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Power system
basics



Electric Power System
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Electricity is generated at a power plant (1),
voltage is “stepped-up” for transmission(2)
Energy travels along a transmission line to the area where the power is needed (3)
voltage is decreased or “stepped-down,” at another substation (4),
& a distribution power line (5)
carries that electricity until it reaches a home or business (6).

T




SINGLE LINE DIAGRAM

transmission
line

PN T2




UNIT

1

INTRODUCTION

Presented by
C.GOKUL,AP/EEE

Velalar College of Engg & Tech , Erode



UNIT 1 PROTECTION SCHEMES
Syllabus

» Principles and need for protective schemes

» Nature and causes of faults

» Types of faults

» Fault current calculation using symmetrical
components

» Methods of Neutral grounding

» Zones of protection and essential qualities of
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protection

» Protection schemes



Principles & need for
protective schemes
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PROTECTION SYMBOL

L

two-winding
transformer

T

current transformer

two-winding
transformer

3¢

voltage transformer

generator

capacitor

bus

circuit breaker

transmission line

circuit breaker

delta connection

fuse

wye connection

o o

surge arrestor

static load

disconnect




Primary Equipment & Components

e Transformers - to step up or step down voltage level

e Breakers - to energize equipment and interrupt fault current to

isolate faulted equipment

e Insulators - to insulate equipment from ground and other phases

e |solators (switches) - to create a visible and permanent isolation

of primary equipment for maintenance purposes and route power
flow over certain buses.

e Bus - to allow multiple connections (feeders) to the same source
of power (transformer).



Primary Equipment & Components

e Grounding - to operate and maintain equipment safely

e Arrester - to protect primary equipment of sudden overvoltage

(lightning strike).

e Switchgear — integrated components to switch, protect, meter

and control power flow

e Reactors - to limit fault current (series) or compensate for charge

current (shunt)

e VT and CT - to measure primary current and voltage and supply

scaled down values to P&C, metering, SCADA, etc.

e Regulators - voltage, current, VAR, phase angle, etc.




Why A System Needs Protection?

 Thereisno ‘fault free’ system.
e Ensure safety of personnel.

« Usually faults are caused by breakdown
of Insulation due to various reasons:
system over current, over voltage,
lighting, etc.



PROTECTION SYSTEM

A series of devices whose main purpose is to
protect persons and primary electric power
equipment from the effects of faults

BLACKOUTS

Characteristics Main Causes

Loss of service in a large area

or population region Overreaction of the protection
system

Hazard to human life
Bad design of the protection

May result in enormous system

economic losses =
13



PRIMARY PROTECTION
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BACKUP PROTECTION
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POWER SYSTEM WITHOUT PROTECTION

e Short circuits and other abnormal conditions
often occur on the power system. The heavy
current associated with short circuits is likely to
cause damage to the equipment



Element of protection system

(1)Current and Voltage Transformers
(2)Relays

(3)Circuit breakers

(4)Batteries

(5)Fuses

(6)Lighting Arresters



Current transfor mer

» Current transformer consists at |east of two secondary windings.

 Thefirst winding is usually designed for measuring, the second is
used for protection.

» The secondary of current transformers are amost connected in star




Voltage transfor mer

» \oltage transformer is often consists of two windings.

o Thefirst winding is connected in star, and the stare
point must be earthed.

* The second winding is connected as open delta.

AVAER

Vs>
Relay




Relay Purpose

o |solate controlling circuit from controlled circuit.
o Control high voltage system with low voltage.

o Control high current system with low current.

o Logic Functions



Advantagesfor Using
Protective Relays

» Detect system failures when they occur
and Isolate the faulted section from the
remaining of the system.

« Mitigating the effects of failures after
they occur.

 Minimizerisk of fire, danger to personal
and other high voltage systems.



CIRCUIT BREAKER

L ow voltage circuit breaker
Magnetic circuit breaker
Medium voltage circuit breaker
High voltage circuit breaker



Battery bank

e Battery bank are called as
backbone of protection system

 Emergency usefor power
system



Fuse

* Fuses are selected to allow passage of normal
current and of excessive current only for short
periods.

* Itisusedto protect the low voltage or current
rating devices



Lighting arrester

« Alightning arrester Is adevice used on
electrical power system to protect the
iInsulation damaging effect of lightning.

 All lighting arrester are earthed



What is Switchgear ?

» Switchgear is the combination of switches,
fuses or circuit breakers(CB) wused to
control , protect & isolate electrical

equipment.
e It is used de-energize equipment & clear
faults.



Different elements of switchgear

e Circuit breaker

Air ckt breaker ACB
Vacuumed ckt breaker VCB

Oil filled ckt breaker OCB
SF, Ckt Breaker

e MCCB (Moulded Case Ckt
Breakers)

e MCB
(Miniature Circuit Breaker)
e RCCB
Residual current circuit breaker

Load Breaking Switch LBS

By pass and changeover
switches

Isolators(switches)
Fuses



Function wise categories

e Automatic & Manual operation
{ example: Circuit breaker ,MCB, MCCB }

e Only automatic operation

Fuse

e Only manually activated / operated
Isolator, LBS



Voltage wise switchgear categories

* Low voltage Switchgear
up to 11KV

e Medium voltage switchgear
up to 66KV

e High Voltage switchgear
up to 400KV

e Extra High Voltage switchgear
up to 765KV

e HVDC Switchgear



Nature and causes of
faults

Types of faults
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NATURE & CAUSES OF FAULTS

Insulation failure.

*Conducting path failure.

*Over voltages due to lightening or switching surges.
*Puncturing or breaking of insulators.

Failure of conducting path due to broken conductors.

Failure of solid insulation due to aging, heat, moisture,
overvoltage , accidental contact with earth or earth screens,
flash over voltages and etc.,



FAULT IN POWER SYSTEM

A power system fault may be defined as any
condition or abnormality of the system which
involves the electrical failure of primary
equipment such as generators, transformers,
busbars, overhead lines and cables and all other
items of plant which operate at power system
voltage.

Electrical failure generally implies one or the
other (or both) of two types of failure, namely
insulation failure resulting in a short-circuit
condition or conducting path failure resulting in
an open-circuit condition, the former being by far
the more common type of failure.




FAULT IN POWER SYSTEM

Symmetrical fault

Faults giving rise to equal currents in lines
displaced by

equal phase angles 1.e 120° 1n three phase
systems.

Example: short circuit of all three phase
conductors of a cable at a single location

Unsymmetrical fault

Faults in which not all the line currents are equal
and not all have the same phase.

Example (any one): single phase line to ground
fault (I.-(), two phase to ground (LLL.-GG) fault and

phase to phase (L.-L) fault.




Abnormalities in Power
Systems

* Overcurrent (overload, short circuit, open
circuit)

« Ground Potential (ungrounded equipment,
touch potentials, step potentials)

« Surge Voltages (lightning strokes, switching
surges, harmonics)




Fault Types (Shunt)
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Frequency of Types of
Faults

Type of %
Fault Occurrence

SLG 85

LL 8
DLG 5

3L 2 or less



Frequency of Fault Occurrence

Equipment % of Total

Overhead lines 50
OF10][C1S 10
Switchgear 15
Transformers 12
CTs and PTs 2
Control Equipment 3
Miscellaneous 8




SYMMETRICAL FAULT

{ - THREE- PHASE FAULT

FAULT

T i T THREE PHASE - EARTH




UNSYMMETRICAL FAULT

PHASE — PHASE FAULT

TWO PHASE — EARTH
FAULT

SINGLE PHASE - EARTH
FAULT




OPEN CIRCUIT FAULT

SINGLE- PHASE OPEN

e — T CIRCUIT
—— et TWO- PHASE OPEN
CIRCUIT

PR —— THREE- PHASE OPEN
CIRCUIT




Equipments
&
7% of total fault

Causes of Faults

Over head lines
(50%)

eLighting Stroke
*Earthquake
*lcing

*Birds

*Tree branches
*Kite Strings
*Internal Overvoltage

Under groundCabIe
(9%) & e

*Damage due to digging
* Insulation failure due to temperature rise
*Failure of Joints

Alternator
(7%)

eStator & Rotor faults




Equipments &
7% of total fault

Causes of Faults

Transformer
(10%)

|nsulation Failure
eFaults in tap changer
*Overloading

Current Transformer
&
Potential Transformer
(12%)

*Overvoltage
e|nsulation Failure
*Break of Conductors
*Wrong Connections

Switch Gear
(12%)

|nsulation failure

L eakage of air/oil/gas
*Mechanical defect
eLack of Maintenance




DECOMPOSITION OF AN UNBALANCED SYSTEM

Fm' TE

Zero-Sequence Positive-Sequence Negative-Sequence
Single-Phase Balanced Balanced



—

o g e
n1zation

Improving the quality of machines, equipments,

installation etc., by improving the design techniques.
Adequate & reliable protection system control
Regular maintenance by trained professionals

Effective management of electrical plant
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/’/ 2 By

.

Merits of Fast fault clearing

Helps to avoid permanent damage to equipment &

components of the apparatus
Reduces the chances of risks like fire hazards
Maintains the continuity of the power supply

Brings back the power system to the normal state

sooner



Fault current
calculation using
symmetrical
components
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Zones of
Protection




Zones of Protection

Regions (zones) of power system that can be protected
adequately with fault recognition and removal resulting in
isolation of a minimum amount of equipment.

Requirements: All power system elements must be
encompassed by at least one zone

e Zones of protection must overlap to prevent any system
element from being unprotected (no “blind spots”).



Zones of Protection

— 50/51

CT REQUIREMENTS FOR
OVERLAPPING ZONES

_________



Zones of Protection

Overlapping zones of protection



Zones of Protection

1 - Bus Protection

3 - Subtrans Line Protection
4 - Feeder Protection
5 - Transformer Protection







Fault

y
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Transformer Protection










Essential Qualities of
protection

or
Requirement of Protective
System

‘Reliabilif'}r
“ Dependability '

- Security 'm%&(&i\'
Selectivity : el

Speed

“- Swystem stability

~ Equipment damage
- Power quality

Sensitivity
“ High-impedance faultr
“ Dispersed generation



Rellablhty e assurance that the protection will

perform correctly.

Se].eCtIV]_ty e maximum continuity of service with

minimum system disconnection.

e To detect even the smallest fault,

Sen S].t].V].ty current or system abnormalities and

operate correctly at its setting

minimum fault duration and

Speed consequent equipment damage and
system instability.

* minimum protective equipment and
assoclated circuitry to achieve the

Slmp11C1ty protection objectives.




The level of assurance that the relay will function
as intended.

Reliability denotes:
- certainty of correct operation
- assurance against incorrect operation

Relaying equipment must be sufficiently sensitive
so that 1t will operate when required

Must discriminate normal from abnormal
conditions.



Performance of protective devices to select between
those conditions for which prompt operation and
those for which no operation, or time delay
operation 1s required.

Isolate faulted circuit resulting in minimum
Interruptions.

Implemented through “Zone of Protection”

Remove a fault from the power system as quickly
as possible

Classification:
Instantaneous - no intentional delay
High Speed - less than 3 cycles
Time-Delay - intentional time delay



Methods of Neutral
grounding
(OR)
Power System Earthing

*Neutral Earthing/Grounding
Peterson coil
*Arcing Grounds
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The process of connecting the metallic frame (i.e.
non-current carrying part) of electrical
equipment or some electrical part of the system

to earth (i.e. soil) is called grounding or
earthing.

Grounding or earthing may be classified as :
Equipment grounding
System grounding



“Equipment Groundin

e The process of connecting non-current-carrying
metal parts of the electrical equipment to earth.

System Grounding

*The process of connecting some electrical part of the
power system to earth (i.e. soil) is called system
grounding.



Neutral
Earthing
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Neutral Groundin

Connecting neutral point to earth (i.e. soil) either
directly or some circuit element

(e.g. resistance, reactance , Peterson coil etc.)
is called neutral grounding.

Neutral grounding provides protection to equipment.

(during earth fault, the current path is completed
neutral)



/' — ;

Advantages of Neutral Grounding

(i) Voltages of the healthy phases do not exceed line to
ground voltages 1i.e. they remain nearly constant.

(i) The high voltages due to arcing grounds are
eliminated.

(iii) Life of insulation is long.

(iv) The over voltages is reduced.

(v) It provides greater safety to personnel and equipment.
(vi) It provides improved service reliability.

(vi

vii)Operating and maintenance expenditures are
reduced.

A%
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I\/Iethods of Neutral Groundlng

) Solid or etfective grounding
ii) Resistance grounding

w
il

(i
(
(ii1)) Reactance grounding
(iv) Peterson-coil grounding &
(

v) Voltage transtormer earthing
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When the neutral point of a 3-phase system is
directly connected to earth (i.e. soil) is called
solid grounding or effective grounding.

When an earth fault occurs between earth and
any one phase , the voltage to earth of the faulty
phase becomes zero, but the healthy phases
remains at normal phase values.

Fault current(Ir) completely nullified by
capacitive current(lc)



(ii) Resistance grounding

TSI - . R
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When the neutral point of a 3-phase system (e.g. 3-phase generator,
3-phase transformer etc.) is connected to earth (i.e. soil) through a resistor,
it is called resistance grounding.
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By adjusting the value of R, the arcing grounds can be minimized.
[t improves the stability

Less interference

Minimize hazards

Disadvantages:

By adjusting the value of R, the arcing grounds can be minimized.
[t improves the stability

Less interference

Minimize hazards
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Reactance groundin
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*In this system, a reactance is inserted between the neutral and ground

*The purpose of reactance is to limit the earth fault current.

Disadvantages :

(i) In this system, the fault current required to operate the protective device
is higher than that of resistance grounding for the same fault conditions.

(ii) High transient voltages appear under fault conditions.



iv. PETERSON COIL
Ot
Arc Suppression Coil
Grounding
Ot
Resonant Grounding
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If inductance L of appropriate value is connected in
parallel with the capacitance of the system, the fault
current Ir flowing through L will be in phase
opposition to the capacitive current Ic of the system.

If L is so adjusted that
I. = Ic

then resultant current in the fault will be zero. This
condition is known as Resonant Grounding.

When the value of L of arc suppression coil is
such that the fault current Ir exactly balances the
capacitive current Ic, it is called resonant grounding.



S — ¥ Vey o
I
—w ‘ ' N "
J bR 4 Iy '
IF . . i
; l \l l B iy [ E";*.-" |'.|r
Arc = | o . . N
suppression (=, -' L ¢ Ven BR /B
coil = f ;
f] | —*Ig |
S i = A

*An arc suppression coil (also called Peterson coil) is an iron-cored coil
connected between the neutral and earth.

*The reactor is provided with tappings to change the inductance of the
coil.

*By adjusting the tappings on the coil, the coil can be tuned with the
capacitance of the system i.e. resonant grounding can be achieved.



* Suppose line-to-ground fault occurs in the line 5 at oint

—F The fault current Ir and capacitive currents Iz and Iy will
flow as shown in Fig

 Note that Ir flows through the Peterson coil (or Arc
suppression coil) to neutral and back through the fault. The
total capacitive current Ic is the phasor sum of Ir & Iy

as shown in phasor diagram in Fig.

e The voltage of the faulty phase is applied across the arc
suppression coil. Therefore, fault current Ir lags the faulty
phase voltage by 90°.

e The current Ir is in phase opposition to capacitive
current Ic [See Fig].

By adjusting the tappings on the Peterson coil, the
resultant current in the fault can be reduced. If inductance
of the coil is so adjusted that IL= Ic, then resultant current
in the fault will be zero.



Value of L for resonant grounding. For resonant grounding, the system behaves as an un-
 grounded neutral system. Therefore, full line voltage appears across capacitors C and Cy.

’ V3,
Ly=I, =
Xc
B, v,
=Bl =3 % ",
Here, X - is the line to ground capacitive reactance.
Faul o
ault current, = v
F X

Here, X, is the inductive reactance of the arc suppression coil.

For resonant grounding, [, = I..

V 3V

or ) S, i
Xy Xc

Xc

or X = T
or (!E‘ = L
3oC

|

L = —— sull)

3o C

Exp. (i) gives the value of inductance L of the arc suppression coil for resonant grounding.



Advantages. The Peterson coil grounding has the following advantages:
(1) The Peterson cotl 1s completely effective in preventing any damage by an arcing ground.
(i) The Peterson coil has the advantages of ungrounded neutral system.

Disadvantages. The Peterson col grounding has the following disadvantages :

(1) Due to varymg operational conditions, the capacitance of the network changes from time to
time. Therefore, inductance L of Peterson coil requires readjustment,

(if) The lines should be transposed.



- "j -
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v. Voltage Transformer Earthing

In this method of neutral earthing , the primary of a
single-phase voltage transformer is connected
between the neutral and the earth as shown in Fig

A low resistor in series with a relay is connected
across the secondary of the voltage transformer. The
voltage transformer provides a high reactance in the
neutral earthing circuit and operates virtually as an
ungrounded neutral system.



Generator

TSN R _——

Ny Ty Y
SIIITIIR B

Voltage
Transformer ‘ ‘ Relay

Advantages:

*Arcing grounds are reduced.
*Transient overvoltage are reduced



Protection
schemes

REFER BOOK

) GOKUL,AP/EEE, Velalar College of Engg & Tech , Erode




UNIT

2

Electromagnetic
RELAY

C.GOKUL,AP/EEE

Velalar College of Engg & Tech , Erode







UNIT 2 Syllabus - Electromagnetic relays

Operating principles of relays

The Universal relay - Torque equation
R-X diagram

Electromagnetic Relays

Overcurrent relays

Directional relays

Distance relays

Differential relays

Negative sequence relays

Under frequency relays



Relay Overview
Operating
principles of relays



What are Relays?

» Relays are electrical
switches that open or close
another circuit under certain

conditions.




What is a protective relay?

Protective relays are devices which
monitor power system conditions and
operate to quickly and accurately isolate
faults or dangerous conditions. A well
designed protective system can limit
damage to equipment, as well as minimize
the extent of associated service
Interruption.




Relay Purpose

o Isolate controlling circuit from controlled circuit.
o Control high voltage system with low voltage.
o Control high current system with low current.

o Logic Functions




Relay Types

» Electromagnetic Relays (EMRs)

» Solid-state Relays (SSRs)
- There is no mechanical contacts to switch the circuit.

» Microprocessor Based Relays
Commonly used in power system monitoring and protection.




Advantages/Disadvantages

Electromagnetic Relays (EMRs)
- Simplicity
> Not expensive

v

v

Solid-state Relays (SSRs)
- No Mechanical movements
- Faster than EMR

Microprocessor-based Relay
> Much higher precision and more reliable and durable.
- Capable of both digital and analog I/0O.
- Higher cost

v




Advantages for Using Protective Relays

» Detect system failures when they occur and
isolate the faulted section from the remaining of
the system.

» Mitigating the effects of failures after they occur.
Minimize risk of fire, danger to personal and
other high voltage systems.




How a Relay Works

How a relay works
How a relay works




Components of Power System Protection

Decides whether system
guantities are normal or
abnormal (Brain of the
System Protection)

Power Transducers -
‘ (PT & CT) Circuit
System Breaker
These devices change * If quantities are normal,
electrical quantities to no signal is sent to breaker
level relays can use, i.e., * If quantities are abnormal,
5 amperes, 115 volts signal is sent to breaker to

trip




Relay-definitions




Primary Relay: relay connected directly in the circuit

Secondary Relay: relay connected to the protected circuit
through CT & VT.

Auxiliary Relay: relay operate in response to opening or
closing of another relay.

Measuring Relay: It performs the measurement of
normal & abnormal conditions in the power system.

Electro Magnetic Relay: It operates on the principle of
Electromagnetic induction.

Static Relay(Solid-state relay): They wuse diodes |,
transistors , SCRs , Logic gates etc.

(Static circuit is the measuring circuit & no moving parts)

Microprocessor Based Relay: All functions of a relay can
done by using microprocessor . Relays are programmable.

uP can compare , compute and send trip signals.



Thermal Relay: It operates on the principle of Electro-
thermal effect.

Distance Relay: relay measures the impedance or
reactance or admittance.

Impedance Relay: relay measures the impedance of the
transmission line.

Reactance Relay: relay measures the reactance of the
transmission line.

Over-current Relay: relay operates when the current
exceeds a pre-set value.

Under-voltage Relay: relay operates when the voltage
falls a pre-set value.

Directional Relay: relay able to sense whether fault lies in
forward or reverse direction.

Polarized Relay: relay depends on the direction of the
current.



Differential Relay: it measures the difference b/w 2 actual
quantities.

Earth fault Relay: It is used for protection of element of a
power system against Earth faults.

Phase fault Relay: It is used for protection of element of a
power system against phase faults.

Negative Sequence Relay: relay uses negative sequence
current as its actuating quantity.

Zero Sequence Relay: relay uses zero sequence current as
its actuating quantity.

Presented by CGOKUL,AP/EEE Velalar College of Engg & Tech , Erode
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Electromagnetic
Relay

They work on the following two main operating principles :
(i) Electromagnetic attraction
(ii) Electromagnetic induction

18



Electromagnetic Attraction Relays

(i) Attracted armature type relay
(ii) Solenoid type relay
(iii) Balanced beam type relay

Induction Relays / Electromagnetic
induction

(i) Induction type overcurrent Relay (Non Directional
Relay)

(ii) Induction Cup Relay (Directional Relay)

19



1. Attracted Armature Type Relays

These have a coil or

electromagnet energized by a 4 oo
coil .The coil is energized by I:‘;'—M
operating quantity like V or I. Vorl e i

circuit

Under normal conditions X | [ R

: R 5

the coil cannot attract the R RS
. P @ 4 (5

plunger due to spring force. XN 6882

"*“‘"‘ "‘."*

Under fault condition the fault
current increases so armature
or plunger gets attracted to
close the contacts .



Operating Principle : The electromagnetic force developed on moving element is
proportional to square of the flux in air gap. If saturation is neglected force will be proportional

to I,

F=K,I’-K,

F = Net force
K, = Constant
K, = Restraing force including friction

I = Current in the relay coil

When relay is on the verge of operation.

K, Ii= K, ESAGC— I Geel

Advantages :

1.
s

Relay responses to both A.C. and D.C. (. Torque = I%).
Light moving parts, small 1&n§th of travel of armature or plunger in air gap. Therefore,
relays are fast in operation.

These relays are instantaneous but operating time varies with current (see
characteristics). The operating time and resetting time can be adjusted by adjusting the
air gap so relays can be made slow operating relay.



Attracted Armature Type Relays

Applications

1.For over current protection
2.Differential Protection
3.Auxiliary Relays

4.Definite time lag over current 1

and earth fault protection _
Operating

time

I Current —»



(ii) Solenoid type relay

It consists of a solenoid and movable iron plunger
arranged as shown.

 Under normal operating conditions, the current
through the relay coil C is such that it holds the
plunger by gravity or spring in the position shown.

e However, on the occurrence of a fault, the current
through the relay coil becomes more than the
pickup value, causing the plunger to be attracted to
the solenoid. The upward movement of the plunger
closes the trip circuit, thus opening the circuit
breaker and disconnecting the faulty circuit.



Iron
plunger

Solenoid type relay



(iii) Balanced beam type relay

* It consists of an iron armature fastened to a
balance beam. Under mnormal operating
conditions , the current through the relay coil is
such that the beam is held in the horizontal
position by the spring.

 When a fault occurs, the current through the
relay coil becomes greater than the pickup value
and the beam is attracted to close the trip circuit.
This causes the opening of the circuit breaker to
isolate the faulty circuit.

25



lron
armature

N
To ‘J ‘ A
trip Spring
circuit
o
Fixed
2 Coil

Balanced beam type relay
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Induction cup structure



* It most closely resembles an induction motor, except that
the rotor iron is stationary, only the rotor conductor
portion being free to rotate.

* The moving element is a hollow cylindrical rotor which
turns on its axis. The rotating field is produced by two
pairs of coils wound on four poles as shown.

* The rotating field induces currents in the cup to provide
the necessary driving torque.

1':'-._ Rotor

> To trip circuit

Stationary core

28



e If @1 and @2 represent the fluxes produced by the
respective pairs of poles, then torque produced is
proportional to @1 ®2 sin a .

* where a is the phase difference between the two fluxes.
A control spring and the back stop for closing of the
contacts carried on an arm are attached to the spindle of
the cup to prevent the continuous rotation.

e Induction cup structures are more efficient torque
producers than either the shaded-pole or the watthour
meter structures. Therefore, this type of relay has very
high speed and may have an operating time less then 0.1
second.



Induction type
overcurrent Relay
(Non Directional Relay)



» This type of relay works on the induction
principle and initiates corrective measures
when current in the circuit exceeds the
predetermined value.

e The actuating source is a current in the
circuit supplied to the relay from a current
transtormer. These relays are used on a.c.
circuits only and can operate for fault
current flow in either direction.



To trip circuit

> H

0>
n

—>

>
—{lp

Primary JL.. | .
winding

— — — — e — e — — —

Secondary
i | -=0 ST

From <.,
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Constructional details

It consists of a metallic (aluminium) disc which is free to rotate
in between the poles of two electromagnets. The upper
electromagnet has a primary and a secondary winding. The primary
is connected to the secondary of a C.T. in the line to be protected
and is tapped at intervals. The tappings are connected to a plug-
setting bridge by which the number of active turns on the relay
operating coil can be varied, thereby giving the desired current
setting.

The secondary winding is energized by induction from
primary and is connected in series with the winding on the lower
magnet. The controlling torque is provided by a spiral spring.

The spindle of the disc carries a moving contact which bridges
two fixed contacts (connected to trip circuit) when the disc rotates
through a pre-set angle. This angle can be adjusted to any value
between 0° and 360° . By adjusting this angle, the travel of the
moving contact can be adjusted and hence the relay can be given
any desired time setting.

33



Operation

The driving torque on the aluminium disc is set up due to
the induction principle. This torque is opposed by the
restraining torque provided by the spring.

Under normal operating conditions, restraining torque is
greater than the driving torque produced by the relay coil
current. Therefore, the aluminium disc remains stationary.

If the current in the protected circuit exceeds the pre-set
value, the driving torque becomes greater than the restraining
torque. Consequently, the disc rotates and the moving contact
bridges the fixed contacts when the disc has rotated through a
pre-set angle. The trip circuit operates the circuit breaker
which isolates the faulty section.

34



DIRECTIONAL
RELAY




induction relays are two types

non directional directional relays
relays
Difference between the two............. ?
. non directional relays are activated by only
. directional relays are activated by power flowing in the specific

direction. Hence it requires both current and voltage of the circuit to be

protected.
* It requires specific direction of current flow*



DIRECTIONAL POWER RELAY

Potential
coil
i
s 3 To trip
From PT. e circuit
o . : ;
—t= = | ]
: : _
%:lc
T___Jf " Current
o — ¥ J | coil
& From C.T. P
(1)

<

(1)



Potential
coil

To trip
circuit

v
= ”
i 4 .
A ' $, 1
23

j Current
coil

E
:'__I:I‘
<= [IMH—-

g s

From C.T.

Constructional details: :
(@) (if)

It consits of two electro magnets

1) upper magnet which is E- shaped
2) lower magnet which is U- shaped.

> The upper maget consits of primary winding on
the central limb which is energised by voltage from secondary of P.T

> lower magnet houses secondary winding which

IS energised by current of the circuit from secondary of C.T.
Further lower magnet is connected to PSM as

previous case (not shown)



> In between this two electro magnets we have aluminium disc pivoted as
shown

> This alumunium disc carries a moving contact which can bridge fixed
contact by rotating though a pre set angle.

> The time of operation depends upon the pre set angle
> Restraining torque is provide by spring which twists in reverse direction.
Operation:

from the diagram we can conclude that we have two flux quantaties: ¢@; & @, .

always ¢, laggs V by 90°
@, Inphase with current |




Due to phase difference between two flux quantaties i.e., a = 90-0
b,aV & o, al

Hence T=@,; @, sSina
=@, @, sin(90-9)

=VICOS 06
= POWER
> Hence the relay activated only when there is a
> when power flows in normal direction both
and relay does not operates.
> when the power flow is in reverse direction,

and relay operates.therefore
CB operates and disconnects faulty section.



DIRECTIONAL OVER CURRENT RELAY:

From the previous discussion

T =VICOS®0O
Under abnormal condition

under abnormal conditions voltage in the circuit is too low.
Therefore the driving torque becomes abnormally too small
.Hence the relay does not operate.

le., the directional power relay is not suitable for
short circuit conditions.

This problem can be overcome by



Directional overcurrent relay:

Potential

coll

o ¥ |
From P.T.

c )

Bz el

Current —
coil rmeememmenr:

—

Bimr=
=

> Directional
element

R

From C.T.
] '=1—| i
Over current element o N PR e il
{Non directional ﬂ o » To trip
element) o > circuit




Directional overcurrent relay makes use of two relays

1) directional power relay ( directional element)

Construction:

1) Directional element :

It is similar in construction to directional power relay.

> It consists of upper magnet which is E-shaped and carries
primary winding which is excited by voltage of the circuit to be protected
through secondary of PT.

> The lower magnet is U-shaped carries secondary winding which
Is excited by current of the circuit to be protected through secondary of CT.

» The secondary winding is extended to lower magnet primary winding as
shown.

» The trip contacts 1 & 2 are connected in series with secondary winding of
lower magnet.

therefore for the relay to operate, at first directional element should be
activated first.



> it is similar in construction to non-directional over current relay.
For this element to operate ,at first directional element should be activated
first.

> the secondary winding is further connected to PSM( not shown),
for current setting.

Operation :

> When short circuit occurs current tend to be reversed .Hence
directional element starts operating and closes the trip contact.

> with closing of trip contact, the secondary winding of non
directional element is complete and disc starts rotating. When moving contact
bridges fixed contact the circuit breaker operates and separates the faulty
section.
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Distance Relay
(mho relay)




DISTANCE RELAY :-
1.IMPEDANCE RELAY

0 +ve (operative)Torque by

current element
0 -ve(restraining) Torque by voltage element
v At normal condition

operative torgue = restraining torque
v At fault

operative torgue > restraining torque

» Also called voltage restrained over current relay.









2.REACTANCE RELAY :-

0 Operative Torque by current

0 Restraining Torque by Current-Voltage Directional relay
¢ +ve torque by over current element

N/

¢ -ve torque by directional unit

v'Directional element designed for maxi. Torque angle =

90 degree









3.MHO RELAY :-

» Induction cup type structure.

oOperative Torque produced by V & | element.
0 Restraining Torque by Voltage element.

»Also called Admittance relay.
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NEGATIVE

SEQUENCE
RELAYS




NEGATIVE SEQUENCE RELAY

The negative relays are also called phase unbalance
relays because these relays provide protection
against negative sequence component of unbalanced
currents existing due to unbalanced loads or phase-
phase faults.

The wunbalanced currents are dangerous from
generators and motors point of view as these currents
can cause overheating. Negative sequence relays are
generally used to give protection to generators and
motors against unbalanced currents.



" DIAGRAM:



- -4"‘“3‘: 3

CONSTRUCTION:

It consists of a resistance bridge network.

The magnitudes of the impedances of all the branches
of the network are equal.

The impedances Z,and Z, are purely resistive while the
impedances 7, and Z, are the combinations of
resistance and reactance.

The currents in the branches 7Z,and Z, lag by 60° from
the currents in the branches Z, and Z,.

The vertical branch B-D cons1sts of inverse time
characteristics relay. The relay has negligible
impedance.






The current I gets divided into two equal parts I and I,. And
I, lags I by 60°.
L +1=1
Let =] =
The perpendicular is drawn from point A on the diagonal

meeting it at point B. This bisects the diagonal.

Now in triangle OAB,
cos 30 = OB/OA
V3/2 = (Iz/2)/1
L st (1)

IS



I

Now I leads I by 30°while I, lags I; by 30°.
Similarly the current I; gets divided into two equal parts

[,and I,. The current I, lags I, by 60°. From equation (1) we
can write,

IB/V3=13=I4 ............... (2)
The current I, leads by Iy while current 1, lags I by 30°.

The current entering the relay at the junction point B in

the Fig. 1is the vector sum of , and .
Loy =L+ L+ 1y

= Iy + (Iz/V3) (leads I by 30°) + I;/v3(lags I; by30°)

when the load is balanced and no

negative sequence currents exist.

relay



M“"f!f_ s o —
8l
A o= {'1‘*'.:_-‘3 ,._;_-'::_ ‘,"'
< - g \ #_.__._-{H --’.',
\‘:L_. """ H i
(m) C. T. secondary curren s i Vooter suse
[+ 13 =-I,
L[+L+Iy=0

Thus the current entering the relay at point B is zero.
Similarly the resultant current at junction D is also
zero. Thus the relay is inoperative for a balanced
system.



= -

" UNDER FAULTY CONDITION:

Now consider that there is unbalanced load on
generator or motor due to which negative sequence
currents exist.

The component [, and I, are equal and opposite to
each other at the junction point B. Hence I and
[, cancel each other. Now the relay coil carries the
current Iyand when this current is more than a
predetermined value, the relay trips closing the
contacts of trip circuit which opens the circuit breaker.



e

 ZERO SEQUENCE CURRENT:

Under zero sequence currents the total current of
twice the zero sequence current flows through the
relay. Hence the relay operates to open the circuit
breaker.

To make the relay sensitive to only negative
sequence currents by making it inoperative under the
influence of zero sequence currents is possible by
connecting the current transformers in delta .Under
delta connection of current transformers, no zero
sequence current can flow in the network.



IDIFFERENTIAL
RIELAY'S



Definition

A two-winding relay that operates when the difference
between the currents in the two windings reaches a
predetermined value is called differential relays.

A two-winding relay that operates when the difference
between the currents in the two windings reaches a
predetermined value.



* In case of electrical quantities exceed a predetermined
value, a current differential relay is one that compares the
current entering a section of the system with current leaving
the section.

* Under normal operating conditions, the two currents are
equal but as soon as fault occurs, this condition no longer
applies. The difference between the incoming and outgoing
currents is arranged to flow through relay operating coill. If
this difference is equal to or greater than the pick up value
the relay will operate and open the circuit breaker and
Isolate the faulty section.

« Any type of relay when connected in a particular way can be
made to operate as a differential relay. It is not the relay
construction but the way in which relay is connected in a
circuit makes it a differential relay.



There are three fundamental systems of differential or balanced protection:
I. current differential relay

Il. voltage differential relay

lll. Biased beam relay or percentage differential relay

(1) Current balance protection

Fig 16 a shows an arrangement of an over current relay connected to operate as a
differential relay. A pair of identical current transfonners is fitted on either end of the
section to be protected (alternator winding in this case). The secondaries of CT’s are
connected in series in such a way that they carry the induced currents in the same
direction. The operating coil of over current relay is connected across the CT

secondary circuit. This differential relay compares the current at the two ends of the
alternator windina.

Operating coll of
over-current relay

— j/ .

SA 54
DMﬂpTE{F

» »

5A 5A

+- LI b
Winding

fig 16 a




Under normal operating conditions, suppose the alternator winding carries a nhormal
current of 1000 A. Then the current in the two secondaries of CT’s are equal as in
figure. These currents will merely circulate between the two CT’s and no current will
flow through the differential relay as shown in the diagram fig 16 a. Therefore, the
relay remains inoperative.

If a ground fault occurs on the alternator winding as shown in fig 16 b. the two
secondary currents will not be equal and the current flows through the operating coil

of the relay, causing the relay to operate. The amount of current flow through the

ting coll of
g::zurrn.;nt reday 19 fed

E—— / .
SA 54
0 Amp Tg
b #
5A 5A

- LTI b
To load 200 ; 1 Akoenator: 200 : 1
Winding i <
fig 16 a 25 A g 10A
l?.SA
» &=
25A 10A
ground fault

4 (LI LLE
b 200:1 Y57 5555 2001

fig 16 1



Disadvantages

> The Impedance of the pilot cables generally
causes a slight difference between the currents at the
two ends of the section to be protected, then the small
differential current flowing through the relay may
cause it to operate even under no fault conditions.

» Pilot cable capacitance causes Incorrect
operation of the relay when a large current flows

» Accurate matching of current transformers
cannot be achieved due to pilot circuit impedance



(11) voltage differential relay

“*Fig. 18 shows the arrangement of voltage balance
protection.

“*In this scheme of protection, two similar current
transformers are connected at either end of the
element to be protected (e.g. an alternator winding)
by means of pilot of wires.

“*The secondaries of current transformers are
connected in series with a relay in such a way that
under normal conditions, their induced e.m.f’s are in
opposition




*Under healthy conditions, equal currents will flow
iIn both primary windings. Therefore, the secondary
voltages of the two transformers are balanced
against each other and no current will flow through
the relay-operating coil.

*When a fault occurs In the protected zone, the
currents in the two primaries will differ from one
another and their secondary voltages will no longer
be in balance.

*»*This voltage difference will cause a current to flow
through the operating coil of the relay, which closes
the trip circulit.



Disadvantages
The voltage balance system suffers from the

following drawbacks

» A multi-gap transformer construction is required
to achieve the accurate balance between current

transformer pairs.

» The system Is suitable for protection of cables of
relatively short, lengths due to the capacitance of

pilot wires.



l1l. Blased beam relay or percentage differential relay

»The biased beam relay also called percentage differential relay is designed to
respond to the differential current in terms of its fractional relation to the current
flowing through the protected section.

»It's called percentage differential relay because the ratio of differential operating
current to average restraining current is a fixed percentage.

»It's called bias relay because restraining known as biased coil produces the bias
force. Fig 17 a, shows the schematic arrangements of biased beam relay. It is
essentially an over current balanced beam type relay with an additional restraining
coil. The restraining coil produces a bias force in the opposite direction to the
operating force.

T ARlaTrator winding CT
i [ ’Fﬁm Ff'__'_"
1 -

o—= To mip
o—" circult

Rastraining
cail Opaearating
cooel

fig 17 =@



Under normal and through load conditions, the bias
force due to restraining coll is greater than operating
force. Therefore, the relay remains inoperative.

UNDER NORNAL DPERATION

CT. g CT

o “FOTOETIIT
C

o—p ToWip
o=+ circuit

HnmhM
coil Operating

coil

MORE FORCE LESS FORCE fli 17D
fig17 a



»When an internal fault occurs, the operating
force exceeds the bias force. Consequently the
trip contacts are closed to open the circuit
breaker.

»The bias force can be adjusted by varying the
number of turns on the restraining coill.

UNDER. FAULTY OPERATION
C.T. 9 C.T

- CLLLLOI LI
:

o—= TO tip
o—* circuilt

““*‘“M
coil Operating
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UNIT 3 Syllabus

Protection of transtormer.
Protection of generator.
Protection of motor.
Protection of busbars.

Protection of transmission line.



MAIN
CONSIDERATIONS
IN APPARATUS
PROTECTION



Introduction

The two major items of equipment in a
power system are the generators and transformers.
They have very high chance of fault occurrence
and usually takes much time and money to repair
the damage.



Fault and Abnormal
Conditions

Generator : Over Current, Over Voltage, Under Voltage, Under
Frequency, Unbalanced Current, Loss of Excitation, Reverse Power,
Winding Inter turn Fault, Winding Earth Fault etc.

Transformer : Over Current, Winding Inter turn fault, Excessive
Temperature Rise, Unbalance Current, Over fluxing etc.

Motors : Over Current, Under Voltage, Unbalance Current, Winding
Short Circuit, Stator Earth Fault, etc.

Transmission Line : Single Phase to ground fault, Phase to Phase
Fault, three phase to ground fault, Over Current etc.



Transformer
Protection




P —_

Faults occurring in Transformers

* Open-Circuit faults

» Earth faults

* Phase-to-Phase faults
* Inter-Turn faults

* Overheating



/'/’ ’..
/
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~ Factors in choosing Protective Gear
for a Transformer

Type of Transformer

Size of the Transformer

Type of Cooling

System where used

Importance of service for which it is required
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' Transformer Relaying Scheme

Cument TRAMNSFORMER Cuprent

Tran=former Trarefonner
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Buchholz Protection

Also known as gas accumulator relay, commonly used on
all oil-immersed transformer provided with conservator.

Working Principle:

Whenever a fault occur inside the transformer, the
oil of the tank gets overheated and gases are generated.
The heat generated by the high local current causes the
transformer oil to decompose and produce gas which can
be used to detect the winding faults




Buchholz Protection

Filling hole
Consarvator
Buchholz Visible
relay e
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Core-Balance Leakage Protection

This system is used to provide protection against earth
faults on high voltage winding. When earth fault occurs,
the sum of the three currents is no longer zero and a
current is induced in the secondary of the CT causing
the trip relay to operate and isolate the transformer from
the bus-bars.
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Combined Leakage and Overload
Protection

The core-balance protection cannot provide protection
against overload. It is usual practice to provide combined
leakage and overload protection for transformer. The
earth relay has low current setting and operates under
earth faults only. The overload relays have high current
setting and are arrange to operate against faults
between the phases



In this system, two overload relay and one earth relay
are connected. The two overload relays are sufficient to
protect against phase to phase faults. The trip contacts
of overload relays and earth fault relay are connected
in parallel. Therefore the energizing of either one of
them, the circuit breaker will tripped.

Frmary
Secondary C.T.5
A rn’ﬂ'ﬁﬁ‘-l — T s - A
Y T b | | 5
| . 1~ g
B rHEEOns

.E’l—'—':l'-.-erlﬂud
relay

reday

= To trip circuit



Transformer Protection

JOverheating

Normal maximum working temp. =95 °C
8-10 °C rise will halve the life of the transformer.

JOvercurrent
Fuses for distribution transformer
Overcurrent relaying for 5MVA and above
Characteristics:
— Must be below the damage curve

— Must be above magnetizing inrush



Conclusion

Open-circuit faults, earth faults, phase-to-phase faults,
inter-turn faults and overheating are the fault that are
likely occur in a transformer

Relays control output circuits of a much higher
power.

Safety is increased

Protective relays are essential for keeping faults in the
system isolated and keep equipment from being
damaged.



Generator
Protection



| ntroduction

Generator isthe electrical end of aturbo-generator set.
Without Generator, turbine/boiler/any Power Plant Equipment
IS meaningless. Generator is the most precious/valuable
equipment in PP which actually converts the mechanical
energy of turbine into electricity. So, Generator should be
protected from faults occurring within generator and also from
external faults/abnormal operating condition in the GRID
which affected the generator.

Various relays/devices are used to detect the abnormalitiesin
operations and whenever fault conditions appear, they can give
warning alarms to the operators or trip the unit automatically.

Generally automatic tripping are provided if the time for
operator to take corrective action isless or the fault is likely to
cause serious damage to the unit.




FAULT IN THE GENERATOR

Stator

Phase to Phase fault.

|nter — turn fault

Earth fault (80% & 100%)
Rotor

Rotor E/F - Two stagerelay: a) Alarm b) Trip
Over voltage in therotor.




ABNORMAL OPERATING
CONDITIONS:

Which affects the generator
Negative Phase sequence
L oss of Excitation

Over fluxing protection
Reverse power
Over-speeding

Pole slipping/ Out of Step




PROTECTION CATEGORY

Complete Generator protection is divided into two category i.e.

Class— A Protection

Class— B Protection

CLASS- A: Protection where electrical isolation is an emergency.(

|nsulation failure, ,S.C. etc.). Trip the GCB/Turbine/Boiler without
timedelay or Generator automatictrips.

.Class— A follows;

Gen. Differential Prot.
Gen. 100% E/F

Gen. SB E/F

Gen. NVD

Gen. O/C

Rotor 2nd stage E/F
Gen. Brg. Temp. high




CLASS-B

CLASS - B: Protection where external
abnor malities come into picture, such astemp.
rise. Generator tripsthrough LFP relay.

Class - B follows;

Reverse power

Voltage restrained O/C
Thermal O/C

Negative Phase seguence
U/V and O/V 2nd stage
Over fluxing/ Field failure
Gen. over/under frequency.




EARTH FAULT:

When fault current flows through earth return path,
the fault i1s called Earth Faullt.

Possible causes are ;(a) Insulation failure, (b) dueto

over heating (Failure of water/air circulation through
stator conductor).

Earth fault may occur between any phase conductor
and core.

It isusually practice to limit the earth fault current to
avold extensive damage to the stator core.




STAND BY EARTH FAULT:

This protection is practically protects 95% of
generator winding. Therefore a current setting of
5% of in to be s&t.

E/F current isgenerally limited to about 15/20Amps.

Earth fault current of even 100A for few seconds can
cause external damage. So the earth fault is restricted
to 100Amps. By providing NGR of 63.5 ohms at
11KV Voltage Levdl.

Thisis aBack-Up protection.




Ground Fault Protection
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100% STATOR EARTH FAULT:

In this protection, where neutral voltage measurement is made
at generator terminals, (By Broken Delta), the third harmonic
voltage element is used.

First earth fault very near to neutral produces negligible
current as driving voltage is nearly zero. But if a2nd earth
fault occurs at machine terminal, line to ground fault is not
limited by NGR. The resulting fault current can be high.
Hence, the 1st E/F very near to neutral has to be detected early
and isol ated.

All generators produce continuous current of 3rd harmonic
voltage. Under normal condition, 3rd harmonic voltageis
present. If there is afault near neutral, the amount of 3rd
harmonic voltage comes down and thisis used for detection.




Generator

Red

Yellow

Blue

Neutral Earth
Resistance




ROTOR EARTH FAULT:

Sincerotor circuits operate ungrounded, asingle earth fault is
caused by insulation failure due to moisture, ageing of
Insulation or vibration of rotor etc. But existence of single
ground fault increases the chance of a second ground fault.
The occurrence of second earth fault can cause fault current
flows. This results unsymmetrical flux distribution. The air
gap flux is badly distorted. The rotor is displaced enough to
rub stator leading to severe vibrations and can damage the
bearing.

Although a machine can continuously run on a single earth
fault but second rotor earth fault, if allowed to occur,
should be detected immediately and generator should be
tripped.
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DIFFERENTIAL PROTECTION

Differential protection isvery reliable method for stator
winding phase to phase fault. In this, currentson both
sides of the generator are compar ed.

Under normal condition or for a fault outside of the
protected zone, current ilsisequal to current i2s.
Therefore, the currentsin the CTssecondariesarealso
equal, ils=i2sand no current flowsthrough the current
relays.

|f afault developsinside of the protected zone, current il1s

and i2sareno longer equal, thereforeilsand i2s are not
equal and thereforea current flowing in the current relay.
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Negative Phase Sequence Protection:

When the generator is connected to a balanced |oad, the phase currents are
egual in magnitude and displaced electrically by 120°. The ATswave
produced by the stator currents rotate synchronously with the rotor and no
eddy currents are induced in the rotor parts.

If there is an unbalanced |oading of the generator, and then the stator
currents have a—ve sequence component. The stator field due to these-ve
sequence currents rotates at synchronous speed but in a direction opposite
to the direction of the field structure on the rotor. Thus, the —ve sequence
stator armature mmf rotates at a speed —Ns, while the rotor field speed is
+Ns. Thereisarelative velocity of 2Ns between the two.

These causes double frequency currents, of large amplitude to be induced
In the rotor conductors and iron part. So both the eddy currents as well as
the hystersis losses increase due to these double frequencies induced
currentsin the rotor.

Unbalanced |oading affects ;(a) Rotor heating (b) Severe vibration &
heating of stator.




FIELD FAILURE PROTECTION:

Acts as an Induction Generator.
Possible Causes;
AVR Fault
Tripping of Field C.B.
Open circuit or Short circuit occurring in the D.C. circuit.
PMG failure

In normal condition, generator when running shares the reactive demand of the
system. If excitation fails, synchronous generator runs at a super-synchronous
speed, draws reactive power from the power system instead of supplying the Qe.
In case, the other generators can’t meet the requirement of reactive power, this
shall result in large voltage drop which may ultimately result in instability.

In this case, dlip becomes—-Veresult in dlip frequency currents. Rotor gets
heated up due to induced currents in the rotor winding, core or damage the
winding if this condition is sustained. Stator heats up due to high stator currents
due to increase in reactive current from the system.

By monitor (i) Field current, If
(i1) Phase current & voltage.




REVERSE POWER
PROTECTION:

This protection is provided to protect against motoring.

A generator is expected to supply active power to the connected systemin
normal operation. If the generator primover fails, a generator that is connected
in parallel with another source of electrical supply will to begin to motor. This
reversal of power flow due to loss of prime mover can be detected by reverse
power element.

Possible Causes:

When immediately after Synchronising control valves are not operated which
may hape||3en due to some fault in the system or some delay by the operating
personnel.

In case of sudden closure of stop valves or control valves when the generator
unit is still connected to the grid.

Reverse power operation is harmful to the turbine since without steam flow in
the turbine. If the turbine continuesto rotate, it will result in heating of turbine
blades due to churning action. However, the period for the turbine to overheat
may vary from afew seconds to minutes depending upon the turbine &
operating conditions.




Reverse Power
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OVER FLUXING PROTECTION:

Fundamental Voltage- Flux relation:

V=44*N*f*g

VIE=444* N* g

=K*g=K* B/A

V/f isameasure of flux in machine. That means, over fluxing can occur if theratio
of voltage to frequency exceeds certain limits. High voltage or low frequency,
causing arise in the V/f ratio, will produce high flux densities in the magnetic core
of the generator.This could cause the core of the machine to saturate & stray flux to
be induced in the unlamilated components that have not designed to carry flux. The

resulting eddy currents in the solid components e.g. core bolts & clamps and end of
core laminations can cause rapid overheating and damage.

POSSIBLE CAUSES:

AVR failure

L oad rejection under manual AVR control

Excessive excitation with Generator Offline.

Decreasing Speed with operator tries to maintain rated stator voltage.
AUTO to Manual transfer of AVR.




Motor
Protection




Various Industry Motor Applications

Fan, Blower

Pump, Compressor
Conveyor

Mixer

Cranes




Types of Fault in Motors

External Fault Internal Fault
Mechanical Load Bearing Failure
Unbalance Supply Winding phase and
Voltage earth fault

Single Phasing

Phase Reversal



Motor Protection Summary

* THERMAL OVERLOAD

= SHORT CIRCUIT

= EARTH FAULT

= UNBALANCE

* BLOCKED ROTOR/STALLING PROTECTION



Thermal Stress Causes Motor Failure

e Most of the motor failure contributors and failed motor components are
related to motor overheating.

e Thermal stress potentially can cause the failure of all the major motor
parts: Stator, Rotor, Bearings, Shaft and Frame.

STATOR BEARINGS

ROTOR

FRAME




Thermal Overload

*Consider a motor is as homogenous body
*Developing heat at constant rate.
*Dissipating heat at constant rate.

Heat disspation is proportional to temperature

r ise Rotor Rotor Bars
T =Klz? (1-e ) A/




Rotor 1%t Protection

ﬂ /L\\ -
) =

= I1 (positive sequence) + e 12 (negative

sequence)
(Overload protection includes additional heating effect of negative sequence curre

Tey = \/(_rf + Klg)




Overload Protection - Thermal Model

 Main Factors and Elements Comprising
the Thermal Model are:

» Overload Pickup Level
* Overload Curve

* Cooling Time Constants
* Hot/Cold Stall Time Ratio



THERMAL OVERLOAD cont......

SETTING CRITERIA : Thermal Element

HOT & COLD CURVES OF THE RELAY ARE TO BE

Motor running MATCHED WITH THAT OF THE MOTOR
Time in sec
FULL LOAD CURRENT X CT SECONDARY
PICKUP =
CT PRIMARY X 1.05
K —~— THERMAL ALARM (PRETRIP)

Starting

time :10s MONITORS THERMAL CONTENT & GIVES AN ALARM

WHEN CONTENT REACHES 75% OF HOT TRIP TIME

LED INDICATION

THERMAL LOCKOUT

LOCKOUT RELAY PICKSUP WHEN THERMAL
ey CONTENT EXCEEDS TRIP LEVEL &
793 A T370A TTZ0A P moeres)  INDICATES

<— Short-circuit
element




SHORT CIRCUIT PROTECTION

» What is:-Motor short-circuit protection -

provided to cater for major stator winding faults
and terminal flashovers.

» Settings - Definite time over current relay
element, set to about 130% of motor starting
current and time delay set at 100ms.

SHORT CIRCUIT ELEMENT
1.3 X STARTING CURRENT X CT SEC.
SETTING =
CT PRIMARY



Differential Protection

* Differential protection may be considered the first
line of protection for internal phase-to-phase or
phase-to-ground faults.

Summation method with six CTs:

If six CTs are used in a summing A oM o s
configuration, during motor starting, the ; | F‘_"*‘%:-Fé e |'/ woror | et |
values from the two CTs on each phase %o el T

may not be equal as the CTs are not ‘ T S—— T

perfectly identical and asymmetrical -

currents may cause the CTs on each phase -

to have different outputs.

* The running differential delay can then be
fine tuned to an application such that it ‘
responds very fast and is sensitive to low MOTOR RELAY
differential current levels.




Ground Fault Protection

- What is:-A ground fault is a fault that
creates a path for current to flow from one
of the phases directly to the neutral through
the earth bypassing the load

Phase to Groand

 Ground faults in a motor occur:

* When its phase conductor’s insulation
is damaged for example due to voltage
stress, moisture or internal fault occurs
between the conductor and ground

e To limit :-the level of the ground fault
current connect an resistance known as
stablising resistance

I
Ryap = I“ (Rt +kR; +R,)

0




Phase Unbalance

e What is:-In a balanced system the three line-neutral
voltages are equal in magnitude and are 120 degrees
out of phase with each other. Otherwise, the system is
unbalanced. H:ntg{ Rotor Bars

A A A Stator

Fe—=

v o/ §l Coil Windings

Positive Sequence Negative Sequence



Main causes of current unbalance
«  Blown fuses
- Loose connections
« Stator turn-to-turn faults

»  System voltage distortion and
unbalance

* Faults
Effects
* Motor winding overheating
» Excessive vibrations
* (Cause motor insulation/winding/bearing
damage



Motor Protection Stalling

What is:-It happens when motor circuits are energized,
but motor rotor is not rotating. It is also called locked

rotor.
o Effects:

This will result in excessive currents flow given the
same load. This will cause thermal damage to the
motor winding and insulation.



Motor Protection Stalling

Required for

Stalling during starting Stalling during running

Cases

»Starting time < Stall withstand time
»Stall withstand time< Starting time



CURRENT RELAYS

IDMT RELAYS :

These relays have inverse characteristic and the operating
time decreases as the magnitude of current increases.

GENERAL RELAY EQUATION :

t = TMS X K/((I/In)*n — 1)
t = RELAY OPERATING TIME

| = FAULT CURRENT

n = CONSTANT

K =CONSTANT

In = RELAY PLUG SETTING ( PICK UP )
TMS = TIME MULTIPLIER SETTING



Pilot Relays

Why needed:-Overcome diffculties of overcurrent
Relay ie

*Coordination

*Excessive fault clearance times

Principle:-

*Measurement of current at each end feeders
*Transmission of information

*No time and current gradation required
eSupervision facility.

*Merz price Circulating scheme



Protection
of Bus bars



Bus Bar Protection

Bus Differential: Current into bus must equal
current out of bus

Primary Current Primary Current
-------------------------- L ssssssssssssssssscssaccccaf
r r
C +—\—pr g A~ N g A~ —C
® = prd prd = ®
O O O (@)
)
A
\J
..1 ...................................
\J Bus Diff 4
Relay
ol 0000 e genesy s




Bus Protection

Bus Fault

Primary Current Primary Current

L —\py 8 N\ 8 oA
® Z Z 2 Z
O 0 O )| (i€
+ 1
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Y d A Bus Diff
; L'-. Relay
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Busbar Protection

Typical Bus Arrangements:

1 Single bus

J Double bus, double breaker

(1 Breaker-and-a-half

(1 Main and transfer buses with single breaker
J Ring bus




Busbar Protection

Bus differential connection (single-bus)

O 87B
( 86B
T\AJ \AJ \AJ AT
YAV YAV O YAV YAV, »  TRIPS AND LOCKS-
. . OUT ALL BREAKERS
CONNECTED TO BUS
_\V/\V/ . \V/\V/ A \V/\V/ . \V/\VI_
NOTE: All CTs connected to the bus differential
BUS must have same ratios.



Busbar Protection

Bus differential connection (double-bus, double-breaker)

TRIPS AND LOCKS-
OUT ALL BREAKERS
CONNECTED TO

BUS 1 878 ® 87B

ac )
86B

TRIPS AND LOCKS-
OUT ALL BREAKERS
CONNECTED TO

BUS 2

BUS 1 BUS 2



Busbar Protection

Bus differential connection (breaker-and-a-half)

868

TRIPS AND .

LOCKS-OUT ALL 378 -

BREAKERS  ~~_~“ | 1 1 A,

CONNECTED TO g

BUS 1 868

\A/ \AJ \ AL \ AL \ A/ \AJ
Vv . (AY VAV, . VAV, AY . vv—Yy TRIPS AND

LOCKS-OUT ALL
BREAKERS
CONNECTED TO
BUS 2

Weo A s L

BUS 1 BUS 2



Busbar Protection

Bus differential connection (main and transfer bus)

=T T T T BUS 1

RN

\ \ \ \ \ \ TRIPS AND LOCKS-OUT ALL
® ° AN AN BREAKERS CONNECTED TO

— V' VA BUS1

Vi

86B1

-~
-~

[AA

g
g

AN

[

87B

=
=

—\87B2

AN
JAWAY

A

NN

— IV

N

-
| BUS IMAGING 86B2
y

RELAY

TRIPS AND LOCKS-OUT ALL
BREAKERS CONNECTED TO BUS
2

v v N



Busbar Protection

Bus differential connection (ring bus)

Ly mowy l RVVE=RYYE

NOTE: No bus differential protection is needed. The
busses are covered by line or transformer protection.



Busbar Protection

Two Busbar Protection Schemes:

J Low Impedance - using time overcurrent relays
v’ inexpensive but affected by CT saturation.
v’ low voltage application; 34.5kV and below

 High Impedance - using overvoltage relays (this
scheme loads the CTs with a high impedance to force the
differential current through the CTs instead of the relay

operating coil.)
v’ expensive but provides higher protection security.

v/ 115kV and above voltage application or some 34.5kV
bus voltages which require high protection security.






Transmission Line Protection

Distance Protection

Over Current Protection
Differential Protection.

Main and Back up Protection



Distance Relay Protection

The basic principle is that the apparent impedance
seen by the relay reduces drastically in case of line
fault.

If the ratio of apparent impedance to the positive
sequence impedance is less than unity, it indicates a
fault.

This protection scheme is inherently directional.
Impedance relay and Mho relay use this principle.



Distance Relay Protection




Over Current Relay Protection

Principle of Over current Protection

* When the current in a system exceeds a
predetermined value, it indicates the presence of a
fault.

e Relaying decision is based solely on the magnitude of
current.

e QOver current relaying and fuse protection uses this
principle

e Used in radial distribution systems.



Over Current Relay Protection




Directional Over Relay
Protection

e Directional Over current Protection Uses both
magnitude of current and phase angle
information for decision making.

e Used in radial distribution systems with source
at both ends



Directional Over Relay
Protection




Differential Relay Protection for
Transmission Line

By comparing the two currents either in
magnitude or in phase or in both, fault can be
determined.

Its implementation requires a communication
channel.

It is extremely accurate.
Its zone is demarkated by CTs



Differential Relay Protection
for Transmission Line

e I e
A0 O E O
#: 3= A
= TTnder o fault condition: T—
IS + | R = o
In case of fault 1 the hine segment A
TS -+ IH = | F == O

Fig 2. & Ihifferential Protection of Short Transmmssion Line







Current and Voltage Transformers
in Protective Relaying System

* Protective Relays in A.C. Power Systems are connected
from the secondary circuits of C.T. & P.T.

= Current Transformers : C.T. are used for measurement
and Protection. Its step down the current from high value
to low current value. Their ratio is constant for given
range of Primary & Secondary Current.

= Potential Transformer : P.T. are used for measurement
and Protection. Its step down the high voltage to low
voltage value. The ratio is constant for given range of
Primary and Secondary voltage.



Current Transformers

Current Transformer (CT) :

A device which transforms the current on the power system
from large primary values to safe secondary values. The
secondary current will be proportional (as per the ratio) to the
primary current.




Potential Transformers

Potential Transformer (PT):

A device which transforms the
voltage on the power system from
primary values to safe secondary
values, in a ratio proportional to the

primary value.
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UNIT-4 Syllabus  STATIC RELAYS &
NUMERICAL PROTECTION

Static relays

Phase, Amplitude Comparators

Synthesis of various relays using Static comparators
Block diagram of Numerical relays

Overcurrent protection

Transformer differential protection

Distant protection of transmission lines.



Static Relay

Refer Book for Detail Study



The static relay is the next generation relay after
electromechanical type.

I'he Solid Static relays was first introduced in 1960’s.
I'he term “static’ implies that the relay has no
moving mechanical parts in it.

Compared to the Electromechanical Relay, the Solid
Static relay has longer life-span, decreased
noise when operates and faster respond speed.

The static relays have been designed to replace
almost all the functions which were being achieved
earlier by electromechanical relays.




Principle of operation

The essential components of static relays are shown in figure below.
The output of CT and PT are not suitable for static components so
they are brought down to suitable level by auxiliary CT and PT.
Then auxiliary CT output is given to rectifier.

Rectifier rectifies the relaying quantity i.e., the output from a CT or
PT or a Transducer.

Static Relay

i D Supply

T |I"ll-'I:-




* The rectified output is supplied to a measuring
unit comprising of comparators, level detectors,
filters, logic circuits.

» The output is actuated when the dynamic input
(i.e., the relaying quantity) attains the threshold
value. This output of the measuring unit is
amplified by amplifier and fed to the output unit
device, which is usually an electromagnetic one.

* The output unit energizes the trip coil only when
relay operates.



Advantages of Solid State Relay

Low Weight
Arc less switching

Static Relay burden is less than electromagnetic type
of relays. Hence error is less.

Fast response.
Long life
Less power consumption

More Accurate compared to electromechanical Relay



ed by surrounding interference.
ixiliarty DC supply is required

5,.Affected by voltage transients.

Applications

1.Ultra high speed protection of EHV AC transmission lines
utilizing distance protection.

2.In over current and earth fault protection schemes
3.As main element in differential relay




NUMERICAL
RELAY

Refer Book for Detail Study




Fundamental requirements of numerical

relay

SPEED
SENSITIVITY
RELIABILITY
SELECTIVITY
SIMPLICITY
ECONOMY



TYPICAL NUMERICAL RELAY HARDWARE

Fﬂ

RISPLAY ION
CB TRIP

.CB STATUS REALY




RELAY HARDWARE
STRUCTURE

GALVANIC ISOLATION MODULE :

CONVERTS CURRENT SIGNAL TO VOLIAGE &
ELECTRICALLY ISOLATES THE SIGNAL BETWEEN
DIGITAL & ANALOGUE CIRCUIT.

ANTIALIAS FILTERS

SAMPLING FREQUENCY SHOULD BE MORE THAN
TWICE THAT OF HIGHEST FREQUENCY OF INTEREST.

SAMPLE & HOLD CIRCUIT :

ANALOGUE TO DIGITAL CONVERSATION REQUIRES
SOME FINITE TIME(25uS). THIS CKT HOLDS THE SIGNAL
FOR PROPER CONVERSATION.



MULTIPLEXER :

USES A SINGLE MICROPROCESSOR ~ANALOGUE
ISVI\CgHELLSEXER FOR SEQUENTIAL SELECTION  OF

A/D CONVERTER:

CONVERTS TO DIGITAL SIGNALS FOR HANDLING IN
MICROPROCESSOR.

MICROPROCESSOR

DIGITAL SIGNAL HANDLED FOR ALGORITHMS &
SCHEME LOGIC FUNCTION.

ROM :
CONTAINS THE RELAYING PROGRAMME



RAM :

USED FOR STORING
INTERMEDIATE P
ALGORITHMS.

E°PROM
USED FOR STORING RELAY SETTINGS.

SAMPLED QUANTITIES &
RODUCTS IN RELAYING

KEYBOARD & DISPLAY :
Used for change in settings & display functions.

DIGITAL /O

Device takes the breaker status through opto
isc|>|0’rors & issues trip commands through reed
relays.



« COMMUNICATION :

Helps to communicate with other relays or
with the system.

« POWER SUPPLY :

In bullt switching mode power supply
modules are used for quality aux. supply.



Advantages of numerical
relay

Flexibility in wide parameter adjustment.
Programmable function setting

Multiple functions by the same relay
Internal fault diagnosis.

Memory & recording function
Programmable ct & pt ratio

Digitally communication facility



Disadvantages of
numerical relays

High initial cost
Requires stable power supply.

If used for multifunction in a single feeder, failure of
relay may cause total protection failure for the
equipment.

Requires emc environment.



Applications

Control a high-voltage circuit with alow-voltage signal, asin
some types of modems or audio amplifiers,

Control a high-current circuit with alow-current signal, asin
the starter solenoid of an automobile

Detect and isolate faults on transmission and distribution lines
by opening and closing circuit breakers (protection relays)



CONCLUSION

Numerical relays need to be incorporated in the
design stage of the plant which will help to

» reduce the panel size.

» Panel wiring cost.

» Population of relays in the plant.
» Meet space constraints.

» Reduce the quantum of spares.



Comparisons of Different type of

Relays

Characteristic Electro- Static Micro- Micro- Numerical
mechanical processor Controller
based based
Speed of response Slow Fast Fast Fast Very Fast
Timing Accuracy Temp. Temp. Stable Stable Stable
Dependant Dependant
Size Bulky Small Small Small Very Compact
Draw-out required Required Required Not required Not required Not required
CT Burden High Low Low Low Low
Reset Time Very High Less Less Less Less
Functions Single Single " Multi " Multi " Multi
function function function function function
Maintenance Frequent Frequent Low " Low Very Low
Deterioration due to " Yes No No " No No
frequent operations
Reliability High Low Low High High
SCADA Compatibility No No Possible Possible Yes




Transformer differential

protection
Refer Book



Refer Book
DIFFERENTIAL PROTECTION

Simple over current protection cannot define a distinct
zone

Thus cannot provide instantaneous protection for the
entire protected zone

Differential protection provides instantaneous
orotection for entire protected zone

ts thus also called as unit protection

Jnit protection cannot provide back-up protection for
adjacent zones



Differential protection Refer Book

Why Needed ? - QOvercomes application difficulties of
simple overcurrent relays when applied to
complex networks, i.e. co-ordination
problems and excessive fault clearance
times.

Basic Principle
Involves measurement of current at each end of zone
and
Operate when there is a difference between them

Thus protection would operate for faults inside the protected
zone but will remain stable for faults outside the protected
zone. Thus can be instantaneous in operation.



. . . Refer Book
Differential protection application

Transformer windings

Generator Stator winding

Generator & Generator transformer overall
Busbar

Feeders (transmission and distribution)
Shunt Reactors

Large motors



Protected Circuit

or Plant

Refer Book

>

>

Boundaries of protection coverage accurately defined

Protection responds only to faults in protected zone



Refer Book

Protected Circuit
or Plant

— 3

Jd Boundaries of protection coverage accurately defined

J Protection responds only to faults in protected zone



External fault or load
(Through flowing current)

l1 [2
S A Protected —'?
. object
I, l :
I
AI> | AI=L -1,
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Refer Book
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current
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Protected g T

object
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Internal fault
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Protected Circuit

or Plant

i

J Boundaries of protection coverage accurately defined



Refer Book

Steady state spill current during load

. Difference in current transformer magnetizing
characteristics

J Leakage / charging current of the plant (line, cable,
efc..)

Spill current during external faults

. Difference in current transformer magnetizing
characteristics

J Current transformer saturation
Distance between the two end CTs



Refer Book

Measurement

Lyer = 1L+ I Stability provided by Stabilizing
resistor (High impedance path)



Numerical Relay Protection Of Transfor mer

INTRODUCTION

» Transformers are a critica and expensive component of the
power system. Due to the long lead time for repar and
replacement of transformers, a magor goa of transformer
protectionislimiting the damage to afaulted transformer.

= Numerical relay protection of transformer is an advanced method
of protection.

= The main aim of this project isto protect the transformer from th
faulty conditions with in a short span of time.

» The type of protection for the transformers varies dependi
the application of thetransformer.



Numerical Relay Protection Of Transformer

= DIFFERENTIAL PROTECTION:

» Differential protection is a unit-type protection for a
specified zone or piece of equipment. It is based on the fact
that it is only in the case of faults internal to the zone that the
differential current (difference between input and output
currents) will be high. However, the differential current can
sometimes be substantial even without an internal fault. This
IS due to certain characteristics of current transformers
(different saturation levels, nonlinearities) measuring the
input and output currents, and of the power transformer being
protected.

* |t is based on the fact that any fault within an electri
equipment would cause the current entering it to be dif
from the current leaving it.

= By comparing the two currents either in
phase or in both, fault can be determi




Numerical Relay Protection Of Transforme

NEED FORPROTECTION:

» Transformer is an extream device in power system which
has 99.99% of efficiency. Improved power transformer
protection using numerica relays, Large power
transformers belong to a class of very expensive and vital
components in electric power systems.

If a power transformer experiences a fault, it is necessary
to take the transformer out of service as soon as possible
that the damage is minimized.

The costs associated with repairing a damaged transfo
may be very high. So there is a necessity of prot
transformer.



Numerical Relay Protection Of Transformer

NEED FORPROTECTION:

»Here In this proect numericad Reay (
Microprocessor Relay) plays a vital role to protect the
large rating of power transformers.

»Fault detection and correction is necessary for the
safe operation of transformer.

*Protection of large power transformers is perhaps the
most challenging problem Iin the power system
relaying.

*Here we are using numerical relay for the protecti
of Power Transformer.



Numerical Relay Protection Of Transformer

WORKING:

OVER LOADING PROTECTION:

* [nitialy the transformer is operated under normal
condition the relay operation isabsent.

* The transformer has a maximum safe current rating
value for cartain load, If the load is increased on the
transformer then the load current i1s alsoincreased.

= If the load current Is exceeds the maximum rat
current of the transformer then the relay will oper
and the transformer is isolate from the mainsupply




Numerical Relay Protection Of Transformer

DIFFERENTIAL PROTECTION:

=At normal operating condition the differential currents of
CTsis zero. S0 here in this case the differential relay will
not operate. As we know that the differential relay is
operate only for internal fault condition.

=|f the fault occurred in internal zone(between transform
and CTs) then a differential current flows in the relay, t
relay istripped and isolate the transformer from the mai




Numerical Relay Protection Of Transformer

BLOCK DIAGRAM:

DACY USB
Transformer . Clirrant 6[]{]%
Transformer




Numerical Relay Protection Of

COMPONENTSUSED:
» Potential transformer(24/230v, 1A)
» Current transformer
» Auto transformer (0 to 270v)
» Dataacquisition (DAQ USB-6009)
» Resistive load (15w bulb -2, 60w bulb -1)




Numerical Relay Protection Of Transfor mer

* RESULTS:

» When ever the fault occured on transformer the
relay will trip.

» Numerical relay protection is a very fast acting,when
comparing with other protection schemes.

» The output results are shown infigures.



Numerical Relay Protection Of Transfor mer

Normal operating condition



Numerical Relay Protection Of Transfor mer

Over loading condition



Numerical Relay Protection Of Transformer

Before internal fault



Numerical Relay Protection Of Transfor mer

—

e i, S

Internal fault condition



Numerical Relay Protection Of Transfor mer

CONCLUSION:
Relay control output circuits of a much higher power.
= Safety isincreased.

» Protectiverelaysare essential for keeping faultsd

ADVANTAGES:

1.1t isthe simplest form of transformer protection.
2.1t detects the incipient faults at a stage much earlier than is
possible with other forms of protection.
DISADVANTAGES:

3.1t can only be the used with oil immersed transformer
equipped with conservator tanks.

4.The device can detect only faults below oil level in the
transformer. Therefore, separate protection is needed for
connecting cables.

Isolated and keep equipment from bein



Numerical Relay Protection Of Transformer

= Thisproject aimed at providing protection to the transformer

= Thisproject not only provides overload protection but also

SCOPE:

from numerical relay. This project can be used for many faults
which are sensed by current.

For overload protection of transformers this project isto be
modified by using numerical relay. The actual operating
current of transformer is monitored continuously and that
IS compared with the safe value of current limit.

provides different charecteristics protection of transformer
protection over wide range of faults whose presence can be
known by numerical relay.



Distant protection
of transmission
lines

Refer Book
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Unit-5 Syllabus: CIRCUIT BREAKERS

Physics of arcing phenomenon and arc interruption
DC and AC circuit breaking

Re-striking voltage and recovery voltage

Rate of rise of recovery voltage

Resistance switching

Current chopping

Interruption of capacitive current

Types of circuit breakers:
— Air blast
— Air break
— Oil
— SF6
— Vacuum circuit breakers

Comparison of different circuit breakers
Rating and Selection of Circuit breakers.
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The ARC

The electric arc constitute a basic ,indispensable and active
element in the process of current interruption.

1.Basic theory of electric discharge

The conduction of electricity is through the gases or vapors
which contain positive and negative charge carriers and all types of
discharge involve the very fundamental process of production
,movement & absorption of these carriers which is the mode of
carrying the current between the electrodes. The gas discharge
phenomena can broadly classified as:

a. The non-self sustained discharge
b. The self sustaining discharges



‘L Initiation of an Arc

= By high voltage gradient
at the cathode resulting
Into field emission.

= By increase of
temperature resulting
Into thermo ionic
emission




i Maintenance of Arc

= High temperature of the medium around the contacts
caused by high current densities, with high temp the
Kinetic energy gained by moving electrons increased.

= The field strength or volt. gradient which increases
the kinetic energy of the moving electrons and
Increases the chances of detaching electrons from
neutral molecule.

= An increase in mean free path-the distance through
which the electron moves freely.




AR(C VOLTAGE

The voltage that appears across the
contacts of circuit breaker during the
arcing period 1s known as arc voltage. It
tends to maintain the current flow in the

form of arc.

Byatem Voliage ¥
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RESTRIKING VOLTAGE

It’s the transient voltage that appear
across the contacts at or near current

zero during arcing Period.
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It’s the normal frequency voltage (rms) that appear across the contacts of circuit breaker
after final arc extinction. It is approximately equal to the system voltage. When contacts
are opened current drops to zero at every half cycle. At current zero dielectric strength
of the medium can be increased and thus prevent the break down by restriking voltage.
Consequently the final arc extinction takes place and circuit current is interrupted. After
this current interruption the voltage appearing across the contacts is known as recovery

voltage



CURRENT CHOPPING

+[t 18 the phenomenon of circuil interruption
before the natural current zero 1s reached.

mafural carrent reme
Firs Vi
*[t mainly occurs in air blast circuit breakers E‘“”“' 1| 7|
because they retain the same extinguishing oy
power irrespective of the magnitude of current !
to be interrupted. A Corment / Y
: Jie® | . A
The powerful deiomising effect of air blast Rastelking — ‘ i Recovery Veiag
causes the current to fall abruptly to zero well Voltage w1
before the natural current zero is reached. “-,:3'}1 f
valtage atwhich are rtrikes

*This phenomenon 1s known as current
chopping and results in high voltage transient
across the contacts of the circuit breaker.

*The arc current i 18 chopped down to zero
value as shown by point



*The post zero resistance of b=y
contact space is high in air blast P i i -. ROt - RESISTOR
circuit breakers. :

*This is because the contact
clearance space is filled with

high pressure air after final
current zero and high pressure
air has high dielectric strength. T oo ﬁ’wm
& ik bl ok TERMINAL
*The high restriking voltage Sribdar
appears across the contacts does RESSED AR FRO
not damp out through the gap AR RECEIVER

because of the high post zero
resistance.

Configuration of switching resistors.



i Methods of Arc Extinction

= High resistance method
a. cooling of arc
b. increasing the arc length
c. reducing the cross section of arc
d. splitting of arc

= Low resistance or current zero interruption
a. Lengthening of the gap
b.increasing the pressure in the vicinity of the arc
c. Cooling
d. Blast Effect



i Phenomenon of arc extinction

= Energy Balance or Cassie Theory

This theory states that if the rate of heat
dissipation between the contacts Is greater
then the rate at which heat is generated ,the
arc will be extinguished ,otherwise it will
restrike.

= Recovery rate or Slepian’s Theory

This theory states that if the rate at which
the ions and electrons combine to form or
replaced by neutral molecules.




Restriking Voltage & Recovery Voltage

= The transient voltage which appears across the breaker contacts
at the instant of arc being extinguished is known as restriking

voltage.

= The power frequency rms voltage ,which appears across the
breaker contacts after the arc is finally extinguished and
transient oscillation die out is called recovery voltage.




Arc Extinction

Fixed Contact Moving Contact
Y ¥

mnfux
h:— Fault

FIGURE 8.1 Separation of the

contacts of circuit
breaker
Arc olage scetomen~ APC_Voltage:
VQ The Voltage
drop across the
w arc is called Arc

FIGURE®.2 Short circuit current and arc voltage VO I 1.09 e.



Arc Quenching: ( C.B)

The Arc Produced not only delays the
current interruption process but it also generates
enormous heat which may cause damage to the
system or to the circuit breaker itself.

Therefore main problem in a C.B Is to
extinguish the arc within the shortest possible
time so the heat generated by it may not reach a
dangerous value.



ARC PHENOMENON

During arcing period, the current flowing between the
contacts depends upon the resistance. The greater
resistance smaller the current that flows between the
contacts.

The arc resistance depends upon

1) Degree of ionisation ( Arc resistance increases with the
decrease in number of ionised particles b/w the contact )

) Length of Arc ( Arc resistance increases with the
length of arc )

i) Cross section of Arc ( Arc resistance increases with
the decrease in X- section of the arc)



The factors that are responsible for
maintenance of arc between the
contacts are:

1) Potential Difference between the
contacts.

1) Ionised particles between the
contacts.



Methods of Arc Interruption

 There are two methods of Arc Interruption
or Extinction are

1) High resistance interruption
) Current zero interruption
High resistance interruption

The arc resistance can be increased by
cooling, lengthening, reducing x- section
and splitting the arc.



It Is employed for low power AC and DC
circuit breakers.

Current zero interruption

here are two theories to explain the zero
current interruption of the arc.

1) Recovery rate theory(Slepain’s Theory)
1) Energy balance theory(Cassie’s Theory)




Voltage _____y.

Recovery rate theory

Strength ’ Voltage
Restriking o Dielectric
Voltage . Strength
>
Time —> Tima =2

(a) Arc extinguishes (b) Arc does not extinguishes



Energy balance theory

Power .




Arc Extinction in oil Circult Breaker

In case of oil circuit breaker the
opening of contact which heats the oill
surrounds the contact due to arc which
causes hydrogen gas bubble to evolve
and Iits removes the heat from the surface.
If the rate of heat removal Is faster than its
generation then the arc Is extinguished.



Arc interruption
(or) Extinction
methods

(1) High resistance

(2) Low resistance or zero ﬁnint-interruptiun.
(3) Artificial current zero interruption.




The arc resistance depends upon the following factors :

(i) Degree of ionisation— the arc resistance increases with the decrease in the number of ionised
particles between the contacts.

(&) Length of the arc— the arc resistance increases with the length of the arc i.e., separation of
contacts.

The high resistance interruption is obtained by increasing the resistance of the arc.
ll'l‘lr.l-l'ﬂ
l'm = —
Lare

Assuming i, to be constant the resistance of the arc can be increased by increasing voltage

of the V.. e
Ve =A +Bd + 25

bare

hence the arc resistance can be increased by increasing length of the are.



In high resistance interruption method the length of the arc is increased so as to increase the
voltage across the arc.
_ The voltage of the arc is increased till it more than the system voltage across the contacts. At
this point the arc gets extinguished.
The method is used in low and medium voltage a.c. and d.c. circuit breakers

The arc resistance is increased by the following methods :

a) Lengthening the arc : by arc runners

1. Initial position of arc
2. Final position of are.
3. Arc runners
(in vertical plane)
4. Field (in horizontal plane)
5. Force due to electrodynamic
forces (in vertical plane)

Function of the are runners.



b) Splitting theArc:

In thismethod the arc iselongated and splitted by arc splitters. Theseare
made with plates of resin bonded fiber gas. These are placed perpendicular
toarc and arcis pulled into them by electromagnetic for ces.

T
T L e T
O

T T T T T T T T T
AR REAL R R
L T L L R

1. Arc runners (metallic)

2. Arc splitters

3. Elongated arc

4. Arc in process of travelling
5. Blow-out coils {metallic)

6. Ongin of Arc




c) Cooling of Arc::

It causes recombination of ionized particles. Cooling remove the heat from
theArc. Efficient cooling may be obtained by gasblast directed alongArc.

2) Low resistance (or) current zero interruption:

Thismethod isused for Arc Extinction in A.C circuit breakers. I n thismethod
the resistance kept low until current iszero.

in a.c. arcuait-breakers
the arc is interrupted at a current zero. At
current zero, the space between contacts is
deionized quickly by introducing fresh
unicnized medium such as oil or fresh air, or
SFg gas, between the contacts.



The dielectric strength of the contact space increases to
such an extent that the arc does not continue
after current zero. A high voltage may ap-
pear across the contacts. The voltage may re-
established the arc if the dielectric strength
of gap is less than the restriking voltage. In
that case the arc continues for another half

¢ycle and may get extinguished at next cur-
rent zero,

Therapid increase of dielectric strength of the medium near current zero
can be achieved by

1)L engthening of Arc
2)Cooling
3)Blast effect



AC CIRCUIT
BREAKING

Refer Book




DC CIRCUIT
BREAKING




How is dc breaking done?

The contacts of the DC breaker separate and the
arc 1s transferred from contacts to the runners
where 1t rises upwards and extinguishes on its
OWn.



Drawbacks of HVDC circuit breaking

The amount of energy to be dissipated during the
short interval of breaking is very high as
compared to the conventional a.c circuit breakers

The natural zero current does not occur as in the
case of a.c cb, resistance switching and the
efficient cooling by forcing the liquid or air blast
are used to dissipate the high amount of energy.



SIMPLE D.C CIRCUIT

—

16 An inductive d.c circuit showina the hiirn

B e circuit breaker.
*Assuming CB "B” breaks the current I

(=E/R)






The diff equn of the ckt 1s,
L(di/dt)+Ri+eb=E

1(di/dt)=(E — Ri)-eb(i)=Ae

Ae negative:

Current will decrease
Ae positive:

Increase the current



Basic requirement

Progressive lengthening of arc is a basic
requirement of dc circuit breakers.



In designing an HVDC circuit breaker there are
there main problems to be solved

How to produce a current zero?
How to prevent restriking?
How to dissipate the stored energy?

Producing current zero

This approach involves changing the form of arc
current by commutation principle

Quenching gear of well proven HVAC ckt breaker
Principle of oscillatory circuit



Prevention of restrikes

To produce a good 1onizing arc the space between two
walls of arc chute can be narrowed to restrict the arc

At the same time 1t can be broken into number of arcs
by inserting a grating of vertical metal plane

Dissipation of stored energy

A protective spark gap can be used across the CB to
reduce the size of the commuting capacitor.

It will keep the abnormal voltage produced at the
switching time below the undesired level

By means of high frequency currents the spark gap
acts as an energy dissipating device



Interruption of
capacitive current



INTERRUPTION OF CAPACITIVE CURRENT
Effect:

The interruption of capacitive current produces
high voltage transients across the gap of the
circult breaker.

When?

This occurs when an unloaded long transmission
line or a capacitor bank 1s switched off.




- ;_f{a) Electrical--c-:ir_cu'it_ of a simple power sysiem




«Considering a electrical circuit of a simple power
system
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=lect a simple power sysiem

¢ => stray capacitance of the circuit
breaker

—
C L line capacitance



TRANSIENT VOLTAGE ACROSS THE GAP
OF PHE CIRCUIT BREAKER, WHEN THE
CAPACITIVE CURRENT IS INTERRUPTED

(b) Transient voltage across the gap of the circuit breaker |
Wi i .:_. -8 g '-=- ! ¥ V .""-'__, ..'.:r 1 -J Y=




At the instant M

The capacitive current is O.

System voltage 1s maximum
If interruption occurs

Capacitor CrL remains charged at the maximum value of
system voltage.

After the instant M
Voltage across the breaker gap 1s
the difference of Vc and Vecr.




At the instant N

The voltage across the gap 1s twice the maximum

Value of Ve.
If the breaker restrikes

The voltage across the gap become partially zero.
Voltage falls from 2Vcmax to zero.

A severe high frequency oscillation occurs
(about the point S)

Interrupted again.( if restriking current=0)
The capacitor Cr at the voltage -3emax.



At the instant P

The system voltage reaches its positive
maximum.(point T)

Voltage across the gap becomes 4emax.

The capacitive current reaches zero again and there
may be an interruption.

The transient voltage oscillates between -3emax and
+Hemax. (p01nt P—Q)

Thus voltage across the gap goes on increasing



PART-2

»Types of circuit breakers

1. Air Blast circuit breaker

>. Vacuum circuit breaker

3. Oil circuit breaker

4. SFs circuit breaker

*Comparison of Airblast,Vacuum,QOil,SF6
*Testing of circuit breakers.



» Qil Circuit Breakers

» Vacuum Circuit Breakers

» Air Blast Circuit Breakers

» SFe Circuit Breakers



Top chamber

It is designed for 11kv-765kv.

These are of two types | - S —

circuit breaker
chamber

- BOCB (Bulk oil Circuit Breaker)
« MOCB (Minimum oil Circuit Breaker)

Fixedcontectc —

L, ~ Arcexinction

device

The contacts are immersed iN v — 2.
oil bath.

Oil provides cooling by
hydrogen created by arc.

Supporting
chamber

Glassfiber enclosure L,
51T Operating rod

It acts as a good dielectric
medium and quenches the arc.

Drainvahse




Oil has good dielectric strength.

Low cost.

Oil is easily available.

It has wide range of breaking capability.

Slower operation , takes about 20 cycles for arc
quenching.

It is highly inflammable , so high risk of fire.
High maintenance cost.



Fleed Tarminal .

It is designed for medium voltage
range (3.3-33kv).

This consists of vacuum of pressure

(1*10°5) inside arc extinction chamber. “*~ |

The arc burns in metal vapour when "™
the contacts are disconnected.

At high voltage , it’s rate of dielectric i~
strength recovery is very high. =
Due to vacuum arc extinction 1S very

fast. s

The contacts loose metals gradually

-
Termtngl-— i

i - End Shisld

_—Irsylating
il T4 Envekope

1 _--gellus Shlsla

{arc shield)

it b1 - Dellows

Representation of vacuum

due to formation of metal vapours. Interrupter chamber in vacuum circuit

breaker



Free from arc and fire hazards.

Low cost for maintenance & simpler mechanism.
Low arcing time & high contact life.

Silent and less vibrational operation.

Due to vacuum contacts remain free from corrosion.

No byproducts formed.

High initial cost due to creation of vacuum.
Surface of contacts are depleted due to metal vapours.

High cost & size required for high voltage breakers.



This operates using high velocity blast of air which
quenches the arc.

It consists of blast valve , blast tube & contacts.
Blast valve contains air at high pressure.

Blast tube carries the air at high pressure & opens the
moving contact attached to spring.

There 1s no carbonization of surface as in VCB.

Air should be kept clean & dry to operate it properly.



: ERMINAL
|:n9unan-_ . | p—
/ FIXED CONTACT
SPRING (7) _OF ISOMAKER
/STON (6) /,

MOVING CONTACT
(&)

TERMINAL
& ISOMAKER OPERATING
17 MECHANISM
AIR RECEIVER
o
- )
1. Air receiver, 2. Valve, 3. Hollow insulator.
4, Fixed contact, 5. Moving contact, 6. Piston.
7. Spring, 8. Exhaust valve, 9. Isomaker,

10. Operating mechanism.
25 kV Single Phase Air Circuit Breaker.
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High speed operation as compared to OCB.
Ability to withstand frequent switching.
Facility for high speed reclosure.

Less maintenance as compared to OCB.

Little moisture content prolongs arcing time.

Pressure should be checked frequently for frequent
operation.

Risk of fire hazards due to over voltages.

It can’t be used for high voltage operation due to
prolonged arc quenching.



_—

» It contains an arc interruption chamber containing SF, gas.

» In closed position the contacts remain surrounded

by SF, gas at a pressure of 2.8 kg/cm? .

» During opening high pressure SF6 gas at 14 kg/cm? from its
reservoir tflows towards the chamber by valve mechanism.

» SF rapidly absorbs the free electrons in the arc path to
form immobile negative ions to build up high dielectric
strength.

» It also cools the arc and extinguishes it.

» After operation the valve is closed by the action of a set of
Springs.

» Absorbent materials are used to absorb the byproducts and
moisture.
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Moving Contact.

(a) Arc extinction in gas flow circuit-breakers (Gas flow from high pressure P, to low
pressure P,via an insulating nozzle)



Very short arcing period due to superior arc quenching
property of SF, .

Can interrupt much larger currents as compared to other
breakers.

No risk of fire.

Low maintenance, light foundation.

No over voltage problem.

There are no carbon deposits.

» SF, breakers are costly due to high cost of SF,.
» SF gas has to be reconditioned after every operation of the
breaker, additional equipment is required for this purpose.



Comparison of Circuit Breakers

Factor Oil Breakers Air Breakers Vacuum/SF6
Safety Risk of explosionand | Emussion of hotairand | No risk of explosion
fire due foncrease | 1onized gas to the
In pressure during surroundings
multiple operations
Slze Quite large Medium Smaller
Maintenance Regular ol Replacement of arcing | Minimum lubrication
replacement contacts for control devices
Environmental factors | Humidity and dust in the atmosphere can change | Since sealed, no effect
the internal properties and affect the dielectric | due fo environment
Endurance Below average Average Excellent

J7




Therefore, we conclude that circuit breaker is
the most essential part of the electrical
networks as it protects every device from
damage. It helps us to detect the fault and area
affected by it. Nowadays vacuum and SFe
circuit breakers are widely used due to their
reliable and fast operations.




Rating and Selection of
Circuit breakers

REFER BOOK



