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Abstract. It is noted that in relay protection resource savings can be achieved by replacing current 
transformers with ferromagnetic cores with miniature current sensors, such as inductance coils, reed 
switches, etc. It is emphasized that special designs are required for their mounting near the busbars. Models 
of two such designs for mounting reed switches are proposed. The first differs from the known ones by the 
presence of a single stepper motor connected to a microcontroller, which makes it possible to remotely move 
the reed switch in the horizontal plane, and the second – two electric motors, which allows you to move the 
reed switches in the vertical plane. At the same time, the microcontroller is located in the relay compartment 
of the cell of the complete switchgear, which ensures the safety of service personnel. The method of 
regulating the position of reed switches in space using the proposed designs is described. 

INTRODUCTION 

As is known, to protect electrical installations from short circuits, relay protection devices are usually used that use 
current transformers with ferromagnetic cores to obtain information about the currents in their busbars [1-7]. However, 
these current sensors have a number of well-known disadvantages [8, 9], including metal consumption. Given that much 
attention has been paid to resource conservation in recent decades, replacing current transformers with more miniature 
current sensors could open up great opportunities in relay protection in terms of saving copper and steel. As such sensors 
in various publications [10-31] suggested to use magnetic current transformers, inductance coils, Rogowski coils, reed 
switches, etc. However, the work is far from complete. At the same time, all of them must be mounted near the busbars of 
protected electrical installations, which requires special designs. In this paper, we propose two such designs for mounting 
reed switches, which, in contrast to the known ones [32, 33], allow you to remotely change their position in space. 

STRUCTURES FOR MOUNTING REED SWITCHES  

Structure with emote ontrol of the eed witch osition in ne lane 

Figure 1 shows the first device [34] with a block for mounting reed switches in a complete switchgear (CSG). 
Figure 2a shows the location of three blocks for mounting reed switches in the busbar compartment of the CSG. 
Figure 2b shows the location of the control panel of the time-setting block and the executive body in the 
measurement and protection cabinet of the CSG. 
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The device contains three blocks for mounting reed switches and regulating their actuation current. Each block 
contains a plate 1, on the outer side of which six reed switches 2, 3, 4, 5, 6, 7 are fixed at different angles to the 
cross-sectional plane of the current-carrying busbar 8. Plate 1 is mounted to the сentral 9 and side 10 holders. The 
central holder 9 is mounted to the gear belt 11, with the ability to move along it relative to the current-carrying 
busbar [34]. 

The side holders 10 are mounted to the running axles 12. The ends of the axles 12 are mounted to the first 13 and 
second 14 support posts fixed on the lower base of the busbar compartment of the CSG using a mounting angle 15, 
screws 16 and a bolted connection 17. On the first post 13, a stepper motor 18 and a winding mechanism 19 are 
mounted. The first gear pulley 20 and coupling 21 are mounted to the stepper motor 18. On the second support post 
14, a second gear pulley 22 is fixed, mounted by means of a mounting plate 23. On the first 20 and second 22 gear 
pulleys the gear belt 11 is put on. One of the contact cores of reed switches 2, 3, 4, 5, 6, 7 connected to the time-
setting block 24 by means of a first connecting cable 25, which is mounted at one end to plate 1, laid in the air to the 
winding mechanism 19, from winding mechanism 19 to the first support post 13 to lower the base busbar 
compartment of the CSG, from lower the base busbar compartment of the CSG and then put in a plastic sleeve 26, 
laid along the lower base and rear wall of the busbar compartment of the CSG to the block 24, to which the other 
end of the first connecting cable 25 is connected. 

FIGURE 1. Block for Mounting Reed Switches 

Other contact core of reed switches 2, 3, 4, 5, 6, 7 using the cable 25 is connected to the output of the automatic 
switch 27 with the "plus" sign. The stepper motor 18 of each of the three blocks for mounting reed switches and 
regulating their actuation current using a second connecting cable 28 is connected to the control panel 29 with a 
touch screen 30. A second connecting cable 28 is laid on the first support post 13 to lower the base busbar 
compartment of the CSG, on the lower base of the busbar compartment of the CSG and filed in a plastic sleeve 26. 
The first 25 and second 28 connecting cables and the sleeve 26 are mounted to the post 13, the lower base and the 
wall of the busbar compartment of the CSG using plastic clamps 31. The first and second inputs of the control panel 
29 are connected via wires 32 to the outputs of the automatic switch 27 with the signs "plus" and "minus", 
respectively. The executive body 33 is connected via wires 34 with one input to the output of the time-setting block 
24, and the other to the output of the automatic switch 27 with a "minus" sign. To seal the entrances and exits for 
plate 1 a rubber gasket 35 is used (Fig. 2a); for the control panel 29 – rubber gaskets 36, 37; for the block 24 – 
rubber gaskets 38-40; for the executive body 33 – rubber gaskets 41 (Fig. 2b). The block 24, the automatic switch 
27, the control panel 29, and the executive body 33 are located in the measurement and protection cabinet of the 
CSG [34]. 
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(а)  (b) 

FIGURE 2. Compartments of the complete switchgear: (а) – bus compartment with three blocks for fastening reed switches; 
(b -  relay compartment with control unit 

As reed switches 2, 3, 4, 5, 6, 7 reed switches of the MKA-20 type can be used, cables 25, 28 – cables of the 
Olflexclassic 100 4*1.5 and Olflexclassic 100 8*1.5 brands, wires 32, 34 – wire of the PV-1*6 brand. As a stepper 
motor 18 an engine of the SL42STH48-1504A type can be used, and an automatic switch 27 – a switch of the AP-50 
type. All structural elements, except for the stepper motor, mounting angle, screws and bolted connection are made 
of non-magnetic material [34]. 

Consider, for example, the protection of the VAO-5000-2 UHL4 electric motor, with a capacity of 5 MW, 
connected to the K-63-10 CSG cell, made using a reed switch 2 located to the cross-sectional plane of the current-
carrying busbar 8 at an angle of 00 degrees. The remaining five reed switches located on plate 1 are designed to 
provide a more accurate selection of setpoints and will be used if it is not possible to select the reed switch 2 with 
the necessary magnetomotive force [34]. 

In the rated load mode, a current flows through the protected electrical installation that does not exceed the 
maximum operating current, and the reed switches 2, 3 and 4 are affected by a magnetic field whose induction value 
is insufficient for their actuation, and the protection does not work. If a short circuit occurs at the terminals of the 
protected electrical installation, the current in the current-carrying busbars 8 becomes greater than the protection 
actuation current. Therefore, one of the reed switches closes its contacts and sends a signal to the input of the time-
setting block, which, after a time delay, sends a signal to the input of the executive body. The executive body is 
triggered and sends a signal to turn off the switch of the electrical installation [34]. 

If a short circuit occurs at the terminals of the protected motor, the current in the current-carrying busbars 8 
becomes greater than the protection actuation current. Therefore, the reed switch 2 closes its contacts and sends a 
signal to the input of the time-setting block 24, which, after a time delay, sends a signal to the input of the executive 
body 33. The executive body 33 is triggered and sends a signal to turn off the electric motor switch [34]. 

Structure with emote ontrol of the eed witch osition in wo lanes

In order to expand the range of control parameters for the actuation of the measuring protection body and to 
ensure its more precise control, a design was developed [35] for mounting reed switches, which allows them to be 
moved both in the horizontal and vertical planes. It contains three mounting blocks. Each block contains a plate 1 
(Fig. 3a), on the outer side of which three reed switches 2, 3, 4 are mounted using the first bolts 5 to the terminal 
block 6, at different angles to the cross-sectional plane of the current-carrying busbar 7, electric motors 8 and 9, 
drive shafts 10 and 11. The electric motors 8 and 9 are connected to the drive shafts 10 and 11 by means of 
couplings 12 and 13. The plate 1 is moved using the drive sleeve 14. The plate 1 with the lugs 15 installed on it, 
through which the running axles 16 and 17 pass, is mounted to the drive sleeve 14 by means of a holder 18. The 
sleeve 14 is connected by means of a holder 18 to the drive shaft 10 with the possibility of moving along it to the 
limiting stop 19. The beginning and ends of the running axles 16 and 17 are mounted to the supporting bars 20 and 
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21, and the beginning and ends of the running axles 22 and 23 are mounted to the supporting bars 24 and 25. The 
beginning and ends of the running axles 16, 17, 22 and 23 are mounted to the supporting bars 20, 21, 24 and 25 on 
their inner side using washers 26, 27, 28, 29, and on the outer side – using bolts 30, 31, 32, 33. Electric motors 8 and 
9 are mounted on the support bars 20 and 21 using bolts 34 and 35; on the support bar 25 – a hollow cylinder 36, as 
well as the ends of the running axles 22 and 23. On the holder 37 with the lugs 38 installed on its sides, through 
which the axles 22 and 23 pass, a bar 20 is mounted. On the bar 20 an electric motor 8, a drive shaft 10 and a plate 1 
are installed with lugs 15 mounted on it, attached to the sleeve 14 using a holder 18. The limiting stop 19 is mounted 
to the shaft 10 using a bolt 39. The supporting bar 20 moves along the drive shaft 11 using the drive sleeve 40 when 
the electric motor 9 is turned on. The hollow cylinder 36 is connected to the drive shaft 11. The holders 18 and 37 
are mounted to the drive sleeves 14 and 40 by bolts 41. A microcontroller is available to control the movement of 
electric motors 8 and 9. 

The number of revolutions of electric motors 8 and 9 clockwise or counterclockwise is set in the microcontroller 
program. Regulation of the maximum current protection actuation current is carried out by transverse and 
longitudinal movement of the plate 1 with reed switches 2, 3 and 4 to or from the current-carrying busbar 7 in the 
busbar compartment of the CSG cell using electric motors 8 and 9. The supporting bars 24 and 25 are mounted to 
the lower base of the busbar compartment of the CSG using a mounting angle 42 and screws 43. The outputs of the 
reed switches are connected to the input of the time-setting block, the output of which is connected to the input of 
the executive body. The output of the latter is in the circuit breaker disconnection. 

Regulation of the parameters of the maximum current protection against short circuits is carried out by 
approaching the current-carrying busbar 7 of the plate 1 with reed switches 2, 3 and 4 of each phase (Fig. 3a). One 
of three reed switches is used for one protection. In the busbar compartment of the CSG at a safe distance of 0.12 m 
from the current-carrying busbars 7, three blocks for mounting reed switches and regulating their actuation current are 
installed, a time-setting block and an executive body are connected [35]. 

Transverse movement of the plate 1 with reed switches 2, 3 and 4 to the current-carrying busbar 7 (Fig. 3b) in 
the CSG is performed by turning on the electric motor 9 (Fig. 3a), fixed to the supporting bar 24 using bolts 35, in a 
clockwise or counterclockwise direction. In this case, the holder 37 moves along the second drive shaft 11 in the 
direction to or from the busbar 7 using the drive sleeve 40. On both sides of the holder 37, lugs 38 are installed, 
through which the running axles 22 and 23 pass when moving, and a supporting bar 20 is mounted to the holder 37. 
The plate 1 is moved in the direction of the current-carrying busbar 7 to the hollow cylinder 36, and in the direction 
from the busbar 7 to the coupling 13 [35]. 

The longitudinal movement of the plate 1 with reed switches 2, 3 and 4 along the busbar 7 is performed by 
turning on the electric motor 8, fixed to the supporting  bar 20 using bolts 34, in a clockwise or counterclockwise 
direction. In this case, the plate 1 with reed switches 2, 3 and 4 moves up and down the drive shaft 10 by means of 
the drive sleeve 14. On both sides of this plate 1 lugs 15 are installed, through which the running axles 16 and 17 
pass when moving. The plate 1 is moved in the upper part to the limiting stop 19, and in the lower part to the 
coupling 12 [35]. 

030004-4



(а)                                                                                       (b) 

FIGURE 3. The structure for mounting reed switches (a) and its placement in the busbar compartment of the CSG (b) 

Before installing the design for mounting reed switches in the CSG cell, calculate the distance and angle at 
which reed switches 2, 3 and 4 should be located in relation to the magnetic field lines created by the current in the 
busbar 7, and also calculate the value of the maximum current protection actuation current in the busbar 7, at which 
the protection should work. Then, according to tabular data, reed switches 2, 3 and 4 with a given magnetomotive 
force are taken [35]. 

CONCLUSIONS 

1. The proposed designs allow to save copper and steel in the construction of relay protection devices against
short circuits of CSG cell connections due to the absence of metal-intensive current transformers with a 
ferromagnetic core. 

2. The developed designs allow to change the position of reed switches in space remotely, which makes it
possible to adjust the parameters of protection actuation without disconnecting the electrical installation from the 
network, and also increases the electrical safety of service personnel. 
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