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LIST OF PRACTICALS
1. Introduction to PSCAD
1. Simulation of Differential protection of Transformer with relay.
2. Simulation of Distance protection of Transmission Lines.
3. To perform the operation of electro mechanical over current relay.
4. Modeling of Single‐Phase Instantaneous Over‐Current Relay using MATLAB.
5. To model a transformer using fundamental magnetic library blocks.
6. CT/PT Modeling.
7. Analysis of switching surge using EMTP: Energisation of a long distributed- parameter line
8. Analysis of switching surge using EMTP : Computation of transient recovery voltage
9. Transient behavior of three-phase induction machine during starting

1. Introduction to PSCAD

Expt No. 1
Aim: Simulation of Differential protection of Transformer with relay.
Apparatus:
« Transformer specifications : 3-Phase, 5KVA, 415/240V, delta/star connected transformer
« Protection CT's : Primary side CT's 10/1A, 5 VA
« Fault Simulating Switches : 32A, 2-pole, On/Off rotary switches are provided for creating
a) Line to Ground fault, b) Line to Line fault, c) Inter-turn fault
« Protective Relay : Solid state % Differential Relay-with 20%, 30%, 40% & 50%
setting for Current. CT rated 1A
Theory: The transformer protection demo panel is designed to give the demonstration of
differential protection scheme used for power transformers. The power transformers, generally
rated more than 1 MVA, are provided with differential protection scheme, to protect the
transformer from internal faults. The internal faults may be created due to ageing effect,
excessive heating, insufficient cooling system, failure of insulation etc.
Circuit Diagram:

Procedure:
1. Connect as per interconnection diagram
2. Set the relay for fault level.
3. Ensure MCB switch is in OFF position.
4. Put on the mains using MAINS ON switch.
5. Observe the voltage and currrent.
6. Create fault by changing the Knob position.
7. Note down the time just before tripping. (Circuit breaker ON, CB ON indicator will glow,
time interval meter starts up counting. relay trip occurs ‘TRIP’ indicator will glow).
8. Note down the Time Interval Meter reading. (Drop off time)
9. Press the RESET button.
10. Repeat operation by adjusting different fault location & TMS.
TABULAR COLUMNS
% of Closing Voltage = Set Voltage
Sr.
No.

Fault Type

% Trip

Trip Time

Conclusion: For phase to phase fault, interturn fault and phase to ground fault the transformer
CB is tripped because of relay operation and trip time suggested its fast and accurate operation.

Expt No. 2
Aim: Simulation of Distance protection of Transmission Lines.
Apparatus: Transmission line model for 400 km, 220 KV, transmission
Line with four pie models cascaded for 100 km length.
Solid state impedance relay with PT volt= 220V, CT of 1A
Theory:
The transmission line simulation is designed to demonstrate the fault clearing process on
transmission line using distance relay. The principle of operation of these relays depends on the
ratio of voltage to current changes & is depends on the fault current and its power factor under
the fault conditions. As the fault impedance is proportional to distance of line, relay indicates the
distance over which the fault has been occurred.
A transmission line model having the length 400 KM & voltage of 220KV is designed for
demonstration purposes. The lumped parameter line model with four cascaded networks each of
them is designed for 100 KM parameters. Fault simulating switches are provided to create the
fault condition. The switches are used to short live part of line to ground through some fault
impedance at different locations. The impedance relay senses the fault current, voltage and gives
trip signal to the C. B., which isolates the transmission lines from the supply.
Circuit Diagram:

Procedure:
1. Connect as per interconnection diagram
2. Set the relay for fault level.
3. Ensure START switch is in OFF position.
4. Put on the mains using MAINS ON switch.
5. Observe the voltage and currrent.
6. Create fault by changing the Knob position.
7. Note down the time just before tripping. (Circuit breaker ON, CB ON indicator will glow,
time interval meter starts up counting. relay trip occurs ‘TRIP’ indicator will glow).

8. Note down the Time Interval Meter reading. (Drop off time)
9. Press the RESET button.
10. Repeat operation by adjusting different fault location & TMS.
TABULAR COLUMNS
% of Closing Voltage = Set Voltage
Sr.
No.

Fault Location

% Trip

Trip Time

Conclusion: For short, medium and long transmission network, three faults created using thee
knob and different relay setting suggested accurate and correct operation.

Expt No. 3
ELECTRO MECHANICAL OVER CURRENT RELAY
AIM: To Perform the operation of electro mechanical over current relay.
APPARATUS REQUIRED
1. Electro-Mechanical Over current rely unit
2. Resistive Load.
3. Connecting probes
PROCEDURE
1. Set the relay current using plug setting.
2. Connect the power cord& load.
3. Bring dimmer to zero position.
4. Put on the mains using MAINS ON switch then Mains on indicator, ammeter display.
5. Adjust the dimmerstat and load , set the approximate current.
6. Vary the load and observe load current.
7. When current incresed beyond plug setting, relay will pick up and count the time.
10. Push TEST STOP/RESET BUTTON.
11. Don’t disturb the dimmerstat.
12. Repeat operation by adjusting different fault current & TMS.
TABULAR COLUMNS
PSM= Fault Current / Plug setting
Sr.
No.

Fault Current

Conclusion:

Fault Time

PSM

Expt No. 4
Aim: Modeling of Single‐Phase Instantaneous Over‐Current Relay using MATLAB.
Thoery: Instantaneous Time over Current Relay: It operates in a definite time when current
exceeds its pick‐up value. It has operating time is constant. In it, there is no intentional time
delay. It operates in 0.1s or less.

Waveform Results in MATLAB for Single Phase Instantaneous Time Over‐Current Relay:

Conclusion: Single phase over current relay modeled for single phase load and as load current
increased relay instantly operated the breaker.

Expt No. 5
Aim: to model a transformer using fundamental magnetic library blocks.
Theory: The transformer is rated 50W, 60 Hz, 120V/12V and assumed to have an efficiency of
94%, no-load magnetizing current of 1% and a leakage reactance of 2.3%. Core losses are not
modeled and the core material B-H characteristic is assumed to be linear.
The transformer initially operates under no-load conditions. At time t=0.5s, the rated load is
turned on. Because of the winding resistances and leakage inductances, the secondary voltage
drops from 12 Vrms to 11.3 Vrms and the transformer supplies a full load current of 3.9 A rms
on its secondary. The flux and mmf scopes show the operating conditions during no-load and
full-load. Compare the leakage flux with the core flux, and observe the primary and secondaryside mmfs.
Model

Conclusion: Modeling of transformer shows drop in secondary voltage and presence of leakage
flux giving result of conventional transformer.

Expt No. 6
Aim : CT/PT modeling.
1. Modeling Transformer Hysteresis
Modeling the core of the transformer is an involved process because of the nonlinear behavior of
the flux in the core. To model the hysteresis, an approximate process with linear elements,
resistance and inductance was implemented in MATLAB. Flux can be expressed as in Equation
1 using Faraday’s law.
Equation 1
dφ
e= N
dt
Hence, the flux density is;

φ

∝ edt
Equation 2
A 
Equation 1 shows that the flux is directly proportional to the integral of the voltage
across the winding. The magnetic field intensity in the transformer is also directly proportional
to the current. Hence, the flux density, B, versus the magnetic field intensity, H, can be
approximated by the voltage integral versus current.
B=

Voltage integral versus current of resistive element
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Figure 1: Voltage Integral versus Current of Resistive Element
Figure 1 shows that the integral of voltage and resistive current are phase-shifted by 90. Due to
the phase shift, the relationship has an elliptical shape with two radii that are functions of the
resistance and the angular frequency .

Voltage Integral versus current of the inductive element
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Figure 2: Voltage Integral versus Current of Inductive Element
When the integral of voltage and inductive current are in phase, they form a straight line
relationship as shown in Figure 2.
When the two elements are added together in parallel as shown in Figure 3.3, the total currents
are given by Equation 3

I = IR + IL

Equation 3
Approximate Representation of Transformer Hysteresis
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Figure 3: Approximate representation of Transformer Hysteresis
Transformer excitation is shown in Figure 4. This is used in this study as an approximate
representation of the transformer core.
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Transformer Equivalent Circuit

The transformer equivalent circuit as shown in Figure 3.5 consists of an ideal transformer with
ratio N1:N2 and various other elements. The model takes into account the winding resistances
R1 and R2, and the leakage inductances L1 and L2. Io is the excitation current representing the
magnetic field intensity. Ro and Xo are the equivalent core resistance and the core inductive
reactance respectively. The parameters of the core model are referred to the primary side of
the transformer.

2.1

Analysis of the Equivalent Model

The primary current of the transformer is given by Equation 4
′
I1 = I 0 + I 2

Equation 4

The current I2 is equal to the load current as seen from the primary side. This is also known as
the reflected load current. The relationship between I2 and I′2 is the turns ratio of the
transformer as given by Ampere-Turns Equation .
I′2N1

= I2N2

I 2′ N 2
=
I 2 N1

Equation 5

The voltage equations of the primary and secondary circuits are:
V1 = E1 + I1 ( R1 + jX 1 )

Equation 6

E2 = V2 + I 2 ( R2 + jX 2 )

Equation 7

Equation 6 can be re-written by substituting Equation 7 into Equation 6
2

N 
N
V1 = V2 1 + I 2′  1  (R2 + jX 2 ) + I1 (R1 + jX 1 )
N2
 N2 

N 
V2′ = V2  1 
 N2 

N 
R2′ = R2  1 
 N2 

2

Equation 8

N 
X 2′ = X 2  1 
 N2 

2

V′2 is the reflected voltage of the secondary winding
R′2 is the reflected resistance of the secondary winding
X′2 is the reflected inductive reactance of the secondary winding

(

)

V1 = V2′ + I 2′ R2′ + jX& 2′ + I1 (R1 + jX 1 )

Equation 10

Equation 9

The transformer equivalent circuit is redrawn as per equation 10 and is shown in Figure 6.

Figure 6: Transformer Equivalent Circuit with values refered to the primary

2.2

Matlab/Simulink Model of the Transformer

The transformer equivalent circuit was modeled using Equation 10.The model was designed to
simulate the current inrush phenomenon upon transformer energisation. The transformer was
modeled as a series resistance and leakage inductance and by a nonlinear magnetizing
inductance. The core loss was represented by a shunt resistive branch R0
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Figure 7

The Matlab/Simulink circuit for the equivalent transformer.

Figures 8 to 10 show the transformer magnetizing curves for various incident angles

Figure 8:Magnetizing Curve at 0° Phase Angle Figure 9:Magnetizing Curve at 45° Phase Angle

Figure 10:
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3 Short Circuit Tests
The short-circuit test was conducted by short-circuiting the secondary terminal of the
transformer, and applying a reduced voltage to the primary side, as shown in Figure 3.12, such
that the rated current flowed through the windings.

Figure 3.12: Experimental Setup of the Short-Circuit Tests
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Conclusion: Modeling of Current & Potential transformer shows drop in secondary voltage and
presence of leakage flux giving result of conventional transformer.

Expt No. 7
AIM
To study and understand the electromagnetic transient phenomenon in power system caused by
switching and fault by using electromagnetic transient program [EMTP]
To become proficient in the image of EMTP to address problems in the areas of over voltages
protection and mitigation and insulation coordination of EHV systems.
Objective:
The study of transients due to energization of a long distributed parameters line from an ideal
230kV source.
Software Required : PSCAD
Theory:
Solution method for electromagnetic transient analysis Intentional and inadvertent switching
operations in EHV system initiate over voltages, which might obtain dangerous value resulting in
distinction of observation. Accurate Computation of these over voltages is essential for proper
sizing co ordination of insulation of various equipments and specification of protection devices.
The Models of equipment must be detailed enough to reproduce actual condition successfully an
important aspect where a general purpose digital computers program source are transient
network analysis.
Any network which consists of inter connection of resistance, Inductance circuits distributed
parameters line and other certain elements can be solved.
Single Line Diagram :

Simulation:

Result:
The study of transient due to energization of a long distributed parameter line has been
performed.

Exp.No: 8

ANALYSIS OF SWITCHING SURGE USING PSCAD:
COMPUTATION OF TRANSIENT RECOVERY VOLTAGE
AIM
To study and understand the electromagnetic transient phenomenon in power system caused by
switching and fault by using electromagnetic transient program [EMTP]
To become proficient in the image of EMTP to address problems in the areas of over voltages
protection and mitigation and insulation coordination of EHV systems.
Objective:
The study the transients Recovery Voltage (TRV) associated with a breaker for a 3 phase fault.
Software Required : PSCAD
Theory:
Solution method for electromagnetic transient analysis:
Intentional and inadvertent switching operations in EHV system initiate over voltages, which
might obtain dangerous value resulting in distinction of apparatus. Accurate Computation of
these over voltages is essential for proper sizing co ordination of insulation of various
equipments and specification of protection devices. Meaningful design of EHV system is
dependent on Modeling philosophy built in to a computer program. The Models of equipment
must be detailed enough to reproduce actual condition successfully an important aspect where a
general purpose digital computers program source over transient network.
The program emphasis a direct integration time domain technique. The Essence of this method is
discrimination of differential equation associated with network elements using trapezoidal rate of
integration and solution of the resulting difference equation for the unknown voltages. Any
network which consists of interconnection of resistance, Inductance, Capacitance single and
multiphase circuits distributed parameters line and other certain elements can be solved.
Single Line Diagram:

Simulation :

Result:
The the transient recovery voltage in each phase for a 3 phase fault was obtained by
PSCAD.

Expt No. 9
TRANSIENT BEHAVIOUR OF THREE-PHASE INDUCTION MACHINE DURING
STARTING
AIM:To analyse the study of transient behaviour of three-phase induction machine during
starting using PSCAD
SOFTWARE REQUIRED:
Power system module of PSCAD
THEORY:
Three-phase induction machines are generally used as motors for many industrial applications
and all this is due to its simple construction and other advantages in contrast to other machines.
Popularity of these motors has resulted into a lot of research including the transient behavior of
the machine.
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You may use the wire mode to connect different components.
1 Enter the component data. Note: Use ‘typical’ data for the machine.
2 Plot the currents on either side of the transformer (ia and ib).
3 The input torque to the machine is equal to 80% of the square of the speed. Derive this signal
using control blocks. i.e Tm = 0.8 ⋅ w 2
Use control blocks to implement the above equation.
4 The breaker (initially open) should be closed at 0.2s to start the motor.
5 Plot the machine speed, the mechanical torque and the developed electric torque.
Note: Some variables can be measured from within the component. These are normally listed
under the parameter section ‘Internal output variables’
6 Add a load of 1 MVA at 0.8-power factor at 12.47 kV. The same transformer supplies this
load. Does the load see an unacceptable voltage sag during motor start?

OR

FIG 1: SLD OF INDUCTION MOTOR STARTING ANALYSIS

1. Enter the component data.
Motor
500 kVA Induction machine. Wound rotor Type.
13.8 kV(L-L) 7.697 kV (Phase)
Irated = 0.02804 [kA]
Inertia = 0.7267 [s]
Stator resistance = 0.005 PU
Rotor Resistance = 0.008 PU
Short Line
Short line of 7.4 km
Z+ = 0.2 E-4 + j0.3 E-3 Ohms/m
Z0 = 0.3 E-3 + j0.1 E-2 Ohms/m
Use default values for the capacitances
Mechanical Load model
This block models the mechanical characteristics of a typical load.

Note:
1. Use ‘typical’ data for the machine.
2. Plot the currents on either side of the transformer (ia and ib).
3. The input torque to the machine is equal to 80% of the square of the speed.
Derive this signal using control blocks. i.e
Use control blocks to implement the above equation.
The wound rotor machine is used.
The motor is started from zero speed.
The mechanical torque applied, Tm, is varied as a function of speed.
i.e. Tm = Tload = k*w*w + b
w = speed, k,b = constants.
The machine accelerates if Te>Tm
At 3s, the mechanical torque is switched to 1.8 pu using a ‘controlled’ switch. The
machine goes through a transient state and settles at a new speed. The start up
characteristics depends on the external resistance, R rotor, connected to the rotor.
This value can be changed using a 'slider'. Parameters

such as machine inertia, damping can also be changed inside the component to
study their impact on start up.

Result : This experiment was chosen with the intention of learning PSCAD and using it
effectively in obtaining transient behaviour of three-phase induction machine during
starting. Simulated results have been compared and verified with experimental results on
a test machine

