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Preface

This book, Electrician, has been specially designed to help
students succeed in both academic examinations and
career-oriented preparation.

It includes detailed Trade Theory, Workshop Calculation
and Science, Engineering Drawing, Employability Skills, and
a question bank in mock test format based on the NIMI
exam pattern.

This book follows the latest syllabus prescribed by
DGT/NCVT and is aligned with the latest NIMI
examination pattern. It is structured for easy
understanding and practical application.

The MCQs in this book have been designed at multiple
levels—Remembering, Understanding, Application, and
Analysis—in a dual-language format to enhance
conceptual clarity and examination readiness.

Our goal is not only to help students excel in ITI courses
and NCVT examinations, but also to prepare them for
competitive employment opportunities in both the
government and private sectors.

| o=

I Yoh, gofagimq, enfifat & derfors odtems aur wRer-
FHiea IARY S H TherdT e & 32T 9 Ay ®u § JaR H1 7
=

98 I 25 1, gty SeagaE Us aEg, effafir gidn,
TrTgfaferd fepeq qar Rt uten G wR snenRa AT ¢ uey &
Uy Jo gfmfera forar mar g1

Ig g DGT/NCVT gr1 RefRa Fdiaaw ureashd a1 ure et 8
AT T NIMI tdier def & Srgey R &6 718 81 39 &Rt a9
3R ATagTRe IUANT i &= 7 W@d gy WA fowar a1 81

39 gWe d Ry Ty MCQs & dg-TR TRI—& o1, §H,
Sy, iR fRAsAwor—wR Gy uresu & dOR fohar ma g, arfes
TeheUTcHeh TAET dT URIETT-deURdT i Gge fohdT ST Tehl

BRI ST hadl et ! ITI ursashdl Td NCVT udterrsit 3
SPE UaR & forg Ter ST 8 g, dfedh So SRRt auT fAsh
g =t F ufoeaeff AR sraRl & forg oft daR w8

How to Study This Book | 39 G&idh o1 318 & the

The Trade Theory section is covered in detail. Students are
advised to study this section thoroughly and carefully, and
to develop a clear conceptual understanding with the help
of detailed explanations, diagrams, and a flow-based
presentation.

Except for the Trade Theory section, the other sections
contain important summaries. These summaries are
sufficient in accordance with the weightage of the
respective sections.

Practice the MCQs only after completing the theory part of
the module.

Students are advised to study this book in only one
language, either Hindi or English. They should not
compare the Hindi version with the English version during
study.

In case of any discrepancy in technical terminology,
translation, or conceptual interpretation, the English
version shall be considered authoritative.

At the end of the book, practice sets based on the NIMI
exam pattern have been provided. Students are strongly
advised to practice these questions at least twice before
appearing for the examination.

To practice the question bank in a computer-based mock
test format, scan the QR code provided in the last part of
the book.
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Acknowledgment | 3THR

The content of this book has been developed with
reference to the official ITI syllabus and the guidelines
issued by the Directorate General of Training (DGT) and
the National Instructional Media Institute (NIMI). It has
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Syllabus

Modules

Trade Theory

DC Generator

DC generator - principle - parts - types - function - e.m.f. equation, Building up voltage of a DC
shunt generator, Test a DC machine for continuity and insulation resistance, Start, run and
reverse direction of DC motor, Characteristics of DC generator.

DC Motor

DC motor - principle and types, Speed control methods of a DC motor and their applications,
Troubleshooting in DC machines, Materials used for winding - field coil winding.

AC Three Phase
Motor

Principle of induction motor, Fundamental terms used in AC winding, Maintenance, service and
troubleshooting in AC 3-phase squirrel cage induction motor and starters.

AC Single Phase
Motor

Single phase motors - split phase induction motor - induction-start, induction-run motor.

Alternator

Alternator - principle - relation between poles, speed and frequency.

Synchronous
Motor and MG Set

Synchronous motor, MG set and rotary converter.

Electronic Practice

Resistors, colour code, types and characteristics, Semiconductor theory - active and passive
components, PN junction - semiconductor diodes, Rectifiers, Transistors, Transistor biasing and
characteristics, Transistor as a switch, series voltage regulator and amplifiers, Function
generator and cathode ray oscilloscope (CRO), Printed circuit boards (PCB), Unijunction
transistor (UJT), FET and its application, Power supplies - troubleshooting, Power control circuit
using SCR, DIAC, TRIAC & IGBT, Integrated circuit voltage regulators, Binary numbers, logic
gates and combinational circuits, Wave shapes - Oscillators.

Control Panel

Control elements, accessories - layout of control cabinet, Installation of instruments and

Wiring sensors in control panel and its performance testing.
AC/DC Motor AC/DC drives, Speed control of 3-phase induction motor by VVVF/AC drive.
Drives

Inverter and UPS

Voltage stabilizer and UPS, Emergency light, Battery charger and inverter, Troubleshooting of
voltage stabilizer, battery charger, emergency light, inverter and UPS, Installation of inverter in
domestic wiring.

Power Generation
and Substation

Sources of energy - Thermal power generation, Hydel power plants, Visiting to transmission and
distribution substation, Circuit diagram of substation and its components, Electrical power
generation by non-conventional methods.

Transmission and

Electrical supply system - transmission and distribution network - line insulators, Bus-bar

Distribution system - power tariff terms and definitions.

Circuit Breakers Types of relays and its operation, Circuit breakers - parts - functions - tripping mechanism,
and Relays Repair and maintenance of CBs.

Electric Vehicle EV scenario in India and EV charging

Modules Workshop Calculation & Science

Friction Friction - Advantages and disadvantages, Laws of friction, co-efficient of friction, angle of

friction, simple problems related to friction, Friction - Lubrication, Friction - Co- efficient of
friction, application and effects of friction in workshop practice.

Estimation and

Estimation and costing - Simple estimation of the requirement of material etc., as applicable to

Costing the trade, Estimation and costing - Problems on estimation and costing.

Elasticity Elasticity - Elastic, plastic materials, stress, strain and their units and young'’s modulus, Elasticity
- Ultimate stress and working stress.

Algebra Algebra - Addition, subtraction, multiplication & division Algebra - Theory of indices, algebraic

formula, related problems.

Profit and Loss

Profit and loss - Simple problems on profit & loss, Profit and loss - Simple and compound
interest

Modules Engineering Drawing

Reading of Reading of electrical sign and symbols, Wiring symbols, Symbols pertaining to contactor and
Electrical Sign and | machines, Graphic symbols for transformer.

Symbols

Sketches of Sketches of electrical components, Sketches of cable components, Sketches of transformer
Electrical components.

components

Reading of Wiring, | Reading of electrical wiring diagram and layout diagram, Reading of pipe earthing diagram,
Layout and Drawing the schematic diagram of plate earthing.

Earthing Diagram




Drawing of Drawing of electrical circuit diagram.

Electrical circuit

diagram

Drawing of Block Drawing of block diagram of instruments & equipment of trade.
diagram of

Instruments &
equipment of
trades

Modules

Employability Skills

Basic Career Skills

Learners will be able to build a resume, cover letter & a job application, Learners will be able to
use basic English Skills to communicate in Formal Situations, Learners will be able to use basic
English Skills to communicate in Informal Situations, Learners will be able to demonstrate
workplace etiquette, effective teamwork in real-life situations.

Future Work Skills

Learners will be able to list out the essential skills required for the Future Workplace, using
online & offline modes to collect information, Learners will be able to use their knowledge of
platform & gig economy to identify jobs relevant to them, Learners will be able to identify self-
employment opportunities relevant to them, Learners identify and solve for challenges in
migrating for work opportunities, Learners explore the SDIP platform to identify potential
international job opportunities available to them, Learners will be able to differentiate workplace
practices that align/misalign with green mindset.

Engagement
Activity 1: Family
Engagement

Family members gain awareness of the career aspirations, job opportunities available for the
learners and develop an encouraging mindset Learners get a more conducive environment for
career development.

Entrepreneurial
Skills

Learners will be able to identify the stages of the design thinking process, Learners will be able
to apply design thinking principles to solve a real-life problem, Learners will be able to apply
design thinking principles to identify a potential business idea, Learners will be able to build and
present a comprehensive business plan including marketing, finance, scale up, accounting,
reflecting entrepreneurial mindset.

Internet Skills

Learners will be able to use the internet to find, sort & present information on a given topic and
reflect on their self-learning process, Learners will be able to use the internet to explore key job
portals, identify and apply for potential jobs, Learners will be able to apply for jobs by attaching
their resume, cover letter & other relevant documents via email, Learners will be able to identify
how to use social media tools such as WhatsApp, YouTube, Instagram etc to build alternate
career paths.

Engagement
Activity 2: Alumni
Engagement

Learners gain deeper insights about the workplace, its challenges and new ideas to solve for the
problems, Learners feel a greater sense of motivation and confidence towards their career.

Professional Skills

Learners will be able to demonstrate people skills, personality skills, thinking skills required in
various workplace scenarios, Learners will be able to state the importance of CPD for their
career growth, Learners are able to identify relevant online courses for upskilling/continuous
learning, Personality Skills: Adaptability, Flexibility, Growth Mindset, Thinking Skills: Creative
Thinking, Negotiation & Decision Making, Future Thinking

Engagement
Activity 3: HR
Interaction

Learners will be able to resolve their workplace and career related queries, Learners feel a
greater sense of motivation and confidence towards their career.
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2. DC Motor | g AieR
2.1 DC Motor | <t #lex
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2.1.1 Introduction (Fig. 2.1)
A DC motor is an important electrical machine widely
used in industries and workshops. It converts
electrical energy into mechanical energy and is
commonly used in cranes, hoists, electric vehicles,
and machine tools. Its main advantage is easy speed
control and high starting torque, which makes it
suitable for practical applications.
2.1.2 Definition of DC Motor
A DC motor is an electromechanical device that
converts direct current (DC) electrical energy into
mechanical (rotational) energy based on
electromagnetic principles.
2.1.3 Constructional Features of DC Motor
The main parts of a DC motor are:
Yoke: Outer frame providing mechanical support
and magnetic path.
Poles: Produce magnetic field.
Field Winding: Wound on poles to create
magnetic flux.
Armature: Rotating part where EMF is induced.
Commutator: Converts AC in armature to DC
output.
Brushes: Supply current to armature through
commutator.
2.1.4 Function of Main Parts
Yoke: Supports structure and completes
magnetic circuit.
Poles & Field Winding: Generate magnetic field.
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Armature: Produces rotation due to interaction

of current and magnetic field.

Commutator: Maintains unidirectional torque.

Brushes: Transfer current from supply to

armature.
2.1.5 Working Principle of DC Motor
The working principle of a DC motor is based on the
fact that a current-carrying conductor placed in a
magnetic field experiences a mechanical force. This
force causes rotation of the armature. The direction
of force is determined by Fleming's Left Hand Rule,
where the thumb indicates motion, the forefinger
indicates magnetic field, and the middle finger
indicates current.
2.1.6 Back E.M.F. in DC Motor
When the armature rotates, it cuts magnetic flux and
generates an emf opposite to the supply voltage,
called Back E.M.F. It controls the armature current
and prevents excessive current flow. Back emf
increases with speed and is essential for stable
motor operation.
2.1.7 E.M.F. Equation of DC Motor
The relation between supply voltage, back emf, and
armature current is:

V =E, +1,R,
Where,
V = Supply voltage,
Eb, = Back emf,
Ica, = Armature current,
R@, = Armature resistance.
2.1.8 Torque Equation of DC Motor
The torque produced in a DC motor is directly
proportional to the armature current and magnetic
flux.
T < ¢l,
This shows that higher armature current produces
higher torque, which is important in starting and
load conditions.
2.1.9 Applications
DC motors are widely used where variable speed and
high starting torque are required. In industries, they
are used in cranes, hoists, conveyors, and rolling
mills. In machine tools, they are used in lathes,
drilling, and milling machines. DC motors are also
used in electric vehicles, battery-operated
equipment, and elevators. Their easy speed control
makes them suitable for precise operations in
workshops and automation systems.
2.1.10 Numerical Problems
Using the emf equation:
V =E, +1,R,

Example:
A DC motor has supply voltage 220 V, armature
current 20 A, and armature resistance 0.5 Q. Find
back emf.
Solution:
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Eb,=V-LR,
=220 - (20 x 0.5)
=220-10
=210V
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=220-10
=210V
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2.2.1 Introduction (Fig. 2.2)
A DC motor operates on electromagnetic principles
and is widely used in industrial and workshop
applications. It converts electrical energy into
mechanical energy and is classified based on field
excitation methods. Understanding its principle and
types is essential for operation, maintenance, and
troubleshooting.
2.2.2 Working Principle of DC Motor
The DC motor works on the principle that a current-
carrying conductor placed in a magnetic field
experiences a force. This force produces rotation of
the armature. The interaction between armature
current and magnetic flux creates torque, which
drives the motor shaft. Direction of rotation is
determined by Fleming’s Left Hand Rule.
2.2.3 Classification of DC Motors
DC motors are classified into two main types based
on field excitation:
1. Separately Excited DC Motor:
The field winding is supplied from an
external DC source. It provides better speed
control and is used in precision applications.
2. Self-Excited DC Motor:
The field winding is supplied from the same
source as the armature. It is further classified
www.teachtoindia.com
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as:

e Shunt Motor (parallel field connection)

e Series Motor (series field connection)

e Compound Motor (combination of both)

2.2.4 Types of Self-Excited DC Motors
Self-excited DC motors are those in which the field
winding is energized from the same supply as the
armature. The main types are:

¢ Shunt Motor: Field winding connected in
parallel with armature.

e Series Motor: Field winding connected in
series with armature.

e Compound Motor: Combination of shunt
and series field windings.

2.2.5 Constructional Features of Each Type

¢ Shunt Motor: Field winding has many turns
of thin wire with high resistance, connected
across supply.

e Series Motor: Field winding has few turns of
thick wire with low resistance, connected in
series with armature.

¢ Compound Motor: Contains both shunt
(parallel) and series (series) windings; may
be cumulative or differential type.

2.2.6 Characteristics of Different Types of DC
Motors

e Shunt Motor: Nearly constant speed,
moderate starting torque; suitable for lathes
and fans.

e Series Motor: Very high starting torque,
speed varies with load; used in cranes and
traction.

e Compound Motor: Combines features of
both; good starting torque with fairly
constant speed; used in elevators and
presses.

2.2.7 Merits of DC Motors

DC motors offer several advantages in industrial and
workshop use. They provide high starting torque,
which is essential for heavy loads like cranes and
hoists. Speed control is easy and smooth, making
them suitable for precise operations. They also have
quick response to load changes and good
efficiency in variable-speed applications.

2.2.8 Demerits of DC Motors

The main disadvantage is high maintenance due to
the presence of brushes and commutator, which
wear out and require regular inspection. Sparking at
brushes may occur, making them unsuitable for
explosive environments. They are also comparatively
costlier and less robust than AC motors.

2.2.9 Schematic Diagram of Different Types

The schematic diagrams show electrical connections
of different DC motors:

e Shunt Motor: Field winding connected

www.teachtoindia.com
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parallel to armature.

e Series Motor: Field winding connected in
series with armature.

¢ Compound Motor: Both shunt and series
windings used together.These diagrams are
important for understanding connections
and troubleshooting.

2.2.10 Applications

¢ Shunt Motor: Used in lathes, fans, and
blowers where constant speed is required.

e Series Motor: Used in cranes, hoists, and
electric traction due to high starting torque.

e Compound Motor: Used in elevators,
presses, and rolling mills where both torque
and speed regulation are needed.

Trade Theory
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Fig. 2.3: Speed Control Methods of a DC Motor and Their Applications | gt.#. witer & nfa AT fafaat oo

2.3.1 Introduction (Fig. 2.3)

I+Tch SIUART
2.3.1 == (Fig.

2.3)

Speed control of a DC motor is essential in industrial
and workshop applications where different
operations require different speeds. Proper speed
control improves efficiency, safety, and machine life.
The speed of a DC motor depends mainly on supply
voltage, field flux, and armature resistance. These
factors must be controlled to obtain the desired
speed.

2.3.2 Working Principle

The speed of a DC motor is given by the equation:
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V —I,R,

N « )

e N=Speed

e V= Supply voltage

e [,= Armature current

e R,=Armature resistance

e ¢=Flux
Thus, speed is directly proportional to voltage and
inversely proportional to flux. If flux decreases,
speed increases, and vice versa.
2.3.3 Classification (Methods of Speed Control)
1. Field Control Method
Speed is controlled by varying field current using a
rheostat. Decreasing field flux increases speed.
Application: Used in fans, blowers.
2. Armature Resistance Control Method
Avariable resistor is added in series with the
armature. Increasing resistance reduces speed.
Application: Used where temporary speed reduction
is required.
2.3. Voltage Control Method
Speed is controlled by varying supply voltage using
controllers like Ward-Leonard system.
Application: Used in cranes, elevators.
2.3.4 Constructional Features
Speed control of a DC motor is achieved by using
components like resistors, controllers, and voltage
regulators. In practical systems, these devices are
connected either in the field circuit or armature
circuit depending on the method used. A field
rheostat is connected in series with the field winding
to vary the field current and hence control the flux.
This arrangement is simple and commonly used in
shunt motors.
In armature control, a variable resistor is inserted in
series with the armature circuit to drop voltage and
reduce speed. In advanced systems, electronic
controllers or voltage regulators are used to provide
smooth and efficient speed variation. Armature
circuit modification may include series resistance or
variable voltage supply methods.
2.3.5 Merits
These speed control methods are simple in
construction and easy to operate in workshop
conditions. Field control method provides a wide
range of speed above normal speed, making it
suitable for many industrial applications. The
equipment required is economical and easy to
maintain.
2.3.6 Demerits
The use of resistors in armature control causes
power loss in the form of heat, reducing overall
efficiency. Speed control by resistance method is not
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V —1I,R,
O(—
. ¢

gl
N = i
V = 3Myfd atedst
I, = SR 4T
R, = MR ufaty

%laﬁwaﬁqm% at 71y Tt @ ok 3T faudial

2.3.3 affereor (nifa fAsror & fafaay)
1. hies Rasor fafa
T ot Rate gRT thics 9RT Seere Aafa faar
STTaT 8| ics Uela v & 9 71fd Fadt 8l
SIVANT: U, seAteRt J IuahT|
2. ImfR ufaRty Rasor fafe
3R & 91y Hufl § Ueh uRRad ufaRie Siiet Sirar
g1 ufaRte so @ 71fd &»e gt 81
YA STgT ST 71fd R} Ty s gl
3. dteest Aymor fafe
e Feare afd fehar ST 81
SIIUANT: thd, ferge # Iuah)
2.3.4 TeeATHR fagtuary
S} Atex i nfa o ufeRtyes, Fdaes qur atedst
[eleR S geehl & IUANT T U hi STt & | ATIgTRD
guniferat # g9 Iueull sl T fafd & SrgaR hice uRuy
7 TR gRUY | ST SaT 81 thics Raiee &l thics
qrefE & a1y Avft § Shear thies arT uRafdd & St &
3R 3T UhR TIed ol AR fohar Sirar 81 a8 e
TR ¢ iR Qi Aled # IETaa: U 6l S 8
SR fAE0T 8, aieds 31U I e 3R 1fd vy v &
fore amdeR uRkuy & ary goft § gep uRad ufarty et
ST | I7d Honferdt & gars ok g&f 1fd akads & fag
Sotag ek fd3Teh T aledst Jetex T ST fohdT STraT 81
SR gy § dGeied § goff ufaRie a1 aRadt aieest
3rygfe fafear anfae gt derdt 81

2.3.5 o7

T nifa =T fafdaT Gaqr § ora gidt & iR shriRmer
ot & arferd o=ar g™ giar g1 Hies fAdsor fafer
=T Y T 31fdek 71 o1 e &5 ueH Hdl g, foad
g 3 tenfiter U & oIy Iuger gidt 81 3rmasaeh
SUEHUT fhthTard E1d & 3R ITehT SIRET0T TRe giell &1

2.3.6 39
IR fAEsr & ufaRieren! & IuahT O ™A1 & ®9 H LAfey
g1 gl 8, o< T <efar & gt e g | ufo’iy fafy
R Tt AT fARaR Sares & iy Suged 6l 61 O
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suitable for continuous operation. Some methods
provide only a limited range of speed control,
especially below normal speed. Accurate control is
also difficult in simple resistor-based systems.

2.3.7 Applications

Field control method is used in applications like fans
and blowers where speed above normal is required.
Armature control method is used in small machines
and portable tools where simple speed reduction is
needed. Voltage control method is widely used in
industrial drives such as cranes, elevators, and

rolling mills for smooth and efficient speed variation.

2.3.8 Numerical Problems

Speed of DC Motor

The speed of a DC motor is given by:
V—-1,R,

N « )

Where:
N = Speed of motor
V = Supply voltage
Ia = Armature current
Ra = Armature resistance
¢ = Magnetic flux
Example
A DC motor runs at 1000 rpm when:
V =220V
IoR, 81T = 20V
Flux = ¢
Now, the flux is reduced by 20% while voltage and
armature voltage drop remain the same. Find the
new speed.
Solution
Initial back EMF:
Eyy =V —1,R, =220 —20 = 200V
Since flux is reduced by 20%:
New flux = 80% of original flux = 0.8¢
For a DC motor:
Speed is inversely proportional to flux
So,

No_ 1

Nl ¢2
N,

1000  0.8¢

N = 1000
2708

N, = 1250 rpm

Answer
The new speed of the DC motor is: 1250 rpm
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fafear difaa nfa Fdzror D uem et 8, A amr=
fd @ v R G ufaRig-snatRd gunferat & 9dte o
U T ot i glar 81

2.3.7 T

ez fAg=ror fafer 1 IuaiT dwt oiR setart S ST |
fopaT SiTar & STet 9T & Sifdes Tifd &Y Smavaehar gidl 8l
3R =T fafd a1 Iui S aiat ok aidara
IUHRUT § fohaT ST & T8l O=et i ShHT 3Tageh gidt gl
Sftenfiren grga | e 3R <& fd uRad= & g emuen

®q T fopar STaT 81

2.3.8 =TS U

DC #ieR Hr fa

DC #Aiex &t fd 7 g @ & St 8

NKV—@&
. ¢

STl
N =\l i afa
V = 3myfd aieest
1, = SHT|R IRT
R, = SR ufceRiy
¢ = IR GeTRT

IGTE0T

U DC Aex 1000 rpm TR Ieldl &, e
V =220V
I,R, 319 = 20V

TR = ¢
37 FATT bt 20% ¥ R T ST 8, STafh aleest 3R
TR dlcesT 31T WA I8 &1 78 71fd A1 AfSig

g
URfAeh 9k EMF:

. Epy =V —I,R, = 220 — 20 = 200V
Hifch UeTeRT ahl 20% <hH fohadT TaT 8:

AT AT = T Ul BT 80% = 0.8¢p
DC #ieR & forg:

Tf TRy o GhHTIUT! Bl g

N, &
Nl ¢2
N, ¢

1000  0.8¢
1000
NZ Eareres

IR

Dc:ﬂaaﬁqérrﬁr%:
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2.4 Troubleshooting in DC Machines | =f a2fiaf & gty RarRor
DC MACHINE TROUBLESHOOTING | St.%t. 7= gaagyfe

FAULT IDENTIFICATION & CAUSES | 3 ®ITH 3R HRUI

ELECTRICAL FAULTS | saifdead g

Open Circuit
gihe —
Short Circuit G ThieS Higel '
4%»
UeHEae . ‘=.

Earth Fault m
3R
Poor Insulation 4/;ommutator

@IS SR

Yoke | @&

Pole | Yd

MECHANICAL FAULTS | & fA®d gy
Bearing wear/failure

/m

Misali

A /—> Tedd

— ((‘I@ Unbalanced Armature
Shaft ‘ rgierd SR
M ——————___, Loose Parts
Brushes Bearings Noise & Vibration
EEY Fafar 2R 3R Fu

TROUBLESHOOTING PROCEDURE & TESTING | geeS[féT & =RuT 3R udtaror

1. VISUAL INSPECTION

Check Continuity & Resistance
iRty &t S

-

O L@

Ld]

Measure Insulation with Megger
g AT

_’F“%"’c\f"{?é

OFF Check loose connections, = = 3.REPAIR OR REPLACE 4. TEST
SAFE OPERATION burnt insulation 2a. ELECTRICAL CIRCUIT 2b. INSULATION RESISTANCE  DEFECTIVE COMPONENTS ~ MACHINE
WA dare Yot e, el TESTING (MULTIMETER) TESTING (MEGGER) frmma  nafie ar adeor
YA &Y ST Gfthe &1 eror (Fedifier)  SRgae wfakte & qdeT (ATR) a1 yfaeTe

Fig. 2.4: Troubleshooting in DC Machines | 3t.&. #2fiHT # gty fAaror

2.4.1 Introduction (Fig. 2.4)

Troubleshooting in DC machines is essential for
maintaining reliable operation and avoiding
breakdown in workshop and industry. Regular
maintenance helps in early detection of faults,
improves efficiency, and increases machine life.
Proper troubleshooting reduces downtime and
repair cost. Safety precautions must be strictly
followed such as isolating supply, using insulated
tools, and wearing protective equipment before
inspection or repair work.

2.4.2 Classification

Faults in DC machines are broadly classified into
electrical and mechanical faults. Electrical faults
include open circuits, short circuits, earth faults, and
poor insulation in armature or field winding.
Mechanical faults include bearing wear,
misalignment, unbalanced armature, and loose parts
affecting smooth operation.

2.4.3 Common Faults

Motor not starting may be due to supply failure,
open circuit in field or armature, or faulty starter.
Excessive sparking at brushes occurs due to worn-
out brushes, improper brush pressure, or dirty
commutator surface.

Overheating is caused by overloading, poor
ventilation, or insulation failure. Noise and vibration
may result from worn bearings or mechanical
imbalance. Speed variation can occur due to
fluctuating supply voltage or field circuit problems.
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2.4.1 uf¥=m (Fig. 2.4)

St 9T 7 giw faroT serfaner ofiR S A Ay
T §9TT 3G dUT WIS O g9+ & AT 3masash gl
faffa srqRervr 2t &1 URfAe gdr T | Ggradr sl
&, &TaT derar § iR #RfiF & Sfiaq &t gerar g1 IRa aw
faRUT S3eTsH 3R TR ANTd &l &hH hedT g1 fAieron
g1 AR R Y Ugel GRET ALty ol hgrs § urer
AT TMMRY, S TGSl hl GUeh hAT, Sl JUHUT el
SUTNT AT TAT YRET IUA0T UgT|

2.4.2 Fafferzor

St A2fiHT A Sl et eTues & & fagga ok Fifdes ail A
gffepat foram Strar &1 faegd aivi # siiu= &fdhe, 1fé afdhe,
37 Y JAT TR A7 thieg el 7 @RIe 3=gie e
&1 gif3¥es aiet | Sl foremE, srqer, smieRr Sreiger T
Eiet 9T A €, ST YA FaTer ol Tfad ohed 8l

2.4.3 9T SN

HIex Tl URH T T STYfel [AtherdT, hics aT SmeR 7 3fiu
gfdhe sryar Suguf widk & HRUT g HehdT 81 1T R
e Turfdh fOrd gy sier, SrgfRd 5131 379 a1 hrgder i
Tt T8 o HRT gid &

31T ATUHT SRS, WIS A a7 Sl
fatherar & Ul glaT 81 AR 3R o= ford g sl ar
gifaeh 3EdeT o IRUT gl Hehd &1 7Tid # gRad= smufd
et & IAR-T&Td T thics TRUY chl GHETST o hRUT g
HehdT g
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2.4.4 Causes of Faults
Faults in DC machines arise due to electrical and
mechanical reasons. Open circuit in winding occurs
due to broken conductors or loose connections,
resulting in interruption of current flow. Short circuit
is caused by insulation failure between conductors,
leading to excessive current and overheating. Brush
wear takes place due to continuous friction and
results in poor contact and sparking. Bearing failure
is caused by improper lubrication or wear, leading to
noise and vibration. Poor commutation occurs due to
wrong brush position, dirty or rough commutator
surface, causing sparking and reduced efficiency.
2.4.5 Troubleshooting Procedure
Troubleshooting should be carried out step-by-step.
First, switch off and isolate the supply. Perform visual
inspection to identify loose connections, burnt
insulation, or damaged parts. Use a multimeter to
check voltage, continuity, and resistance in the
circuit. A megger is used to test insulation resistance
of windings. After identifying the fault, repair or
replace the defective component and test the
machine before use.
2.4.6 Merits
Troubleshooting improves machine life, increases
reliability, and reduces downtime. It helps in
maintaining efficient performance in workshop and
industrial applications.
2.4.7 Demerits
Troubleshooting requires proper skill and
experience. In case of complex faults, it becomes
time-consuming and may require advanced testing
methods.
2.4.8 Applications
Troubleshooting methods are widely used in
maintenance of DC machines in workshops and
industries. They are applied in repairing motors used
in lathes, pumps, and conveyors. In real-life cases,
faults like motor not starting or overheating are
identified using testing diagrams and corrected to
restore normal working, ensuring minimum
downtime.
2.4.9 Numerical Problems
Example 1: Armature resistance fault
A DC motor has supply voltage 220 V, armature
current 10 A, and armature resistance 1 Q. Find back
EMF.
Solution:

E, =V —1,R,

E, =220— (10 x 1) =210V

Answer: Back EMF=210V
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2.4.4 3S & 1eor

Siet #2fiHT A gl fagga aur Fifies SRol @ 3= gid €|
arsfSt # anue Gfche ¢¢ g =Meteh a1 St GISH o hRUT
giar 8, ored a1 uarg | aren et g1 iE Ffhe aretent o
I 3G fAthetdT & hRuT 8T 8, foad srafdes ar
3R 3iferen 1Y I giar &1 s121 forgrer fAZaR ot & hRuT
BiaT & 3R 3T8 TRIE Yudh JuT TIfch giet g1 AR
fathetan srqaftd Sg- ar faarg & &Rur gt 8, forad 2R
3R U I BId 8 | WIS BRI ToAd 5137 fRfa, it a
G HRIER g oh R gidT &, fored Tafch ok
gerdT H Rl gidt g1

2.4.5 gy fAeror ufshan

Y fRaRuT TRUTEg d<ta 9 fohar ST Tnfee | 9o uget
HTYfT el sfE hech JoIeh e | St TTISH, STet §T S
1 effaed 9T <l Uga™ o oy g fAderor | uRoy &
aieest, fARaRar aur ufaty 6t Sire & fow aedidieR ann
ST 2 | ATEFET & TG UfaRiY &t Sid & folg AR
T IUANT AT STaT &1 3T Y Uga™ o J1G QI9YUT 9ech
TR 7 ufaeATe R 3R IuTRT & Uget #f a1 usieror
Cixdl

2.4.6 U1
Ay fraror #efi & Sheaw o) agmar 8, Rya-aar sgar s

JUT STSCISH ahl Y T & | Tg HIRIRITAT 3R e

SUANT H g&f UesiH S 3@ # Hgradl Sl gl

2.4.7 39

Q fAaror & forg 3 e ok srgva & smasahdr

gidt g1 Sifeet vl <ht fAfT § g8 g9 o areT gt IepdT 8
3R I9d usierur faferat i srasaendr gt gehdt 8

2.4.8 gy

A faror fafdat erfemersit ofk e & i af=i &
JRETUT H AU FY T IUANT I ST 8 | STkt ITTNT 1,
U0 3R ST B vRIa Hiexl il 7w B fohar Sirar g1
gredfaes aRfRAfAAT & Atex &1 IR 7 g1 a1 31fdes aa
S e Y ugaT URISTUT IR chl HgrIdT & chl
STt & SR I S ol O R et & iy 3% Sip
foraT Strar 8, fOred *aw Se-asd gRfgda giar 8l

2.4.9 =TS UH
ISIE0T 1: =R ufady iy
Toh S} Atex § Smgfd G’ 220 V, SER 9RT 10 A g2
SR ufaRter 1 Q g1 S 3.UH.T%. F1d hifSg|
THTT:

E,=V—
E,=220-(10x1)=210V
IR 9 3.09.U%. = 210 V

IaRq
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2.5 Materials Used for Winding - Field Coil Winding | argfsw & faq ugaa

Gt - fies s arEfEn

WINDING MATERIALS & FIELD COIL WINDING FOR DC MACHINES | gt.3ft. aefi=i & forg argfén amidai silv hics aisa asfen

WINDING MATERIALS | ar3feT amifiri

Enameled Gopper Wire
T BT aR

Aluminium Wire (Alternative)
TR (fiwer

B CRE]

Aluminium)
‘geyfafrm aR

CONDUCTORS: Copper, Aluminium | =Tefeb: didT, tegfifaas
INSULATING MATERIALS: Enamel, Mica, Paper, Varnish
| ST AART: 379, 319, BRI, aTferer

FIELD COIL WINDING | ies Higer argfeT

Field C_oil
fies Pigel

DC Supply

&2, amgf

o+

BASIC DC WINDING TYPES | gfarct St.4ft. asfst sar

TMMMVT Wave Winding | 37 argféT

Lap Winding | et argféT
High Current, Low Voltage

Wave Winding | 3 argfé
Low Current, High Voltage

WOUND SLOT DETAILS | &1a Feife faamor

Conductor (Enameled Copper)
ATAD (3¥es didT)
Conductor Insulation (Enamel)
D SYALH (379

I YRI, T P9 YT, ST
Fig. 2.5: Materials Used for Winding and Field Coil Winding in DC Machines | 3t.&. #2fii # agfén & fag
2.5.1 Introduction (Fig. 2.5) 2.5.1 =7 (Fig. 2.5)

Winding materials are important in DC machines as
they directly affect efficiency, reliability, and life of
the motor. Proper selection of materials ensures
good conductivity, insulation, and heat dissipation.
Field coil winding produces the magnetic field
required for motor operation, so the quality of
materials plays a key role in performance and
durability.

2.5.2 Classification

Winding materials are mainly classified into
conductors, insulating materials, and slot
accessories. Conductors such as copper and
aluminium are used for winding due to high
electrical conductivity. Insulating materials like
enamel, mica, paper, and varnish are used to prevent
short circuits and leakage. Slot liners and wedges are
used to hold the conductors firmly in slots and
provide mechanical protection.

2.5.3 Constructional Features

Field coils are arranged around pole cores to
produce a uniform magnetic field. The coils are
properly insulated and tightly wound to avoid
vibration and damage. In DC armature winding, two
basic types are used. Lap winding is suitable for high
current and low voltage applications, while wave
winding is used for low current and high voltage
applications (basic idea). Proper arrangement
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arefE gt St 7efi=t 7 Agayqut gidt & Fife & Al &
zerdT, fasgafiaar aur ey &t e gwifaa et &1 ardt
1 IFAT T 37 TTeTehdl, SGAJ TUT HIT U
gAfd Sear 81 thice shigd AEfe Hiex o TaTe & fag
SNTEIRTh YehIg &5 A il 8, STferg Gt &t 7ore
g2 3R fehraus & Agcayuf yfaer Fere 81

2.5.2 gfferor

aEfET It ot qa: TTeteh, St At 9uT Wiie
Tgraeh arTilt # aiffepd foraT STrar 81 dafem ok gegfafaaa
S ATeteh I fAe[d ATelehdT & hRUT AEfen & IuahT fhy
ST 8| SgeifeTT At ST QATH, ATSehI, ShITST aT arf=sr
T IUTNT 21TE Tfche 3R fichet ot At & forg fomar e
81 Tl ATgR 3R ST ST IUTNT ATeTehl el Tl H HTg!
Y Uchen 3R Fifeh YR UeH & & g fowar sirar g1

2.5.3 TeeATHR fatuary

hIee hIsel ohl Yd R o IRI 3R 39 YR A fhar
STaT ¢ foh T el &7 304 811 isd ol IRd ®a 4
ggcic foRaT STTaT & SR h¥eR oTaeT SITdT g dTfch shuH 3R
&1ty & <= S oh | St R arEfd # &t 9ot UahR
U fohy ST &1 AT arefEn I uRy ok A atedst
3R I=T dieest SITIANT o forg IudT i St & (T
YR | IR e U7t R terer faa=or 8k
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ensures efficient magnetic flux distribution and
smooth operation.

2.5.4 Working Principle

In a DC motor, field coils are wound around pole
cores and carry current to produce a magnetic field.
When current flows through the field winding, a
steady magnetic flux is established, which interacts
with the armature conductors to produce torque.
The strength of the magnetic field depends on the
number of turns and current in the field coil. Proper
insulation between turns prevents short circuits and
ensures safe operation. Insulation also protects the
winding from heat, moisture, and mechanical
damage, thereby maintaining performance and
reliability.

2.5.5 Materials Used

Copper wire (enameled) is widely used due to its
high conductivity and flexibility. Aluminium wire is
used as a cheaper alternative but has lower
conductivity. Insulating materials such as paper,
varnish, mica, and PVC are used to prevent leakage
current and provide mechanical strength. Paper is
used for basic insulation, varnish for coating and
protection, mica for high-temperature insulation,
and PVC for additional covering.

2.5.6 Merits

Copper provides high electrical conductivity,
resulting in better efficiency and less power loss.
Good insulation ensures safety, prevents short
circuits, and increases the life of the motor.

2.5.7 Demerits

Copper is costly compared to aluminium, increasing
overall motor cost. Insulation materials may
deteriorate due to heat, moisture, or aging, leading
to insulation failure and possible faults.

2.5.8 Applications

Field coil winding is widely used in industrial DC
motors for machines such as cranes, conveyors, and
rolling mills. It is also important in repair and
rewinding workshops where damaged windings are
replaced or reconditioned. Proper selection of
materials and winding technique ensures efficient
motor performance and long service life.

2.5.9 Numerical Problems (Example)

Example: A field coil has 500 turns and carries a
current of 2 A, If the resistance of the winding is 10 Q,
find the voltage required and current carrying
capacity.

Solution:

VoltageV=IxR=2x10=20V

Current carrying capacity depends on conductor size
and insulation rating. Here, the coil safely carries 2 A
under given conditions.
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AR JaTe gRfgd et 81

2.5.4 & fAgia

St Atex A thies sisel ga SR & IRT 3R forudt giet 8
3R IR &5 IUF et oh [ol] URT I8 et g1 519
thice arEfén @ 4r1 arfed gt 8, dt goh fRR gahra
TeTeR SITOd Bl 8, STt SiieR dletehl o ATY URER fehar
hch Tich IUF el g | Gachd & chl dlierdl thics higel #
el Gl Tt 3R oRT R AR et 81 et & offa IR
SgeIM 20TE Fihe il Aenar & ok Jrfard Tarem gRfga
AT & | G aTSfET t AT, Tt quT ifden aifd @ of
RE UGH e 8, o uei= ok fayaiiaar =it g
gl

2.5.5 ugad arft

Jie T IR (TITHE) I ATetchd] 3R Aeiu= & 1o
Teh ¥4 ¥ IUANT fha1 S1dT 8| TegAfaad arR g%
e g1 & HRoT ITANT fhaT SITaT 8, Uy SThT ATelehdT
A Il &1 1T, e, Argent 3R die Siedt g=geifén
Tt ST €T @l Ak 3TR FifAeh ASTET T &t &
forg ol &t STt &1 TSt gt 3ok & forg, arfsr
HIfeT SR GRear & folg, ATgent I=a AT geie & fag
1 dididt sifaRed smarvr & forg Iuah foar STram 81

2.5.6 U1
diat I fard aTetehd! UaH &hxdl 8, s sgar garar ok

¥ 1T g1 gl €1 37esT S-geie GRem gRfad a=ar g,
*1T¢ Gfche ahl AehdT & TAT HIeR o Sftad ol Terar gl

2.5.7 39

Jiet egfafaas & o1 | 7 gian 8, foad Jiex Y e
AN It ¢ | S AUt ST, TH T 3 h HROT
eIfaed gt Tendlt 8, Forad sgeia fathetdr oik dwifaa
gIY 37 g Iohd &

2.5.8 gy

hics higet ATfST ot IUANT Sfienfiien St et | b,
FHaeR 3R AfehT ey St a=fi=t & arge =0 9 forar
ST g1 g8 FRAd 3R Rargfen srdanesit # «+ft gy g,
Stgl gifaurd arsfE el seer ar g wiftd fhar St g1
greft ofiR arEfE qen-ias T I IT AR & PRI T
3R & e Sfe ot gRfga a8l

2.5.9 S&ITHS U (IST8v0n)
ISTEUT: Ueh thice chigel H 500 G & 3R ITGH 2 A URT
yerfed gt &1 afe arsfEm & ufeiy 10 Q 8, &Y srasaes
TieesT TR URT g8 &THdT Td hifoig|

THTT:

V=IXR

V=2x10=20V

YRT Tg1 &HT TTeTeh oh 3HThR R FGIH AT R AR
F 81 Tgt, & i R § izt RfAT T 2 A o
g Rl gl
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MCQ's | agfaeredta as

Q1. What does the given diagram represent in the
context of a DC motor? / St Aler & deof A fear mar
R = gatar g2

N S

YYYY

(a) Uniform magnetic field produced by a magnet /
Teh gaeh gR1 fAffa Toma dadhig &

(b) Non-uniform magnetic field in the armature /
TR & 9w qahi &

(c) Flux distribution due to armature reaction / 3mH=R
ufaferar & BRI Fea foaRor

(d) Magnetic flux leakage / Gahia eTad T Rema

Ans. a | Sol. : The diagram shows evenly spaced lines,
indicating a uniform magnetic field created by the
north (N) and south (S) poles of a magnet. / ag
G SHa”Te areht 1@TT f&@mar €, St gareh o S (N) 3R
feror (S) yat gr1 Afifa o Jedhia &3 ot gxrfar 1

Q2. Which fault in a DC motor can cause uneven
commutator wear? / St Aie? A i o @ srwHE
TR fOrATae T HRUT & Hehell 82

(a) Misaligned brushes / Ted d<ids & §I21 T TGOT

(b) Open circuit in armature / 3R & 37U+ Afche

(c) Excessive load / sraafdes s

(d) Weak field strength / AR hieg dThd

Ans. a | Sol. : Misaligned brushes cause uneven wear
on the commutator surface, leading to inefficiencies. /
TeId dRich Y 17 T TREUT HRJR dg R A o gmae &
HRUT 9T &, FTD prferdar &d g STt 81

Q3. Which type of DC motor is most likely to
overspeed under no-load conditions? / 1 #ils &
fRIfa 7 frg upr @1 SRfl Aler sitaradis A 6t Gyt
8?

(a) Shunt motor / i AR

(b) Series motor [ < Aex

(c) Compound motor [ HUTSE Hiex

(d) Permanent magnet motor / TRAME &Ac Hiex

Ans. b | Sol. : Series motors overspeed under no-load
conditions because the field flux becomes very weak
at low currents. /| @ #Aiex famm e i AT F snaradiz
AT & Flfh A I W hies T Igd HHSIR gt Il gl
Q4. What happens to the speed of a DC shunt
motor if the load is increased? / afe #ts ger1 faar s
at it 2ie Aer fit 7fa 9= F=n wog ggar @2

L+ o
T
DC POWER
SHUNT
SUPPLY FIELD
l
L- o
DC SHUNT MOTOR
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(a) The speed decreases slightly / Tfd & gceht T gidt &
(b) The speed increases significantly / 7ifd # @artht gfeg
gidt 8

(c) The speed remains constant / 7ifd AR Bt &

(d) The motor stops running / AR I &g o &t &
Ans. a | Sol. : In a DC shunt motor, the speed remains
almost constant due to excellent speed regulation,
but it may decrease slightly with an increase in load. /
SiE e Atex #, IpE 7fd fAfAgs & sRor a1fa &t fRR
gt 8, Afh ole J= TR 39H UiSt sl g Tehdlt Bl

Q5. What type of winding is used in the field coils
of a DC motor? / St Aiex & thies wiza A g UapR
&Y arEfEn o1 IuahT foasar srar 82

(a) Copper winding / @fwR aEféT

(b) Aluminum winding / TegHifaae arEfeT

(c) Iron winding / 3Tma=A argfém

(d) Steel winding / et argfén

Ans. a | Sol. : Copper windings are used in field coils
due to their high electrical conductivity and efficiency.
| HIeS ehiget # iR aTEfET el IuTNT I7eh! 3= fagld <metehar
3R &I e HROT fhaT STaT

Q6. What is the main advantage of using a
compound motor? [ TUT3E HIex I SUANT T T T
AT T 82

(a) High efficiency at low loads |/ &# @i IR 3= G&IdT
(b) High starting torque and good speed regulation /
I URfAek Tieh SR sreat 7ifd fafAae=

(c) Low cost and lightweight / & @ITd 3R gcch aoi-
(d) Compact size [ @iFdae AR

Ans. b | Sol. : Compound motors combine the
features of both shunt and series motors, offering
high torque and stable speed regulation. / HUREE Atex
gie 3R WIS Atex 6 fawdrst ot Sited g, orad 3= 2l
3R R nifa fafas fAerar 81

Q7. What does the given diagram represent in the
context of a DC motor? / St e F devi A ag s
o gerfar 8?2

e -
_»- e ~
N t->-- S
F2¥z--SF--z2C]
—— DIRECTION OF
MOVEMENT

(a) Magnetic field around a current-carrying
conductor / Fe-UReE FHEaeR & IRI 3R JahrT &
(b) Direction of torque in a motor / Hiex & efd i fam
(c) Armature reaction field / 3mi=R ufaferar &=
(d) Eddy currents in the core | &R & Tg! &<e
Ans. a | Sol. : The diagram shows concentric magnetic
field lines around the conductor, which are generated
due to the flow of current. / I8 5 shgaex & IR} 3R
i Jachia &3 @137 t G2ATdT &, ST e o UaTg & BRI
34F gidt 81
Q8. Which type of DC motor is preferred for
applications requiring constant speed? / 39
SIguAT & fAT i a1 S Atex v frar san @ sei
e nfa Y smagaerar gidt 82
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(a) Series motor [/ RISt AR

(b) Shunt motor / i #ex

(c) Compound motor [ HUTSE Hiex

(d) Universal motor / gfAase Atz

Ans. b | Sol. : Shunt motors are suitable for constant-
speed applications due to their excellent speed

regulation. / *ic #lex 37T IpE T s & R f[RR
T STt o g Juger €1

Q9. What is the reason for using laminated cores in
DC motors? / gl Al # af_ds &R &1 syt &=
T HRUT T §?

(a) To reduce hysteresis and eddy current losses /
BT 3R TSl die A &l A & & folg

(b) To increase magnetic strength / Jerehiar TfeT T &
ferg

(c) To reduce weight / a9 &8 & & forg

(d) To improve durability / @i s & fog

Ans. a | Sol. : Laminated cores minimize energy losses
due to hysteresis and eddy currents. / g9 ik gt
T h hRUT FHoll ch IR chl hH T & [og A PR AT
3wt R SiraT 8l

Q10. Which part of a DC motor transfers current
from the stationary to the rotating part? / Si<ft #ex
T I |1 T fRR @ goiafia wm d ie ot wm=iaia
T 8?

(a) Armature / 3mH=R

(b) Commutator [ sRj¢e

(c) Brushes /[ ssr

(d) Field winding / thieg arsfém

Ans. c | Sol. : Brushes transfer current from the
external circuit to the rotating armature via the
commutator. / ST ITg<t Fiche & gufeT SR deh e
I FRIER o AIEH F RIFIART hd 8

Q11. What is the primary advantage of using a
compound motor? / HUTSs HieR T WARAE 19 =T
44

(a) Low cost [ " dFTd

(b) Compact size [ @iFdae STHR

(c) High starting torque and speed regulation / 3=
URf¥e ¢ieh SR 71fd fafaas=

(d) Low power consumption / & fasTeft @ud

Ans. ¢ | Sol. : Compound motors combine the
features of both series and shunt motors, offering
high torque and good speed regulation. / %UwSs AR
gie 3R WIS Atex a1 & fasivarstt &t sited 8, fSod 3=
ieh 3R sreat Tifd fafAgs= ured gian 81

Q12. Which part of a DC motor determines its
direction of rotation? / St Hite AT T AT WRT ITHT
goiF fRen &t fRuiRa wwar 82

(a) Armature winding / 3R argfEn

(b) Field winding / thicg argfém

(c) Commutator [ sRIER

(d) Brush assembly / ST 3rereft

Ans. b | Sol. : Reversing the current in the field
winding changes the polarity of the magnetic field,
altering the motor's direction of rotation. / %iee agfén
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& iz Y IeTet @ YahRT 8 Y gyfiara saet s &, e
ez Y gofa e sge STt 21

Q13. Which DC motor is ideal for applications
requiring low-speed operation? [ &% Tifa T =Y
BTG hHdT aTet SN & forg i A Sieft Aler amqsf &2
(a) Series motor / RISt AR

(b) Shunt motor / i #lex

(c) Compound motor / %UTSs Al

(d) Permanent magnet motor / TRATHE AHe Al

Ans. a | Sol. : DC series motors develop very high
torque and are commonly used in low-speed, heavy-
duty applications such as cranes, hoists, and traction
systems. [ St YRSt Alex 3= ¢idh famfaa Tt 8 3R o,
BISE qUT ¢or oeed 919 &d i T 9t i aret Srut
H IuIHT Y ST B

Q14. What does the diagram represent in the
operation of a DC motor? / Skt #ier & Ture = & I8
R @ gafar 82

(a) Reaction of the magnetic field on armature
conductors carrying current / e & SH aTet THTR
Theae:l W gachiy & <h ufafear

(b) Magnetic flux leakage around the armature /
3R & IRI 3R IR FeTer oht Rama

(c) Heat dissipation in the armature / 3TeR & IHSAT &7
fAEaror

(d) Losses due to eddy currents in the armature core /
TR R H T e & HRUT gl

Ans. a | Sol. : The diagram shows the interaction
between the magnetic field and the current-carrying
armature conductors, which creates a force leading to
rotational motion. / gg {3 Yo &3 3R &e & T aret
SR gl & &t araid et i 8, St goff 7fd 1 o
CEGIN]

Q15. What is the main cause of overheating in a DC
motor? / ieft wier 7 sifdes wft &1 g FwRoT T 82

(a) Excessive load / srcafdres e

(b) Low field current / &H s &ie

(c) Insufficient ventilation / 3rqafta dfecier

(d) All of the above / IuterT Taft

Ans. d | Sol. : Overheating can be caused by excessive
load, low field current, or poor ventilation. / 3r&fére
A8, A thies e, a1 @I AfeciM & SwRoT 3ifdres w8t
Yehdll 81

Q16. What is the principle behind the working of a
DC motor? [ S #ieX & W FA 1 RAgia AT 8?

(a) Electromagnetic induction / fagd i oot
(b) Magnetic repulsion / gechra faerdor
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(c) Electromagnetic torque / fgd IrIhig 2fch
(d) Magnetic resonance / gerehta gfdeaf

Ans. ¢ | Sol. : A DC motor works on the principle of
electromagnetic torque, where a current-carrying
conductor placed in a magnetic field experiences a
force. [ SRt Al fagla grarcha eidh & Rigid IR & &l 8,
STgl kI &5 H [ Hie-ag- A dTet gy R el T 8
Q17. Which speed control method involves varying
the resistance in the armature circuit? / @9 @t nfa
Ao fafer smer wfdhe # ufaRty &) gga= & S gt
&?

(a) Field control method / thies gz fafer

(b) Armature control method / 3m=R gz fafer

(c) Voltage control method / ateest fasor fafey

(d) Current control method / @<e fRa=or fafer

Ans. b | Sol. : The armature control method involves
adding resistance to the armature circuit to control
the motor speed. / 3meR 0T fafd AYex i 7ifa t
fdfd A & forg sH=R fdhe # ufaRiy siedt 81

Q18. What is the primary cause of sparking at the
commutator in a DC motor? / it Aier # gy w®
wifdT 1 urafies FRoT /T 82

(a) Misaligned brushes / TTed d<ich & §I21 T TGOT

(b) Excessive load | 3rafde i

(c) Worn-out commutator segments / @&RIE hRJ¢R
e

(d) All of the above / It gaft

Ans. d | Sol. : Sparking can be caused by misaligned
brushes, excessive load, or worn-out commutator
segments. [ TTIHTT Teld ST TRGUT, AR A, T WS
FHRIE WTHE T RO gl ehel! B

Q19. Which method is used for speed control of a
DC shunt motor? / E=f} 2ie AR &t nfa Ao & fag
&4 Ht fafd sz H st 82

(a) Armature control / =R fAd=ror

(b) Field control / Hhies fAdsror

(c)Bothaand b /aHfasiRb

(d) None of the above / IWRiad # 4 &l =gl

Ans. ¢ | Sol. : Speed of a DC shunt motor can be
controlled by varying the armature resistance or field
current. / St gie AieR i 7fd R oy a1 e aie &t
ECSETaEUIECCARS IR CTiNG]

Q20. What happens to the torque of a series motor
as the load increases? / S-91@ i gedr g, s
HieX & 2Tdh UR oI Y9G USdT 82

(a) Torque decreases / i gedr &

(b) Torque increases / it JgdT &

(c) Torque remains constant / fch @R BT 8

(d) Torque fluctuates / feh deerar BT &

Ans. b | Sol. : In a series motor, torque is directly
proportional to the square of the armature current,
which increases with load. / IR #lex H, 2fdh 3R &ie
& it & SUTd | gidT &, ST S & 91 T&dT 8l

Q21. In which type of DC motor is the armature
current equal to the field current? / fore ypR &
Bt Aler A R e Fies e & R gar 8?2
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(a) Series motor / RISt AR

(b) Shunt motor / i #ex

(c) Compound motor / HUTSE Hlex

(d) None of the above / IWRiad # g @i gl

Ans. a | Sol. : In a series motor, the armature current
flows through the series field winding, making them
equal. / IS AR #, SMHIR s RIS thies arsfén &
H1egH 8 98T 8, S ad & 96 8t S 81

Q22. What is the primary reason for using
laminated armatures in DC motors? / St Aler &
dfaies R &1 SuTT FA &1 mAfAe HROT T 82
(a) To reduce eddy current losses / T8l &ie @ ol HH
& o forg

(b) To increase durability / @@ sgM & forg

(c) To improve torque / ich & YR & & folg

(d) To prevent mechanical wear / Fif3es fodTae &t Aha
& forg

Ans. a | Sol. : Laminations reduce eddy current losses,
improving motor efficiency. / @A TSt &ie AG At
%A P g, T Hiex S g&rar Igddt gl

Q23. Which component in a DC motor prevents
excessive starting current? [ ¥t Alex # &= |1 gew
Srafdes URfNE e & Awar g?

(a) Starter resistance / @ ufaRiy

(b) Armature / 3TH=R

(c) Field winding / thicg argfam

(d) Commutator [ srj¢e

Ans. a | Sol. : Starter resistance limits the high inrush
current during starting to prevent motor damage. /
WIR ufoRtY URY & R 1feh e st AT T g arfeh
HIeR Sl T § ST ST Goh |

Q24. What is the result of an open circuit in the
field winding of a DC motor? / it Alez i thies
arEfdn # snu=r afdhe w1 afRvmT == gar &2

(a) Motor stops / Alex &< gt STt &

(b) Motor runs at high speed / #tex I=a 7Ifd & TeA<t &
(c) Motor runs at low speed / #lex &# TIfd ¥ TeAdt &

(d) Motor vibrates / Alex shu= ezt &

Ans. b | Sol. : When the field circuit opens, the field
flux becomes very weak. Since speed is inversely
proportional to flux, the motor accelerates to a
dangerously high speed (runaway condition). The
overspeed is due to loss of field flux, not because
back EMF decreases. / 519 thicg fche GeT I1dT &, af e
UcTeR] SIgdl hH B SITd ¢ | Rilfeh 1Tl OeTerd e SgehHTgUTe !
gt 8, Hiex a1 U ¥ 31fdah 71fd (Runaway Condition)
UTe e it 81 78 AT thics tered o H 811 & SRl gl ¢,
thad dch STATK A 811 ch RO T8l |

Q25. Which material is preferred for brush
construction in DC motors? / E1<ft dez # arer Axfor &
farg farg gt &6t wrafdrerar & st 82

(a) Graphite / dwrge

(b) Copper / dist

(c) Aluminum / TegHifaas

(d) Steel | @1

33



Teach To India Publication

Ans. a | Sol. : Graphite brushes are used for better
conductivity, reduced wear, and minimal sparking. /
AHIST 12T SgcR FTeTehdT, A foraTae, 3R gAaw wifd &
forq IughT fohg ST €1

Q26. What is the purpose of inter-poles in a DC
motor? / Eft Aiex A gev-ule &1 T 32T &2

(a) To increase speed / 7fd sIgM & fog

(b) To improve commutation / HREE & IR & &
ferg

(c) To decrease resistance / ufaRiy e & fag

(d) To improve efficiency / &1 IgM o& forg

Ans. b | Sol. : Inter-poles produce a compensating
field that improves commutation and reduces
sparking. / §ez-utel Ueh &ifcgfcl &5 I ahd & STt hrges
H GUR T g 3R Wifhi st hd el 8l

Q27. What is the effect of increasing resistance in
the shunt field circuit of a DC motor? / S+t Alez &
gie thies Tfdhe A ufartey ge™ w1 o w9T giar g2

(a) Speed decreases / 7fd gcdl &

(b) Speed increases / 7fd Sigdt &

(c) Torque increases / i Sgdt g

(d) Current decreases | @<c gedr g

Ans. b | Sol. : Increasing the resistance in the shunt
field circuit reduces the field current, weakening the
magnetic flux, which increases speed. / e i dfche &
gfaRiey g 9§ thics e A 81 ST 8, achid Teled IR
gid1 8, forad 7if a1g St 81

Q28. Which speed control method is used for
constant speed applications in a DC motor? / St
Aiex # f&R wfa syt & ferg s #f nifer Feisor fafar
o1 IuahT fora ST 82

(a) Field control method / thieg fRg=r fafer

(b) Armature control method / 3mf=R gz fafer

(c) Rheostatic control method / Ratfees fAsror fafer
(d) Voltage variation method / @<t for=ar fafer

Ans. d | Sol. : For maintaining a nearly constant speed
over a wide operating range, armature voltage
control (voltage variation method) is preferred. Field
control is generally used for speeds above the base
speed and does not itself ensure constant speed
operation. / foxyd daTer AT & erre fRR 1fd s=1g @
& foIg IR aiedst (=0T (Voltage Variation Method) @t
3w R Sirar 81 thies fAd=or am=a: 99 wfie & sifdren
T Ted &R & forg Iuah fohar ST & 8k @3 AR afa
giAfga 8t e

Q29. What causes sparking at the brushes of a DC
motor? [ S Aier & w121 W wnfdn &1 o FROT 8?2

(a) High current flow / 3= & Udrg

(b) Worn-out brushes | @=1a 121

(c) Misaligned commutator / Tad a<idh & TG FrReR
(d) All of the above / It gaft

Ans. d | Sol. : High current, worn brushes, or a
misaligned commutator can all cause sparking at the
brushes. | 3= &e, @G FT, T ITAd d<ieh & WG
IR Gt 511 TR TIfhT SRl hRUT & Hehd g
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Q30. What is the function of commutator
segments in a DC motor? / g+t Aler & Frpeer Smie
&1 H AT 8?

(a) To generate flux / TeTeR IU= AT

(b) To convert AC to DC / T} &} St & e

(c) To provide a path for current flow / &< UaTg & ferlg
UYg YT AT

(d) To reverse current direction in armature winding /
STHER ATEfET & die S fa=m @t Ieter

Ans. d | Sol. : Commutator segments reverse the
current direction in the armature winding, enabling
continuous torque. / FRER WTHE TR el # e
& fe2m oY Ieted §, O fARaR ofdh gem glar 81

Q31. Which fault in a DC motor can cause excessive
vibrations during operation? / it wier & i <t
ERT HareE & SR ifdah @ha=T &1 HIROT a1 Tehdl 82
(a) Misaligned shaft / Ted a<idh & WRQT Mo

(b) Uneven commutator surface / SrAH &RgeeR Id8
(c) Damaged bearings / @& SARAT

(d) All of the above / SuterT gaft

Ans. d | Sol. : Misaligned shafts, uneven commutator
surfaces, or damaged bearings can cause vibrations
in a DC motor. / Tad a<ich & TRAT AT, AT HRIER
gdg, a1 EE SR ST JleX | hu- &l BhRUT 99 Govd &
Q32. Which method of speed control in a DC motor
reduces speed by adding resistance to the
armature circuit? / gl giez # nfa fAg=or Hr = @
fafer smtar afdhe A ufaRty Siiger nfa =t w Fdl 82
(a) Field control / thieg fAz=ror

(b) Armature resistance control / =R ufaRiy fAzoT
(c) Voltage control / aieest Ao

(d) Current control / &< =T

Ans. b | Sol. : Adding resistance to the armature
circuit increases the voltage drop, thereby reducing
motor speed. / 3THwR Ffthe & UfaRty S & gt gia
FodT g, fSIag Atex i 1fd 4 g S 8

Q33. What happens to the torque of a DC motor if
the field flux is increased? / afe fies vea we1 foan
STq Y St witeR & i W @ g ggar &2

(a) Torque decreases / i gedr g

(b) Torque increases / it JgdT &

(c) Torque remains constant / fch R BT 8

(d) Torque fluctuates / T deerar BT &

Ans. b | Sol. : Torque is directly proportional to the
flux and armature current, so increasing flux

increases torque. / 2idh eI 3R TR ehic o 1Y
rguTd # T 8, SHfIg Tefed dg @ 21k Jgar 2

Q34. What is the purpose of the no-volt coil in the
starter as shown in the diagram? / Q= # fezarg g
IR ¥ F-glee hise o1 3229 HT18?
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FACE PLATE ARRANGEMENT
(a) To prevent the motor from restarting
automatically after a power failure / UTeR thel 11 & a1
HieR ot TaTford €9 @ G: 91 81 F A & fg
(b) To reduce the starting resistance of the motor /
Hiex i uRfAe ufoRty st & A & g
(c) To regulate the load current of the motor / Atex &
e e ol Fifd e & forg
(d) To increase the speed of the motor / Htex &t fa
g & fag
Ans. a | Sol. : The no-volt coil ensures that the motor
does not restart automatically if power is restored,
protecting the system from sudden load shocks. / =t-
giee il GMATYd a8 fon afe ureRr sigret gt Sy ot Al
waTfeld ®U ¥ fhR & a1l A 81, 99d Ried &t s @
FIeeh! ¥ AT S Hah |
Q35. Why is copper commonly used for winding in
DC motors? / Sift #iex & arEfdn & faw qid &1 smaaR
oR IuANT =t foka Strar 8?2
(a) High electrical conductivity / 3= fag[d ameterdT
(b) Low cost [ &H AT
(c) High mechanical strength / 3= gif3es dred
(d) Corrosion resistance / Ge&fRor ufaty
Ans. a | Sol. : Copper provides excellent electrical
conductivity, which minimizes losses and improves
motor efficiency. / dieT IpE fAgd ATelehdT UG ST g, Sit
YT ohl ShH hdT & IR AR I G&TdT H GUR hdl 8
Q36. Which method is used to test the insulation
resistance of a DC motor? / ¥t #tex i sgeiz=
uferter i 1w & fag @ @ fafd sz & st 82
(a) Megger test / AR gdetor
(b) Load test / =g u<iefor
(c) Open circuit test / 3g= Afche Tteror
(d) Short circuit test / i€ Tfhe Tderor
Ans. a | Sol. : A Megger test measures the insulation
resistance between the windings and motor body to
ensure safety and functionality. / AR uteror aiEfe ok
Hiex d1St & offa YA UfaRiY ot ATuar & dTfch grem 3R
T GATYT gt Tehl
Q37. What is the function of a compensating
winding in a DC motor? / S+t Alex # arfagfd argfsn
&1 H AT 8?
(a) To reduce armature reaction / 3R RUaM &) &9
h3HAT
(b) To increase speed / Tfd Sg™ & ferg
(c) To provide insulation / g UaH &< & folg
(d) To improve commutation / &R H YR AT
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Ans. a | Sol. : Compensating windings counteract the
armature reaction, ensuring smooth motor operation.
| erfagfe arEfém smar Ryarm o1 faRty ahxeft 8, e Jiex
I T IS Bl 8

Q38. Why is the commutator segmented in a DC
motor? / - Aler # Fgeer il Trde i favar srar 82
(a) To reduce size / 31ThR <ht T A & folT

(b) To allow current reversal in armature windings /
SR aefET # hie Jade i ergafd 34 & fag

(c) To improve motor speed / #Aiex 7Ifd # YR &z o forg
(d) To reduce sparking / T1fdhT &t &8 & & folg

Ans. b | Sol.: The segmented design ensures the
current in the armature windings reverses to
maintain unidirectional torque. / &THs fesme a8
gAfYa oear g foh s aEfén F sie Iae SY a1fes g
e & efeh s %1

Q39. What is the primary reason for armature
reaction in a DC motor during operation? / =
Hier & HaTe & SR TR Raaer 1 A wror
T g?

(a) Uneven winding resistance / 3@ aiEfen ufaty
(b) Interaction of armature flux with field flux / TR
UTeRT T Thies TRfad oh AT TRER feham

(c) High starting current / 3= R e

(d) Misaligned brushes / Tad a<idh & Wiaq a1

Ans. b | Sol. : The interaction between the armature
flux and the main field flux distorts the magnetic field,
causing armature reaction. / 3TH=R G 3R & hies
T & ot IRER fohar dahia & @l fagpd et 8, o
SR Ryaer gl 81

Q40. What is the probable cause if a DC motor fails
to start but the field circuit is intact? / afe St Az
%= &Y gt @ Afd dies afhe a2, at Jwfaa wror
T g?

(a) Open armature circuit / STH=R 9fdhe Gerr &

(b) Shorted field winding / %icg aEfém 21ié &

(c) Excessive supply voltage / 3rcafdes 9w ateest

(d) Faulty bearings / @@ safin

Ans. a | Sol. : An open armature circuit interrupts
current flow, preventing the motor from starting even
if the field circuit is functional. / 3mH=R Gfdhe & g @
T 1 UdTg 1A gt STt 8, orad AR hice afdhe a8l g
R +ft &= 781 gidh

Q41. What happens to the torque of a DC motor if
the armature current is increased? / afe smf=R &ie
Fedr g df St Ater o efh ur 3T yuTg usdar 8?

(a) Torque decreases [ 2fdh gedi &

(b) Torque increases / 2ich IgdT &

(c) Torque remains constant / fch R BT 8

(d) Torque fluctuates / &feh SeetdT Y81 &

Ans. b | Sol.: Torque in a DC motor is directly
proportional to the armature current, so increasing
the current increases the torque. / it Alex & 2id
STHR e o it SUTd | BIdT §, SHICIY i Tg ¥ eh
TedT 8l
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Q42. What is the purpose of inter-poles in a DC
motor? / St Al A ev-ule 1 S22 T 22

(a) To reduce motor weight / Htex T ai- HH AT

(b) To improve commutation / SR H YR AT

(c) To increase field flux / thics TTerg ST

(d) To decrease armature resistance / 3R Ufa=ty &y
hHT

Ans. b | Sol. : Inter-poles produce a compensating
field that minimizes sparking at the brushes and
improves commutation. / $e3-Utel Qe &ifagfd &5 3=
A B ST ST TR TThTT ehl Thi el & 3R hRIe H IR
FHRATEI

Q43. Which method can be used to troubleshoot a
shorted winding in a DC motor? / €t Alex # 2iids
arEfET &t &tk A & fAw i O fafS sgair 6 s gesdt
8?

(a) Insulation resistance test / g UfcRie Tero

(b) Growler test / TR Tt&Tor

(c) Load test / &S u<ieror

(d) High voltage test / 3=a ateesT Tteror

Ans. b | Sol. : A growler test identifies short circuits in
the armature winding of a DC motor. / Ter uteror St
HYex Y R arafem H «iiE Gfche Ft uga a8l

Q44. What is the effect of armature reactionin a
DC motor? / St wier & =R Ruaer &1 yua =
garg?

(a) Reduces main field flux / G hice el ohl A ehdl
g

(b) Improves motor efficiency / #lex G&dT # YUR T &
(c) Decreases speed [ Tifd &t & T &

(d) Increases brush life / 531 & Sfla &t S@AT

Ans. a | Sol. : Armature reaction distorts and reduces
the main field flux, leading to reduced performance. /
SR RyaR™ & thics Tl it g 3R A AT 8,
5o uesf= & fiRmae ot g1

Q45. Why does a DC series motor provide high
starting torque? / €+t st Ater I uRfAS s i
UG et 82

(a) Armature current and field current are the same /
(b) Field winding has low resistance / $icg aEfEm ar
gfo]ty A giar g

(c) Armature is laminated / 3MH=R dAfAAds glar &

(d) Back EMF is high at startup / TTé3T | % SUATH
S gt 8

Ans. a | Sol. : The same current flows through the
armature and field winding, producing a strong
magpnetic field and high torque. / 3TH=R 3R thies aEféT
% AT ¥ YA Hic dlted aidT g, fSad Asted g &7
3R 3= efdh IU= glar gl

Q46. What is the primary function of interpoles in
a DC motor? [ €+t Aler # gexdic &1 g&a il 1 8?2
(a) Reduce eddy current losses / T8I &ie AT &l &7
hHT

(b) Improve commutation / SR H YR AT

(c) Increase armature resistance / 3R UfaRiY ST
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(d) Enhance motor speed / Atz 7Ifd &t ST

Ans. b | Sol. : Interpoles neutralize the reactance
voltage, reducing sparking at the commutator and
improving commutation. / gexuied Ry T dieest et
FIER Fed €, HRIEEX TR TThTT eh ThH hd & SR HRIEH
GUR 3 g

Q47. What type of motor is represented in the
diagram, and how are its armature and field
winding connected? / R # fhe UshR &1 HieR g2ufan
T 8, 3R 3l AR ek s aEffr R R gE &2

O L+
A, A

DC SUPPLY

O L-

(a) Series motor with armature and field winding
connected in series / @RS Alex f9H iR 3k thics
AT sjaen & S gt &

(b) Shunt motor with armature and field winding
connected in parallel / sie Al 9" THWR 3R hies
arEfeT g & e et &

(c) Compound motor with series-parallel connection /
HUTSE AR [TH @T-THaHIaR hae gidr 8

(d) Alternating current motor with single-phase
connection / fETA-thel deRM & 1Y T Atex

Ans. a | Sol. : In a series motor, as shown in the
diagram, the field winding and armature are
connected in series, allowing the same current to flow
through both. / @R Atex 7, siar foh = & k@ man g,
H1egH § YA i ydifed gidi gl

Q48. What will happen if a DC motor is connected
to an AC supply? / afe i #ieR & gt Tws & sier
Q< ghm?

(a) Motor will run efficiently / #lex grerar & gl

(b) Motor will not operate | Htex &M gl Sl

(c) Motor will overheat and vibrate / #tex SaT&T 9 3R
CRE Tl

(d) Motor speed will increase / Aex &t 1fd §/g STQt
Ans. ¢ | Sol.: Connecting a DC motor to AC supply
causes alternating forces, overheating, and vibrations
due to incompatible design. / St AYex at T TS &
e R IR ae1 344 8id 8, forad sifdres mHf 3R dhua
gl &1

Q49. How does the load torque affect the speed of
a DC motor? / @itz 2t St e hY nfa ) 2 wanfaa
T 8?2
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(a) Speed increases with load torque / @€ <ich & ATY
T et 8

(b) Speed decreases with load torque / dtg 2fdh & a1I
fd gedt 8

(c) Speed remains constant regardless of load torque
| i ek & sTas]g i R Bt 8

(d) Speed becomes unpredictable / Tfd ST 8t
STl &

Ans. b | Sol.: Anincrease in load torque causes a
drop in speed as the motor must exert more force to
maintain rotation. / &g i & gfig Mfa At FH = A &
Fifeh Aiex ol guf S1Q 3@ & A sifdres st T ugar 81
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Q50. What will happen if the armature resistance
of a DC motor is very high? [ afg € #itex &1 smf=R
wfeRter aga srfres gt ot @ ghm?

(a) Speed increases significantly / T Srth! Si¢ STt &
(b) Efficiency decreases | &&fdT 9¢ SiTd! &

(c) Torque increases / i Sgdt g

(d) Motor stops / Alex s gl STrdl &

Ans. b | Sol. : High armature resistance causes
excessive voltage drops, reducing efficiency and
increasing heat loss. / 3= =R UfeRlY il qicest
ST &1 HROT I 8, fGd garar gedt & ofR T a1 Jeram
TedT 8l
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