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ABSTRACT 

 

The final qualification work on the topic «Modernization of the RPA and partial 

replacement of the 220 kV ORU of the 220 kV PS "Irbinskaya"» contains 64 pages of 

a text document, 13 figures, 10 tables, 25 sources used, 4 sheets of graphic material. 

MODERNIZATION, SUBSTATION, ELECTRICAL EQUIPMENT, RELAY 

PROTECTION, AUTOMATION, RELIABILITY, INDICATORS, POWER SUP-

PLY, OPERATING MODE. 

The object of the study is the electrical part of the 220/6 kV Irbinskaya substa-

tion. 

The subject of the study is the issues of modernization of relay protection and 

automation (RPA) and partial replacement of electrical equipment of the OPC 220 kV. 

The purpose of the work is to develop a project for the modernization of the RPA 

of the substation, taking into account modern requirements for reliability, safety and 

efficiency of its operation, as well as a project for partial replacement of the OPC 

equipment. 

Tasks of the work: to systematize and analyze the characteristics of the PS, its 

current electrical circuit and the current RPA, the electrical equipment of the 220 kV 

OPC; to justify the need to modernize the RPA and partially replace the equipment of 

the OPC; to calculate short-circuit currents at key points of the electrical network; to 

select modern microprocessor terminals of the RPA, to calculate the setpoints of the 

provided types of protection; to select new electrical equipment of the OPC, to check 

the permissible parameters in operating and emergency modes; consider the issues of 

ensuring labor protection and life safety, environmental friendliness of the project. 

The field of application of the developed problem is the modernization of RPA 

and RU of existing stations and substations and the verification of their existing equip-

ment. 
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c
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K

E
I

X
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K
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      : 
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−
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  (   220   = 0,05 ;   6   = 0,07 ;    1  

 = 0,09 ) [14]. 

 

     : 

 

''i 2 I ,=                     (2.3) 

 

       : 
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2 KI=                   (2.5) 
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(1) ''
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      -
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2220 / 6156 7,862X = =  
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,X x L=                      (2.17) 

  r    x  –      , 
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L –  , . 

  

         1 (   

« »)    « »    –  

,     . 

        (2.1): 

 

( )''
K1I 220 / 3 (7,769 0,622) 15,139=  + =  
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0,01
0,05

1 1 1,82,
−

= + =  
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1i 2 1,82 15,139 38,959=   =  

 

        (2.4): 

 

2

1I 15,139 1 2 (1,82 1) 23,177=  +  − =  

 

        (2.5-2.6): 
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( )(2)
K1I 3 / 2 15,139 13,11=  =  

(1)
K1I 0,55 15,139 8,326=  =  

 

  ,   (2.8): 

 

1 0,01 0,065 0,075 = + =  

 

     ,  -

 (2.7): 

 

0,075
0,05

1i 2 15,139 4,315

−

=   =  

 

      (2.9): 

 

1 4,315 15,139 19,453nI = + =  

 

           « -

» ,   2   ,    

 2.1. 

 

 2.1 –       1- 2 

 
 

 
 

 
I'',  i ,  I ,  I(2),  I(1),  Iατ,  I ,  

1 2 3 4 5 6 7 8 9 10 

   – -
  

. 1 15,139 38,959 23,177 13,110 8,326 4,315 19,453 
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1 2 3 4 5 6 7 8 9 10 

   – -
  

. 2 9,462 24,349 14,486 8,194 5,204 2,697 12,158 

   – -
  

. 1 11,131 28,646 17,042 9,640 6,122 3,172 14,304 

   – -
  

. 2 6,957 17,904 10,651 6,025 3,826 1,983 8,940 

    -
 –  

. 1 14,363 36,963 21,990 12,438 7,900 4,093 18,457 

    -
 –  

. 2 8,977 23,102 13,744 7,774 4,937 2,558 11,535 

    -
 –  

. 1 10,561 27,179 16,169 9,146 5,809 3,010 13,571 

    -
 –  

. 2 6,601 16,987 10,106 5,716 3,630 1,881 8,482 

 

         6 

           

6  [1].  

      2.1, ,   

      6      « »  

     – ,    -

 .  

     6  (   -

 [18])   2.2. 

 

 2.2 –     6  

*  6  
 
 

L,  
 -

/  
r0, 
/  

x0, /  R,  
X, 

 
Z,  I ,  

I , 
 

1 2 3 4 5 6 7 8 9 10 11 

 1 2 0,080 -3 120 0,258 0,081 0,021 0,006 0,022 92,4 184,8 

 2 2 0,100 -3 120 0,258 0,081 0,026 0,008 0,027 97,5 195,0 

 3 2 0,080 -3 120 0,258 0,081 0,021 0,006 0,022 88,9 177,8 

 4 2 0,505 -3 240 0,129 0,071 0,065 0,036 0,074 188,1 376,2 

 5 2 0,498 -3 240 0,129 0,071 0,064 0,035 0,073 171,2 342,4 

  2.2 
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1 2 3 4 5 6 7 8 9 10 11 

 6 2 0,709 -3 240 0,129 0,071 0,091 0,050 0,104 183,8 367,6 

 7 2 0,621 -3 240 0,129 0,071 0,080 0,044 0,091 187,4 374,8 

 8 2 0,722 -3 240 0,129 0,071 0,093 0,051 0,106 170,5 341,0 

 9 1 0,809 -3 120 0,258 0,081 0,209 0,066 0,219 151,2 151,2 

 10 1 0,908 -3 120 0,258 0,081 0,234 0,074 0,246 108,2 108,2 

 1 2 19,700 -50/8 0,603 0,302 11,879 5,949 13,286 92,4 184,8 

 2 2 10,300 -50/8 0,603 0,302 6,211 3,111 6,946 97,5 195,0 

 3 2 1,090 -50/8 0,603 0,302 0,657 0,329 0,735 88,9 177,8 

  

* :   1, 2  3  -  -

. 

        6    -

    ,     

2.3. 

 

 2.3 –        6  

 6  I'',  I(2),  

 1 1,788 1,548 

 2 2,175 1,884 

 3 2,855 2,473 

 4 2,758 2,388 

 5 2,849 2,467 

 6 2,845 2,464 

 7 2,846 2,465 

 8 2,844 2,463 

 9 2,830 2,451 

 10 2,827 2,448 

 

2.2      220  
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70 65 75 
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1 . .max.1000 820,386 .I I=  =  

 

       (2.25): 

 

2 2 2(75 1,0) 3 16875 688  =     

 

       (2.26): 

 

150 2 1,0 212,1 38,96  =   

 

     ,  

    (    ): 

 

2 . . . = + +Z Z Z Z              (2.27) 
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=
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Z
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  –    ,   -
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.Z  –    ,   

  0,1 . 
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, .

=
S

Z
I

,               (2.29) 

 
.
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, .

I  –   , · ,  -

  , , . 

 

  ,    10 ,    

    1 .  -

    (2.29): 

 

2.
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1
5

= =Z  

 

    25  [18].  -

      4 2.  -
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.

25 0,0175
0,109

4
Z


==  

  

        (2.27): 

 

2 0,04 0,109 0,1 0,249 . = + + =Z  

 

      [15].  
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2.2.3      

     ( ) 220     

     820,386 . 

    220      1250    

1250 .       2.6. 

 

 2.6 –    220  

    
U  = 220   U  = 220  
I  = 1250  Ip.max = 820,386  

I2  ∙ t  = 252∙3 = 1875 2∙  BK = 15,1392∙3 = 688 2∙  
i  = 80  i  = 38,96  

   

2.2.4      

    .    

   -220/154/10/550. 

1.       -

 ДU . 

   220     , -

  1516.3-96:  U = 145,7 . 
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' 1,05 ,U U=               (2.22) 

' 1,05 145,7 152,99U =  =  

 

 -220/154/10/550: 154 152,99ДU =     

 . 

2.    . 
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      ,   20% 

       : 

 

.1,2 ,ЗI I               (2.23) 

1,2 15,139 18,17I   =  

 

 -220/154/10/550: 40 18,17I =   

 . 

3.    . 

        

   10     220    -

 570  [12]. 

 -220/154/10/550: . 425 570 .U =   

 . 

4.    . 

    .U    -

     ,   20%   

   U  (   1516.3-96  -

 U      330 .   -

 6–220      -

 50  – 50U  ).       
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502 ,U U=                (2.24) 

 –  ,    

      ,   

1,35 [12]; 
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–  ,   -
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 -220/154/10/550:  . 305 432,9 .U =   

 . 

5.       . 

  9920-89    II   -

          2,0 / .   

        : 

 

. 2,0 252 504L =  =  

 

 -220/154/10/550: 550 504 .L =   

 . 

  -220/154/10/550   -

,      . 
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  (       -
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 (     ). 
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3.1       
 

       -

   « - »   «  -

».       -

.    -     3.1. 
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       -

 3.1. 

 

 3.1 –      

   
   
 ,  

S  32000 

  
,  

U  220 

U  6 

   -
,  

I  83,981 

I  3079,292 

   ,  
n  150 

n  5000 

 

   . 

1)      ( ). 

1.       : 

 

. . .0,1 2,5 ,   I I I                (3.1) 

 .I –     , ; 

.I –     , . 

 

   83,981=I  

    220 ,     (3.1): 

 

0,1 83,981 150 2,5 83,981 210    =  

 

   3079,292=I  

 

    6 ,     (3.1): 

0,1 3079,292 5000 2,5 3079,292 7698,2    =  
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 . 
2.        

       

: 

 

(1)
*

0,74
0,094 ,

100


= + K

B

U
X               (3.2) 

(1)
*

0,74 10,5
0,094 0,172 . .

100


= + =BX  

 

     : 

 
2

. .

,=
U

X
S

                        (3.3) 

2242
1830,1

32
= =X  

 

  220 ,   , -

  : 

 

0 ,= X x L                      (3.4) 

 0x –    , / . 

 

0,42 1,48 0,622=  =X  

 

 ,    ,   

 

* 0,622 /1830,1 0,00034 . .= =X  
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     : 

 
(1)

* 1 * ,= +  BX X K X                  (3.5) 

 1K  = 1,1..1,15 – ,    

    . 

 

* 0,00034 1,1 0,172 0,1892 . .= +  =X  

 

   : 

 

0,1892 1830,1 346,277=  =X  

 

       -

: 

 

( )2 1
,

3

  +
=



U A
I

X
                    (3.6) 

   –    ,   

  ,   0,39 [1]. 

  

( )2 242 1 0,39
793,063

3   346,277

  +
= =


I  

 

        

    : 
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.

,
2

=

I

I
                             (3.7) 

 .I –     , . 

 

  793,063
3,739 6,7

2 150
= = 


 

 

        -

   220   : 10≥20 [1].   -

        220 .   

  : 

 

. ,= + +R R R R                       (3.8) 

 R –   , ; 

R –       -

,  0,05  [1]; 

.R –   ,  0,01  [1]. 

 

     : 

 

/ ,= R L S                           (3.9) 

  –     ,    

0,029  2/  [15]; 

S –   , 2. 

 

0,029 50 / 2,5 0,58=  =R  

 

   ,   (3.8): 
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0,58 0,05 0,01 0,64= + + =R  

 

   -220  R =0,64 : 10=24≥20 [1]. , 

 . 

3.      . 

        -

: 

 

10 . .' / 20,=  K K I I                    (3.10) 

 

   

 

10 . .' / 24,=  K K I I                     (3.11) 

10 20 83,981/150 11,197 24=  = K  

 

     . 

2)     -

. 

    ,  -

       8-  -

    .   : 

 

/ 793,063 / 83,981 9,443 8= = I I  

 

,   . 

3)       -

: 
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1,1 0,02 ,
1

 
  + +  −  

CЗ

U
I

U
              (3.12) 

   –  ,   0,1 [1]; 

– ,   ,  -

 1,0 [1]; 

U –    . 

 

0,16
1,1 1,0 0,1 0,02 0,34

1 0,16
   + + = − 

CЗI  

 

   CЗI  = 35 %. 

4)       -

. 

      -

  : 

 

1,1 0,02 ,
1

 
=  + +  −  

d

t

UI

I U
              (3.13) 

0,16
1,1 2,0 0,1 0,02 0,45

1 0,16
 =  + + = − 

d

t

I

I
 

 

 
d

t

I

I  = 45 % 

5)        

: 

 

( )( )4
3

. .1* . .2* . .3*

3
2 min , , ,

4
 +  d

t

I
SLP I I I

I
             (3.14) 
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 . .iI  –      -

, .  

       -

:  

 

. .min . . ,=  I K I K                (3.15) 

 K –  ,  1,1    [1]; 

K –    ,  5    [1]. 

 

. .min 1,1 83,981 5 461,894=   =I  

 

    (3.14): 

 

433
2 0,45 461,894 35,63

4
 +  =SLP  

 

    SLP = 35,6. 

6)       -

 (
2

d

t

I

I
).  (

2

d

t

I

I
)     -

 60-70%.    
2

d

t

I

I
 = 65% 

7)     . 

1.    . 

      : 

 

max , dI K                      (3.16) 

 K –  ,  1,4    [1]. 
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max 1,4 3,739 5,235  =dI  

 

2.       . 

      3-    

 6 ,    : 

 

max . ,  dI K I                (3.17) 

 K   –  ,   1,2   ; 

–  ,   0.7   ; 

.I –      -

 . ., . 

 

max 1,2 0,7 2,855 2,398   =dI  

 

8)       . 

      : 

2

1

f

f

I

I
 = 15% c  . 

5

1

f

f

I

I
 = 35%   . 

 

3.2.2        

         

   : 

 

.


 З

ЗI I  ,              (3.18) 
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  –  ,   1,1    

[1]; 

–    0,935    [1]; 

З –   ,    . 

     : 

 

.
. 3

.

,=I З
Х

I

I
                (3.19) 

.

83,981
0,0294

2855
= =I З  

 

    З  = 1,16 [1]. 

       (3.18): 

 

1,1 1,16
83,981 114,609

0,935


  =ЗI  

 

    114,61 . 

 

3.2.3     

    ,    . 

     : 

 

.= ЗI I ,                    (3.20) 

1,1
83,981 98,801

0,935
=  =ЗI  

    

    98,8 . 
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3.2.4   

    ,  ,  , -

,        -

     ,   -

  [2].      BF-80/Q. 

 

3.3     6  

   6     -

  -2 -02. 

   . 

     .  -

    : 

 

. ЗI I  ,               (3.21) 

 –  ,  5,0    [1]; 

 

     : 

 

.


 З

ЗI I  ,               (3.22) 

 .I –    , . 

 

       : 

 

= З
k

I I
n

 ,                    (3.23) 

 k  = 1 –    ; 

n –   . 
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       : 

 
(2)

,=ч
З

I
k

I
                 (3.24) 

  (2)I  –      , . 

 

     ( ). 

     : 

 

. . ,  ЗI k k I                   (3.25) 

 k −  ,   1,2    

[1]; 

k − ,    ё  , 

  2,5    [1]; 

I −  ё      ДI   

,      ё       -

  I . 

 

      : 

 

,= +ДI I I                   (3.26) 

 

 ДI    .   (3.26)  

: 

 

,= =  I I I L m                           (3.27) 

 I −   ё   1  , / ; 

L −  , ; 
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m–     , . 

 

      6    1. 

 ,   ,   (3.21): 

 

5 0,092 0,462  =ЗI  

 

  ,   (3.22): 

 

1,1 1,18
184,8 256,546

0,935


  =ЗI  

 

   ,   (3.23): 

 

1
256,546 6,414

200 / 5
=  =I  

 

  ,   (3.24): 

 

1548
6,0 1,5

256,546
= = чk  

 

  ,   (3.27): 

 

1,0 0,08 1 0,08=   =I  

 

    ,   (3.25): 

 

. . 1,2 2,5 0,08 0,24   =ЗI  
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     0,25 . 

    6        3.2. 

 

 3.2 –      6  

 10  I ,  I  ,  I ,  I  ,  I  ,  ( ) Ic,  I  ,  

 1 0,092 0,462 184,8 256,546 6,414 6,0 0,080 0,240 
 2 0,098 0,488 195,0 270,706 6,768 7,0 0,100 0,300 
 3 0,089 0,445 177,8 246,828 6,171 10,0 0,080 0,240 
 4 0,188 0,941 376,2 522,254 6,528 4,6 0,732 2,197 
 5 0,171 0,856 342,4 475,332 5,942 5,2 0,722 2,166 
 6 0,184 0,919 367,6 510,315 6,379 4,8 1,028 3,084 
 7 0,187 0,937 374,8 520,311 6,504 4,7 0,900 2,701 
 8 0,171 0,853 341,0 473,388 5,917 5,2 1,047 3,141 
 9 0,151 0,756 151,2 209,901 5,248 11,7 0,809 2,427 
 10 0,108 0,541 108,2 150,207 5,007 16,3 0,908 2,724 

 

3.4    

        -

 .       

     . 

      -

   «  ». 

       -

 Easergy T200S.  , SW1 > SW2  

     1,    2   1. 

       

   2.     2     

     [1].  

   . 

I ,     : 

 

 1 (0,25 0,4) ,= − CPU U                (3.28) 

1 0,4 6,3 2,5=  =CPU B  
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    : 

 

1 . ,= +Зt t t                    (3.29) 

 .Зt –    ,  9 c 

[4]; 

t –   , . 

 

1 9 0,5 9,5= + =t  

 

II ,     : 

 

2 (0,65 0,7)= − CP OMU U                                                  (3.30) 

2 0,7 6,3 4,4=  =CPU  

 

    : 

 

2 ,= +t t t                 (3.31) 

 t –    ,   

0,1 c  ; 

t –   ,   0,3...0,5 c [4]. 

 

2 0,1 0,4 0,5t = + =  
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4.  ,     

 

4.1       

     -

:          

18 ,         -

;    ,       

 ;     [9].    

 - . 

       -

    : 

1)         ; 

2)  ,    . 

    : 

−         

    (  ); 

−          

   (  ); 

−         -

  (  ); 

−        -

  (  ). 

         -

 .         -

        -

.         -

   . 

3)    .    

     150 ; 
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4)     .    

           -

; 

5)   ,     -

   42 ;  

6)        -

 . 

        

   ( ).    

           

    . 

      4.1. 

 

 4.1 –    

  
-
 

  
 

  (  )  12 

   12 

    

    

     

     

          : 
       -

  
 36 

      20 24 

      

 

         

  .  

    : 

1)   ; 
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2)    42 ; 

3)     ; 

4)    ; 

5)  ; 

6)       

; 

7)     ; 

8)  ; 

9)    (  , -

   . .); 

10)         ,  -

  . 

       , , , -

      

12.0.004-2015. 

 

 4.1 –  ,     
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4.2    

        . -

     ,   -

        

[23].    ,    -

,  ,      ( -

   ,   -

,        . .).   

        

   54906-2012    -

.  

      -

        -

. 

       -

   .   

      -

,   .      -

.         

     (      

     220 ),      -

 . 

        

       -

     ,   -

     .    

         -

      . 

  



59 
 

 

 

        

         

 220    220/6  « »  

. 

      : 

1)     ,  -

     ; 

2)     ; 

3)     ,    

  220     ,    

 ; 

4)       , -

    ; 

5)     ,  -

   . 

         « -

»         

 -  .    -

    ,    -

      -

 .  

        

   « »   «  -

»          

   .  

       

   - .    6 

       -
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2 -02.       -

  - . 

        

     ,     -

       -

 . 

       -

   ,    

,    . 

-     ,  

      , 

        -

     ,  . -

    220     -

         -

   220 ,    220 .  
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,   Щ  

 

 –   ; 

 –  ; 

 –   ; 

 –  ; 

 –  ; 

 –   ; 

 –  ; 

 –  ; 

 –  ; 

 – ; 

 –   ; 

 –    ; 

 –  ; 

 –    ; 

 –    ; 

 –  ; 

 –  ; 

 –  . 
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