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14, Discuss the basic setung and blas setting of percentage differential 1) )y
What are the typical values of these settings for generator and :.:Z:::;.
protection. :
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9.1

INTRODUCTION

Rotating machines include synchronous generators, synchronous mesors, symcies-
nous condensers and i

3. The protection of mesting machenes mw

ort circuits are usually detected by some type of overcurrent or d

siacud-alone

or in combination with one another to achieve the desired degree of seounty and
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' dependability. The failures of mechanical nature use mechamcal devices or Qeprnd
upon the control circuits for removing the problem
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) 9.2 PROTECTION OF GENERATORS

F 4

A generator is the most important and costly equipment i 2 power systom. As o o
accompanied by prime mover, excitation system, voltage regulator, cooling sysizm,
etc., its protection becomes very complex and elaborate. It is subjected 1o mors Dypes
of troubles than any other equipment. A modemn generating set 15 penerally prosuded
with the following protective schemes.

(i) ,mSS_. protection
(a) Percentage differential protection
(b) Protection against stator inter-tumn faults
(c) Stator-overheating protection
(i) Rotor protection
(a) Field ground-fault protection
(b) Loss of excitation protection
(c) Protection against rotor overheating because of unbalanced throephass
stator currents
(iii) Miscellaneous
(a) Overvoltage protection
(b) Overspeed protection
() Protection against motoring
(d) Protection against vibration .

b
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(¢) Bearing-overheating protection
(f) Protection against auxiliary fatlure
(g) Protection against voltage regulator failure

9.2.1 Stator Protection

(a) Percentage Differential
Protection Figure 9.1(8)
shows the schematic
disgram of percentage dif-
ferential protection. Itis used
for the protection of genera-
tors above 1 MW. It protects
against winding faults, ie.
phase to phase and phase to
ground faults. This is also
called biased differential
protection or longitudinal
differential protection The
polarity of the secondary
voltage of CTs at a particular
moment for an external fault
has been shown in the figure.
In the operating coil, the cur-
rent sent by the upper CT
is cancelled by the current
sent by the lower CT and the
relay does not operate. For
an internal fault, the polar-
ity of the secondary voltage
of the upper CT is reversed,
as shown in Fig. 9.1(b). Now
the operating coil carries the
sum of the currents sent by
the upper CT and the lower
CT and it operates and trips
the circuit breaker. i
The percentage differ-
entiz]l protection does not
respond to external faults
and overloads. It provides
complete protection against
phase 1o phase faults. It
provides protection against
ground faults to about 80 to
85 per cent of the genera-
tor wind- ings. It does not
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Fig- 9.1(a) Percentage differential protection for
external fault condition (instantaneous
current directions shown for external
fault condition)
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Fig. 94(b) Percentage differential protection of
generator (instantaneous current directions
shown for internal fault condition)
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Due to the difference in the magnetising currents of the upper and the krwver CTa,
the current through the operating coil will not be zero even under normal k

conditions or during external fault conditions. Therefore, to provide stabslity o

external faults, bias coils (restraining coils) are provided. The relsy is set o opezate,

not at a definite current but at a certain percentage of the through current. To obtain
the required amount of biasing a suitable ratio of the restramning coil (urns (o opesat-
ing coil turns is provided. High-speed percentage-differential relays having wanable
ratio or percentage slope characteristics are preferred. The setting of the bias coils
varies from 5% to 50% and that of the relay coil (operating cotl) from 10°% 1o 100%
of the full load current.

In case of stator faults, the tripping of circuit breaker to solate the fzuliy gen-
erator is not sufficient to prevent further damage as the generator will stll continge
to supply power to the fault until its field excitation is suppressed. Therefors, the
percentage differential relays initiate an auxiliary relay which in turn trips the man
circuit breaker. trips the field circuit breaker, shuts down the prime mover, (s oa
CO, if provided and operates an alarm.

Restricted earth-fault protection by differential system
When the neutral is solidly grounded,
it is possible to provide protection to
complete winding of the generator
against ground faults. However, the
neutral is grounded through resistance
to limit ground fault currents. With
resistance grounding it is not pos-
sible to protect the complete winding
against ground faults. The percentage
of winding protected depends on the
value of the neutral grounding resis-
tor and the relay setting. The usual
practice is to protect 80 to 85% of the
generator winding against ground fault. The remaining 15-20% from neutral end s
left unprotected. In Fig. 9.2 for phase to ground fault, it can be seen that the relay st
ting for the differential protection is determined by the value of the neutral m?én,aﬁw
resistor and the percentage of winding to be protected.

If the ground fault occurs at the point F of the generator winding, the voltage Vi,
is available to drive the ground-fault current /; through the neutral to ground connec-
tion. If the fault point F is nearer to the neutral point N, the forcing voltage Ve will
be relatively less. Hence, ground fault current Z; will reduce, 1t is not practeable w
keep the relay setting too sensitive to sense the ground fault currents of smadl g
nitudes. Because, if the relay is made too sensitive, it may respond during through

o ——p———————

Fig. 9.2 Percentage of unprotected winding
cgainst phase to ground foult
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faults or other faults due to inaccuracies of CTs, saturation of CTs etc. Hence, o
practice is to protect 80-85% of the generator winding against phase to ground faulig
and to leave the 15-20% portion of the winding from ncutral end unprotected.

In Fig. 9.2, let p% of the winding from the neutral remains unprotected. Then
(100 = p)% of the winding is protected. The ground fault current Iy is given by

p Vv
=100 R,
n
where V is the line to neutral voltage and R, is thé neutral grounding resistance.
For the operation of the relay, the fault current must be greater than the relay
pick-up current.
Percentage differential protection for a Y-connected generator
with only four leads brought out
When the neutral connection is made within the generator and only 50.:053_
terminal is brought out, the percentage differential protection can be v.SS%Q. as
shown in Fig. 9.3. This scheme protects the generator winding only against ground

©.1)

CTs mm
I_l % % —Restraining
— coils
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le Ig Ia
Operating
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: L
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Fig. 9.3 Percentage differential protection for Y connected generator with only four
leads brought out

faults. It does not protect it against phase faults. This is also called restricted earth

fault protection because the relays operate only for ground faults within the protected

windings.

Generator-transformer unit protection

In modem power systems, cach generator is directly connected to the primary
winding of a power transformer. The primary winding of the power transformer 1s
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by connected in delta configuration and the secondary winding in Y configuration. The
.eocE_,._J‘ winding which is the H.V. winding is connected through a circuit breaker
to the H.V. bus. The gencrator and transformer is considered as a single unit and the
s.ﬁnn.::mc differential protection is provided for the combined unit. This type of unit
53823: has been discussed later while discussing transformer protection.
..,‘.mxma_u_,m 9.1 _ An 11 kV, 100 MVA alternator is grounded through a resistance
Uof 5 Q. The CTs have a ratio 1000/5. The relay is set to operate when there is an
“out of balance current of 1 A. What percentage of the generator winding will be
.a_vm_o.oo.oa by the percentage differential schidme of protection? FR k-

Solution: Primary earth-fault current at which the relay operates

=1000 1~ 200 A

5
Suppose p% of the winding from the neutral remains unprotected.
P 11x10°
y ent = —— X —————
The fault curren 100 X Vx5

For the operation of the relay, the fault current must be greater than the relay
pick-up current
3
P 11x10 v_ooo
100 V3 x5 5
This means that 15.75% of the winding from the neutral is not protected. In
other words, 100 — p = 100 — 15.75 = 84.25% of the winding from the terminal is
protected.

x1 or p>1575

Note: Near the ncutral point voltage stress is less and therefore, phase to earth faults
are not likely to occur.

Example 9.2 _ An 11 kV, 100 MVA alternator is provided with differential pro-
tection. The percentage of winding to be protected against phase to ground fault
is 85%. The relay is set to operate when there is 20% out of balance current.
Determine the value of the resistance to be placed in the neutral to ground
connectiof.

Solution: (a) Primary earth-fault current at which the relay operates
MS_100x10° 20

W = X —— =1049.759 A
/ V3x11 100

Suppose that the percentage of winding which remains unprotected is
p =100 -85 = 15%.

\{ Ph- «.m 3.\ C

p_ 11x10°
The fault current = — x ————,
100" V3R,
where R, is the resistance in the neutral connection
15 11x10°
X =1049.759
100" V3R,
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R = 15x11x10’
" 100 x V3 % 1049.759

(b) Protection against Stator Interturn Faults Longitudinal percentage dif.
ferential protection does not detect stator interturn faults. A transverse percentage
differential protection, as shown in Fig. 9.4 is employed for the protection of the
generator against stator interturn faults. This type of protection is used for genera.
tors having parallel windings separately brought out to the terminals. The coils of
modern large steam turbine driven generators usually have only one turn per phase
per slot and hence they do not need interturn fault protection. Hydro generators hay.
ing parallel windings in each phase employ such protection which thus provides
back-up protection and detects interturn faults. This scheme is also known as split.
phase protection,
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Fig- 9.4 Transverse pereentage differential protection for it winding generaton

A faster and more sensitive split-phase protection as shown in Fig 9.5 can be
emploved. In this scheme, 8 single CT having double primary 1% used. No bun i
necessary because a common CT s cmployed so that errors due to CT differences do

poOt occut

Interturn protection based on zero-sequence component

If generators do not have access to parallel windings, 2 method based o
zero-sequence vollage measurnment can be employed for the protection against
stator interturmn faults. This type of scheme will also be applicable 1o single winding
generators having multi-turn per phase per slot to protect against interiura faults
Figure 9.6 shows the schematic diagram of intertum protection by zero-sequerse

vollage measurement across the machine
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Fig. 9.5 Splt-phase protection of generator using double primary CTs
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Fig. 9.6 Interturn protection of generator using zero-sequence voltage

The zero-sequence voltage doces not exist during normal conditions. If one or
more tums of a phase are short circuited, the gencrated emf contains zero-sequence
component. A voltage transformer as shown in the figure is employed to extract
zero-sequence component. The secondary winding of the voltage transformer is in
open-delta connection to provide the zero-sequence component of the voltage to the
protective relay. A filter is provided to extract a thisd harmonic component from the
VT output and apply it as the relay bias.

The zero-sequence voltage is also produced in case of an external earth fault.
But most of this voltage appears across the earthing resistor. A very small amount,
1 or 2 per cent, appears across the generator. Therefore, the zero-sequence voltage

{
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1s measured across the generator windings at the line terminals rather than the zer,
sequence voltage to the earth as shown in the figure to activate the relay )

. on the ocey.
rence of internal faults.

(<) Stator-overheating Protection Overheating of the stator may be caused
the failure of the cooling system, overloading or core faults like short-circuited lami.
nations and failure of core bolt insulation. Modern generators employ two methods to
detect overheating both being used in large generators (above 2 MW). In one methog
the inlet and outlet temperatures of the cooling medium which may be :VdSmSM
water are compared for detecting overheating. In the other method, the 8:608:83
sensing elements are embedded in the stator slots to sense the temperature. Figure 9 7
shows a stator overheating relaying scheme. When the temperature exceeds a certaip
preset maximum temperature limit, the relay sounds an alarm. The scheme employs
a temperature detector unit, relay and Wheatstone-bridge for the purpose. The tem-
perature sensing elements may either be thermistors, thermocouples or resistance
temperature indicators. They are embedded in the stator slots at different locations.
These elements are connected to a multi-way selector switch which checks each one
in tumn for a period long enough to operate an alarm relay.

——AC mcun?llg

| - Polarising coil
of the relay

1 Series
resistor

Operating coil

Fixed bridge of the relay
resistors
Resistance
temperature
detector

Fig. 9.7 Stator-overheating protection

For small generators, a bimetallic strip heated by the secondary current of the CT
is placed in the stator circuit. This relay will not operate for the failure of the cooling
system.

Thermocouples are not embedded in the rotor winding as this makes slip ring
connections very complicated. Rotor temperature can be determined by measur-
ing the winding resistance. An ohm-meter type instrument, energised by the rotor
voltage and current and calibrated in temperature is employed for the purpose.

9.2,2 Rotor Protection

(a) Field Ground-fault-Protection As the field circuit is operated ungrounded,
a single ground fault does not affect the operation of the generator or cause any
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£ gamage. However, a single rotor fault to carth increases the stress to the ground in
~ jhe field when stator transients induce an extra voltage in the field winding. Thus,
Em probability of the occurrence of the second ground fault is increased. In case a
second ground fault occurs, a part of the field winding is bypassed, thereby increas-
ing the current through the remaining portion of the field winding. This causes an
unbalance in the air-gap fluxes, thereby creating an unbalance in the magnetic forces
on opposite sides of the rotor. The unbalancing in magnetic forces makes the rotor
shaft eccentric. This also causes vibrations. Even though the second ground fault
may not bypass enough portion of the field winding to cause magnetic unbalance,
“ihe arcing at the fault causes local heating which slowly distorts the rotor producing
eccentricity and vibration.
: Figure 9.8 shows the schematic diagram of rotor earth protection. A dc voltage is
impressed between the field circuit and earth through a polarised moving iron relay.

It is not necessary to trip the machine .
when a single field earth fault occurs. 3 W Q )
S Field 9

Usually an alarm is sounded. Then S
immediate steps are taken to transfer %
the load from the faulty generator and

to shut it down as quickly as possible to

avoid further problems.

output

In case of brushless machines, the
main field circuit is not accessible. If “
there is a partial field failure due to nﬂ

short-circuiting of turns in the main field
winding, it is detected by the increase
Tip | Sensitive relay
Fig. 9.8 Earth fault protection

“ Auxiliary

M ac supply

A

in level of the field current. A severe
fault or short-circuiting of the diode is
detected by a relay monitoring the cur-
rent in the exciter control circuit.

L

(b) Loss of Excitation When the excitation of a generator is lost, it speeds up
slightly and operates as an induction generator. Round-rotor generators do not have
damper’windings and hence they are not suitable for such an operation. The rotor
is overheated quickly due to heavy induced currents in the rotor iron. The rotors of
salient pole generators are not overheated because they have damper windings which
carry induced currents. The stators of both salient and non-salient pole generators
are overheated due to wattless current drawn by the machines as magnetising current
from the system. The stator overheating does not occur as quickly as rotor overheat-
ing. A large machine may upset the system stability because it draws reactive power
from the system when it runs as an induction generator whereas it supplies reactive
power when it runs as a generator. A machine provided with a quick-acting automatic
voltage regulator and connected to a very large system may run for several minutes
as an induction generator without harm.

Field failure may be caused by the failure of excitation or mal-operation of a faulty
field breaker. A protective scheme employing offset mho or directional impedance
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3.2.3  Miscellaneous

{s) Overvoltage Protection Overvoltage may be camed by 5 defocsoe seliags
regulator or it may occur due to stdden lose of electrcal bt s pereraurs. Wi
aload is lost, theie is an increase in speed and heoce the voltage shw momases. ks
case of a steam power station, it is possible 1o bypass tue weses e de et
reaches a limit above which a dangerous overvoltage casn be producet by oo
power stations, the automatic voltage regulator controla the owervoiteges wingh
associated with overspeed. In hydro-stations it s mof posssble o ssop or g woaees
?.:c so quickly and overspeed may ovcur Theretore overvoltage relays aw prosalsad
with hydro and gas-turbine sets. But overvoltage mlays ste sot comenendy et Wi
wrbo-alternators,

{b) Overspeed Protection A turbo-generator i+ providest with 3 mexsbaascal dves
speed device. The spseed governor normally controls its spend. § o desigmnd 8 srs-
ventany speed rise even with a 100 per cent load reectnms, As CUBIZETAY znuu..ﬁ..wwh
overspeed device is also tncorposated 1o trip CHCTEency ibearm vlvrs win Sy 3.4“4,_..
exceeds 110 percent. .
P..:.mn turbosets are sometimes provided with ovenpend melavs, s USA o of
step tripping relays are used which cut off sicam whsen e prmcraur by LR «{ ol
synchronism and has slipped one pole. In UK 2 seastne fae st velay i guand lax
determine whether the power output falls beboss & certais valic oo rresenad, .

. Severe electrical faults alo cause oversped and beave MV Gt e, Sebs
circuit breakers and the steam turbine valves are PPt sssedsmaacai, ‘v,ra aﬁnv
T g of et e e o 0. S

) 3 ks B Oneroaond eoiass e sl
provided with gas- turbine seta. ,

(¢) Protection againit Motoring  When the ucsm gl fs 0t ol e gresns

funa as & metor, The steam tibioe pets overboatod besasee Rl wy st S
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protective relay is required for the protection of the steam turbine. Generally, y:
relay operates when power output falls below 3%. A sensitive reverse power relay
available which has 2n operating setting of about 0.5% of the generator’s outpuy:
Hydrosets sometimes require protection agzinst motoring. Cavitation problen;
arise in water turbines at Jow water flow. Protection is provided by reverse pogye,
relay having an operating sciting of 0.2 to 2% of the rated power. A diesel set and gy
turbine require 25% and 50% setting respectively.
(d) Protection against Yibretion and Distertion of Rotor Vibralion is causey
by overheating of the rotor or some mechanical failure or abnormality. The over.
heating of the rotor 1s caused due to unbalanced stator currents of TOOf groung
faults. Overheating of the rotor distorts it, thereby causing eccentncity. Eccentne
running produces vibration. Protection provided for unbalanced stator curTents and
totor ground faults minimise vibration. A vibration measunng device is also used
for steam turbine sets. Such a device detects the vibration which 1s caused either by
electrical or mechanical causes. An alarm is actuated if vibration takes place. The
vibration detector is mounted rigidly on one of the beanng pedestals of a honzonu
<haft machine or on the upper guide-bearing of vertical shaft beanng. For details see
Ref. 5.

(¢) Bearing Overheating Protection Temperature of the bearing is detected by
inserting a temperature sensing device 10 a hole ia the beaning. For large machian
where lubricating oil is circulated through the beanng. &n o1l flow device 1s med 1
detect the failure of oil cooling equipment. An alarm 15 actuated when the beanng v
overheated or when the circulation of the lubncating o fails

(f) Protection agoinst Auxiliary Failure The power plant auxilianes are veny
important for the running of the gencrating sets High grade protective equipenent
is employed for thetr reliable operation For large goncrating scts, protecton agams
loss of vacuum and loss of boiler pressure are provided Such fadlures are due W te
failure of the associated auxiliaries. So the protection provided for the loss of vacuen
and loss of boiler pressure provides 10 some extent protection against the auxilany
failure. In the case of such failures generating sets zre shut down. Protection agamst
the failwre of induced draught fans 1s also provided

(g) Protection against Yoltage Regulator Failure Modemn quich response
automatic voltage regulators are very complea They are subject o component
failures. Suitable protective devices are provided against their fatlure. A definite nme
de overcurrent relay ts provided which operates when there 1s overcumeat in the 1ot
circuit for a period longer than a prescnibed lumit. 1n such a situation, the excitabon
is switched to a predetermined value for manual control.

The supply for the regulator reference voltage is given from a separate voltage
transformer. Protection is also required against the failure of the regulator reference
voltage. An under voltage relay is used for this purpose. A better approach is to use
a voltage balance relay which compares the voltage derived from the mstrument
transformer with the voltage derived from the voltage regulator transformer. If there
is mal-operation of the voltage regulator due to the fatlure of the reference voltage,
the relay operates and switches the excitation o 2 predetermined value for manual
control.
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Protection against Pole Slipping In case of system disturbances after the
caton of circuit breaker or when heavy load is thrown or switched on, the

o

1 ¥ enerator rotor may oscillate. Consequently. variations in current, voltage and power
1% n-tor may take place. Such oscillations may disappearin a few seconds. Therefore,

M.w soch a situation, tripping is not desired. In some cases, angular displacement of the
¥ mtor exceeds the stability limit and the rotor slips a pole pitch. If the disturbance is
_ gver, the generator may regain synchronism. If it does not, it should be tripped.

w An alternative approach 1s to trip the field switch and allow the machine to run as
“M&w nchronous machine, thereby removing the oscillations from the machine. Then
"2 Joad is reduced to a low value at which the machine can re-synchronise itself. 1f
. ¢ machine does not re-synchronise, the field switch is reclosed at the minimum
wnuc:c: setting. This will cause the machine to re-synchronise smoothly.

“a Field Suppression When a fault occurs in the generator winding, the circuit
“sceaber trips and the generator is isolated from the system. However, the generator
wll continues to feed the fault as long as the excitation is maintained, and the damage
pcreases. Therefore, 1t s desirable to suppress the field as quickly as possible. The
f2ld cannot be destroyed immediately. The energy asssociated with the flux must be
dsupated wio an external device. To achieve this, the field winding is connected to a
dscharpe resistor to absorb the stored energy. The discharge resistor is connected in
peralic] with the field winding before opening the field circuit breaker.

() Back-up Protection Overcurrent relays are used as back-up protection. As the
pyechronous impedance of a turbo-generator 1s more than 100%, the fault current,
may 121l below the pormal load current. Therefore, standard time-overcurrent relays
pranot be emploved for back-up protection. A voltage controlled overcurrent can be
empioyed for such 2 purpose. A better altemnative is to use reactance or impedance
tpe distance relays

In sddition 1o overcurrent relays, the stator protection is generally supplemented
by senutive carth faoli relays Relays having inverse time characteristic are used. An
et fault relay 1 connected 10 a CT placed in the neutral point earthing lead. This
&z uaresncted protection and hence, it s to be graded with the feeder protection.

EXERCISES

 — !

I Enumerate the relaying schemes which are employed for the protection of a
modemn alternator.

Descnbe with a neat sketch, the percentage differential protection of a modern
alternator

2 2?&7 transverse of split phase protection of an alternator? For what type of
fault 1s this scheme of protection employed? With a neat sketch discuss the
working principle of this scheme.
: Fﬁ.ﬁ type of protective device is used for the protection of an alternator
against overheating of its (a) stator, (b) rotor? Discuss them in brief.

: ..r.‘rﬁ type of a protective scheme is employed for the protection of the field
winding of the alternator against ground faults?

4
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Buszone Protection |

—=CTEY

10.1  INTRODUCTION

=]
The power transformer is a major and very important equipment in a power system,
It requires highly reliable protective devices. The protective mc:oEc. n_ocozam.o:.:z
size of the transformer. The rating of transformers used in transmission and distriby-
tion systems range from a few kVA to several hundred MVA. For small transformers,
m::v_w protective device such as fuses arc employed. For _mmsw_.o:.sﬂm of En.ar:.s
size overcurrent relays are used. For large transformers differential protection is
recommended.

Bus zone protection includes, besides the busbar itself, all :.6 nc?_.:::m con-
nected to the busbars such as circuit breakers, disconnecting switches, instrument
transformers and bus sectionalizing reactors etc. Though the occurrence of #.Em zone
faults are rare, but experience shows that bus zone ?.o:uo:o:. is highly aow:uzn in
large and important stations. The clearing of a bus fault requires the opening of all
the circuits branching from the faulted bus.

10.2 TRANSFORMER PROTECTION

10.2.1 Types of Faults Encountered in Transformers

The faults encountered in transformer can be placed in two main groups.
(a) External faults for through faults)
(b) Internal faults

External Faults .
In case of external faults, the transformer must be disconnected if other w:oam:ﬁ
devices meant to operate for such faults, fail to operate within a predetermined :En,.
For external faults, time graded overcurrent relays are employed as back-up protec-
tion. Also, in case of sustained overload conditions, the transformer should not be
allowed to operate for long duration. Thermal relays are used to detect overload
conditions and give an alarm.

Internal Faults

The primary protection of transformers is meant for internal faults. Internal faults are
classified into two groups.

—_.ﬁ. il
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(i) Short circuits in the transformer winding and connections  These are clectrical
faults of serious nature and are likely to cause immediate damage. Such faults

are detectable at the winding terminals by unbalances in vollage or current,

, This type of faults include line to ground or line to line and interturn fanlts
; on H.V.and L.V. windings. al

(i) Incipient faults  Initially, such faults are of minor nature but slowly might
: develop into major faults. Such faults are not detectable at the winding
terminals by unbalance in voltage or current and hence, the protective devices
meant to operate under short circuit conditions are not capable of detect-
ing this type of faults. Such faults include poor clectrical connections, core

faults, failure of the coolant, regulator faults and bad load sharing between
transformers.

._.PN.N Percentage Differential Protection

Percentage differential protection is used for the protection of large power transform-

“ers having ratings of 5 MVA and above. This scheme is employed for the protection
of transformers against internal short circuits. It is not capable of detecting incipient
faults. Figure 10.1 shows the schematic diagram of percentage differential protection
for a Y — A transformer. The direction of current and the polarity of the CT voltage
shown in the figure are for a particular instant. The convention for marking the polar-
ity for upper and lower CTs is the same. The current entering end has been marked as
positive. The end at which current is leaving has been marked negative.

—ly

<+,
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~—lg

—
_ -+
«—le e
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W ﬂ« i) Bl = ‘ ,w,.,
! la= I O,I 0 = i _c i
B R = I
iy =g S < R -

O-Operating coil
R-Restraining coil

Fig. 101 Percentage differential protection for Y - A connected transformer

O and R are the operating and restraining coils of the relay, respectively. The
connections are made in such a way that under normal conditions or in case of
external faults the current flowing in the operating coil of the relay due to CTy
of the primary side is in opposition to the current flowing due to the CTs of the
secondary side. Consequently, the relay does not operate under such conditions. 1f
a fault occurs on the winding, the polarity of the induced voltage of the CT of the
secondary side is reversed. Now the currents in the operating coit from CTs of both
primary and secondary side are in the same direction and cause the operation of




|
i
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XX, allows only current of fundamental frequency to flow through the Operating /
coil. The dc and harmonics, mostly second harmonics in case of magnetic E.Em_,,"
current, are diverted into the Rm@aa:m coil. The relay is adjusted so as not to ope;.
ate when the second harmonic (restraining) exceeds 15% of the fundamental cugrey
(operating). The minimum operating time is about 2 cycles.

The dc offset and harmonics are also present in the fault current, particularly jf
CT saturates. The harmonic restraint relay will fail to operate on the occurrence of
%mc: which contains considerable harmonics due to an arc or saturaiiop
of the CT. To overcome this difficulty, an instantancous overcurrent relay (the high |
set unit) is also incorporated in the harmonic restraint scheme. This relay is set abova !

the maximum inrush current. It will operate on heavy internal faults in less than one

cycle.

In an alternative scheme, known as harmonic blocking scheme, a separate block.
ing relay whose contacts arein series with those of a biased differential relay, is
employed. The blocking relay is set to operate when the second harmonic is less than
15% of the fundamental.

10.2.5 Buchholz Relay

It is a gas actuated relay. It is used to detect incipient faults which are initially
minor faults but may cause major faults in due course of time. The Buchholz relay
is used to supplement biased differential protection of the transformer because the
Buchholz relay cannot necessarily detect short circuits within the transformer or at
the terminals.

When a fault develops slowly, it produces heat, thereby decomposing solia or
liquid insulating material in the transform. The decomposition of the insulating
material produces inflammable gases. The operation of the Buchholz relay gives
an alarm when a specified amount of gas is formed. The analysis of gas collecied
in the relay chamber indicates the type of the incipient fault. The presence of;
(a) C,H, and H, shows arcing in oil between constructional parts; (b) C,H,, CH,
and mmw shows arcing with some deterioration of phenolic insulation, e.g. fault in tap
changer; (c) CHy, C;H, and H, indicates hot spot in core joints; (d) C;Hy, C;Hg, H,
and CO, shows a hot spot in the winding.

There is a chamber to accommodate Buchholz relay, in between the transfornier
tank and the conservator as shown in Fig. 10.3 (a). A simple diagram to explain
the operating principle of Buchholz relay is shown in Fig. 10.3 (b). When gas
accumulates, the oil level falls down and thus the float also comes down. It causes
an alarm to sound and alert the operator. For reliable operation, a mercury switch
is attached with the float. Some manufacturers use open-topped bucket in place of
a bob. When the oil level falls because of gas accumulation, the bucket is filled up
with oil. Thus, the force available to operate the contacts is greater than with hol-
low floats. The accumulated gas can be drawn off through the petcock via a pipe for
analysis to know the type of fault. If there is a severe fault, large volumes of gases are
produced which cause the lower float to operate. It finally trips the circuit breakers
of the transformer.

o
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Conservator

Buchholz relay

Alarm

//

Trip

L
RN
(a) (b)

Transformer

Fig. 10.3 (a) Transformer tank, Buchholz relay and conservator (b) Buchholz relay

The buchholz relay is a slow acting device, the minimum operating time is 0.1 s,
the average time 0.2 s. Too sensitive settings of the mercury contacts are not desir-
able because they are subjected to false operation on shock and vibration caused by
conditions like earthquakes, mechanical shock to the pipe, tap changer operation and
heavy external faults. This can be reduced by improved design of the mercury contact
tubes.

10.2.6  Oil Pressure Relief Devices

An oil pressure relief device is fitted at the top of the transformer tank. In its simplest
form, it is a frangible disc located at the end of an oil relief pipe protruding from the
top of the transformer tank. In case of a serious fault, a surge in the oil is developed,
which bursts the disc, thereby allowing the oil to discharge rapidly. This avoids the
explosive rupture of the tank and the risk of fire.

The drawback of the frangible disc is that the oil which remains in the tank
after rupture is left exposed to the atmosphere. This drawback can be overcome by
employing a more effective device: a spring controlled pressure relief valve. It oper-
ates when the pressure exceeds 10 psi but closes automatically when the pressure
falls below the critical level. The discharged oil can be ducted to a catchment pit
where random discharge of oil is to be avoided. The device is commonly employed
for large power transformers of the rating 2 MVA and above but it can also be
used for distribution transformers of 200 kVA and above.

10.2.7 Rate of Rise of Pressure Relay

This device is capable of detecting a rapid rise of pressure, rather than absolute pres-
sure. Its operation is quicker than the pressure relief valve.

It is employed in transformers which are provided with gas cushions instead of
conservators. Figure 10.4 shows a modern sudden pressure relay which contains a-
metallic bellows full of silicone oil. The bellows is placed in the transformer oil. The
relay is placed at the bottom of the tank where maintenance jobs can be performed
conveniently. It operates on the principle of rate or increase of pressure. It is usually
designed to trip the transformer.
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- 1 . s
< q¢  For delta connec ed star wind; g
Upper /:_& ——r—— Swith ] .._ r e M_. :.:.p.r::: or ...:m‘:é.z_a.z.: winding of the transformer, residual
chambe: ] ~Piston 4 overcurrent relay as shown in Fig, 10.5 is employed. The relay operates only for a
} Equaltzer hotes 4 ground faultin the transformer.
——Bronze bellows ¢ The differential protection of the transformer s sy

ﬁé_o_:nan._ by restricted earth
Od valve

fault protection in case of a transformer with its neutral grounded through resistance,

_.2Z_n:uﬁ;c::_.<s?:_;:%o::c winding is protected with a differential relay
pick-up setting as low as 20% of the CT rating.

. 10.2.10  Overfluxing Protection

~ T'he magnetic flux increases when voltage increases. This results in increased iron

loss and magnetising current. The core and core bolts get heated and the lamination
insulation is affected. Protection against overfluxing is required where overfluxing
due to sustained overvoltage can occur. The reduction in frequency also increases
the flux density and consequently, it has similar effects as those due to overvoltage.

Fig. 104  Sudden pressure relay

The expression of flux in a transformer is given by
10.2.8 Overcurrent Relays m
Overcurrent relays are used for the protection of transformers of rating 100 kv =K 7
and below 5 MVA. An earth fault tripping element is also provided in addition to

the overcurrent feature. Such relays are used as primary protection for transformers where, ¢ = flux, f = frequency, £ = applied voltage and K = constant.
which are not provided with differential protection. Overcurrent relays are also used

Therefore, to control flux, the ratio Elfis controlled. When Elfexceeds unity, it has
. as back-up protection where differential protection is used as primary protection. to be detected. Electronic circuits with suitable relays are available to measure the Eif
' \\\! For small wansformers. overcurrent relays are used for both overload and fault ratio. Usually 10% of overfluxing can be allowed without damage. If Effexceeds 1.1,
7 M‘..n protecuon. An extremely inverse relay is desirable for overload and light faults, with overfluxing protections operates. Overfluxing does not requires high speed tripping
m: = instantaneous overcurrent relay for heavy faulis. A very inverse residual current relay and hence instantaneous operation is undesirable when momentary disturbances
W mm, with instantaneous relay is suitable for ground faults. occur. But the transformer should be isolated in one or two minutes at the most if
- =3 overfluxing persists.
.P/wu\\‘. 10.2.g  Earth Fault Relays ] .
\ A simple overcurrent and earth fault relay does not provide good protection for a 10.2.11 Protection of Earthing Transformer
/o!.t stzr connectsd winding. particularly when the neutral point is earthed through an The function of an earthing transformer is to provide a grounding point for the power
1 impedance. Restricted earth fault protection. as shown in Fig. 10.5 provides better system where machines have delta connection. An earthing transformer is connected
B protection. This scheme is used for the winding of the transformer connected in star either in star-delta or zig-zag fashion. When a fault occurs only Zero sequence cur-
i where the peutral point 1s either solidly earthed or earthed through an impedance. rent flows from the earthing transformer to the m:.E:E:m point. Positive or negative
The relzy used is of high impedance type to make the scheme stable for external sequence currents can flow only towards the earthing transformer and not away from
faults, 1t. An earthing transformer can be protected by IDMT overcurrent relays fed by delta
i connected CTs, as shown in Fig. 10.6.
i Power transformer
Load N CTs
w i i 2
w transformer 8
Saas
W _ | el
8 A L Overcurrent
i = g IF_..T_ H . relays L
s L I = External fault <
| Restricted earth back-up relay
3 fault relay

Fig. 10.6 Protection of earthing transformer
Fig. 10.5 Earth fault protection of a power transformer g f S
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The CTs are connected in delta and zero sequence currents circulate in it. An oyer.
current relay with time delay is inserted in this delta. The time setting of this relay js

selected to coordinate with the time setting of the earth fault relays. This relay is used
as a back-up relay for external faults.

10.2.12 Protection of Three-Winding Transformer

In a three-winding transformer, one of the three windings is connected to the source
of supply. The other two windings feed loads at different voltages. One line diagram
is shown in Fig. 10.7 for the protection of a three-winding transformer.

—
Supply J Loads

end T
QTT

Fig.10.7 Protection of three-winding transformer with power source at one end

‘irn: a three-winding transformer is connected to the source of supply at both
primary and secondary side, the distribution of current cannot readily be predicted
and there is a possibility of current circulation between two sets of paralleled CTs
without producing any bias. Figure 10.8 shows protective scheme for such a situa-

tion. In this case, the restraint depends on the scalar sum of the currents in the various
windings.

Supply

WID _ Supply
|1 S

Fig.10.8 Protection of three-winding transformer with power source at both ends

10.2.13 Generator-Transformer Unit Protection

In a modemn system, each generator is directly connected to the delta connected
primary winding of the power transformer. The star connected secondary winding is
HV winding and it is connected to the HV bus through a circuit breaker. In addition
to normal protection of the generator and transformer, an overall biased differen-
tial protection is provided to protect both the generator and transformer as one unit.
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*  Figure 10.9 shows an overall differential protection. Usually harmonic restraint is

§ not provided because the transformer is only connected to the busbar at full voltage.

 'However, there is a possibility of a small inrush current when a fault near the busbar
Iis cleared, suddenly restoring the voltage.

CB

Transformer

Fig. 10.9 Differential protection of generator transformer unit

10.2.14 Miscellaneous

Tank-earth Protection

If the transformer tank is nominally insulated from earth (an insulation resistance

of 10 ohms being sufficient), the primary of a CT is connected between the tank :
and earth. A relay is connected to the seccondary v ?
of the CT. This protection is similar to the frame g I

)
earth scheme of protection for busbar discussed c W W

in the next section. This is also called Harward

protection. Potential

transformer -
Neutral Displacement
In case of unearthed transformer, an earth fault T
elsewhere in the system may result in the displace-
ment of the neutral. A neutral displacement detec-

tion scheme is shown in Fig. 10.10. The secondary Residual
. . i voltage relay
of the potential transformer is connected in open
delta. Its output which is applied to the relay is  Fig.10.10 Neutral displacement
proportional to the zero sequence voltage of the detection

line, i.e. any displacement of the neutral point. For
details, see Ref. 5.

Example 10.1 _ A three-phase, 11 kV/132 kV, A-Y connected power transformer
is protected by differential protection. The CT, on the LV side have a current ratio

of 500/5. What must be the current ratio of the CT; on the HV side and how should
they be connected.

Solution: In order that circulating currents in the relay are in phase opposition, the
CT, on the delta connected LV side of the transformer should be connected in star
and the CT, on the star connected HV side of the transformer should be connected in
delta. Connections of CT, on LV and HV sides are shown in Fig. 10.11
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5005 1, )

Fig. 10.11

Let the line currents on the primary and secondary sides of the transformer be

'}
and I, respectively. Then, :

VIx 1 xl, =V3Ix132x1

[ 5]
1
or & "—l:.mm.;_
For I, of 500 A. 1,5 = w x 500 = 41.66 A

Since the CT, on the LV side are connected in star, the current through the sec-
ondary of the CT and the pilot wire will be 5 A. The CT, on the HV side being delta
connected will have a current of S/V3 A in the secondary.

Hence CT ratio on HV side

=41.66/SN3
=3 x 41.66/5
=72.15/5

Example 10.2 _ A three-phase, 11 kV/33 kV, Y-A connected power transformer is
protected by differential pratection. The CT on the LV side have a current ratio
of 400/5. What must be the ratio of CT, on the HV side. How the CT, on both the
sides of the transformer are connected.

Solution: The connections of the CT on both the sides of the transformer are shown
in Fig. 10.12.

Let the line currents on the primary and secondary sides of the transformer be /7,
and 1, , respectively. ,

Then, VIx U xl,; =V3x33x1p,
11
or I, HMNS
For I, of 400 A, Iy =+ x 400 = 1333 A
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z —fT= IOV — ==t \ 5 ——
“ r\L Nt e
N PN S S Ty f
C T

i

Fig. 10.12

The current through secondary of the CT on the primary zE.c of the :.E;m.c:_u&.
will be SA. Since the CT, on the primary side are connected in ,_c::” :.q. mcqw., nt
through its pilot wire will be 5 z; A.The CT, on the secondary side being star con-
od will have a current of § V3 in the secondary.

nect
Hence CT ratio on HV side .
=133.3/5V3 b
=76.715
10.3 BUSZONE PROTECTION "
|

10.3.1 Differential Current Protection

Figure 10.13 shows a scheme of differential current .,.E_o,o:c: of a buszone. .:x“
operating principle is based on KirchhofI's law. The algebraic sum of ==, the n::r._,:v
entering and leaving the busbar zone must be zero, unless thage is a fault therein.
The relay is connected to trip all the circuit breakers. In case ofa bus fault the alge-
braic sum of currents will not be zero and relay will operate.

Generators //v

—)-

. nu Du Relay
CTs ﬁ ﬁ
| H

Feeders

Bus-barl

Fig. 10.13  Differential current protection of bus-zone
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