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Abstract. The authors propose three designs for seal switch support structures located near
power plant bus lines. The first one has a plate that is attached to bus lines located in the same
plane. The second uses a support insulator as the case and can be attached to several bus lines
at the same time or each of them individually to provide a wide application range. The third
design stipulates seal switch installation on overhead line pylons. The authors provide detailed
descriptions of the designs and explain how the trip settings are adjusted on them.

1. Introduction

Traditional power plant short circuit protection systems, including the developments of the recent
decades [1-5], obtain the current data from metal-consuming and bulky current transformers. According
to [6, 7], it is necessary to design such protection systems without these current transformers. The
analysis of publications shows that, in most cases, to solve this problem the Rogovsky coil [7-9] or seal
switches [10-13] are suggested to be used as current sensors. We selected seal switches as they have
some advantages that are important for relay protection [12]. Some design principles [11-15] and
protection devices [16-30] have already been developed based on them. There are also some support
structures for the location of these devices near power plant bus lines [30-33]. However, since power
plant designs are very diverse, these structures may not be used in some cases. In this work, we attempt
to fill this gap.

2. Seal switch support structures

The first structure (Figure 1) contains a scale plate 1 located next to bus lines 2, 3, and 4 and across
them, and attached to bus lines 2 and 4 using bolts and nuts 5. Plates 6-9 with seal switches 10 are
attached to plates 11-14 with T-shaped protrusion. Plates 11 and 12 are inserted in the T-shaped slot 15
in plate 1, and plates 13 and 14 are inserted in the T-shaped slot 16. Plates 11-14 are held by bolts 17.
Plane 18 of every plate 6-9 features nine ruts 19 (Figure 2) for the installation of seal switches 10, and
one of the side planes has a scale 20. Every three ruts 19 with seal switches 10 are covered by lid 21
that is locked with screw 22. Cable channels 23-26 are installed on plates 6-9 parallel to plane 18.
Plates 6-9 are covered with caps 27-30 that are fixed to plates 11-14 with bolts 31. Cable channels 32,
33 are attached to plate 1. The signal transducer unit 34 is installed in the center of plate 1 between slots
15 and 16. Seal switches 10 are connected to unit 34 with cables 35 laid in cable channels 23-26 and 32,
33.
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Figure 1. Seal switch support structure design for buss lines lying in the same plane.
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Figure 2. Seal switch plate.

The suggested metering device for seal-switch protection systems operates as follows. Scale plate 1
is attached to power plant bus lines 2 and 4 using bolts 5. Installation coordinates are calculated for
each of the seal switches 10 near bus lines 2, 3, and 4 of the power plant depending on the implemented
protection type and trip setting parameters. The scale on plate 1 is used to calculate the distance
between phase A to the seal switch location. The plate, e.g. 11, with T-shaped protrusion and plate 6
with seal switches 10 attached is installed in slot 15 at the required distance and locked with bolts 17.
The distance from the plane of bus lines 2, 3, and 4 to seal switch 10 is calculated using scale 20 on the
side of plate 6. Seal switch 10 is installed in the respective rut 19 and covered with lid 21 locked with
screw 22. All seal switches 10 are connected to signal transducer unit 34 with a battery. The metering
device is set up and ready to work.

Under load, seal switch 10 is inactive because the induction of the magnetic field created by the
currents in bus lines 2, 3, and 4 is small. If the induction of the magnetic field created in bus lines 2, 3,
and 4 exceed the set value, seal switch 10 activates and send a signal to signal transducer unit 34 that
sends the signal over a wireless link to the receiver (not shown in Figures 1, 2). The latter is located on
the control board, and when it receives the signal, it sends it to the protection logic that sends it to the
switch deactivation circuit.

The second design (KZ patent No.35133) features (Figure 3) an electroinsulatings  case
implemented as a hollow support insulator with base 1, cap 2, and case 3. Base 1 is installed on plank 4
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and attached to plank 9 using bolts 5 and 6 and nuts 7 and 8. Plank 9 is attached to bus lines 12 and 15
using bolts 10 and 13 and nuts 11 and 14. Module 16 is attached to plank 4 using holding angles 17,
bolts 18 and 19, and nuts 20. Seal switches 21, 22, and 23, as well as impulse meter 24 and output relay
25, are attached to module 16. One contact, e.g. of seal switch 21, one impulse meter 24 (IM), and
output relay 25 (OR) input are connected to the positive terminal of the auxiliary services supply using
cables 26. Other outputs of impulse meter 24 and relay 25 are connected to the negative terminal of the
auxiliary services supply using cables 26. Another contact of seal switch 21 is connected to the input of
the impulse meter 24 whose output is connected to relay 25. Relay 25 output is connected to the power
plant switch deactivation circuit.

The suggested metering device operates as follows. Out of seal switches 21, 22, and 23, one is
selected whose tripping induction is the closest to the trip setting parameter. Assume it is seal switch
21. In this case, we connect the contacts of seal switch 21 to the input of impulse meter 24 and the
positive terminal of the auxiliary services supply. Then base 1 of the hollow support insulator is
installed on plank 4 and attached using bolts 5, 6, and nuts 7, 8 to internal structural elements 27 of the
switchgear cubicle (Figure 4). If it is impossible to attach base 1 and plank 4 to internal structural
elements 27 of the switchgear cubicle, the hollow support insulator is installed, for instance, on bus line
12 using cap 2 and a bolt.
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Figure 3. Supporting insulator-based seal switch design.

If the seal switch has to be moved to the left or right of the bus line and cannot be attached to the
internal structural elements of the switchgear cubicle, base 1 and plank 4 are installed on plank 9
(Figure 3) using bolts 5, 6 and nuts 7, 8. In this case, bolts 5 and 6 are inserted in the through-slot in
plank 9 to be able to move the hollow support insulator and plank 4 along plank 9. One end of plank 9
is attached to bus line 12 using bolt 10 and nut 11, and another end is attached to bus line 15 using bolt
13 and nut 14.
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Figure 4. Installing the metering device on the internal structural element of the switchgear cubicle.

The metering device for the seal-switch-based relay protection of a 500 kV power line features
(Figure 5, a, b) seal switches 1-5, case 6 with a lid, and rectangular bars 7-12. Case 6 is locked in the
slot at the beginning of the long part of the first T-shaped bar 14 using two screws 13. Inside case 6, bar
7 is attached to the bottom using screw 15. Five through holes are made in the side of the bar at equal
intervals. These holes are used for the parallel mounting of seal switches 1-5. The slot bottom at the end
of the long part of T-shaped bar 14 meets one of the spacers 16 of three single-phase power line cables
17 connected to bar 14 using bold 18 inserted in aligned through-holes in the bar sides and the spacer
and tightened with a nut. The short parts of T-shaped bars 14, 19 using four pins 20 (Figure 5b) and
nuts are attached to the bottom surface of power line crossbar 21, which also has rectangular plates 22,
23 attached to it at the same distance of the T-shaped bar. The slot bottom in the end face of bar 8 meets
a side of bar 14. Bolt 24 is inserted in the aligned holes in it and the sides of the bar that is tightened
with a nut. The slot bottom in the long part of bar 19 meets a side of bar 8 in its center. Bolt 25 is
inserted in the aligned holes in it and the sides of the bar that is tightened with a nut. Trapezoid plate 26
is attached to the sides of power line pylon 28 with four pins 27 and nuts. The plate has three sockets
for the spikes located on the ends of chamfered ends of bars 8-10 that are installed in angles 29-31
respectively and locked using the screws in the plate. Bar 11 runs through the aligned holes in bars 8-10
and it is attached to the last two bars using angles 32, 33, and screws. The slot bottom in the first end
face of bar 12 meets a side of bar 14. Bolt 34 is inserted in the aligned holes in it and the sides of the
bar that is tightened with a nut. The spike located on the end of the second end face of bar 12 is inserted
in the socket in bar 19, and the bars are interlocked using angle 35 and screws. U-shaped plates 36, 37
are positioned at the same interval from bar 19 and attached to bar 9 using bolts 38, inserted through
aligned holes in it and the short part of each of the plates and locked with nuts. They are also attached
to bars 8, 10 using bolts 39 inserted through aligned holes in them and both long parts of each of the
plates and locked with nuts. Loops 40 and 41 (42 and 43) in threaded rods 44 and 45 (46 u 47) are
attached to protrusions 49 (50) and 51 (52) using the holes in bar 9 (10) and bolts 48 with nuts. Loops
53 and 54 (55 and 56) are attached the same way to protrusions 57 and 58 (59 and 60) through the holes
in plates 22 and 23. Loops 61 and 62 in threaded rods 63 and 64) are attached to protrusions 65 and 66
using the holes in bars 9 and 10 and bolts 48 with nuts. Loops 67 and 68 are attached the same way to
protrusions 69 and 70 through the holes in the short part of bar 19. Cable channel 71 is attached to the
side and the short part of bar 14, as well as the sides of crossbar 21 and power line pylon 28 using
mounting plates 72 and screws. One end of connection cables 73 laid in cable channel 71 and through
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aligned holes in it and in case 6 is connected to the terminals of seal switches 1-5, and the other end is
connected to the protection logic block (not shown in Figure 5 a, b).

The metering device operates as follows. It determines the protection tripping current and the
tripping current for seal switches 1-5. The tripping current of each of the seal switches 1-5 is
understood as the value of the current in phase cables 17 of the power line during short circuits when
the seal switch closes its contacts and generates a signal that is sent into the protection logic module.
Seal switches 1-5 have different tripping currents because they are located at different intervals h from
cables 17 (at a fixed interval). After that, we use the obtained tripping current values for seal switches
1-5 to select the value closest to the protection tripping current, i.e. we select the seal switch whose
tripping will signal that there is a short circuit in the line. Under load, the current in cables 17 is
insufficient to trip the selected seal switch. During shoi] (zoomed in)¢ seal switch trips (closes its
contacts) and sends a signal to the protection logic module over connection cables 73, which then sends
the signal to the power line switch deactivation circuit.
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Figure 5. Seal switch support design for intermediate anchor pylon (isometric views from different
pylon sides).

3. Conclusions
The suggested seal switch support designs allow for the construction of short-circuit protection systems
for 6-500 kV power plants without current transformers, which helps reduce the consumption of copper
and steel. They are simple and make it easy to install the seal switch to the required positions near
conductor lines.
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