Power System Protection
Overcurrent Protection of Transmission Lines

Day 4



Application of Overcurrent Relays

 Mason-Chapter 2, pages 44-49
o Computation of minimum fault current

e Setting & Coordination of Overcurrent
Relays

o Effect of Instantaneous Overcurrent
Relays

* Directional Overcurrent Relays
— Relay inputs
— Polarizing quantities
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Application of Overcurrent Relays

e Transmission Lines Protection
— Overcurrent Relaying Schemes
— Step Distance Relaying Schemes

— Pilot Relaying Schemes
e Blocking

e Tripping
 We get to determine the settings of:
— Instantaneous Overcurrent
— Time Overcurrent

Note: Order of importance is the inverse of order of appearance.
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Overcurrent Relay

e |nstantaneous Overcurrent

— This relays provide primary and remote phase
or ground fault protection for transmission
lines

 Time Overcurrent Relay

— This relays provide:
e Primary protection
« Back-up protection (specially remote)
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Overcurrent Relay

o Settings
— Pickup-taps adjust the operating coill
e Typical taps 1.0-12.0

— Time-time dial adjust contact spacing to change
operating time

> >

Operate

IRELAY - IPU == FOP = FRES < Balance
< <

Restrain
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Overcurrent Relay

* Pickup

e Based on minimum fault and maximum load

current

<l <l

I LOAD PU MinF

e For proper application verify:

| MinF N 2| LOAD

Rule of Thumb
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Time Overcurrent Relays

e Considerations for minimum Fault

— Where the fault is located

— Phase to Phase Fault | zﬁ l,,=0.8660,,
2

-9

— Minimum generation
— System configuration
— Generator impedance
— Arc resistance
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Radial System

SOoOUVRCE |—p —»

o[O3t
Smtruen ‘ secmon LOARC

< a.

R1 provides primary protection to line 1

R2 provides primary protection to line 2 &
remote back-up for line 1

Farthest relay from the source Is set first

Relays located on source side of the line
— Trip direction towards the line
— The radial system is inherently directional
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Time -CoerenT CORNES For VeRY TTNUERSE.

o TTmE OVERCURRENT ReLAY
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To determine Pickup and Time Dial
setting of Time Overcurrent R1

loy IS current for Fop=Fges

I, can be changed using taps
. Determine Iy,\r
. Determine I

For R1 Pickup tab based on:

— | inery :§|

I PU 15 3 MINFRL

*Definite contact closing force occurs at 1.51,, Fyg=0 \/
at I,

Arc
*R1 time dial will be Y2 or 1-No coordination is Resistance
necessary for R1 Factor
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To determine Pickup and Time Dial
setting of Time Overcurrent R2

 R2 must provide backup protection for R1
— Must operate for |y, e
* Therefore, lp ro=lpyr1

— Must operate slower than CB1
» Therefore, TDr,>TDgq

e |f another line is connected
to bus 1 the current seen
by R1 is different than that

e Ay For the case of a
/ strictly radial line,

| 5 - I, and I, will be
,‘fﬁ. lf ,‘ % &> the same, also
C-n, and C
AOR-l TR1 TR2
- RY MAax
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To determine Pickup and Time Dial
setting of Time Overcurrent R2

tOPRZ 2 tOPRl N tC ’ tC = tBl N tOT L tSF

t- Is the critical coordination time
tg, IS the CB time to operate

tor IS the over-travel time

toe IS safety factor

Coordination achieved for all currents if

achieved at |,;,rr at maximum multiple of |

pickup - w = Myiaxn
. Calculate I,5yrr fOr PURn

 >
1:OPRZ(I\/I MAX2) 2 1:OPRl(I\/I MAXl) +tC

. Determine time from curves

. Choose time delay in R2 TDg,
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OVERTRAVEL

Owing to inertia of the moving parts, motion will continue when the actuating force is
removed. This characteristic is called “overtravel.” Although overtravel occurs in all relays,
its effect is usually important only in time-delay relays, and particularly for inverse-time
overcurrent relays, where selectivity is obtained on a time-delay basis. The basis for
specifying overtravel is best described by an example, as follows. Suppose that, for a given
adjustment and at a given multiple of pickup, a relay will pick up and close its contacts in
2.0 seconds. Now suppose that we make several tests by applving that same multiple of
pickup for time intervals slightly less than 2.0 seconds, and we find that, if the time interval
is any longer than 1.9 seconds, the relay will still close its contacts. We would say, then, that
the overtravel is 0.1 second. The higher the multiple of pickup, the longer the overtravel
time will be. However, a constant overtravel time ofapproximately 0.1 second is generally
assumed in the application of inverse-time relays; the manner of its use will be described
when we consider the application of these relays.
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Example

tz;=15 cycles (0.25s) “ i e e
2
tor=tse=0.1s
10 \‘
TDRl:1/2 and 6 A
| maxere — 5 % ) ah
| bR g 2 v
vy \"‘-
Therefore,  topr(5) =015 o ALY Sy |
topm, = 0.15+0.25+.1+.1=0.65 = s ¥ S O
T M J'} B
K 3]
\"' ¥ = : % ]
. . . a ¥ k‘r""'---._,:_t E ]
eDetermine intersection of 5 ME UNIT ===zzah)
and 0.6s Siman
3 s 79 3 sol '709'0

*Choose TDg, setting 3
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Coordinated Relays for Two Line

Sections

< F
Op TNe Rerl n

Time. 4

/TDRZZB

N
ca \,P*<

Vel 1D =12

@Sw T dE}x——D—H%

DisTANCE
—

tca = tOPRZ(M MAXZ) _tOPRl(M MAXl)

* Note that the difference in operating times varies with

fault location

— Time increases as fault current decreases

* Make sure relays have the same type of characteristics
SO time-current curves don’t crossover
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Selection of Time Characteristic

A
= : Types of
L AS Characteristic]:‘s
P INVERSE rﬁgdels
W, : : — 53
Z
= l.IJ 11
- || VERY INVERSE
el |
L ,‘" : l EXTREMELY INVERSE
= I
O |1
I - (I
|1 MovTiPLES OF ( mPU).
1O =Pru. X\ SYT,, Pickoe (TAR) SETTING

e Inverse — used when |- Is dependent on generation — not
fault location

* Very Inverse — used when I is dependent on fault
location

« Extremely Inverse — used when I: is dependent on fault
location, coordinates with fuses and reclosers
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Coordinated Relays for Four Line
Sections

|--—— DISTANCE

* Note the long typ for relays protecting against faults on
line segments near the source

* Very undesirable — for faults close to the source, I has
to be very big & the relay will work latter than desired

* Use instantaneous overcurrent relay to reduce fault
clearing time
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Instantaneous Overcurrent Relays

—TME- REC%%QB(P)S“ME /’(QHQR Or
_ //////// y///// TOC Revay

==
ga‘f;ﬁff =3 CuaR, OF
ODistancE. TOC Reray

Used to reduce p‘rimary fault clearing times
Provide no backup protection

|OC Relay must NEVER operate for faults beyond line
section end

Find lggmax(F1) leuoc = laax (F1) XK
1.25<k<15
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Reduction of Operating Times With
Instantaneous Overcurrent Relays

TIME
T TIME—RELAY 4 /
Te TIME—RELAY 3
W/ / % Tcrsus—neuvz € RELAY 1
B Ay, -

O-|- a 3 2 1
| | |
L bisTANCE

« Note the significant reduction in operating time at line
Section 4

e Instantaneous relay provides Primary protection for
close-in faults
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Directional Overcurrent Relays

 \Why & where are they needed
e Having polarizing sources

* Needing torque control or directional
supervision
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Why & where are they needed

 \Why directional relays?
— Fault current can flow In either direction

« Where?
— Interconnected or looped systems
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Sources at Each End
Directional Overcurrent Relays

TTRIPPING
y, DRECTION TTRIPPIVG

e OIRECTION

FO

For selectivity on a system

When I can flow in either direction, directional
relays are required

Strong source, high Iz — high I
Weak source, low I —low |,
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Sources at Each End
Directional Overcurrent Relays

TTRIPPING
y, DRECTION TTRIPPIVG

e OIRECTION

FO

If no directional relaying:

* For F,, R; will operate faster than R, R, operates — OK

 For F,, R; may operate with R,, faster than R, — Not OK

* R;.,q Rsmust be directional

* In general, All overcurrent relays must be directional

« All directional Overcurrent relays can be set as in radial
system
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Directional Relays in Loop Systems

: o H

SOURCE S

O_u

|- can flow in either direction
— Therefore, directional overcurrent relays are used
Relay tripping direction is towards the line
Setting Procedure:
Open e
Set relays at 1 (farthest from source)
Setrelaysat 2, 3,4,5
Open 5

Seta, b,c,d, e Copyright L.R. Orama 2006 24
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Directional Supervision

DC(4)

DiR.

UNAT }"”
o .
ONIT }

AND Logic

Il

<

DIRECTIONAL UNIT ConThcTS

pliiy

(67)
= 1) Time OUSRCORRENT

52 ., CrLosE0 WnEN S2CUoved
a OeenN ' vV OPEN

P

52
TC

units
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Directional relay contacts & overcurrent relay contacts in
series on trip circuit

Directional relay & overcurrent relay are separate relay

Both operate to trip CB
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Torgue Control

DC(+)
4. Oc Reuay
T CeoernTtacts
WOUND 1. 52
BIRECT!ONAL ~L p—
UNIT T e su:g:re 2
\_ ch:rs Or OC 52
Cor LReLay T TC

 Torque on OC Relay is controlled

« Directional Relay contacts in series with shading coil

— Recall, single quantity induction relay works strictly with shaded &
unshaded pole face

— Short Circuited shading coil produces out of phase flux
— If directional relay closes contacts, OC relay can operate

— If directional relay does not operate, no torque developed in OC
relay & contacts remain open
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Two Methods of Giving Overcurrent
Relays Directionality

Circuit
CT Breaker

Directional __I ’ HH Tri
Supervision _ C.o:ﬁ)
| = Baftery
3 oF
) e
— —E W ————
) Wirectiomal Overcucrent RElaj
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Two Methods of Giving Overcurrent

Relays Directionality

Toraove ConTRoL

Circuit
CT Breakar_

ﬁ_ @2—22‘?

“=_ Battery
=

M

oT e [HH-
E PC OCOp |
S}

icectional  Overcucrent Relay
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Inputs to Ground Directional
Overcurrent Relays

A & C A B <
ST )
Tal To| 1 2T 2T~
Eﬂ é‘? E..’—} /;TRELAY - ’—q:ELAY
11 11
( GRoUND
SENSORL
y |+
:%A Te Tc

e Sensing zero sequence currents in phase conductors
e Qvercurrent inputs:

_ IA’ IB’ IC
* Directional inputs:
— Operating: from 1, Ig, I
— Polarizing: |,
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Overcurrent Relays for Ground
Fault Protection

Same setting considerations as phase relay
except for ground fault

Easier to set than phase relays

— Because Z, < Z, ground fault currents varies
with fault location more than phase fault
currents

I, does not have to be greater than || 5ap,
normally |, 5op @PProx to zero
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