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la  |What are the important operating principles which are used in wire pilot [6] | cO3 | L2
scheme? With schematic diagram explain the circulating current principle.
1b  |Explain the working principle of Buchholz relay used for the protection of | [4] | CO4 | L2
transformer.
2a  \With a neat sketch explain frame leakage protection scheme. [6] | CO4 | L2
2b  \With schematic diagram explain the protection of stator against overheating in | [4] | CO4 | L2
an alternator.
3a | A generator winding is protected by using a percentage differential relay [6] | CO4 | L4
whose characteristics is having a slope of 10%. A ground fault occurred near
the terminal end of the generator winding while generator is carrying load. As
a consequence, the currents flowing at each end of the winding are shown if
fig.1. Assuming CT ratios of 500/5 amperes, the relay operate to trip the circuit
breakers?
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3a  |Define Over Reach and Under Reach. [4] | coz | L1
4 \With a neat circuit diagram explain the construction and working of MHO | [10] | CO2 | L2
Relay.
S5a  |A generator is protected by restricted earth fault protection. The generator | [4] | CO4 | L3
ratings are 13.2kV and 10MVA. The percentage of the winding protected
against phase-ground fault is 85%. The relay setting is such that it trips for
20% out of balance. Calculate the resistance to be added in the neutral to
ground connection.
Sb [Explain the effect of Line length and source impedance on the performance of | [6] | €02 | L1
distance relay.




6a  What is simple differential protection scheme? Explain its behavior during | [4] | CO2 | L2
normal condition.

6b  \With a neat circuit diagram explain the construction and working of | [6] | €02 | L2
Impedance Relay.

7a  \With a neat circuit diagram explain the construction and working of Reactance | [5] | €Oz | L2
Relay in details.

7b  [Explain the effect of power surge on the performance of distance relay. [6] | coz | L2




1 (a) The operating principles used for wire pilot protection are circulating current scheme and Balanced

(or Opposed Voltage) scheme (1 mark) [CO3, L2]
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Practical scheme based on circulating current principle
(2 marks)
Explanation — 3 marks
1(b) [CO4,L2]
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When a fault develops slowly, it produces heat, thereby dccunlngsnng solia
or liquid insulating material in the transform. The degomposntxon of tl;f:
insulating material produces inflammable gases. The f)peratnon of the Buchpf) zf
relay gives an alarm when a specified amount of gas is fonn‘cd..'l‘.he ar_mlyst;:
gas collected in the relay chamber indicate§ thcl type of the incipient ta.ulL u:
presence of; (a) C,H, and H, shows arcing in oil between .cons‘truClI?ndtl‘ pna;l i(;
(b) CsH,, CH, and H, shows arcing with some deterioration 0h p[ ¢ e
insulation, e.g. fault in tap changer; (¢) CH,, C,H, and H, nfxdncatcs' gmspo
core joints; (d) C,H,, C3Hg, Hy andgCOz_ sh(?\{vs'a hot spot in the winding.
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Explanation- (2 marks)

2(a) [CO4, L2]
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= H FIGURE 6.22 Frame leakage protection (2 marks)

6.4 Frame Leakage Protection

Figure 6.22 shows a scheme of frame leakage protection. This is more
favoured for indoor than outdoor installations. This is applicable 1o .mc.ml clad
type switchgear installations. The frame work is insulated fro
The insulation is light, anything over 10 ohms is acceptable. This scheme is
most effective in case of isolated-phase construction type switchgear installa-
tions in which all faults involve ground. To avoid the undesired operation of
the relay due to spurious currents, a check relay energised from a C.T.
connected in the neutral of the system is employed. An instantancous overcurrent
relay is used in the frame leakage protection scheme if a neutral check relay is
incorporated. If neutral check relay is not employed, an inverse time delay
- relay should be used.
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(4 marks)



2(b)
B Sl S AU A L A o !
PGE
20 ~——— AC Supply
e Polarising Coil of

; L —

TR / the ggelay

Series Resistor
b | &
Wi

[ =7

: (0]
¥ § Operating Coil of
" Fixed the Relay

Resistance
~<— Temperature
Detector

FIGURE 6.6 Stator overheating protection

tator may be caygeq
i faults like shop.
ion. Modern generator
used in large generators

presct maximum
e employs a tempcra:
J:pose The tempera-
couples or resistance
tor slots at different
stor switch which
e an alarm relay.

—nataf

[CO4, L2]

(2 marks)

(2 marks)



3(a) [CO4, L4]

(3 marks)
3 (b) [CO2, L1]

The tendency of a Reach of Distance Relay to operate at impedance larger than its setting value is known as overreach and
similarly the tendency to restrain at the set value of impedance or impedances lower than the set value is kmown as
underreach.

(4 marks)

[CO2, L2]



A mho Relay is a high-speed relay and is also known as the admittance relay. In this relay operating
torque is obtained by the volt-amperes element and the controlling element is developed due to the
voltage element. It means a mho relay is a voltage controlled directional relay.

A mho relay using the induction cup structure is shown in the figure helow. The operating torque is
developed by the interaction of fluxes due to pole 2, 3, and 4 and the controlling torque is developed due

to poles 1, 2 and 4.
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Schematic Diagram of Mho Relay (3 marks)

If the spring controlling effect is indicated by —K3, the torque equation becomes,

T = K VIcos(0 — 90°) — K,

Where @ and 1 are defined as positive when I lag behind V. At halance point, the net torque is zero, and
hence the equation hecomes

KiVicos(8 —1) — K;VE— K3 =0

K, K v
ECOS(G—T}—W—T—Z

z=Seos o
- o0s (8 -1)

If the spring controlled effect is neglected i.e., ks = 0.
(3 marks)



Operating Characteristic of Mho Relay

The operating characteristic of the mho relay is shown in the figure below. The diameter of the circle is
practically independent of V and I, except at a very low magnitude of the voltage and current when the
spring effect is considered, which causes the diameter to decrease. The diameter of the circle is
expressed by the equation as Zg= K; / K> = ohmic setting of the relay
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5 (a) [CO4, L3]



(4 marks)

5(b) [CO2, L1]
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FIGURE 4.48 (a) Oneline diagram of the system during fault condition

(b) Voltage at the relaying point
(1 mark)



E
I+ 7,

The voltage at the relay location which is applied to the distance relay is

EZ,
Is+Z;

Valz =

(2 marks)

We can find the limiting value of Zy/Z; for V=8 V.

8 = P
== +1
ZL

E can be taken equal to the normal secondary C.T. voltage, which is 110 V

8= 0
== 41
Z,
Z _ 10

-1=1375-1=13
ZL

If the value of Zg/Z, is less than 13, the voltage at the relay point is more than
8 volts and the relay will operate. If the ratio Zg¢/Z, is more than 13, the voltage
at the relay point is less than 8 volts and the relay will fail to operate. Zg is
constant for the system under consideration. The value of Z; depends on the
position of the fault point.

(2 marks)



The relay will fail to operate if

—zi> 13
L
Z
Z ot
or ST}

Thus, there is a minimum length of the line, below which the relay cannot
protect the line. If the fault point is o close to the relay location, such that Z,
is less than Z/13, the relay will fail to operate.

Modern induction cup relays can operate down to 3 volts. Corresponding to
this value of voltage, Z¢/Z, = 36 V. The relay will fail to operate if

For a rectifier bridge comparator with a sensitive polarised relay, the minimum
operating voltage is 3.5 V, and correspondingly, Z¢/Z; = 30.
(1 mark)

6(a) [CO2-L2]

y—8:3 SIMPLE (BASIC) DIFFERENTIAL PROTECTION

The main constituent of a simple differential protection scheme is u simple
differential relay. A simple differential relay is also called basic difterential relay.
A simple differential relay is an overcurrent relay having operating coil only which
carrics the phasor difference of currents at the two ends of a protected element. It
operates when the phasor difference of secondary currents ot the CTs at the two
ends ol the protected element exceeds a predetermined value. The secondary of the
CTs at the two ends of the protected element are connected together by a pilot-wire

~cirevit. The operating coil of the overcurvent.relay is connected at-the middle-of
pilot wires. The differential protection scheme employing simple differential relay
is called Simple differential protection or Basic differential protection. The simple
differential protection scheme is also called circulating current differential protection
scheme of Merz-Price protection scheme.

If n be the CT ratio, the secondary current of CT, (/,,) = I,/n, secondary cu‘rrenl of
CT, (/) = I;/n, and the secondary load current (/}) = I,/n.

Protecled equipment
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Fig. 8.1 Simple differential protection scheme behaviour under normal condit

(1, =1,= 1 and I,s = I,s = I, hence I; - Iys = 0)

(2 MARKS)
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simply circulats lhrough e , ' sccanary Ccurrents, under normal conditions,
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i o - ovcrcurcr;;ln?gérrcnl xhrpugh the spill or difference circuit, where
Y — e the St ) r‘elay 1s co‘nnccled. Hence, the OC relay does
secodaiss this diffcmmml ru‘.ll?qrs (CBs). Sllnce the currents circulate in the CT
ential protection e ;), !?‘r:;lcfuon scheme is called “circulating current differ-
protecied zone jc Wil [; (ilhl.‘-PnceAprOIecuon scheme”. The boundaries of the
y the locations of the CTs. (2 MARKS)

6(b) [CO2, 2]

Principle of Operation of Impedance Relay

In the normal operating condition, the value of the line voltage is more than the current. But when the
fault cccurs on the line the magnitude of the current rises and the voltage becomes less. The line current
is inversely proportional to the impedance of the transmission line. Thus, the impedance decreases
because of which the impedance relay starts cperating.

The figure below explains the impadance relay in much easier way. The potential transformer supplies
the voltage to the transmission line and the current flows because of the current transformer. The
current transformer is connected in series with the circuit.

Cansider the impadance relay is placed on the transmission line for the protection of the line AB. The Z is
the impedance of the line in normal operating condition. If the impedances of the line fall below the

impedance Z then the relay starts working.

Let, the fault F1 occur in the line AB. This fault decreases the impedance of the line below the relay
setting impedance. The relay starts operating, and its send the tripping command to the circuit breaker,
If the fault reached beyond the protective zone, the contacts of the relay remain unclosed.

(2 marks)



Operating Characteristic of an Impedance Relay

The weoltage and the current operating elements are the two important component of the impedance
relay. The current operating element generates the deflecting torque while the voltage storage element
generates the restoring torque. The torgue equation of the relay is shown in the figure below

T=kii’2—kzvz—k3

The -K3 is the spring effect of the relay. The V and I are the value of the voltage and current. When the
relay is in normal cperating condition, then the net torque of the relay bacomes zero.

kzvz = k1f2— ks

v k k
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If the spring control effect becomes neglected, the equation becomes

ky
Z = |—= Constant

ke,
(2 marks)
The operating characteristic concerning the voltage and current is shown in the figure below. The dashed
line in the image represents the operating condition at the constant line impedance.
R J
I P Z |
A CB a cB B
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Relay
PT
Principle of operation of an Impedance Relay
The operating characteristic of the impedance relay is shown in the figure below. The positive torque
region of the impedance relay is above the operating characteristic line. In positive torque region, the
impedance of the line is more than the impedance of the faulty section. Similarly, in negative region, the
impedance of the faulty section is more than the line impedance
(2 marks)

7 (a) [CO2, L2]
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Reactance Type Distance Relay

The operating torque will be proportional to the square of the current while the restraining torque will be
proportional to VI cos (© - 90°). The desired maximum torque angle is obtained with the help of
resistance-capacitance circuits, as illustrated in the figure. If the control effect is indicated by -k3, the
torque equation becomes

(1 marks)

T = KyI? — K,ViIcos(6 —90") — K;

T= Kllz— Kzstno—KJ

where 9, is defined as positive when I lag behind V. At the balance point net torque is zero, and hence

K, I* — K,VIcos(8 — 90°) — K,
K\ = K,VIsing + K,
Vo K
K,=K, 7$1n9+l—2

Vsina = L I
1 K, K,I?
Zsing =
sing = K_z
The spring control effect is neglected in the above equation, i.e., K3 = 0.

(2 marks)



Operating Characternistic of Reactance Relay

The operating characteristic of a reactance relay is shown in the figure below. X is the reactance of the
protacted line batween the relay location and the fault point, and R is the resistance component of the
impedance. The characteristic shows that the resistance component of the impedance has no
consequence on the working of the relay, the relay reacts solely to the reactance component. The point
below the operating characteristic is called the positive torgue region.

+X
Megative Torque QOperating
I, Characteristic
l Fi ¥ =satting
Positive Tarque a
-R +R
x

Operating Characteristic of Reactance Type Distance Relay

If the value of T, in the general torque equation, expressed below i1s made any other 909, 3 straight line
characteristic will still be obtained, but it will not be parallel to R-axis. Such a relay is called an angle
impedance relay.

(2 marks)
7 (b) [CO2, L2]
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(2 marks)
Power Swing Analysis

Figure 4.39 shows a section of a transmission line with generating stations
beyond either end of the line section. The generated voltages are E, and Eg,
respectively. The voltage at the relay location is V. Impedances are as shown in
the figure. The current flowing through the line is given by

EA_EB = EA_EB
Z,+Z, +2Zy Zy

I =

V=E,-Iz,



The Tmpedance “seen” by [he relay is given by

Z=—==—1 =_4._7
! ] o
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FIGURE 4.39 One line diagram of a system to illustrate loss of synchronism

If E, leads E; by an angle § and E,/Ey = n, the above expression is written as

id
Z=—5—'fe Zr-Z

(3 marks)



