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CHAPTER THREE

3.0 DESIGHMETHODOLOGY

Thiz chapter discusses the design processes, methodolegy, and practical steps wndertak
en in the development of the RLE Trainer. it includes the conceptual design, choice of co
mponants, gyatem block diagram, circuit diagmm, congtruction ateps, and testing matho
dodogy. The RLE Trainer was designed o facilitate the leaming of AC circuit principles, in
cluding meonance, impedance variation, and power factor through intemctive exparimen

tation wiith resistors, inductors, and capacitors.

The project work will invelve the following stage s:

* Input power (AC)

+ [Enengy Meter

* Function Genemtor
* RLC Load

+ (Oacilloacops

« Signal Analyzer

3.1 INPUT POWER IN AN AC RLC CIRCUIT

In an AC-powered RLE cisuit, the input power depends on the type of components {resist

o, indu ctor, capacitor) and their behavior under aliemating current. The power supplied b
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y the AC source is distabuted dif ferently across resistive and reactive components.

3.1.1 Types of Power in an RLC Circuit

Theara are thres types of power to considerin an AC BLC circuit:

Table 3.1: Types of Power in RLC Clrowlt

Type of Power Iﬂi'“""“' Formula  Description

Real [Active) Power | P Pa\looad Powier actually consumed or usad in the
circuit, eg ., by maigtors. Meagwed in wa

tta (W)

Reactive Power o] =W lzind Powier that oacill ates between sowce an
d reactive components (L and C}. Measu

red in volt-am pese mactive (WAR).

Apparent Power 5 =Yl The total povwer supplied by the scurnce
{combines P and ). Measuredin volt-a

mipeses (VAL

Power Factor [COS &)
The powier factor indicates the efficiency of powerusage:
= & phi iz the phaze angle batween voltage and cursnt.
= in an RLC circuit, ¢ depends on the net reactancs;
(21) o S
Povwer factor « 1 {or 100%) atresonance {when XpsXe) circuit iz moat efficient.

e Powerfactor = 1 when there's pha se dif fesnce due to reactance (current leads or lag
a}.

3.1.2 Input Power Flow in RLC
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1. Resistor {F) Only

Powier is digasipated as heat.

Realpower: P=I2R

Al ingut powier is used.

2. Inducior (L) Gnly

LSiores energy ina magnetic field tem poranily.

Powier aliernates betwieen source and inducior:

& — Visind (lapging)

Mo realpower i consumed.

3. Capacitor (C) Only

Siores energy in an electric fisld femporarily.
Powier aliernates betwesn source and capacitor:

= Mo real power is consumed.

Q- VIsing (leading)

Full RLC Circuit

-

Real power iz only consumed by fhe resiator.

inducior and capacitor contribuie o reactive power.

(3.2)

(3.3)

(3.3)
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= Totalinput power must accownt for both:

8= /Pr .
At Resonance

Al msonance

=  Entise input power is reak

3.2 ENERGY METERIN ANRLC TRAINER

An Energy Meter in an RLC trainer iz an instrument or module used to meagwe the aactri
calenargy consumed by the circuit over time. it plays a vital e in analyzing real power
ugage, eapecially in circuits containing resistive (R}, inductive (L), and capacitive {C) ala

3.21 Purpose of Energy Meter in RLC Trainer

= To measure real {active) energy conswmed by the circuit.

»  To cbaserve how enengy usage changes with dif ferent RLC configurations (senies, p
arallel}.

»  To support the study of power factor, phase angle, and resonance impact on pow

& consumplion.
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=  To provide practical, mea sumble feedback in educational labs.

Table 3.2: Energy Meter Measwre

Parameters | Symbol [ | Unit Description

oltage i Waolt (W) Supplied voltage to the crcuit

Current | Ampeare (A) | Current flowing through the circuit

Power Factor | Cos g Phase alignment between cument and voltag

e

Real Power P wiatt (W) Actual power consumed

Enerngy E KWh or'Wh | Power consumed overtime: E = Pxt
Working Principle

The snargy meter works by cakoulating the real poweer

FoVuiwcosd
(3.5}

And then infegrating it over time to find enengy:

Energy = Pdt
{3.6)

3.3  FUNCTION GENERATOR IN AN RLC TRAINER
A function genarator in an BLC traimer iz a crucial com ponent used to supply altemnating
curent (AC) signals of vaniable freguency and waveform. it allows studenis and engines
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ra to obeerve how RLE circuits respond to dif ferent input conditiona, particularly frequenc

y variation.

3.3.1 Purpose of the Function Generator inan RLC Trainer

»  To provide a controllable AC signal for testing RLC circuits.

= To vary the feguancy and obsarve rescnance conditions.

»  To study the impedance behavior of BLE circuits at different freguencies.

»  To generate standard waveforms like sine sguare, or triangle waves.
3.3.2 Function Generator Role in RLGC Clrcult Expe riments

= Resonance Testing: Slowly incmase freguency and observe maximum current atr

escnant freguency

fo— —1—. (3.7

= Phase Shift Analysis: Use cscillogcope or phase meter o detect phase diff arence
betwesn wolage and cumrant.

= impedance Analysis: Measure how voliage/cument ratio changes with freguency.

= Transient Response: Study behavior when waveforms abreptly change {using sg

uarey tria ngle waves).
3.4  RLCLOAD

An BLC load i a type of alectrical lead that consists of a combination of resistor (R), ind

ucior (L), and capacitor (C) connected in a circuit. Itis a common model waed in AC circw
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it analysiz and alectrical engineening education to study the behavior of power systemas, i

mpedance, and resonanca
3.4.1 Characteristics of RLC Loads

1.Impedancs RLEC loads have impedance, which iz a3 measwre of the fotal opposaition 1ot
he fiow of an alternating cursnt [AL).

2. Besonance: RLC lbads can exhibit resonance, where the inductive and capacitive react

ance cancel each other cut, resulting in maximum cunsnt flow.

3. Freguency response: BLE loads can affect the freguency reasponse of a circud, with dif
fernt freguencies baing attenuated or amplified.

3.4.2 Types of RLC Leads

1.5enies RLE load: Components are connected in sanies.

2. Pamliel RLC koad: Components are connected in parallel

3.4.3 Applications of RLC Loads

1. Circuit testing: RLC loads are used to test circuit behavior under vanious conditions.

2. Filter design: RLC loads are wsed in fiker design 1o select or reject specific freguencies.
3. Power gyatema: RLC loads are used to simulate realbworkd loads in power gyatemas,
344 importance of RLC Loads

1. Accurate circuit anakysiz: RLE loads help engineers understand circuit behavior

2. Design optimization: RLE loads enable designers to oplimize circwit perfom ance.
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3. Troub leshooting: RLE keads aid in identifying and resclving circuit insuea.

3.5 OSCILLOSCOPE IN RLC TRAINER: An cecilloscope is a crucial toolinan BLE train
ar, allowing users to visualize and mea sure the behavior of BLE circuwits. Here's how an o

acillzscope is used in an RLC trainer:

3.5.1 Uses of Oscilloscope in RLC Trainer

1. Waveform observation: Obsearve the waveform of veltage and cumrant in the BLE circul

1.
2. Feguency msponse analysis: Measure the freguency response of the BLE circuit
3. Rezonance identification: identify the resonant fraguency of the RLC circuit.

4_Phaaze shift measwement: Measure the phaze shift betwean voltage and cumant.

3.5.2 Benefits of Using Oscillescope in RLC Trainer

1.Hands-on lkeaming: Students can gain hands-on expenence with oscilloacopes.

2. Circuit behavior visualization: Visualize circuit behavior making it easier to understan

d complex concapis.

3. Measurement and analysis: Measwe and analyze circuit parameters, such as voltage,

current, and freguency.

3.5.3 Features & Consider

1. Bandwidth: Chooss an oscillyecope with sufficient bandwidth to meagure the freguen
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cy ramge of interest.

2. Channals: Consider a multichannel cacillo scope to mea sure multiple signals simultan

aously.

3. Triggerning: Engure the cacillcscope has suitable trigganing options to capture specific

avants.

3.6 SIGHNAL ANALYZER: A signalanalyzeris a valuabde fool in an BLC tminer enablin
g uzers to analyze and understand the behavior of signals in RLE circuits. Here's how a 8

ignal analyzer iz waed in an RLC trainer:

3.6.1 Uses of Signal Analyzer in RLC Trainer

1.Freguency maponse analysis: Meagure the frequency response of BLE circuits.
2. Signaldistortion analysis: Analyze signal distortion and identify sources of distortion.
3. Hoize analysis: Measuwe noize levels and signaHo-noise ratio (SKHE).

A Circwit o ptimiza tion: O ptimize circuit performance by analyzing signal cham ctenistica.

3.6.2 Benefits of Using Signal Analyzer in RLC Trainer

1.In-dapth analysis: Gain a deeper understanding of signal behavior in BLE circuits.
2. Circuit troubdeshooting: kentify and troublesh oot circwit isswes using signal analysis

3. Design optimization: Optimize circuit design for improved perfomance.
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3.6.3 Features i Consider
1.Feguency mnge: Choose a signal analyzer with a suitable freguancy range for the RL

G circuit.

2. Dynamic range Ensure the signal analyzer has a sufficient dynamic range tomea sure

signal amplitudes.

3. M easuremeant capabilities: Consider a signal analyzer with advanced measuwement ca

pabilities, such as FFT analysis.

3.7  POWER FACTOR MEASUREMENT

Power factor measurament inwvolbves determining the ratio of tue power foatts) to appans
ntpower (volt-amperes) in an AC circuit, which is essantially the oosine of the phase angl
2 batween voltage and current. This can be achieved through direct measurement using
a powier factor meter or by using instruments like watt meters and volimetars ammeters

1o calkoulate the ratio.

3.7.1 Direct Measurement with a Power Factor Metes:
» A power factor meter directly reads the cosine of the phase angle betwesn voltage

and current, providing a direct measweament of the power factor

= Theze meters are designed 1o indicate the power factorvalus, typically displayed

as a percentage or a decimal



3.7.2

3.73
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Indirect Mea surement Using Separate Instruments:

Watimeter Meazuwres the true power (watta) consumed by the load.

“ohmeter and Ammeter: Measuwre the voltage and curent, respectively, which can
be uzed to calculate the apparent powier (volt-amperag) .

Calkculation: The power factor can then be calculated using the formula: Power Fa
ctor = True Power / Apparent Power

Apparent Power Caleula tion:

Apparent power (5] is calculated ag 5 =W+ |
(38)

wihare W ig the voltage and | is the cumant.

Circult Diagrams and Me asure ment Technigues:

Banjeg Cirwit:

In a genias circuit, a wattmeater volim etar and ammeter can be connecied 1o mea surse trus

powier, voltage, and current, respactively, allowing for power factor calculation.

Parallel Circuit:

In a parallel circuit, measuring the current and voltage in each branch, and then caleulati

ng the total apparent power, can be uzed to determ ine the overall power factor

3. 7.4 Understanding Power Factor:

Lagging Power Factor: When the current lags the vohltage (common in inductive ko

ada), the power factor is lagging.
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»  Leading Power Factor: When the cument leads the voltage (common in capacitive

kzads), the power factor is leading.

= ld=al Power Factor: Anideal power factor i3 1 {or 100%), indicating that all appare

nt power is baing used as true power.

3.5 Importance of Power Factor
= Efficiency: A highpower factor indicates efficient wae of aectrical power while a |

owi poier factor suggests that more apparent power is being supplied than true p

owier i baing used.

= Coot Savings: Improving power factor canlead fo reduced snergy bills, especially

for indusinial customers.

= Syatem Stabdity: Maintaining a good power facior is crucial for the stable operati

on of electrical ayatemas.

3.8 TESTING
The folloening tests were camied cut dunng and after the construction

1. Continuity test The continuity test was camied out to check for disconnection

and open circuit in fhe work using a multim eter.

i. Power consumption: The voltage across each component and the entire circuit

wias measured when the system was powered.

System Testing and Integm tion: After the design and implementation stage, th
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e gystem was tesied for durability and effectivenass and also to ascerain if there
is nead to modify the design. The system was first assembled using breadboa
rd. All the component where properly soldered to the ferro board and test were
camied out at vanous stages. To ensure proper functioning of the compon

ants, they were tested uwsing a digital multimeter to ensure that they were

within the tolerance wvalue Faulty components were discarded.

3.9 EXPERIMENTS

The following expeniments are camied out on the constructed Single Phase BLE Train

3.9.7 Experiment 1: Measure mentof Power Facior

Objective:

To understand the concept of power facior and measwre the power factor of diffe

renttypes of kads.

A pparatus Regu ire d:
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1. ‘olmeter, Ammeter Wattmeter (MULTIFUNCTION DIGITAL METER PAMEL)
i. AL povier source
3. Load banks (RLC LOWD VECTOR ANALYZER)

+ Resigtive load (e.g, incandescent bulbs or maistive heaters).

+ Inductive load {e.g., codl or induction motor).

+ Capacitive load {e.g., capacitor bank).

ot
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Figure 3.1: Circuit Diagram for power factor measurement
IProce dure:
Step 1; Resistive Load
1. Connect the resigtive lkoad (100w incandescent bult to Rout and Mouwt of t
he MOMP QUTPOUTS

£. Connect the inputs of MDMMP Rin and Nin using patch chords 1o 1
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e powier supply source throwgh a varniac transformer.
3. Meazure and record:
= Woltage (W) using a volimeter
= Cument {I} using an ammeter.,
= Active power (P} using a watimeter,
4. Calculate the power facior using the formula: Power Fa
ctor [ PF )= PyWal Note: W | apoarent power (S). Calboul
ate and compare it. I8 this true? Therefore PF = Active o
rReal power / apparent power = B/S = Cos @
L. Obsgarve that the power factor is close to 1 for a purely resistive load
Step 2: Induwctive Load
1. Heplace the eaigtive load with an inductive load. {either 1H 0 8H, 0 &EH o
nly}
¢. Repeat the measurements of voltage, current, and active power.
3. Calculate the power factor uzing the same formula.
4. Obzarye that the power factor iz leas than 1 due to the lagging phase
di fference between voltage and currant.
Step 3: Capacitive Load
1. Heplace the inductive load with a capacitive load. (either 1uF, 0 36uF 0.2
2uF only)
£. Repeat the measurements of voltage, current, and active power.

3. Calculate the power factor.

.
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4. Obsgarve that the power factor is less than 1 due fo the leading phasze
di fference between voltage and currant.
Step d: Mixed Loads (RESISTIVE and INDUCTIVE)

1. Combine resistive and inductive. (100w incandescent bullb and 0U8H indu
clor)

£. Repeat the measurements and caloulations.

['H

. Dbserve how the combination affects the overall power factor

Step 5 Mixed Loads (RESISTIVE, INDUCTIVE and CAPACITIVE)
1. Combine resigtive inductive, and capacitive loads. (100w incandesc

ent bule and 0UBH inductor 0. 36uF )
2. Repeat the measurements and caloulations,

3. Observe how the combination affects the overall power facton
4, Observations:

Record the measured values of W |, B and the calculated power factor for eac

htype of load in a table.

3.9.2 Experiment 2: Sefles RLC rescnant circult.

Objective:
»  Determune the resonant freguancy of asenes BLE circut.

= Measure thevoltage and current at different frequencies to cheerve the resonance phenome

[ =1 N
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= Compare the expenmental results with the theoretical prediction
Apparatus Reguired

+  Function generator

+ {scilloscope {dua kchannsal)

*  RLCVector Analyzer

1. Frequency Generator: Use a functicn genemtor to provide an AC voltage scumce with v
ariable freguency.
2. Oacilloscope: Use an oacilloscope 1o mea sure the voltage and cunrent acroas the circy

it at dif ferent freguencies.

3. Ammeter: Uze an ammeter (if available) fo meagure the cument in the circwit.

Theory:
Ina senes BLE crcuit, the impedance (£) is given by:

L= R+ (X - Xof)
(3.8}

wihera:
= [ igthe registance

= ¥y i3 the inductive reactance X, = 2nfL)

= ¥-is the capacitive reactance [¥- = 1/{2nfC)
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Al msonance in a senes RLE circwit:

1. Inductive Reactance [} = Capacitive Reactance (¥}

Xy = T s EmfoT T e
(3.7)
Resonant Freguency (f):
o=t
R s (3.8)

¢ Impedance (L) is minimized (Z = R}, and cwrrent ([} is maximized.

[FH

oltage aceees Land C canexcesed the supply voltage {(voltage magnification).

Circuit Diagram:
{___.- -.H-J._u.-l:]i. L‘:Tdu- -—-_._ - — Foamacisae A deeamioe
T o N
S e
il
Tale e
1} ' "

S —

Ied 1.cne=




Figuwre 3.2.8: Wire connection Diagram of Series RLC

Vg s prbecanar weiide ¥ P sl B o

f\J\J AV e AvA
e o ||7

Figure 3.2 b Serles RLC resonant cifcult.

Ille=trate the eguivalent circwit or BLC in series and the voltage s across each element.

1. Buwild, connect the circuit showninFig. 1 using a 1k resisiog a 100 mH inductor
and
£, 0.1 pF capacitor.

. Set the input voltage at 5V and fraguency at 500 Hz.

[F'H

Uszing the Oocilloacope, read the voltage acsmes the 1k saiator 100 mH inducior
and
0.1 pwF capacitor.
4. Change the input freguency from 500 10 1 kHz, 1.5 kHz 2 kHz 2.5kHz and 3 kHz.
L. Hepeatstep 3 measunng the voltage across the 1k resistor 100 mH inductor an
d
0.1 pF capacitor.

Bazed on the experimental measuwement, Calculate the phase shift dif ference (&)

B [
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theoratically
/. Measure also the phase shift between Wgand Vg at these thee freguencies
B ‘Write down all the measurad and caleulated values.

Procedure
Part 1: Setup the Circwit
1. Senes RLC Cimwit:

= Connect aresiotor (R}, inductor (L), and capacitor {C} in senes with the function gena

rataor.

= Connect Channal 1 of the cacillescope acroas the paistor to meagune currant indirect

Iy.

= Connect Channel 2 of the cacilloacope acrsss the entise circuit to meagws input volt

age

Part 2 Freguency Sweep and Data Collection

1. Set the function generator to produce a sinusoidal signal with a amall amplitude {e.

g. 1% peak-to-peak).

i. Startata low freguency {~500 Hz) and gmdually increasse the freguency while obaery
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ing the wavefoms on the cscillogoope.
3. Foreach freguency, recond:
= olage amplitede across the resistor.
=  Phase difference betwean input voltage and cumrent [via the esaistor).

= Shape of the Lissajous figure in XY mode



