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Power System Analysis (316331)

PREFACE

The primary focus of any engineering laboratory or field work in the technical education system is to
develop the industry-relevant competencies and skills essential for emerging professionals. With this
objective, MSBTE introduced the innovative ‘K’ Scheme curriculum for engineering diploma programs,
emphasizing outcome-based education. Accordingly, substantial time is dedicated to practical and analytical
activities. This highlights the crucial importance of laboratory work, making it imperative for every teacher,
instructor, and student to understand that each minute spent in the laboratory must be utilized meaningfully
to develop the intended outcomes, rather than engaging in routine, non-productive activities.

In alignment with this philosophy, the laboratory exercises in Power System Analysis have been carefully
designed to act as a vehicle for achieving industry-identified competencies. Power systems form the
backbone of electrical engineering, and the analytical skills required to study load flow, system stability,
fault analysis, and network modeling cannot be cultivated through traditional lecture-based teaching alone.
These essential skills demand hands-on practice supported by simulation tools, software applications, and
structured analytical procedures.

This laboratory manual is prepared to assist all stakeholders—students, teachers, and instructors—to
achieve the predefined outcomes effectively. Students are expected to thoroughly review the relevant
practical one day in advance, understand the associated theoretical concepts, and come prepared for
meaningful laboratory engagement. Each practical in this manual begins by identifying the competency,
industry-relevant skills, course outcomes, and practical outcomes. This approach enables students to clearly
understand the purpose of each activity and the skills they will acquire through systematic procedures,
observations, and analysis. The insights gained will help them solve real-world power system challenges as
practicing engineers.

The manual also provides guidelines for teachers and instructors to facilitate student-centered learning by
arranging and managing the required resources, ensuring that each practical is performed methodically. This
will help students master the analytical tools and techniques essential for modern power system planning,
operation, and control.

Power System Analysis plays a vital role in developing professional expertise in electrical diploma
engineers. Today’s power networks require skilled engineers capable of modeling complex systems,
interpreting electrical parameters, analyzing system behavior under various conditions, and ensuring stable
and reliable operation. This subject equips students with the ability to perform load flow studies, short-
circuit analysis, stability assessments, and per-unit calculations using both manual and software-based
methods. Through practical exercises and simulations, students learn to interpret results, identify critical
issues, and propose appropriate corrective measures—skills that are indispensable in utility operations,
consultancy, power generation, and transmission companies.

Despite our earnest efforts to ensure accuracy and completeness, certain errors may have inadvertently
remained, as this is the first edition of the manual. Constructive suggestions for improvement are welcomed
and will be sincerely appreciated.
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Programme Outcome (POs) to be achieved through Practical

PO 1. Basic & Discipline specific knowledge: Apply knowledge of basic mathematics, sciences and
engineering fundamentals and engineering specialization to solve the engineering problems.

PO 2. Problem Analysis: Identify and analyze well defined engineering problems using codified standard
methods.

PO 3. Design /Development Solutions: Design solutions for well-defined technical problems and assist
with the design of systems components or processes to meet specified needs.

PO 4. Engineering tools experimentation and testing: Apply modern engineering tools and appropriate
technique to conduct standard tests and measurements.

PO 5. Engineering practices for society sustainability and environment: Apply appropriate technology
in context of society, sustainability, environment and ethical practices.

PO 6. Project Management: Use engineering management principles individually, as a team member or a
leader to manage projects and effectively communicate about well-defined engineering activities.

PO 7. Lifelong learning: Ability to analyze individual needs and engage in updating in context of
technological changes.

List of Relevant expected psychomotor domain Skills

This Lab manual intends to develop the expected psychomotor domain skills of students. The skills

mentioned below will be developed through the experiments performed in this Laboratory.

1. Ability to draw correct power system network diagrams and prepare per-unit system data.

2. Ability to model transmission lines, transformers, and generators for analysis using appropriate
parameters.

3. Ability to perform load flow analysis using manual methods and software tools.

4. Ability to conduct short-circuit and fault analysis to determine system currents and voltages under
faulted conditions.

5. Ability to record, tabulate, interpret, and analyze system behavior for stability, voltage regulation,

and network performance.
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Guidelines to teachers

1. Teacher should provide the guideline with demonstration of each practical to the students along with
all features involved.

2. Teacher shall explain the relevant prior concepts before starting each practical to ensure conceptual
clarity.
Involvement of students during the execution of every practical is essential for better understanding.

4. Teacher should ensure that the intended skills and competencies are actually developed in students
after completing the practical exercise.

5. Teachers should give students opportunities for hands-on practice after the demonstration to build
confidence.

6. Itis expected that the teacher explains the skills and competencies to be developed before starting
the practical.

7. Additional industry-relevant knowledge and skills may be provided even if they are not explicitly
mentioned in the manual.

8. Finally, a practical assignment should be given, and student performance should be assessed to verify
whether the outcome matches the instructions given.

Instructions to Students

1. Organize your work in groups effectively and maintain records of all performed tasks and programs.

2. Students shall strive to develop maintenance-related skills as expected by industries.

3. Attempt to develop relevant hands-on skills during the practical sessions to gain technical
confidence.

4. Cultivate the habit of generating new ideas, innovations, and related skills that extend beyond the

scope of the manual.

Refer to technical magazines and literature to stay updated with current advancements in the field.

Submit your practical work on or before the scheduled date and time without falil.

Be well-prepared and thorough when submitting the write-up of any exercise.

© N o o

Attach or paste extra sheets wherever required to explain diagrams, calculations, or observations

clearly.
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Practical Course Qutcome matrix

Course Outcomes (COs)

¢ COL - Calculate Inductance and Capacitance for different types of transmission lines.

e CO2 - Use generalized circuit theory principles for calculations of transmission line performance

¢ CO3 - Estimate the power at sending and receiving ends of transmission line.

¢ CO4 - Analyze the performance of transmission lines graphically.

e CO5 — Interpret the data required for Load flow studies.
Mapped Course Outcome
Pr. . .
Title of the Practical
No. CO CO CO 6{0) CO
01 02 03 04 05

01 *|dentification of type of conductors and calculate Self N . . . .
GMD.

02 *Inductance and capacitance for 3 @ transmission line J 3 3 3 3
with symmetrical and unsymmetrical spacing.

03 Inductance and capacitance for 1g transmission line N B B B B
without ground effect and with ground effect.
*GCC of given n model of transmission line. by using OC

04 L A I R
SC test.
GCC of given T model of transmission line by using OC

05 N I I
SC test.

06 *GCC of given = (Pl) model of transmission line by B N B B B
using software.

07 GCC of given T model of transmission line by using B N B B B
software.
7 (P1) model Transmission line Efficiency and regulation

08 -- -- \ -- --
by Load test.
*T model Transmission line Efficiency and regulation by

09 - - \ - -
Load test.

10 Transmission line Receiving end complex power J
evaluation by using software.

1 Transmission line Sending end complex power J
evaluation by using software.
*Transmission line Receiving end or Sending end

12 : : - - - v -
complex power evaluation by graphical method.

13 | *Development of Ybus matrix by using software- case 1. - -- - -- \
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14

Development of Ybus matrix by using software- case 2.

15

Determination of effect on SLFE during the maintenance
outages for given power system using relevant software.
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Content page

List of Practical’s and Formative Assessment sheet.

Pr Page Date of | Dateof | Assess | Dated Remarks
' Title of the Practical g perfor | Submis | ment | sign of .
No No. . (if any)
mance sion marks | teacher
01 *|dentification of type of conductors 1
and calculate Self GMD.
*Inductance and capacitance for 3 @
02 | transmission line with symmetrical and 5
unsymmetrical spacing.
Inductance and capacitance for 1g
03 | transmission line without ground effect 10
and with ground effect.
04 *GCC of givenn model of 1
transmission line. by using OC SC test.
05 GCC of given T model of transmission 29
line by using OC SC test.
*GCC of givenn (PI) model of
06 T . 28
transmission line by using software.
GCC of given T model of transmission
07 | .- . 35
line by using software.
08 | ™ (P1) model Transmission line 42
Efficiency and regulation by Load test.
09 *T model Transmission line Efficiency 48
and regulation by Load test.
Transmission line Receiving end
10 | complex power evaluation by using 55
software.
Transmission  line  Sending end
11 | complex power evaluation by using 62
software.
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Date of | Dateof | Assess | Dated
Pr. : . Page . : Remarks
Title of the Practical perfor | Submis | ment | sign of )
No No. . (if any)
mance sion marks | teacher
*Transmission line Receiving end or
12 | Sending end complex  power 69
evaluation by graphical method.
*Development of Ybus matrix by
13 . 77
using software- case 1.
Development of Ybus matrix by using
14 84
software- case 2.
Determination of effect on SLFE
15 during the maintenance outages for 92
given power system using relevant
software.
Total marks :
Note : Out of above suggestive LLOs
*' Marked Practicals (LLOs) Are mandatory.
Minimum 80% of above list of lab experiment are to be performed.
Judicial mix of LLOs are to be performed to achieve desired outcomes.
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Practical No.1: Identification of type of Conductors and Calculation of Self GMD

I. Practical Significance-
To understand conductor types and calculate self GMD, which is important for transmission line

design.

I1. Industry or Employer Expected Outcome-
Students will be able to identify conductors and compute self GMD

I11. Course Level Learning Outcome-
CO1: Calculate Inductance and Capacitance for different types of transmission lines.

IV. Laboratory Learning Outcome-
LLO 1.1: Identify type of conductor from sample.
LLO 1.2: Calculate Self GMD.

V. Relevant Affective domain related Outcome
Develops observation skills and accuracy in measurements.

V1. Relevant Theoretical Background
The conductor is the primary component of any transmission line that carries electric current from the
source to the load.

Types of Conductors in Transmission Line-

- All Aluminum Conductor (AAC)

- Aluminium Conductor Steel Reinforced (ACSR)

- All Aluminum Alloy Conductor (AAAC)

- Aluminum Conductor Aluminum Alloy Reinforced (ACAR)

Properties of Conductor-

Electrical Conductivity: Copper has the highest conductivity of 96% IACS but is also very
expensive. Aluminum has a conductivity of 61% IACS and is widely used due to its cost-
effectiveness.

Tensile Strength: Steel-reinforced conductors like ACSR have higher tensile strength to
withstand mechanical loads due to the steel core.

Weight: Aluminum weighs nearly 3 times less than copper making it preferable for longer
spans.

Resistance: The larger cross-sectional area of aluminum compensates for its lower
conductivity in comparison to the copper wire of the same resistance.

Corrosion Resistance: Aluminum forms a protective oxide layer over time whereas copper
corrodes easily.

Conductors used in transmission include ACSR, AAAC, AAC, and Copper. Self Geometric Mean
Distance (GMD) =0.7788 x r, where r is radius.The self-GMD for the types of stranded conductors
used in transmission is calculated differently based on the arrangement of their individual strands.
The self-GMD for a stranded conductor depends on the size and shape of the overall conductor,
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which changes based on the number and size of the individual strands and layer. GMD is the average
of all the distances between the conductors of different phases.

VII. Actual Diagram with equipment specification
Conductor sample with labeled diameter and radius.

AAC AAAC
VIII. Resources required
Sr. No. Particulars Specification Quantity Remark
Sample Conductor ACSR/AAAC/ 1
1 AAC
2 Vernier Caliper 0.01 cm accuracy 1

IX.  Precautions to be followed
Handle measuring instruments carefully, avoid parallax error.

X. Procedure
1. Identify conductor sample.

2. Measure diameter with Vernier Caliper.
3. Calculate radius.
4. Compute GMD=0.7788 x r.

5. Record observations.

XI.  Observation Table
Conductor Type Diameter (cm) Radius (cm) Self GMD (cm)

Maharashtra State Board of Technical Education (K-scheme) 2
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XI1. Result

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------

XV. Practical Related Questions
Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. What is the significance of GMD?
2. Why is ACSR commonly used in transmission lines?
3. Differentiate between AAC and AAAC conductors.

------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
..............................................................................................................................
..............................................................................................................................

------------------------------------------------------------------------------------------------------------------------------

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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XVI. References/ suggestions for further Reading
Sr.No. Link Description
1 Electrical Power Systems
C.L. Wadhwa

2 https://archive.nptel.ac.in/courses/117/105/117105140/

NPTEL Lecture series on power
system Analysis

XVII. Suggested Assessment Scheme
Performance Indicators Weightage (%)
Process related: 15 Marks 60%
1 | Identification of basic construction material 30%
2 | Recording of Observations 30%
Product related: 10 Marks 40%
1 | Interpretation of result 10%
2 | Answer to practical related questions. 20%
3 | Submission of report in time 10%
Total : 25 Marks 100%

Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
Maharashtra State Board of Technical Education (K-scheme) 4
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Practical No.2: Inductance and capacitance for 3 @ transmission line with
symmetrical and unsymmetrical spacing.

I. Practical Significance-
To calculate and compare the inductance and capacitance per km of a 3-phase transmission line
having:
1) Symmetrical spacing between conductors.
i) Unsymmetrical spacing between conductors with regular transposition.

I1. Industry or Employer Expected Outcome-
Students will be able to evaluate inductance and capacitance of 3-¢ lines.

I11. Course Level Learning Outcome-
CO1: Calculate Inductance and Capacitance for different types of transmission lines.

IV. Laboratory Learning Outcome-
LLO 2.1: Evaluate inductance for 3-¢ line.
LLO 2.2: Evaluate capacitance for 3-¢ line.

V. Relevant Affective domain related Outcome
Enhances analytical skills for line design.

VI. Relevant Theoretical Background
The inductance per phase of a 3-phase transmission line depends on the conductor radius (r) and the
geometric mean distance (GMD) between conductors, while the capacitance per phase depends on
conductor radius (r) and the geometric mean distance (GMD) between the line and the earth, and also the
relative height of the conductors from the ground. Inductance and capacitance are usually calculated for one
phase to neutral and theg expressed as per unit length, often with formulas like

L=2x10" In H/m and

Tro
¢ = (250 * (Hlr) F/m,
In
where H is the effective height from the ground.

¢ Inductance

Formula:
GMD

The inductance per phase (L) is calculated using the formula L=2x10"" In
To

o GMD is the geometric mean distance between conductors.
o Iois the effective radius of the conductors, typically 0.7788 times the actual conductor
radius (r).
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Factors affecting inductance:

o The inductance of a transmission line is affected by the conductor size, the spacing between
conductors, and the physical arrangement of the conductors.

e Capacitance

Formula: The capacitance per phase to neutral (C) is given by C = (2” EO) * (H/r) Farads per
In

meter.

o €pis the permittivity of free space.

o H is the effective height of the conductors from the ground.
o r isthe radius of the conductors.

Factors affecting capacitance:

o The capacitance of a transmission line is influenced by the conductor radius and the distance
of the conductors from the ground.

VII. Actual Diagram with equipment specification

a
./AA\]
(S
d, d
7o "ol
b D C " e o
Symmetrical 3 Phase Line Unsymmetrical 3 Phase Line

Practical Scenario / Background:

In a 132 kV three-phase overhead transmission system, three conductors are supported on transmission
towers. Due to mechanical and structural limitations, the spacing between conductors is not always equal.
During a transmission line design study, the layout of one section of the line is found to have the
following conductor arrangement (measured between centers of conductors):

o Between conductor A and B: 2.0 m
o Between conductor B and C: 2.5 m
e Between conductor C and A: 4.5 m

Each conductor used is aluminium with a diameter of 1.24 cm.

Maharashtra State Board of Technical Education (K-scheme) 6
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VI11. Resources Required

Sr. No. Apparatus Quantity
1 Calculator / Simulation tool (MATLAB / Manual Calculation) 1
2 Chart showing conductor arrangement 1
3 Measuring instruments / data sheet 1

IX. Procedure

Based on the given practical Scenario / Background caluculate.
Measure or note the distances between each pair of conductors.
. Calculate the geometric mean distance (GMD) using the formula.

Substitute values into the inductance equation to find L per km per phase.

1
2
3
4. Calculate geometric mean radius (GMR) of each conductor.
5
6

. For comparison, assume a symmetrical spacing (say, all conductors 3 m apart) and

compute the inductance again.
7. Record both results in the observation table.

X. Observastion Table
For Symmetrical

Sr.No Distance between the Radius of Geometric | Geometric | Inductance | Capacitance
conductor (D) conductor | Mean Radius Mean per km per per km per
() (Gs) Distance phase phase
A-B B-C C-A (Gm)
1
2
For Unsymmetrical
Sr.No Distance between the Radius of Geometric | Geometric | Inductance | Capacitance
conductor (D) conductor | Mean Radius Mean per km per per km per
(r) (Gs) Distance phase phase
A-B B-C C-A (Gm)
1
2
XI. Result
XII. Interpretation of results
Maharashtra State Board of Technical Education (K-scheme) 7
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XI11. Conclusions and Recommendations (if any)

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

XIV. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. What is the significance of capacitance in a transmission line?
2. Define the term permittivity and explain its role in determining line capacitance.
3. Explain the difference between symmetrical and unsymmetrical spacing in a 3-phase line.

-------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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XV. References/ suggestions for further Reading

2 https://archive.nptel.ac.in/content/storage2/courses/108104051/chapter_1/1_6.ht

Sr.No. Link Description
1 Principle of Power Systems V.K. Meheta
NPTEL course

ml on Power System
Analysis
XVI. Suggested Assessment Scheme
Performance Indicators Weightage (%)
Process related: 15 Marks 60%
1 | Identification of basic construction material 30%
2 | Recording of Observations 30%
Product related: 10 Marks 40%
1 | Interpretation of result 10%
2 | Answer to practical related questions. 20%
3 | Submission of report in time 10%
Total : 25 Marks 100%
Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
Maharashtra State Board of Technical Education (K-scheme) 9
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Practical No.3: Inductance and Capacitance for 1-® Transmission Line (With and
Without Ground Effect)

I. Practical Significance-

To calculate and compare the inductance and capacitance per km of a single-phase transmission line
without and with ground effect.

I1. Industry or Employer Expected Outcome-

Students will be able to evaluate the inductance and capacitance of 1-® lines and understand the influence
of ground effect.

I1l. Course Level Learning Outcome-
CO1: Calculate Inductance and Capacitance for different types of transmission lines.

IV. Laboratory Learning Outcome-
LLO 3.1: Evaluate inductance of 1-® line without and with ground effect.

LLO 3.2: Evaluate capacitance of 1-® line without and with ground effect.

V. Relevant Theoretical Background

The inductance and capacitance of a single-phase transmission line depend on the conductor radius (r), the
spacing between conductors (D), and the height of conductors above ground (h). In case of ground effect,
the image method is used to account for the effect of earth on the electric field distribution.

Formulas
Without Ground Effect:

Inductance: L= (") In (E) H/m
21 r

2TtEq
in(D

With Ground Effect (using Image Method):

Capacitance: C = ( ) F/m

Inductance: L= (") In (Z_h) H/m
21 r

Capacitance: C = ( ii"_) E/m
(™)
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VI. Resources Required

Apparatus Quantity
Calculator / Simulation tool (MATLAB / 1
Manual Calculation)
Chart showing conductor arrangement 1
Measuring instruments / data sheet 1
VI1I.Procedure

1. Note the dimensions of the transmission line — distance between conductors (D), height above ground
(h), and conductor radius (r).

2. Calculate inductance and capacitance without considering ground effect using given formulas.

3. Repeat the procedure by considering the ground effect using image method formulas.

4. Record the calculated values in the observation table.

5. Compare and interpret the results.

VIIl. Observation Table

Sr.No Distance (D) m | Height (h) m | Radius (r) m | Inductance per km | Capacitance per
km

IX. Result

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

X. Interpretation of results

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Maharashtra State Board of Technical Education (K-scheme) 11



Power System Analysis (316331)

XI. Conclusions and Recommendations

-----------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------

XII.Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. How does the ground's presence influence the line inductance?
2. If the height of the transmission tower is increased, what is the effect on the line capacitance and inductance
3. How does the presence of the earth affect the capacitance of the transmission line?

................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
................................................................................................................................
000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000600000000000000000000000000000000000000
000 000000000000000000000000000000060000000000000000000000000000006000000000000000000000000000000000000000000000000000000000000000
................................................................................................................................

€0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
--------------------------------------------------------------------------------------------------------------------------------
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

-----------------------------------------------------------------------------------------------------------------------------------

XIV.References/ suggestions for further Reading

Sr.No. Link Description
1 Principle of Power Systems by V.K. Meheta
2 https://archive.nptel.ac.in/content/storage2/courses/108104051/ch NPTEL course on Power System

apter_1/1 5.html Analysis

3 https://archive.nptel.ac.in/content/storage2/courses/108104051/ch NPTEL course on Power System
apter_1/1 13.html

Analysis

X. Suggested Assessment Scheme
Performance Indicators Weightage (%0)
Process related: 15 Marks 60%
1 | Identification of basic construction material 30%
2 | Recording of Observations 30%
Product related: 10 Marks 40%
1 | Interpretation of result 10%
2 | Answer to practical related questions. 20%
3 | Submission of report in time 10%
Total : 25 Marks 100%

Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No. 4: GCC of given & (P1) model of transmission line by using OC SC test.

I. Practical Significance-

In the power industry, we cannot always test a real, hundreds-of-kilometers-long transmission line.
Engineers use scaled-down models (like the Nominal-t model) to predict the behavior of real lines.
Determining the ABCD parameters (or GCC) of these models is fundamental for analyzing power flow,
voltage regulation, and stability, which are critical for the safe and efficient planning and operation of the

power grid.
I1. Industry or Employer Expected Outcome-

An industry-ready diploma engineer is expected to model transmission lines and calculate their performance
parameters, which is a core competency for roles in system planning, operation, and maintenance within

transmission and distribution utilities.

I11. Course Level Learning Outcome-

CO2: Use generalized circuit theory principles for calculations of transmission line performance
IV. Laboratory Learning Outcome-

LLO 4.1: Perform OC and SC Test and evaluate Generalized circuit constant (GCC) of given m model of

transmission line.

V. Relevant Affective domain related Outcome
« Follow safety precautions meticulously while handling electrical circuits.
« Practice good housekeeping at the workbench.
o Record observations accurately and systematically.

V1. Relevant Theoretical Background

The Nominal-tr model is used to represent a medium-length transmission line. Its performance is completely

described by its Generalized Circuit Constants (A, B, C, D) in the following equations:

e VS=AVr+Blr
e IS=CVr+Dlr
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For a symmetrical and linear two-port network (like the Nominal-zr model), the constants have the following

relationship: A=D

These constants can be found experimentally without knowing the internal R, L, C parameters of the line

by performing two simple tests:

1. Open Circuit Test (Ir = 0): The receiving end is left open. We measure sending end voltage Vs(oc)

, current Is(oc), and power Ps(oc).
o From this, we calculate: A=Vs(oc)Vr(oc) and C=Is(oc)Vr(oc)

2. Short Circuit Test (Vr =0): The receiving end is shorted. We measure sending end voltage Vs(sc),

current Is(sc), and power Ps(sc).

o From this, we calculate: B=Vs(sc)Ir(sc) and A=D is already known from the OC test.

VII. «t (PI) model of transmission line

—
N
—_
—

Vloz TIC1

V. Y2 Yz—— |3y,
-

N !

NEUTRAL
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VII1I. Resources required

z(r): Particulars Specification Quantity | Remark
1 Nominal-r Model Trainer Kit Contains lumped R, L, C .
components
2 Single Phase Auto Transformer | 0-270 V, 10 A, 50 Hz 1
(Variac)
3 AC Ammeter (0-2.5/5)A MI 2
4 AC Voltmeter (0-300)V MI 2
5 Single Phase Wattmeter LPF, 5A, 300V 1
6 Connecting Wires - As
required

IX. Precautions to be followed
1. Ensure all the connections are tight and correct before switching ON the supply.
2. The Variac (auto-transformer) should always be started at zero output voltage.
3. Do not touch live terminals. Be especially careful during the short-circuit test.
4. Take readings promptly to avoid overheating of components, especially during the SC test.

5. Check the ratings of meters and the trainer kit to prevent damage due to overloading.

X. Procedure
A. Open Circuit Test (Receiving End Open)
1. Make the connections as per the circuit diagram.
2. Keep the receiving end open. Ensure the load switch is OFF.

3. Switch ON the AC supply.
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4.

6.

Gradually increase the Variac voltage to apply a convenient rated voltage (e.g., 230V) at the sending

end.

Note down all the readings: Sending end voltage Vs(oc), current Is(oc), power Ps(oc) and receiving

end voltage Vr(oc).

Gradually decrease the Variac to zero and switch OFF the supply.

B. Short Circuit Test (Receiving End Shorted)

1.

2.

5.

6.

Short the receiving end terminals with a thick connecting wire.
Switch ON the AC supply.

Important: Gradually increase the Variac voltage until the sending end current Is(sc) reaches its rated

value (e.g., 2A). Keep the voltage low as the current will be high.
Note down all the readings: Sending end voltage Vs(sc), current Is(sc), and power Ps(sc).
Gradually decrease the Variac to zero and switch OFF the supply.

Remove the short circuit from the receiving end.

XI. Observation Table

Open Circuit Test (Ir=0)

Sr.No Parameter Symbol Reading
1 Sending End Voltage Vs(oc)
2 Sending End Current Is(oc)
3 Sending End Power Ps(oc)
4 Receiving End Voltage Vr(oc)

Calculations from OC Test:

A=Vs(oc)Vr(oc)=

Power Factor, cosgoc = Ps(oc) / Vs(oc)-Is(oc)
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« Is(oc) (at receiving end voltage) = [Is|£(—¢oc)
e C=Is(oc) / Vr(oc) = (Polar Form)

Short Circuit Test (Vr =0)

Sr.No Parameter Symbol Reading
1 Sending End Voltage Vs(sc)
2 Sending End Current Is(sc)
3 Sending End Power Ps(sc)

Calculations from SC Test:

Impedance, Z=Vs(sc) / Is(sc)=

Power Factor, cosdoc = Ps (oc) / Vs(oc)-Is(oc)

Z= R+jX

e B=Z (Since Ir=Is in SC test and A is known) = (Polar Form)

D=A (For a symmetrical network)
XI11. Result

The Generalized Circuit Constants for the given Nominal-t model of the transmission line are determined

as follows:

e Constant A =

o ConstantB =

e ConstantC =

e Constant D =
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XV. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. Why is the sending end voltage kept low during the short-circuit test?
2. What is the physical significance of the 'B' constant in the ABCD parameters?
3. Inthe OC test, why is the power reading Ps(oc) very small compared to the VA product?

4. What would happen to the value of constant ‘A’ if the length of the transmission line were increased?
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XVI. References/ suggestions for further Reading

Sr.No. | Link

Description

1 https://archive.nptel.ac.in/content/storage2/courses/108104051/ui/Course_home- | NPTEL course

2.htm
2 "Principles of Power System" V.K.  Mehta,
Rohit Mehta
XVII. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related: 15 Marks 60%

1 | Identification of basic construction material 30%

2 | Recording of Observations 30%

Product related: 10 Marks 40%

1 | Interpretation of result 10%

2 | Answer to practical related questions. 20%

3 | Submission of report in time 10%

Total : 25 Marks 100%

Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No. 5.: GCC of given T model of transmission line by using OC SC test.

I.Practical Significance

The T-model is another fundamental representation of transmission lines used in power system analysis.
Determining its ABCD parameters through experimental tests helps engineers to understand different
modeling approaches and select the most appropriate one for specific system studies, ensuring accurate
prediction of power system behavior.

Il. Industry Expected Outcome
A proficient diploma engineer should be able to model transmission lines using different configurations (n
and T models), calculate their performance parameters, and understand the practical implications of each

modeling approach in system design and operation.

I11. Course Level Learning Outcome-

CO 2: Use generalized circuit theory principles for calculations of transmission line performance.
IV. Laboratory Learning Outcome-

LLO 5.1: Perform OC and SC Test and evaluate Generalized circuit constant (GCC) of given T model of

transmission line.
V. Relevant Theoretical Background

The T-model represents a medium-length transmission line with different parameter distribution than the
n-model. Its performance is described by Generalized Circuit Constants (A, B, C, D):

Vs=AVr+BlIr
Is=CVr+DlIr
For a symmetrical T-network: A=D

Theoretical formulas for T-model:
A=1+Y Z/2

B=Z(1+YZ /4)

c=Y

D=A
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Experimental determination:
Open Circuit Test (Ir = 0):
A=Vs(oc) / Vr(oc)

C=ls(oc) / Vr(oc)

Short Circuit Test (Vr = 0):
B=Vs(sc) / Ir(sc)

D=A

VI. Circuit Diagram

Ig AW IR :
N~ ~——
22 Z/2
Vg Y Vg
g d
VIl. Resources Required
Sr. No. Particulars Specification Quantity
1 T-Model Trainer Kit - 1
2 Auto Transformer 0-270V, 10A 1
3 AC Ammeter (0-5)A 2
4 AC Voltmeter (0-300)V 2
5 Wattmeter LPF, 5A, 300V 1
6 Connecting Wires - As required
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VIIIl. Procedure
A. Open Circuit Test:
1. Make connections as per diagram using T-model kit
2. Keep receiving end OPEN
3. Apply rated voltage (230V) using Variac
4. Record: Vs(oc),Is(oc),Ps(oc),Vr(oc)
5. Reduce voltage to zero
B. Short Circuit Test:
1. Short the receiving end with thick wire
2. Important: Apply low voltage until Is(sc) reaches rated value (2A)
3. Record: Vs(sc),Is(sc),Ps(sc)
4. Reduce voltage to zero and remove short
IX. Observation Tables

Open Circuit Test (Ir = 0)

Sr.No Parameter Symbol Reading
1 Sending End Voltage Vs(oc)
2 Sending End Current Is(oc)
3 Sending End Power Ps(oc)
4 Receiving End Voltage Vr(oc)

Maharashtra State Board of Technical Education (K-scheme)

24




Power System Analysis (316331)

Calculations from OC Test:
A=Vs(oc)/ Vr(oc)=
C=ls(oc) / Vr(oc)=

Short Circuit Test (Vr =0)

Sr.No Parameter Symbol Reading
1 Sending End Voltage Vs(sc)
2 Sending End Current Is(sc)
3 Sending End Power Ps(sc)

Calculations from SC Test:
B=Vs(sc) / Is(sc)=
D=A=

X. Result
The Generalized Circuit Constants for the given T-model are:

Constant A =

o Constant B =
e Constant C =
e ConstantD =
XI. Practical Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.
1. What is the fundamental structural difference between T-model and m-model?

2. Why are the formulas for constants B and C swapped between w and T models?
3. How does the physical structure of T-model affect current distribution?

4. Which model (= or T) is generally preferred for long transmission lines and why?
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...............................................
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XIl. References/ suggestions for further Reading

Sr.No. | Link Description
1 "Principles of Power System" V.K. Mehta, Rohit Mehta
2 https://archive.nptel.ac.in/content/storage2/ | NPTEL course on Power System
courses/108104051/ui/Course_home-2.htm | Analysis

X1, Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related: 15 Marks 60%

1 | Identification of basic construction material 30%

2 | Recording of Observations 30%

Product related: 10 Marks 40%

1 | Interpretation of result 10%

2 | Answer to practical related questions. 20%

3 | Submission of report in time 10%

Total : 25 Marks 100%

Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No. 6: GCC of given & (Pl1) model of transmission line by using software.

I.Practical Significance-

In modern power system analysis, software tools are indispensable for solving complex equations and
simulating system behavior. Learning to determine transmission line parameters using software like Scilab
prepares the engineer for the computational methods used in the industry for system planning, design, and
analysis, making the process faster, more accurate, and adaptable to complex scenarios.

I1. Industry or Employer Expected Outcome-

An industry-ready diploma engineer is expected to be proficient with computational tools and software to
model power system components, analyze their performance, and solve power system problems efficiently.

I11. Course Level Learning Outcome-
CO2:Use generalized circuit theory principles for calculations of transmission line performance.
IV. Laboratory Learning Outcome-

LLO 6.1 Determine Generalized circuit constant (GCC) of given x (PI) model of transmission line by using
Scilab.

V. Relevant Affective domain related Outcome
o Develop a systematic approach to problem-solving using software.
o Practice ethical use of software and digital resources.
o Document code and results effectively.

VI. Relevant Theoretical Background

The Generalized Circuit Constants (A, B, C, D) for a two-port network are related to its impedance (2)
and admittance () parameters. For a Nominal-z network, the series impedance is Z=R+joL and the total

shunt admittance is Y=joC, where the admittance is split equally at both ends.
The theoretical formulas for the GCC of a Nominal-rt network are:

o A=1+YZ/2
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e B=Z
e C=Y(1+YZ/4)
« D=A
In this practical, we will use Scilab, a high-level numerical computational software, to program these

formulas. By providing the values of R, L, and C for the given n-model, Scilab will calculate the GCC,

demonstrating the application of software in power system computations.

Vil. 7 (P1) model of transmission line-

R
o AN
[ 3
—
! lc2
zZ
Vg Y2¢{ == C,
|
o
VIII. Resources required
Sr. No. | Particulars Specification Quantity Remark
1 Computer System | Desktop/Laptop 1 -
2 Scilab Software | Version 5.5.2 or higher 1 Open Source

IX. Precautions to be followed
1. Ensure the Scilab software is properly installed on the computer.
2. Type the code carefully, paying attention to brackets, operators, and semicolons.
3. Use correct variable names and maintain consistency.

4. Verify the input parameters (R, L, C, f) before execution.
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X. Procedure
1. Start the Scilab software on your computer.
2. Open a new SciNotes window (the editor) to write your script.
3. Define the known parameters of the given n-model in the script:
o Resistance, R (in Ohms)
o Inductance, L (in Henries)
o Capacitance, C (in Farads)
o Supply frequency, f (in Hz)
4. Calculate the angular frequency o=2nfw=
5. Calculate the series impedance, Z=R+j*w@*L
6. Calculate the total shunt admittance, Y=j*w*C
7. Write the Scilab code to compute the A, B, C, D constants using the Nominal-z formulas.
8. Execute the script (Ctrl-L in SciNotes or press Execute).
9. Observe the results in the Scilab console.
10. Record the calculated values of the A, B, C, D constants.

XII. Scilab Code: (Space for Scilab/VLAB)
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XI11. Observation Table (Student will write the values from Scilab)

Sr.No Constant Rectangular Form Polar Form (Magnitude « Angle

in Degrees)

1 A
2 B
3 C
4 D

XI111. Result

XVII. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. What is the advantage of using software like Scilab for calculating GCC over manual calculation?

2. Inthe Scilab code, why is %i used instead of i to represent the complex number?
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3. How would you modify the code if the line parameters (R, L, C) were given per kilometer and you
needed to find GCC for a 100 km line?

4. What does the polar() function in Scilab do, and why is it useful here?
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XVII. References/ suggestions for further Reading

Sr.No | Link Description

1 "Principles of Power System" V.K. Mehta, Rohit Mehta

2 https://archive.nptel.ac.in/content/storage2/co | NPTEL course on Power System

urses/108104051/ui/Course_home-2.htm Analysis

XVIII. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related: 15 Marks 60%

1 | Identification of basic construction material 30%

2 | Recording of Observations 30%

Product related: 10 Marks 40%

1 | Interpretation of result 10%

2 | Answer to practical related questions. 20%

3 | Submission of report in time 10%

Total : 25 Marks 100%

Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No. 7: GCC of given T model of transmission line by using software.

I.Practical Significance-

The T-model is another fundamental representation of transmission lines. Using computational software to
determine its parameters is crucial for engineers to compare different modeling approaches and choose the
most appropriate one for specific system studies. This skill is directly applicable in power system design

software and digital simulators used in the industry.
I1. Industry or Employer Expected Outcome-

A proficient diploma engineer should be able to influence computational tools to model and analyze
different transmission line configurations, enabling accurate prediction of system behavior under various

operating conditions.

I11. Course Level Learning Outcome-

CO 2: Use generalized circuit theory principles for calculations of transmission line performance.
IV. Laboratory Learning Outcome-

LLO 7.1 Determine Generalized circuit constant (GCC) of given T model of transmission line by using
Scilab.

V. Relevant Affective domain related Outcome

Cultivate precision in translating theoretical models into computational algorithms.
Develop the ability to analyze and compare results from different software-based models.
VI. Relevant Theoretical Background

The T-model is another representation for medium-length transmission lines, where the total series

impedance is placed in the middle and the shunt admittance is divided and placed at both ends.
The theoretical formulas for the GCC of a Nominal-T network are:

e A=1+YZ

o B=Z(1+YZ/4)

« C=Y
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e« D=A
Note that while the formula for 'A' is the same as for the =-model, the formulas for 'B' and 'C" are swapped

compared to the m-model. This highlights the difference in the two representations.

VII. T model of transmission line-

g R2 X 12 , R X\ /2
o——ANN—TT00— —ANN—TT00—
N N
Z/2 |lc Z/2
Vg V,==C dvy Vg [] Load
o Y |
VIII. Resources required
Sr. No. | Particulars Specification Quantity | Remark
1 Computer System Desktop/Laptop 1 -
2 Scilab Software Version 5.5.2 or higher 1 Open Source

IX. Precautions to be followed
1. Double-check the formulas used in the code to ensure they are for the T-model, not the z-model.
2. Verify the input parameters (R, L, C, f) for consistency.

3. Use comments in the code to distinguish it from the 7-model program.

X. Procedure
1. Launch the Scilab software.
2. Open a new SciNotes window.

3. Define the known parameters of the given T-model in the script:

Maharashtra State Board of Technical Education (K-scheme) 36



Power System Analysis (316331)

o Resistance, R (in Ohms)
o Inductance, L (in Henries)
o Capacitance, C (in Farads)
o Supply frequency, f (in Hz)
4. Calculate the angular frequency w=2nfw=
5. Calculate the series impedance, Z=R+j*w@*L
6. Calculate the total shunt admittance, Y=j*w*C
7. Write the Scilab code to compute the A, B, C, D constants using the Nominal-T formulas.
8. [Execute the script.
9. Observe and record the calculated values of the A, B, C, D constants in the Scilab console.

XI. Scilab Code: (Space for Scilab/VLAB)
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XIl. Observation Table

Note: Students will run the code and fill the table with the output from the Scilab console.

Sr.No Constant Rectangular Form | Polar Form (Magnitude £ Angle in
Degrees)
1 A
2 B
3 C
4 D

XI11. Result

XVI. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.
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1. What is the fundamental difference in the structure of the T-model compared to the n-model?

2. Forthe same R, L, C values, which constant (B or C) is typically larger in the T-model compared to

the 7-model? Why?

If you were to model a long transmission line, which representation (= or T) is considered more
accurate and why?
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XVII. References/ suggestions for further Reading

Sr.No. | Link Description
1 https://www.scilab.org/ Official ~ Scilab
website
2 https://archive.nptel.ac.in/content/storage2/courses/108104051/ui/Course_home- | NPTEL course

2.htm on Power System
Analysis
3 "Modern Power System Analysis" Nagrath 1J. &
Kothari D.P.
XVIII.  Suggested Assessment Scheme
Performance Indicators Weightage (%)
Process related: 15 Marks 60%
1 | Identification of basic construction material 30%
2 | Recording of Observations 30%
Product related: 10 Marks 40%
1 | Interpretation of result 10%
2 | Answer to practical related questions. 20%
3 | Submission of report in time 10%
Total : 25 Marks 100%
Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No.8: « (P1) model Transmission line Efficiency and regulation by Load
test.
I. Practical Significance

This experiment demonstrates the behaviour of a transmission line under load using the lumped -model.
Students will observe how sending-end and receiving-end powers differ because of line losses, and how
voltage regulation varies with load and power factor. Helps understand line performance, losses (I12R)
and the role of power factor correction using an alternative, commonly used model.

I1. Industry or Employer Expected Outcome

Use zn-transmission lines model for planning and testing. Compute efficiency and voltage regulation for
transmission lines under realistic loads.

I11. Course Level Learning Outcome
Estimate the power at sending and receiving ends of transmission line.
IV. Laboratory Learning Outcome

LLO Perform Load test on given 7t (P1) model of transmission line and determine the Efficiency and
regulation.

V. Relevant Affective domain related Outcome

Students will demonstrate attention to laboratory safety, careful observation and accurate recording,
responsibility for experiment setup, and teamwork during measurement and data analysis.

VI. Relevant Theoretical Background

A transmission line transfers electrical energy from the generating station to the load centre. For studying
its performance, the distributed parameters of resistance (R), inductive reactance (X), and shunt
capacitance (B) are represented by equivalent circuit models. For medium-length lines (about 80 to 250
km), the parameters are usually lumped into a T-model or a 7-model. In this experiment the z-model is
used.

In this model:

The total series impedance Z = R + X is placed in the middle.

The total shunt admittance Y = jB is split into two equal halves, with each half Y/2 placed at the sending
and receiving ends.The relationship between sending-end and receiving-end quantities is given by the
transmission line equations:

VSs=A*Vr+B*Ir
Is=C*Vr+D*Ir
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Where A, B, C, D are the transmission line constants for the =-model:

A=D=1+(Y*2)12

B=Z

C=Y (1+(Y*2)l4)

Efficiency: % n = (Pr/Ps) x 100
Voltage Regulation: %Reg = ((Vnl - Vr) / Vr) x 100

VII. t -model of transmission line-

I IS Z v l L I R
v |C2 7 |C1 i
o
V., ——Y2 Vi2—— (&,
-
fv-— _— - - — — — — — — — — — >~ — — ¥
NEUTRAL
VIII. Resources required
Sr. No. Particulars Specification Quantity Remark
Transmission line trainer Adjustable R, X, B 1
1 (m-model)
2 AC Source / Variac 0-250V, 50Hz 1
3 Load bank Variable R & L 1 set
4 Voltmeter 0-300V 2
5 Ammeter 0-10A
6 Wattmeter 0-3kwW 1
7 PF Meter 0-1.0 lag/lead 1
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IX. Precautions to be followed

1. Verify wiring and earthing before switching ON.
2. Ensure meters are within rating.

3. Take no-load voltage first.

4. Increase load gradually.

5. Reverse wattmeter connection if reading negative.
6. Switch OFF after each trial.

X. Procedure

10.

11.

12.

Inspect all equipment and ensure proper earthing and safety fuses are in place.

Connect the =-model transmission line trainer between the sending source (Variac) and the receiving
bus according to the schematic.

Connect Voltmeters: one at Sending end (Vs) and one at Receiving end (Vr). Connect Ammeter in
series with the load. Connect Wattmeter at the sending end to measure Ps. If available, connect a
wattmeter at the receiving end to measure Pr.

With the load disconnected (open), switch ON the source and set the Variac to the rated line voltage.
Record the no-load receiving voltage VVnl (measure Vr with no load).

Select the first load condition (e.g., resistive load for unity power factor). Close the load and allow
the system to stabilize for a few seconds.

Record the following measurements: Current | (A), Receiving voltage Vr (V), Sending voltage Vs
(V), Sending wattmeter Ps (W), Power factor (pf) or receiving wattmeter Pr (W) if available.
Compute receiving-end active power Pr (if not measured) using Pr = Vr x | x pf. Compute receiving
reactive power Qr = Vr x | x sin(acos(pf)).

Compute line losses Ploss = Ps — Pr.

Compute efficiency (%) n (%) = (Pr/ Ps) x 100.

Compute voltage regulation (%Reg) = ((Vnl — Vr) / Vr) x 100%. (State if you prefer denominator
Vnl instead.)

Repeat steps 5 to 10 for different loads and power factors (e.g., unity, 0.8 lag, 0.8 lead) and for
increasing load currents until the rated test current or safe limit.

After finishing all trials, switch OFF the source, disconnect the load and instruments, and record any

observations or anomalies in the report.
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X1. Observation Table
%

Sr.No. P.F. I(A) | Vnl(V) | Vr(V) Vs Ps Pr Ploss | n (%) .
V) W) W) W) Regulation

XIl. Result

XV. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such

questions so as to ensure the achievement of identified CO.

1. Differentiate between the T-model and m-model of a medium transmission line.
2.Why is the m-model often preferred over the T-model for power system analysis?

3. Define voltage regulation of a transmission line.
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4. How does shunt capacitance in the =-model affect the voltage at the receiving end under light

load conditions?

------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

..............................................................................................................................
..............................................................................................................................
------------------------------------------------------------------------------------------------------------------------------
..............................................................................................................................
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

-----------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................

©000000000000000000000000000000000000000000000000000000000006000060000006000000600006006000006006000000000000000000000000000000000000
©000000000000000000000000000000000000000000000000000000000006000000000006006006000606006060060060606000000000000000000000000000000000000
©000000000000000000000000000000000000000000000000000000000006000000000006006006000606006060606006060000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000600000000000600600600600006060606006060000000000000000000000000000000000000
..............................................................................................................................
..............................................................................................................................

Maharashtra State Board of Technical Education (K-scheme) 46



Power System Analysis (316331)

XVI.References/ suggestions for further Reading

Sr.No. Link Description

1 https://archive.nptel.ac.in/content/storage2/cou | NPTEL course on Power System Analysis
rses/108104051/ui/Course_home-2.htm

2 https://www.electrical4u.com/transmission- Easy-to-understand notes on models,
line/ efficiency, and regulation.
3 https://www.ieee-pes.org/ Access technical papers, standards, and

resources on transmission systems.

VII.Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related: 15 Marks 60%

1 | Identification of basic construction material 30%

2 | Recording of Observations 30%

Product related: 10 Marks 40%

1 | Interpretation of result 10%

2 | Answer to practical related questions. 20%

3 | Submission of report in time 10%

Total : 25 Marks 100%

Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No.9: T model Transmission line Efficiency and regulation by Load test.

I.Practical Significance- This experiment demonstrates the behaviour of a transmission line under load
using the lumped T-model. Students will observe how sending-end and receiving-end powers differ
because of line losses, and how voltage regulation varies with load and power factor. It helps to

understand line performance, losses (I2R) and the role of power factor correction.

I1. Industry or Employer Expected Outcome-

Compute efficiency and voltage regulation for transmission lines under realistic loads.

I11. Course Level Learning Outcome-
COa3: Estimate the power at sending and receiving ends of transmission line.

IV. Laboratory Learning Outcome-
LLO 9.1 Perform Load test on given T model of transmission line and determine the efficiency and
regulation.

V. Relevant Affective domain related Outcome

Students will demonstrate attention to laboratory safety, careful observation and accurate recording,
responsibility for experiment setup, and teamwork during measurement and data analysis.

VI. Relevant Theoretical Background
A transmission line transfers electrical energy from the generating station to the load centre. For

studying its performance, the distributed parameters of resistance (R), inductive reactance (X), and
shunt capacitance (B) are represented by equivalent circuit models. For medium-length lines (about
80 to 250 km), the parameters are usually lumped into a T-model or a =-model. In this experiment

the T-model is used.

In the T-model the total series impedance (Z) = R + jX is divided equally on both sides of the line,
and the total shunt admittance (Y) = jB is placed at the centre of the line.

ABCD parameters of the T-model:

A=D=1+(YZ/2)

B=Z(1+(YZ/4)
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Cc=Y
Sending and receiving end voltages and currents are related by:
VSs=A*Vr+B*Ir
Is=C*Vr+D*Ir

Efficiency: n = (Pr/ Ps) x 100%
Voltage Regulation: %Reg = ((Vnl - Vr) / Vr) x 100%

VII.

T Model of Transmission Line

. R2

-

VI111. Resources required

X/2

— e — —— — ——

NEUTRA

Sr. No. ) o )
Particulars Specification Quantity | Remark
1 Trgnsmlssmn line Adjustable R, X, B 1 For 5|rr_1ulfat|ng_ short, medium & long
trainer (T-model) transmission line performance
5 AC _Source/ 0-250V, 50Hz 1 For prowdmg adjustable input supply
Variac to the experiment setup
3 Load bank VariableR & L 1 set For a_p_plying differen_t I(_)adir_lg
conditions on transmission line
4 Voltmeter 0-300V 5 For mgasuring sending-end and
receiving-end voltages
5 Ammeter 0-10A 1 For_measuring line current under
various loads
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6 Wattmeter 0-3kW 1 For measuring real power and
efficiency of transmission line model

7 PE Meter 0-1.0 lag/lead 1 For observing power factor variation
with load

IX. Precautions to be followed
1. Verify wiring and earthing before switching ON.

2. Ensure meters are within rating.

3. Take no-load voltage first.

4. Increase load gradually.

5. Reverse wattmeter connection if reading negative.
6. Switch OFF after each trial.

X. Procedure
1.Inspect all equipment and ensure proper earthing and safety fuses are in place.

2. Connect the T-model transmission line trainer kit between the sending source (Variac) and the
receiving bus according to the schematic.

3. Connect Voltmeters: one at Sending end (Vs) and one at Receiving end (Vr). Connect Ammeter
in series with the load. Connect Wattmeter at the sending end to measure Ps. If available, connect a
wattmeter at the receiving end to measure Pr.

4. With the load disconnected (open), switch on the source and set the Variac to the rated line
voltage. Record the no-load receiving voltage VVnl (measure Vr with no load).

5. Select the first load condition (e.g., resistive load for unity power factor). Close the load and
allow the system to stabilize for a few seconds.

6. Record the following measurements: Current | (A), Receiving voltage Vr (V), Sending voltage
Vs (V), Sending wattmeter Ps (W), Power factor (pf) or receiving wattmeter Pr (W) if available.

7. Compute receiving-end active power Pr (if not measured) using Pr = Vr x | x pf. Compute
receiving reactive power Qr = Vr x [ x sin(¢).

8. Compute line losses Ploss = Ps — Pr.

9. Compute efficiency n (%) = (Pr / Ps) x 100.

10. Compute voltage regulation (%Reg) = ((Vnl —Vr) / Vr) x 100%. (State if you prefer

denominator Vnl instead.)
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11. Repeat steps 5-10 for different loads and power factors (e.g., unity, 0.8 lag, 0.8 lead) and for

increasing load currents until the rated test current or safe limit.

12. After finishing all trials, switch OFF the source, disconnect the load and instruments, and

record any observations or anomalies in the report.

XI.Observation Table

[0)
Sr.No. | P.F. I(A) | VnI(V) | Vr (V) | Vs Ps Pr Ploss | n (%) & .
Regulation
M W W W
1
2
3
XIl. Result
XII1. Interpretation of results
XIV.Conclusions and Recommendations (if any)
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XV. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. Explain why voltage regulation can be negative for leading power factor loads

2. Define voltage regulation of a transmission line.

3. What is the effect of power factor on voltage regulation?

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
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..............................................................................................................................
..............................................................................................................................
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..............................................................................................................................
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XVI. References/ suggestions for further Reading

Sr.No. Link Description
1 httpsE//wwvv.youtube.com/watch?v:AZGrQQrILJM Lecture 27: Transmission line models
https://www.youtube.com/@ 1 TKanpurNPTEL and performance — medium line model,
2 https://www.electrical4u.com/transmission-line/ Easy-to-understand notes on models,
efficiency, and regulation.
3 https://www.ieee-pes.org/ Access technical papers, standards, and

resources on transmission systems.

XVI1. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related: 15 Marks 60%
1 | Identification of basic construction material 30%
2 | Recording of Observations 30%
Product related: 10 Marks 40%
1 | Interpretation of result 10%
2 | Answer to practical related questions. 20%
3 | Submission of report in time 10%
Total : 25 Marks 100%

Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No.10: Transmission line Receiving end complex power evaluation by
using software.

I.Practical Significance-

This experiment helps students understand the calculation of real, reactive, and apparent power at the
receiving end of a transmission line. It demonstrates how analytical formulas and Scilab simulation can be
used to study the effect of power factor and line parameters on system performance .This experiment
familiarizes students with Scilab for analyzing power flow in a transmission line. It demonstrates the
computation of receiving-end complex power (P, Q) under load conditions using the ABCD parameters.

Students learn how software simulation correlates with theoretical calculations in power systems

I1.Industry or Employer Expected Outcome-

e Students will be able to compute real and reactive power at the receiving end of a transmission line.
e Interpret simulation results and verify theoretical calculations.

e Use engineering software tools for power system analysis.

I11. Course Level Learning Outcome-

COa3: Estimate the power at sending and receiving ends of transmission line

IV.Laboratory Learning Outcome-
LLO 10.1 Evaluate Receiving end complex power by using Scilab for given transmission line under load
condition.

V.Relevant Affective domain related Outcome

e Careful observation of numerical and simulation results.
e Responsible handling of computational tools.
e Teamwork and collaborative problem solving.

VI. Relevant Theoretical Background
For a medium-length line represented by ABCD parameters:
Vs = A*Vr + B*lIr,
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Is=C*Vr + D*Ir

For a T-model line:

A=D=1+(YZ/2),

B =Z*(1+YZ/4),

c=Y

where Z = R + X (series impedance per phase) and Y = jB (shunt admittance per phase).

Receiving-end complex power per phase:
Sr=Vr*Ir*=Pr+jQr

VII. Resources required

Sr. No.
Particulars Specification Quantity Remark
Windows / Linux PC Minimum 4GB RAM,
1 Computer System with Scilab 6.x 1 E00GE HDD
) Scilab Software Open-s_ource 1license per | Latest version
numerical tool system recommended
Nagrath & Kothari — For th ‘
3 Reference Book Power System 1 ortheory reference
Engineering (3rd Ed.) and formulas
Scientific Calculator and For manual Calcullator W'Lh
4 Notebook verification 1 complex number
functions

VIII. Precautions to be followed
1. Enter all quantities in per-phase form and proper units.

2. Use correct sign convention: lagging — +Q, leading — —Q.
3. Save Scilab code files clearly named and check syntax.
4. Verify that all results are expressed in MW, Mvar, MVA.
IX.Procedure
1. Open Scilab and create a new script.
Enter the given data (R, X, Y, V, pf, S).
Convert line quantities to per-phase values.

2.
3.
4. Calculate ABCD constants using the above formulas.
5. Assume Vrz0° and Irz—e.

6.

Compute Vs and Is using Vs = A*Vr + B*Ir and Is = C*Vr + D*Ir.
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7. Determine the receiving-end complex power: Sr = 3*Vr*Ir*,
8. Display P, Q, and |S| using Scilab commands.
9. Repeat for different power-factor values.

10. Record all readings in the observation table.

X.Given Data (for example)

Parameter Symbol Value

Line-to-line voltage VLL 220 kv

Line resistance R 20 Q

Line reactance X 50 Q

Shunt admittance Y j4x10*S

Apparent Power S 100 MVA

Frequency f 50 Hz

Power-factor cases pf 1.0 (unity), 0.8 lag, 0.8 lead

Computation of ABCD Parameters

Z=20+j50, Y =j0.0004

YZ =-0.020 + j0.008
A=D=1+(YZ/2) =0.990 + j0.004
B =Z*(1+YZ/4) = 19.80 +j49.79 O
C =j0.0004 S

XI. Scilab Code: (Space for Scilab code)
Note-: Use above data for programing in Scilab

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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---------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------

XI11.0Observation Table

Sr.No. Parameter Theoretical Value Scilab Output % Error

Ps (MW)

Qs (MVAR)

Ss (MVA)

Efficiency (%)

XI11. Result

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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X1V Interpretation of results

---------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------

XVI.Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. Define complex power and state its components.

2.What are the ABCD parameters and what is their significance?

3.A transmission line has a resistance of 10 Q and a reactance of 40 Q. The receiving end voltage
is 132 kV (L-L). Calculate the voltage regulation for a load of 50 MVA at 0.8 pf lagging. (Use

approximate VR formula if needed)
4, What is the purpose of using %i in Scilab? Write the syntax to define impedance Z = 20 + j50 Q.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
..............................................................................................................................

..............................................................................................................................
..............................................................................................................................
..............................................................................................................................

------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
------------------------------------------------------------------------------------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Maharashtra State Board of Technical Education (K-scheme)



Power System Analysis (316331)

Maharashtra State

Board of Technical Education

(K-scheme)

60



Power System Analysis (316331)

XVII.References/ suggestions for further Reading

Sr.No. Link Description

1 https://www.scilab.org/software/scilab/documentation Complete Scilab user guide and
function reference

2 https://nptel.ac.in/courses/108101038 Video lectures on transmission line
modeling and ABCD parameters

3 https://circuitglobe.com/abcd-parameters-of- Detailed explanation with examples
transmission-line.html

XVII11.Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related: 15 Marks 60%

1 | Identification of basic construction material 30%

2 | Recording of Observations 30%

Product related: 10 Marks 40%

1 | Interpretation of result 10%

2 | Answer to practical related questions. 20%

3 | Submission of report in time 10%

Total : 25 Marks 100%

Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No.11: Transmission line Sending end complex power evaluation by using

software.

I.Practical Significance- This experiment enables students to determine the sending-end real, reactive and
apparent power of a medium transmission line using the nominal-z model. It shows how analytical formulas
and Scilab simulation help evaluate voltage regulation, efficiency and losses. Students learn to relate

theoretical equations of transmission-line parameters with actual software computation.

I1. Industry or Employer Expected Outcome-

Students will be able to compute sending-end complex power and transmission losses, compare theoretical
and software-based results, and use open-source analytical tools (Scilab) for transmission-line studies.

I11. Course Level Learning Outcome-

COa3: Estimate the power at sending and receiving ends of transmission line

IV. Laboratory Learning Outcome-

LLO 11.1 Evaluate Sending end complex power by using Scilab for given transmission line under given

condition.

V. Relevant Affective domain related Outcome

e Careful observation of numerical and simulation results.
e Responsible handling of computational tools.
e Teamwork and collaborative problem solving.

VI. Relevant Theoretical Background
For a medium-length (nominal-r) line per phase:
Vs =A*Vr + B*Ir,

Is = C*Vr + D*Ir
A=D=1+(YZ2), B=2Z, C=Y(1+YZA4)

where Z = R + jX (series impedance) and Y = jB (shunt admittance).
Three-phase sending-end complex power: Ss =3 * Vs * Is* = Ps + jQs

Maharashtra State Board of Technical Education (K-scheme)

62



Power System Analysis (316331)

VII. Resources required

Sr. No. | Particulars Specification Quantity Remark
Windows / Linux PC Minimum 4GB
1 Computer System with Scilab 6.x 1 RAM, 500GB HDD
5 Scilab Software Open-s_ource 1license per | Latest version
numerical tool system recommended
Nagrath & Kothari — For th f
3 Reference Book Power System 1 ortheory reterence
Engineering (3rd Ed.) and formulas
Scientific Calculator and For manual Calculator with
4 Notebook verification 1 complex number
functions

VIII. Precautions to be followed
1. Enter all quantities in per-phase form and proper units.
2. Use correct sign convention: lagging — +Q, leading — —Q.
3. Save Scilab code files clearly named and check syntax.

4. Verify that all results are expressed in MW, Mvar, and MVA.

5. Record simulated and theoretical results properly.

IX. Procedure

O NOoO O WDN B

. Open Scilab and create a new script file.

. Enter the given data (R’, X', C', |, V, pf, PR).

. Convert line quantities to per-phase values.

. Calculate ABCD constants using nominal-z model.
. Compute Vr, Ir, Vs, and Is.
. Evaluate sending-end complex power: Ss = 3*Vs*Is*.
. Display results (P, Q, |S|) using Scilab commands.

. Record the results in the observation table
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X.Given Data (for example)

Parameter Symbol Value
Line-to-line voltage VLL 132 kV
Line length I 150 km
Resistance per km R’ 0.08 /km
Reactance per km X' 0.30 QY/km
Capacitance per km ' 9.55x10~° F/km
Frequency f 50 Hz
Receiving-end Power PR 60 MW
Power Factor (lag) pf 0.8

XI. Scilab Code: (Space for Scilab code)
Note-: Use above data for programing in Scilab

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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XI1. Observation Table

Parameter Theoretical Value Scilab Output Error %

Ps (MW)

Qs (MVAR)

Ss (MVA)

Efficiency (%)

XI111. Result

---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------

XVI.Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. Define sending-end complex power and explain its components.
2. What is the significance of line efficiency and power factor?

3. How does shunt capacitance affect the sending-end reactive power?
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XVII.References/ suggestions for further Reading

Sr.No. Link

Description

1 https://www.ieee-pes.org/

Research papers and standards on power transmission

2 https://nptel.ac.in/courses/108101038 | Video lectures on transmission line modeling and

performance
3 https://circuitglobe.com/abcd- Theory and examples of transmission parameters
parameters-of-transmission-line.html
XVII1.Suggested Assessment Scheme
Performance Indicators Weightage (%)
Process related: 15 Marks 60%
1 | Identification of basic construction material 30%
2 | Recording of Observations 30%
Product related: 10 Marks 40%
1 | Interpretation of result 10%
2 | Answer to practical related questions. 20%
3 | Submission of report in time 10%
Total : 25 Marks 100%
Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No.12: Transmission line Receiving end or Sending end complex power
evaluation by graphical method.

I.Practical Significance- The circle diagram is a powerful graphical tool used to visualize the performance
of a transmission line under various load conditions. It helps in understanding the relationship between
sending-end and receiving-end powers, voltage, current, and power factor. This experiment demonstrates
how complex power limits can be determined graphically, which is essential for system planning, stability

analysis, and operational control in power systems.
I1. Industry or Employer Expected Outcome-

Ability to analyze transmission line performance using graphical methods, interpret circle diagrams for
power flow studies, and determine operational limits for real and reactive power transfer in power systems.
Estimate the power at sending and receiving ends of transmission line

I11. Course Level Learning Outcome-

CO4: Analyze the performance of transmission lines graphically

IV. Laboratory Learning Outcome-

LLO 12.1 Draw Circle Diagram for Receiving end or Sending end for given transmission line under load
condition by using scilab

V.Relevant Affective domain related Outcome

Students will demonstrate precision in graphical representation, careful observation of power system
relationships, and responsible use of computational tools for power system visualization.

VI. Relevant Theoretical Background

The circle diagram represents the relationship between sending-end and receiving-end quantities in a
transmission line. For a lossless line (simplified analysis), the power transfer equation is:
P=(|Vs| * [Vn)|/ X) * sin(8)

Where:
P = Real power transferred
[Vs|, [Vr| = Sending-end and receiving-end voltage magnitudes
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X = Line reactance

& = Power angle between voltages
This equation shows that power transfer depends on the product of voltage magnitudes, the line reactance,
and the sine of the phase angle.

2. Receiving-End Power Circle Equations:

Pr=(Vs|[Vr] /|B]) cos(B — 8) — (JAIIVII?/ B]) cos(B — o)
Qr = ([Vs|[Vr| 7 [B]) sin(B — 8) — (JA||Vr[* / |B) sin(B — a)

Where:

A, B = Transmission line ABCD parameters( Consider nominal Q model)

a, B = Angles of A and B respectively

VII. Resources required

Sr. No. | Particulars Specification Quantity Remark
Windows / Linux PC Minimum 4GB RAM,
1 Computer System with Scilab 6.x 1 E00GE HDD
) Scilab Software Open-s_ource 1license per | Latest version
numerical tool system recommended
Nagrath & Kothari — For th ;
3 Reference Book Power System 1 ortheory reterence
Engineering (3rd Ed.) and formulas
Scientific Calculator and For manual Calculator with
4 Notebook verification 1 complex number
functions
VI1II. Precautions to be followed
1. Use consistent units (p.u. or actual values) throughout calculations
2. Verify ABCD parameters before plotting circle diagrams
3. Ensure proper scaling of P and Q axes for clear visualization
4. Check that circle centers and radii are calculated correctly
5. Label all circles and important points on the diagram
6. Save Scilab code and plots for documentation
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IX. Procedure

Open Scilab and create a new script file

Define the transmission line parameters (R, X, B, length)
Calculate ABCD parameters for the transmission line

Set sending and receiving end voltage magnitudes

Calculate circle center coordinates for receiving end power circle.
Generate points for the circle using parametric equations

Plot the circle diagram using Scilab's plotting functions

Add labels, grid, and legend to the plot

© ©® N o 0o bk~ w0 D E

Repeat for sending end circle if required
10. Analyze the diagram for power limits and operating regions

X.Given Data(for example)

Parameter Symbol Value Unit
Sending End Voltage Vs 1.05 p.u.
Receiving End Voltage Vr 1.00 p.u.
Line Resistance R 0.1 p.u.
Line Reactance X 0.8 p.u.
Shunt Admittance Y j0.05 p.u.
System Base MVA Shase 100 MVA

Calculate the ABCD parameters and plot the Receiving End Circle Diagram using Scilab.
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Xl1. Scilab Code: (Space for Scilab code and Circle diagram)

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€000 00000000000000000000000000000000000000000000000000000000000000000000000C0CCCC00CC00C0000C00C00000C0CCOCIOCIIOCICIOIOCIEOIOIOIOIOIOIOITSL

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€000 0000000000000000000000000000000000000000000000000000000000000000000000000000000C00C000C00C0C0C0C0C0CCOCIOCIIOCICIOIOIEOIOIOIOIOIOIOIESL

€000 00000000000000000000000000000000000000000000000000000000000000000000C00C0CCC0CO0CC00C0C000C00C000000C00CCOCOCCIOCICIOIOCIEOIOCIOIOIOIOIOITSL

€000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€000 00000000000000000000000000000000000000CCO0O0CC0C0C0C0C0CCCC00C00CC0CC0C00C0C0I0C00C0C0C0C0C0C0C0C0C000C0C0C0CC0C0C0CCOCCOCIOCIOIIOIOIOIOIEOIOIOIOIOIOIOIEST

€000 0000000000000000000000000000000000000CCCO0O0CC0C0C0CCC0C0C00C0C000CC0C000C0C0C0C000CCO0C0000C00C0CC0C0CCC0CI0C0CC0CCOCIOCIOCIIOIIOIOIOIOIOIOIOOOOOss

€000 00000000000000000000000000000000000000CCO0O0CC0C0C0C0C0CCCCC0C00C0CC0C00C00C0I0C00C000C0C0C0C0C0C0C000C0C0CC0CC0CI0C0CCO0CCOCIOCIOIIOIOIEOIOIEOIOIOIOIOIOIOTEST

€000 000000000000000000000000000000000000000000CC0C0C0CCCCCC00C00C0CCC0C00C00C00C00C0CC0C0C0CC0C0C0C00C0C0CC0CC0C0C0CC0COCOCIOCIOIIOIOIOIOIEOIOIOIOIOIOIOTEST

€000 0000000000000000000000000000000000000CCCO0O0CC0C0C0C0C0CCCC00000C0CC0C00C0C0I0C00C0C0CO0CO0CC00C0C000C0C0CC0C0C0C0CCOCCCIOCIOIIOIOIEOIOIEOIOIOIOIOIOIOTEST

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

XI11. Observation Table

Parameter Theoretical Value Scilab Output
A (Magnitude / Angle) 0.9806 £ 2.336°
B (Magnitude / Angle) 0.8062 £ 82.875°
Circle Center (P) 0.121 p.u.
Circle Center (Q) -0.465 p.u.
Circle Radius 1.302u.
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X111, Result

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------

XVI.Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.
1.What information can be obtained from a receiving end circle diagram?

2.How does the circle radius change with variations in line voltage?

3.Why is the circle diagram method particularly useful for transmission line analysis?

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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XVII.References/ suggestions for further Reading

Sr.No. Link Description

1 https://www.scilab.org/ Official Scilab documentation for
plotting functions

2 https://www.youtube.com/watch?v=kGee2B5Pmeg Receiving end circle diagram

3 https://eee.poriyaan.in/topic/sending-end-power- Sending end circle diagram
circle-diagram-12115/

XVII1.Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related: 15 Marks 60%

1 | Identification of basic construction material 30%

2 | Recording of Observations 30%

Product related: 10 Marks 40%

1 | Interpretation of result 10%

2 | Answer to practical related questions. 20%

3 | Submission of report in time 10%

Total : 25 Marks 100%

Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No.13: Development of Ybus matrix by using software- case 1.

I.Practical Significance- This experiment demonstrates the process of forming the bus admittance matrix
(Ybus) for a given 3-bus power system network. It helps students understand how individual line reactances
contribute to the overall network admittance and how the matrix is used for load flow and fault analysis in
power system studies.

I1. Industry or Employer Expected Outcome-

Ability to model a power system network using an admittance matrix and perform system analysis such as

load flow, short circuit studies, and stability assessment.

I11. Course Level Learning Outcome-

CO5: Interpret the data required for Load flow studies

IV. Laboratory Learning Outcome-

LLO 13.1 Use Scilab to develop Ybus matrix for given 3- bus system-1.

V.Relevant Affective domain related Outcome
Students will demonstrate systematic calculation, teamwork during verification, and attention to detail while
forming matrices and validating results.

VI. Relevant Theoretical Background

In power system analysis, the bus admittance matrix (Ybus) represents the relationship between bus currents
and voltages. It is derived from the line reactances or impedances connecting the buses. The Ybus matrix is

symmetric and is fundamental for load flow and fault analysis.

The Y-bus admittance matrix is a square matrix that represents a power system's network admittances, with
diagonal elements being the sum of all admittances connected to a bus and off-diagonal elements being the

negative of the admittance between two buses.

VII. Resources required

Sr. No. | Particulars Specification Quantity Remark
Windows / Linux PC Minimum: 4GB
1 | Computer System with Scilab 6.x 1 RAM., 500GB HDD
5 Scilab Software Open-s_,ource 1 license per Latest version
numerical tool system recommended
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Nagrath & Kothari —
3 Reference Book Power System 1 For theory reference
Engineering (3rd Ed.)
Scientific Calculator and For manual Complex number
4 Notebook verification 1 functions required

VII1. Precautions to be followed

Use correct reactance values while calculating admittance.
Enter imaginary values properly in Scilab.

Keep the bus numbering sequence correct.

Calculate diagonal and off-diagonal elements carefully.
Check that the final Y-bus matrix is symmetric.

Avoid typing errors in the script.

N o g s~ w Db oE

Verify manual calculations before running the program.

IX. Procedure

1. First, open Scilab software on your computer. Create a new script file by clicking on File — New —
Script.

2. Write the given reactance values of the 3-bus system as imaginary quantities (since reactance is
represented by jX in power systems).

3. Convert each reactance into admittance using the formula y=1/jX

4. Identify all buses and their interconnections (Bus-1 with Bus-2, Bus-1 with Bus-3, Bus-2 with Bus-3).

5. Calculate the self-admittance (diagonal elements) for each bus by adding all the admittances connected
to that bus.

6. Calculate the mutual admittance (off-diagonal elements) by taking the negative of the branch
admittance between the two buses.

7. Combine all values into a 3x3 Y-bus matrix in Scilab.

Run the Scilab program by pressing Ctrl + R or clicking Execute — Execute File.

9. Observe the displayed Y-bus matrix and verify that it is symmetric, which confirms correct
calculation.
10. Record the results in your observation table and attach the Scilab output..

©

Maharashtra State Board of Technical Education (K-scheme) 78



Power System Analysis (316331)

X.Consider equivalent 3-bus network diagram without ground(for example)

It assume the network is the simple 3-bus triangle with series reactances
X12=j0.2,

X13=j0.4,

X23=j0.25 and no additional shunt to ground.

Mathematical formula for Yhbus elements:
e Diagonal elements: Yii=)yik (sum of all admittances connected to bus i)

o Off-diagonal elements: Yij=—yij
The corresponding branch admittances are:

Yi2 = 1/j0.2 = -j5
yi3 = 1/j0.4 = -j2.5
Y23 = 1/j0.25 = -j4

The bus admittance matrix is then constructed as:

Ybus =
(75 j5 j25]
[i5 -9 j4]

[j25 j4 -j6.5]]
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X1. Scilab Code: (Space for Scilab code)
Note-: Use above data for programing in Scilab

0000 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00000 000000000000000000000000000000000000000000000000000C0CC0C0C0C0CC0CO0O0C0CC0000C0C00CC0C0C0C0C00C0C0O0C0C0CC00C0CCOCIOCICIOCIIOIOIEOIOIOIOIOIOIOIOITOITOES

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00000 000000000000000000000000000000000000000000O00CC0C00C0CC0CC0C0CIC0C00CC0C00C0C00C00C0000C0C0C0C0C0C000C0C0O00C0C0CIC0C0C0CCCCIOCIOIOIIOIOIEOIOIOIOIOIOIOIOIOOIOIES

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
© 000 0000000000000000000000000000000000000000000000000000000000c0cceeceecoeceeeoececscecececosssosssssssssssssssssssssssssssss
© 0000000000000 000000000000000000000000000000000000000000000000c0cceeceecoeeeeeoececeeoceeecosscsosssossesssssssssssssssssssssss
© 0000000000000 0000000060000000000000000000000000000000000000000c0CEOEceccoeceeeoecoceeecececosssosssossssssssssssssssssssssssss
€000 0000000000000000000000000000000000000000000000000000000000000000CCCEREINOINIIIFIEICTQEOTQEQECEQEOCOCOEOCOCOCOCOCOCOCOCOCOCOVOCOVIOVIOCOCIOSOCSsssssssss
© 00 60000000000006000000600000000000000000000000000000000000000006000000000000060060006060060606000060000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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XI1. Observation Table.

Sr.No. Element Manual Calculation Scilab Output Verification
1 Yu -j7.5
2 Yo j5
3 Y j2.5
4 Yo -j9
5 Yas j4
6 Y -i6.5

XI111. Result

---------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

XVI. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. What is the significance of the Y-bus matrix in power system analysis?
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2. How are diagonal and off-diagonal elements of a Y-bus matrix calculated?

3. Why is the Y-bus matrix always symmetric? Explain.
4. Write the Scilab command used to create a matrix.

------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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XVII. References/ suggestions for further Reading

Sr.No. Link Description

1 https://help.scilab.org/docs/6.1.1/en_US/matrix.html Official documentation on
matrix handling in Scilab

Power Flow Analysis-Bus
Admittance Matrix Power
System Analysis

2 https://www.youtube.com/watch?v=E55IB5ep9F0

3 https://circuitglobe.com/bus-admittance-matrix.htmi Theory and formation rules

XVI11. Suggested Assessment Scheme

Performance Indicators Weightage (%)

Process related: 15 Marks 60%

1 | Identification of basic construction material 30%

2 | Recording of Observations 30%

Product related: 10 Marks 40%

1 | Interpretation of result 10%

2 | Answer to practical related questions. 20%

3 | Submission of report in time 10%

Total : 25 Marks 100%

Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No.14: Development of Ybus matrix by using software- case 2.

I.Practical Significance- This experiment demonstrates the process of forming the bus admittance matrix
(Ybus) for a given 3-bus power system network. This experiment shows students how shunt admittances
(line charging) affect the Ybus matrix. Including charging makes the model more realistic and is essential
for accurate load flow studies.

I1. Industry or Employer Expected Outcome-

Ability to model a power system network using an admittance matrix and perform system analysis such as

load flow, short circuit studies, and stability assessment.
I11. Course Level Learning Outcome-

CO5: Interpret the data required for Load flow studies

IV. Laboratory Learning Outcome-

LLO 14.1 Use Scilab to develop Ybus matrix for given 3- bus system-2

V. Relevant Affective domain related Outcome

Students will demonstrate systematic calculation, teamwork during verification, and attention to detail while
forming matrices and validating results.

VI. Relevant Theoretical Background

In power system analysis, the bus admittance matrix (Ybus) represents the relationship between bus currents
and voltages. It is derived from the line reactances or impedances connecting the buses. The Ybus matrix is
symmetric and is fundamental for load flow and fault analysis.

The bus admittance matrix (Ybus) is a fundamental tool in power system analysis, providing a complete
linear representation of the network. For a more accurate model, especially for medium and long
transmission lines, the shunt admittance (primarily capacitance to ground) cannot be neglected.Formation
of Ybus with Shunt Elements:

Series Admittance: The admittance of the line connecting two buses i and j is calculated as the inverse
of the series impedance: yij = 1/ (Rij + jXij).

Shunt Admittance: The total shunt admittance of a line (jB) is typically split equally and applied to the
two buses at its ends. This accounts for the capacitive charging current of the line
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VII. Resources required

Sr. No. Particulars Specification Quantity Remark

Computer System Windows / Linux PC Minimum: 4GB

1 with Scilab 6.x 1 RAM. 500GB

HDD

Scilab Software Open-spurce 1 license per Latest version

2 numerical tool

system recommended

Reference Book Nagrath & Kothari — Forth

3 Power System 1 ortheory

Engineering (3rd Ed.) reference

Scientific Calculator and For manual

4 Notebook verification 1 Complex number

functions required

VII1. Precautions to be followed

1
2
3
4
5.
6
7
8

Use correct series reactance and shunt charging values while calculating admittances.

Enter imaginary values correctly in Scilab.

Maintain proper bus numbering (Bus-1, Bus-2, Bus-3).

While forming Y-bus, add shunt admittances only to diagonal elements.

Off-diagonal terms must be negative of branch admittances.

Avoid typing mistakes in the script and verify before running.

Cross-check manual calculations before comparing with software output.

Ensure the resulting Y-bus matrix is symmetric.

IX. Procedure

N o g o~ w D E

Open Scilab and create a new script file (File — New — Script).

Enter the given series reactance values and shunt charging values of the 3-bus system.

Convert each series reactance into series admittance usingy = 1/ jX.

Write shunt charging admittances and add half of each line charging value at the respective buses.

Identify all line connections: Bus-1-2, Bus-1-3, Bus-2-3.

Calculate off-diagonal elements of Y-bus as the negative of branch admittances.

Calculate diagonal elements by adding series admittances connected to the bus and adding respective

shunt charging admittances.
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8. Form the 3x3 Y-bus matrix using these diagonal and off-diagonal values.
9. Enter this matrix in the Scilab script and execute the program using Ctrl + R.
10. Compare the obtained Y-bus matrix with manual values to confirm correctness.

11. Record the results in the observation table and attach the Scilab output.

X.Consider equivalent 3-bus network diagram without ground: (for example)

Bus 1 Z12 = j0.2 Bus 2
Bcl2 = 10,02 (total)

Z13 = j0.4
Bcl3 = j0.015

3 =j0.25
Bc23 = j0.03 (total)

(a) One-line diagram (Case 2: with line charging)

Series admittances:
Y12 =1/j0.2 =-j5
Y23=1/j0.25=-j4
Y13=1/j0.4 =-j2.5

Shunt halves at each bus:

Busl: j(0.01 + 0.0075) = j0.0175
Bus2: j(0.01 + 0.015) =j0.025
Bus3: j(0.0075 + 0.015) = j0.0225

Off-diagonals:
Y12 = j5,
Y23 = j4,
Y13 =j2.5

Diagonals:

Y11 =-j5+ (-j2.5) +j0.0175 = -j7.4825
Y22 =-j5 + (-j4) +j0.025 = -j8.975
Y33 =-j2.5 + (-j4) +j0.0225 =-j6.4775
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Final Ybus:
[[-j7.4825, j5,j2.5];

[i5, -}8.975, j4]
[j2.5, j4, -j6.4775]]

XI. Scilab Code: (Space for Scilab code)
Note-: Use above data for programing in Scilab

---------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Maharashtra State Board of Technical Education (K-scheme) 87



Power System Analysis (316331)

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€000 000000000000000000000000000000000000000000000000000000000000CC0O00O0C0C00C0C0CC0CO0CC000000C0C0CC00C0C0C0C0CCOCIOCIEIOCICIEOIOIEOIOIOIOIOIOIEOIESL

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

00 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€000 0000000000000000000000000000000000000000000000000000000000000000000000000000000C00C0C00C0C0C0C0C0C0C0CCOCIOCIIOCICIOIOIEOIOIOIOIOIOIEOIESL

€000 000000000000000000000000000000000000000000000000000000000000000000C0C00C0CCC0C0C000C0000C0C0C00000C0CCOCICIIOCICIOIOIEOIOIOIOIOIOIOITSL

€000 000000000000000000000000000000000000000000000000000000000000000000C0C00C0C0CC000CC00C0000C0C0C00000C0CCOCIOCICIOCICIOIOIEOIOIOIOIOIOIOITSL

€000 00000000000000000000000000000000000000CCO00CC0C0C0C0C0CCCCC00C00C0CC0C00C0C00C00C0C0C0CO0CC00C0C00C0C0C0CC0C0C0CCOCCOCIOCIOIIOIOIOIOIEOIOIOIOIOIOIOTEST

€000 00000000000000000000000000000000000000CCO0O0CC0CC0C0C0CCCCC0C00C0CC0C00C0CC0I0C00C0C0CCO0CC0C0C0C000C0C0CC0CC0C0C0CC0CCOCIOCIOIIOCIOIEOIOIEOIOIOIOIOIOIEOTEST

€000 00000000000000000000000000000000000000CCO0O0CC0C0C0C0C0CCCCC0C00C0CC0C00C00C0I0C00C000C0C0C0C0C0C0C000C0C0CC0CC0CI0C0CCO0CCOCIOCIOIIOIOIEOIOIEOIOIOIOIOIOIOTEST

€000 000000000000000000000000000000000000000CO00CC0C0C0C0C0CCCC00000C0CC0C00C0C00C0CCC0C0C0C0C0C0C0C00C0C0CC0CC0C0C0CCO0CCOCIOCIOIIOIOIOIOIEOIOIOIOIOIOIEOTEED

€000 000000000000000000000000000000000000CCCCO0O0CC0C0C0IC0CC0C0C00C0C000CC0C000C0C0C0C000CC0C0000C00C0C0C0C0CCC0CI0C0CC0CCIOCIOCIOCIIOIOIOIOIOIOIOIOIOIOOOOscs
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XI1. Observation Table

Sr.No. Ybus Element Manual Calculation (p.u.) Scilab Output (p.u.) Verification
1 Yu -j7.4825
2 Yo j5
3 Y j2.5
4 Yo -j8.975
5 Yas j4
6 Y -j6.4775

XI11. Result

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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XVI. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO

1. What is the effect of shunt (line charging) admittance on the Y-bus matrix?

2. Why are half line-charging admittances added to the diagonal elements of Y-bus?
3. What is the difference between Y-bus Case-1 and Case-2?

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................

------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

------------------------------------------------------------------------------------------------------------------------------

..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

©00000000000000000000000000000000000000000000000000000000000600000600000000006000060060600006006000000000000000000000000000000000000
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................
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XVIIl.References/ suggestions for further Reading

Sr.No. Link

Description

1 https://help.scilab.org/docs/6.1.1/en_US/
matrix.html

Official documentation for handling complex
matrices in Scilab.

2 https://www.youtube.com/watch?v=S3Af
Vjde7bo

Power Systems | Understanding Y Bus Matrix

3 https://www.scribd.com/document/54851
2703/Formation-Of-Y-bus-Matrix

The document describes forming the bus admittance
matrix (Y-bus matrix) of a power system network
using MATLAB

XVII1.Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related: 15 Marks 60%
1 | Identification of basic construction material 30%
2 | Recording of Observations 30%
Product related: 10 Marks 40%
1 | Interpretation of result 10%
2 | Answer to practical related questions. 20%
3 | Submission of report in time 10%
Total : 25 Marks 100%
Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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Practical No.15: Determination of effect on SLFE during the maintenance outages for given power
system using relevant software.

I.Practical Significance- The Static Load Flow Equations (SLFE) are the fundamental mathematical
representation of a power system's steady-state operation. Solving these nonlinear equations is crucial for
planning, operation, and contingency analysis. This experiment demonstrates how the solution of the SLFE
changes when the system topology is altered due to a maintenance outage, revealing critical information

about new line power flows, bus voltages, and system stability.

I1. Industry or Employer Expected Outcome-

The industry expects an engineer to be able to model a power system, formulate and solve the SLFE
using computational tools, and interpret the results to assess the impact of contingencies, thereby
ensuring secure and reliable system operation.

I11. Course Level Learning Outcome-

CO5: Interpret the data required for Load flow studies

IV. Laboratory Learning Outcome-

LLO 15.1 Determine the effect on SLFE for given power system using relevant software like
VLAB/Scilab.

V. Relevant Affective domain related Outcome

Cultivate a rigorous and analytical approach to power system analysis, demonstrating responsibility and
precision in modeling and interpreting computational results.

VI. Relevant Theoretical Background

The Static Load Flow (SLF) refers to the change in real and reactive power flow in transmission lines when
the system topology changes, such as during the outage of a line or transformer. This is analyzed using

Power Flow (or Load Flow) studies.

A Power Flow study calculates the voltage magnitude and angle at each bus, and the real and reactive power

flows in each line under steady-state conditions.
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« When a component is taken out for maintenance (an "N-1 contingency"), the power that was flowing through

it must be redistributed through other paths according to Kirchhoff's laws. This redistribution can cause

some lines to become overloaded and bus voltages to deviate beyond acceptable limits.
o Software tools like VLAB or SCILAB (with dedicated toolboxes like Powerlib in SCILAB or equivalent)

solve the set of non-linear power flow equations using numerical methods like Newton-Raphson or Gauss-

Seidel. SLFE (Static Load Flow Equation) is used to estimate the power flow in a transmission line under

simplified assumptions:
Pij = 8i—5ij/Xij

Where:

e Pij=Power flow from bus i to bus j

e 01,0j= Bus voltage angles
o Xij= Line reactance

During a maintenance outage, one line is removed. This changes the network topology and power is
redistributed through other lines.
This study helps identify:

o Lines that become overloaded

o Changes in bus angles
o System stability concerns

VII. Resources required

Sr. No. Particulars Specification Quantity Remark
Computer System Windows / Linux PC Minimum: 4GB RAM
1 with Scilab 6.x 1 500G.B HDD ’
VLAB / SCILAB with Open-source .
X Latest version
2 Power System Toolbox numerical tool 1 recomn\:enc;e q
Reference Book Nagrath & Kothari —
3 Power System 1 For theory reference
Engineering (3rd Ed.)
Scientific Calculator and For manual .
4 Notebook verification 1 Complex rnel;nl}it;:(rjfunctlons
VIII. Precautions to be followed
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Ensure the software is properly installed and licensed (if applicable).
Double-check all input parameters (bus data, line data) for accuracy before running the simulation.

1
2
3. Save the project file after the base case simulation before proceeding with contingency analysis.
4

Interpret the results carefully, noting the units (per-unit vs. actual values).

IX. Procedure

1. Launch the power system simulation software (e.g., SCILAB/VLAB).

2. Draw the single-line diagram for the 3-bus system.

3. Input the specifications for all buses (type, voltage, load/generation) and transmission lines
(resistance, reactance, susceptance).

4. Run the Power Flow analysis for the Base Case (all lines in service). Record the real and reactive
power flow in all lines and the voltage at all buses.

5. Simulate the Maintenance Outage Case by disconnecting Line 2-3 from the circuit.

6. Run the Power Flow analysis again for this contingency case.

7. Record the new real and reactive power flows and bus voltages.

1. Given data(for example)

Analyze the following 3-Bus power system:

Bus Data:
Bus Type Generation (P, Q) Load (P, Q) Voltage Setpoint
1 Slack - - 1.06 £ 0° pu
2 PQ - 1.2 +j0.6 pu -
3 PV 1.0 pu 0.8 +j0.4 pu 1.03 pu

Line Data (Impedance in pu on 100 MVA base):

Line Resistance (R) Reactance (X) Charging (B/2)
1-2 0.02 0.15 0.02
2-3 0.025 0.20 0.025
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Line Resistance (R) Reactance (X) Charging (B/2)

1-3 0.018 0.12 0.018

Contingency to Analyze: Maintenance outage of Line 2-3.

X.Scilab Code: (Space for Scilab/VLAB)

Note-: Use above data for programing in Scilab

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------
---------------------------------------------------------------------------------------------------------------------

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
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---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------

XI1. Observation Table

Table 1: Bus Voltage Profile

Outage
Base Outage .
Base Case Case Change in
Bus Type Case Case |V|
Angle (8)° Angle V| (pu)
V| (pu) (pu) ]
()
1
2
3

Table 2: Line Power Flow (Real Power - P)
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Line Base Case P (pu) Outage Case P (pu) Change (AP)

1-2

2-3

1-3

XI11. Result

XV. Practical Related Questions

Note: Below given are few sample questions for reference. Teachers must design more such
questions so as to ensure the achievement of identified CO.

1. What is the primary purpose of a Slack Bus in a load flow study, and why did its voltage remain
unchanged during the outage?

2. Define the term "Shift in Line Flow" (SLF) in your own words, based on what you observed in
your experiment.
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XVI. References/ suggestions for further Reading

Sr.No. Link Description
1 https://www.vlab.co.in/ Official VLAB portal - Access the power system
simulation tool used in this experiment.
2 https://circuitglobe.com/power- Circuit Globe Power System Atrticles - Detailed
system.html explanations of power system concepts.
3 https://www.ieee.org/ IEEE Xplore Digital Library - Research papers on power
system analysis (access through institution).

XVII. Suggested Assessment Scheme

Performance Indicators Weightage (%)
Process related: 15 Marks 60%
1 | Identification of basic construction material 30%
2 | Recording of Observations 30%
Product related: 10 Marks 40%
1 | Interpretation of result 10%
2 | Answer to practical related questions. 20%
3 | Submission of report in time 10%
Total : 25 Marks 100%
Marks Obtained Dated Sign of
Teacher
Process Related (15) Product Related (10) Total (25)
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