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Abstract. Modern highly mechanized and electrified agriculture places high demands on power supply 

reliability and uninterrupted work. To increase the reliability of power supply to agricultural consumers, in 

some cases, taking into account the configuration of electric distribution networks and the availability of 

responsible consumers, a conditionally closed ring network is created. Interruptions in power supply lead to 

downtime of agricultural production, a decrease in the volume of output, damage to the main technological 

equipment [1, 2]. In this regard, there is a need to make informed decisions on the choice of ways to 

increase the reliability of uninterrupted power supply due to the reservation of various elements of the 

power supply system, improving the organization of maintenance, and the operational diagnostics of faulty 

elements. 

1 Introduction 

To increase the reliability of power supply, power lines 

are partitioned. In addition, electricity is reserved, i.e. 

radial sectioned lines can be connected by a point of 

automatic transfer switch (ATS) with the formation of a 

conditionally closed ring network [1]. However, despite 

the technical support of the regulatory levels of power 

supply reliability, equipment failure of the power supply 

system may occur, such as a spurious tripping of the 

sectionalizing circuit-breaker in the power line. The 

shutdown may be caused by any malfunction or non-

selective protection action. In order to timely receive 

information about the spurious tripping of the 

sectionalizing circuit-breaker in such a network, a new 

method of remote control has been developed. 

2 Theoretical research 

Analysis of the statistical data on the change in the 

inrush current in the ring network line at characteristic 

time intervals [2] gave full visibility of the processes and 

was the source of the necessary material for the 

development of remote monitoring methods [3,4,5]. 

Investigations of the authors [6] revealed the signs that 

allow remote monitoring of the false shutdown of the 

sectioning switch. Based on this, a new method has been 

developed to control the spurious tripping of the 

sectionalizing circuit- breaker in the ring network line. 

According to this method, a change in current is 

monitored at the beginning of the main power supply 

line, and if a drop in the operating current to a value 

determined by the load of the line connected after the 

sectionalizing circuit-breaker is detected, and there is no 

short-circuit current inrush at this time, then the 

countdown equal to the delay time of the switching-on of 

the point switch of the ATS is started. At the end of the 

countdown of this time, the appearance of a current 

surge at the beginning of the backup power supply line is 

controlled, and if a current surge occurs, by a value 

determined by the disconnected load of the main power 

supply line and no short circuit current occurs, then the 

fact of a spurious tripping of the sectionalizing circuit-

breaker is established [7]. 

To implement such control, Figure 1 shows a circuit 

of a conditionally closed ring network and a block 

diagram. The scheme works as follows. In normal mode, 

the monitored sectionalizing circuit-breaker Q2 is turned 

on and consumers S1, S2 are powered from the buses of 

the power transformer of the main power source T1 (see 

Fig. 1). 

At the output of CT 1 and CT 12 there is a certain 

value of the output signal (Fig. 2, diagram 1 and diagram 

12), due to operating currents, but insufficient for 

tripping of SCCS 2, OSC 3 and SINGLE-VIBRATOR 

13. Presence of the output signal from the element NOT 

4, coming to the element MEMORY 11, and from the 

element NOT 5, coming to the first input of the circuit 

element AND 7, does not lead to their operation. The 

circuit does not start. 
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Fig. 1. Diagram of a conditionally closed ring network and a 

structural diagram of remote control. 

In the diagram: T1 - power transformer of the main 

power source; T2 - power transformer of the reserve 

power source; Q1 - head circuit-breaker of the main 

power supply line; Q2 - sectionalizing circuit-breaker of 

the main power supply line; Q3 - substation sectional 

circuit-breaker; Q4 - head circuit-breaker of the reserve 

power supply; Q5 - sectionalizing circuit-breaker of the 

reserve power supply line; Q6 – circuit-breaker of the 

point ATS; S1, S2 - line load of the main power supply; 

1- current transformer (CT), 2- short circuit current 

sensor (SCCS), 3 - operating current sensor (OCS); 4 - 

element NOT; 5 - element NOT; 6 - the element 

INHIBIT; 7 - element AND; 8 - element MEMORY; 9 - 

element DELAY; 10 - element REPEATER; 11 - 

element MEMORY; 12 - CT; 13 - SINGLE-

VIBRATOR; 14-element AND; 15 - recording device 

(RD). 

If the sectionalizing circuit-breaker Q2 is switched 

off false, at the beginning of the line a drop in the 

operating current will be observed (Fig. 2, time point t1). 

At the output of CT 1 (Fig. 2 diagram 1), the output 

signal will decrease by a value determined by the line 

load connected after the sectionalizing circuit-breaker 

Q2, which is fed to the input SCCS 2 and OSC 3. The 

value of the output signal CT 1 will not be sufficient for 

tripping SCCS 2, therefore, a signal does not appear at 

its output (Fig. 2, diagram 2), which would be input to 

the element NOT 5. The signal will not disappear from 

the output of the element NOT 5 (Fig. 2, diagram 5). 

At the output of the OSC 4, which is triggered when 

the operating current drops to a value determined by the 

line load switched on after the sectionalizing circuit-

breaker, a signal will appear (Fig. 2 diagram 4), which 

will be input to the element INHIBIT 6 and element 

NOT 4. The signal will disappear from the output of 

element NOT 4 (Fig. 2 diagram 4). At the output of 

element INHIBIT 6, a signal will appear (Fig. 2, diagram 

6) and will go to the second input of element AND 7. 

The simultaneous presence of two input signals at the 

input of element AND 7 will lead to the appearance of 

its output signal (Fig. 2, diagram 7), which will go to 

input of element MEMORY 8. This signal will be 

remembered by element MEMORY 8 (Fig. 2 diagram 8) 

and will go to the input of element DELAY 9. 

 

Fig. 2. The diagrams of the output signals of the structural 

diagram: t1 –time point of the spurious tripping of the 

sectionalizing circuit-breaker S2; t2 –time point of turning on 

the point switch of the ATS; t3 – time point of normal operation 

mode restoration. 

From the output of element 14, the signal appears 

after a time equal to the delay time of the switching-on 

of the point switch of the ATS (Fig. 2 time interval is t1-

t2). After counting the delay time of the switching-on of 

the point switch of the ATS, the signal from the output 

of element DELAY 9 (Fig. 2 diagram 9) will be input to 

element REPEATER 10. Element 10 will give a single 

impulse (Fig. 2 diagram 10), which will go to the input 

of the element MEMORY 11, to the input of the element 

AND 14 and "reset" the element MEMORY 8. This 

signal will be remembered by the element MEMORY 

11, from the output of which the signal (Fig. 2, diagram 

11) will go to the inhibitory input of the element 6. At 

the output of the element INHIBIT 6, the signal will 

disappear (Fig. 2, diagram 6) entering the second input 

of the element AND 7. In this case at the output of 

element AND 7, the signal will also disappear (Fig. 2, 

diagram 7). If the circuit-breaker of the ATS point is 

turned on at the same time, then the output of the CT 12 

will have a signal (Fig. 2 diagram 12), increased by a 

value determined by the load of consumers S2. The 

magnitude of this signal is sufficient for operation of the 

SINGLE-VIBRATOR 13. The output signal from the 

SINGLE-VIBRATOR will go to the second input of 

element AND 14. The presence of two input signals at 
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AND 14 will cause the signal to appear at its output (Fig. 

2, diagram 14). The output signal from AND 14, having 

entered the RD 15, will provide information in it about 

the spurious tripping of the sectionalizing circuit-

breaker. 

When normal operation mode is restored (Fig. 2, 

time point t3), the controlled sectionalizing circuit-

breaker Q2 will turn on and consumers S2 will be 

powered by the buses of the power transformer of the 

main power source T1 (see Fig. 1). At the output of CT 1 

and CT 12 there will be a certain value of the output 

signal (Fig. 2, diagram 1 and diagram 12), due to 

operating currents, but insufficient for tripping of SCCS 

2 and SINGLE-VIBRATOR 13. At the output of OSC 3, 

which is triggered when the operating current drops to a 

value determined by the line load connected after the 

sectionalizing circuit-breaker, the signal (Fig. 2, diagram 

3) which was input to element INHIBIT 6 and element 

NOT 4 will disappear. A signal which will “reset” the 

element MEMORY 11 will appear at the output NOT 4 

(Fig. 2 diagram 4). The circuit will return to the initial 

state of control [8]. 

3 Technical implementation 

The proposed remote control method is implemented in a 

device for monitoring the spurious tripping of a 

sectionalizing circuit-breaker in a ring network line 

based on an analog-to-digital converter, with subsequent 

processing of the data by software on a computer. 

Structurally, it consists of two blocks [9, 10]. One of 

the blocks is the current sensor connection block. The 

second block is necessary for converting and analyzing 

the input signal, as well as for generating and 

transmitting digital data to a computer for further 

analysis (information processing block) [11]. 

The algorithm of the above-described structural 

diagram of the remote method, implemented in the 

device, while simulating the situations of spurious 

tripping of the sectionalizing circuit-breaker during 

laboratory studies, has proved its operability. During the 

experiments, the remote monitoring software [12-14] 

correctly recognized the simulated situation of a spurious 

tripping of the circuit-breaker during each test. 

Thus, the developed device makes it possible to 

receive timely information about the spurious tripping of 

the sectionalizing circuit-breaker in the ring network 

line. 

4 Conclusions 

1. The proposed method of remote control makes it 

possible to receive timely information about the spurious 

tripping of the sectionalizing circuit-breaker in the ring 

network line. 

2. Laboratory tests fully confirmed the performance of 

the developed technical means. 

3. The implementation of the proposed method will 

increase the reliability of power supply to consumers by 

taking the necessary decisions based on the information 

received by operational personnel. 
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