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CHAPTER 2 N
AN ELECTROMECHANICAL INVERSE TIME-LAG RFLAY
WITH DEFINITE MININUM TIME LAG

2.1 Application in a power system
Inverse time-lag relays are normally used for subtransmission
and distribution line protections. They are also used for transformer
overload protections. Inicase there is a power source at each end

of the line, directional inverse time-lag relays are used.

As shown in Fig.2.1=-1 is aningle line diagram of a transmission
line with a power source at one end. If a fault occurs between the
line section B-C, the breaker at substation B should open only to
clear the fault. Breaker A should not open. The selectivity of the
breaker at substation A and substation B can be accomplished by ueing
definite time-lag relays whose time-distance characteristics are shown
in Fig.2.1-2. The disadvantage of this type of protectioniis that the
heaviest fault is cleared slowest. In order to eliminate this disad-
vantage the inverse time graded protection whose time-distance charac-
teristics as shown in Fig.2.1-3 is applied. The relays used in this
type of protection make use of the fact that the fault current for a
fault at the far end of the protected line is less than the fault current
for a fault at the near end of the line. Consider a three=phase short
circuit for the line sectionm A-B. The equivalent circuit is shown in
Fig.2.1=4. VFor a fault at bus A, the fault current is
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I, = V/ig (2.1=1)
where I, = fault current

V = gpource voltage

3' = equivalent source impedance

For a fault at bus B, the fault current is

I, = w’tz‘ + ELJ (2.1=2)

where I, = fault current

Z; = the protected line impedance

In this case a relay whose characteristic ie defined by
Ege(2.1=3) would trip faster for a fault at the end of the section
nearer to the power source.

I.T = K (2.1-3)

where I = fault current

? = operating time

K = a constant

The ratio of the tripping time at the near end to the time at
the far end is Ia/(l' + Z,)s There are two conditions however which
reduce the advantage of the inverse time characteristics. First,Zg
can be so high on impedance graded system that the ratio Z./(Zg + 4,)
is not sufficiently lower tham unity to give any appreclable reduction
in tripping times. Secondly, %, will vary if the gemeraiing capacity
is vakied. Es increases as the generating capacity decreases and 5'
will not interfere with selectivity beecause the inverse curve increases
the time discrimination at low current, but it does increase the tripping
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time and hence defeats its purpose of reducing them. In order to
reduce the tripping time at the near end, the imstantaneous oz
definite minimum time-lag relays are used. The time-distanee
characteristics are shown in Fig.2.1-5. This type of relays is not
intended to delay but one can not eliminate the delay operating time.
These relays are used as primary protection for a fault within the
protected line. Setting these relays must be carefully performed

so that tripping for a fanlt within the adjacent line should not
occur. The combination of time-distanece cheracteristics of the
inverse time-lag relay and definite minimum time~lag relay afe shown
in Fig.2.1-6,

Instantaneous Overcurrent Relay

The instantanecus overcurrent relays are of a solencid, balance
beam or clapper typei: They are shown in Fig.2.2=1, Fig.2.2=-2 ard
Fig+2+2=3 respectively. The operating characteristic is deseribed
mathematically as

F o= K.I°=K, (2.2-1)"
where F = net force
3.1 = a force-conversion constant

I = the rm.a. magnitude of the current in the actuating eeil

! Mason, C. Russel. 1962. The Art and Sciemce of Protestive

Relaying. Wew York: John Wiley amd Soms, Inc. Chapter 2 Page 22.
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K, = the restraining force (including frictiom)

The operating forece of the solénoid ‘and clapper type depends on
the initial position of the moving armature. The restraining force
of the balance beam type depends on the restraining spring. When
the relay is on the verge of picking up, the met force is smero, and
the operating characteristic is

Kol = K,
or 1 - &) (2.2-2)

The pick-up current can be sdjusted by taps on the actuating
colil or the reluctance of the magnetic circuit or the spring tensiom.
The relay needs time to close its contacts. The operating time
depends on the net force exerted on the moving armature. The time-
current characteristics are shown in Fig.2.2-1, Fig.2.2-2 and Fig.2.2-3,

An inverse time-lag relay is gemarally of an induction-dise,

induction-cup or watthour-meter type. The most commonly used type

is the induction-dise type, as shown in Fig.2.3-1. The relay consists
of a control spring, am induction disc, a magnetic core, anm actuating
coil, a damping magnet, two stationary contacts and a moving contact.
mmmmmu—uumu.mmt-mu;—tm
and held horisontally by two bearings and its rotating axis. One end
of the control spring is fixed to the rotating axis and the other teo
the external structure. The torque produced by the control epring is
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in sucha direction that it restrains the operating terque produced
by the actuating curreat. The actuating codl is wound around the
magnetic core to set up flux proportional te the actuating ampere-
turns. The flux is devided into two paths and returns through the
outer leg. A shading coil causes the flux through the left leg to
lag the main pole flux by approximately 90 degrees. Thus, the out
of phase fluxes are produced in the air gap and cause a contact
closing torque, exerting on the disec. The moving contact is mounted
on the rotating axis and cam be adjusted for the required travelling
distance to the stationary contacts. Taps on the coll are provided
so that pick-up current settings cem be varied. The damping magnet
provides a damping torque to keep the disc to rotate with a comstant
speed. The operation of the relay can be described mathematically
as follows.

When the actuating current preduces a torque greater than the
restraining torque of the comtrel spring, the disc begins to rotate.

® -« K12 (2.3-1)"

where T = the torgue produced by the actuating current

K = a torque-conversion constant

I = the actuating current in r.m.s magnetude

1 Hl.lt-. C. Russel. 1*2. Art g t e

Relaying. New York: John Wiley and Sons, Inc. Chapter2 Page 27.



The differential equation describing the motion of the disec is
T« na?i/ae® o K ean/at o KA (2.3-2)
where ¥ = the moment inertia of the dise
I‘-lwm.fmmm
:.-:w-mum-—mm
A = the sngular displacement of the moving contact measured
from ifs initial positiomn
t = tine
l-hmttmhﬂlun-ptrﬂhlnl!‘.-lm
fer simplicity. The above squation reduces to
T = MN.dW/at + l‘.l (2.3=3)
vhere W = dA/dt = angular weloecity
The solution of Bq.(2.3-3) subjected to the initial conditiom
Mifﬂi-ﬂﬂthmm:nnﬂjlﬂthtl{']-m‘h
”(e) = i‘{ 1 = Bpatexyatm (2.3-8

The time function of the angular displacement is obtained by
integrating Eq.(2.3-4), subjected to the initial condition that
A(0) = 0.

AMt) = T/, - 3!.[ 1=Exp. (=K yt/1)] (2.3-5)

d

If the time comstamt H/K, is small as compared tP; relay cperating
times,the time function of the sngulsr displacement is spproximate as

Alt) = !-lﬂ‘ (2.3-6)
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Substitute Bq.(2.3-1) into Eq.(2.3-6), the result is
Ale) = l-!z-m'
let A, = the angular displacement from the initial position of the
moving contact to the statiomary contacts

!. = the corresponding travelling time of the moving contact

an.ﬂt.mm-hum-lmt

T, = Kged /(K.T%) (2.347)

Fige2:3=2, Fige2.3=3 and Fig.2.3=4 show the graphical represen-
tations of Eqe(2.3-4), Eq.(2.3-5) and Eq.(2.3-7) respectively.

Eqetiom (2.3«7) 4s an ideal operating characteristic of the relay.
In practice Eq.(2.3-1) may nmot satisfy the actual behaviour of the
torque~current relation. 7his i¢ due to the magnetic saturation or
other magnetic circuits which are intentionally made up in order to
produce operating characteristics to satiafy each application.
Fige2.3=5 shows a family of the operating characteristics of a typical
mm:ﬂdﬂ!

The setting of the pick-up curreant is accomplished by codl taps
and the operating characteristic of each tap is the same fer the
same dial setting. The dial setting is provided in order that one
can choose a desired operating characteristic. This corresponds to
choose the angular displacement A  in Eq.(2.3-7).

' Westinghouse Y.L. 41-1011. 1962. Zype CO Overcurrent Relay.
Page 11.
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If the moving contact has not yet reached the statiomary
contacts and the actuating curreat decreases in magnitude below
the pick-up current, the disec will comtinue moving by its own
momentwm for a short time. This is known as overtravel or overe
shoot of the relay. After the emergy otored in the disc has
transferred to the control spring, the disc resets to the initial
position with the aid of the control spring torque. The time
required for the moving contact to return to the initial positien
is the reset time.

In order to measure the degree of overtravel of the disc, a
term is defined. This ic the impulse margin time)

™ * Tep~ %
where T, = the impdlse margin time
!u, = the cperating time from time-cuurent curves at
%y = the minimun inmpulse time during which sufficient
inertia is eupplied to the disc to eventually
cause the disc to coast closed, following deener-
glizsation; based upon test at the same settings and current as used
hM:

mwﬂ-ﬂ!numu.os-o.osm.

! Westinghouse 1L #1-90.1 Zype CO Relay Coordination and
Inpules Mergin Time. Page 1.
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Fig.2.3-6 shows typical reset times of inverse time-lag relays.
The reset time may be longer tham 100 seconds and sometimes less than
5 seconds. This depends on the time dial setting and type of the in-
verse time-lag relay.

Practical inverse time-=lag relays are gengrally available for
the pick-up current of 0.5-2.5 amp, 2-6 amp,afid b=12ramp. Taps on
the actuating coil are 0.5/0.6/0.8/1.0/1.5/2/2.5, 2/2.5/3/3.5/4/6
and &/5/6/7/8/10/12. Table 2.3~ is the list of the power consumption
of a typical electromechanical inverse time-lag relay.

2.% Relay Setting and Coordinating Time Interval
Consider a transmission line in Fig.2.4-1. The relays at

substation 4 and B are to be set to protect the lime. Fig.2.4-2
and Fig.2.4-3 show the relaying circuit and the d.c. trip circuit.
The pick-up current of the phase overcurrent inverse time-lag relays
is normally set at 200% of the full load line current> The pick-up -
current of the ground overcurrent inverse time-lag relays is set at
10-30 % of the full load line current? The time dial setting is

 Westinghouse IL 41~101E1 Zype CO Overcurrent Helay.Page.6
lllthm Electric Corporation. Relay-Instrument Devision.

taplded Protestive Belaviag Chapter 8 pege 23.
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Table 2¢3=1 i &
- VOLZ~AMPERES
AT AT 3 T1 POWER
AMPERE TAP VALUE TAP VALUE TAP VALUE TAP VALUE FACTOR
RANGE TAP CURRENT ° CURRENT CURRENT CURRENT ANGLE
0.5 3.88 20.7 103 278 68
0.6 | 3.93 20.9 107 288 67
0.8 3,93 2941 114 320 66
0.5/2.5 1.0 4,00 21.6 122 356 64
1.5 4,08 22.9 148 459 61
2.0 4,24 24,8 174 ' 552 58
2.5 4,38 25.9 185 640 56
2 . 4,06 21.3 111 306 66
2.5 4,07 21.8 120 342 63
3 4,14 22,5 129 366 63
2/6 3,5 4,34 23.4 14 413 62
4 4,34 23.8 149 448 61
5 4,40 25.2 163 530 59
I’ 6 4,62 27 183 624 58
| * & 4,24 22.8 129 392 64
| 5 4,30 24,2 149 460 61
4/12 6 4,62 25.9 168 540 60
7 4,69 27.3 187 626 58
8 4,80 , 29.8 211 688 55
10 5.20 33 260 860 59
12 5.40 308 46 -

37.5

1032



determined by knowing the operating characteristics of the relays
at gubstation B which are determined by the settings of the relays
at the next right-hand substation. Actually, the settings are begun
at the farthest substation from the power source and continued succes-
sively to the power source. Fig.2.4-b shows the graphical method of
choosing the time dial of the relay at substation A. Knowing the
maximum fault curremnt, for a fault at point C, the operating time of
the relays at substation B can be determined. This time interval
corresponds to the time OW in Fig.2.4=4. In practice the fault current
at point C is approximately equal to the fault current for a fault at
substation B. Therefore fanlt curremnt calculations in a power aystem
are calculated for each bus fault. For a fault at point C close to
the breaker at substation B, the relays at substation A and B see the
same fault current (shunting current componsmt through the eapacitive
reactance from line to ground is practically ignored). The operating
time of  the relays at substation A corresponding to this fault
current should be delayed to permit the relays at substatiom B o
clear the foult at point C. This corresponds to the time 0S. The
coordinating time interval is ¥S which sust make allowance for the
fdl-!:’,-

1. error in fault curremt calculations

2. curvent transformer ratio errors

7 vestinghouse TL 41-101.1 Zype CO Relay Coordination and
Zspuloe Margin Time. Page 3.




-

v.-i‘

Power source

|. 3 =N E\-N

Pip.2.4=1 Trangwission Live.

ITIT™ co

[ v 4%
= e

T co

¥ /Li 4\/_

IIT co

A—A-

11T = inclantoneous mit actuating coil .’
CO = iwverse tiwme-lag actvativng toil

52 = powercivewil Lveaker. -

E1 = phace ovevemiveutvelay.

sl-w = gwuvd everciweut velay) .

cT = curreul transforwer, .

Pir.2Ji-2 Relayivg Civenit fov OveveuwewnT Live Protection.

-

El
5(=N

51-1
B1=-2

5i=-3

Ei=-N

26



5i-1 Positive de.
52TC»"1'HF coil of pow er. b l : l t
3 civevit breaker.
520 =disagreement -
covitact of +he 11T Bl-2" 5|-3 5l-N
Lycaker.: - . '
1C5
: tip covfact t 1
co = time de'.at;l, covitact. _ ! 1 ;
1cs = mdicating conlactor
awifch. - :
: ;_ =]
52
TC
N:ﬂa:h'u de.
- ;
Fic.2.4-3 Avxiliavy d.c. tvip civevit
operativg time -
) 9
¥ I B i
: 5
coordinating time ivlevval
v .
o
Ire TT privan) cuyvewT
> curve A = relayope rad ing Tiwe of relayat A . or line fauFecurwent.

curveB = relay dperating tiwe of velay ale
1re = max. faultcurvent for a faulTal Bus B.

I
5

Tig.2.4-4" Ccmrdinad’im Time cuvve- between . .
—relay aT fovd relay al B,

f



S5« relay overtravel

6. breaker operating time

ﬁMthmun.smz
The relay coordinations nreo carried out between phase relays at
substation A and phase relays at substation B and also between
the ground relay at substation A and the ground relay at substatiom B.
at substation A are determined by the maximum line fault current and
the maximum ground fault current at the substation B, multiplied by
a factor of about 1.35 so that the instantaneous trip cccurs only
for a fault within the 1ine ssction A-BG

T nia.

2 yestinghouse Electric Corperation Relay Instrument Devision.
Applied Protective Relaving. Newark. New Jersey. Chapter 8 Page 22.
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