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Appllcable When: ISC-min > 2’5 X |Ioad-max.

ISC-min
Infeed @—I—I>, t2 HI>, t1
ea—

Add-on criterion: Time (t) (to gain selectivity)

Protection methods:

Fuse
Definite time (DT) over-current relay
Inverse time (IT) overcurrent relay
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K,
Infeed Line Load
Example (Rg neglected):
HE ;* o f
LIx110LV
E=- =70kV
1 N
Ly I.*q(.[ e Zsc | Ry 7. = OV 4 Ohm
o 5000MV A
T [J'TI . : — o ) W v
p XUy 7 _Zx 7. = 2. [Ohm !l x () zs_C 0,4|Ohm [ kem|x 20(km)
V3 Se' =80hm
70kV
I -
ISC 3ph = E ~SC-3-ph (2,4+8.0)0Ohm
T 2o+ 2+ R, = 6,7kA

» Short-circuit power of the infeed (source impedance Zg)

* Line impedance to fault location (short-circuit impedance Zg¢)
* Fault resistance (Rg)

* Neutral earthing (earth current limitation, e. g. to 2 kA)
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Fuse, sectionalizer, recloser ) ; puSKo— 5 S 63— j 49

maximum prospective peak
m current in the circuit
‘ \ prospective r.m.s. current
i peak current limited
by the fuse

‘ 0.01s
R 0.005 s "
T
< 0025

Tf : fusing time (pre-arc)
7, . arcing time

Tip : total breaking time
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Circuit

Sectionalizer
Breaker

Recloser

L]

e T

C B
Fuse Fuse Fuse
A
Inverse overcurrent relay
LN Recloser
..................... Total clearing

..........................

Minimum melt—%¥
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Application of Inverse-Type
Relays

Relay i

Operation
Time

A

1
@+D Radial Line '—'
Fault Load

‘uabf oPle )5 10 ddlS Awg

b s> Bl 4

L sSan Sy avaseie b O > 4Ll gl 4
Lrb.)},:)Lr

Gpuc“jj:guwjlé;ﬁu}j.w,‘@.bu}—\
Seslisnl & mig G s Gae b S s esliad Y
arg Sl s elees sl d) e S 01 slgblis

2l galazl

Q{ !'...

-

Pickup) s3151 o, 0l > v
b oo JWd 0T LW, &S el L > Bl piCKUP 0L

St 33 b}-‘_g\.bp- ‘-’L.’-J" y\.&}-})l.: J.’.‘SL.L}-A.:A}.-JSQ

CT a5 oy rmeas 53S0 5 535 Cund Blond 5 4

Dﬁw%ﬂ@,d@,f s g Cow 2
(to)




by

o/ C“Q}

b s> Bl 4

7D [( 0.051

IEEE Moderately Inverse r=— 00325 5]+0.114}
7 |22 -1
TD[(19.61)

IEEE Very Inverse t=—+I|— +0.491
7 [\ Z2-1)
TD[( 28.2

IEEE Extremely Inverse t=—— 287 +0.1217
7 (L2721
7D[( 5.95)

US CO8 Inverse =2 225 1,018
7 _\Ir _1)

U CO2 Short Time Invere ~T21[0022%% ) s 0.0nc04

iy Q»l.m).af.) W g WP

Ir=1/Is
Where:

I = Measured current

Is = Relay setting current
TMS = Time Multiplier Setting
TD = Time Dial setting

0.14
Standard Inverse (SI) t=TMS x—6—
13.5
Very Inverse (V1) t=TMS x——
80
Extremely Inverse (EI) t=TMS x——
. 120
Long time standby earth fault t =TMS x ;o

(7
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t = '
(1/1)" —1

k=T.M.S (IEC)
k=T.D/7 (IEEE)

U Oelie )35 D 10 S A

lable 5.1 ANSI/IEEFE and [EC constants for standard
overcurrent relays

Curve description  Standard o« B L

Moderately inverse [EEE 0.02 0.0515 0.114

Very inverse IEEE 2.0 19.61 0.491
Extremely inverse  IEEE 2.0 28.2 0.1217
Inverse COR8 2.0 5.95 0.18
Short-time inverse  CO2 0.02 0.0239 0.0169
Standard inverse IEC 0.02 0.14 0

Very inverse IEC 1.0 13.5 0
Extremely inverse  IEC 2.0 80.0 0
Long-time inverse UK 1.0 120 0

(t2)
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Figure 9.6: Typical time/current characteristics of standard IDMT relay
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Max. Load = 95 A.
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Min. Fault = 1000 A. 800 A. 600 A
Max. Fault = 3000 A. 1500 A. 1000 A.

Figure 4.9 Time-delay overcurrent relay setting and coordination
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[. Determine the required operating time 7| of the relay furthest away from the
source by using the lowest time dial setting and considering the fault level for
which the instantaneous unit of this relay picks up. This time dial setting may
have to be higher if the load that flows when the circuit is re-energised after a
loss of supply is high (the cold load pick-up), or if it 1s necessary to co-ordinate
with devices installed downstream, e.g. fuses or reclosers.

2. Determine the operating time of the relay associated with the breaker in the next
substation towards the source, 12, =11 + fimargin, Where f2, 1s the operating time
of the back-up relay associated with breaker 2 and 7,,0in 15 the discrimination
margin. The fault level used for this calculation is the same as that used to
determine the timing #; of the relay associated with the previous breaker.

3.  With the same fault current as in 1 and 2 above, and knowing 7>, and the pick-
up value for relay 2, calculate the time dial setting for relay 2. Use the closest
available relay time dial setting whose characteristic is above the calculated value.

4. Determine the operating time (72,) of relay 2, but now using the fault level just
before the operation of its instantaneous unit.

5. Continue with the sequence, starting from the second stage.
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Directional Overcurrent Protection
Basic Principle
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Relay
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(a) Circuit diagram
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Source >

0.01pu
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4

I
Z=0.25pu
L :

1

Bus P
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S
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I Z=0.25pu I
e — b

F3

| I

All impedances to
100MVA, 110kV base

(b) Impedance diagram

I>

F1 2 fdrs 3888 | 1944 | 1944 | O 972 972 1944
F1/F2 1 fdr 2019 | 2019 | O 0 1009 0 1009
F2 2 fdrs 3888 | 1944 | 1944 | O 972 972 1944
F3 2 fdrs 3888 | 1944 | 1944 | 1944 | 972 972 | 1944
F4 1 fdr 26243 | 0 0 0 26243 0 26243

Table 9.7: Fault currents for parallel feeder example
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Ty
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Relay o1 FE:T uld gz;::gt TMS | Characteristic
1 300 1 02 Sl
2 300 1.1 0.3 S
3 300 1.1 0.3 Sl
4 300 061 0.425 S
5 300 061 0425 Sl
6 300 0.7 07 8l

() Relay settings - non-directional relays

U Oelie )35 D 10 S A

Glae ks S blis: L

0.10 | |
100 1000 (i) (i) 10000 (iii) 100000
Current (A} - referred to 110kV
_ — Relay 1
(i) Fault current 3888A - faults F1, F2, F3 - 2 feeders
(i) Fault current 2019A - faults F1, F2 - 1 feeder — Relays 2/3
(ili} Fault current 26243A - fault F4 - 1 feeder Relays 4/5
— Relay 6

(b) Relay grading curves - non-directional relays
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0.10
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100
Relay CT Primary g‘e’{{.ﬁ;t TMS  |Characteristic
1 300 1 0.2 Sl
2 300 0.42 0.1 Sl
3 300 0.42 0.1 Sl
4 300 0.6 0.275 Sl
5 300 0.6 0.275 Sl
6 300 0.7 0.475 S|
(b) Relay settings

Glae ks S blis: L

i

I | I
1000 iy () 10000 (iii) 100000
Current (A) - referred to 110kV
(i) Fault current 3888A - faults F1, F2, F3 - 2 feeders — Relay 1
(ii) Fault current 2019A - faults F1, F2 - 1 feeder — Relays 2/3
Relays 4/5
(iii) Fault current 2624 3A - fault F4 - 1 feeder — Relay 6

(c) Relay characteristics
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11V Fault level = Z00MVA
I 11KV

S5MVA SMVA
Z=7.15% “ Z=7.15%
1000/1 1000/1
A
) 3.3kV
CB8 cB1
F>= F=
R& ! 1000/ 1000/ N R
C1 c4
o7 1000/ L = 1km L = 1.5km 1000/ o
Q Q
—> —>
D R7 > > R2 B
— —tt
1000/1 1000/1
cBs CB3
N N
3.3kV \Ij S’F/ 3.3kV
—> [ c2 Cc3 [] —
RS r=> L = 1.3km L = Zkm = R3
—t —
—> —>
rs | 7= —C) 1000/1 100071 C)— = | ra
—ty —t
CcB5 CcCB4
\ - \
3.3kV

All cables are 3 x 1¢c x 1200mm? , Al conductor, Z = 0.09C/km
VTs omitted for clarity

Tgure 935 Ring main grading example — crrcurt diagrarm
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(b) Ring open at CB1
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D 7.124 B 3.665
C 4.259 C 5.615
B 3.376 D 8.568

Table 9.8: Fault current tabulation with ring open

D R7 S 1000/1 | 874 3376 0.8 0.05
C R5 S| 1000/1 | 874 4259 0.88 0.125
B R3 S 1000/1 | 874 7124 0.97 0.2

A R1 S| 1000/1 | 874 14387 1.07 0.275
A R8 S 1000/1 | 874 14387 1.07 0.3

D R6 S| 1000/1 | 874 8568 0.97 0.2

C R4 SI 1000/1 | 874 5615 0.88 0.125
B R2 S| 1000/1 | 874 3665 0.8 0.05

Table 9.9: Ring main example relay settings
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Figure 9.37: Ring main example - relay grading curves. Clockwise
gracﬁng of relays (ring open at CBS)
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Figure 9.38: Ring main example - relay grading curves. Anticlockwise
grading of relays (ring open at CB1)




