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CHAPTER ONE

1.0 INTRODUCTION

1.1  BACKGROUND INFORMATION

The study of RLC (Resiztor-inductor-La pacitor) circwits is fundamental in electrical and 2l
actronics engineening . Thesa circuits are essentialin undarstanding the behavior of alter
nating current {AC) and tranzient responses in aactrical systems. RLE circuits are found i
n realwiorld applications swch as radio tuners, signal filters, im pedance matching netwior

k=, and oscillators {Boylestad & Mashelsky, 2013).

In academic settings, the effective teaching of RLE circuits mguires not only theoretical &
xplanations but also practical expeniments to visualize and reinforce conceapts like maon
ance, phase shift, impedancs and dam ping. Trad itional method s of assem bling RLC circ
uits using breadboards can be cumbarsome, time-consuming, and prone to connection e
rrora, epecially for beginners (Hambley, 2011 ). Moreovar, the lack of atandardization in

such setups canlead to inconsistant learning apeniences.

The RLC trainer is a modular educational tool that prvides a systematic and safe platfa
rm to study RLE circuit behavior under vaniocus configurations. t consists of selectable ¢
aomponents and connection options that allow students to explore both series and pamll
el circuit topolegies. This project focuses on designing and constructing a portable and
user-friendly RLE trainer that enables hands-on expenimantation in a controlled environm

ent.
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1.2  AIM ANDOBJECTIVES OF THE PROJECT
Adm:

To design and construct an RLE trainer that demonstrates the principles and behaviors o

f RLE circwits in both sanies and parallel configumtions.

The objectives are:

> To design a Fainer containing selectable resistors, inductors, and capacitors.

> To design a functional BLEC circuit taine that demonatrates and measure reg

onance impedance and freguency saponse in BLC cirouit
> To demonsirate sernies and pamliel BLE circwit behavior

» To provide a tool for analyzing power factor enabling students to see the effec

ta of inductive and capacitive koads on AC circuits

= Tointegmte use of external tools, such asz a function generator and an cacillos

cope, for waveform analysiz and feguency adp stments in AL signal input
1.3 STATEMENT OF THE PROBLEM

The study of RLC {resistornductor-capacior) circuits remains a fundamental yet challan
qging component of electrical engineering education, as students of ten struggle to transla
ta theoretical concepts into practical understanding due to limitations in exiating labomt
ony eguipment (Johnaon & Patel, 2022) . Current RLE tm@ining modules feguently ladk the

flexibility to inveatigate vanicus cincuit configurations, component valwes, and oparating
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conditions, restricting students’ ability to observe anitical phenomena such as resonance
charactenistics, tfransient msponses, and phase relationships (Chen etal, 2021}, Further
more, safety concemns emernge when students work with high-freguency alternating cume
nicircwits without proper mea suemeni interfaces or protective mechanisms {inatitute of
Electical and Electronics Engineers [IEEE] 202 3). This pedagogical gap highlights the ne
ed for an improved RLEC training syatem that inconporates modular design, comprehensiv
e measuwament capabilities, and enhanced safety features to faciitate effective hands-o

n leaming in electronics laboratonies.
1.4 SIGHIFICANCE OF THE STUDY

The devalopment of anenhanced BLE circwit tminer holds significant importance in alec
trical enginearing aducation by providing students with a pmctical, handz-on tool to brid
ge the gap between theoratical concepts and malworkd cieuil behavior This study addre
gsgeg anitical limitations in current laboratory setups by offening a modular, recon figurable
system that enables comprehensive experimentation with senes and parallel RLE circuit
g, including rescnance characternistics, tranzient responses, and phase relationships. The
trainer's buwilt-in safety features and clear measumement points maks it accessible forlear
nera at dif ferent akill levels while minimizing rigks associated with high-freguency AC cir
cuits. Furthermore, this costeffective solution serves ag a sustainable alternative o expe
nave commercial trainers, benafiting educational institutions with lim ited resouwrces. Bey
ond clagaroom applications, the trainer’s degign aup ports advanced eaearch in filter dag

ign and power aectronics, while ultimately enhancing students' technical competencies
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and preparning them for enginesning careers in power sy stems, telecommunications, and

alectronic design.

1.5 SCOPEAMDLIMITATIONS OF THE STUDY

This atudy focuses on the design and construction of an BLE cirouit trainer for educa tion
al punposes, covening senies and parallel configumtions with variakble resistors, inductors,
and capacitors to demonstrate fundamental AC circuit principles. The scope includes an
allyzing rescnance freguency, damping ef fects, and phase relationships, while inconporati
nyg =afaty featwes such as fuse protection and insulated probes. However, the study is li
mited to low-power AC circuits (under 500V} and does not address high-power industrial a
pplications. Additiona lky, while the trainer allow s component inteschangea bility, it ia cona
trained by fixed measwament mnges and doss not include autom ated data logging cap
abilities. The research is further limited by budget constraints affecting com ponent guali
ty and availability, andvalidation is based on theoretical comparisons mther than indust

rial standards.



