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ABSTRACT

The design and construction of an RLC circuit trainer aim to bridge the gap
between theoretical knowledge and practical understanding of electrical circuits
in engineering education. This project presents a comprehensive solution for
analyzing the behavior of resistors (R), inductors (L), and capacitors (C) in
various configurations. The trainer provides a modular and flexible platform

that enables students and educators to construct, test, and analyze series, parallel,
and series-parallel RLC circuits.

The development process included system architecture design, component
selection, circuit implementation, measurement tool integration, and user
interface design. The prototype features key components such as a breadboard-
based trainer module, measurement tools including oscilloscopes and
multimeters, and an intuitive graphical user interface for real-time monitoring
and analysis. Testing and validation confirmed the trainer’s ability to accurately
measure parameters like resonance, impedance, and frequency response with
results closely aligned with theoretical expectations.

The RLC circuit trainer proved to be a reliable and effective educational tool,
providing hands-on experience and enhancing conceptual understanding of
complex circuit behavior. It holds potential for further development in both
academic and industrial applications. Recommendations for future
improvements include enhancing user interaction, expanding analytical
capabilities, and conducting broader validation studies to ensure performance
consistency across diverse use cases.
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CHAPTER ONE

1.0 INTRODUCTION

A trainer generally refers to a person, device, or system that provides guidance,
helps other learn, develop skills, or improve performance in a specific area.

In the realm of electrical engineering education, trainers serve as indispensable
tools that provide hands-on experience and practical understanding to students
and professionals alike. A trainer, in this context, is a device or system designed
to facilitate learning by enabling users to interact directly with electronic
components and circuits, thereby enhancing theoretical knowledge through
experimentation and observation.

The RLC Circuit Trainer is an electronic educational apparatus specifically
designed to assist students and engineers in learning the fundamental concepts
and behaviors of RLC circuits, which consist of resistors (R), inductors (L), and
capacitors (C). This trainer enables users to construct, modify, and analyze RLC
circuits, offering insight into crucial parameters such as impedance, resonance
frequency, bandwidth, and transient response. Through practical
experimentation, users can observe how these circuits behave under different
conditions, which is critical for developing a deep understanding of their
applications in real-world electronic systems.

RLC circuits form the backbone of many electronic and electrical engineering
applications, including:

> Filtering: Used to selectively allow signals of certain frequencies to pass
while blocking others, essential in audio electronics, communication
systems, and signal processing.

» Oscillation: Employed in oscillators to generate periodic signals in
clocks, radios, and transmitters.

» Energy Storage and Transfer: Vital in power systems and electronic
devices for temporary energy storage and smooth energy transitions.



1.1 BACKGROUND OF THE STUDY

The study of electronics and circuit analysis is foundational in electrical
engineering curricula worldwide. Among the basic yet critical circuit types,
RLC circuits hold a special place due to their versatile use in frequency
response analysis and signal conditioning. Despite their importance, traditional
methods of teaching these concepts tend to focus heavily on theoretical lectures
and computer simulations.

While these methods provide valuable knowledge, they often fall short in
delivering the tactile and intuitive learning experience necessary for mastering
circuit behavior.

Existing commercial RLC trainers are often costly, bulky, and sometimes
designed with limited consideration for user safety and ease of interaction. This
results in restricted access for many educational institutions, especially those
with limited funding or resources. Moreover, some trainers lack the flexibility
required for experimentation.

This project therefore seeks to develop an affordable, portable, and safe RLC
circuit trainer. The goal is to enhance electronics education by providing an
accessible tool that allows users to gain practical experience, understand
theoretical concepts deeply, and explore circuit behaviors through hands-on
experimentation.

1.2 STATEMENT OF PROBLEM

Despite the critical role that RLC circuits play in electronics engineering,
students and novice engineers frequently face challenges in fully grasping their
principles and real-world applications. The main issues include:

= Limited Practical Exposure: Many learning environments do not provide
sufficient hands-on opportunities with physical RLC circuits, leading to a
gap between theory and practice.

= High Cost and Accessibility Issues: Commercial RLC trainers tend to be
expensive and inaccessible to many educational institutions and learners,
limiting widespread practical learning.

= Safety Concerns: Some existing trainers do not adequately safeguard
users against electrical hazards, which can discourage interactive use and
experimentation.



= Lack of Interactivity: Traditional teaching tools may lack engaging and
interactive features, which can hinder motivation and effective learning.

This project aims to overcome these challenges by designing a trainer that is
cost-effective, user-friendly, safe, and interactive, thus fostering a richer and
more comprehensive learning environment for RLC circuits.

1.3 AIM OF THE PROJECT

The primary aim of this project is to design and construct a functional RLC
circuit trainer that provides a hands-on, interactive platform for learning and
experimentation with RLC circuits, thereby improving educational outcomes in
electronics and electrical engineering.

1.4 OBJECTIVES OF THE PROJECT

To achieve the stated aim, the project sets out to accomplish the following
objectives:

v To design an affordable and portable RLC circuit trainer with a modular
setup that allows easy configuration of R, L, and C components.

v To incorporate safety features that protects users from electrical hazards
during experimentation.

v To develop measurement tools and interfaces that allows accurate
observation of key circuit parameters such as impedance, resonance
frequency, and voltage/current responses.

v" To enhance practical learning experiences and promote understanding of
RLC circuit behaviors through direct experimentation.

v" To validate the trainer’s effectiveness by testing and evaluating its
performance against theoretical models and expected outcomes.

1.5 SIGNIFICANCE OF THE STUDY
This project holds significant value in the electrical engineering community:

- For Students: It bridges the gap between theory and practice by providing an
engaging platform to explore and understand RLC circuit concepts firsthand,
thereby deepening their comprehension and problem-solving abilities.



- For Educators: It offers a practical teaching aid that complements lectures and
simulations, enabling more interactive and effective instruction.

- For Educational Institutions: By delivering an affordable and durable trainer, it
promotes wider access to quality practical training, even in resource-constrained
settings.

Ultimately, the RLC circuit trainer can contribute to producing more competent
and confident graduates who are better prepared to meet industry demands.

1.6 SCOPE AND LIMITATIONS

Scope: This project is focused on the design, construction, and evaluation of an
RLC circuit trainer tailored for educational use. The scopes include:

v" The design and selection of appropriate resistors, inductors, and
capacitors covering a range of values to demonstrate different circuit
responses.

v The development of a user interface incorporating measurement
instruments such as voltmeters, ammeters, and frequency meters for real-
time observation.

v" Rigorous testing to ensure the trainer’s reliability, accuracy, and safety.

Limitations:

= The trainer is intended for educational and experimental use only, and
may not be suitable for industrial-grade or high-power applications.

= The frequency range and component values are limited by the
specifications of the chosen components and instrumentation, which may
restrict exploration beyond a certain bandwidth.

= The trainer may not simulate all complex non-ideal characteristics of real-
world RLC circuits, such as temperature effects or component tolerance
variations.



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 OVERVIEW OF RLC CIRCUITS

RLC circuits are integral to the foundation of electrical and electronic
engineering. These circuits consist of three passive components: resistors (R),
inductors (L), and capacitors (C), which together influence how a circuit
responds to electrical signals, especially alternating current (AC). Their
significance lies in their ability to control voltage, current, and signal frequency
in a predictable manner, forming the basis for numerous real-world applications
and advanced circuit designs.

2.1.1 Key Concepts in RLC Circuits

Resonance: Resonance occurs in an RLC circuit when the inductive reactance
(XL = 2xnfL) equals the capacitive reactance (XC = 1/2nfC). At this point, the
reactive components cancel out, and the circuit behaves as if it has only resistive
impedance, resulting in maximum current flow. Resonance is especially
important in communication systems, tuning circuits, and signal filters where
specific frequency selection is necessary.

Impedance: Impedance (Z) is the total opposition a circuit offers to the flow of
alternating current. It is a combination of resistance (R) and reactance (X),
which may be inductive or capacitive. The mathematical representation of
Impedance is Z = R + jX, where j is the imaginary unit. Impedance varies with
frequency, making RLC circuits useful in frequency-dependent applications.

Frequency Response: This refers to how the output of an RLC circuit changes
across a range of input signal frequencies. Analyzing the frequency response
helps in designing circuits like band-pass and band-stop filters. Parameters such
as bandwidth, gain, and phase shift are typically examined to understand circuit
performance across frequencies.

2.1.2 Applications of RLC Circuit

Filters: RLC circuits are widely used in constructing low-pass, high-pass,
band-pass, and band-stop filters.



These filters are instrumental in audio processing, radio frequency tuning, and
data communication to isolate or remove unwanted frequencies.

Oscillators: In oscillator circuits, RLC components are arranged to create self-
sustaining periodic signals. They are critical in generating time-based signals
such as clock pulses for microprocessors or RF signals in communication
devices.

Impedance Matching: RLC networks are used to match the impedance between
different parts of an electrical system, such as between a transmission line and a
load. Proper impedance matching ensures maximum power transfer and
minimal signal loss.

IE— i i
LY
L 4
SO0
y +
— 1 Co
‘"\.f’;f'v &

FIGURE 2.1 - Simple Principle of Operation of RLC Circuit
Trainer

2.2 EXISTING RLC CIRCUIT TRAINERS

To improve understanding and facilitate practical experimentation, several RLC
circuit trainers have been developed over the years. These trainers serve as



educational tools that simulate real-world circuit behaviors in a safe, controlled,
and interactive environment.

Commercial Products

Lab-Volt RLC Circuit Trainer: This is a comprehensive and modular
training platform used in technical institutions and universities. It
typically includes detachable circuit modules, integrated meters, and
built-in safety features. The system supports experiments involving series
and parallel RLC configurations, resonance, phase relationships, and
frequency response. It is user-friendly and suitable for both beginner and
advanced learners.

National Instruments RLC Trainer: Developed around the CompactRIO
or NI ELVIS platform, this trainer leverages LabVIEW software for data
visualization and control. It allows for highly customizable experiments
and real-time data acquisition. It is particularly useful in engineering
programs with a focus on automation and programmable instrumentation.

DIY Projects and Educational Kits

Arduino-Based RLC Circuit Trainer: This is a microcontroller-driven
alternative for budget-conscious institutions. It typically uses analog
sensors, LCD displays, and serial communication to display impedance,
frequency, or voltage levels. Open-source libraries and platforms like
Tinkercad and Proteus aid in its development.

Breadboard-Based Trainers: These are low-cost and adaptable learning
platforms where components can be easily rearranged to test various RLC
circuit configurations. They foster a deep understanding of the interaction
between resistance, inductance, and capacitance through trial-and-error
experimentation and troubleshooting resistance, inductance, and
capacitance through trial-and-error experimentation and troubleshooting.



Comparison of Existing Trainers:

Feature Lab-Volt National Instrument
Cost High High

Complexity High High

Measurement Tools Integrated Integrated

User Interface User-friendly User-friendly
Customizability Limited Limited

2.3 DESIGN CONSIDERATIONS AND CHALLENGES

The effectiveness and educational value of an RLC circuit trainer depend
heavily on thoughtful design and implementation. A few crucial considerations
are:

e Component Selection: Choosing high-quality and standardized resistors,
capacitors, and inductors is critical. Components must be capable of
withstanding expected voltage and current levels while maintaining
minimal tolerance variations. Preferably, components with clear labeling
and measurable ranges are selected for ease of identification and
instructional use.

e Circuit Layout and Wiring: Neat and logical circuit layout ensures clear
signal paths and minimizes parasitic capacitance and inductance, which
can skew readings, especially at higher frequencies. Shielded cables or
grounded enclosures may be necessary to reduce electrical noise or
interference.

o Safety Considerations: Fuses, over-voltage protection circuits, and
current-limiting resistors are incorporated. The trainer’s enclosure should
be made of insulating material to prevent accidental shocks. Also, clearly
labeled terminals and switches should be included to prevent user errors.

e Modularity and Scalability: A good trainer should be modular, allowing
different configurations of RLC circuits (series, parallel, and mixed) to be
assembled and tested. Scalability ensures that the same trainer can be
used from basic to advanced learning levels.
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2.4 REVIEW OF RELEVANT TECHNOLOGIES

Several technologies enhance the educational value and functionality of RLC
circuit trainers. These tools facilitate analysis, data interpretation, and hands-on
experimentation:

v" Measurement Instruments: Devices such as digital multimeters (DMMs),
oscilloscopes, and function generators are vital for observing voltage
waveforms, measuring current, determining impedance, and observing
resonance behavior. Modern trainers may integrate these tools for
convenience.

v" User Interface Technologies: The incorporation of intuitive user
interfaces—such as digital displays, keypads, or touchscreens—can
significantly improve usability. These interfaces can be used to input test
conditions or display parameters like frequency, voltage, current, and
phase angle in real time.

v' Software for Data Acquisition and Analysis: Tools like MATLAB,
Python (with NumPy and Matplotlib), and LabVIEW enable detailed data
logging, simulation, and graphical representation of results. These
platforms support virtual instrumentation and remote analysis, making
them ideal for blended or online learning environments.

A thorough review of RLC circuit fundamentals, existing trainers, design
considerations, and relevant technologies reveals the gap in accessible, safe, and
interactive learning platforms for students and electronics enthusiasts. This
project addresses that gap by proposing a cost-effective, user-friendly, and
pedagogically robust RLC circuit trainer that enhances conceptual
understanding and practical skills.



CHAPTER THREE

3.0 DESIGN AND DEVELOPMENT

This chapter presents the systematic process undertaken in the design and
development of the RLC circuit trainer. It covers the system architecture,
detailed circuit design, component selection criteria, development of the trainer
module, integration of measurement tools, and user interface functionalities.
The goal of this chapter is to describe how the conceptual design was translated
into a functional and educational circuit training platform.

3.1 SYSTEM ARCHITECTURE AND BLOCK DIAGRAM

The RLC circuit trainer system is built with modularity and educational utility
as its core objectives. Its architecture is composed of three interdependent
subsystems:

1. Trainer Module
This is the core platform where users construct various RLC circuits
using interchangeable components. It includes plug-and-play sockets for
resistors, inductors, and capacitors to allow for easy reconfiguration of
the circuits. The trainer module supports both series and parallel RLC
connections, providing flexibility in experimentation.

2. Measurement Tools
Measurement tools integrated with the trainer include multimeters,
oscilloscopes, and signal generators. These devices are used to observe
and analyze circuit behavior such as voltage levels, current flow, phase
differences, and resonance characteristics.

3. User Interface

The user interface (Ul) is designed to be simple and educational, aiding in
circuit configuration, parameter monitoring, and data visualization. It bridges
the gap between the physical trainer and analytical tools by facilitating
parameter input and real-time data observation.

10



Block Diagram

The block diagram illustrates the overall system architecture, showing the
Interconnections between the trainer module, measurement tools, and user
interface.

FIGURE 3.1- Block Diagram of RLC Circuit Trainer

3.2 CIRCUIT DESIGN AND COMPONENT SELECTION

Designing an effective RLC circuit trainer requires the use of standardized and
robust components that ensure both accuracy and safety.

Resistors

Resistors were selected based on the expected current and voltage range in the
learning environment. Typical values such as 100 Q, 1 kQ, and 10 kQ with 5%
tolerance were chosen to cover a wide range of circuit configurations. Metal
film resistors are preferred for their accuracy and thermal stability.

11
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FIGURE 3.2 - PICTURE AND DIAGRAMATIC REPRESENTATION OF A RESISTOR

Inductors

Inductors were chosen to represent realistic values used in common AC circuit
applications. Values like 1 mH, 10 mH, and 100 mH are selected, with current
ratings above 500 mA to prevent saturation or overheating.

B o
FIGURE 3.3 — PICTURE AND DIAGRAMATIC REPRESENTATION OF AN INDUCTOR

Capacitors

Capacitor selection includes values like 100 nF, 470 nF, and 1 puF with voltage
ratings of at least 50V to ensure safety during testing.

FIGURE 3.4 — PICTURE AND DIAGRAMATIC REPRESENTATION OF A CAPACITOR

12



Component List

Component Type | Value | Tolerance | Rating

Resistor 1 kQ +5% 05W

Inductor 10mH | +10% 1A

Capacitor 100 nF | +10% 50V
TABLE 3.1

3.3 TRAINER MODULE DEVELOPMENT

The physical trainer module is designed for ease of use, modularity, and
robustness. It includes the following key features:

= Breadboard or PCB Interface

A high-quality solderless breadboard is integrated to enable users to construct
circuits quickly without permanent soldering.

= Component Sockets

Dedicated sockets are provided for inserting components such as resistors,
inductors, and capacitors. These sockets are color-coded and labeled for clarity,
helping users distinguish components and correctly place them in the circuit.

=  Connectors and Terminals

Standard banana jacks and pin headers are used to connect the trainer to external
instruments like signal generators or oscilloscopes.

These connectors ensure secure, low-resistance connections and are designed to
withstand frequent use.

3.4 MEASUREMENT TOOL INTEGRATION

Accurate measurement is crucial for analyzing RLC circuit behavior. The
trainer integrates or interfaces with the following instruments:

13



= Oscilloscopes

Digital oscilloscopes are used to visualize voltage waveforms across
components and observe phase relationships. They help students identify the
effects of resonance and frequency response.

= Multimeters

Multimeters are used to measure DC/AC voltage, current, and resistance. They
serve both as diagnostic tools and verification instruments during experiments.

= Signal Generators

Function generators provide sinusoidal, square, or triangular waveforms at
various frequencies and amplitudes. They allow users to study circuit response
under different input conditions, such as sweep frequency testing for identifying
resonant peaks.

3.5 USER INTERFACE AND DATA ANALYSIS
CAPABILITIES

To bridge theory and practice, the user interface enables interaction with the
system while simplifying complex tasks.

1. Parameter Input and Control
Users can input component values, adjust signal frequency and amplitude, or
switch circuit configurations using knobs, switches, or a graphical Ul (e.g., on
an LCD or PC). This modularity encourages experimentation and active
learning.
2. Circuit Monitoring
Real-time visualization of voltage, current, and phase data allows users to
understand circuit behavior. Oscilloscopes, digital displays, or PC
software can be used for monitoring.
3. Data Analysis Features
Analysis of data, including frequency response, impedance, and
resonance. The user interface provides tools and features for data analysis,
allowing users to gain insights into circuit behavior and performance.The
user interface also includes data analysis capabilities, such as:

14



- Data Visualization: Visualizing data, including plots and charts, to
facilitate understanding and analysis. The data visualization tools provide
a clear and concise representation of the data, allowing users to quickly
understand circuit behavior.

- Data Export: Exporting data for further analysis and processing. The
data export feature allows users to transfer data to other tools and
software, facilitating further analysis and processing.

4. Data Export Capability

Measurement data can be exported as CSV or Excel files for further analysis in
MATLAB, Excel, or Python. This feature supports laboratory reporting and
post-experiment analysis.

15



CHAPTER FOUR

4.0 IMPLEMENTATION AND TESTING

This chapter details the implementation and testing processes involved in
developing the RLC circuit trainer. It includes systematic documentation of
prototype development, testing and validation procedures, presentation of
results, and methods of troubleshooting.

4.1 PROTOTYPE DEVELOPMENT

The development of the RLC circuit trainer prototype was carried out through
the following phases:

v Requirements Gathering and Analysis: The process began by identifying
user and educational needs through informal interviews, curriculum
analysis, and review of existing training kits. Key requirements included
real-time circuit measurement, ease of circuit reconfiguration, visual
feedback for waveforms, and a guided user interface.

v" Preliminary Design: A high-level block diagram was drafted to outline
the trainer’s subsystems: RLC circuit board (with plug-and-play
capability), measurement terminals, and software interface. This initial
blueprint facilitated early identification of system dependencies and
critical design constraints.

v" Prototype Construction: The actual trainer was built using a breadboard
setup for flexibility. It housed discrete resistors, inductors, and capacitors,
and was connected to:

= A signal generator for test inputs,
= QOscilloscope probes for waveform analysis,
= A digital multimeter for voltage, current, and resistance readings.

The user interface was created using a PC-based GUI platform (e.g., Python
with Tkinter or LabVIEW), enabling users to configure component values,
simulate signals, and observe results.

v" Initial User Evaluation: A small group of students and instructors tested
the prototype. Their feedback helped refine the layout, interface, and
instruction manual. Early user involvement ensured that the trainer was
educationally effective and intuitive to use.

16



4.2 LABORATORY MANUAL ON RLC CIRCUIT TRAINER

DEPARTMENT OF ELECTRICAL ELECTRONICS ENGINEERING,

FACULTY OF ENGINEERING, KWARASTATE
POLYTECHNIC

STUDENT’S LABORATORY MANUAL ON RLC VECTOR
ANALYZER TRAINER

1uF

aoov |
0.36uF f
2sov 1 | O

0.22F
270V

MATRIC NUMBER: «.iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiciicieeaees

SEMESTER/SESSION: «cciiiiiiiiiiiiiiiiiitiiiiiiitteiinteiineciiincecnnes
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CONCEPT OF POWER FACTOR IN AC CIRCUITS

Power Factor (PF) is a measure of how effectively electrical power is
converted into useful work output. It is the ratio of real power (measured in
watts, P) to apparent power (measured in volt-amperes, S) in an AC circuit:

Power Factor = cos = R€al POWer (P)/a 0,0 ent power (S)
Where 6 is the phase angle between the voltage and current waveforms.

Components of Power:

1. Real Power (P):

o Power used to perform actual work (e.g., running machines,
lighting lamps).

o Measured in watts (W).

o Depends on the resistive component of the circuit.

2. Reactive Power (Q):

o Power used to establish magnetic and electric fields in
inductive or capacitive components (e.g., motors,
transformers).

o Does not perform useful work but is necessary for the
operation of reactive loads.

Measured in reactive volt-amperes (VAR).
3. Apparent Power (S):

o The total power supplied by the source, a combination of real
and reactive power.

o Measured in volt- -amperes, (VA).

o Given by: S = sqrt(P* + Q%)

Power Triangle:

The relationship between P, Q, and S can be represented by a
right triangle: Cos0 = P/S

- Real Power (P) is the adjacent side.

« Reactive Power (Q) is the opposite side.

« Apparent Power (S) is the hypotenuse.
« Power Factor Cos# is the cosine of the angle between P and S.

Importance of Power Factor:

18



1. Efficiency:
« A high power factor (=1, approx 1) indicates efficient
utilization of electrical power.
« A low power factor means more current is required to
deliver the same amount of real power, leading to energy
losses.

2. Phase Relationship:
« Inpurely resistive loads, voltage and current are in phase (6=
0°, and PF=1).
« Ininductive loads, current lags voltage (6>00, and PF<1).
« In capacitive loads, current leads voltage (6<00, and PF<1).

3. Impact on Electrical Systems:
« Alow power factor increases the current drawn by the circuit,
causing;
« Increased losses in transmission lines.
« Higher demand on generation and distribution systems.
« Larger equipment sizing for the same power delivery.
Example:

If a motor draws 1000 VA of apparent power but only delivers 800 W of
real power, the power factor is:

PF=800/1000=0.8

This indicates that 80% of the power is used for useful work, while the rest
IS reactive.

Improving Power Factor:

1. Capacitor Banks:
« Used to offset inductive reactance in the circuit.
« Improves lagging power factor.

2. Synchronous Condensers:
« Large machines that operate as capacitors to improve power
factor dynamically.
3. Power Electronics:
« Devices such as active power factor correction circuits.

By maintaining a high power factor, efficiency is improved, energy costs
are reduced, and electrical infrastructure operates more effectively.

19



Experiment 1:

MEASUREMENT OF POWER FACTOR:
Objective:

To understand the concept of power factor and measure the power factor of
different types of loads.

Apparatus Required:

1. Voltmeter, Ammeter, Wattmeter. (MULTIFUNCTION DIGITAL METER
PANEL)
2. AC power source.
3. Load banks: (RLC LOAD VECTOR ANALYZER)
. Resistive load (e.g., incandescent bulbs or resistive heaters).
« Inductive load (e.g., coil or induction motor).
. Capacitive load (e.g., capacitor bank).
4. Connecting wires.

Circuit Diagram:

Wattmeter
_ . ienssleni
| g . o
b Zi.v' - ‘/ \‘l P g MJ,«Gw' R L
Eal | 2y R ; :
g & J ~— : <
AC g | AV <
~ 29 | o R <R
(n) 16— |
.\A—r-/ / .}- C<| \\Y// D<
g A,.': L
£ [
» X
:I l

FIGURE 4.1- CIRCUIT DIAGRAM OF RLC CIRCUIT TRAINER

Carry out the following connections:

1. Connect the MULTIFUNCTIONAL DIGITAL METER PANEL (MDMP) to
power supply and turn it ON. At this point you will observe the multifunction digital
meter display on the screen. This digital meter would measure:

e VoltageasV

e CurrentasA

e Real Power (P) as Kw

e Reactive Power (Q) as KVar

e Apparent Power (S) as KVA Power Factor as Cos©
Note : the K is kilo

20



2. You should access these parameters above using the left and right arrow keys on
the multimeter

3. Also connect the RLC LOAD VECTOR ANALYZER to the power supply, turn it
ON and observe the cooling fan behind spin.

PROCEDURE:

Step 1: Resistive Load

1. Connect the resistive load (100w incandescent bulb to Rout and Nout of the MDMP
2. Connect the inputs of MDMP Rin and Nin using patch chords to the power supply
source through a variac transformer.

3. Measure and record:
. Voltage (V) using a voltmeter.
« Current (1) using an ammeter.

« Active power (P) using a wattmeter.
4. Calculate the power factor using the formula: Power Factor

(PF)=P/VxI Note : VxI = apparent power (S). Calculate and compare it.
Is this true? Therefore PF = Active or Real power / apparent power = P/S

= Cos0
5. Observe that the power factor is close to 1 for a purely resistive load.

Step 2: Inductive Load

Replace the resistive load with an inductive load.(either 1H, 0.8H, 0.6H only)
Repeat the measurements of voltage, current, and active power.

Calculate the power factor using the same formula.

Observe that the power factor is less than 1 due to the lagging phase difference
between voltage and current.

~wn e

Step 3: Capacitive Load
1. Replace the inductive load with a capacitive load.(either 1uF, 0.36uF, 0.22uF only)
2. Repeat the measurements of voltage, current, and active power.
3. Calculate the power factor.
4. Observe that the power factor is less than 1 due to the leading phase difference
between voltage and current.
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Step 4: Mixed Loads (RESISTIVE and INDUCTIVE)

1. Combine resistive and inductive.( 100w incandescent bulb and 0.8H inductor)
2. Repeat the measurements and calculations.
3. Observe how the combination affects the overall power factor.

Step 5: Mixed Loads (RESISTIVE, INDUCTIVE and CAPACITIVE)

1. Combine resistive, inductive, and capacitive loads.( 100w incandescent
bulb and 0.8H inductor 0.36uF)

2. Repeat the measurements and calculations.

3. Observe how the combination affects the overall power factor.

4. Observations:

Record the measured values of V, |, P, and the calculated power factor for each type of
load in a table.

Load Type Voltage | Current| Apparent Active Power
M V)| () (A power(S) = | Power (P)|Factor (PF)

(VxI) VA w Cos0

Resistive 195 0.34 66.3 66 0.995

(R)(100w bulb)

Inductive (L) 198 0.089 17.6 6 0.34

(0.8H)

Capacitive (C) 197 0.124 24.4 0.000 0.000

(1uF)

Mixed 198 0.38 75.2 73 0.971

(RL)(100w,

0.8H)

Mixed 195.7 0.38 74.3 73 0.983

(RLC)(100w,

0.8H, 0.36uF)

TABLE 4.1

Note : the values on the table are converted to standard values. KVVA is converted to
VA, Kw is converted to w from the meter display.
Compare the calculated values to the measured values

Results:

Compare the power factors of different loads and observe the phase relationships
between voltage and current.

Conclusion:
Discuss how the power factor varies with load type and its implications in
real-world applications.
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Experiment 2:

Investigating RLC Resonance

Introduction

The study of resonance in RLC circuits (comprising resistors, inductors, and capacitors)
Is fundamental to understanding the behavior of alternating current (AC) systems. This
experiment focuses on the resonance phenomenon that occurs in series and parallel
RLC circuits when the inductive reactance (XL) and capacitive reactance (XC) become
equal in magnitude but opposite in phase, resulting in a significant change in the
circuit's impedance.

In an RLC series circuit, the total impedance is minimized at resonance, leading to
maximum current flow, while in a parallel RLC circuit, the total impedance is
maximized at resonance, resulting in minimal current flow through the branch. The
experiment explores how varying the frequency of an AC signal affects the behavior of
both types of RLC circuits, providing insights into the resonance frequency and the
impact of component values (resistance, inductance, and capacitance) on circuit
performance.

By conducting this experiment, students will observe the effects of resonance on the
voltage and current waveforms, power factor, and impedance characteristics of RLC
circuits. The knowledge gained will be essential for understanding real-world
applications in communication systems, power distribution, and signal processing,
where resonance plays a critical role in the design and operation of filters, oscillators,
and tuning circuits.

This experiment allows students to directly measure and analyze resonance conditions,
providing hands-on experience with oscilloscopes, frequency generators, and the
fundamental principles of AC circuit analysis.

Objective

To study the resonance phenomenon in RLC circuits, determine the resonance
frequency, and analyze the behavior of voltage, current, and phase relationships
using an oscilloscope.

Apparatus Required

« Function generator
« Oscilloscope (dual-channel)
« RLCVECTOR ANALYZER
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Theory

An RLC circuit exhibits resonance when the inductive reactance (XL) equals the
capacitive reactance (XC). At resonance:

« Series RLC Circuit: Impedance is minimum, and current is maximum.
. Parallel RLC Circuit: Impedance is maximum, and current is minimum.
The resonance frequency (f0) is given by:

f0=1/(2n.sqrt(LC))

Using the provided values: 0 = 1/(2m.sqrt((221x107°)(0.1x107%))s = 1,072.77 Hz

Experimental Procedure
Part 1: Setup the Circuit

1. Series RLC Circuit:
. Connect a resistor (R), inductor (L), and capacitor (C) in series with
the function generator.
« Connect Channel 1 of the oscilloscope across the resistor to
measure current indirectly.
« Connect Channel 2 of the oscilloscope across the entire circuit to
measure input voltage.

Part 2: Frequency Sweep and Data Collection

1. Set the function generator to produce a sinusoidal signal with a small
amplitude (e.g., 1V peak-to-peak).
2. Start at a low frequency (~500 Hz) and gradually increase the frequency

while observing the waveforms on the oscilloscope.
3. For each frequency, record:

« Voltage amplitude across the resistor.
« Phase difference between input voltage and current (via the resistor).
« Shape of the Lissajous figure in XY mode.
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Table of Experiments

Given 1k resistor, 0.22mH inductor, 0.01uF capacitor f0 = 107,650.86 Hz

S/N Frequency(Hz | Resistanc Phase Observation
) e Voltage difference (Lissajous
V) (Degrees) shape)
1 70,000 1.01 13.10 Ellipse
2 115,000.0(f0) |1.02 0 Straight line
3 200,000 1.03 14.4 Ellipse
TABLE 4.2

Given 1k resistor, 0.22mH inductor, 0.1uF capacitor fO = 33,978.9 Hz

S/IN Frequency(Hz| Resistanc Phase Observation
) e Voltage difference (Lissajous
V) (Degrees) shape)
1 10,000 0.604 0.014 ellipse
2 37,900.0(f0) | 0.624 0 Straight line
3 50,000 0.634 9.09 ellipse
TABLE 4.3

Key Observations and Parameters

1. Maximum Voltage Across Resistor (Series RLC)

. ldentify the frequency at which the voltage amplitude across the
resistor is maximum. This frequency corresponds to the resonance
frequency (f0).

2. Phase Relationship

« Use the dual-channel display:
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At resonance: Voltage and current are in phase (¢=0).
Below resonance: Voltage lags current.
Above resonance: Voltage leads current.




3. Lissajous Figure Analysis

« In XY mode:
« Atresonance: The figure is a straight line.
. Below or above resonance: The figure forms an ellipse.

Calculations

1. Resonance Frequency:

« From maximum voltage or minimum current measurements.
« Theoretical value: f0=1/2n.sqrt(LC))
2. Phase Difference:
. Measure time difference (At) between voltage and current
waveforms on the oscilloscope.

* Calculate phase difference (¢): ® = (At/T)-360°

Here’s the explanation:

« Atis the time difference (or time shift).
« T isthe time period of the signal.
« @ is the phase shift in degrees

Analysis Questions

1. How does changing the values of RR, LL, and CC affect the resonance
frequency?

2. Why is the voltage amplitude maximum at resonance in a series RLC
circuit?

3. What is the significance of the phase difference observed at and away
from resonance?

4. How does the Q-factor change with resistance, and what does this
indicate about the sharpness of resonance?

Precautions

1. Ensure all connections are secure to avoid noise or signal distortion.

2. Ensure all connections are secure to avoid noise or signal distortion.
3. Start with low amplitude signals to prevent damage to components.
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4. Gradually increase the frequency to avoid skipping the resonance point.

Conclusion

In this experiment, the resonance frequency of the RLC circuit is determined
experimentally and compared with the theoretical value. The behavior of the
circuit at resonance, including maximum current or voltage, zero phase
difference, and Lissajous figures, confirms the principles of resonance.

4.3 TESTING AND VALIDATION PROCEDURES

To ensure the reliability and accuracy of the trainer, rigorous testing and validation
were conducted:

v" Functional Testing: Each module (circuit, interface, and tools) was tested to
ensure individual and integrated performance. This included checks for:
= Correct voltage and current display,
= Responsiveness of the GUI,
= Stability of signals during operation.

¢ Performance Testing: Sample RLC configurations were set up to evaluate
real-time behavior under different frequencies and component combinations.
Measurements were taken for:
+ Resonant frequency verification,
+» Voltage amplitude changes with frequency,
¢+ Current variation in series/parallel RLC arrangements.

4. Validation Against Theoretical Values: Experimental data were compared
with calculated results using standard RLC formulas. For instance:

|
2n\/L('

fu =
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4.4 RESULTS AND DISCUSSION
The findings from the prototype testing were as follows:

= Measurement Accuracy: The trainer produced accurate readings of voltage,
current, and frequency. Most values matched theoretical predictions within a
5% margin of error, confirming the effectiveness of the measurement tools.

= Analysis of Circuit Behavior: The trainer effectively demonstrated the core
characteristics of RLC circuits—resonance peaks, phase shifts, and
frequency-dependent impedance changes. The transition from inductive to
capacitive behavior near resonance was observable and measurable.

= User Experience: Test users appreciated the hands-on interaction. The GUI
was found intuitive, although recommendations were made to include:
o Auto-calculation of resonance frequency,
o Step-by-step guidance for beginners,
o Graphical plots of impedance vs. frequency.

These insights guided subsequent iterations and refinements of the system.
4.5 TROUBLESHOOTING AND DEBUGGING
Challenges faced during development were systematically addressed:
1. Common Issues Identified:
Inconsistent readings due to poor breadboard contacts,
GUI lag during data refresh,
Signal noise affecting oscilloscope output.
2. Debugging Steps:
Connections were reinforced using banana plug terminals,
Code optimization reduced GUI response time,

Signal integrity was improved using shielded wires and proper grounding.
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3. Verification of Fixes: All fixes were re-evaluated using the same test cases.
The trainer’s performance remained consistent after debugging, validating the
reliability of the final prototype.

The successful implementation and testing of the RLC circuit trainer confirmed
that the design met its technical and educational objectives. It offers a practical and
interactive way to learn fundamental RLC concepts with sufficient accuracy,
robustness, and user engagement for classroom and lab use.
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS
5.1 SUMMARY OF FINDINGS

The RLC Circuit Trainer project was initiated with the objective of designing,
developing, and testing an interactive educational platform capable of analyzing
and demonstrating the behavior of RLC circuits. The methodology involved a
multi-phase approach comprising literature review, system design, prototype
development, implementation, testing, and debugging. The outcomes revealed that
the trainer accurately measured and visualized key parameters such as resonance
frequency, impedance, and frequency response. Moreover, the system interface
provided a user-friendly environment conducive to learning and experimentation.

5.2 CONCLUSION

The successful implementation of the RLC circuit trainer validates its viability as a
practical educational tool. The system was able to:

v" Perform accurate measurements of RLC circuit parameters,
v" Visually display waveforms and circuit behavior,
v" Provide intuitive control through a user-friendly graphical interface.

The integration of modular components and real-time analysis tools contributed
significantly to the trainer’s effectiveness. The project demonstrates that with
relatively low-cost components and thoughtful system integration, an impactful
tool for technical education can be developed..

5.3 RECOMMENDATIONS FOR FUTURE WORK

While the current version of the RLC circuit trainer meets its initial goals, several
improvements and expansions are recommended to increase its utility and
performance:

= Enhancement of the User Interface: Further user testing should be conducted
to collect comprehensive feedback. Future versions can integrate interactive
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features such as simulation overlays, tooltips, auto-diagnosis of circuit faults,
and multilingual support.

= Expansion of Analytical Capabilities: The inclusion of more complex circuit
configurations—such as coupled inductors, variable capacitors, or non-linear
elements—would broaden the scope of experimentation. Also, integrating
microcontroller-based automatic data logging and processing could add
advanced analysis capabilities.

= |mproved Accuracy and Calibration: Implementing self-calibration routines
and using precision components can increase measurement accuracy,
making the trainer more suitable for higher-level research applications.

= Wider Testing and Validation: To ensure reliability and robustness, the
trainer should be subjected to extensive testing in diverse academic and
industrial environments. This could include stress tests, temperature
variation tests, and long-term durability assessments.

5.4 POTENTIAL APPLICATIONS AND IMPACT

The RLC circuit trainer has several promising applications and implications for
education, research, and industry:

v" Educational Environments: It serves as a vital teaching aid in electronics
laboratories, helping students visualize and manipulate circuit parameters
while reinforcing theoretical knowledge through practical experimentation.

v Academic Research: The trainer provides a controlled platform for testing
circuit behavior, making it suitable for undergraduate and postgraduate
projects related to circuit analysis, signal processing, and system modeling.

v" Industrial Relevance: With improvements, the core concept could be adapted
for industrial training programs or as a testing module in R&D departments
for evaluating prototype circuits, filters, or analog signal paths.

By adopting a structured approach throughout the project lifecycle, the RLC

circuit trainer was developed as a reliable and effective educational tool. The

project not only achieved its primary goals but also laid the foundation for
future improvements. With continued refinement, the trainer has the potential to
evolve into a more advanced platform supporting a wide range of educational
and professional applications.
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