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Agenda

Á Introduction

ÁProject Delivery Milestones

ÁScope of work under Operational Studies

ÁActivities undertaken for Operational Studies

ÁLoad flow study

ÁShort circuit study

ÁValidation of simulated results with ERLDC SCADA

records

ÁConclusion

ÁQueries

ÁPath forward in system studies
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Topics
1. Understanding Power System Protection through 

Simulations

2. Power Flow Solution Practical considerations

3. Short Circuit Studies

4. Transient Stability Studies

5. Introduction to Power System Protection

6. Protection Case Studies

7. Principles of Unit Protection

8. Generator Protection

9. Frequency Relays

10. Electromagnetic Transient analysis & Overvoltage 
Studies

11. COMTRADE

12. Tripping Analysis - Methodoloy
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Organization of the Lecture

Ç Introduction

Ç Role of protection Engineer

Ç Recent Trends

Ç Simulation  T ools

Ç Simulation Cases
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ÇIntroduction

ÇReliability of a power system operation

ÇReliable : Equipment used in the system are 
in operation and perform the function for 
which they are designed for

ÇReliability Index : Performance index 
measured in terms of customer load 
affected in a year or particular duration
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Methods to enhance system reliability

Duplicate 
everything

Minimize the outage 
During the fault

Economics ?
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How  to achieve minimum outage ?

1. A good and integrated performance of power system  
relays.

2. Successful operation of relay for all short circuits in its 
zone. 

3. Adequate backup protection for the faults in the adjoining 
section.

Operations involved in protection engineering :

1. Periodic fault studies
2. Relay setting calculation
3. Checking and co -ordination studies
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Difficulties :

ÅWide variety of relays  in  operation.
ÅFunctionality
ÅManufacturer 
ÅTechnology

ÅSystem operational changes.
ÅSystem  growth

It is just impossible to overcome the above 
difficulties by a human (Operator ).

Solution???

Apply judiciously the computer and simulation tools.
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Damage M inimization

ÇTo minimize damage to equipment and 

interruption to the services

ÇTo incorporate features of design  aimed 

at preventing failures 

ÇTo include provisions for mitigating the 

effects of failures when it occurs
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Preventing Electrical 
Failure

Á Provision for adequate insulation, instantaneous 
setting, overload and unbalance factors

Á Co-ordination of insulation strength with capabilities 
of lightning arrestors 

Á Use of overhead ground wires and low tower footing 
resistance 

Á Design for mechanical strength to reduce exposure, 
and to minimize the likelihood of failure causable by 
animals, birds, dirt sleet etc. 
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Damages Caused

1. Loss of equipment (permanent or 
partial damage)

2. Loss of production

3. Revenue loss

4. Fire hazard, loss of life

5. Loss of confidence level in using 
electricity as a commodity

14
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1. Features that mitigate the immediate effects of failure 

Design to limit the magnitude of short circuit current 

Design to withstand mechanical stresses and heating 

Time delay under voltage relays on circuit breakers to 

prevent dropping loads during momentary voltage dips 

Ground fault neutralizers (Petersen coils) 

2.  Features for promptly disconnecting the faulty elements

Protective relaying

Circuit breakers with sufficient interrupting capacity

Fuses

Mitigate The Effects of Failure 

15



Copyright @ Power Research & Development Consultants Pvt. Ltd

3. Features that mitigate the loss of faulty element 
Alternate circuits
Reserve generator
Automatic re -closing 

4. Features that operate throughout the period from 
the inception of the fault until after its removal, to 
maintain voltage and stability of protective 
relaying

Automatic voltage regulators 

Stability characteristics of generator

Mitigate The Effects of Failure 
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5. Means for observing the effectiveness of the 
foregoing features

Automatic oscillographs

Efficient human observations

Record keeping

6. Frequent surveys as system changes or additions
are made, to be sure that the fore going features are
still adequate

Mitigate The Effects of Failure 

17



Copyright @ Power Research & Development Consultants Pvt. Ltd

Relaying Quantity Behavior

Á Fault occurs ïVoltage dips, current increases, 
reactive power feed increases, speed increases, 
rotor angle increases, impedance decreases. 

Á SLG fault occurs in un -grounded system ïHealthy 
phase voltage increases, capacitive current will 
flow at fault location.

ÁGenerator trips ïFrequency falls, Voltage dips

Á Load trips ïFrequency increases, voltage may 
increase
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Å Line Trips ïVoltage dips, overloading of other lines

ÅMotor Starting  ïVoltage dips, current increases, 
reactive power increases

Å Transformer Energization ïInrush current, 2 nd

harmonic predominant.

Å Loss of Field ïMachine draws reactive power from 
grid, Active power output reduces.

Å Capacitor Energization ïOver voltage, inrush current.

Relaying Quantity Behavior
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Types of Protection

üOver voltage protection ïLightning/Surge 
arrestors, insulation co - ordination

üFault protection - Application of relays

üProtection for human (safety) ïEarthing and 
Earth mat design, clearances, insulation

üEnvironmental protection?? ïIntegration of 
more and more renewable energy to grid
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Sl. 
No.

Cricket Field
(Fielding side 

Bowler)

Protection field 
(Protection Engineer)

1. Positions the fielders Designs the system and sets the
relays

2. Bowls the ball Charges the system

3. Batsman hits the ball Fault occurs

4. Mid -off stops/fails Primary relay operates/ fails

5. Long -off stops/ fails Backup relay operates / fails

6. If boundary, gets dropped If fails, Has to face enquiry commission

Protection - Cricket Field Analogy
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Intelligent Electronic Device ( IED )

PROTECTION

CONTROL MONITORING

Relay has changed its functionality 
from
protection to 

Protection Monitoring and Control
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Recent Trends ï
Application of Phasor measurement unit

A device that samples analog voltage and current data
in synchronism with a GPS-clock .
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Architectural Hierarchy
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Applications of PMU

Á Real time visualization of power system

Á Design of advanced warning system

Á Analysis for causes of total or partial blackouts

Á Enhancement in state estimation

Á Real time angular and voltage stability 
analysis

Á Improved damping of inter area oscillations

Á Design of adaptive protection scheme

Á Fine tuning of system models
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Adaptive Relaying

ïOnline activity

ïModifies preferred protective response to a
change in system conditions or requirements .

ïSpecial application in case of -

* Multi terminal lines .

* Out of step protection .

* Back up protection of distance relays .
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Co- ordination With Different Departments

 

Finance 

Protection 

Engineer 

Manufacturer

/supplier 

 Field  

Engineer 

 Planning/ 

Design 

Operational 

Load Despatch 
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Data Flow in Simulation

Load flow

Short Circuit

Results

Results

Relay
co-

ordination

setting
Transient

Stability

Studies/
Relay 
simulation
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Computer Aided Protection Co - ordination

 

System 

Operational 

Relay 

RESULTS 

SLD 

Zooming 

Windowing 

Reports 

Graphs 

Loadflow              

Short Circuit 

Relay Co-ordination 

Transient Stability 

Over voltage 

Degitizer 

Mouse 

Printer 

Plotter 

GUI (Graphic User Interface) 
Peripheral support 

system 

Analysis Tools 

Database 
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Electrical 
Switching 
Transients

Over 
Voltages

Fault 
Transients

Electrical 
machine & 
System 
Dynamics

System 
Governing 
& load 
Controls

Prime 
mover 
energy 
supply 
system 
dynamics

Energy 
resource 
dynamics

ms/ms Few 
seconds

Seconds 
to 
minutes

Several 
minutes 

Days to 
weeks

Duration Spectra of Main Effects
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Transient Phenomena

× Scale

ms Initial transient,  Recovery Voltage

Switching surges, Fault transients ms

Several cycles Ferro - resonance

Ç Surge period

Ç Dynamic period

Ç Steady State period
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Simulation Cases
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Why Load flow study for protection 
Engineer?
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Fault Simulation to Aid Protection 
Engineer
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Fault calculation to determine
1. Fault current from various sources
2. Post fault voltage
3. Earth fault current
4. Primary and back up relay current
5. Temporary over voltage (during 

single line to ground fault)
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Earth fault relay operation - Explained

No source in this part of the network

Earth fault relay picks up, because of transformer 
Vector group

37



Copyright @ Power Research & Development Consultants Pvt. Ltd

Fault study

1. Symmetrical AC current
2. DC off set current
3. Asymmetrical AC current
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DC off set current
1. Maximum at voltage zero
2. Minimum at voltage maximum

39



Copyright @ Power Research & Development Consultants Pvt. Ltd

What machine impedance to 
consider for fault study and 

relay - coordination?
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Stability study simulation and its 
importance
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Sustained fault at the machine terminal
1. Initial Sub -transient current.
2. Intermediate transient current.
3. Final steady state current.
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Frequency plot

1. Under frequency and over frequency relay setting 
2. Operate the system around designed values.
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Parallel line, one line trips

1. Directional over current relay should not operate 
for the healthy line.
2. There should not be load encroachment
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Terminologies

1. Load encroachment
2. Power swing

Initial point

Final point
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Impedance seen by the distance relay

1. Helps in distance relay setting calculations 
2. Re-shaping the relay characteristic to avoid

third zone load encroachment
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Fault cleared in 0.1 seconds
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Fault cleared in 0.3 seconds
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Fault cleared in 0.5 seconds
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Out of step detected 
and generator tripped
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Power reversal in the line 
And the system is saved.
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Both the lines carry same current

Healthy line current

Faulted line current

Unsuccessful re -closure, once again fault

Faulty line trips

Healthy line carries full load

Understanding single pole auto re -closing facility
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Out of step operation
1. Out of step protection for the machine 
2. Pole slipping relay
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Protection Engineer designs the relay, 
based on system behavior
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Loss of excitation
1. Machine draws very large reactive power
2. Over heating of stator
3. If not protected, burning out of stator
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