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Preface | y&dTa=T

This book, Machinist, 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.
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How to Study This Book | 39 Qi T 3e8a-T Hd e

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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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
been prepared using the prescribed syllabus documents
and standard training resources for educational purposes.
The publishers gratefully acknowledge the contribution of
these institutions to curriculum development and the
promotion of vocational education in India.

39 qdeh Y Trft ot faer snfdeRen STEées uraashy qu
gf2reror AETCerd (DGT) SR IR Srgeaneten Hifear T
(NIMI) grr STt feam-fadan & dgef & foram mam 81 58 Qfdies sl
& fow PaiRa utsasha cxadsi T AT ufAeror GameMt & SR
R R o mar g1

Teh1RTeh WRd A UTSIchH fdenTd quT saadniien fAei & Uieargd & g
G & ANTEH & Ul hasdrgden TR e hed gl




Syllabus

Learning Trade Theory

Outcomes

Tool and Cutter Tool and cutter grinder, Methods of cutter grinding, Cutter grinding attachments and their uses

Grinding

Milling Geometrical tolerance, Depth micrometer, Different types of micrometer and its uses, Bore dial
gauge and telescopic gauge, Gauges different types and uses, Gears - Types and uses, Rack -
Types, uses and calculations, Selection of gear cutter and forms, Gear tooth Vernier caliper,
Radius gauges and templates, Vertical milling machine, Helix and spiral introduction, Reamers -
types, elements and uses, Twist drill - nomenclature

CNC Turning Safety in CNC turning centers, CNC lathe machine elements and its functions, Feedback control

system and interpolations, Machining operation and tool path, Concepts of coordinate
geometry, machine geometry and CNC zero points, Programming sequence, ISO G codes and M
codes, Program execution in different modes, Cutting tool materials, inserts and tool holders for
turning, Cutting speed and feed, Selection turning tools from tool catalogues, Writing part
program as per drawing and verifying programmer using simulator, Process planning,
sequencing tool layout & selection and cutting parameter, Work and tool offsets, Turning in
multiple setups hard and soft jaws, soft jaw boring, Machine operation modes - Jog - MPG - edit
memory - Fanuc system, Entering and editing programs, Functions of important keys / knobs in
CNC machines, Proving the CNC program, Offset adjustment on first part and in production run
Offset adjustment on first part and in production run, Tool selection related to grooving, drilling,
boring and threading operations, Causes of tool collision failure in CNC machine tools, Alarm
codes and its meaning

CNC Milling (VMC-
Vertical Milling Centre)

General safety on CNC machine, CNC, VMC machine elements and their functions, Feedback and
control system, Machining operation and its tool path, Concept of co-ordinate geometry and
polar co-ordinates, Converts part dimensions into G90 and G91, Programming, G-codes and M-
codes, Sub programming, Cutting tool geometry for milling operations, Cutting speed, feed and
depth of cut, Tool wear, tool life, relative effect of each cutting parameter on tool life, Preparing
part program as per drawing and checking with CNC simulator, Process planning, Procedure of
programmer execution in different modes, Types of offsets, Work holding with temporary
holding fixtures, Modes of operation, Editing, entering programs and offsets in machine console
Uses of important switches & buttons and controls Proving the CNC program, Tool offset
adjustment on first part, Axes over travel recovering from over travel, Collision due to improper
machine setup, operation and effects, Recovering from collisions, Helical interpolation and
thread milling, Tool wear and necessity of wear offset, Restarting machine from sudden
stoppage, Program transfer through electronic media, Productivity concept, Machine hour rate

Repair & Overhauling

Lubricants and lubrications, Maintenance and its types, System of symbol and color coding for
lubricants, General possible causes and remedies of equipment in industries

Advanced Milling

Bevel gear - Elements, types, application and calculation, Cams - types - application and
elements, Worm wheel: Applications, elements and calculation, Keys and their applications

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.

Centre of Gravity

Centre of gravity - Centre of gravity and its practical application.

Area of cut out regular
surfaces and area of
irregular surfaces

Area of cut out regular surfaces - circle, segment and sector of circle, Related problems of area
of cut out regular surfaces - circle, segment and sector of circle, Area of irregular surfaces and
application related to shop problems.

Estimation and
Costing

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

Heat Treatment

Heat treatment and advantages, Heat treatment - Different heat treatment process -
Hardening, tempering, annealing, normalising and case hardening.

Modules Engineering Drawing
Reading of drawing of nuts, bolt, screw thread, different types of locking devices e.g., Double
Module-1 nut, Castle nut, Pin, etc.
Module-2 Reading of foundation drawing
Module-3 Reading of rivets and rivetted joints, Welded joints
Module-4 Reading of drawing of pipes and pipe joints
Module-5 Reading of job drawing, sectional view & assembly view.




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. Milling | fafel

Trade Theory

2.1 Geometrical Tolerance | saifadia agafaar

GEOMETRICAL TOLERANCE | SaTfirdta Ig-=iterar

Permissible Variation in Geometry (Form, Orientation, Location, Run-out)

wifafa (emepfa, srfifaary, , ¥9-3113<) # Wier fiear
FEATURE ACTUAL FE%%TURE pATUM surrace  CLASSIFICATION | giffevur
(Surface, hole, gé‘ris) (¥T1E, ©9) eH a8 - E:SoR|\{|1 i -
ﬁ'!ﬂ'qa'[ (9dsg, 9g, &) traightness, Flatness, Circularity
TOLERANCE ZONE 31;!:? éﬁﬂmﬁm TeeRe)
DATUM . i (Parallelism, Perpendicularity)
(Reference point, line, or surface) A=A (iR, eiaad)
S (¥ ffg, ¥, 71 were) POSITIONS - LOCA'%?% (Position)
fRufd )
;Il;ghrtgitrtzeAd";rc(:eE Eros;')\laEe for variation) =HURCUL iReE-o0)
T-3{13C (XH-3{13C
& (e & ferg arga &) POSITION ( )
{0y sympoLs —#4014

.q;.

0.2 |A|B

Tt /L

METHOD OF INDIC TOLERANCE FRAME
ON DRAWING ™

gg-I=iTeran & P
(Fir=ann & fore argwd &)

™~

A
SYMBOL”~ TOLERANCE VALUE ~DATUM (Primary, Secondary)
Udie /

T ScH (widfle, Arafiie)

Fig. 2.1: Geometrical Tolerance System | Saifadta ag=12fierar vorreft

2.1.1 Introduction (Fig. 2.1)

Geometrical tolerance is an important part of
engineering drawing and production. In machining
work, size alone is not enough to control accuracy.
The shape, position, and alignment of surfaces must
also be controlled. Geometrical tolerance helps the
machinist produce parts that fit and function
correctly in assembly.

2.1.2 Definition of Geometrical Tolerance
Geometrical tolerance is the permissible variation in
the geometry of a feature such as form, orientation,
location, or run-out. It defines the acceptable limit
within which the actual feature must lie.

2.1.3 Need of Geometrical Tolerance in
Engineering

It is needed to ensure interchangeability, proper
assembly, functional accuracy, and quality
production. It also reduces rejection and improves
inspection control.

2.1.4 Basic Terminology

A feature is any surface, hole, slot, axis, or profile of
a part. A datum is a reference point, line, or surface.
A tolerance zone is the permitted area or space for
variation. A reference surface is the base surface
used for setting and measurement.

2.1.5 Classification of Geometrical Tolerance
Geometrical tolerance is classified into form
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2.1.1 == (Fig. 2.1)

SO ggasiterar iR SIRE duT IcTe ol
Ueh Agayul T g1 ALfif il # haet iR gt dtehdr
ot fRdfd o & g vafe 81 gt Idgl & STaR,
T gar GRgur &t o FHEa fovar ST smaass 8l
STtadg Ggsiterar afifAee ot 88 gof a9 & Sgrar
T & ST Tate | T8l UhR 9 fthe g 8k Sieh UepR 9
AR

2.1.2 ST ggafedar i aRurar

SaTfadta ggasfterar fopedt faRivar 6 snfafa, <9 wu,
AT, I a1 H-3713< # A [age= 81 98 59
Trd THT dt R el 8 S ffar arafaes
faLivar fa g+t wnfaul

2.1.3 sifgifah A safada agaficrar Y smasaerar
g e fafegar, 3T daisH, srafas éiaar aun
TUrETYUT IcdTed ATYd A & fag siraxaes g1 ag
SAIpf l off T et & For fAteror fdsor F gur
&l 8l

2.1.4 g qRUTRA® AsgTaett

fa<iar foreht g ot i off Tidg, %, wWile, o187 a1 Uithisd
il 81 3eH Gan Ha foig, 3@ a1 gag giar &1 gafierar
&5 I8 S1gAd & 1 @I ¢ [ fagem wiert glar 81
Tef gag a8 YR 9dg ¢ [Sigent IughT fér qur gruq &
fore forar St @1

2.1.5 saifAda ggafierdar @ affazor

SO ggasitear ot ©u ggasfiedr, siafa=amg
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tolerance, orientation tolerance, location
tolerance, and run-out tolerance.

2.1.6 Symbols Used in Geometrical Tolerance
Standard symbols are used on drawings for
straightness, flatness, circularity, parallelism,
perpendicularity, position, and run-out.

2.1.7 Method of Indicating on Drawing

It is indicated by a tolerance frame containing
symbol, tolerance value, and datum letters. The
datum system gives reference for inspection and
machining.

2.1.8 Advantages, Limitations and Applications
Its advantages are better quality, accuracy, and
interchangeability. Its limitation is that correct
interpretation and inspection skill are required. In
milling and machining, it is used for bore position,
slot alignment, guide surfaces, and rotating parts.
Example: a hole position related to datum A and B
must be checked from both reference surfaces as
per drawing.

2.2 Depth Micrometer | 3ty ATgshiHieR

Trade Theory

ggRfierdT, = ggaRferdr aur -3 Tgasftadan &
Fiffepd fomam ST &1

2.1.6 saifadtg ag=ifierar & vgea udie

IRE! # Hiemu=, THdedT, JAThRdT, THIRAT, FedddT,
T g -3 & T Ak Udieh! st IUAT fohar SiTar
gl

2.1.7 RE R g21i &t fafe

39 Uep TgiRfterdar tha grr gxifar Sirar g 9w udia,
Gg1=fierdT AT 9T S 31eR §id &1 S¢H HoTett fAieror
aar 7ffST & forg 9eef ueM o 81

2.1.8 @rH, HATE qUT Sy

3Gch AT SgaR T[T, JEIhdT dT TRER fAfAggdr &1
3Tch! T I8 § b Il e aur fAdteror v
3TaGehdT gidl & | fAfelt qur afifin & sgen Suzmhn sk i
fRfq, Wil d@¥@ur, Anfesie Tag! g gofbefia geit o fog
fora SITdT @1 3ETEROT: SeH A duT B § TEfaq fohedt fog fi
R Y s & AR aHT Haof Tag! ¥ Sifar s
1igql

DEPTH MICROMETER | S HIgehiHeR

WORKING PRINCIPLE | 1 fagia THIMBLE | vt HOW TO READ | &9 ug
, SLEEVE |ty (Moving scale) Sleeve Reading (5.5)
‘ { (stationary scale) & (5.5) 2T
\\\ \ \\ \\\\ ' MICROMETER HEAD 35 E -
m%—g TITTITTT =
MICROMETER SCREW PRINCIPLE BASE % 2
: EL

AgeieR w5 fagia
1 THIMBLE TURN = SCREW PITCH
et &1 1 Taa = T &l g

PITCH MOVES SPINDLE
forr fiser ot werdt &

LEAST COUNT | =Tt ToT=T

_ PITCH
LEAST COUNT = THiMBLE DIVISIONS
e o = e / e & v W%'%P'ECE
-a%g
Example: 0'553"" =0.01 mm
REFERENCE SURFACE
FaTERT: 0.5 Akt / 50 = 0,01 foft Tt g

| SPINDLE LOCK NUT
s

Sleeve Reading (5.5) L Thimble Division (28)
wYq whta i 83 (5.5) e
Reading = Sleeve Reading +

(Thimble Reading x Least Count)

JETgIoT: AfE = it A + (et S x egen rorm)
Ik < 5.5+(28%0.01) =5.78 mm

:::JTDESR lcg.%lg!ag%m APPLICATIONS & PRECAUTIONS
U 3R E@Tai

MEASURE SLOT @ CLEAN BASE
DEPTH Exgeikce]

T | (28)

MEASURE SLOT AVOID TILT
DEPTH | @i ht @
) [GIGIGER ]

Y il

SR % 4 e RisaRRTE
T @ glg\_rsrli]r&gECESS CARE:

DEPTH OF HOLE E B . APPLY LIGHT OIL

EEGIRE] L 31 fo it mewrd I O TG

Fig. 2.2: Depth Micrometer | 3t ATghidfer

2.2.1 Introduction (Fig. 2.2)

A depth micrometer is a precision measuring
instrument used to measure the depth of holes,
slots, recesses, keyways, and steps accurately in
workshop practice.

2.2.2 Definition of Depth Micrometer

It is a micrometer specially designed to measure
depth from a reference surface to the bottom of a
job.
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2.2.1 9= (Fig. 2.2)

SV ATSchiHIeR Ueh Tdleh AT I 8, fSTgept IuahT
FRIRMTET 31Ty H fgl, TWiicl, @idl, hl-a duT W i
TEXTS i YGdT ° AU o forg o ST &1

2.2.2 3 Arsshidier &t Ry
g Uah ATsshidieR €, S8 fadly &0 & fd) Geof gag @
fopet Siter o fAaet 9IFT ek <hl TT8RTS AU+ o forq a-mar mar
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2.2.3 Purpose of Depth Measurement
It is used to check machining accuracy and to ensure
correct depth in milling and fitting work.

2.2.4 Constructional Features

The main parts are:

Base - rests on the reference surface.

Micrometer Head - contains sleeve and thimble.
Spindle - moving measuring rod.
Interchangeable Rods - used for different
measuring ranges.

Graduation - marked on sleeve and thimble for
reading.

2.2.5 Working Principle

It works on the micrometer screw principle. One full
turn of the thimble moves the spindle by the screw
pitch.

2.2.6 Least Count of Depth Micrometer

Least Count = Pitch / Number of thimble divisions
Example: 0.5 mm / 50 = 0.01 mm

2.2.7 Reading Method

First read the sleeve graduation, then add the
thimble reading.

2.2.8 Range of Measurement

Common ranges are 0-25 mm, 25-50 mm, and 50-75
mm with interchangeable rods.

2.2.9 Precautions During Use

Keep the base clean, avoid tilt, and do not force the
spindle.

2.2.10 Care and Maintenance

Store in a case, clean after use, and apply light oil.

2.2.11 Advantages

It gives accurate measurement and is useful for
precision work.

2.2.12 Disadvantages

Itis slow in use and requires careful handling.

2.2.13 Applications in Milling Shop
Used for measuring slot depth, recess depth, step
depth, and hole depth.

2.2.14 Solved Numerical on Least Count and
Reading

Sleeve reading = 5.5 mm, thimble reading = 28
divisions

Reading = 5.5 + (28 x 0.01) = 5.78 mm

2.2.15 Practical Examples of Measurement
Example: measuring the depth of a milled slotin a
machine component.
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gl

2.2.3 TS "I9S Rl 32%°

g1 IUAIT AffAT Y S[gdT i Sifa et ger fafe sik
fefeT aref & gt Tewrd giAfea et o forg fovam Smar 21
2.2.4 TeEATHR fatuary

J& o fFefafed &

a9 - 9gf gdg rR fearar g1

TTgshiHIeR 88 - 399 Titg 3R fame gid &1

faiset - TTaH 9194 gus |

JEAT-seett AN Ay - fafd= Arg= dimmsi & forg uge
Bid g1

UM - U & oIy Twitg ofiR fAwret R sifchd gid 81
2.2.5 & fAgia

g ATSshIHIR Tf [Agid R &l el g1 fAweret a1 gep gof
e e ol & U9 & SRIeR It FgIdT 8|

2.2.6 3¢ HISshIHIER i Ag=IHih

AegaHieh = o [ fveret favrei & dwen

J&rgr: 0.5 faeft / 50 = 0.01 faft

2.2.7 ysd fafa

Ugc! g T AU UeT 1T 8, fthe IaH forweret a1 usA
ST SITaT 81

2.2.8 A+ H=r

Ty A9 e 0-25 faeft, 25-50 At ek 50-75 At
gidt 8, fSH sraetT-aecll aig Ay 1 IualT fohar Sirar &1
2.2.9 IUAT & SR Jraenfaar

39 ot 9Tt T, Zheh1d 4 &4, 3R f&gd ) 91 7 @]

2.2.10 I@HT 3R SJRETOT

g4 fod # Qi 36, IuTT & a1e 9Tth o, 31K gedhl del
undl

2211 &N

g Hlh ATGA UG hedl 8 3R g & & forg Juanft
gl

2.2.12 gifAar

ghh IuANT H 31fdeh THY oTaT & 3R 38 dauigde
YT TSl 8l

2.2.13 fafei 2ifa & sty

3 fog i 7g1s ATIA & for fovar ST @1

2.2.14 gk 3R YS9 IR g faam ganm =T
ITEROT

wfta ua4 = 5.5 faft, fAvwer s = 28 favre=
Uad="5.5+ (28 x 0.01) = 5.78 fa=ft

2.2.15 |19 & ATagTReh ISTEX0T

Jareur: fopddt wefier sraga & e fohy T4 wWite & s
ATYAT
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Trade Theory

2.3 Different Types of Micrometer and Its Uses | #rgehidie & fafda yar

3R 39k Iy

DIFFERENT TYPES OF MICROMETER AND ITS USES | #rgshivieR & faft UeR iR 3% Suai
OUTSIDE MICROMETER
TGS} AIgHIHIe

INSIDE MICROMETER
iaf¥e ArgHIHieR

MEASURES EXTERNAL DIMENSIONS ~ MEASURES INTERNAL DIMENSIONS
(DIAMETER, THICKNESS) (HOLE DIAMETER, SLOT WIDTH)

e Rl e, Aed) Srumard 3Hidkes s (3 =, @i A
P AT

BLADE MICROMETER TUBE MICROMETER
&8 ATy ogd

MEASURES WALL THICKNESS OF
TUBES AND PIPES

MEASURES NARROW GROOVES,
SMALL SHOULDERS, KEYWAYS

2.3.1 Introduction (Fig. 2.3)

Micrometer is an important precision measuring
instrument used in fitting, machining, and milling
work. It is used when accurate measurement is
required in thousandths of a millimetre. In workshop
practice, micrometers help the machinist check the
size of shafts, bores, slots, threads, and depths
correctly. It is widely used in production, inspection,
and maintenance work because of its high
measuring accuracy.

2.3.2 Definition of Micrometer

A micrometer is a precision instrument used to
measure linear dimensions such as outside
diameter, inside diameter, depth, thickness, and
thread dimensions with high accuracy.

2.3.3 Principle of Micrometer

Micrometer works on the screw and nut principle.
When the thimble is rotated, the spindle moves
forward or backward in a straight line. This converts
circular motion into linear motion for accurate
measurement.

2.3.4 Main Parts of a Micrometer

The main parts are frame, anvil, spindle,
sleeve/barrel, thimble, ratchet stop, and lock nut.
These parts together help in precise measurement.

2.3.5 Classification of Micrometers
Micrometers are classified as:
e Outside Micrometer
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r)

DEPTH MICROMETER ~ SCREW THREAD MICROMETER
S AEHHIR

<\-J
MEASURES DEPTH OF HOLES, MEASURES PITCH DIAMETER OF
GBQOVEﬁ, SLOTS, STEPS THREADS ACCURATELY
éﬁ,m,ﬁgwmaﬁggmﬁm oIl & fra T B 9t w9 A A @
BORE MICROMETER DIGITAL MICROMETER
R aEsler fefStee nEHitiey

ELECTRONIC DISPLAY FOR EASY READING
3 A g & fv sawie et

MEASURES INTERNAL BORE
DIAMETER ACCURATELY

bl @i, Bl e, LA P A @ IR N S AR P A FATAIE RS IR T B 9SS AT g
Fig. 2.3: Different Types of Micrometers and Their Uses | #tgshitfier & faf9a yeR wd 39 ST

REDUCES READING ERRORS
96 S Jfedl i B el §

2.3.1 gaf=r7 (Fig. 2.3)

HIZshIHIeR Yeh Agaqul uRg AU I &, [ogent IudiT
fopfe, m=fifa ok fafelT st & forar SiTar &1 3TerT IuahT
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ThRUT SHHT ATTeh T § IcUre, 8701 3R SR&T0T St
d IughT fopar STraT 81

2.3.2 "rsehivie? Y gRurer
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2.3.4 #rgehiHier & g Wil

ghh T 9T thH, THfde, faied, wila/oe, e, e
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2.3.5 ATSshiveR oh1 FEfferor

HTSchitIeR T affenkur fA UahR O fohar SITar &:

1] HISehIHTeRX
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e Inside Micrometer

e Depth Micrometer

e Screw Thread Micrometer

e Blade Micrometer

e Tube Micrometer

e Bore Micrometer
Digital Micrometer
2.3.6 Outside Micrometer
Outside micrometer is used to measure external
dimensions such as diameter of shafts, thickness of
plates, and width of finished jobs.

2.3.7 Inside Micrometer

Inside micrometer is used to measure internal
dimensions such as hole diameter, slot width, and
recess size.

2.3.8 Depth Micrometer
Depth micrometer is used to measure the depth of
holes, grooves, slots, and steps.

2.3.9 Screw Thread Micrometer
Screw thread micrometer is specially designed to
measure the pitch diameter of threads accurately.

2.3.10 Blade Micrometer

Blade micrometer has thin blade-shaped measuring
faces. It is used for measuring narrow grooves, small
shoulders, and keyways.

2.3.11 Tube Micrometer
Tube micrometer is used to measure the wall
thickness of tubes, pipes, and hollow jobs.

2.3.12 Bore Micrometer

Bore micrometer is used for accurate measurement
of internal bore diameter, especially in cylindrical
holes.

2.3.13 Digital Micrometer

Digital micrometer shows direct reading on an
electronic display. It reduces reading error and is
easy to use.

2.3.14 Constructional Features of Each Type

Each micrometer has special measuring faces
according to its use. Outside micrometer has flat
faces, thread micrometer has pointed and V-shaped
faces, blade micrometer has thin blades, and tube
micrometer has rounded contact surfaces.

2.3.15 Uses of Different Types of Micrometers
Different micrometers are used for measuring
outside diameter, inside diameter, depth, thread
size, wall thickness, bore size, and narrow groove
dimensions in workshop jobs.

2.3.16 Comparison Between Types of Micrometers
The main difference between micrometers is their
measuring purpose, measuring faces, and
construction. One type cannot do all jobs accurately.

2.3.17 Merits of Micrometers
Micrometers provide high accuracy, reliable
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reading, precise control, and fine measurement.
They are widely used in inspection work.

2.3.18 Demerits of Micrometers

Micrometers have limited range, need careful
handling, take more time than simple gauges, and
may get damaged by rough use.

2.3.19 Selection of Proper Micrometer for a Job
Selection depends on job shape, size, internal or
external surface, thread form, depth, and
required accuracy.

2.3.20 Applications in Machine Shop and Milling
Work

Micrometers are used in machine shop and milling
work for checking shaft diameter, bore diameter, slot
depth, thread pitch diameter, plate thickness, and
finished size of machined components.

Trade Theory
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Fig. 2.4: Internal Bore Measurement Tools | 3fidf¥eh ik #19+ Iuahvor

2.4.1 Introduction and Purpose of Internal
Measurement (Fig. 2.4)

Bore Dial Gauge and Telescopic Gauge are used for
measuring the internal diameter of holes, bushes,
bearing housings and cylinders. Internal
measurement is necessary to check proper size,
accuracy and fit in machining work.

2.4.2 Definition of Bore Dial Gauge and Telescopic
Gauge

A Bore Dial Gauge is a comparative measuring
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2.4.1 3tiaf¥es A9 1 gl iR 382 (Fig. 2.4)

IR BRI o1 3R efanifUen st a1 IuaT fal, e,
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IR ST 15T Yeh Je-TTcHeh J1U- 45 &, foirent SuaiT foneit
IR & gd-Fiia are SR ¥ faga= &I sifg A &
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instrument used to check the variation of a bore
from a preset standard size.

A Telescopic Gauge is a transfer-type measuring
tool used to capture the internal size of a bore and
measure it with an outside micrometer.

2.4.3 Constructional Features of Bore Dial Gauge
and Telescopic Gauge

A bore dial gauge consists of a dial indicator, spindle,
contact points, interchangeable anvils, centering
device and handle.

A telescopic gauge consists of two spring-loaded
plungers, a locking screw and a handle.

2.4.4 Working Principle of Bore Dial Gauge and
Telescopic Gauge

The bore dial gauge works on the comparison
principle and shows variation from the set size on
the dial.

The telescopic gauge works on the transfer
principle; the bore size is first transferred to the
gauge and then checked by an outside micrometer.
2.4.5 Setting and Method of Use

The bore dial gauge is set by using a micrometer or
setting ring to the required size. It is inserted into
the bore, rocked slightly, and the minimum reading
is noted.

The telescopic gauge is inserted into the bore,
allowed to expand, locked, removed carefully and
measured by an outside micrometer.

2.4.6 Reading Procedure, Precautions, Care and
Maintenance

For bore dial gauge, the lowest dial reading during
rocking gives the correct bore variation. For
telescopic gauge, the reading is taken from the
outside micrometer. Keep instruments clean, avoid
excess force, ensure correct alignment, check zero
setting, oil lightly and store safely.

2.4.7 Advantages, Limitations and Comparison
Bore dial gauge gives quick and accurate reading but
needs presetting and is costlier. Telescopic gauge is
simple and economical but depends on operator
skill. Bore dial gauge is better for precision
comparison, while telescopic gauge is suitable for
general transfer measurement.

2.4.8 Applications and Examples of Bore
Measurement

These instruments are used for measuring engine
cylinder bores, bearing housings, gun metal bushes
and machine body holes in workshop practice.
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2.5 Gauges - Different Types and Uses | #Is1 - faf9=s yer gd g

GAUGES: DIFFERENT TYPES & USES | is1: faf9Ys uerR vd Ui
MEASURING VS. GAUGING | A9 g AfSin

Measures exact dimension Checks within limits

ST g

e & ofiae

Example: Vernier Caliper Example: Plug Gauge
: affor FfooR o

JETERUI: &l

%

GO / NO-GO PRINCIPLE | it / =it-mt fRgia

CHECKS MAXIMUM

CHECKS MINIMUM

MATERIAL LIMIT MATERIAL LIMIT
arrft g e At e
AT FEE Sifg a8
GO |t NO-GO | Ft-m

|
HOLE IS WITHIN LIMITS
g el & iR @

COMMON TYPES OF GAUGES | 9T UehR & i<

PLUG GAUGE | lr-mﬂa RING GAUGE | f&r ﬁm

"~ CHECKS SHAFT
MR i ST FaT &

RADIUS GAUGE | feag =t

2, A,

‘ o

CH ECKS RADIUS

CHECKS HOLE
& S FRaT

THREAD GAUGE | az |

CHECKS THREADS
E G To

Fig. 2.5: Different Types of Gauges and Their Uses | ﬁﬁta UhR ?'h ST gd 3Tk SUIRT

2.5.1 Introduction (Fig. 2.5)

Gauges are important workshop inspection tools
used in machining to check whether the size, form,
or fit of a job is within prescribed limits. They are
widely used in production work and quality
inspection.

2.5.2 Definition of Gauge

A gauge is a fixed inspection tool used to check a
dimension without indicating its actual numerical
value.

2.5.3 Purpose of Gauging

Gauging helps to maintain interchangeability,
improve inspection speed, ensure production
accuracy, and reduce rejection.

2.5.4 Difference Between Measuring Instruments
and Gauges

Measuring instruments such as vernier calipers and
micrometers show the exact size of a job. Gauges
only check whether the component is within limits or
not.

2.5.5 Classification of Gauges

Gauges are classified as standard gauges, limit
gauges, fixed gauges, adjustable gauges, and
inspection gauges.

2.5.6 Types of Gauges

Common types are plug gauge, ring gauge, snap
gauge, feeler gauge, thread gauge, radius gauge,
taper gauge, and slip gauges.

2.5.7 Construction and Working Principle
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2.5.1 9f=r7 (Fig. 2.5)
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Important gauges are made with accurate size and
hardened wear-resistant surfaces. Limit gauges work
on the Go and No-Go principle. The Go side checks
maximum material limit, while the No-Go side checks
minimum material limit.

2.5.8 Materials, Advantages, Disadvantages and
Applications

Gauges are generally made from high carbon steel,
alloy steel, or carbide. They are fast, simple, and
useful in mass production, but they do not show the
actual size and are made for limited dimensions.
Plug gauges check holes, ring gauges check shafts,
snap gauges check outside diameters, and thread
gauges check threads. Gauge selection depends on
job shape, size, tolerance, and production quantity.

Trade Theory
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2.6 Gears - Types and Uses | o™i - yaR 3k 3uahr

GEARS - TYPES AND TERMINOLOGY | fiRRf - YR 3R Ireqrdeit

SPUR GEAR | TR iR

2.6.1 Introduction (Fig. 2.6)

Gears are important machine elements used in
workshops and industries for transmitting motion
and power from one shaft to another. They work by
the meshing of teeth and give a positive drive
without slip.

2.6.2 Definition of Gear

A gear is a toothed wheel that transmits rotary
motion and torque to another toothed wheel.

2.6.3 Purpose of Gear Drive

Gear drive is used to change speed, torque, and
direction of motion accurately.

2.6.4 Basic Terminology of Gears

Important terms are pitch circle, module,
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addendum, dedendum, tooth thickness, and
pressure angle. These terms help in gear design and
correct meshing.
2.6.5 Classification of Gears
The main types of gears are:

e Spur Gear

e Helical Gear

e Double Helical Gear

e Bevel Gear

e  Worm and Worm Wheel

e Rack and Pinion

e Internal Gear

2.6.6 Constructional Features and Working
Principle

Gears are made with accurately cut teeth on the rim.
Power is transmitted when the teeth of the driver
and driven gears mesh properly.

2.6.7 Gear Ratio and Speed Ratio

Gear Ratio = Teeth on driven gear [ Teeth on
driver gear.

Example: 40/20 = 2:1.

2.6.8 Advantages and Disadvantages

Advantages: positive drive, exact speed ratio,
compact size.

Disadvantages: costly, noisy at high speed, needs
lubrication and alignment.

2.6.9 Uses and Industrial Examples

Gears are used in lathe headstock, milling
machines, drilling machines, automobile gearbox,
conveyors, and hoists.
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2.7.1 Introduction (Fig. 2.7)

Arack is a straight toothed member used with a
pinion to convert rotary motion into linear motion or
linear motion into rotary motion. It is widely used in
machine tools and feed mechanisms.

2.7.2 Definition of Rack
Arack is a gear of infinite pitch diameter having
teeth cut on a straight or inclined surface.

2.7.3 Purpose of Rack and Pinion Mechanism
It is used to obtain accurate straight-line movement
from a rotating shaft.

2.7.4 Types of Rack

Straight rack: Teeth are cut straight and parallel;
most common type.

Helical rack: Teeth are cut at an angle; gives
smoother and quieter operation.

Inclined rack: Rack is mounted at an angle for special
motion requirements.

2.7.5 Constructional Features
A rack has module, pitch, pressure angle, tooth
thickness, and face width similar to a gear.

2.7.6 Working Principle

When the pinion rotates, its teeth mesh with rack
teeth and move the rack in a straight line.

2.7.7 Rack and Pinion Motion Conversion

The mechanism converts rotary motion of the pinion
into linear motion of the rack.

2.7.8 Calculation of Linear Movement
Linear movement of rack = Number of pinion
revolutions x circumference of pitch circle = n x ud

2.7.9 Calculation of Pitch and Travel

Pitch is the distance between corresponding points
of two teeth.

Travel for one revolution of pinion = nd

2.7.10 Advantages of Rack and Pinion
Arrangement

Simple construction, accurate motion, easy
maintenance, and good efficiency.

2.7.11 Disadvantages of Rack and Pinion
Arrangement

Wear, backlash, noise at high speed, and need for
lubrication.

2.7.12 Applications in Machine Tools and
Mechanical Systems

Used in lathe carriage feed, drilling machines,
shapers, steering systems, and lifting devices.
2.7.13 Solved Numerical Problems

If pinion pitch circle diameter = 80 mm and it makes
5 revolutions,

Travel =5 x t x 80 = 1256.6 mm.
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2.8 Selection of Gear Cutter and Forms | fflRR @&er &1 999 3R 39 &U

SELECTION OF GEAR CUTTER AND FORMS | iR &ex &1 99 3R 39 &4
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Fig. 2.8: Selection of Gear Cutter and Cutter Forms | R e &1 99+ Td 39S &9

2.8.1 Introduction (Fig. 2.8)

A gear cutter is a specially shaped milling cutter used
for cutting gear teeth on a gear blank. In gear
cutting, correct cutter selection is very important
because the tooth profile must be accurate for
proper meshing, smooth running, and long service
life. If the wrong cutter is selected, the gear teeth
may not match correctly, causing noise, wear, and
poor transmission. This topic is important in milling
practice and workshop production.

2.8.2 Definition of Gear Cutter

A gear cutter is a form milling cutter designed to cut
the spaces between gear teeth to the required shape
and size. It is made according to standard tooth
forms and is selected on the basis of module or
diametral pitch, pressure angle, and number of
teeth.

2.8.3 Need for Correct Cutter Selection

Correct cutter selection is necessary to obtain proper
tooth form, correct pitch, smooth meshing, and
accurate motion transmission. It also helps in
avoiding rejection of the job and saves machining
time.

2.8.4 Types of Gear Cutters

The common types of gear cutters used in milling are
form relieved cutter, involute gear cutter, and side
and face cutter for special work. Form relieved
cutters keep their profile even after re-sharpening.
Involute gear cutters are most commonly used for
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cutting spur gears. Side and face cutters are used for
certain special cutting operations.

2.8.5 Cutter Number System

Involute gear cutters are generally available in sets
of eight cutters for each module or diametral pitch.
Each cutter is meant for a certain range of gear
teeth. The cutter number is selected according to the
number of teeth on the gear. For example, cutter No.
4 is used for gears having 26 to 34 teeth.

2.8.6 Standard Forms of Gear Cutters

Gear cutters are made in standard tooth forms. The
involute form is the most common because it gives
smooth and efficient transmission of motion.

2.8.7 Factors Affecting Cutter Selection

The main factors affecting cutter selection are
module, diametral pitch, pressure angle, number of
teeth, and type of gear. All these must match the
gear drawing or job requirement.

2.8.8 Procedure for Selecting Gear Cutter

First note the module or diametral pitch of the gear.
Then check the pressure angle and the number of
teeth. After that, select the correct cutter set and
choose the cutter number according to the standard
tooth range.

2.8.9 Mounting of Gear Cutter on Milling Machine
The cutter is mounted on the arbor of the milling
machine with proper spacing collars and tightened
firmly. Correct mounting ensures accurate cutting
and better finish.

2.8.10 Precautions During Gear Cutting

Use the correct cutter, align the cutter properly,
clamp the work securely, set the correct depth of cut,
and use proper cutting speed and coolant.

2.8.11 Common Errors in Cutter Selection
Common errors are wrong module, wrong pressure
angle, wrong cutter number, and improper
mounting of the cutter.

2.8.12 Advantages of Correct Selection

Correct selection gives proper tooth profile, smooth
gear action, good finish, interchangeability, and
longer gear life.

2.8.13 Applications in Milling Practice

Gear cutters are used in workshop and industry for
cutting spur gears, replacement gears, and machine
components.

2.8.14 Solved Examples on Cutter Selection

For a 20° involute gear of module 2 and 30 teeth,
select the module 2 cutter set and choose the cutter
number covering 26 to 34 teeth.
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2.9 Gear Tooth Vernier Caliper | frR g affar dfawr
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Fig. 2.9: Gear Tooth Vernier Caliper and Its Parts | fiaR g affar HfAar v 39 s

2.9.1 Introduction (Fig. 2.9)

Gear tooth vernier caliper is a special precision
measuring instrument used to check the chordal
tooth thickness and tooth depth of a gear tooth at
the pitch circle. It is used where ordinary vernier
calipers cannot measure gear teeth accurately.

2.9.2 Definition of Gear Tooth Vernier Caliper

It is a modified vernier caliper having two measuring
arrangements, one for measuring tooth thickness
and the other for measuring tooth depth.

2.9.3 Purpose of Gear Tooth Measurement

It is used to verify whether the gear tooth is cut to
the correct thickness and depth according to
standard dimensions.

2.9.4 Constructional Features

It consists of a horizontal measuring scale and a
vertical measuring scale fitted together in one
instrument.

2.9.5 Horizontal Scale

The horizontal scale is used for measuring the
chordal thickness of the gear tooth.

2.9.6 Vertical Scale

The vertical scale is used for setting and measuring
the depth position of the tooth.

2.9.7 Main Scale

The main scale gives the primary reading in
millimetres.

2.9.8 Vernier Scale

The vernier scale helps to read the fractional part
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accurately.

2.9.9 Working Principle

The instrument is first set to the required tooth
depth, then the tooth thickness is measured at that
depth.

2.9.10 Measurement of Tooth Thickness

The horizontal jaws are placed on both sides of the
gear tooth and the thickness is measured.

2.9.11 Measurement of Tooth Depth
The vertical slide is adjusted to the required chordal
depth before taking the thickness reading.

2.9.12 Reading Method

The final reading is obtained by adding the main
scale reading and the coinciding vernier scale
reading.

2.9.13 Setting Procedure

Set the vertical scale to the calculated depth, place
the caliper correctly on the gear tooth, and then note
the horizontal reading.

2.9.14 Precautions During Use

Keep the gear clean, avoid tilting, check zero error,
and apply light measuring pressure.

2.9.15 Advantages

It gives quick measurement and is useful for gear
inspection in workshop and production work.
2.9.16 Limitations

Its accuracy depends on correct setting and careful
handling by the operator.

2.9.17 Applications in Gear Inspection

It is used for checking spur gear tooth dimensions
during manufacturing and maintenance inspection.
2.9.18 Solved Numerical Problems

Numerical problems usually include calculation of
chordal thickness and chordal depth before
measurement.

2.9.19 Practical Examples

It is commonly used after gear cutting to inspect
whether the gear tooth dimensions are within limits.
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2.10 Radius Gauges and Templates | 35T i1 iR daate
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Fig. 2.10: Radius Gauges and Templates | B<ar is1 gd clew

2.10.1 Introduction (Fig. 2.10)

Radius gauges and templates are inspection tools
used in fitting and milling work to check curved
profiles accurately. They help in comparing the job
with the required shape and contour.

2.10.2 Definition of Radius Gauge
A radius gauge is a checking tool used to verify the
radius of internal and external curved surfaces.

2.10.3 Definition of Template
A template is a pattern used to compare the profile
of a job with the required contour.

2.10.4 Purpose of Radius Checking and Profile
Matching

The purpose is to ensure correct curvature, proper
fitting, dimensional accuracy, and good finish of the
component.

2.10.5 Types of Radius Gauges

Radius gauges are of two types: Internal Radius
Gauge and External Radius Gauge. Internal radius
gauge is used for checking concave or inside curved
surfaces. External radius gauge is used for checking
convex or outside curved surfaces.

2.10.6 Types of Templates

Templates are of three common types: Standard
Template, Profile Template, and Job Template.
Standard templates are used for common shapes.
Profile templates are used for irregular contours. Job
templates are prepared for checking a specific
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component.

2.10.7 Constructional Features

Radius gauges are made of thin tempered steel
leaves with radius values marked on them.
Templates are made from sheet metal, steel, or fibre
according to use.

2.10.8 Working Principle of Radius Gauge

The selected gauge leaf is matched with the curved
surface. If no light gap appears between the gauge
and the workpiece, the radius is correct.

2.10.9 Method of Using Templates
The template is placed on the finished profile and
checked for proper matching of edges and contour.

2.10.10 Selection of Correct Radius Gauge

The correct gauge is selected according to the radius
value given in the drawing and the type of surface to
be checked.

2.10.11 Advantages

Radius gauges and templates are simple, quick in
use, economical, and suitable for comparison
checking in workshop practice.

2.10.12 Disadvantages

They do not provide direct numerical measurement
and are not suitable for highly precise inspection.
2.10.13 Applications in Milling and Fitting Work
They are used for checking milling cutter profiles,
fillet radii, slot corners, curved surfaces, and formed
components in fitting work.

2.10.14 Examples of Profile Checking

Examples include checking tool-bit nose radius,
concave slot corners, convex job surfaces, and
formed profiles of machined parts.
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2.11 Vertical Milling Machine | Seafer fafaT afi=
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2.11.1 Introduction (Fig. 2.11)

A vertical milling machine is an important machine
tool used in workshops for machining flat surfaces,
slots, keyways, and profiles. It is widely used in tool
rooms and production shops for accurate metal
removal.

2.11.2 Definition of Vertical Milling Machine

A vertical milling machine is a machine in which the
spindle is arranged vertically, and the milling cutter
rotates on a vertical axis to remove metal from the
workpiece.

2.11.3 Principle of Milling Operation

Milling works on the principle of rotary cutting. The
cutter rotates at high speed, and the workpiece is fed
against the cutter, producing chips and shaping the
job.

2.11.4 Main Parts of Vertical Milling Machine

The main parts are base, column, knee, saddle,
table, spindle, arbor/tool holder, and motor drive.
The base supports the machine. The column houses
the driving mechanism. The knee gives vertical
movement. The saddle provides cross movement,
and the table holds the workpiece. The spindle holds
and rotates the cutter.

2.11.5 Constructional Features and Working
Principle

The machine is rigid in construction and provides
vertical, cross, and longitudinal feed motions. The
spindle rotates the cutter, while the table moves the
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2.11.1 af=ra (Fig. 2.11)
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workpiece in required directions.

2.11.6 Types, Motions and Cutters Used

Common types are plain vertical, turret type, and
ram type. Motions include rotary motion of cutter,
longitudinal feed, cross feed, and vertical feed.
Common cutters are end mill, face mill, slot drill, and
T-slot cutter.

2.11.7 Operations, Advantages, Disadvantages,
Safety, Maintenance and Applications

Operations performed include facing, slotting,
keyway cutting, drilling, boring, and angular milling.
Its advantages are accuracy, versatility, and good
finish. Disadvantages include limited heavy cutting
capacity and higher cutter cost. Safety precautions
include proper clamping, use of guards, and cleaning
chips with a brush only. Maintenance points include
lubrication, checking spindle condition, and keeping
the machine clean. It is used in production work for
making slots, steps, pockets, and keyways.

Trade Theory
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2.12 Horizontal Milling Machine | &fast fafan asfiq

2.12.1 Introduction (Fig. 2.12)

A horizontal milling machine is an important
machine tool used in workshops for machining flat
surfaces, slots, keyways, grooves, and profiles. It is
widely used in tool rooms and production shops for
accurate and efficient metal removal.

2.12.2 Definition of Horizontal Milling Machine
A horizontal milling machine is a machine in which
the spindle is arranged horizontally, and the milling
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cutter rotates on a horizontal axis to remove metal
from the workpiece.

2.12.3 Principle of Milling Operation

Milling works on the principle of rotary cutting. The
cutter rotates at high speed, and the workpiece is fed
against the rotating cutter, producing chips and
shaping the job.

2.12.4 Main Parts of Horizontal Milling Machine
The main parts are base, column, knee, saddle, table,
spindle, arbor, arbor support, and motor drive. The
base supports the machine. The column houses the
driving mechanism. The knee provides vertical
movement. The saddle provides cross movement,
and the table holds the workpiece. The spindle and
arbor hold and rotate the milling cutter.

2.12.5 Constructional Features and Working
Principle

The machine is rigid in construction and provides
longitudinal, cross, and vertical feed motions. The
horizontal spindle rotates the cutter through the
arbor, while the table moves the workpiece in the
required direction. The cutter removes metal from
the workpiece as the feed is given.

2.12.6 Types, Motions and Cutters Used

Common types are plain or column-and-knee type,
universal type, and production type. Motions include
rotary motion of the cutter, longitudinal feed, cross
feed, and vertical feed. Common cutters are plain
milling cutter, side milling cutter, slab milling cutter,
angle cutter, and form cutter.

2.12.7 Operations, Advantages, Disadvantages,
Safety, Maintenance and Applications

Operations performed include plain milling, face
milling, slotting, keyway cutting, angular milling, and
gear cutting. Its advantages are rigid construction,
high metal removal rate, accuracy, and good surface
finish. Disadvantages include limited visibility of the
cutting area and difficulty in performing some
complex operations. Safety precautions include
proper clamping of the workpiece, correct cutter
mounting, use of guards, and cleaning chips with a
brush only. Maintenance points include proper
lubrication, checking the spindle and arbor
condition, and keeping the machine clean. It is used
in production work for making flat surfaces, slots,
grooves, keyways, and profiles.
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2.13 Helix and Spiral - Important Theory | gfelerT 3R TTeRe - Agayvf fAgia
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Fig. 2.13: Helix and Spiral - Comparison and Applications | f@eRT Td e - =T 3R STyt

2.13.1 Introduction (Fig. 2.12)

Helix and spiral are important geometrical forms
used in machining, tool making, and milling work.
They are commonly found in drills, milling cutters,
threads, springs, and gears. Knowledge of these
forms helps a machinist in marking, setting, and
production work.

2.13.2 Definition of Helix

A helix is a curve formed on the surface of a cylinder
when a point moves round the cylinder at uniform
speed and also moves parallel to its axis.

2.13.3 Definition of Spiral

A spiral is a curve generated by a point moving
around a fixed centre while its distance from the
centre gradually increases or decreases.

2.13.4 Difference Between Helix and Spiral

A helix is formed on a cylindrical surface, whereas a
spiral is formed in a plane. A helix has axial
movement, but a spiral has radial movement.
2.13.5 Basic Geometry of Helix and Spiral

Helix geometry includes hand of helix, helix angle,
lead, and pitch. Spiral geometry includes centre,
radius change, and number of turns.

2.13.6 Hand of Helix

The hand of helix may be right-hand or left-hand.
2.13.7 Right-Hand Helix

If the helix rises in clockwise direction, it is called
right-hand helix.
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2.13.8 Left-Hand Helix
If the helix rises in anticlockwise direction, it is called
left-hand helix.

2.13.9 Helix Angle

Helix angle is the angle between the helix and the
axis of the cylinder.

2.13.10 Lead and Pitch

Lead is the axial distance moved in one complete
turn. Pitch is the distance between corresponding
points of adjacent turns.

2.13.11 Applications and Importance

Helix is used in drills, reamers, milling cutters, screw
threads, and helical gears. Spiral is used in springs,
cams, and layout work. In milling, helix gives smooth
cutting and better chip removal. Simple geometrical
problems include finding helix angle, lead, pitch, and
hand.

Trade Theory
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2.14 Reamers - Types, Elements and Uses | $R - UaR, siaaq iR Iuaht
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Fig. 2.14: Reamers - Types, Parts and Uses | ¥R - UahR, YT ga Iuaht

2.14.1 Introduction (Fig. 2.13)

A reamer is a multi-edge finishing tool used for
enlarging and finishing a previously drilled or bored
hole to accurate size. It improves diameter
accuracy, roundness, alignment, and surface
finish. Reaming removes only a small amount of
metal, so it is a finishing operation.

2.14.2 Definition of Reamer

A reamer is a precision cutting tool used to bring a
hole to its final required size with smooth finish.

www.teachtoindia.com

2.14.1 =g (Fig. 2.13)

AR Qe TguRY {1 7ot 8, fSient Iugi uget 9 fget ar
TR fohT 77T &< Pt Téleh PR deh I8T e 3R fhfAsr
& o forg fomam STra 81 ag st g T, MaTs, TRE0T
AT Fg hl fohfAr # YR &l g1 AT H Shael agd A
HEAT H U1g 818 STt 8, 3afeiy ag Yeh fhfAfi ufdhar 81

2.14.2 = Y afRamar
AR Yo oSt epfean ¢a 8, foient SuaiT fehelt 8¢ et
3Igch! 3ifay Irafard ATy das Rt fhfAr & arar o= &



Teach To India Publication

2.14.3 Purpose of Reaming

Reaming is done to obtain correct hole size, better
finish, and proper fit for pins, bushes, shafts, and
bearings.

2.14.4 Elements of a Reamer

The main elements are body, flutes, cutting edge,
shank, chamfer, and land. The body carries the
cutting part, flutes provide chip space, cutting edges
remove metal, shank holds the tool, chamfer helps
entry, and land guides the tool.

2.14.5 Classification of Reamers

Common types are hand reamer, machine reamer,
adjustable reamer, expansion reamer, shell
reamer, and taper reamer.

2.14.6 Working Principle

First, the hole is drilled slightly undersize. Then the
reamer removes a small allowance and finishes the
hole accurately

2.14.7 Difference Between Drilling, Boring and
Reaming

Drilling produces a hole, boring enlarges and
corrects it, while reaming gives final size and smooth
finish.

2.14.8 Selection, Allowance, Advantages and Uses
Selection depends on hole size, material, tolerance,
and machine type. Reaming allowance is generally
0.1 to 0.3 mm. Advantages are high accuracy and
fine finish. Limitations are low metal removal and
need for correct starting hole. Applications include
bearing seats, dowel holes, bushes, and jig plate
holes. Use proper speed, cutting fluid, and never
reverse the reamer inside the hole. Example: Hole
drilled = 11.8 mm, final size = 12.0 mm, allowance =
0.2 mm.
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2.15 Twist Drill - Nomenclature | gfawe fge - AmaTat
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Fig. 2.15: Twist Drill - Nomenclature and Angles | g% 3« - mTaet Td &lor

2.15.1 Introduction (Fig. 2.14)

A twist drill is a common multipoint cutting tool
used for making round holes in metal and other
materials. It is widely used in fitting shops, machine
shops, and production work. In ITI trade practice,
knowledge of twist drill parts, angles, materials, and
uses is essential for correct drilling work.

2.15.2 Definition and Purpose

A twist drill is a rotary cutting tool with two helical
flutes and a pointed cutting end. Its main purpose is
to produce holes of required size in a workpiece. It is
also used for enlarging holes and preparing holes for
reaming or tapping.

2.15.3 Nomenclature of Twist Drill

The main parts of a twist drill are shank, tang, body,
flutes, land, margin, point, web, lips, heel, and
dead centre. The shank holds the drill, the tang
helps in driving taper shank drills, and the body
forms the main portion. Flutes remove chips and
allow coolant flow. Land supports the body and
margin guides the drill in the hole. The point is the
cutting end. The web gives strength, the lips
perform cutting, the heel provides clearance, and
the dead centre at the middle does not cut
effectively.

2.15.4 Important Angles of Twist Drill

Important angles of a twist drill are point angle,
helix angle, lip clearance angle, and rake angle.
The point angle is generally 118° for general
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purpose drilling. The helix angle helps chip flow. Lip
clearance angle prevents rubbing, and rake angle
helps in smooth cutting action.

2.15.5 Construction, Working and Materials

A twist drill is made with helical flutes, cutting lips,
web, margin, and shank. During working, the drill
rotates and moves forward into the job. The lips cut
the material and the flutes carry chips out of the
hole. Twist drills are commonly made of carbon
steel, HSS, cobalt steel, and carbide tipped
material.

2.15.6 Types, Defects, Advantages and
Applications

Common types are straight shank, taper shank,
stub, jobber, and long series drills. Common
defects are unequal lips, wrong point angle,
excessive clearance, and worn edges, which cause
rough finish or oversized holes. Twist drills are
simple, economical, and widely used in workshop
practice, but they do not produce highly accurate
finished holes without further operations. Example:
HSS drill for mild steel, carbide drill for hard
material.
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Y JgR o St 81 fave {3t am=aa: sree €, gauags,
PidTee LI YT Hraige-foe IRl § 18 Sl 8|

2.15.6 YR, S, 1 3R ST

I TSR g— e Adh, TR h, Wa, SifaR IUT Al
RIS 37| 9= gIY §— SH oW, TTerd uige U,
e faeradd, aur o gy fr, foies o g
e B Tendll ¢ AT B¢ YR SRR T FT I TehdT 8
Zfoe 31 WX, fohthrardlt qm eprdermelt a1eame # e ¥4
Y Uzt gicit &, foheg St <ht ufeharmait & fam 3 srafdes
Téleh IR B¢ IUF ol hedl | IGTEUT; AISS Wi o fog
TIUHTY fgdl, ok amdt & forg wrefgs f3a
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MCQ's | agfaeredia us

Q1. What is the primary purpose of a depth
micrometer? [ 2t ATSchIHIER &1 J=T 3229 T 82

(a) Measure external dimensions / STg<t 3™l ehl ATGT
(b) Measure internal dimensions / 3fidRe ATl et
HIGAT

(c) Measure depths of holes or slots / 8¢ T Tie &l
RT3 <hl ATGHT

(d) Measure gear teeth / firaR ial @t ATg=T

Ans. c | Sol. : A depth micrometer is specifically
designed to measure the depths of narrow openings
like holes or slots. / 2w ATgshHIeR Ay = T < a1
a1 8l

Q2. Which type of gear has teeth parallel to the
axis? / fFd R & R & gid g & saHiaR g &2
(a) Helical gear / gferanet iR

(b) Spur gear [ TR firR

(c) Bevel gear / g firR

(d) Worm gear / @ iR

Ans. b | Sol. : Spur gears have straight teeth that are
parallel to the axis of rotation, making them suitable
for transmitting motion in parallel shafts. / TR iR &
S 271 S 2 = e S A e 2R £ o o ST
MU H 71 RIFIARA i & oy Iugerd s1d &

Q3. Which gear type is commonly used in right-
angle motion transmission? / @&ivfia nfa & giafaE
& AT emdaR R fha WehR & AR a1 IuhT R siar
8?

(a) Spur gear [ TR iR

(b) Bevel gear / saa iR

(c) Helical gear / gfcieet iR

(d) Worm gear / @ iR

Ans. b | Sol. : Bevel gears are designed for
transmitting motion between shafts that are at right
angles to each other. / daa iR &Y 37 Mot & ot fa
SFTARd & & forg st fovar mar & St geh-ger &
GHRIUT TR gid &

Q4. Which parameter determines the material
removal rate during milling? / faféiw & g~ arrh
g2 &l 2 &l i a1 Rifier AuiRa swar &2

(a) Feed rate | ig &R

(b) Spindle speed / f&sa mifa

(c) Depth of cut / e &t TETd

(d) All of the above / SuterT gaft

Ans. d | Sol.: The feed rate, spindle speed, and depth
of cut collectively determine the material removal rate
during milling. / His &, f&iea 71, 3k &e &t Tes
IHfee ®U & Al & aRE arrft g 6t R FyiRa wd g
Q5. What is the main advantage of using helical
gears over spur gears? [ @R fiR & g efaa
R o1 g e = 82

(a) Operates more smoothly and quietly / 3iféres Sgr
3R rid Here
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(b) Easier to manufacture / fAafor & smam

(c) Can handle high-speed operations / I=a T daTer=
! 9T b &

(d) Less expensive to produce / @& & folg &d 7gm
Ans. a | Sol. : Helical gears have angled teeth that
provide smoother and quieter operation compared to
spur gears. | gfcienel R & & ivfig gid & st TR R 6
JoT B 31 T SR 1id 9T IS &d 8l

Q6. What is the primary function of a depth
micrometer as shown in the diagram? / 3iR@ &

fearg g wgwté wrEehier (Depth Micrometer) @1 g&a
&t T 8?

CAP
/

K THIMBLE
/_

i GRADUATE
/_ SLEEVE
STOCK\\ .

DEPTH MICROMETER

(a) To measure the depth of holes, slots, and recesses
with high precision / 8g, e 3R Tgagat &I A1a 3=
TYhdT & 1Y T & fAw|

(b) To determine the diameter of cylindrical
workpieces [ SRR JhU & 9 ot iR & &
foi

(c) To measure the thickness of thin materials such as
sheets / udell @Al I sfte Fi Alers qmo= & fog)

(d) To check the surface roughness of machined
components / Af fahg Y geen Y Tag Fi GreuT H
S e & fergl

Ans. a | Sol. [/ =@ A depth micrometer is a
precision measuring instrument used to measure the
depth of holes, slots, and recesses accurately. It
consists of a stock that rests on the reference surface
and a thimble-driven spindle that extends to the
bottom of the hole or slot. This setup ensures
consistent and precise depth measurements, making
it an essential tool in machining and quality control. /
TTETS HATSchHICR Ueh Tdieh HTUS IUhUT & fSIent IuaiT B¢,
Tile 3R T8l hl T8 i Tlleh ®U § AU oh forg fohar
ST 21 99 Ueh Wieh gldT & Sit Geof Tag W a1 & 9k T
frrer-anford fise giar & St @< a1 Wile & I deh ugadi gl
gg Y3y fRR 3R Ftes g8 Ay gAY oear g, forad ag
AT 3R T[uTeT 0T A U Stavaeh SUH]OT & ST &
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Q7. Which tool is used to calculate the helix angle
of a helical gear? / gfera firR & gfetera e i o
& & fAg frg Iuemvor &t Iui fohar STrar &2

(a) Protractor / Hi¢aez

(b) Gear tooth vernier caliper / iR giq affar dferwR

(c) Bevel gauge / saa s

(d) Sine bar [/ G189 IR

Ans. d | Sol. : Asine bar is used along with a dial
indicator to calculate the helix angle accurately. / @184
IR T IUTNT ST Sf3chex & 1Y foram Siram g afes gfera
T oh! TlehaT ¥ JTUT ST Goh |

Q8. What is the purpose of a twist drill’s chisel
edge? / Zfawe i3t & RAere oot &1 38T T &2

(a) Create the cutting action / @& forar &t s==T

(b) Guide the drill into the material / f3et &t amft &
ATfes &t

(c) Break chips during drilling / fgfei & <k g &t
drg

(d) Provide support to the flutes / TIgH ot THIA AT
Ans. b | Sol. : The chisel edge is the central portion of
the drill point. It does not perform effective cutting
but helps the drill penetrate and maintain alignment
at the start of drilling. / Rier =1 g dige &1 qeg 9T
BIdT 81 IE T hieT g1 el dfech (o1 ot It | Tasr sl
3R T =1 1Y @ & GgrIdT el gl

Q9. What does the term "helix angle” refer toin a
twist drill? / efawe fge A "gfcea Te frd weffa
T 82

(a) The angle of the cutting edge / T TS &1 ioT

(b) The angle of the flute spiral / Tg TR hT SI0T

(c) The angle of the point tip / dige e a1 ator

(d) The angle of the shank / <ies @1 aptor

Ans. b | Sol. : The helix angle is the angle of the flute
spiral, which helps in chip evacuation during drilling. /
q1eR e # Heg Har gl

Q10. What type of gear is used to transmit motion
between non-parallel shafts? / iR-THMIaR AMUe &
fa nfa wmeiaRa w3 & forg e yarR & R @ s
forar sTar 82

(a) Spur gear / TR R

(b) Bevel gear / g iR

(c) Helical gear / gfcieret R

(d) Rack and pinion / ¥& SRk fafag=

Ans. b | Sol. : Bevel gears are designed to transmit
motion between shafts that are not parallel, usually at
right angles. / saet iR TR-FAFIAR AT, AR T
GHPIUT R fd UHART & & forg fesimga fohg e &1

Q11. What does the term "depth of cut” refer to in
milling? / fafdin & "&e 6 mgeg" [ deffa awar @2
(a) Distance between the tool and the workpiece / ¢
3R gehdie & ot 6 g

(b) Thickness of material removed in one pass / &
gTd # gerg s arfl Y Alers

(c) Width of the cutter used / IuahT fehy 1Y ez Fi ASE
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(d) Speed of the spindle during operation / 3o &
R f&sa fr fa
Ans. b | Sol. : The depth of cut is the thickness of
material removed from the workpiece in a single pass
of the cutter. / e &Y TexT8 Tt & Teh IR & hex gRT
geT8 8 9T} it Aiers ot dafHd ded Bl
Q12. What is the purpose of counter sinking? /
e fAfehT 1 2T R 82
(a) Create a conical opening at the top of a hole / 8%
o Y R SigETRR IgTed I T
(b) Enlarge the hole diameter / 8¢ & T & F&T AT
(c) Drill deeper holes [ g2 8¢ fgat @zT
(d) Create internal threads / 3fidiRes amt S=TT
Ans. a | Sol. : Counter sinking is performed to create a
conical seat for screws or fasteners. / &r3ex f&fh &t
STINT T AT hREAH oh folq *fearenR e I o forg fomar
STt 81
Q13. What is the purpose of spot facing in milling?
| fafd & wte & &1 38T =T 82
(a) Create a flat surface around a hole / ®< & IR} 3R
U UIC gdg ST
(b) Enlarge the diameter of a hole / 8% & T4 &l F&1
heAT
(c) Cut threads in a hole / &¢ & & are=T
(d) Remove chips from a surface / 9dg ¥ =& gern
Ans. a | Sol. : Spot facing is performed to create a flat
surface around a hole for proper seating of bolts or
fasteners. | Tic HiFAT I ITANT Fegd AT RS & folg
Ifaa difén & forg @2 & aRi 31k e quTe Jag s & forg
fohar STaT 81
Q14. The depth of cut in milling is determined by: /
fafaT g se i mgaE fFad RafRa gdt 22
(a) Workpiece material / achde &t arft
(b) Cutting tool size [ &fT gl T AR
(c) Type of operation / IR I TR
(d) All of the above / SuterT gaft
Ans. d | Sol. : Factors like material, tool size, and
operation type influence the depth of cut. / ¥ :ft, g
TP ITHR, 3R TR HI bR e hl g3t WA Hed
gl
Q15. Geometrical tolerance ensures: / saifadia
gg-fterar gRfda s &:
(a) Uniform dimensions / 9\ 3™
(b) Proper alignment / 3f@a d¥@ur
(c) Smooth assembly / 31 !
(d) All of the above / It gaft
Ans. d | Sol. : Geometrical tolerance ensures accuracy
in dimensions, alignment, and smooth assembly. /
SR Tgasiterdr s, TRET 3R T Srdeelt d Gérhdr
gAfaa et 81
Q16. A bore dial gauge is primarily used to: / &R
B 51 §& w9 & Iugh faar s &
(a) Measure bore diameter / &R =/ A9+ & faw
(b) Measure surface roughness / 9dg &l &0 A9+
& fog
(c) Measure gear teeth / iR gid A0+ & fag
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(d) Measure depth / g8 AT9 & foilg

Ans. a | Sol. : A bore dial gauge is designed to
measure the internal diameter of bores with high
accuracy. [ IR S 75T cht IR & Hidikes AT ot I
GéehdT & T1 AU & forg fasmms= fovam man 81

Q17. What type of gear cutter is used for cutting
helical gears? / gfdea iR @red & fog g R &
fraR smex &1 IuiT favar s &2

(a) Spur gear cutter / TR iR &ex

(b) Hobbing cutter / gifeiT @ex

(c) Side and face cutter / 9188 3R Hhyg &hex

(d) Fly cutter / TS hex

Ans. b | Sol. : Hobbing cutters are specifically
designed for cutting helical gears. / gffeiT Fex faiy &4
Y Bfcienet R ah1eA & forg fesmmeA fog g &)

Q18. What is the standard calculation for selecting
a gear cutter? / TR &ex &1 994 FeA & fag aFS
TOTHT T §?

(a) Module and number of teeth / Afsyer 3R afal &
g

(b) Diameter and width / =@ 3R tsE

(c) Tooth height and pitch / gfa & Famg ik fog

(d) Angle and thickness / @for 3R #ters

Ans. a | Sol. : The module and number of teeth
determine the appropriate gear cutter for accurate
cutting. / AT 3R Sidl i T Iuger AR shex & o=
o forg Heaygof 81

Q19. What operation is commonly performed on a
vertical milling machine? / aféee fafel asfia o
SR TR i A1 rd favar srar 82

(a) Facing / ST

(b) Keyway cutting / &ia sfeT

(c) Drilling / fgfefr

(d) All of the above / It gaft

Ans. d | Sol. : Vertical milling machines are versatile
and can perform facing, keyway cutting, and drilling.
afderet fafeiT aefie agauaift § sik %, e sfdr ok
fefeim S8 el o= Fenct &1

Q20. What is the primary function of coolant in
milling? / fafe & geie o1 g wrd o7 82

(a) Reduce heat generation / THT I&d &=AT H HEAT
(b) Improve surface finish / adg fthAr & GUR ST

(c) Extend tool life / gat &t 31mg g

(d) All of the above / IuterT gaft

Ans. d | Sol. : Coolant reduces heat, improves finish,
and extends the lifespan of the milling tool. / S&eie Tt
I A e &, fthfer ot gurar g, ok fafeit o &t emg
EEGIE

Q21. What is the primary function of the inside
micrometer shown in the diagram? / 3@ # f@mg
TQ THISE HISehIHIER ol G i T 82

~
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ZERO READING

o

o
I

Il

Il

MINIMUM MEASURING RANGE OF MICROMETER
I 1

(a) To measure the internal diameters of holes,
cylinders, and bores with high precision / 85, Rieiex
3R TR & 31fafeh T &l I=T Tlehd o TTY ATUA o folg|
(b) To measure the external diameter of cylindrical
components / SRR Tcehl & STE<T T bl ATY o felg|
(c) To determine the depth of a slot or recess / feret
TATE T TETS hl ATY e o forg|

(d) To check the thread pitch of screws /[ &5 & 9 o=
&I ST A & gl

Ans. a | Sol. /@& The inside micrometer is
specifically designed for measuring the internal
dimensions of cylindrical objects, such as bores and
holes, with great accuracy. Unlike an outside
micrometer, it does not have a 'U' frame but instead
uses an adjustable rod to expand within the space
being measured. This tool is essential in machining
and engineering applications where precise internal
measurements are required./3HTss AGshIAIR fagiy &4
Y IR JEg3i S ok IR ok B & sriaRe AT ot
3Rk T&lehdT & 1Y ATUA & forg fesme famar mam 21
JTICHTSS ATSEhHIR & faudid, 399 'U' Thi 81 gidT fcsh I8
Uch GHTIISY RS T IUTNT ehdl & STt AT ST 6t STTE & ShetdT
&1 g Iuenvor At SR SSitfaf srguan # smasass @
Sigi Géleh MidRen AT hY SaegendT gidl 81

Q22. What is the function of a pilot hole during
drilling? / f2fe & g™ urgete gid o1 &l @1 82

(a) Reduces tool wear / g & fordTa ont &H T &

(b) Guides the drill bit / g fae @t M8 AT @

(c) Increases drilling speed / fgfet fd Sgrar &

(d) Improves surface finish / Tag e & GuR war &
Ans. b | Sol. : A pilot hole acts as a guide for the drill
bit, ensuring accurate positioning and reducing
deflection. / urgete git i<t fae & oy T8E &1 &R =T §,
éier AT RfYa ewxar & ik RAgtuor &t & war g1

Q23. The process of spot facing is performed to: /
wte &f¥T ufehar &1 suai favar smar &

(a) Improve surface finish around a hole / 8¢ & @R}
3R 98 fhfAsr & guR &en

(b) Reduce tool vibration / et U &t A AT

(c) Increase cutting speed / &fé 7fd ST

(d) Enlarge a hole / & ot S/8T &A1

Ans. a | Sol. : Spot facing improves the surface
around a hole for proper seating of fasteners. / @l
T B¢ & IRT 3R Fdg H UR T ¢ dlfch RERI bl gl
Tk Q JSTIT T Fh |
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Q24. What is the recommended feed rate for
finishing operations in milling? / fafdw & fkfAfAT
wrat & A srgeifia fis e @ @2

(a) Low [ =H

(b) Medium / geT|

(c) High / 3=

(d) Very high / sigd 3=

Ans. a | Sol. : A low feed rate ensures a smooth
surface finish and high precision during finishing. /

&H hig 3¢ T Tag fhAsr ofk foefafir & S S=a aétanar
gt exar gl

Q25. What is the key factor for selecting a milling
cutter? / fafeiT &ex &1 999 FA & AT wgE FRS =
&?

(a) Material hardness / 9rft it saRar

(b) Type of operation / STURM &l TR

(c) Machine capacity / #f= &t emar

(d) All of the above / IuterT Taft

Ans. d | Sol. : The material, operation type, and
machine capacity determine the appropriate cutter. /
TrTfY, TR &1 TR, R #efi i emar IR e @
fReafRor &=t 81

Q26. Which tool is best suited for checking the
internal diameter of a bore during machining? /

#2ffAT & R IR & sriaRes = i @i & A T
UG gl I A1 82

(a) Bore dial gauge / 91k g3t 11

(b) Plug gauge / & st

(c) Radius gauge / g9 s

(d) Feeler gauge / ®ier 1

Ans. a | Sol. : A bore dial gauge provides accurate
measurement of internal diameters during machining
processes. [ @R grae ot AT ufthar & SR siialRke
T} & Géleh ATAA ohl GATYd a1

Q27. Which milling operation is performed to
enlarge an existing hole for a bolt head? / far<ft
HIS[aT 8¢ il diee 83 & fAg T31 Fvt & farg &= f fafer
SHTaReA fi et &2

(a) Counterboring / @Rz sifdT

(b) Reaming / &fdT

(c) Spot facing / Thfe i

(d) Tapping / &ftT

Ans. a | Sol. : Counterboring enlarges the top of a
hole to allow the bolt head to sit flush with or below
the surface. / &¥ex a7 B¢ & M  F7T HeaT § aifeh
e 88 Tdg o UIY IT Iq A1 fthe gt g1

Q28. Which cutter is suitable for cutting narrow
slots in a workpiece? [ ahtier # Tehiof wifew @wred &
fAQ i A1 FHex Suga &2

(a) Side and face cutter / 9188 3R %y ez

(b) Slab milling cutter / wia fafelT &ex

(c) End mill cutter / Us A &hex

(d) Gear cutter / fimR &ex

Ans. ¢ | Sol. : End mill cutters are versatile and can be
used to cut narrow slots, grooves, and intricate

profiles in a workpiece. / U3 fAd &ex IgHE! 81d € iR
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Rl # Hehivt wifcH, Je 3R Sifed Uihrse ahie & folg
IuAT fopU ST Teha €1

Q29. Which attachment is required to machine
spiral grooves in a workpiece? / gt # wrRe 7@
wfife & forg forw sreadie &t smaaaan gidt 8?2

(a) Dividing head / fEaEfén gs

(b) Slotting attachment / fféT sidade

(c) Angular milling attachment / S7eR fafeiT sidamic

(d) Universal vice / gf-a<ia argd

Ans. a | Sol. : A dividing head is essential for
machining spiral grooves by precisely rotating the
workpiece at the required angle. / fearsfén g smasasm
10T TR IR ht Tteh T F GHTR TRRA Jd AT &
forg smasae g1

Q30. Which cutter is most suitable for machining
wide flat surfaces on a horizontal milling machine?
| EiRSiT=e fafa afia o= 2 gua« aqagt iy afiffin &
fAT i |1 Few g9 Iuge &2

(a) Slab milling cutter / T ffeRT @ex

(b) End mill cutter / U @ whex

(c) Side and face cutter / G188 3R Hhyg &hex

(d) Gear cutter / IR &ex

Ans. a | Sol. : Slab milling cutters are designed for
machining wide, flat surfaces on horizontal milling
machines efficiently. / ©ia ffeiT @ex giRsiea AfeRT
AT IR A, THA Fdgl i FrAd & AfifHT A & forg
fstre forg g €1

Q31. What is the significance of adjusting the helix
angle while machining a helical gear? / gf@e&e iR
wfife sea wwa gfcras Grer ot aRrifa &=t &t e
e 872

(a) It determines the gear's performance and
accuracy / 98 iR & yesi ik Tétear &t iRk Fwar @
(b) It reduces tool wear [ Ig ¢ fOTae St hd ST 8

(c) It allows higher spindle speeds / ag 3= f&isd nfa
&l argafa T @

(d) It improves coolant flow / Ig Geic UaTE St GURAT &
Ans. a | Sol. : The helix angle directly affects the
performance, accuracy, and smoothness of the helical
gear operation. / gfcie Urer Wie gfcienet R SifRaA &
g, TiehdT R TIUAY ! gIfad T g

Q32. How can the spindle speed be adjusted during
vertical milling? / afésa fafeT & R sa nfa &t
&9 waTifSia favar s g 82

(a) By using variable speed controls on the machine /
A R IRuae Tie dhglet a1 IuART ek

(b) By adjusting the knee height / #t & $amE TamifSa
Hh

(c) By increasing the depth of cut / e & T8 TR
(d) By tilting the machine table / #2fi & ! gerrare
Ans. a | Sol. : Vertical milling machines are equipped
with variable speed controls to adjust spindle speed
for different operations. / aféamer fafer asfi fafa=
AR & foig &g 7fa & gArifoid & & fog aRgee
g gl ¥ gafserd gidi a1
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Q33. What is the purpose of using a dividing head
in gear machining? / fraz w2fifAw & Rarsfén gz =
IUGNT A kT 3229 HT 8?7

(a) To divide the workpiece into equal parts for
machining teeth / aial i #fifH & forg ahde & 7=
T F fenfSra e

(b) To adjust the depth of cut / @e i TexE ot TERISIT
he AT

(c) To reduce tool wear / g foTae it & &1

(d) To align the cutter with the workpiece / &ex @t
gHIT & QY WET AT

Ans. a | Sol. : A dividing head ensures accurate
indexing of the workpiece, which is critical for
machining gear teeth uniformly. / f3arsfén gg awda &i
Gt F3fRiT At e 8, St R gidt & goe Affn &
fY Hgwayul 81

Q34. Which operation is used to smooth the
surface of a bore after drilling? / f3feiw & arg s i
g i T I+ & AT i+ a1 iR fovar strar g2
(a) Reaming / AfdT

(b) Counterboring / @¥ex SifaT

(c) Spot facing / Tfe thidT

(d) Boring / &t

Ans. a | Sol. : Reaming is performed after drilling to
achieve a smooth and accurate surface inside the
bore. [ JfF e & 91g IR & sieR T 3R Tl Tdg U
FA & forg fopar S 81

Q35. Which operation is performed to remove a
conical burr from a hole? / 88 & 2iFaTHR TR &I ge=
& fAT @19 T1 SiTuRe fhaT ST &2

(a) Counter sinking / @13ex f&fdT

(b) Counterboring / @¥ex SifaT

(c) Drilling / fgfefr

(d) Spot facing / Tife k¥t

Ans. a | Sol. : Counter sinking removes conical burrs
and creates a smooth conical recess for screws. /
FI3eR RifehT iFaTehR §R ot §TdT 8 3R T & oIy g gy
RTFAThR TR ST B |

Q36. What is the primary purpose of boring in
milling operations? / fafa sitaRer # aif¥ &1 g
32T HT 8?2

(a) Enlarge an existing hole to precise dimensions /
HiSaT B¢ ol Gleh ATATHT ek ST heAT

(b) Create a flat surface around a hole / 8¢ & IR 3R
Ueh IHde gdg ST

(c) Cut threads in a hole / &¢ & & &t

(d) Remove conical burrs / siaTHRR IR &t T

Ans. a | Sol. : Boring is used to enlarge and finish an
existing hole to precise dimensions and tolerances. /
IR A1 IUANT HISIaT B i Télen AT IR FgAferdT ah
a7 3R fhfAsr &ea & forg fovar Srar 81

Q37. What is the primary function of the bore dial
gauge as shown in the diagram? / 3@ & fa@mg Mg
IR S ST 1 &I T 82
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DIAL

STEM

PLUNGER

CENTERING SHOES

FIXED ANVIL INSERT

(a) To measure the internal diameter of a bore with
high accuracy / forelt IR & sTiaRe & Pl I=7 TR &
Ty 7199 & |

(b) To check the surface roughness of a machined
component / Af fhT 77T e Sl Tdg i GaxTu+ hi S
& & forg

(c) To determine the pitch of a screw thread / forgit &g
ge <l o /1A & fag

(d) To verify the concentricity of a shaft with respect
to its bore / fohdt QMU T THGgAT i IGh IR & TTYET

S & ferg

Ans. a | Sol. /et A bore dial gauge is a precision
measuring instrument used to determine the internal
diameter of bores and holes with a high degree of
accuracy. The centering shoes ensure proper
alignment, and the plunger makes contact with the
bore’s surface to detect any variations. This tool is
commonly used in machining and quality control
applications to maintain precise tolerances./aR S«
ST Ueh TdTch ATUS IUGRT ¢ fSTTehT IUANT ST dtehdl & I1Y
IR 3R Bal & 3ridRen eamg ot RYRT & & fag fovar smar
&1 i o 3faa IR@or gAfYa ed 8, ofk wior IR &1 98
& Guch # AT ¢ difch fohalt ot farrer et uar ervman s g
g Iuenvur #LfifAT SiR Turem fAdeor syt | wée
GiEWAr ST 3@ & oIy SR W IuaiT forar STrar 81

Q38. How is the cutter aligned for machining an
external spline? [ argt Twarsa asfifHn & fag wew &l
&8 WA fwar sirar @2

(a) Using a dividing head / farsfém &g &1 IuahT &k
(b) By tilting the machine table / #fi & ot gerrerx
(c) Using a slotting attachment / AT 31ETHE T IUATT
Hh

(d) By reducing spindle speed / f@ga 7fd &t &7 @<k
Ans. a | Sol. : The dividing head aligns and indexes
the workpiece accurately for machining splines. /
fearsfs ge adhdia &t adter Tu & WfAT 3R 39 =T 8
arfeh Teere- AfifH & s T

Q39. Which type of micrometer is used to measure
the depth of slots or holes? [ wife a1 3% &t Mg
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719+ & fog fohe yaR & Argshidier @1 v fvar stran
&

(a) Inside micrometer / 79SS AhIHIER

(b) Outside micrometer / 3MIcHTSS ATSehIHIER

(c) Depth micrometer / St ATSshIHTER

(d) Thread micrometer / 9 ATSshiHtex

Ans. ¢ | Sol. : A depth micrometer is specifically
designed to measure depths accurately. / 3t
aTsshiHieR Aty =0 & 7808 &) Tdlehar @ Ao & fo fesirsT
fhar mar g1

Q40. The most suitable gear cutter for helical
gears is: / efdwd R & g 999 Iugad iR weR &:
(a) Spur gear cutter / TR iR &ex

(b) Hobbing cutter / gifeiT @ex

(c) Fly cutter / =TS @hex

(d) Form cutter / B &ex

Ans. b | Sol. : Hobbing cutters can accurately cut the
helical profile required for helical gears. / gifeiT @ex
efctret iR & AT smasaes gfciehel MithTsd ot Ot ®u @
FIC Gohd g

Q41. What is the purpose of a radius gauge? /
a7 h1 2T HAT &?

(a) Measure internal bores / 3fidRe SR AT

(b) Measure curved profiles / @ WIS ATGAT

(c) Measure angles / @IoT 71T

(d) Measure thread pitch / = fU= Amg=T

Ans. b | Sol. : Radius gauges are used to measure the
radius of curved surfaces and ensure profile accuracy.
| 3T T 1 IUTNT sk Tag! & AT ! ATYA SR UithTse
hY Glepar gAY e o forg fovar ST 81

Q42. What is the purpose of indexing in milling? /
farfei & S2fR o1 S2g R 22

(a) To set the cutter speed / &ex Fi 7Ifd T T

(b) To rotate the workpiece accurately for gear cutting
| FreR fér & forg aehdte ot 9éier &9 & garT

(c) To align the tool and workpiece / g 3R aehdd st
WG T

(d) To adjust depth of cut / e &t TeXE St TS
h3HAT

Ans. b | Sol. : Indexing is crucial in gear cutting to
ensure proper spacing between gear teeth. / g8feRiT
fohaT ST TR

Q43. What is the function of coolant in milling
operations? / fafein == & Fele o1 wrf T 82

(a) Increase cutting speed / &féT nifa ST

(b) Reduce tool wear and heat / ga forgma &R 7+t ot e
h3HAT

(c) Improve surface roughness | Tdg eht GIEIU GURAT
(d) Remove chips faster / e @t dsft & gerT

Ans. b | Sol. : Coolants help to dissipate heat and
reduce wear on the cutting tool during milling. / Geie
fafeRt o SR Tt @t e ok Sfén g & foama ot vF A
# AE T g
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Q44. Which type of reamer is used to machine
blind holes? [ srgs gl AfifAT F AT fra U &
9= a1 Iy R SITaT 82

(a) Hand reamer / g8 3=

(b) Taper reamer [ 0 AR

(c) Bottoming reamer / sfefiT SR

(d) Spiral reamer / TTEd IFR

Ans. ¢ | Sol. : Bottoming reamers are used to machine
the full depth of blind holes. / SfeffT =R &1 IuFT
SATES gt ohl T TTgTs aht ARfif aeet o forg fomar Siram @1
Q45. What is the primary purpose of a counterbore
operation? [ ISR TR Hl &I I HIT 8?2

(a) Create a flat-bottomed hole / wie-afed g ST
(b) Drill a tapered hole / @R gl g1 T

(c) Enlarge a hole for screws or bolts / ¥ a1 siiee & forg
B¢ Y TST HAT

(d) Improve surface finish / ddg fohAr & GUR ST
Ans. c | Sol. : Counterboring enlarges holes to
accommodate bolt heads or screw shoulders. /
HISCSNIT Bl I TST T & dTfch Fiee 58d AT &y AMesd
fthe gt 9|

Q46. Which element is NOT part of a twist drill? /
Afafaa 7 @ o a1 aa e e o wrmr adi 82

(a) Flute / &fe

(b) Shank / gish

(c) Core | &R

(d) Rake angle / ¥ 7T

Ans. d | Sol. : Twist drills have flutes, shanks, and
cores, but the rake angle is not a specific element of a
drill. / e 3 & wefe, U 3R &R gl &, ifch 3 v
Zeh! fafRre 9 781 8l

Q47. What is the primary function of the bevel
gear shown in the diagram? / 3@ & fR&g ¢ daa
== (Bevel Gear) &1 g% & T 82

BEVEL GEAR
(a) To transmit power between intersecting shafts at

an angle / &iv1 R R gexfedT mueE & dig fey Farika
& & forg

(b) To transfer motion between parallel shafts /
FAFIR AHRH & & 7T RIHIART & & gl

(c) To convert rotational motion into linear motion /
guff 7fd st Ees 71fd & Iger & forg

(d) To increase torque without changing speed / Tfd
ot famT 2feh de & fagl

Ans. a | Sol. /[aar=gT:Bevel gears are used to transmit
power between two intersecting shafts, typically at a
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90-degree angle. Their conical shape allows efficient
torque transmission in applications such as
automotive differentials, machine tools, and industrial
equipment. Different types of bevel gears include
straight, spiral, and hypoid, each offering unique
performance advantages./ddac R a1 IuzhT &
ZeAfRAT AT & ofi AfeRy TaRa == & oy fomar STaT &,
ST AR WR 90-feift @hlvr iR R gl &1 I QiearehR
AT 32 St R, 7ei ze o sfenfies
TN SIE SIHANTI & PRI 2idh TrAfAM i srgAfd &t 81
faf¥a UeR & Jae1 R & Ve, wisse 3k gTgulss MiAa &,
S8 @ e & sru sifgdla uesi @ gid 81

Q48. What is the purpose of spot facing in
machining? / f2fifAr & wte wfEwT @1 Se2a w1 82

(a) Create a flat surface around a hole / ®< & IR} 3R
Uch GUTE Ydg M1

(b) Drill deeper holes / T&R 8¢ fga &z

(c) Produce tapered surfaces / 0= 9dg M1

(d) Improve chip removal / U geH # guR &z

Ans. a | Sol. : Spot facing creates a smooth flat
surface for bolt heads or washers. | Tie hiRET Siee gga
1 afeR & Y Yeh FUIe Fag ST 81

Q49. What is the main purpose of a gear tooth
vernier caliper in gear cutting? / firR sféw & iR
TY affeaR hferar &1 g IR = 82
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(a) Measure tooth depth accurately / aid &t TgE at
GERAT I AT

(b) Measure the module of the gear / R &1 Al
HIGAT

(c) Check gear width / TR &Y FterE ST

(d) Verify the hardness of gear material / R qmft &Y
HSRAT hl ST AT

Ans. a | Sol. : Gear tooth vernier calipers ensure
precision by measuring the depth of gear teeth. / iR
T IR hfeliR SidT hl TETS eht ATUR TélehdT AT Hear
gl

Q50. Which type of gauge is used to measure the
radius of curved surfaces? / ask 9dgl & W2aT A
a19A & fag fra v @1 A1 Suai fhar simar @2

(a) Radius gauge / a9 1=

(b) Vernier caliper [ afffaR dfeor

(c) Bore gauge [ ¥R A%

(d) Depth micrometer / 3t ATSshiHTeR

Ans. a | Sol. : Radius gauges are used for measuring
the radius of curved profiles with high precision. /
Ao AT gk vithTse o ASTT &t Géiehar @ AU & fow
U fehaT STTaT 8|
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