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u n iv e rs ity  o f  J o r d a n  F a c u lt
y  

o f  E n g
in e e r in g  

&  T e c h n o lo g y  

T u to r ia l # ] F a u lt c a lc u la tio n

E le c tr ic a l E n g
in e e rin g  

D e p
a r tm e n t
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kv  

T  

R e a

In d ic a te  w h ic h  r e la y  ( s ) o p e r a te  o n  th e  o c c u rr e n c e  o f  th e  fa u lt .

Y d l l tr a n s fo rm e r  T 2 .  T h e  b a s e s  a t th e  G e n e r a to r  lo c a tio n  a r e  1 3 .  2 k v  a n d  1 0 0  M V A .

D e te rm in e  th e  c u r r e n t in  A m p e r e s  th a i flo w  o n  b o th  s id e s  o f  th e  D y l tr a n s fo rm e r  T 1 a n d  th e

F in d  th e  L G  fa u lt c u r r e n t fjï c  a t th e  fa u lt p o in t F  in  p u .

D r a w  th e  + V e ,
- V e  a n d  z e r o -

s e q u e n c e  n e tw o r k s  fo r  th e  e n tir e  s y s te m .

G e n e r a to r
, 

T r a n s f i ì r m e r s  a n d  T r a n s m i s s i o n  l i n e  i s  
g

i v e n  i n  t h e  T a b l e .

th e  p o w e r  s y s te m  s h o w n  b e lo w .  T h e  p e r  u n it + V e , 
V e  a n d  z e r o

-

s e q u e n c e  r e a c ta n c e s  o f  th e

A  s o lid  lin e - to -

gr o u n d  fa u lt o n  p h a s e  A  is  is  r e p r e s e n te d  b y  th e  a r r o w  a t th e  p o in t F  n e a r  B u s  A  in

q u e s « o n  # ļ

e ) v e r if y  th e  th r e e -

p h a s e  fa u lt c u r r e n t c a lc u la tio n  a t th e  1 0 0 0  V  b u s  u s in g  th e  p .  u .  m e th o d .

d ) T h r e e -

p h a s e  fa u lt c u r r e n t in  A m p e r e s  a t th e  1 0 0 0  V  b u s  u s in g  O h m ic  m e th o d ,  ) F -
1 o o o v   

·

c ) T o ta l s y s te m  im p e d a n c e  in  o h m s  a n d  p .  u .  fro m  th e  s o u r c e  to  th e  1 0 0 0  V  b u s , X o t  ·
b ) T h e  s y s te m  s h o r t c ir c u it im p e d a n c e  X . .  I n  O h m s  a n d  

P
.  u .

a ) T h e  s h o rt-

c ir c u it M V A  a t th e  1 1 k v  b u s ,  
M  4 .  ·

F o r th e  s y s te m  s h o w n b e lo w , c o  n s id e r  a  b  a s  e  Jv A  =  
1 .  2 5 M v A ,  

t h e n  c a lc u ıa te

o n  #  3 İ



Scanned by CamScanner

X T
- 0 .  0 8  P U   ·

ズヌ
內

っ
口 o  · lé 7  P U  ·

谦 奉

fo ) 
g

.  Ę  · 2 3X«  h .  T
tb ) _ .  

g
.  Ę  · 2 3 PU  ·

Ķ  ų 2 1
ĥ r \ $  ıo

6

_ 12 o 2 8 A  q

丧 兼

TW  ıa lž  
97 4 2  · r é v   · ï l /? w .  ŝ j

)m .  18 2łł  · SA   ·-
¡l  · a x ıo

'

J FĮ  ŲrZ ?
.  

¡l   · a  x ıo I

馬
一

畜丰爿 万有
°

职 ユ A 가乡
一

厂再万存。 平 · 1

- 2

亀
、

'

l+ 2 ナ ı

. r ı月了泓

(w ) 2 $o  (ıv)

二云メヘ
父，，

， バ総空二 。 飞陌 ·卫ユ ニシ ぬ · 緩
ヱ
し 夕

，

· 里コ 型シ

1& T u ļ +o d a l ?F ı Fa u ll ć. l( u {A fio n s
°  

p M f 2
~



Scanned by CamScanner

ífl づ  72ı.  7  × 12 - 3 5  
·

e 0   
· 

0 2 ı+ 0   · o q tl =  
0   

· o É $  J U

iłı d k ıM  
X IM  

=  0   · O ? l + T  į

in  p V  : X + .  +

' O   
· 0 2 É + d   · O $ $  =

o ĺ v
( · ı/ I

ム ·

沪
多 っ ·%乡，

b) X x  
·  

H v A p u

- fs (t  · $ ) (ıtv )

夕晟ゾ鳥 ニ 石哇뼙굔
trl4A\ .  \.  %  M A

C . 。七叭d - e，
。

回 !



Scanned by CamScanner

C O n  ţin w Ł

采 集 某 ļ

f ţ

g a

× lı$ r to
ļ

ıi
b

-
.  

X  l
.  A



Scanned by CamScanner

łe í iıı
ı  

th«

i八 h 邑 prムų a ノリフ 指 En 汁 Js 翩 ıバヘゴ
十しe

i

s ee m  b
J 

Ąe C T .

K n e L p.  in + V A W Ł  ·

ĹM w F ba l L  o 11 
N R x   · / o a cl

% t oř"ľ' þe  lo cJ  th e

C ıť tfe4r ióL .  { č h o ü s i''1 C T
'

S

/ R c 】

C

.  T łu o - ph.  J e  +. u » (B ıc ) .  M e e - F h
.  s e  ŤM IF



Scanned by CamScanner

C ,
- 9C ,

- 9 × 1 0 1 3 , 2  =  C ,
- 9 118 .  9 H F

L  =  
C , 

+ C ,
-

R L  
과  1 0 C

,
-

(2 n x 5 0 ) 
2 

C
,

- 10 13 .  2 LLF
10

3
g a in  fr o m  th e  p h a s e  s h ift re q u ire m e n t, 

w e  h a v e

C , +  C
10 0 × 1 0 0  =  10 0 × 1 0

3 
C

l 
+  C

2
- 10 C

, 
C

2
- 9 C

,

C

N o w  w e  w a n t 1 0 0  V  a t th e  o u tp u t o f  th e  V T , 
w h i c h  h a s  a  t u r n s  r a t io  o f  1  0 0  l .  T h e re fo re ,

tl j úo c
, 

ţ v j m c .  
C

, 
+ C

,

ら ー  · 

乙 (!/j fu  C  ą) 
一  匕 

디

C o n s id e r  th c  c irc u it o f  F ig .  2 .  T h e  o p e n -
c irc u it v o lta g e  a c r o s s  C 2 is  g iv e n  b y

m H  a n d  th e  s u p p ly  fr e q u e n c y  is  5 0  H z .

d is p la c e m e n t b e tw e e n  th e  lin e  v o lta g e  a n d  th e  o u tp u t o r  th e  c v T .  T h e  le a k a g e  in d u c ta n c e  ( 1 )  o f  t h e  t r a n s f o r m e r  i s  1

lin e  v o lta g e  c o n n e c te d  a c r o s s  te rm in a l A  is  1 o o  k v .  F in d  th e  v a lu e s  o f  c 1 a n d  c 2  s u c h  th a t th e r e  is  n o  p h a s e

C o n s id e r  th e  s in g le -

p h a s e  C V Ľ  s h o w n  i n  F ig - 2 .  T h e  o p e n  c irc u it v o lta g e  r e q u ir e m e n t o f  th e  C v T  is  1 0 0  V ,  
w h i l e  t h e

O u e s tio n  #  2

12 0 0
= 4 . 2 月

ー

10 0 4 .  2 .  4 × 5

T h e r e fo r e  th e  C T  s e c o n d a ry  c u r r e n t is

1  =  

ß × 3 4 5  × 1 0
3

-
1 0 0 4 .  2 .  4  Å

6 0 0  × 1 0
6

T h e  c u r r c n l f ıo w in g  th r o u g h  th e  lin e  is

3 0 0 0  
6 6 .  4  V

V
'

_

3 4 5 /0 × 1 0
3

\ 亟  n a ly s is iT  S c
þw  o f  E n R in e c rin R  E le c tric a l E n g i n e c r i n  D e p a rtm e n t

ħc  U n  iv e
g į y ,  

o f  J o rd a n
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F ig .  1

V s  
=  

ï
. .  R

T

c .  C T  s e c o n d a ry  v o lta g e  f o r  g r o u n d  fa u lt

R r
-

0 .  3 4 2  +  0 .  5 0  +  0 .  5 9 +  0 .  4 4 8  
=  

1 .  8 8 Q .

R .
-

R
c  

+  R
p h  

+  
R

E  
+

R  
L

b .  T o ta l c o n n e c te d  r e s is ta n c e  s e e n  b y  th e  p h a s e  C T
,

)a .
-

ı , IC T R  =  
1 6 0 0 0 / (10 0 0 /5 ) -

1 6 0 0 0 / 2 0 0  
=  

8 0  A .

a .  S e c o n d a ry  F a u lt C u rT e n t

s o ıu ti o n

S in c e ,  
t h e  k n e e  p

o i n t  i s  1 0 0  v  t h c  C T  w i l t  s a t u r a t e  a t  ] 0 0  V  c o n e s p
o n d i n g  

t o

N o t  S a t u r a te d .

F ig .  Q 4

c .  1f n o t,  a t  w h a t  f a u l t  l e v e l ,  t h e  C T  w i l l  s a t u r a t e ?

b .  W ill th is  fa u lt c u r r e n t le a d  to  C T  s a tu ra tio n ?

0 .  5 0 52 ,  a n d  t h e  C T  r e s i s t a n c e  R s
-

0 .  4 0 0 .

a .  C a lc u la te  th e  v o lta g e  d e v e lo p e d  a c r o s s  c T  if  th e  p h a s e  r e la y  b u r d e n  r e s is t a n c e  z R
-

o .  1o o ,  
t h e  l e a d  r e s i s t a n c e  R , .

-

a s  s h o w n  in  F ig .  Q 3 .

A  d is tri b u tio n  fe e d e r  h a s  6 0 0  / 5 C  1 0 0  C T  w ith  a  k n e e  p o in t 1 0 0  V o lt .  A  th re e  p h a s e  f a u lt  o f  ıf  
=  

1 0 2 0 0  A  o c c u r s  a t  F

O u e s t io n  ł

c a llq p  R  la rg e  r e d u c t io n  in  t h e  c u r r e n t d e liv e r e d

A  L I  w it h  a  s a t u r a t io n  v o lta g e  o f  1 o o  v  w o u ld  e x p e n e n c e  s u b s ta n t ia ı s a tu r a t io n  f o r  th is  fa u ıt .  T h is  s a tu r a tio n  w o u ld

r'

,  
=  

8 0   ·  
ı .  8 8 =  

1 5 0 .  4 V -
ı 5 0 v

d  D o e s  th e  C T  g e t S a tu ra te d  a t th e  a b o y e  L G  f a u lt c u r re n t?

Ļ tc .  t h e  

s t a n c e  s e e n  b y  th e  p h a s e  C T , R r   ·

b .  T h e  t o t a l  c o n n e c t e d  r e s j

a  th c  c u r r e n t s e e n  b y  t h e  s e c o n d a ry  o f  th e  C T
,  /

. . -

C a lc u ıa te ,

L e e d  R e s is ta n c e  ( O n e  ï e c d ) R L
-

0 .  2 2 4  Q

B u r d e n  r e s is ta n c e  fo r  E  r e la y  R E
-

0 .  5 9  n

B u r d e n  re s is ta n c e  fo '
p h a s e  r e la y  R p h

-
0 .  5 0  Q

C T  W in d in g  R e s is ta n c e  R c
-

o .  3 4 2  n

T h e  c ir c u it h a s  a n  A  p h a s e  to  g ro u n d  fa u lt o n  th e  lin e ,  w i t h  f a u l t  c u r r e n t  m a
g n i t u d e  o f  ] 6  k A  a t  O

°
.
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夕
、

(e ) C T S  =  
1 2 .  0 , t h e n  Ir  

= ll rl/ll p
k l .  T h e r e fo r e , t h e  r e l a

y  
d o e s  n o t o p e ra te .

t
p  

=  7 ×  Ĺ .  0 .  12 17 =  2 0 .  4 18 s e c

(d ) C T S = 3 .  0 , t h e n  Ir  
= ıirvlio l= 3 .  3 3 .  T h e re fo re ,

=  9 .  07 6 9 s e c
1 -

= 7 × ( .  0 .  12 17

(c ) C T S =
2 .  0 , t h e n  l r

= llĄ/łlp l 
=  

5 .  T h e r e fo r e ,

t
p  

=  1 .  5 × Ĺ .  0 .  12 17 =  1 .  9 4 5 s e c

(b ) C T S -
2 .  0 , t h e n  Ir  

= \iM lłA  
=  

5 .  T h e re fo r e ,

(a ) C T S  =  
1 .  0 , t h e n  İ .

- Iİ Ą/1'p l 
=  

1 0 .  T h e r e fo r e ,

S o lu tio n

F ig .  1月 一
2 8 . 2 , B

一
0 . 12 17 聞 d p

一
2 . 0

ı,  i s  t h e  r a t i o  o f  IIM II p\

'
p  

is  th e  p ic k u p  o
r  o p e r a tin g  tim

e

t
p  

=  T D s  ×  Ĺ  +  B

(a ) C T S  =  
ı .  O a n d  T D S  

= / .

d e te r m in e  th e  re la y  o p e r a t in g  tim e  f o r  th e  f o ııo w in g  c u r r e n t  ta p  s
e ttin g  (C T S ) a n d  tim e  d ia l s e ttin g  (T D S )

T M S  c a n  b e  v a r ie d  fr o m  0 .  5 to  1 0  a s  s h o w n  in  F ig .  1 .  If th e  in p u t c u J r e n t to  th e  o v e rc u rr e n t r e la y  is  1 0  A ,

T h e  c u r re n t p lu g  (ta p ) s e ttin g s  (C T S )  o f  a  G E C  5 - A  o v e rc u rre n t r e la y  c a n  b e  v a r ie d  fr o m  1 A  to  ı2 A  a n d  th e

Q uę s!ip n  .!

E E 4 8 2 - p o w e r  S y s te m  A n a ly s is  ll 
T u to ria l # 3  ID M T  O C  R e ıa y

T h e  u ı! į w p iw o f  J o r d a n  s c h o o ı o f  E n g in e e r in g  
E ıe c tr i$ ą ) E n g in e e r in g  D p a r t m ę n t
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p s M  1 2  l= l 2 ol
T h e  c h a r a c te r is tic  o f  th e  ID M T  r e la y  is  a s  fo llo w s

F ig .  3

s te p  (A t) o f  0 .  5 s , c a l c u l a t e  t h e  t i m e  m u l t i
p

l i e r  s e t t i n
g

s  (T M S ) a t A  a n d  B .

F ig u re  3  s h o w s a  ra d ia l d is trib u tio n  sy ste m  h a v in g  id e n tic a l ID M T  o v e rc u rre n t a t A ,  B  a n d  C .  F o r  a  tim e  d e la y

Q u e s tio n  # 3

A c tu a l o p e ra tin g  tim e '
p

- 6 .  5 × T M S  +  t
p

- 6 .  5 × 0 .  8 =  5 .  2  s

p ic k u p
1 2 .  5

P S M =  =  =  4  +  o p
e r a t i n

g  
t i m e  a t  T M S  

=  
1  i s  6 .  5 s

Í -
r e l a

y  

C T R  6 0 0 / 5
1 =  L  = 1 2 0 0

=
l 0 Á

p ic lo łp  n a ¢e d
1 =  P S  × I

,

- 0 .  5 × 5  =  2 .  5 Å

'

+ p

爿
ン

F ig .  2P S  =  
5 0 % , 

T M S  
=  

0 .  8

Ì
_

' " "

fo r th e  p r o te c tio n  o f  th e  fe e d e r th ro u g h  a  6 o o /5  A  c T  a s  s h o w n  in  F ig .  2 .

T h e  c a lc u la te d  s h o r t-
c irc u it c u rre n t th ro u g h  a  fe e d e r is  1 2 o o  A .  A n  o v e rc u rre n t re la y  

o f  r a tin g  
5  A  is  c o n n e c te d
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b e tw e e n  th e  tra n s fo rm e r  re la y  a n d  fe e d e r re la y .

b .  S u g g e s t s u ita b le  p S  a n d  T M S  o f  th e  tra n s fo rm e r re ıa y  to  e n su re  a d e q u a te  d is c r im in a tio n  o f  0 .  5 s

a .  o p e ra tin g  tim
e  o f  fe e d e r re la y .

tra n s fo rm e r to  th e  fe e d e r , d e t e r m i n e

T h e  re la y  o n  th e  fe e d e r C B  h a s  P S  
=  

ı 2 5 %  a n d  T M S  
=  

0 .  3 .  If a  fa u lt c u rre n t o f  5 0 0 0  A  f lo w s  fr o m  th e

□  2 .  2际 崮 設飄
'" 国

4 0 0 /5  C T  a n d  b o th  C T s  fe e d  ID M T  re la y s  h a v in g  th e  fo llo w in g  c h a r a c te r is tic s
b re a k e r (C B ) a s  s h o w n  in  F ig .  4 .  T h e  tra n s fo rm e r  C B  is  e q u ip p e d  w ith  a  1 0 0 0 /5  C T  a n d  th e  fe e d e r  C B  w ith
A  2 0  M V A  T r a n s fo r m e r  w h ic h  is  u s e d  to  o p e ra te  a t 3 0 %  o v e rlo a d  fe e d s  a n  ı1 k v  b u s b a r  th ro u g h  a  c ir c u it

Q q e s tio n  \

A c tu a l o p e r a tin g  tim e  o f  r e la y  A  is  lp
-

0 .  2 + 0 .  5 + 0 .  5 =  
1 .  2 s -

4 .  5 × Ï M S  + m d s
.

-

I 5
- 0 .  2 6 6

1 .  2

+  o p e ra tin g  tim e  a t T M S  =  
1  i s  4 .  5 s

'
A -

"
"

- 5 À '
A - /° 

C T R
.  

2 0 0 / 5 '
Ä -

p
i ,  W  

5
- L .  W _ 2 5 A  P S M

.

-

ı
A -

- t
q

?

_

2 5
_ 5

li o r  r e l a y  A ,

. ― ―
. 0 . 2 3 3A c tu a ł o p e r a t in g  tim e  o f  re la y  B  is '

p
-

0 .  2  +  0 .  5 =  
0 .  7 s -

3 ×  7 1 4 S  +  T ı l s
a  

3

0 .  7

+  o p e ra tin g  t im e  a t T M S  =  
1  i s  3  s

B -

p
i ,  » ,

P  

C T R
,  

2 0 0 / 5 '
c -

"
"

2 .  5

F o r  r e la y  B ,

A c tu a l o p e ra tin g  tim e  o f  re la y  C  is  t
p

- 2 × T M S  +  t

p

- 2 × 0 .  1 =  0 .  2 s

+  o p e ra tin g  tim e  a t T M S  =  
1  i s  2  s

C I R
e  1 0 0 / 5 '

c -

p
l ,  in

lp  

2 .  5

F o r  r e la y  C ,

s o ıu tirın
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4 .

5 .  6
兮 邛 行 n a 雄 周 。

. .
. 0 . 2 5

1 .  4

p
-

5 .  6 s ,  
A c t u a l o

p
e r a t in

g  
t im e  o f  t r a n s f o r m e r  r e l a y  

i s  ı
p

-
0 .  9 +  0 .  5 =  

1 .  4  s - 3 × T M S

O p e ra tin g  t im e  c o r re s p o n d in g  to  P S M » a n w . . .

- 3 .  3 a n d  T M S  =  
1  f r o m  t h e  P S M

-
t im e  c u r v e  is

» .  M jb r m "

Ï  
T .  n 4 c r m ° -

p
i c ì m

p  

7 .  5 7 .  

<
p S M ,

'
f

-
7 in r

q
b - -

-
.  T o

y

.  

500 0 /(10 0 0 /5)
.  .  3 .  3

n e a r e s t v a lu e  b u t h ig h e r  th a n  1 3 6 .  5 %  is  1 5 0 %  +  P S
T f? H ,  fo . .

- 150%

P S
T . .  Fo . ..  

>  >  1 .  36 5 o r l 3 6 .  5 % ,  
t h e  P S  a r e r e s t r i c t e d  t o  s t a n d a r d  v a l u  s  i n  s t  

p
s  f  5 % , s o  t h e

s in c e  th e  tr a n s fo rm e r  r e la y  m u s t n o t o p e r a te  to  o v e r lo a d  c u r re n t ,  p s
T _ fm m .  

>  

I
T _ fo _ . -

N ıı
y

T r a n s fo rm e r o v e r lo a d  c u r re n t , '
T

- 1 .  3 × - 1 .  3 × - 13 6 5 Å

F o r  T r a n s fo r m e r  r e la y } '
r r a M . . . - pic*p 

=  P S  × I  
r a te d

A c tu a l o p e r a tin g  tim e  o f  th e  F e e d e r  re la y  is  t
p  

=  3 × T M S  +  t
p  

=  3 × 0 .  3 =  0 .  9 s

+  o p e r a tin g  t im e  a t T M S  
=  

1  i s  3  s

50 0 0
'

F t M e r - rein 
=  

C i R
F e e d e r  

=  

4 0 0 /5
- 6 2 .  5 Å  P S M  

F e e d e r  
=

'
F e e d e r -

p
i c J h

q  

=  

6 .  2 5

- ı v

T M S F t t d t  r  
=

0 .  3 ,  P S  
=  

U S %  +  l
F e  e d  e  r -

p
i c l a ł

p  

=  P S × I 
岡  te d  

= 12 5 × S  =  6 2 5 A

F o r  F e e d e r  r e ıa y

S o lu t io n
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2 0 9 .  9 2  3 4 1 .  16  6 9 5 .  4 4

W ith  th e  c u rr e n t tra n s fo rm e r ra tio s g iv e n , 
the  n o rm a l r e la y  c u r r e n ts  a r e

ı2 1
- I l 

=  2 0 9 .  9 5 A  l 32
- ı2 1

+ ı2
- 3 4 ı.  1 6 A  I s

- ı3 2 + 1 3 
=  6 9 5 .  4 4  A

T h e  n o rm a l c u īr e n ts  th ro u g h  th e  s e c tio n s  m e  c a lc u la te d  a s

Iı 
=  

JiTlxio3 )
- z u v .  Y Ĵ A  ı2

-

m
-

1 1 1 .  ı ı A  ı

3

- - 3 5 4 .  z s A
4 X 1 0

Ö 
2 .  5 X 10

ö 
6 .  7 5×1 0

Ū

s o ıu tio n

F ig .  l
- b  C O - 7  T i m D e l a y  O v e rc u rrm t R e la y  C h a r a c te ń s tic s

C u n ın t a ı a  m u ıtip l  · o f ıa p  ıe u in g

1 2  3  4  6  8  7  8  9 io  1 2  rm m

F ig .  1 -

a  A n  E x a m p le  R a d ia l S y s te m

Is c 3  
=  

3 2 0 0 A  l s c
2  

=  3 0 0 0 A  l e c
l  

=  2 5 0 0 A

L 3  
=  

6 .  7 5  M V A  L 2
=  2 .  5  M V A  L 1 

=  4  M V A

c h a r a c te r is tic s  s h o w n  in  F ig  1
- b ) is  u s e d .

fa c to r .  D e te rm in e  r e la y  s e ttin g s  to  p ro te c t th e  s y s t e m  a s s u m in g  re la y  ty p e  C O - 7 (w ilh

C o n s id e r  th e  1 1 - k v  r a d ia l s y s te m  s h o w n  in  F ig  1 -

a .  A s s u m e  th a t a ll lo a d s  h a v e  th e  s a m e  p o w e r

O u e s tio n  #  1

E E 4 82  : P o w e r  s
y
s te m  A n a ly s is  (2 )  T u to r ia l # 4 -

o c  c o o r d i n g t i o n

T h e  U n i
y e rs i

v  o f  J o rd a n  s c h o o l o f  E n g in e e ń n g  E le c tr ic a l E n g in e e ń n g  D e p a r tm e n t
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fiv e  to  s e v e n  tim e s  r a te d  v a lu e s .  In  p r a c tic e , 
t his  s h o u ld  b e  a c c o u n te d  fo r .

W e  n o te  h e re  th a t o u r  c a lc u la tio n s  d id  n o t a c c o im t fo r  ıo a d  s ta r tin g  c u r r e n ts  th a t c a n  b e  a s  h ig h  a s

T h u s  fo r  1 3  
=  0 .  90 ,  

a n d th e  a b o v e  ra tio , w
e  

g
e t  fro m  th e  re la y

'

s  c h a r a c t e r i s t ic ,  (T .  D .  S .  l3=  2 .  5

3 .  7 5

T h e  c u ï r e n t in  th e  r e la y  e x p re s s e d  a s  a  m u ltip le  o f  p ic k u p  is

fa u lt a t 1 , 
w e  h a v e  

l 3 2
- fa + o .  1 + 0 .  3 _ 0 .  9 0  S

ıh u s  a llo w in g  th e  s a m e  m a r g in  fo r  r e la y  3  to  r e s p o n d  to  a  fa u lt a t 2 , a s  fo r  re la y  2  re s p o n d in g  to  a

F o r  th e  (T .  D .  s .) 2
-

2 , 
w e  

g
e t  fro m  th e  re la y

'

s  c h a ra c te r is tic , 

T 2 2

-
0 .  5 0  s

.

l
-

l

コ
叼

名

ぜ
ー

， 

勺

唱

fo r  w h ic h  r e la y  2  r e s p o n d s  in  a  tim e  1 2 2  o b ta in e d  a s  fo llo w s
T h e  fin a l s te p s  in v o lv e  s e ttin g  th e  r e la y  a t 3 .  F o r  a  fa u lt a t  b u s  2 ,  th e  s h o r t-

c in c u it c u r r e n t is  3 0 0 0  A ,

F ro n ı th e  c h a r a c te ri s tic s  fo r  0 ,  5 5 -

s e c o n d o p e ra tin g  tim e  a n d  6 .  2 5 r a tio , 
w e  

g
e t  (T .  D .  S .  Ļ  個  2 .

(C .  T .  S .) 2  1 0

t scı 
6  
兰 _ 6  그  5

t h e  s h o r t c ir c u it fo r  a  f a u lt a t  1 a s  a  m u ltip le  o f  th e  C .  T .  S .  a t 2  is

Tz a

- T
ı,  

+ 0 .  ı+ 0 .  3 =  0 .  5 5  s

e r r o r  m a r g in  o f  0 .  3 s e c o n d  in  a d d itio n  to  T ı 1 .  T h u s ,

T o  s e t th e  r e la y  a t 2  r e s p o n d in g  to  a  fa u lt a t 1 , 
w e  a l l o w  0 .  1 s e c o n d  fo r  b r e a k e r  o p e r a tio n  a n d  a n

fıl
- 0 .  ı5 s

B y r e fe r e n c e to th e r e la y c h a r a c te ris tic ,  
w  e  

n
g  

t i  m  e  f o r  r e l a y  1 fo r a fa u lt a t 1 a s

cr n .  s .) ı-

1

W e  c h o o s e  th e  lo w e s t T .  D .  s .  fo r  tıli s  r e la y  fo r  f a s te st  a c tio n .  T h u s

is cı _ 1 0 .  4 2

E x p r e s s e d  a s  a  m u ltip le  o f  th e  p ic k u p  o
r  C .  T .  S .  v a lu e , w

e  h a v e

iæ ,

- 6 2 .  5 A

c irc u it a t 1 is

th e  s h o r t -
c ir c u it c u n e n ts  c a lc u la te d  to  c o o r d in a te  th e  r e la y s .  T h e  c u rr e n t in  th e  re la y  a

t 1 o n  a  s h o r t

o b s e r v e  th a t w e  h a v e  c h o s e n  th e  n e a r e s t s e ttin g  h
ig h e r  th a n  th e  n o r m a l c u r r e n t .

 S i mi l ar ıy f
o r  po

s i ti on  3,  (Ç.  T.  S.  13 1 0. �

r e la y  d o e s  n o t tr ip  u n d e r  n o rm a l c u rr e n ts .  F o r th is  ty p
e  o f  re la y ,  

t h e  c u lr e n t t a p  s e ttin g s  a v a ila b l e  a r e
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2 I 2 9 8 6  上 4 04 5

1 4 0 4 9  6 2 7 4

B u s  上 C u r r e n t (A ) I C u r r e n t (A )

F a u lt L o c a t io n  I M in im  F a u ıt I M a x im u m  F a u lt

T a b le  2 .  2 F a u lt C u r r e n t C a lc u la tio n s

= ıı 5 0 llÆÆ oo// 55 77 55 mm ı 7 5

n ıı 5 0 llÆÆ oo// 55 77 55 mm ı 75

n ıı 155 00  22 00 00 // 55  1100 00  m l 22 00 00

a ı ■ ı 33 55 00  lÆÆ oo // 55  100 00  m ı 55 00 00

四国  ııı 555 000 000 ll l0 00  /// 555  7 555  m ııı 666 000 000

T a b le  2 .  l C T  R a t io  a n d m  C u r r e n t S e t tin g s

F ig u r e  2 .  I R a d ia l s y s te m  c o n s id e r e d  fo r  re la y  o v e rc u rre n t r e la y  c o o rd in a tio n  s tu d y .

1 5 0  A 2 0 0  

 i

,

-

(R 5 ) s e t to  T D S 5  =  
1 .  0 .

i.  e .  Fin d  th e  T D S  c o n s id e r in g  a  c o o r d in a tio n  tim e  in te r v a l s e t to  o .  4  s , 
a n d  a  T D S  o f  r e l a

y  
a t  b u s  5

' " Ĺ . °.  12 17 × I D S

D e s ig n  a n  o v e r c u īr e n t p ro te c tio n  fo r  th e  a b o v e  r a d ia l fe e d e r  u s in g  � ttremg !.  w s e  ın m

3 æ ç s

A m p e r e s .  A ls o
, th e  m in im u m  a n d  m a x im u m  fa u lts  a t b u s e s  1 - 5 a re  g iv e n  in  T a b le  2 .  2 .

b u s e s 1 - 5 a r e  
g iv e n  in  T a b le  2 .  1 .  T h e  r e la y  c u r r e n t s e ttin g  ( c s ) a r e  g iv m  in  %  a n d  in  p ń m a r y

F o r  th e  r a d ia l 
p o w e r  s y s te m  s h o w n  i, F i

g
.  2 .  1 th e  c T R  o f  th e  c T s  a n d  th e  r e la y  c u r r e n t s e ttin g s  a t

R e la y  c o o r d in a tio n  o n  r a d ia l f e e d e r s  u s in g  u s e  E x t r e m e ıy  ın v e r s e  R e ıa y  c h a r a c t e r is t ic s

Queson # . ?
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.  0 .  12 17 × 3 - 0 .  2 0 × 3 - o .  6o s

人7 5 )
一
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( 14 0 6 l 
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_ 1

t
p 4

-

1 
+ 0 .  12 17 × 1 D S

4

2 8 .  2

/

T h e  o p e r a tin g  tim e  o f  r e la y  4  (R 4 ) fo r  Iin =  14 0 6A  is

t =  

L 
+  u .  12 17 ×1 D  

=  Ĺ  1 + u .  12 17 × 3  =  0 .  5 5 s

T he  o p e r a t in g  tim e  o f  r e la y  4  ( R 4 ) fo r  T 4Ufn  a r  
=  160 3A  is

ı
p 4

- Ĺ . °.  12 17 .  3  = , .  6 3 S

T h e  a c tu a l o p e ra tin g  tim e  o f  r e la y  4  ( R 4 ) fo r i  _ a n d  T D S 4
=  

3 .  0  is

0 .  2 1
0 .  6 1 =  0 .  2 1 × l

'

D 5  4 
'

J D b  4
- ― ―

.

'

L .  y  ı u i  

4

-
j

0 .  6 1

tH
-

0 .  2 1+ 0 .  4  =  
0 .  6 1 S .

fo r  ıfm- T h e  o
p

e r a t i n
g  

t i m e  o f  r e l a
y  

4  (R 4 ) is

T h e  o p e r a tin g  tim e  o f  r e la y  5  ( R 5 i fo r  l 5TM  =
-

1 3 3 5 A  i s  0 .  2 1 s .  T h e  r e la y  4  ( R 4 )  w ill p ic k u p

ı4i- -
-

1 6 0 3  A ,  l 4 ï .  i.
-

1 4 0 6  A , 
l 4 p ic m p

- 7 5 A , 
T D S 4

- ?

o o s in g  r e la y  4  (R 4 ) p a r a m e te r s

g
-

1  
Ħ

l5f m . .
-

1 3 3 5 A , İ 5 T m .
-

1 19 5 A , 
I s p i,  łu p

- 7 5 A , 
T D S 5

-
1 .  0

1 .  C h o o s in g  r e la y  5  ( R 5 ) p a r a m e te r s

E x tr e m e ly ln v e r s e o v e r c u r r m t c h a r a c te ri ic  : ,
,

- Ĺ . . .  12 17 × T D S

u p  tb r  th a t  c u r r e n t .

b .  F o r  th e  m a x im u m  fa u ıt c u r r e n t s e e n  b y  Y  b u t  n o t  s o o n e r  th a n  0 .  4  s  a f te r  Y  s h o u ld  h a v e  p ic k e da .  F o r  o n e  t h i r d  o f  t h e  m i n i m ıı m  f a ıı ı t  c u r r e n t  s e e n  b y  Y .

d o w n s t r e a m  r e la y  Y ,  r e l a y  X  m u s t  p
i c k  u p

T h e  p r in c ip ıe  o f  b a c k u p  p r o t e c t io n  w ith  o /c  r e la y s  is  t h a t  fo r  a n y  r e ıa y  X  b a c k in g  u p  t h e  n e x t
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S

t
p 2

- Ĺ .  0 .  12 17 × 0 .  8 =  1 .  136 × 0 .  8 =  0 .  9 0 s

T h e  a c tu a l o p e ra tin g  tim e  o f  re la y  2  (R 2 ) fo r İ 3jh  =  a n d  Ï D S 2
- 0 .  8 is

0 .  88 = l .  136 × T D S , 
Ï D S 2 

·  

T í 36
- 0 .  77 T D S

2 
·  0 .  8

0 .  88

t
p 2

- " .  ' " 7  × T D S
,

" .  8 8 =  Ĺ " .  12 17 × T D S
,

t
p 2

- 0 .  4 8+ 0 .  4  =  0 ,  88 s .

f o r l - t h e  o p
e r a t i n

g  
t i m e  o f  r e l a y  

2  (R 2 ) is
t h e  o p e ra tin g  tim e  o f  r e la y  2  (R 2 ) fo r  ł3Tm =

- 2 6 8 3A  is  0 ,  4 8 s .  T h e  r e la y  2  (R 2 ) w il l p ic k u p

马加一
一

4 0 4 5 八鳥 加in
一 29 86 人 Ï 2 p ic 帥

一 500 八、
買 ) S 卢

4 .  C h o o s in g  r e la y  2  ( R 2 ) p a r a m e te r s

T h e  o p e r a tin g  tim e  o f  r e la y  3  (R 3 ) fo r i  h
-

2 1 7 2 A  i s

l in e  o p e r a tin g  tim e  o f  r e la y  3  \ )  fo r  I 3jin .
-

2 6 8 3 A  i s

T h e  a c tu a l o p e r a tin g  tim e  o f  r e la y  3  (R 3 ) fo r  Iv m - a n d  T D S 3
-

1 .  7 is

0 .  56 8

" . ' " " ,  J U O X ı U À
Ļ  

ı u b  

3

- ― ―
_

\ .  b ı  I U I  

3

-
ı .  ı

'
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-
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.
=
h
.

t
p 3

-
0 .  5 5 + 0 .  4 =

0 .  9 5 S .

fo r  ł
v m a r   · T h e  o p e r a tin g  tim e  o f  r e la y  4  (R 4 ) is

y  e .  

O  P  e  r  a  t i n  g  t im e  o f  r e la y  4  ( R 4 ) fo r  I
. .

-
1 6 0 3 A  i s  0 .  5 5 S .  T h e  r e ıa y  3  (R 3 ) w ill p ic k u p

/m .
-

2 6 8 3  A
, I ..

-
2 1 7 2  A

,  İ JPkw -
2 o o  A

,  T D S 3
-

?

3 .  C h o o s in g  īe la y  3  
( R 3 ) p a ra m e te r s
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+ 0 .  12 17 × l .  2 ·  0 .  7 55 × 1 .  2 ·  O .  g o s s

T h e  o p e r a tin g  tim e  o f  r e la y  1 ( R 1 )  fo r  İ ïv m in
-

4 04 9 A  is

T h e  o p e r a tin g  tim e  o f  re la y  2  ( R 2 ) fo r  I lTm  =
- 62 7 4 A  is

x l .  2  =  0 .  7 5 6 × l .  2 - 0 .  9 0  8 st
p 】 

=  Ĺ . °.  12 17

T h e  a c tu a l o p e r a tin g  tim e  o f  r e la y  1 (R 1 ) fo r i  =  a n d  T D S ,
-

1 .  2 is

U .  y  
=  

U .  /  J o x  ı ı )  l  ıı)  
1

-

0 .  7 5 6
- 1 .  1 V  ıD à

'

1  

=  1 .  2

0 .  9

t
p l

-
0 .  5 + 0 .  4 =

0 .  9 S .

fo r  
I . .  T h e  o p e r a tin g  tim e  o f  r e la y  1 (R 1 ) is

T h e  o p e r a tin g  tim e  o f  r e la y  2  (R 2 ) fo r  İ 2fm _
-

4 0 4 5 A  i s  0 .  5 s .  T h e  r e la y  1 ( R 1 )  
w ill p ic k u p

I \ f m .
-

6 2 7 4  A ,  Ï \ f m in
-

4 0 4 9  A ,  ı t p i.  H p

-
6 0 0  A ,  

T D S \
= ?

5 .  C h o o s in g  r e la y  1 (R 1 ) p a r a m e te r s

\

P 2
-

+ 0 .  12 17 × T D S 2 
=  Ĺ .  0 .  12 17 × 0 .  9  =  0 .  9 35 × 0 .  9  =  0 .  84 s

T h e  o p e r a tin g  tim e  o f  r e la y  2  ( R 2 ) fo r  l 4/in  in  
=  

2 9 8 6 A  i s

t " .  1 2 ı 7

,  

x  T D S 2  
=  ĹC  

+ 0 .  12 17 × 0 .  9  =  0 .  5 0 s

T h e  o p e r a tin g  tim e  o f  r e la y  2  ( R 2 )  fo
r  ıa r  

=  4 0 4 5 A  is
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F a u lt C u ıT e n t -
A m

p
s

甘 甘 甘

1

3

1 .  7

0 .  8

1 .  2

T D S

T im e  D ia ı tt in g _

5  lm o /5 lÆ % = ı 7 5  1 3 .  7 5  ı

10 0 /5  L  7 5  ? ı ı 7 5  1 3 .  7 5

2 0 0 /5  1 0 0 ı  2 0 0  1 5  1

s o o /5  10 0  ı ı  5 0 0  1 5

7 5  %  6 0 0  ! 3
. 7

5

į J



Scanned by CamScanner

8

F ııı仕钿 聞 蹦 ·
角

叫 ı售

~  

ıï  
F M D .  

W  

a E N A
,  e

'

- '

*iigiiġ ş į l  ,4"

U



Scanned by CamScanner

9

P k p 4  
3  3ち ー 纽 一 \ 一 55 .03 Á

m in im u m , 
i .  e .

,

5).  H o w e v e r  fo r  re lia b ility , 
w e  m u s t  s e t  t h i s  r e l a

y  
s u c h  t h a t  i t  

p
i c k s  u p  

a  c u r r e n t  t h a t  i s  o n e  th i r d  o f  t h e

S e lzin g f o r R e ıa y  R 4  T h is  r e la y  m u s t o p e r a te  fo r  a  c u r re n t a b o v e  1 6 5 .  1 A  (th e  m in im u m  fa u lt c u r re n t a t B u s -

u p  fo r  th a t c u r r e n t .

b .  F o r  th e  m a x im u m  fa u lt c u r r e n t s e e n  b y  Y  b u t n o t s o o n e r  th a n  0 .  4  s a fte r  Y  s h o u ld  h a v e  p ic k e d

a .  F o r  o n e  th ir d  o f  th e  m in im u m  fa u ıt c u r r e n t s e e n  b y  Y .

d o w n s tr e a n ı r e la y  Y , r e l a
y  

X  m u s t  
p

i c k  u p

T h e  p r in c ip le  o f  b a c k u p  p r o t e c tio n  w ith  0 10  r e la y s  is  th a t  fo r  a n y  r e la y  X  b a c k ilıg  u p  th e  n e x t

s o ıu t io n

T a b le  Q 3 - b  P S  a n d  T S M  o f  O /C  R ? y s

b .  S k e tc h  th e  o /c  c h a r a c te r is tic s  o f  th e  fo 1Jr  r e la y s  o n  a  t- I  c h a r a c te r is tic .

T M S  o f  R 4  a t its  m in im u m  ï M S Ļ 0 .  5 .  U s e  a  g r a d in g  m a r g in  ( c o o r d in a tio n  tim e )  o f  
.  ę g n d s  ·

('Picp ),  t h e  
p

l u
g  

s e t t i n
g  

m u 1 ń
p

l i e r  (p S M ),  p
l u

g  
s e t t i n

g  (p S % ) a n d  tim e  s e ttin g  m u ltip lie r  ( T M S ) .  S e t th e

th e  a b o v e  s y s te m  a n d  f ill th e  r e s u lts  in  T a b le  Q 3 - b , b
y  

e v a l u a t i n
g  

t h e  m i n i m u m  C T  
p

i c k u
p  

c u J T m t

a .  S e le c t th e  p lu g  s e ttin g  m u ltip lie r  ( P S M )  a n d  tim e  d ia l s e ttin g s  (T M S )  f o r  th e  r e la y s  R 4 , R 3 , R 2 .  A n d  R ,  o t

m x im u m  F a u l t , 1 3 18 7  6 5 8  1 4 3 1 1 3 0 1 \ 2 0 3
1 3 8 0  4 7 2 .  6  3 2 8 .  6

lıa ı 
B u s N o  I L m

T a b ıe  3 -
a  M in im u m  a n d  M a x im u m  F a u lt C u r r e n t s

T h e  m in im u m  a n d  m a x im u m  fa u lt c u rre n ts  a r e  g iv e n  in  T a b le  3 -
a .

"

ȘS 
P S M ) 

× Ï

,

. I S M
t .  

3

,  

3

th a t i
.  

s  p r o te c te d  b y  N o rm a l In v e r s e  o v e r c u r r e n t I D M T  r e la y s  w h o s e  1- I r e la y

Q w u a
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'
p c h p (.. . .

- -

m
-

ī 5
- 3 .  97 1  P S %  =  .  100  =  79 .  3%

i.  e .
,  
7 9 .  3 A .  F o r  a  C ï  R 2

- 100 : 5 .

p ro v id e  a  b a c k u p  fo r  R 3 is  2 3 7 .  9 A  (s e e  T a b le  1 ) .  F o r  re lia b le  o p e ra tio n
, w e  c h o o s e  o n e

- th ir d  o f  th is  c 1Ji r e n t ,

Seltingr R e la y  R ž : T h is  r e la y  m u s t p ro v id e  a  b a c k u p  f o r  r e la y  R 3 .  T h e  sm a lle s t fa u lt c u r r e n t  s e e n  b y  R 2 to

0 .  3 S .

t
,

-

lo g jP S M , )
'

lo g j4 .  82)

3 .  0 
× ï M s

3 
=  

3 .  0  
× o .  6 =  2 .  64 s .  T h is  m a in ta in s  a  m in im u m  d is c r im in a tio n  tim e  o f

T M S 3
-

0 .  6 .  Th is  g iv e s  a n  o p e ra tin g  tim e  o f

a t 2 .  2 + 0 .  3 =  
2 .  5 s .

t
4

- ×  ï  i94 =  ×  0 .  5 =  2 .  2 s , t h e r e f o r e f o r  a n
y  

f a i l u r e  o f  R 4 ,  r e l a
y  

R 3  m u s t  o
p

e r a t e

I 
p (.  Im p 4  

6 .  2 5
H e n c e ,  P S iv  

4
- h _ .  4 .  8 2 .  M e  tr ip p in g  tim e  ìA I IĤ  I M S 4

-
0 .  5 is

f - .  (" "
C T R

4  
5 0 / 5

s e c o n d a ry  o f  C T S  o f  re la y  R 3 a n d  R 4  fo r  th i s  tin u lt w i ll b e

by  B u s  4 .  T h e re fo r e  th e  h ig h e s t fa u lt c u r re n t s e m  b y  R 4  is  3 0 1  A  ( s e e  T a b le  1 ) .  T h e  c u r r e n t s e e n  b y  b o th

P o r  a  m a x im u m  tä u lt im m e d ia te ly  a n e r  B u s  4 ,  i t  w i l l  s e e  a  f a u l t  c u n e n t  t h a t  i s  e
q

u a l  t o  t h e  f a u l t  c u n e n t  s e e n

0 .  3  s  a f te r  e v e ry  p o s s ib le  fa u lt s e e n  b y  R 4

o p e r a te s  o .  3 s  a R e r  th e  h ig h e s t ( n o t lo w e s t)  f a u lt c u r r e n t s e e n  b y  R 4  m e r e fo r e ,  
R 3  o

p
e r a t e s  i n  n o  l e s s  t h a n

d e te rm in e  th e  T M s 3 ,  w e  m u s t  
p

r o v i d e  a  d i s c r i m i n a t i o n  t i m e  o f  o .  3 s .  T h is  tim e  is  p r o v id e d  s u c h  th a t R 3
s e e n  b y  re la y  R 4  w e  th e r e fo r e  c h o o s e  th e  s a m e  c T  r a tio  c T R Ą

=  
5 o  : 5  a n d  

p
i c k  u

p  
c u r r e n t  Ipicp3

-
6 .  2 5 A .  T oS e M n g r R eıa ľ  R 3 m s  re la y  m u s t p r o v id e  b a c k u p  fo r  R 4  T h e r e f o r e  it m u s t p ic k  u p  

th e  m in im llm  c u r r e n t

ï M Ý is  re s tr ic te d  to  a  m in im ıim  o f  9 2  f o r  e l e c tr o -

m e c h a n ic a l re la y s  ï M S 4 =  0 .  5 .

S in c e  th e  r e la y  R 4  is  lo c a te d  a t th e  e n d  o f  th e  n e tw o r k ,  
i .  e .  D o e s  n o t c o o rd in a te  w ith  d o w n s tr e a m  r e la y s .  T h e

a fte r  s o m e  tim e  d e la y .

T h is  m e a n s  if  th e  c T  p r im a r y  c u rr e n t e x c e e d s  6 2 .  5 A  (6 .  2 5 A  s e c o n d a ry  c
1Jır e n t ) ,  

r e l a
y  

w i l l  s t a r t  o p
e r a t i n

g

İ
..  H p

- 5 0  ×  1 .  2 5 =  6 2 .  5 Å  (5 e c o n d a r y  c u r r e n t)  o
r  İ

. .  * w

- 5  ×  1 .  2 5 =  6 .  2 5 A  (S e c o n d a ry  c
u r r e n t)

'pıp.
-

C Ï R
.

-

s o ls 
X - 5 .  5 Å  P S %  =  × 1 0 0  

=  1 1 0 %  
S e l e c t  P S % 4

-
1 2 5 % .

F o r  a  c T  ra tio  o f 5 0 5 ,  t h e  
p

i c k u
p  

c m e n t  a t  t h e  s e c o n d a r
y  

o f t h e  C T  w i l l  b e
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T h e n  fo r  th e  s a m e  P S % ,
- 6 .  2 5

N o w  re la y  R , is  a  b a c k u p  fo r  r e la y  R 2 a n d  th e r e fo r e  it w ill s e e  th e  s a m e  m a x im u m  f a u lt c u lr e n t o f  6 5 8  A .

T h u s r e la y  R r s h o u ld  a d d  d is c r im in a tio n  tim e  o f  0 .  3 s .
,  
i.  e .

,  
th e  o p e ra tin g  tim e  s h o u ld  b e  2 .  2  +  0 .  3 =  2 .  5 s .

]o g (P S M
, ) lo g j6 .  5 8)

t
z

' " x T M S ,
- ― ―  

x 0 .  6 =  2 .  2  s .

3 .  0 3 .  0

pÉcpī
Ï

, 
5

P S M  2
- - .  6 .  5 8 .  F o r  P S M

-
6 .  5 8 a n d  T M S ž

- 0 .  6 ,  t h e  o
p

e r a t i n
g  

t im e  o f  r e la y  R 2 is

fo r  a  C T  r a tio  o f  C T R 2
-

1 0 0/5 a n d  a  P S 2 o f  ( 5 × 1 0 0 =  
5 .  0 0 A ), w e  g

e t

s a m e  C T  r a tio  a n d  P S %  fo r  th is  r e la y  a s  w e ll .  T h e  m n x im \ım  f a u lt c u r r e n t s e e n  b y  R 2 i s  6 5 8  A .  T h e n , a t  R 2 ,

W e  n o w  h a v e  to  d e te rm in e  T M S j o f  R , f ro m  th e  m a x im u m  fa u lt c u r r e n t s e e n  b y  R 2 .  T h u s  w e  c h o o s e  th e

S e le c t P S % ] 
ー  

1 2 5 %  (P S ,
-

5 × l .  2 5 =
6 .  2 5 A ).

5 .  4 8I 
1 m in 3  ì3

.  

32 8 .  6  ı 3  10 9 .  5

F o r  a  C ï R ,
-

1 0 0  : 5 .

A  C T  r a tio  C T R ,
-

1 0 0  : 5  i s  s u i t a b l e .

p r o v id e  a  b a c k u p  fo r  R 3 is  3 2 8 .  6  A .  F o r  r e lia b le  o p e r a tio n , w e  c h o o s e  o n e
-

t h ir d  o f  th is  c m e n t ,  i .  e .
,  
10 9 .  5 A .

S e M i n g r R e l a p R l  T his r e la y m u s t p ro v id e a b a c k u p f o r re la y R 2 .  T h e s m a lle s t fa u lt c u r r e n t s e e n b y R z to

lo g jP S M  
2 ) 

2
lo g j4 .  3 1)

T his  g iv e s  a n  o p e ra tin g  tim e  o f  t
2

- x  T M S
2

- x  0 .  6 =  2 .  8 4  s
3 .  0 3 .  0

4 .  7 3
萄 T 材 S  

2
= ― ―

= 0 . 5 1 8 = L e t T M S  
2

- 0 .6
2 .  4 5

lo g jP S M  
2 ) 

2
-

lo g j 4 .  3 1)

t
2 

=  
x  T JM  5

2 
=  x  m d  9

2  
= 4 .  7 3 × 5 2  = 2 .  4 5 S

3 .  0 3 .  0

F o r  th is  v a lu e  o f  P S M Į , w e  
g

e t  a  T 2  fr o m

I 
p ic k u p ł 

S

T h e n
, P S M

2  f o r  t h i s  f a u l t  i s  P S M
2

- =  = 4 .  3 ı

(' f  m a x 3 l 4 3 1

N o w  r e la y  R 2 is  a  b a c k u p  f o r  r e la y  R 3 a n d  th e r e fo r e , i t  w i l l  s e e  t h e  s a m e  f a u l t  c u l r e n t  o f  4 3 1  A .

T h u s ,  r e l a
y  R 2  s h o u ld  a d d  d is c ń m in a tio n  tim e  o f  0 .  3 s .

,  
i.  e .

,  
t h e  o p e ra tin g  tim e  s h o u ld  b e  2 .  15 +  0 .  3 =  

2 .  4 5 s .

lo g jw  
× S 3 -

l o
g j6 .  9) 

× 0 .  6 °  
2 .  15 s

3 .  0

R 3 is  

3
°

.  

W  4 .  9 .  F o r  th e  a b o v e  p w
-

6 .  9 a n d  a  T M s ]
-

o .  6 ,  t h e  o
p

e r a t i n
g  

t i m e  o f  r e l a
y

P s If ĹFÌ )
g e t a p S A 4 3 o f  

S e e n b y R ] is 4 3 1 A .  T h e n ,  a t R
3 , f o r a c T r a t i o o f c ï R 3

-
5 0 5 a n d a p S 3

-
6 .  2 5 A ,  w e

T h e  m a x im u m  c u rre n t
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,  
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lo g j P S M
, ) 

ıo g j 5 .  2 6 )

2 .  5

p tc M p ı
1

.  6 .  2 5
p S M

,
-
L C T R

, J
.  

1  \
_ 5 .  2 6 .  T h m , I M S , c a n  b e  c a l c u l a t e d  f r o m

1 1  6 5 8
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