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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
M.TECH .... SEMESTER
ADVANCE POWER SYSTEM LABORATORY

EXPERIMENT NO: 1

AIM:- To study the performance of a Transmission line. Also compute its ABCD
parameters.

Apparatus required:-

S.No. Apparatus Range
1. | Transmission Line Model Different 7 section
2 Power Analyzer
3. | Voltmeter 0-750V AC
4. | Ammeter 0-20A AC
5 Patch Cords/Connecting wires As reipured

Theory:- ABCD Parameter are widely used in analysis of power transmission engineering
where they will be termed as "Generalized circuit parameter ABCD parameters are also
called as Transmission parameter. It is conventional to designate the input port as sending
end and the output receiving end while representing ABCD parameter.

We know that,
VS :AVR +BIR (1)
IS=CVR+DIR (2)

At open circuit condition, we get

A =25 when Ix=0 3)
Vr
Is

C = —=, when [z=0 4
VR

At short circuit condition, we get

B = ‘I/—S when V=0 (5)
R

D =5, when V=0 (6)
R

Also, AD-BC=1 (7

The open circuit impedance Zoc is measured at sending end as;

A
Zoc =~ (8)



The short circuit impedance Zsc is measured at sending end as;

Zge == 9)

For a symmetrical system;

A=D (10)
For a passive network,

AD-BC=1 (11)
From equations (10) and (11),

A2 -BC=1 (12)
Procedure:-

1. Tofind out A and C parameters connect voltage supply of 220 V and open circuit the
receiving end.

2. Observe the voltage and current Vs, Is and Vr with the help of voltmeter and ammeter
in experiment kit.

3. Tofind out B and D, receiving end is shot circuited and supply is varied with the help
of variac upto rated current.

4. Observe the voltage and current (Vs, Is and Ir). Calculate the A, B, C and D
parameters.

Circuit diagram:-

Sending end (|Relay CT

1 ph 230 Vac, 50 Hz
From variac

1 ph 230 Vac, 50 Hz
From variac

transformer
Ci&cC2

C5&C6

C7&C8

C9&C10

|

A

Fig. 1 Circuit for open circuit test for calculating A and C values
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N

L4
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C5 & C6

cr&cs
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RS i
C9&C10
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Fig. 2 Circuit for short circuit test for calculating B and D values
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Fig. 2 Circuit for short circuit test for calculating B and D values




DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
M.TECH .... SEMESTER
ADVANCE POWER SYSTEM LABORATORY

EXPERIMENT NO: 2

Aim: - Ferranti effect in a transmission line

Apparatus Required:

S No. Equipments Quantity
1 Three phase alternator rating: 1
400V, 5KVA and 1500 rpm
2 Ammeter 1
3 | Voltmeter 1
4 Rheostat 1
Theory:

Ferranti Effect:

Long transmission line/cables draw a substantial quantity of charging current. If such a
line/cable is open circuited or very lightly loaded at the receiving end, the voltage at receiving
end may become greater than voltage at sending end due to capacitive reactance. This is
known as Ferranti Effect. Both capacitance and inductance is responsible to produce this
effect. The capacitance (which is responsible for charging current) is negligible in short line
but significant in medium line and appreciable in long line. Hence, this phenomenon occurs
in medium and long lines. The figure shown below is representing a transmission line by an
equivalent pi (x)-model. The voltage rise is proportional to the square of the line length.

In general practice we know, that for all electrical systems current flows from the region of
higher potential to the region of lower potential, to compensate for the electrical potential
difference that exists in the system. In all practical cases the sending end voltage is higher
than the receiving end, so current flows from the source or the supply end to the load. But Sir
S.Z.Ferranti, in the year 1890, came up with an astonishing theory about medium and long
distance transmission line suggesting that in case of light loading or no load operation of
transmission system, the receiving end voltage often increases beyond the sending end
voltage, leading to a phenomena known as Ferranti Effect in Power System.

A long transmission line can be considered to compose a considerably high amount of
capacitance and inductor distributed across the entire length of the line. Ferranti Effect occurs
when current drawn by the distributed capacitance of the line itself is greater than the current
associated with the load at the receiving end of the line (during light or no load). This
capacitor charging current leads to voltage drop across the line inductor of the transmission
system which is in phase with the sending end voltages. This voltage drop keeps on
increasing additively as we move towards the load end of the line and subsequently the
receiving end voltage tends to get larger than applied voltage leading to the phenomena called
Ferranti Effect.



Circuit Diagram: -

Sending end
transformer

L1 R1 L2 R2 L3 R3 L4 R4 L5 R5

®

RELAY

1 phase
230V

gHg —+— c1&C2 — — C3&C4 — —— C5&C6 — — C7&C8 ——— C9&CI0 —

50 HZ
Power

supply

FIG. Circuit for study of Ferranti effect

Procedure:

1. Connect mains cable to 230V AC, Single phase supply with proper earth connection.

2. Keep MAINS MCB in OFF position and the variac in Zero position 3. Make the
connection as per circuit diagram shown in fig (3).

3. Now the connection is for receiving end open condition.

4. Switch on MAINS CONTROL MCB. All the meters will glow

5. Put both the relays to UNHEALTHY state.

6. Select the values of line inductance and capacitance as required

7. Set the voltage of sending end to required level by varying the variac-1.

8. Note down the reading for all parameters i.e., sending end voltage and receiving end
voltage.

9. You can observe that the receiving end voltage will be higher than sending end voltage.

10. Note down the value for different sending end voltage readings.

11. The receiving end voltage will be higher than sending end

Observation Table:-

S No. Sending End Voltage Receiving End Voltage

Results:-
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
M.TECH .... SEMESTER
ADVANCE POWER SYSTEM LABORATORY

EXPERIMENT NO: 3

Aim: To Study different relay characteristic using Numerical Relay.
Apparatus Required:
Numerical Relay Setup (with M-G Set)

Theory:

A numerical relay is an improved form of an electromechanical or static relay. A numerical
relay is a type of relay that measures parameters like voltage, current, etc. in an electric
circuit and then converts these measured parameters into numerical data that are then utilized
to make or break the circuit.

Again, the primary purpose of a numerical relay is to protect the electric circuit from
unexpected conditions that may occur.

The major advantages of using numerical relays in electric circuits are

e A single numerical relay can measure multiple circuit parameters such as voltage,
current, frequency, etc.

e A single numerical relay can analyze and detect multiple faults like over-current,
over-voltage, and more.

A typical numerical relay consists of several digital components, such as microprocessor,
A/D converter, digital communication module, 1/0 module, etc.

The numerical relays are mainly used in power generating stations, transmission and
distribution substations to provided automated protection. The numerical relays are also used
to protect electrical machines like transformers, electric motors, generators, etc.

Fig.1- Display view of eSetup Easergy Pro V4.8.0 software
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OO0 0060060 9

Schypider

1 Power LED and seven programmable LEDs

2 CANCEL push-button

3 Navigation push-buttons

4 LCD

5 INFO push-button

6 Status LED and seven programmable LEDs

7 Function push-buttons and LEDs showing their status

8 Local port

Fig.2- HMI dislay of Easergy P3U30 relay

Technical Detail of Relay:
e Relay application: Feeder
Number of Digital Outputs (DO): 8 digital
Communication protocols: TCP/IP all counters conforming to 60255-5 TCP/IP
Communication port: RSTP
Relay type: Multifunction control relay

protection functions:

o Phase overcurrent
Directional phase overcurrent
Earth fault overcurrent
Directional and Transient earth fault
Capacitor bank unbalance
Cold load pick-up
Harmonic distortion
Circuit breaker protection
Switch ON to fault (SOTF)
Underload
Fault locator
Undercurrent
Locked rotor for starting
Motor restart inhibition
Capacitor overvoltage

0O O OO0 O OO O0OOoOO0OO0oOOoOOoO O



Negative sequence overcurrent
Overvoltage (L-L or L-N)

Undervoltage (L-L or L-N)

Positive sequence undervoltage

Earth fault overcurrent

Underfrequency

Overfrequency

Thermal overload for feeder and machine

O O O O O 0 O O

Procedure:

This Experiment required Numerical relay,. Desktop Computer and M-G Set. Here, Easergy
(make Schnider) P3U30 relay is available in experimental setup. fig.1 shows the display

view of eSetup Easergy Pro V4.8.0 software and fig.2 the HMI dislay of Easergy P3U30 relay.

The following steps need to be followed-

1.

ok wd

Install “eSetup Easergy Pro V4.8.0 Installer” in the desktop Computer.
Tund on panel connect cables abd Synchronyse the Gen 1 and Gen 2.
Connect cable between relay and desktop computer

Open the software

Set the pre-requisite values (limit) of current, voltage and frequency
Test the relay by varying the V, I and f and note down tripping time.

Fig.3- Panel for Experiment
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
M.TECH .... SEMESTER
ADVANCE POWER SYSTEM LABORATORY

EXPERIMENT NO: 4

Aim:-To determine characteristics of over and under frequency relay testing kit.

The Experimental Setup consists of the following parts:

1. Over & Under Frequency Relay with output terminals of TRIP & VOLTAGE INPUT

2. One Nos of Digital VVoltmeter (0-300V) of size 06X 48 mm provided on the front panel

3. One Nos. of Digital Timer of size 96x48mm provided on the front panel

4. One Nos of frequency meter of range 0-90Hz provided on the front panel

5. One Nos. of Single Phase Variac for altenator excitation provided on the panel

6. Circuit Diagram printed on front panel With Instruments Connecting Terminals i.e. TRIP,
VOLTAGE ON & ALARM ON

7. Dimension (mm): 700X400X300

8. Power Requirement: Single Phase 230V/50hz

THEORY

Under frequency Protective Relay The under frequency relay (dia-1) is a solid state
device that functions to protect the load in the event generator frequency decreases below
preset limits. It actuates when the frequency decreases to 55 hertz for 60-hertz operation and
46 hertz for 50-hertz operation. Upon actuation, contacts within the relay close to signal the
annunciated and open to de-energize the generator breaker (contactor), resulting in a display
of the fault condition and removal of the load from the generator

Frequency sensing is accomplished by a tuned circuit consisting of capacitors C1 and
C2 and components in the encapsulated base Zener diodes CR1, CR2, and CR3 limit the peak
voltage to the tuned circuit. The ac output of the tuned circuit is rectified by diode CR4 and
applied to a voltage divider consisting of resistors R1, R2, R3, and R4. Transistor Q1
compares the voltage at the wiper of potentiometer R3 with the reference voltage established
by Zener diode CR7. When transistor Q1 conducts, transistor 42 operates as a switch to
control the coil voltage on a relay contained in the encapsulated base. Both transistors Q1 and
Q2 and the relay in the encapsulated base are energized when the frequency of the input
voltage to terminals 1 and 2 is normal frequency (50 to 60 hertz). When an under-frequency
condition occurs, the voltage at the base of transistor Q1 is not sufficient for conduction. This
causes the relay to be de-energized and its contacts to switch. The under-frequency trip point
is adjusted by potentiometer R3.

PROCEDURE:

1. Connect the 230V AC Supply to the power socket through Power Card Provided in
right side of the Panel.

2. Connect the Relay with Circuit on the Panel as per diagram (1) With the help of
Connecting wire.

3. Connect the DC Motor terminal Marked as A1 & A2 and 11, 12 to the DC Motor
Input terminal Provided on the Panel.
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4. Connect Alternator Output terminal PN and 11, 12 to the Alternator Input terminal
Provided on the Panel Marked as P. Nand f1, f2.

5. Keep the Speed Control Knob of DC Drive & Alternator Excitation Knob at
Minimum Position should be zero Position

6. For Exp: Set under Frequency at 48 Hz and over frequency at 50Hz & off delay Time
at 5 sec with the help of knob connected with under & over frequency Relay fitted on
the front Panel of the Testing Kit.

7. Now Switch ON the Main ON toggle Switch in downward direction ON Position.

8. Press the ON (green color) Push button of Test Switch. In this Condition "MAINS
ON & VOLTAGE ON Indication Lamp will glow & DC Drive ON Yellow Led will
also glow.

9. Vary the Speed Control Knob gradually i.e. in Clockwise direction to start the DC
Motor.

10. Now Vary the Alternator Excitation Knob Clockwise direction Slowly & Rotate the
knob upto when we set the 220V (Approx) at VVoltmeter.

Case-1 for under frequency Relay Test

Q) Press the timer Reset (Yellow Colour) Push button continuously at that time, timer
will show 0000 reading & at same time rotate DC drive speed control knob
anticlockwise direction gradually. When the frequency meter goes below 45 Hz
at the same time under frequency LED will glow on the Relay & then Release the
Yellow Push Button Timer will start and after 6 second (Approx) Trip & Alarm
ON Indication Lamp will glow. DC Motor will be running Condition & Voltage
will drop.

(i) In this way under Frequency Relay test is Completed (as our frequency go under

48 Hz which we set in relay
Case ll-for over-frequency Relay Test
Q) Same Follow the Procedure steps (1) to (10)
(i) Press the Timer reset (Yellow Colour) push button Continuously at that time,
timer will show 0000 reading & at the same time rotate DC drive speed Control
Knob Clockwise direction gradually. When the frequency meter goes Over, the 50
Hz, at the same time over frequency LED will glow on the relay then release the
yellow Push button. Timer will start and after 6 sec (Approx) Trip & Alarm ON
Indication Lamp will glow. Motor will be running condition & voltage will drop.
(iii)  Inthis Way over Frequency Relay test has been completed
NOTE:- At the Normal Condition supply ON and Relay ON LED in under Test will glow on
the Relay.

PRECAUTIONS

1 All meters should be connected in the correct polarity.

2 Supply should be switched OFF while making connections.
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OVER & UNDER FREQUENCY RELAY TESTING KIT
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(@] (@]
VOLTMETER
OVER &UNDER FREQUENCY
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SPEED CONTROL ALTERNATOR
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MAINS TIMER RESET ON TEST SWITCH OFF DC MOTOR INPUT ALTERNATOR INPUT
O @) O (@)
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\ [/
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
M.TECH .... SEMESTER
ADVANCE POWER SYSTEM LABORATORY

EXPERIMENT NO: 5

Aim: - To Determine Current Characteristics Using Percentage Differential Protection
Testing Kit.

The Experimental setup consist of the following parts:

1. Percentage biased differential relay

2. Three Nos. of Digital Current meter Al, A2 (0-20A), A3 (0-50A) of size 96X48 mm
provided on front panel.

3. One Variac to set the current

4. Display lamp for mains, Trip, Current & Alarm on front panel.

5. Push buttons for timer, reset, relay reset & test switches — On & Off provided on front
panel.

6. Two Rehostate for set the Biased current & vary the differential current.

7. Circuit diagram printed on front panel with instruments connecting terminals.

8. Dimension (mm): 700X400X300.

9. Power requirement: Single Phase 230 V/ 50 Hz

Theory

The fig. 1 shows the connection of the percentage differential relay in such a protection
scheme.

TRANSFORMER

CURRENT CURRENT

TRANSFORMER TRANSFORMER
f f t

S

OPERATING
WINDING
RESTRAINING RESTRAINING
WINDING WINDING

Fig. 1 Principle of Differential Protection

The fault occurs at point X and the primary currents in the circuit are liand I.. The C.T.
secondary currents are i1 and i2. The current flowing through the operation coil of the relay
is (i1 + i2)/2. This is because the operating coil is connected to the midpoint of the
restraining coil.

Thus, if the number of turns of the restraining coil is N, then i1 flows through N/2 and i
flows through remaining N/2. The total ampere turns are i1N/2+ i2N/2 i.e. N ((i1 + i2)/2. This
is as good as the flow of current ((i1 + i2)/2 through the entire restraining coil.
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The operation characteristics of such a biased differential relay is shown in the Fig 2. The
characteristics shows that except at low currents, ratio of differential operation current to
average restraining current is a fixed percentage. Hence the relay is called the percentage
differential relay.

Circuit Diagram:

PERCENTAGE BIAS DIFFERENTIAL RELAY TESTING KIT

(A1) (A2) (A3) TIMER
RELAY
UNDER TEST
MAINS CURRENT
SUPPLY I i TRIP ALARM

CURRENT INJECTION

MAINS ON TIMER REXET RELAY RESET TEST

° OO0 TR |

- J
Fig. 2 Test Kit
Procedure:
1. Study the construction of the relay and identify the various parts.

2.

10.

Connect the Rheostats R1 & Rz with circuit on panel as per diagram fig () with the
help of connecting wires.

Keep the Current Injector Variac anti-clock side

Set the Percentage Bias setting at 30 by inserting Both plug at 30 & also set the
screw at 30 positions (already set by manufacturer as slandered parameters)

Set the Time Multiplier Setting (TMS) initially at 1.0

Put the Rheostate R: Differential Current at max position. & put R> Rheostate at
minimum Position.

Switch On the MAINS ON Toggle switch & MAINS Indication Lamp will glow.
Press the ON (green colour) Push button. it will start the current injector & Current
Indication Lamp glow.

Set the Biased current at Az current meter i.e. 10 A by vary the current Injector Knob
& Rehostate Rz slowly.

Now vary the Differential current by varying the Rheostate R1 slowly & note down
Az value at which value Relay is tripped. & fill it in table & matched with relay data.
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Note - it is tripped in differential setting of relay i.e. if bias current is 10 A &
percentage Differential setting at 30 % then it must trip with in 3A +12.5 % of
Biased current

11. Now Press the Relay reset Push Button (Yellow colour) for resetting the relay &
Timer is reset by Timer Reset Push Button.

12. Now set the Biased current on 20A, 30 A, & other values and repeat the steps from 7
to 8 and make the graph between Bias Current & Differential Current.

13. We can change the Differential percentage to 20 or 40 tab also.

Data Sheet
Type of Relay:

Percentage Bias current setting (By plug setting) =

1, (Differential .
S. No I1 Current Current) 13 (Bias Current)
1
2

Data Processing & analysis
1. Plot a graph between Differential Current & Bias current for different Value of Bias
current for the percentage Biased Relay.
2. Compare the result with Manufacturer data.

Precautions
1. All Connections should be as per diagram.
2. Apply the current slowly.
3. Supply should be switched OFF while making connections

Standard accessories
1. Single point Patch cords of Size 4mm for Interconnections (Electrical) - 04 Nos.

2. Instruction Manual (ME 2473R) - 01 Nos.
3. Power Cord - 01 Nos.
4. Rheostat 2 ohm /LI0Amp / 5 ohm /10Amp. - 02 Nos.
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TABLE: -1

Performance chart for DDP Relays
1 Amp. Relays

20% Bias setting 40% Operating setting

Current in Az Currentin Az
(Amp) (Amp)
2 0.584 + 12.5% = 0.511 - 0.757
3 0.690 + 12.5% = 0.603 - 0.776
4 0.890 + 12.5% = 0.779 - 1.001

30% Bias setting 40% Operating setting

Current in Az Currentin Az
(Amp) (Amp)
2 0.71 + 12.5%=0.62 - 0.80
3 0.99 + 12.5% =0.866 - 1.113
4 1.27 + 12.5% =1.111 - 1.429

40% Bias setting 40% Operating setting

Current in As Current in A
(Amp) (Amp)
2 0.89 + 12.5% =0.779 - 1.001
3 1.29 + 125% =1.128 - 1.451
4 1.73+ 125%=1514 - 1.946
8 J
¥
6 Vv
5 |
b g

Series 1

Differential 4
Current

0 5 10 15 20 25 30
Bias
Current

Fig.3
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DEPARTMENT OF ELECTRICAL ENGINEERING
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY
M.TECH .... SEMESTER
ADVANCE POWER SYSTEM LABORATORY

EXPERIMENT NO: 6

Aim: To study hardware in loop capability of real time digital simulator.
Apparatus Required:

Real time digital simulator

Any Controller or Micro-Controller

Desktop Computer with MATLAB and Opal-RT Software
Theory:

Opal RT: OPAL-RT is the development of PC/FPGA-based real-time simulators, Hardware-
in-the-Loop (HIL) testing equipment and Rapid Control Prototyping (RCP) systems to
design, test and optimize control and protection systems used in power grids, power
electronics, motor drives, automotive, trains, aircraft and various industries, as well as R&D
centers and universities.

RT Lab: A software, fully integrated with MATLAB/Simulink, RT-LAB enables Simulink
models to interact with the real world in real-time. This makes RT-LAB software platform of
real-time simulation for engineers to rapidly develop and validate their applications,
regardless of their complexity. As a multi-domain platform, RT-LAB provides flexible and
scalable solutions for the power systems, power electronics, aerospace,
and automotive industries.

Hardware-In-The-Loop: Hardware-in-the-Loop (HIL) simulation is the
standard for developing and testing the most complex control, protection and monitoring
systems. HIL’s rise is the result of two major factors currently affecting product development
across all industries: time-to-market and system complexity.

Testing of control systems has traditionally been carried out directly on physical equipment
(i.e. plant) in the field, on the full system or on a power testbed in a lab. While offering
testing fidelity, this practice can be very expensive, inefficient and potentially unsafe.

HIL testing offers an excellent alternative to traditional testing methods. When performing
HIL simulation, the physical plant is replaced by a precisely equivalent computer model,
running in real-time on a simulator appropriately equipped with inputs and outputs (1/0s)
capable of interfacing with control systems and other equipment. In this way, the HIL
simulator can accurately reproduce the plant and its dynamics, together with sensors and
actuators, providing comprehensive closed-loop testing without the need for testing on real
systems.

HIL offers all this functionality and more, while significantly decreasing the deficiencies of
traditional testing methods. By reducing risk, cost and the overall time required to test
complex embedded systems, HIL simulation has become the standard for a great many
industries around the world.
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WORKSTATION REAL-TIME SIMULATOR ACTUAL SYSTEM

Controllers, Protective Relays

Fig. Concept of HIL

Procedure:

=

COoNOR LN

Install latest version of MATLAB and RT Lab Software in Desktop computer.

Simulate the model for HIL and make the model wih SM and SC Console.
Connect Micro-controller to Opal RT Analog I/O Interface

Open RT Lab Software

Connect the Target with existing IP address.

Build the project and save simulation.

Click on Load and Execute.

Verify the HIL real time work

Click to pause and then reset to close the program.
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EXPERIMENT NO: 7

Aim: To Study Phasor Measurement Unit.

Theory:

It is a devices that determine and estimate synchronized phasor, frequency, and rate of
change of frequency from voltage and current signals in the power system with highly
accurate time stamps and transmit to the control center using proper communication
protocol. The high-precision time synchronization (via GPS) allows comparing measured
values (synchrophasors) from different substations far apart and drawing conclusions as to
the system state and dynamic events such as power swing conditions.

Components of Phasor Measurement Unit

A phasor measurement unit consists of various components that work together and provide
accurate and time-synchronized measurement of phasors in power system. The block
diagram representation of a PMU is depicted in the following figure —

Phasc-Lockcd]
Oscillator J Modem

Analog Signals

Anti-Aliasing A/D Phasor
Filter Converter Microprocessor

block diagram representation of a phasor measurement unit

All components of PMU are explained in detailed below —

1. Analog Input Unit

This component of PMU collects current and voltage signals and performs signal
conditioning to convert these signals into required format. This process includes
amplification, filtering, etc.
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2. Anti-Aliasing Filter

It is nothing but a low-pass filter that removes high-frequency components above half of the
sampling rate to prevent aliasing. It also ensures that all the analog signals should have the
same phase shift and attenuation.

3. Analog-to-Digital Converter (ADC)
ADC (Analog-to-Digital Converter) is provided in a PMU to perform digitalization of the
input signals i.e., it converts analog signals from anti-aliasing filter into digital signals.

4. GPS Receiver

GPS receiver is provided in a phasor measurement unit for precise time synchronization of
the measurements. It receives a time signal from GPS satellites that provides a time
accuracy of better than one microsecond. The output signal produced by the GPS receiver
acts as a reference clock for synchronization of measurements across different PMUSs.

5. Phase Locked Oscillator

This component of PMUs is important for providing a stable and accurate time reference for
all other components. It also produces a stable clock for synchronization of the sampling
process in the analog-to-digital conversion.

6. Phasor Microprocessor

The phasor microprocessor is a digital device that processes the digital data to calculate the
magnitude, phase angle, frequency, rate of change of frequency, etc. of the electrical
signals.

7. Modem

It is a communication device that establishes a fast communication between the PMU and
the phasor data concentrators. It transmits the output of the phasor microprocessor to the
data concentrators for further processing and analysis.

These points briefly explain the operation of a typical phasor measurement unit.

Advantages of Phasor Measurement Unit:
The use of phasor measurement unit in a smart grid system offers the following benefits —

« Phasor measurement units enable the real-time monitoring and remote control in the
electric grid. Thus, they implement advanced protection schemes in the system to
provide a stable and resilient electric grid.

o Phasor measurement units provide detailed reports on the grid conditions that enable
operators to understand the behavior of the system more effectively.

e PMUs provide continuous monitoring of grid parameters like voltage, current,
frequency, phase angle, and many more. This helps grid operators to implement
predictive protection schemes and reduces the risks of blackouts.

e Most phasor measurement units support an adjustable sampling rate that ensures
high-resolution capturing of data which is very important for dynamic analysis of
the grid.

e By providing precise measurement and real-time data on grid performance, PMUs
allow to improve the grid stability through better control and accurate decision
making.

Applications of Phasor Measurement Unit:

In smart grid systems, the phasor measurement units are used for the following purposes —

« Monitoring the grid over a wide geographical area
e Accurately estimate the grid state
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Rapidly identify and isolate the faults to minimize damages in the grid
Real-time monitoring of the grid conditions

Precisely measure the grid parameters and improve the protection
Better management of power flow across the grid, etc.

PMU on MATLAB:

To make basic MATLAB Simulink model to understand PMU, following steps need to be
done.
1. Goto—Simscape—Electrical — Specialized Technology — Sensor and Measurement —
pick- PMU three phase and Three Phase Measurement
2. Specialized Technology — Source — Three Phase Source
Specialized Technology — Passive — Three Phase Load
4. Pick Scope and Power gui

w

Continuous
powergui
MATLAB Simulink Model with PMU
: Voltage
|
A f
(/ \\1"* — ]
[
10— ‘ —
[ I
_ | Frequency | | ]
J\ /\ \ | | ]

[ 005 o1 015 02 025 03 035 04 045 05

PMU Output
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e Goto—Simscape—Electrical — Specialized Technology — Sensor and Measurement —
pick- PMU three phase and Three Phase Measurement.

e Specialized Technology — Source — Three Phase Source.

e Specialized Technology — Passive — Three Phase Load.

e Pick Scope and Power gui.
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Do’s and Don’ts/ ¥ T AT FI

Do not touch any terminal or switch without ensuring that it is dead./ fr&T 8 efFieTer ar
R 1 e 75 gfaRaa fre & ov &% @ &< 8

Never work alone in the laboratory./ JITRITAT H el 3T 3rehel &1 o H|

Keep away from all moving parts as far as possible./ STgT de THT g Tt arfaiier amant
¥ T Wl

Wearing of shoes with rubber soles is desirable./ T & deld dTel S[d Ygetell ATo=1T gl
Do not use loose garment, while working in the laboratory./ IITITRTET H 1A HId THI

&l I8 &l JANT o &Y
Use sufficient long connecting leads, rather than joining two or three small ones,because in
case, any joint is open, it could be dangerous./ & IT cilel BIC SNST Pl JANSeT & Tl

qEiT SFS S 1 ST Y, i A FE S3 G §IT @ A 98 Wekerh @
gehT Bl

Use a fuse wire of proper rating only./ shael 3 3T arel Tl R T & 3TANET
ey

While using electronics equipment ensure that these are properly earthed. Earth link should

not be removed unless it is absolutely necessary./ SoFclieleh IYHIVN T ITANET F
AT GiARTT A & 9 & F 3 fFU ¢ gl 59 dh sgd T A @, 3 foiew
I TET g A= AT

The circuit should be de-energized while changing any connection./ TR&T 81 FaiarereT T
Jeod gHT Tfhe Y S-UAelsel HaT ST a1fgv]

In case of emergency or fire, shut off the master switch on the main panel board./

TRl Rt a1 3T e i Rufd 7, e 9qe i W AR Fag s
W Sl
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