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A B S T R A C T   

We suggest designing a cutoff and an overcurrent protection for 6–35 kV electrical installations with switchgear 
cubicles on the basis of reed switches and a microprocessor without current transformers. A reed switch is a small 
glass tube with plates inside, which contact under the action of the corresponding magnetic field. Two reed 
switches are mounted near each busbar inside a switchgear cubicle at a safe distance using specially designed 
structures. The magnetic induction which acts on them is determined by the Biot–Savart law with experimentally 
found coefficients. The effect of currents in neighboring electrical installations and in switchgear cubicle casings 
is taken into account. We have developed and describe here an algorithm of protection operation and a technique 
for selecting parameters and estimating protection sensitivity. Such protections are noise-resistant due to 
detection of short circuits by the third actuation of a read switch; they detect a failed component with the help of 
built-in diagnostics. The test diagnostics is performed by means of supplying current simultaneously to the 
control windings of two reed switches, and the functional diagnostics, by means of supplying current to them in 
turn. The efficiency of such protections is confirmed by the simulation results.   

1. Introduction 

Overcurrent protection and current cutoff make up the vast majority 
of all relay protection devices. Like other protections [1], they usually 
receive information from current transformers (CT1). These CTs contain 
high-quality copper, steel, and insulating materials in amounts dozens 
and even hundreds of times higher than the protection devices. In 
addition, they have unacceptable errors under high short-circuit (SC) 
currents. Therefore, the problem of getting rid of CT and designing 
protections on the basis of new sensors is considered a fundamentally 
unsolved problem in the electric power industry, which has been 
repeatedly pointed out during CIGRE sessions [2,3]. For some electrical 
installations (EI), protections without CTs and with magnetically sen
sitive elements, such as induction coils [4], Rogowski coils [3,5,6], Hall 
sensors [7,8], and reed switches [9–13], have already been suggested. 
For electrical installations with switchgear cubicles, which are the most 
common in 6–35-kV networks, only centralized reed switch protection 
[14] and differential busbar protection based on Rogowski coils [15–17] 
are suggested. Works [14,15] describe only the principle of constructing 
protection devices. Works [16,17] present the circuit and simulation 
results, however, without taking into account the effect of currents in a 

neighboring electrical installation and switchgear cubicle housings on 
the output signal of a Rogowski coil. The disadvantages of the devices in 
[15–17] are the need in high-voltage insulation and large size of the 
current sensor in comparison with other magnetically sensitive ele
ments. The purpose of this work is to create overcurrent protection and 
cutoff based on reed switches without CTs for an electrical installation 
with switchgear cubicles. 

Reed switches have been chosen because a reed switch can simul
taneously function as a current sensor, a current relay, and an analog-to- 
digital converter. In additions, they transmit signals via control circuits, 
but not measuring circuits, which is very important for relay protections. 

2. Reed switch and its parameters 

A reed switch (Fig. 1) is a sealed glass tube (1) (0.5–5 cm long and 
0.3–0.5 cm diameter) with metal plates (2) inside. It is mounted at a safe 
distance h from busbar 3. A magnetic field (MF) with the induction Blon 
(produced by the current I) acts along the reed switch contacts. It is 
activated (closes contacts) if Blon = Вact = μ0Fact/lc, where μ0 is the 
permeability of vacuum, Вact is the actuation induction; Fact is the 
magnetomotive force of the reed switch actuation determined at the 
manufacturing plant with the use of a control winding with the reed 
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relay wrap length lc. 
The reed switch operates twice for the power frequency cycle, and 

the time of its actuation tact ≤ 3 ms depending on the amplitude Blon. To 
determine the current in the electrical installation phase the reed switch 
is triggered at (Fig. 1), one can use the simplest form of the Biot–Savart 
law, but with the correction factor kе1 (experimentally determined). It is 
introduced because this law is true for direct current flowing through a 
thin and long conductor. In addition, there are switchgear cubicle cas
ings, partitions in them (screens), and errors in installing the reed switch 
at a given point. Hence, for the reed switch to operate, the current IA in 
the phase A (Fig. 1), at which the reed switch operates, should satisfy the 

equality 

ke1
μ0IA

2πhA
cosαA =

μ0Fact

lc
.

where hA is the distance between the axes of the phase A and the center 
of gravity of the reed switch; αA is the angle between the longitudinal 
axis of the reed switch and the MF induction vector (αА = 0 in Fig. 1, 
since Вlon = ВА). 

In three-phase electrical installations, a reed switch is affected by 
MFs produced by currents of all phases. Then, 

Blon =
μ0

2π

(
IA

hA
cosαA +

IB

hB
cosαB +

IC

hC
cosαC

)

,

where IB and IС are the currents in phases B and C of the electrical 
installation; hВ and hС are the distances between the axes of phases B and 
C and the center of gravity of the reed switch; αВ and αС are angles 
between the longitudinal axis of the reed switch and the MF induction 
vectors induced by the currents IB and IС. 

3. Reed relay protection circuit and algorithm of its operation 

Reed switches 1 and 2 (Fig. 2) with contacts 3 and 4 and control 
windings 5 and 6 are mounted near an electrical installation phase like 
in Fig. 1. They are actuated at the same current in this phase. Micro
controller unit 7 is connected to the contacts; the output element of the 
protection (OE), indication block 8, ac voltage sources (ACS) 9 and 10, 
OE deactivation block 12, automatic switching button 13, and test di
agnostics starting and stopping block 14 are connected to the micro
controller; ACS 11 is connected to block 14. Everything is exactly the 
same for phase C. 

Microcontroller unit 7 operates according to the algorithm shown in 
Fig. 3 (patent [18] has been obtained for the logic scheme of the algo
rithm without test diagnostics). Here, tet1 is the protection time delay; 
tet2 is the time lag between self-diagnostic checks (tet2 = 43 h is 

Nomenclature 

Вact actuation induction of reed switch [T] 
Вlon induction acts along the reed switch contacts [T] 
BА field induction produced by current in phase A [T] 
Bpo induction of the protection operation [T] 
ВР1- ВР4 inductions of fields acting on the reed switch in modes 1–4 

[Тл] 
Вpo1-Вpo4 inductions of the protection operation adjusted according 

to modes 1–4 [T] 
В1- В3 inductions of fields roduced by the self-start currents of EM 

1, 2, 3 [T] 
B(2)

1 ,B(2)
3 inductions of fields produced by the fault current 

contributions from EM1 and EM3 [T] 
B(1.1)

2 inductions of field produced by the amplitude of the total 
current in busbar C of the switchgear cubicle with EM2 [T] 

Вfc2 inductions of field produced by the amplitude of the self- 
start current in phase A of EM2 [T] 

ВSCmin inductions of field produced by the minimal SC current [T] 
kadj adjusting factor 
k1 correction factor responsible for errors caused by the effect 

of the current type, busbar shape, and metal elements of 
switchgears 

kп1 factor which consider the shielding effects of the casings of 
neighboring and protected switchgear cubicles 

ks sensitivity coefficient 
IА, IВ, IС current in phases А, В, С of EI [А] 

Iss1, Iss2, Iss3 amplitudes of self-start currents of EM1, 2, 3 [А] 
I(3)2 (I(2)2 ) amplitude of the three-phase (two-phase) SC current at 

EM2 [А] 
I(1.1)2 sum of the fault current at two points and fault current 

contributions from EM 1, 3, 4 [А] 
I(1.1)3 sum of the fault current at two points and fault current 

contributions from EM 1, 2, 4 in phase A [А] 
Fop magnetomotive force of the reed switch actuation [А] 
lc winding length [m] 
hА,hВ, hС (hА1,hВ1, hС1 and hА2,hВ2, hС2, and hА3,hВ3, hС3) the 

distances from the axes of phases А, В, and С (of a 
switchgear cubicle under study and left and right neighbor 
switchgear cubicles) to the center of gravity of a reed 
switch [m] 

μ0 magnetic constant [H/m] 
tet1 protection time delay [s] 
tet2 time lag between diagnostic checks [s] 
tet3 time required for operation of the protection logic and the 

output element [s] 
tet4 duration of diagnostics of reed switch 2 [s] 
αА, αВ, αС (αА1,αВ1, αС1 and αА2,αВ2, αС2 and αА3,αВ3, αС3) duration of 

diagnostics of reed switch 2 [s] angles between the 
longitudinal axis of a reed switch and the induction vector 
of MF produced by the currents in phase A, B, and C (of a 
switchgear cubicle under study and right and left 
neighbors)  

Fig. 1. Arrangement of a reed relay near a busbar (single column).  
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considered optimal [19]). Reed switches 1 and 2 should produce three 
pulses before a short circuit is detected. This is necessary for the pro
tection to fail in the case of noise of up to 0.02 s in duration. 

After setting up the protection and putting it into operation, the 
electrical installation breaker is closing. Button 13 is pressed. Self- 
diagnostics starts. Voltage from source 9 is applied to winding 5 of 
reed switch 1, and the circuit between OE and the electrical installation 
breaker Q is interrupted by block 12 (Fig. 2). If the device is properly 
functioning, then voltage is applied to the OE and is removed from 
winding 5 and applied to winding 6 of reed switch 2. All this takes the 
time tet3, which is required for operation of the protection logic and OE. 
If reed switch 2 is actuated and breaks for the time tet4 (the time of reed 
switch 2 diagnostics), then it properly operates, and the diagnostics 
stops. Voltage is again applied to winding 5 in time tet2. If a failure is 
detected, then the diagnostics signals about it. The protection is 
disabled. 

In the event of a short-circuit in the electrical installation, both reed 

switches are simultaneously actuated, block the diagnostics, and start 
the protection logic. The electrical installation is turned off. During test 
diagnostics, staff starts block 14, the electrical installation trip circuit is 
broken by block 12, and voltage is applied to the reed switch windings. 
Then, the above described procedure is performed. 

4. Selection of electrical installation protection and cutoff 
actuation parameters 

Let power cables to electric motors (EMs) go from the switchgear. 
Points the closest to busbars but at a safe distance are selected for 
mounting. Then the protection actuation parameters are calculated. The 
principle of operation of the overcurrent protection suggested is the 
same as of traditional ones; therefore, it should not operate under the 
action of a MF produced by the self-start currents of Ems. It is also 
necessary to take into account the effect of MF produced (Fig. 4) by 
currents in the busbars of neighboring switchgears (2 to the left and 3 to 
the right) in the followiing modes: (1) self-starting, (2) three-phase SC, 
(3) two-phase SC, and (4) double ground faults. Hence, the induction Вpo 
of the overcurrent protection operation should be adjusted according to 
the induction of MFs acting on the reed switch in these four modes (P), i. 
e., Вpo1 = kadjВР1, Вpo2 = kadjВР2, Вpo3 = kadjВР3, and Вpo4 = kadjВР4. 

Let us consider inductions BP1–BP4. All EM of a section (Fig. 4) can 
simultaneously self-start; therefore, 

BР1 = B1 + B2 + B3 = ke1μ0G1Iss1 + ke1k1μ0G2Iss2+

+ke1k1μ0G3Iss3 = ke1μ0G1Iss1(1 + k2k3 + k4k5),
(1)  

where 

G1 =
cosαA1

2πhA1
+

cosαB1

2πhB1
ej240 +

cosαC1

2πhC1
ej120; (2a)  

G2 =
cosαA2

2πhA2
+

cosαB2

2πhB2
ej240 +

cosαC2

2πhC2
ej120; (2b)  

G3 =
cosαA3

2πhA3
+

cosαB3

2πhB3
ej240 +

cosαC3

2πhC3
ej120; (2c) 

Fig. 2. Block diagram of the self-tested current protection (single column).  

Fig. 3. Algorithm of operation of the protection device suggested (1.5-column).  
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k2 =
Iss2

Iss1
; (2d)  

k3 =
k1G2

G1
; (2e)  

k4 =
Iss3

Iss1
; (2f)  

k5 =
k1G3

G1
; (2g)  

B1, B2, and B3 are the resulting vectors of MF inductions acting along the 
reed switch axis and produced by the self-start currents of EM1, EM2, 
and EM3; ke1 is the factor responsible for the errors caused by effect of 
current type, shape of busbar, and metal components of a switchgear the 
reed switch are fixed inside, and inaccuracy of their mounting; k1 is the 
factor which consider the shielding effects of the casings of neighboring 
and protected switchgear cubicles; Iss1, Iss2, and Iss3 are the amplitudes of 
self-start currents of EM1, EM2, and EM3; the subscript «1» («2», «3») 
means that the current relates to the switchgear cubicle EM1 (2, 3) is 
connected to; they do not relate to the factors k and inductions ВР and 
Вpo; αА1, αВ1, and αС1 (αА2, αВ2, and αС2 and αА3, αВ3, and αС3) are the 
angles between the longitudinal axis of the reed switch and the induc
tion vector of MF produced by the current in phase A, B, and C of a 
switchgear cubicle under study (right and left neighbors) directed from 
the busbars; hА1, hВ1, and hС1 (hА2, hВ2, and hС2 and hА3, hВ3, and hС3) 
are the distances from the axes of busbars of phases А, В, and С of the 
corresponding switchgear cubicles to the center of gravity of the reed 
switch. 

Under the condition of fault-current contribution from EM1 and EM3 
to points of three-phase or two-phase SC at EM2 and considering the 
fault current contribution to be equal to the self-start current and, in the 
worst case, to coincide in phase with the SC current, the induction BP2 or 
BP3, calculated like BP1, affects the reed switch. In this case, the current 
Iss2 in Eq. (1) is replaced by the amplitude of the three-phase (two-phase) 
SC current I(3)2 (I(2)2 ). When calculating BP2, the angles α are increased by 
180◦ (fault currents in the three phases are directed to the busbars). 
When calculating BP3, G1, G2, and G3 are replaced by G(2)

1 , G(2)
2 , and G(2)

3 , 
which are calculated by Eq. (2), where only the terms corresponding to 
damaged phases remain, with a minus sign between them (opposite 
currents), and without factors ej120 and ej240. 

In the case of double ground fault (Fig. 4), for example, at K1 on 
phase C of EM2 and K2 on phase A of EM4, all EMs switch to the 
generator mode. Therefore, the currents in these phases are directed like 
in Fig. 4. Neglecting currents in undamaged phases and analyzing the 

current directions (Fig. 4), we find that all these currents have the 
greatest effect on the reed switch fixed near phase A of EM1 (Fig. 4), i.e., 

BP4 = B(2)
1 + B(1.1)

2 + Bfc2 + B(2)
3 = ke1μ0G(2)

1 Iss1(1+ k6k7 + k2k8 + k4k9), (3)  

where B(2)
1 and B(2)

3 are the inductions of MFs produced by the fault 
current contributions from EM1 and EM3, calculated like in the case of 
two-phase SC; B(1.1)

2 and Bfc2 are the inductions of MFs produced by the 
amplitude of the total current I(1.1)2 (sum of the fault current at two points 
and fault current contributions from EM1, EM3, and EM4) in busbar C of 
the switchgear cubicle with EM2 and the amplitude of the self-start 
current Iss2 in phase A of EM2, which affect the reed switch; G(1.1)

2 =

cosαС2
2πhС2

; Gfc2 = cosαА2
2πhА2

; k7 =
k1G(1.1)

2

G(2)
1

; k8 = k1Gfc2

G(2)
1

; k9 =
k1G(2)

3

G(2)
1

;k6 =
I(1.1)2
Iss1 . 

If the ground fault points are at EM2 and EM3, then the MF induction 
ВР5 along the reed switch axis is calculated by Eq. (3), where G(2)

3 is 
replaced by Gfc3 = − cosαС3 /2πhС3 (“–” indicates that the currents 
(Fig. 4) in the switchgear damaged are oppositely directed) and the term 
ke1k1μ0G(1.1)

3 I(1.1)3 is introduced (G(1.1)
3 = − cosαА3 /2πhА3). The fourth 

term in Eq. (3) is omitted for the protection of the last terminal (EM4). 
To determine the coefficients ke1, k3, k5, k7, k8, and k9 for switchgears 

K-630 and K-2–10 (switchgear cubicles manufactured in Russia are 
currently used in Kazakhstan), experiments were carried out. Depending 
on the damage type, the same currents from 200 to 600 A were supplied 
to one, two, or three phases of the switchgear cubicles of the protected 
and neighboring terminals. The MF inductions were measured (Fig. 5) 
with the use of inductance coils (IC) 2 mounted instead of reed switches 
on plate 3 fixed at draw-out element 4 at convenient points 1. The center 
of gravity of IC 2 was spaced l1 = 0.14–0.2 М apart from the plane of 
busbars 5 between right 6 and left 7 walls of the switchgear (l2 = 0.9 m), 
and the longitudinal axis of IC 2 was arranged as shown in Fig. 5. The 
above coefficients were calculated from the ratios of the MF inductions 
measured at the same point inside the switchgear under study (deter
mined for each switchgear type during adjustment). 

Fig. 6a shows the MF inductions BE1 and BE2 which act along the 
longitudinal axis of IC 2 as functions of the distance l between wall 6 and 
IC 2 point under busbar currents of 600 A and l1 = 0.14 m. Fig. 6b shows 
the inductions ВE3, ВE4, and ВE5 produced by the same currects in the 
busbars of the neighboring switchgear from the side of wall 6. Here, BE1 

and BE2 correspond to В1 and B(2)
1 ; ВE3, to B(1.1)

2 and Bfc2; ВE4, to В2 and 
В3; and ВE5, to B(2)

3 . The wave-like dependences of BE1 and BE2 on l in 
Fig. 6a is explained by variations in angles α and distances h during 

Fig. 4. Directions of fault currents (crossed arrows) and double ground fault 
currents (uncrossed arrows) in terminals (single column). 

Fig. 5. Arrangement of reed switches (inductance coils 2) inside a switchgear 
cubicle (single column). 
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displacement of IC 2. 
The analysis of the results has shown the following.  

1. Reed switches should be mounted at distances l ≥ 0.22 m from the 
switchgear walls in front of phases A, B, and C. The coefficient G(2)

1 is 
calculated for the reed switches near the phases A and B for a short 
circuit between them, and for the reed switch near phase B, for a 
short circuit between B and C or A and B.  

2. The reed switch is maximally affected by the induction of the MF 
produced by the current only in the neighboring switchgear phase 
the closest to IC 2 (BE3 in Fig. 6b). Therefore, the conservative value 
k7 = k8 = BE3/BE2 was taken when calculating ВР4 and ВР5 (BE3/BE2 =

0.08 at the point l = 0.22). The values of the coefficients k3, k5, and k9 
are equal to ВE4/ВE1 and ВE5/ВE2 (ВE4 is the MF induction affecting 
the reed switch in the case of three-phase SC in the neighboring 
switchgear, and ВE5, in the case of two-phase SC). They did not 
exceed 0.01 in the experiments, and ke1 did not exceed 0.42. 

To avoid the protection operation in the modes under study, the 
protection should be adjusted by the maximal of inductions BP4–BP5. 
According to (3), induction BP4 is maximal. Therefore, 

Bpo ≥ ktune− outBP4. (4) 

The current cutoff tripping induction is also adjusted by the induc
tion created by the maximal SC current at the end of the object 
protected. 

Protection sensitivity and speed. The protection sensitivity is 
checked, as in a traditional one, by calculating the sensitivity coefficient 
ks, but changing currents to the MF produced by them: 

ks =
BSCmin

Bpo
≥ 1.5, (5)  

where BSCmin is the MF induction which affects the reed switch under 
minimal SC current (at the end of a line for lines; at the beginning, for 
cutoff, and ks = 2; BSCmin is calculated under SC on busbars from which 
the line starts; BSCmin for transformers, under SC at the low voltage 
terminals, for the cutoff, at high voltage terminal, for EM, at its terminals 
from the side of the supply cable). Examples of calculation of Вpo and 
assessment of ks are given in the Appendix. 

For current cutoff, tcutoff is the sum of the delay td = 0.02 s, required 
for ensuring the noise immunity, and the response time of the reed 
switch (up to 3 ms) and of the output relay (0.015 s [20]). The protection 
operates in 38 ms, which meets modern requirements (for example, the 
response time of the Siemens MICOM P115 relay can attain 40 ms [21]). 
As for the overcurrent protection, its time delay is chosen in the same 
way as the traditional one. 

5. Test results 

The operability of the overcurrent protection was verified in simu
lation in the MatLab environment. The results are shown in Fig. 7. Reed 
switches 1 and 2 are not actuated in the electrical installation load mode. 
However, as soon as the protection is switched on by pressing button 13 
(see Fig. 2), self-diagnostics starts, and pulses from reed switch 1 
(Fig. 7a) and a pulse from block 12, which prevents tripping the elec
trical installation (EI) breaker, appear. These pulses are tet3 long, for 
example, 0.7 s. The protection operates in time tet1, for example, 0.5 s, 
after the start, unit 7 starts the output element (OE), and a pulse appears 
(Fig. 7a). The EI breaker is not tripped. At the time point 0.8 s, di
agnostics of reed switch 1 and overcurrent protection stops and di
agnostics of reed switch 2 begins. At the time point 0.9 s, it stops, and the 
protection returns to its original state. During test diagnostics (Fig. 7b), 
signals are produced by reed switches 1 and 2 and unit 12. The di
agnostics stops after operation of OE. 

In the case of a SC during self-diagnostics (Fig. 7b), for example, at 
the time point 0.3 s, reed switches 1 and 2 are simultaneously activated, 
and block 12 stops signaling. At the time point 0.81 s, the output element 
operates, and the EI is switched off. In the case of SC between self- 
diagnostic checks (Fig. 7c), the device operates in the same way. 

If, for example, reed switch 1 fails to operate during a short circuit in 
the EI (Fig. 7d), its malfunction is detected in 0.02 s, and a signal (pulse) 
is produced. The output element operates in tet1 and the EI is turned off. 
If contacts 3 of reed switch 1 are sealing during a short circuit (Fig. 7e), a 
signal indicating its malfunction is produced. The output element 
operates in time tet1, the EI is turned off, and the protection is blocked to 
prevent its false operation when the EI is again turned on. 

The protection operation in the case of malfunction of its logic, OE, 
and elements of the diagnostic circuit was tested in a similar way. The 
protection worked correctly in all those events. This allows us to assume 
properly functioning of the suggested current protection. 

6. Structures for reed switch mounting in switchgears [22] 

They are made without metal parts and allow changing the reed 
switch position so as to conveniently change the protection operation 
parameters. Let us consider one of the simplest structure [22]. It (Fig. 8) 
includes plate 1 with reed switches 2, plates 3, 4, and 5 (two last are with 
a scale, they are inserted in holes in plate 1 and attached to bar 10), rod 6 
with thread 7 and handle 8 built-in at one end into hollow cylinder 9, 
and at the other end, into plate 1. Cylinder 9 is attached to bar 10, bar 
10, to plate 3, and plate 3, to the switchgear cubicle (above plate 3 in 
Fig. 5). Plate 1 is perpendicular to the plane of the busbar cross section, 
and reed switches 2 are mounted at certain angles to this plane. The 
protection operation parameters are controlled by moving plate 1 along 
plates 4 and 5 and selecting appropriate reed switch 2. 

Fig. 6. Inductions of MFs produced by currents in busbars of (a) considered and (b) neighboring switchgear as functions of l (single column).  
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7. Estimated resource saving due to use of the protection 
suggested 

Table 1 shows the mass and size parameters of the protection sug
gested and an ABB protection with three CSs. The total mass for 110 V 
includes the mass of the external insulator. 

This table shows that traditional protections require 6 and 15 times 
more copper and steel than our protection for 6 kV, 14 and 32 times 
more for 10 kV, and 37 and 80 times more for 35 kV. In addition, 
traditional protections require 15–230 kg of high-voltage insulation 
(depending on the voltage class), which is not needed for our protection. 

The analysis of similar data for the protections made by several other 
companies has shown similar ratios. 

8. Results, their significance and discussion 

8.1. Results 

Microprocessor overcurrent protection and cutoff are created for the 
first time for 6–35-kV electrical installations on the basis of reed 
switches, which simultaneously function as current transformers and 
current relays. The device circuit, the algorithm of its operation, the 
technique for selecting settings, and the structure for mounting reed 
switches have been developed. Oscillograms of signals from a reed 
switch, the protection output element, and its blocking element are 
presented, as well as of the induction of magnetic fluxes, produced by 
busbar current, which act on a reed switch during a short circuit in an 
electrical installation both in the load operation mode during functional 
and test diagnostics and in the case of malfunction of one of reed 
switches. 

Fig. 7. Oscillograms of induction Blon and signals from reed switches 1 and 2, OE, and block 12 under (a, b) the load and (c-f) a short circuit (2- column).  

Fig. 8. Structure for mounting reed switches in a switchgear (single column).  

Table 1 
Mass and size parameters of the ABB protection with 3 CTs (numerator) and the 
protection suggested (denominator).  

Voltage, kV Mass, kg Total volume, m3 

Total Cu steel insulation 

6 33/4 3/0.5 15/1 14/- 0.022/0.007 
10 80/4 7/0.5 32/1 31/- 0.024/0.0075 
35 390/8 22/0.6 120/1.5 230/- 1.9/0.025  
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8.2. Significance of the results  

1. When manufacturing such a protection system for a switchgear with 
current sensors, 6–37 times smaller amount of copper and 15–80 
times smaller amount of steel are required, and there is no need in 
rare earths.  

2. The protection operation algorithm and the technique for selecting 
the protection actuation parameters developed contribute to the 
development of the relay protection theory: the algorithm allows 
tuning out from magnetic interference by means of waiting for the 
third activation of a reed switch, as well as detecting malfunctions. 
The technique makes it possible to use the simplest formula of the 
Biot–Savart law.  

3. The protections designed make it possible to maximize the reliability 
(theoretically, by dozens of times) of the entire relay protection 
system for networks with a voltage of 6–35 kV by duplicating pro
tection with CTs and CTs themselves by the majorization principle 
(CTs are currently not duplicated). 

8.3. Discussion 

The obtained patent for the device design confirms its novelty. The 
usefulness of the device is obvious. Protections are not inferior in speed 
to protections of most famous companies (the cutoff we suggest operates 
in 38 ms, while a Siemens MICOM P115 relay actuates in 40 ms [21]). 
We assume the protections to be no worse in reliability as well owing to 
the duplication of reed switches and built-in test and functional di
agnostics. High reliability is also provided by the control of the proper 
operation of functional diagnostics. The simulation of the protection 
operation in diagnostic and short circuit modes and in the events of 
faults in these modes confirms its performance. There is no need in high 
qualification and much time to determine the coefficients for the 
simplest formula of the Biot–Savart law. However, the sensitivity of 
protection can be insufficient in some cases because of a need in tuning 
out from the effect on reed switches of magnetic fluxes produced by 
currents in neighboring EIs, including by seed currents from EMs con
nected to neighboring EIs. The sensitivity can be increased by mounting 
a screen; however, this requires additional research. Another disad
vantage is a need in designing different structures for mounting reed 
switches for different switchgear types, though the structure we suggest 
is simple and convenient. Indeed, CTs also depend on the switchgear 
type. 

9. Conclusions 

The created current cutoff and reed switch overcurrent protection 
contribute to the solution of the fundamentally unsolved problem in the 
electric power industry, that is, the design of protections without current 
transformers, and to enhancement of the relay protection reliability. 
They meet the speed requirements, and there is reason to believe (see 
“Results and Discussion”) the same for reliability. As for sensitivity, it 
can be insufficient in some cases. The developed technique for selecting 
protection parameters can be easily learned by average workers. Simu
lation has confirmed that the protection performs all suggested 
functions. 
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