housing 1
with screws 3. Holes are made in the butt wall of one side of
the housing 1, and a U-shaped bracket 4 is inserted there and
secured externally with a screw 5 so that the U-shaped bracket
4 flanges protrude inside the housing 1. L-part 6 is fixed below
the U-shaped bracket 4 flanges on the inner side of the housing
1 butt wall. On the large sides of the housing 1, closer to its
bottom, through holes (two on each side) are symmetrically
made, where two threaded studs 7 are inserted. Each stud 7 is
rigidly fixed to the bottom of the housing 1 with a clamp 8 and
screws 9. At the ends of the studs 7 movable guide links 11 are
fixed with the help of nuts 10, and shaped to cover the
conductor cable 12. Inside the housing 1 there is an inclined
bracket 13, with the lower end attached to a hinge 14 fixed on
the bottom of the housing 1 (Fig. 7). The upper end of the
bracket 13 is made for thrusting or connecting to the upper
flange of the U-shaped bracket 4, or on the L-part 6. n reed
switches 17 are fixed to the bracket 13 upper and lower sides
at an equal distance and parallel to each other with clamps 15
and screws 16 (Fig. 8). Reed switches 17 are connected in
parallel and connected with wires 18 to the terminal block 19,
mounted on the bottom of the housing 1.

To place the design on the cable, unscrew the nuts 10 on
the studs 7 until enough gap is formed between the guide links
11 for the conductor cable 12. Then perform the guide links 11
convergence on the studs 7 to a position that provides reliable

connection of the device on the conductor cable 12. Nuts 10
are tightened to the limit.
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Fig. 7. Design for mounting reed switches on cable lines
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Fig. 8. Design for mounting reed switches on cable lines

This design provides for the trip current adjustment as
follows. The protection tripping current and the tripping
current of all n reed switches 17 are determined. The reed
switches 17 operation current is the value of the current
flowing in the conductor cable 12 during a short circuit, when
the reed switches 17 close their contacts or send signals. All n
reed switches 17 have different operation current values. The
contacts of each reed switch 17 are connected to the individual
terminals of the terminal block 19 with wires 18. Then, the
closest protection trip current is selected from the obtained
values of the n reed switches 17 operation currents. An output
relay is connected to the selected reed switch 17 through the
terminal block 19, where the signal enters the protection
circuit.

The bracket 13 upper end is lifted to the upper shelf of the
U-shaped bracket 4 or lowered to the L-part 6, by removing
and reverse mounting the U-shaped bracket 4 (shown in dashed
line in Fig. 7), thereby changing the RP trip values to increase
the n reed switches 17 operation settings range.

To calculate the operating current of the reed switches used
in the designs [23-25], it is recommended to use the
calculation method described in [26]. This is due to the fact
that when the reed switches are located at a distance of less
than 4.5 cm, the calculation of the operation values according
to (2) has large errors.

IV. CONCLUSIONS

1. The proposed designs enable to make the measuring
elements of electrical installations with three-phase closed
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current conductors with dividing barriers and cable lines relay
protection without of current transformers.

2. The proposed designs for closed three-phase complete
current conductors are simpler than the conventional ones, the
adjustment range of the protection parameters for reed switches
is wider, and there is the possibility of modifying them without
electrical installations downtime.

ACKNOWLEDGMENTS

The paper was prepared with the support of the World
Bank (grant No. 00722 “Commercialization of the
Manufacture of Structures for Fastening the Reed Switches of
Current Protection of Open and Closed Current Conductors”)
and the Ministry of Education and Science of the Republic of
Kazakhstan (grant No.AP05131351 “Creation of a Globally
Competitive Resource-Saving Relay Protection of Power
Supply Systems”).

REFERENCES

[1] V. A. Andreev, Relay protection and automation of power supply
systems. Moscow: Higher School, 2006.

[2] M. Kletsel and B. Mashrapov, “Traversal protection of two parallel lines
without voltage path,” Electrotechnical inspection, vol. 92, no. 2, pp.
109-112, 2016.

[3] M. Kletsel and B. Mashrapov, “Differential protection of three and four
parallel lines of idling current control,” Electrotechnical inspection, vol.
93, no. 10, pp. 109-112, 2017.

[4] L. A. Kozhovich and M. T. Bishop, “Modern relay protection with
current sensors on the basis of Rogovsky Coil,” Modern Development of
Relay Protection and Power System Automation Systems. Materials of
Int. Scientific and Technical Conf., pp. 3948, 2009.

[5] A.F. Dyakov, V. Kh. Ishkin, L. G. Mamikonyants, and V. A. Semenov,
“Global power industry in the early XXI century (according to the
materials of 39th session of CIGRE, Paris),” Energy Abroad, no. 4-5,
2004.

[6] M. Ya. Kletsel, “Basics of construction of relay protection on reeds,”
Modern Development of Relay Protection and Power System
Automation Systems. Materials of 4th Int. Scientific and Technical
Conf., pp. 1-10, 2013.

[7] V. E. Kazansky, Measuring current transformers in relay protection.
Moscow: Energoatomisdat, 1988.

[8] M. Kletsel, V. Borodenko, A. Barukin, and A. Kaltayev, “Constructive
features of resource-saving reed relay protection and measurement
devices,” Rev  Roumaine des Sciences Techniques-Series
Electrotechnique et Energetique, vol. 64, no. 4, pp. 309-315, 2019.

[9] Ya. M. Dikovskij and I. I Kapralov, Magnetically operated contacts.
Moscow: Energiya, 1970.

[10] S. M. Karabanov, R. M. Maisels, and V. N. Shoffa, Magnetically
controlled contacts (reed switches) and reed switch based products.
Dolgoprudny: Intellect Publishing House, 2011.

[11] M. Ya. Kletsel, V. V. Musin, Zh. R. Alishev, and A. V. Manukovskij,
“The properties of hermetically sealed reed relays used in relay
protection,” Electricity, no. 9, pp. 18-21, 1993.

[12] M. Kletsel, A. Kaltayev, and B. Mashrapov, “Resource-saving
protection electric motors,” Electrotechnical inspection, vol. 93, no. 5,
pp. 40-43,2017.

[13] M. Ya. Kletsel and P. N. Maishev, “Specific features of the development

of differential-phase transformer protection systems on the basis of

magnetic reed switches,” Russian Electrical Engineering, vol. 78, no. 12,

pp. 629-634, 2007.

M. Kletsel, A. Zhantlesova, P. Mayshev, and B. Mashrapov, ‘“New

filters for symmetrical current components,” Int. Journal of Electrical

Power and Energy Systems, vol. 101, pp. 85-91, 2018.

[14

[}

[15] M. Ya. Kletsel, “Design principles and models of reed relay base energy
facility differential protections,” Electrical Engineering, no. 10, pp. 47—
50, 1991.

[16] M. Ya. Kletsel and M. A. Zhulamanov, “Impedance relay with
hermetically sealed contacts,” Electrical Engineering, no. 5, pp. 3844,
2004.

[17] M. Ya. Kletsel and V. V. Musin, “On the protection of high-voltage
installations built based on reed switches without current transformers,”
Electrical Engineering, no. 4, pp. 11-13, 1987.

[18] M. Kletsel, A. Barukin, and O. Talipov, “About the Biot-Savart-Laplace
law and its use for calculations in high-voltage AC installations,”
Electrotechnical inspection, vol. 93, no. 11, pp. 129-132, 2017.

[19] M. Ya. Kletsel, A. N. Berguzinov, and N.T. Yerzhanov, “Device for
maximum current protection,” RU Patent 2570328, 2015.

[20] M. Ya. Kletsel and A. N. Berghuzinov, “Device for protecting complete
current conductors from short circuits,” KZ Patent 30165, 2015.

[21] M. Ya. Kletsel and A. N. Berghuzinov, “Measuring element for current
protection of the current conductors fixed parallel to the closed gallery
walls,” KZ Patent 29654, 2015.

[22] A. G. Kaltaev, “Measuring element of current protection of closed
complete current conductors with dividing barriers,” KZ Patent 32556,
2017.

[23] V. A. Dahno, M. Ya. Kletsel, V. V. Musin, and A. N. Metelsky,
“Measuring element for current protection,” USSR Patent 1767568,
1992.

[24] M. Ya. Kletsel and A. G. Kaltaev, Differential-phase protection of
electric motors: thesis. Pavlodar: Toraighyrov University, 2019.

[25] M. Ya. Kletsel, A. G. Kaltaev, and V. A. Sulaimanova, “Measuring
element for current protection of cable lines,” RU Patent 2629757, 2017.

[26] M. Ya. Kletsel and Zh. R. Alishev, “Selection of the MCP trip current
on reed switches,” Energetika, no. 5-6, pp. 23-29, 1996.

Authorized licensed use limited to: UNIVERSITY OF BIRMINGHAM. Downloaded on July 26,2020 at 12:31:49 UTC from IEEE Xplore. Restrictions apply.



