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Abstract. The article discusses the development of a microprocessor system of 

maximum current protection for mine equipment with a voltage of 3.3 kV, including high-
voltage current sensors and a current protection unit. The main focus is on solving the key 
problems of protecting mine power grids: ensuring response speed, current measurement 
accuracy and resistance to transients. Experimental studies have demonstrated the stable 
operation of the system under various load conditions and transient characteristic. The 
development is aimed at import substitution and improving the explosion safety of high-
performance coal mines by creating modern domestic equipment. 
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 Fig. 1. Appearance of DTV-125 current sensors  
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 Fig. 2. Overall dimensions of the DTV-125 high-voltage current sensor 
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 Fig. 3. Oscillograms of signal transmission by current sensors DTV-125:  steady-state mode of operation of current sensor (a); transient in short-circuit mode 

at zero values of initial current (b); transient in short-circuit mode at initial current  
values ( ); transient in engine starting mode ( ) 

1  voltage on the measuring shunt proportional to the current in the power circuit;  
2  current sensor output signal 
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 Fig. 4. Dependence of output voltage in DTV-125 current sensor secondary winding 
on primary current  
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 Table 1. 

Current protection device parameters 
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 Fig. 5. Current protection device software block diagram 
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 Fig. 6. Oscillogram of reverse EMF of disconnected rotating electric motor  , 
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 Fig. 7. Dependence of microcontroller input signal on insulation resistance  

 

 
 

 

0
50

100
150
200
250
300
350
400
450
500
550
600

0 50 100 150 200 250 300 350 400 450 500 550 600

U, 

R, 



44   

  
 1  ; 2   
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 Fig. 8. Oscillogram at microcontroller input at registration of reverse EMF of disconnected electric motor: 

1  motor reverse EMF; 2  protection setpoint signal; 3  average setpoint value 
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 Table 2. 

Unit response time at zero initial current  
  

1-  41 43 50 39 61 70 58 41 65 51 
5-  38 47 42 55 51 56 42 45 50 36 
7-  43 56 66 38 39 64 62 58 57 63 
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 Fig. 9. Response time of the protection unit  
and contactor with zero initial current at the 5th setpoint: 1  signal from current sensor; 2  signal from protection unit actuating relay 

 
 
 
 Table 3. 

Unit response time at non-zero initial current  
  

1-  47 48 50 58 52 55 49 40 59 65 
5-  25 31 32 34 35 42 45 45 48 50 
7-  30 35 50 51 52 57 62 63 71 74 
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 Fig. 10. Response time of the protection unit  
and contactor with non-zero initial current at the 5th setpoint: 1  signal from current sensor; 2  signal from protection unit actuating relay  

-2013 
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 Table 4. 
Dependence of protection response time on overload rate 

 I /I     
1,1 

1-  45 78 75 62 67 49 51 76 55 71 
62,0 5-  61 48 61 75 81 59 52 69 76 59 

7-  59 68 51 66 49 51 59 49 67 72 
1,2 

1-  40 43 61 70 72 79 56 71 50 52 
58,6 5-  51 49 66 47 67 43 61 76 53 50 

7-  63 58 47 74 58 67 45 46 74 69 
1,3 

1-  55 45 46 43 48 62 81 49 41 59 
54,9 5-  64 65 58 41 46 56 69 48 61 48 

7-  52 74 57 42 70 45 55 55 58 55 
1,4 

1-  66 43 58 50 61 43 52 67 55 71 
52,3 5-  66 40 48 48 65 45 61 47 44 45 

7-  37 31 37 38 55 56 70 59 56 55 

  

  
-  (% ):  

1    
 Fig. 11. Response time at 5th setpoint at load current (% of setpoint):  110 ( ); 120 ( ); 130 ( ); 140 ( ); 

1  signal from current sensor; 2  signal from protection unit actuating relay 
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 Fig. 12. Dependence of the average response time on the load current  
I/I  

 

 10 +35 

-618-  

10  C

1,1

1,2

1,3

1,4

1,5

50 55 60 , 



50   

   
 

  

 -12 
 Fig. 13. Dependence of the tripping current of the maximum current protection 

on the ambient temperature for setpoints 1-12  
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 Fig. 14. Actuation resistance at rated mains voltage 1140 V (a, b) and 3300 V ( , ) 
depending on voltage ratio and ambient temperature:   (a,  setpoint (b, ) 
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