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Preface | udra+T

This book, Computer Aided Manufacturing (CAM)
Programmer, 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.

g &I, Hhger UsE Agthaaier (CAM) wRmR, et at
QerfOres Tetall aUT HRAR-Figd dURT a1 H Therd! feaT™ & =T
g Ry U FIR H 71 &1

3 fawd 5w, gl Segae Us a1gy, gefifafir gigm,
Trargfaferdt fepea dum Fet odien e W anuTRa Aie 3 Uy §
U dep gfmfera fohar mar 81

g Y&s DGT/NCVT gr1 iR Fdi=aw ureasha 1 ure el 8
T Feflaw NIMI adter 8 & & 3R &I 718 81 38 TR a7
3R eTagTRe IUTNT et &= # W@ gQ TR foham mam 1

39 & A &Y g MCQs & 9g-T-1a WRI—TARUT, HHSA, 5N,
3R fasawor—wR i urey & JarR fovar mam €, arfes GareuTcaren
TEAT AU URIET-TURAT Y Ggo fohar ST ek |

AR 3237 chael faenfdai i ITI ursashdl Td NCVT gdtemait
ISP Ue & forg e s € A8, afcs 3¢ TRt aar fAsh =t
&1 # ufaegef AR SRl & g oft FaR s 81

How to Study This Book | 39 Y¥dd &l eI hd

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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Syllabus

Learning
Outcomes

Trade Theory

LO-1

Comply with the safe working practices, environmental regulation and
housekeeping.

LO-2

Demonstrate the geometric dimensions, tolerances, and symbols used industrial
manufacturing drawing and CAD models.

LO-3

Explain machining processes, machine selection, machining parameters like
speed, feed, depth of cut also able to calculate cycle time and productivity and
cost-effective machining.

LO-4

Implement basics of G codes and M codes used in CNC machines and importance
of CAM with its user interface.

LO-5

Identify cutting tool assembly builder, CAM tooling library to create new, edit and
modifying library data also create 2D sketches, 3D models and surface using point
data and perform engraving on a curved surface and check draft angle for 3D
Model by using CAM software for turning.

LO-6

Demonstrate Importing of CAD models in CAM software and edit / modify and
perform transformation of CAD model.

LO-7

Set up of work piece / component in the holding device and select tools and tool
holders as per machining operation; also import, locate, and quickly re-use
fixtures in CAM software.

LO-8

Demonstrate the concept of stock definition, stock set up and handle stock
models and operations & work on 3D roughing and finishing operations and
execute work on CAM programming using features such as flow lines, waterlines,
raster milling and spiral milling.

LO-9

Generate CAM Programs and post process to specific CNC Machine for specific
CNC machine controller and verify and validate the CAM program to detect errors
or collisions.

LO-10

Optimize CNC machining tool path, verify CAM program on CNC Simulator and
customize post-processors to convert the toolpaths into machine specific
instructions.

LO-11

Implement rework operation by selecting individual sub programs and generate
CAM program layout, tool path simulation, and create hole table report in CAM
software with coordinates.

LO-12

Demonstrate use of advanced CAM software tools like art mode, 3d model into
bounding box, Contour, raster to vector CAM Programming, work with tool entry
motion and chain selection method, CAM software workflows, Silhouette
boundary, Dynamic motion, Accelerated Finishing machine.

LO-13

Perform complex CAM programming for high precision aerospace components,
Healthcare (medical equipment, implants, surgical instruments), Electronic
applications such as PCB drilling and routing. Perform Mill 3D Blend & Scallop
Finish, Mill 3D CAM Program, 3D Mill Mold cavity, generate negative impression
of Die, molds for plastic injection, die casting, and stamping operations etc.

LO-14

Interact with CNC operator and quality department to take corrective measures
to meet the customer quality requirements, related documents and maintaining
the documents with its retention techniques.

LO-15

Implement CAM software skills to become an entrepreneur to support industries
and create more jobs.

Modules

Workshop Calculation & Science

Unit, Fractions

Classification of unit system. Fundamental and Derived units F.P.S, C.G.S, M.K.S
and SI units. Measurement units and conversion. Factors, HCF, LCM and
problems. Fractions - Addition, subtraction, multiplication & division. Decimal
fractions - Addition, subtraction, multiplication & division. Solving problems by
using calculator.




Square root,
Ratio and
Proportions,
Percentage

Square and square root. Simple problems using calculator. Applications of
Pythagoras theorem and related problems. Ratio and proportion. Ratio and
proportion - Direct and indirect proportions. Percentage. Percentage - Changing
percentage to decimal.

Material Science

Types of metals, types of ferrous and non-ferrous metals. Physical and
mechanical properties of metals. Introduction of iron and cast iron. Difference
between iron & steel, alloy steel and carbon steel. Properties and uses of rubber,
timber and insulating materials.

Heat &
Temperature and
Pressure

Concept of heat and temperature, effects of heat, difference between heat and
temperature, boiling point & melting point of different metals and non-metals.
Scales of temperature, celsius, fahrenheit, kelvin and conversion between scales
of temperature. Temperature measuring instruments, types of thermometers,
pyrometer and transmission of heat - Conduction, convection and radiation. Co-
efficient of linear expansion and related problems with assignments. Problem of
heat loss and heat gain with assignments. Thermal conductivity and insulators.
Pressure - Concept of pressure and its units in different system.

Basic Electricity

Introduction and uses of electricity, molecule, atom, how electricity is produced,
electric current AC, DC their comparison, voltage, resistance and their units.
Conductor, insulator, types of connections - series and parallel. Ohm’s law,
relation between V.I.R & related problems. Electrical power, energy and their
units, calculation with assignments. Magnetic induction, self and mutual
inductance and EMF generation. Electrical power, HP, energy and units of
electrical energy.

Trigonometry

Measurement of angles. Trigonometrical ratios. Trigonometrical tables.

Application in calculating height and distance (Simple applications)

Modules Engineering Drawing

Introduction to Introduction to engineering drawing and drawing instruments. Conventions.
Engineering Sizes and layout of drawing sheets. Title Block, its position and content. Drawing
Drawing and Instrument.

Drawing

Instruments

Lines- Types and
applications in
drawing Free
hand drawing of

Free hand drawing of Geometrical figures and blocks with dimension.
Transferring measurement from the given object to the freehand sketches. Free
hand drawing of hand tools and measuring tools.

Drawing of
Geometrical
figures

Angle, Triangle, Circle, Rectangle, Square, Parallelogram. Lettering & Numbering-
Single Stroke.

Dimensioning

Types of arrow head. Leader line with text.
(Unidirectional, Aligned)

Position of dimensioning

Symbolic
representation

Different symbols used in the related trades.

Concept and

Concept of Axes, Planes, and Quadrants. Concept of Orthographic and Isometric

reading of Projections. Methods of First Angle and Third Angle Projections (Definition and
Drawing in Difference).

Reading of Job Reading of Job Drawings related to respective trades.

drawing of

related trades

Modules Employability Skills

Introduction to Outline the importance of Employability Skills for the current job market and
Employability future of work. List different learning and employability related GOI and private
Skills portals and their usage. Research and prepare a note on different industries,

trends, required skills and the available opportunities

Constitutional
values -
Citizenship

Explain the constitutional values, including civic rights and duties, citizenship,
responsibility towards society etc. that are required to be followed to become a
responsible citizen. Discuss the role of personal values and ethics such as




honesty, integrity, caring and respecting others, etc. in personal and social
development.

Becoming a
Professional in
the 21st Century

Discuss relevant 21st century skills required for employment. Highlight the
importance of practicing 21st century skills like Self-Awareness, Behavior Skills,
time management, critical and adaptive thinking, problem-solving, creative
thinking, social and cultural awareness, emotional awareness, learning to learn
etc. in personal or professional life. Create a pathway for adopting a continuous
learning mindset for personal and professional development.

Basic English Use appropriate grammar and sentences while interacting with others. Read

Skills English text with appropriate articulation. Role play a situation on how to talk
appropriately to a customer in English, over the phone or in person. Write a brief
note/paragraph / letter/e -mail using correct English.

Career Create a career development plan. Identify well-defined short- and long-term

Development & goals

Goal Setting

Communication
Skills

Demonstrate how to communicate effectively using verbal and nonverbal
communication etiquette. Write a brief note/paragraph on a familiar topic.
Explain the importance of communication etiquette including active listening for
effective communication. Role play a situation on how to work collaboratively with
others in a team.

Diversity and
Inclusion

Exhibit how to behave, communicate, and conduct oneself appropriately with all
genders and PwD

Financial and
Legal Literacy

Discuss various financial institutions, products, and services. Demonstrate how to
conduct offline and online financial transactions, safely and securely and check
passbook/statement. Explain the common components of salary such as Basic,
PF, Allowances (HRA, TA, DA, etc.), tax deductions. Calculate income and
expenditure for budgeting. Discuss the legal rights, laws, and aids.

Essential Digital
Skills

Describe the role of digital technology in day-to-day life and the workplace.
Demonstrate how to operate digital devices and use the associated applications
and features, safely and securely. Demonstrate how to connect devices securely
to internet using different means. Follow the dos and don’ts of cyber security to
protect against cybercrimes. Discuss the significance of displaying responsible
online behavior while using various social media platforms. Create an e-mail id
and follow e- mail etiquette to exchange e -mails. Show how to create documents,
spreadsheets and presentations using appropriate applications utilize virtual
collaboration tools to work effectively.

Entrepreneurship

Describe the types of entrepreneurship and enterprises. Discuss the process of
identifying opportunities for potential business and relevant regulatory and
statutory requirements. Describe the 4Ps of Marketing-Product, Price, Place and
Promotion and apply them as per requirement. Create a sample business plan,
for the selected business opportunity. Discuss various sources of funding and
identify associated financial and legal risks with its mitigation plan.

Customer Service
Duration

Describe different types of customers. Role play a situation on how to identify
customer needs and respond to them in a professional manner. Explain various
tools used to collect customer feedback. Discuss the significance of maintaining
hygiene and dressing appropriately.

Getting ready for
apprenticeship &
Jobs

Draft a professional Curriculum Vitae (CV). Use various offline and online job
search sources such as employment exchanges, recruitment agencies, and job
portals respectively. Demonstrate how to apply to identified job openings using
offline /online methods as per requirement. Discuss how to prepare for an
interview. Role play a mock interview. List the steps for searching and registering
for apprenticeship opportunities.

Introduction to
Artificial
Intelligence (AI)

Understanding Al. How does Al work? Types of Al. What can Al do? Impact of Al
on Jobs & Industries. Exploring Careers with Al Learning with Al. Using Al
Responsibly.
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Fig. 12.1: CAM Software Art Mode Programming | CAM SfuedaR 311é dis giufa

12.1.1 Definition of Art Mode in CAM Software
(Fig. 12.1)
Art Mode is a special programming feature available
in advanced CAM software used for creating artistic
designs and machining complex surfaces. It allows
programmers to generate toolpaths for engraving,
decorative patterns, and 3D relief models based on
mesh or graphical data.
12.1.2 Purpose of Art Mode
The main purpose of Art Mode is to convert artistic
designs, images, or complex surface models into
machining operations. It enables CAM programmers
to produce intricate patterns, logos, and detailed
surface textures that are difficult to create using
standard machining methods.
12.1.3 Types of Mesh Models Used in CAM
Software
CAM systems often use mesh models to represent
complex surfaces. Common types include:
¢ STL mesh model: A widely used format
representing surfaces using triangular facets.
e Triangular mesh model: A surface
composed of multiple connected triangles
that define the geometry of the object.

12.1.4 Working Principle of Mesh Editing
Mesh editing involves modifying the triangular
surface data of a 3D model. CAM software allows
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users to smooth, refine, or reshape the mesh to
achieve the desired design. The edited mesh is then
used to generate appropriate machining toolpaths.

12.1.5 Steps for Creating CAM Programs Using Art
Mode

The process includes importing a mesh model,
editing or refining the surface, selecting appropriate
machining tools, defining cutting parameters, and
generating the toolpath for machining.

12.1.6 Applications in Manufacturing

Art Mode programming is widely used in engraving,
mold and die manufacturing, decorative
machining, jewelry design, and customized
product manufacturing where complex surface
details are required.
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Fig. 12.2: Bounding Box for CAM Machining Limits | CAM m2ftfAar dfarei & forg arsfdn ataa

12.2.1 Definition of Bounding Box in CAM
Modeling (Fig. 12.2)

A bounding box is a rectangular or cuboidal
enclosure that surrounds a 3D model in CAM
software. It represents the outer limits of the model
along the X, Y, and Z axes. The bounding box is used
to define the overall dimensions and machining
boundaries of the component.

12.2.2 Importance of Bounding Box in Machining
The bounding box is important because it helps CAM
software determine the machining area and limits of
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the component. It provides a reference for defining
the size of the stock material and helps the system
plan toolpaths efficiently. By identifying the outer
dimensions of the model, the bounding box ensures
that machining operations remain within safe limits.

12.2.3 Constructional Features of a Bounding Box
A bounding box is defined by three main
dimensions:

Length (X-axis boundary): Represents the
horizontal extent of the model.

Width (Y-axis boundary): Represents the
side-to-side dimension of the model.

Height (Z-axis boundary): Represents the
vertical dimension of the model.

12.2.4 Working Principle of Generating a Bounding
Box

In CAM software, the system analyzes the outermost
points of the 3D model along each coordinate axis.

Trade Theory

AT & | T8 Eich Gl & SRR ol gRYTNT ohed & forg
Qeh G Ua ehedl & 3R UUTTel! Sl gt U hl Hered
IS S & gTIaT ShedT &1 ATSe h 1<l ST} ch
UgaT hich SSTST sl Ig JATHd ot g for Axftf
aTer grierd dimrel & +fiar & B

12.2.3 ardf3w atery i Raforrare fAtwang

Qe SRS Sier i 7= st grT aR«9ifyd g &:

o dars (X-a1e1 WHr): Aisa 6 &fast diar ol gt g1

o Aerd (Y-o7er HHn): Afse & T SR & gt SR deh &
3TTATH @t =il 8

o TS (Z-3181 HHT): Aiset & FHATeR AT ot gufdl gl

12.2.4 I3f37 afeT I e &1 wrf RAgia

CAM TiteaR | HUTTel! Ucdeh fHeRia 31ef & a1 3D Hise
& o aTedt fagatt o fasawor et 81 5 a=H foigati &
IMYR WR Ig WATfeld U T Ueh TAATRR S1ad ITF !

Based on these extreme points, it automatically & Y Afsel ot O kg § R A1 &1
generates a rectangular box that completely

encloses the model.

12.2.5 Applications in CAM Operations 12.2.5 CAM ST | SIguNT

Bounding boxes are widely used for stock
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12.3.1 Definition of Raster Images and Vector
Graphics (Fig. 12.3)

A raster image is a digital image made up of a grid
of pixels, where each pixel represents a small color
value. Common raster formats include JPEG, PNG,
and BMP images.

A vector graphic is a digital representation of
shapes using mathematical lines, curves, and points.
Vector images are commonly used in CAD/CAM
systems because they provide precise geometric
information.

12.3.2 Importance of Raster to Vector Conversion
In CAM programming, machining operations require
accurate geometric paths. Raster images cannot be
used directly for machining because they consist of
pixels rather than geometric lines. Therefore, raster
images must be converted into vector format so
that CAM software can generate toolpaths for
engraving or machining operations.

12.3.3 Working Principle of Raster to Vector
Conversion

CAM software analyzes the pixel pattern of the raster
image and detects edges or boundaries. These edges
are then converted into vector elements such as
lines, curves, and splines. The generated vector
paths can be used to create machining toolpaths.
12.3.4 Steps for Converting Raster Images to
Vector Toolpaths

The process generally includes importing the raster
image into CAM software, applying edge detection or
tracing functions, generating vector outlines, and
converting these outlines into toolpaths for
machining operations.

12.3.5 Merits and Demerits of Raster and Vector
Formats

Raster images are useful for displaying detailed
images but lack precision for machining. Vector
graphics provide accurate geometric data and can be
easily scaled without loss of quality, making them
suitable for CAM programming.

12.3.6 Applications in Manufacturing

Raster to vector conversion is widely used in
engraving operations, logo machining, decorative
designs, mold making, and artistic CNC machining
where image-based designs are converted into
machinable toolpaths.
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12.4.1 Definition of CAM Workflow (Fig. 12.4)
CAM workflow refers to the step-by-step process
followed in CAM software to convert a digital design
into a CNC machining program. It includes activities
such as importing the CAD model, selecting tools,
generating toolpaths, verifying machining
operations, and producing the final CNC code.

12.4.2 Importance of Proper Workflow in CNC
Machining
A well-organized CAM workflow ensures efficient and
accurate CNC machining operations. Proper
workflow helps reduce programming errors,
improves machining accuracy, and minimizes
production time. It also ensures that machining
operations are planned systematically and executed
correctly on CNC machines.
12.4.3 Typical CAM Workflow Structure
A standard CAM programming workflow usually
follows these steps:

1. CAD Model Import: The component model is

imported from CAD software.
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2. Tool Selection: Appropriate cutting tools are
selected from the tool library.

3. Toolpath Generation: CAM software

generates toolpaths based on part geometry

and machining parameters.

Simulation: The machining process is

simulated to verify tool movement and detect

errors.

5. Post Processing: The verified toolpath is
converted into CNC machine code.

12.4.4 Working Principle of CAM Workflow

CAM software analyzes the geometry of the CAD
model and applies selected machining strategies to
create toolpaths. The toolpaths are then simulated to
check for errors. After verification, a post processor
converts the toolpath data into machine-readable
CNC code.

12.4.5 Key Steps in CAM Programming Workflow
Key steps include model import, machining setup,
tool selection, parameter definition, toolpath
creation, simulation, and program generation.
12.4.6 Applications in Manufacturing Industries
CAM workflow is widely used in automotive,
aerospace, mold and die manufacturing, and
precision engineering industries for efficient CNC
programming and automated production.
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12.5 Advanced Toolpath Strategies: Silhouette Boundary, Dynamic
Motion and Accelerated Finishing | 3ad ge1 ura Iorifaar: RAege arddl,
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ADVANCED CAM MACHINING STRATEGIES | 3=7d CAM w=ftf torifat
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Fig. 12.5: Advanced CAM Machining Strategies | 3ad CAM #zfifer Torifaat

12.5.1 Definition of Advanced CAM Machining
Strategies (Fig. 12.5)
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12.5.1 3= CAM #=fifS zorfifaat i afkemem (Fig.
12.5)
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Advanced CAM machining strategies are
specialized toolpath techniques used to improve
machining efficiency, accuracy, and surface quality in
CNC operations. These strategies are designed for
machining complex shapes, reducing machining
time, and increasing tool life in modern
manufacturing.

12.5.2 Classification of Advanced Toolpath
Strategies

Common advanced toolpath strategies include:

¢ Silhouette Boundary Strategy: Used to
define the outer boundary of a 3D model for
accurate machining limits.

e Dynamic Motion Strategy: Maintains
constant tool engagement and smooth tool
movement during cutting.

¢ Accelerated Finishing Strategy: Used for
high-speed finishing operations to achieve
smooth surface finish.

12.5.3 Working Principle of Silhouette Boundary
The silhouette boundary strategy identifies the
outermost edges of a 3D model and generates
toolpaths within these boundaries. This prevents the
tool from moving outside the part geometry and
ensures precise machining limits.

12.5.4 Working Principle of Dynamic Motion
Dynamic motion toolpaths maintain consistent
cutting conditions by controlling tool engagement
with the material. The tool follows a smooth and
continuous path, reducing tool wear and improving
machining efficiency.

12.5.5 Working Principle of Accelerated Finishing
Accelerated finishing uses optimized toolpaths and
small step-over distances to produce high-quality
surface finishes. The tool moves rapidly over the
surface while maintaining precise contact with the
workpiece.

12.5.6 Advantages of Advanced Toolpath
Strategies

These strategies improve machining speed, reduce
tool wear, enhance surface finish, and increase
overall productivity in CNC machining.

12.5.7 Applications in Manufacturing

Advanced toolpath strategies are widely used in
high-speed machining, mold and die
manufacturing, aerospace components, and
precision engineering industries where complex
surfaces and high accuracy are required.
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12.6 Feature Extraction from 3D Models in CAM Software | CAM dTuedaR &
3D #Arsl € hrER fAsehdor
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IMPORTANCE & APPLICATIONS | &<a 3iR SrsrirT
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CHAMFER (ANGLED EDGE)
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Fig. 12.6: Automatic Feature Extraction in CNC Machining | CNC #2fiH

7T § wratfeld BRR gaagaR =

12.6.1 Definition of Feature Extraction in CAM
Software (Fig. 12.6)

Feature extraction in CAM software is the process
of automatically identifying machining features from
a 3D CAD model. These features represent specific
geometric elements such as holes, pockets, slots,
and surfaces that require machining operations.

12.6.2 Importance of Identifying Machining
Features

Automatic identification of machining features helps
CAM programmers simplify the programming
process. Instead of manually defining every
machining operation, the CAM system recognizes
features and suggests suitable machining strategies.
This reduces programming time and improves
accuracy in CNC machining operations.

12.6.3 Classification of Extracted Features
Common machining features that can be extracted
from a 3D model include:

Holes: Circular openings used for drilling or
boring operations.

Pockets: Recessed cavities requiring milling
operations.

Slots: Narrow grooves created by milling.
Surfaces: Flat or curved surfaces requiring
finishing operations.

Chamfers: Angled edges used for assembly
and safety.
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12.6.4 Working Principle of Automatic Feature
Recognition

CAM software uses feature recognition algorithms
to analyze the geometry of the 3D model. The system
detects shapes and dimensions that correspond to
standard machining features and automatically
classifies them for machining operations.

12.6.5 Steps for Extracting Features from 3D
Models

The process generally involves importing the CAD
model, activating the feature recognition tool in the
CAM software, automatically detecting the
machining features, and assigning appropriate
machining operations and cutting parameters.
12.6.6 Applications in CNC Programming

Feature extraction is widely used in automated CNC
programming, machining process planning, and
high-efficiency manufacturing systems to simplify
CAM programming and improve productivity.
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12.7 Tool Entry Motions in CAM Machining Operations | CAM w2fifSr
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Fig. 12,7: Types of Tool Entry Motions in CAM | CAM # geT G¢l |12 & U

12.7.1 Definition of Tool Entry Motion (Fig. 12.7)
Tool entry motion refers to the method by which a
cutting tool enters the workpiece material at the
beginning of a machining operation. In CAM
programming, the entry motion determines how the
tool approaches the material before starting the
cutting process.

12.7.2 Importance of Proper Tool Entry
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Proper tool entry is essential to ensure safe and
efficient machining. Incorrect entry methods may
cause sudden tool load, tool breakage, or poor
surface quality. A well-planned tool entry reduces
cutting forces, improves tool life, and provides
smoother machining operations.
12.7.3 Classification of Tool Entry Methods
Common tool entry methods used in CAM software
include:
e Plunge Entry: The tool moves vertically
downward into the material.
e Ramp Entry: The tool enters gradually along
an inclined path.
¢ Helical Entry: The tool follows a circular
spiral path while moving downward.
e Zig-Zag Entry: The tool enters through
alternating linear movements.
12.7.4 Working Principle of Tool Entry Motion
In CAM software, the entry motion is defined while
generating the toolpath. The system calculates the
entry path based on selected parameters such as
entry angle, step depth, and tool diameter. The
generated motion allows the tool to gradually
engage with the material.
12.7.5 Advantages and Limitations of Entry
Methods
Plunge entry is simple but may cause high cutting
forces. Ramp and helical entries provide smoother
cutting and reduce tool load but may increase
machining time. Zig-zag entry is suitable for certain
pocket machining operations but requires careful
programming.
12.7.6 Applications in Machining Operations
Tool entry motions are widely used in milling
operations, pocket machining, contour
machining, and complex surface machining to
ensure safe and efficient cutting in CNC
manufacturing.
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12.8 Chain Selection Methods in CAM Programming | CAM uinfd & 3+
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Fig. 12.8: Chain Selection in CAM Software | CAM qroeaaR A A 99

12.8.1 Definition of Chain Selection in CAM
Software (Fig. 12.8)

Chain selection in CAM software refers to the
process of selecting connected geometric entities
such as lines, arcs, or curves that define the
boundary of a machining area. These chains are
used by the CAM system to generate toolpaths for
machining operations like contouring, pocketing,
and profiling.

12.8.2 Importance of Chain Selection

Chain selection is important because it defines the
exact boundary where the cutting tool will move
during machining. Correct chain selection ensures
accurate toolpath generation and prevents
machining outside the intended area. It also helps
maintain dimensional accuracy and improves
machining efficiency.

12.8.3 Classification of Chain Selection Methods
Common chain selection methods used in CAM
software include:

e Open chain: A sequence of connected
entities that does not form a closed loop,
typically used for profile or edge machining.

¢ Closed chain: A complete loop of connected
entities forming a boundary, commonly used
in pocket machining operations.
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e Automatic chain selection: The CAM
software automatically detects and selects
connected geometry for toolpath generation.

12.8.4 Working Principle of Chain Selection

When generating toolpaths, CAM software analyzes
the selected chain geometry and determines the
direction and boundary of machining. The toolpath is
then created based on the selected chain and
machining parameters such as tool diameter and
offset direction.

12.8.5 Steps for Selecting Chains

The programmer selects the required geometry from
the CAD model, verifies the chain direction, defines
tool offsets, and confirms the boundary for the
machining operation.

12.8.6 Applications in Machining Operations

Chain selection methods are widely used in contour
machining, pocket milling, slot machining, and
profile machining to define accurate machining
boundaries in CAM programming.
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MCQ's | srgfaeredta as

Q1. What is the purpose of Art Mode in CAM
software? / CAM TTueaAR # 3NE HIE hT 3229 AT 872
(a) Simulate machining / @it &1 Rt et

(b) Create aesthetic relief and patterns / Tiedgof
il iR e ST

(c) Generate code / &g S &=AT

(d) Set coordinate systems / f&s1ies HoTTel T AT
Ans. b | Sol. : Art Mode is used to design decorative or
relief features directly on surfaces. / 317 A8 ddgi W
ST AT IH g3 SATPTadl [SH1EH e o Ay Iugiv gien 5
Q2. Raster to vector conversion in CAM is used for
what purpose? / CAM # IR & daex EUIdR0T &I T
IeW™ EAT 2?

(a) Compress images / ®faatf Tdifsa ser

(b) Convert bitmap images to toolpaths / focdu sfaat
! gAY | et

(c) Change tool size / T @ ThR Tl

(d) Edit coordinates / fAderie durfea @=AT

Ans. b | Sol. : Raster to vector allows scanned
drawings to be transformed into machinable paths. /
R T TR TUIARUT Th ahl 715 31574 ot ARAT aivg gt o
J&e <hl GayT & g

Q3. What does tool entry motion determine in
CAM? [ CAM # g u¢l At forad Ruifa wear &2

(a) Color of the part / aré &1 &1

(b) Tool type / &1 &T YR

(c) How the tool enters the material / g7 g ift # Hd
UdT AT &

(d) Tool shape / & @ 3MTehRR

Ans. ¢ | Sol. : Entry motion defines the method of
inserting the tool into the workpiece to avoid
damage. / & #ixA &wRIAE H ¢ ot I & F91d §Y
BT o fafer st aR9TiY &=ar g1

Q4. What is the key purpose of CAM software
workflow? /| CAM SiHedaR aehtel T = 3229 1 82
(a) Play background music / ggyfa Tfid gemr

(b) Organize machining steps in sequence / afifT
TR} Bl A B HafRAd AT

(c) Change machine brand / #2fiH siig sgemT

(d) Send email alerts / S8 31TE AT

Ans. b | Sol. : Workflow in CAM ensures all machining
steps follow a logical and efficient order. / CAM &
gehtert geft wefif a=or @Y aifhes sk paret ohm A gAfga
FRAT gl

Q5. Which operation converts hand-drawn
sketches to machinable lines? / i< |7 3T g1
@ gt @ha ot w2ftfSn ghg argAl | agean @2

(a) Simulation / R

(b) Raster to vector / T&I T ez

(c) Contour mapping / ¢z Aft

(d) Offsetting / sifmafeT
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Ans. b | Sol. : Raster to vector transforms image-
based data into vector lines for CAM use. [ &R T e
Bfd TR 31 &l CAM IUTNT §g JeeR g1 | Faerdm gl
Q6. Which function ensures efficient tool cutting
with minimum air cutting? / @ T thaRM aH gar
eT$ & H1Y FH2AA g hiew gAfAa wvar &2

(a) Dynamic motion / S&HTH® HiM

(b) Tool offset / et Sifthdie

(c) Hole table / gl &gt

(d) Manual jogging / &7t SIfRRT

Ans. a | Sol. : Dynamic motion keeps the tool engaged
in cutting material rather than traveling in air. /
ST HIRM ¢l Sl ga1 # It & ot et | epfdn A
& g1 8

Q7. Which option best describes raster data in
CAM context? / CAM Tg¥ # IR 2T &l I 3B
e A R wear 8?2

(a) Text-based code / T 3menfd &ls

(b) Pixel-based image / fagaa sutika sfa

(c) Mathematical curve / 7fordfia ash

(d) Linear toolpath / 3@ gerary

Ans. b | Sol. : Raster data represents images as a grid
of pixels and is converted to vector format. | TR 2T
Bfadl @t et i fire & & A qxrfar g 919 deez urew A
el ST 8

Q8. Mold & Die Manufacturing is mainly used for? /
Hies ok =1 RAwior geaa: fhads fag suah gar &2

P

Mold & Die Manufacturing
Aoz 3R

(a) Making shapes / TR 9 & fog

(b) Painting parts / T &t ¥ & forg

(c) Packing tools / 3fISTR e e o foig

(d) Cleaning machine / #fi A% & & forg

Ans. a | Sol. : Mold and die manufacturing is used to
make required shapes and parts in production. / Atcg
3R 18 FAHTOT &1 IUTNT IUTE H SMTaTh 3MMehR IR AN
T & forg fohar Sar 81

Q9. What toolpath strategy is preferred for deep
pockets? / TR uidheH & fAw &= #ft gerary orfifa gdg
i st 82

(a) Spiral ramping / Sftier T

(b) Circular profiling / gfta giargfeiT

(c) Peck drilling / des f3fefm

(d) Linear contouring / ¥R sl

Ans. a | Sol. : Spiral ramping provides a gradual entry
into deep pockets, reducing tool stress. / Giftfe =T
fR-efR TR fched H UaT e ¢l aHTd Sl A Rl Bl

Q10. What is the function of contour toolpath
strategy? / shex gUTY YOI o1 &t /T 82

(a) Creates holes / 8¢ s &

(b) Engraves 3D images / 3D 7 Iaxar &

(c) Follows part outline for profiling / Hittsfer & forg
UTE T et T o STIERUT hedl &
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(d) Cleans tools / ¢e& ! HRIS T &

Ans. c | Sol. : Contour toolpath follows the outer
shape of the part. [ gz TAUTY UTE & ST HTRR I
SERUT T B

Q11. What does CAM software workflow
represent? / CAM TueaaR adhuell T gorfar 82

(a) Design color / &S &1 41

(b) Sequence of operations from design to code
output / f$3TTsT & ie $MITYE dch HIT I SIhA

(c) Tool inventory / & &t

(d) Feed rate calculator / %8 € heldaiex

Ans. b | Sol. : Workflow defines the complete steps
from CAD import to G-code export. [ @&t CAD 3wt
Y R G-3h1S YUl deh o Tt TR0 hl aRWITNT dhear 81
Q12. What does dynamic motion in CAM imply? /
CAM # ST HI2M &1 T aread g2

(a) Changing background color / S&UTSE AT F&A-T

(b) Variable tool engagement during cutting / &f&T &
SR ¢ Herar & gRad=

(c) Spindle RPM locking / f&isa@ RPM it et

(d) Deleting toolpath / geTar g T

Ans. b | Sol. : Dynamic motion adjusts feed and
direction based on material engagement. / ATHA®
HIIF 7RIS & =T & ITER this R e o FaAmifoa
FAT 8

Q13. In raster to vector conversion, what does a
high-resolution image improve? [ IR & daex
iR # I=9-Reifeger gt fhd dgar a=rdt 82

(a) Tool life / g &I 35

(b) Code size | &hig @l 3MMHR

(c) Vector quality and toolpath accuracy / daex &t
TUTaIT SR gerarer i Tétehdr

(d) Cutting speed / @fém mifa

Ans. ¢ | Sol. : Better image resolution leads to cleaner
and more accurate toolpaths. / s8R gAsT RSlegs= &
oo AR e el TauTy U gid & |

Q14. What is a key characteristic of dynamic
motion strategy in CAM? / CAM # sATA Hiee
vorfifar & v ug faLtuar «ar @2

(a) Constant depth of cut / T9 & TETE

(b) Tool avoids sharp corners and maintains
consistent engagement / &1 g ST € Srarar @ SR
AR HeT=1dT §-T¢ I&dT &

(c) Uses only Z-axis movement / dhae Z-37&7 T 3T
SUTNT AT 8

(d) Skips finishing pass / fthfAfim o stg 2ar

Ans. b | Sol. : Dynamic motion maintains tool stability
by avoiding aggressive moves. [ ST HIRM SHTehTHE
Tfaal & saR e i FRRar a1 w@d1 8l

Q15. Which file format is most compatible for
raster-to-vector artwork in CAM? / CAM ¥ 3%e3-A-
e 3éadch o fAY a9 IUYa HIsd HiHe HiH-9T1 82
(a) .DOC/.DOC

(b) .PNG / .PNG

(c) .DXF / .DXF

(d) .mMP3 / .MP3
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Ans. b | Sol. : Raster-to-vector conversion requires a
raster image such as PNG, BMP, JPG, etc. The image is
converted into vector geometry, which may later be
exported as DXF for CAM use. Therefore, DXF is
generally the output vector format, not the raster
artwork input format. / II-T-JR FUIART & felg PNG,
BMP, JPG STt Iex Sfadi it sirasgesdT gidl &1 FYid=0T &
G I ST Bl DXF ¥ urey | fafa forar s gekar 81
g9felg DXF 31T3eYe daex U &, IR AYC Uy gl |
Q16. A part is engraved. Why is engraving done? /
fareft v aR gt /mfdh ot i et @2

—

Engraved Parts

AapIfER v
(a) For identification / ggam™ & forg
(b) For painting / &8 & ferg
(c) For packing / @fch & forg
(d) For melting / fUraem & forg
Ans. a | Sol. : Engraving is done to mark or identify
the part. [ Faearsft a1 FfchT 9T Y uga™ & fog 6 S 81
Q17. What does the “step-over” parameter
control? / “®u-3iteR” RRifter fhd fAifa ewar 82
(a) Spindle RPM / f&gat RPM
(b) Tool life / &7 <t 39
(c) Distance between adjacent tool paths / Urg-ur g &t
a1y & ot i g
(d) Feed override / g 3feIgs
Ans. ¢ | Sol. : Step-over affects the surface finish and
toolpath overlap. / ¥u-sftar ddg fohfAsr 3R gy
3eRAY ht gHTIAd T Bl
Q18. The Art Mode feature in CAM software is
mainly used for / CAM STgedaR & 3¢ #Ais IR &1
&I 3T gidr &:
(a) CNC code editing / CNC @ts dure
(b) Creating decorative or relief patterns / Gsmadt ar
I gQ G s
(c) Verifying simulation results / RFe aRomat i g
heAT
(d) Adjusting machine RPM / #ftr RPM TSI et
Ans. b | Sol. : Art Mode is used for engraving,
embossing, and aesthetic designs on complex
surfaces. / 31T¢ A T ITANT Iheq, IURA 3R STfeet gagl
R ey {358 & foru fohar Strar 81
Q19. Contour toolpaths are primarily used to / shgz
TAUTY ohT = IunT fh farg fakar sier @2
(a) Change spindle motor / f&ise AR sgerm & oy
(b) Machine part perimeters and outlines / 9ré & fopRY
3R e @13t ot ARffHT A & o
(c) Paint the workpiece / Gt & te @ & folg
(d) Modify CAD model / CAD Hige &t e o forg
Ans. b | Sol. : Contour toolpaths follow the outer
boundary of the part for clean edge machining. / &g
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TEAUTY UTE o STt foheIR ST SIJERUT o @ dTfch Tt T
#2fif g Fh

Q20. Dynamic motion strategy in CAM improves
machining by / CAM # sra-fares witer st mefifin
& he GUR 82

(a) Randomizing tool movements / & JaHc &t ATGIwdh
CEICT

(b) Maintaining consistent tool engagement and
reducing tool load / AR & Qe sHTY 3&d §T ¢
e HH Hch

(c) Pausing every 10 seconds / &2 10 T3 H TR

(d) Disabling tool offset / gaT siftrde fAfsha axch

Ans. b | Sol. : Dynamic motion avoids sudden
direction changes and maintains cutting stability. /
ST AIRF e fam uRad= & srarar & ik &fdr
fRRAT 99T R 8|

Q21. Which parameter affects how deep a tool
moves in each pass? / @i a1 Rifter gg gurfad wean
2 foh g1 udss e # fharft mgwrd ek StTaT 82

(a) Step-over [ RU-3fiiaR

(b) Step-down / RU-gr37

(c) Spindle speed / f&ise wits

(d) File extension / WTseT TeRges

Ans. b | Sol. : Step-down controls vertical depth per
pass and directly affects tool load and finish. / ®4-
B3 U UTH i $ed TesTs ohl afRd axdi g siR g dlg @
fOhfAer ot gefad e 81

Q22. Contour cutting strategy is best applied when
| e wfen RSt wast Iuga gidt g i a:

(a) Cutting curved outside profiles / @ a8 MhEA
HICT ST 3@ Bt

(b) Boring deep holes / T&R gl &k fry <71 38 &f

(c) Finishing internal cavities / stfafkes dfadr fepfAsr i s
%l &

(d) 3D engraving is done / 3D Gafd & i <@ &t

Ans. a | Sol. : Contour strategy is ideal for tracing the
outer shapes of 2D or 3D parts. / &gz ¥sit 2D a1 3D
T o ST ST ol ¢ el & folg amaef 81

Q23. Accelerated finishing reduces machining time
by / TeRIees fRfafi afifen awa & &@ w9 el @2
(a) Ignoring cutting depth / &féT TgTE &t sreEt Feh
(b) Using high-speed sweeping paths with fine tools /
Iea T It are & a1y JE gl T SUANT ik

(c) Skipping tool changes / g&T aRkad &t BIgdhe

(d) Increasing coolant pressure / Gqeic UR TgTRT

Ans. b | Sol. : Accelerated finishing uses optimized
motion and specialty tools to cover complex

geometry faster. | TaeRes fhfAfi sifee St ot asht
Y SR e oh folg Srgafera 1fd 3R ALY gt a1 IuT anxedt
gl

Q24. Decorative machining is used for? / gelTadt
w2fifa fhash faw Suahr gt 82

Decorative Machining
H

www.teachtoindia.com

Trade Theory

(a) Decoration [ T<Tae

(b) Cutting pipe / U1 hre-T

(c) Welding / af&

(d) Measuring / |rgAT

Ans. a | Sol. : It is used to make decorative designs on
a part. / STehT ITTNT YT R FTae! [ES8- 9 & forg
IERIRCIG ]

Q25. What is the primary purpose of CAM
workflow management? / CAM a&hwel Usie &l &I
I T 82

(a) Reduce file size | WIS <Al 3TThR hH hAT

(b) Organize toolpath creation in logical sequence /
gerary fAmfor ot arfchen ohet # SgafRa s

(c) Improve tool sharpening / get a1 gerAT

(d) Save electricity / fasTeft s/@mT

Ans. b | Sol. : Workflow ensures operations are
structured from CAD import to code export. / g
Ig RfYd oear & O SiTRe=T CAD 30t @ da his TaRyare
deh dfed il

Q26. When using Art Mode in CAM software, what
is the primary benefit of using grayscale images? /
CAM STHedTR # 3HTE A1S T IUANT shed THT Uhel
ofadl &1 = |19 T ghar 82

(a) They reduce tool wear / @ ¢o fordma @l &F d &

(b) They define tool diameter / 3 g7 =™ &l aRIva
A8

(c) They allow height depth control from brightness /
& THeh h ATAR HTS-TTETS ohl [HUMBT e &d &

(d) They simulate tool paths faster / @ gaT uryr Rigeie=
HI AT A B

Ans. ¢ | Sol. : Grayscale images in Art Mode convert
brightness to height data, controlling Z-depth of
toolpaths. / 3¢ His & Ahet B4l 99H ot F1S 3T A
gl 8, ST gerurd Y Z-Tgrs ahl i et €

Q27. Why is raster-to-vector conversion critical in
CAM programming? / CAM URIf&T # IRer | daer
®YiaroT Ff Ageaquf 8?2

(a) It converts G-code to text / Ig G-ahiS ohl TaRe |
AT &

(b) It makes toolpaths compatible with CNC / Ig geary
I CNC & 3Thel ST &

(c) It reduces surface roughness / I8 Tdg ! Graa-
! HH AT &

(d) It directly sends files to machine / ag €& #2fi9 @t
g AT &

Ans. b | Sol. : CNC machines require vector geometry;
raster images are unusable until converted. / CNC
AAT ot IR AL T SATaThdT Bidl 8; IR BfAAT o1 g
de uRafda 7 gf aa ae Iuahft 76T gidi

Q28. In CAM software workflow, what step comes
immediately after toolpath simulation? / CAM
HITEAIR Thtell # gorary RAgaeF & qid a1g ia-a1
TROT 1T 872

(a) Drawing import / STET g/

(b) Post-processing to generate NC code / gie-HafiT
GRT NC @lg s
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(c) Mesh smoothing / AW Tfé

(d) Tool calibration / gt Shfersiar

Ans. b | Sol. : Simulation verifies the strategy, and
then post-processing creates CNC-readable code. /
i o Y gfe avar ¢ ofk o oie-oaRiT CNC
U1 18 1T 81

Q29. What is the role of Accelerated Finishing in
CAM operations? / CAM TaTe- # gaiaives fhfAfin
& et o giedt 82

(a) Cuts corners off the part / 3T & Il &l Sredl &
(b) Increases rapid movement only / sae U gare
I §

(c) Uses specialized toolpath for steep and shallow
regions / dig 3R duTe &3 & forg fasiy geramer a1 g
FATE

(d) Eliminates simulation / f&qi=M ! TATE HaT &
Ans. c | Sol. : Accelerated finishing applies advanced
toolpaths to improve surface quality in complex
contours. / TebeRes A Sifee sz # Tdg & qure
GURA & g Iad gauTy 1] el &

Q30. What happens if CAM workflow skips tool
definition before simulation? / afe CAM a<huet #
A= & gt ga uRurn &t Bl R s, 4t «r ghar
8

(a) Only roughing is simulated / dhaer T Rmgete gidl 8
(b) Simulation fails or runs inaccurately / fe=
HGhe idT ¢ T Teld Iedl &

(c) Tool gets optimized automatically / g7 TaTfeld &4
T SffeHTss gt <frar 8

(d) Hole features get added / g hiad I8 ST &

Ans. b | Sol. : Tool parameters are necessary for
collision checks and material removal simulations. /
T WRHIR T STia R Ireft g aret Rigeis™ & fog
3T B 8

Q31. What is the role of entry motion settings in
toolpath strategy? / gerary Yorfifar & ¢t dierm @fe™w
& yfdrent T gt 82

(a) It shortens tool life / T8 ga Sfia= &l BieT AT &

(b) It defines G-code type / T8 G-ahIS UHR ! TRHIAT
FAT

(c) It reduces entry stress and improves finish / ag gé
TG Sl HH T & R fhfA guRaT g

(d) It enables simulation pause / Ig e Jepnt ht
AR 3T &

Ans. c | Sol. : Smooth entry like ramping or helical
minimizes mechanical shocks during tool
engagement. / 3T a1 gfciener St 4¢t gt Hermar o g
ifeh gTeen! ohl A HT 8l

Q32. Customized products are made for? /
FHEHATSTS ITE fhadh fag aamg wimd &2

u@

Customized Products
HECHISSS IdIG
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b) Mass same use / Tft & forw g™ IuahT

) Scrap work [ &aTE @i

) Only packing / dhaat afchm
Ans. a | Sol. : Customized products are made as per
specific customer need. [ FEHATETS IATE TTgH Sl [AAT
IRl h AR §AT¢ AT 8l
Q33. Which type of motion is used for advanced
roughing toolpaths in CAM? / CAM # Jad ¥tk
goary & fAg fhe uar it nifa ot 6 st &2
(a) Oscillating motion / gier Tfa
(b) Dynamic motion / ST AIM
(c) Static motion / f@r afa
(d) Step-wise motion / s Tifa
Ans. b | Sol. : Dynamic motion increases roughing
efficiency by following optimized paths. / sa-1A®
HI ScRferd Tt Sl STTERUT shech T Y Z&TaT TGI8
Q34. What is the key benefit of using silhouette
boundary in CAM programming? / CAM uinfdw &
farege ardt &1 g e T B2
(a) Increases file size | HIEd T AR TETdT &
(b) Reduces material hardness [ FéRael dt HhaRdT gerar
8
(c) Identifies profile area for machining quickly /
UIRISS & aht deit O A=fif< & fow ugamar g
(d) Paints the model / A& hl TTaT &
Ans. c | Sol. : Silhouette boundaries help quickly
isolate machining zones. / flege aTSg! A=A &1t
ST & STeRT e H AGE el 8l
Q35. Contour machining is NOT suitable for / &gR
w2 forerah fAw Sugae a8t 82
(a) Outer profile cutting / sTe<t WS ahfeT
(b) Chamfering edges / foh R &t F7hR e & folg
(c) Pocket milling / diche fafeRT & ferg
(d) Finishing curved boundaries / @ T i Rt
Ans. c | Sol. : Contour paths follow edges, not
designed for internal cavity (pocket) material
removal. / ehe AT feh-RT ST STERUT hd B, SHidReh chfdel
1 wfife & forg Sugea 78t gid|
Q36. What advantage does chain selection using
color segmentation offer? [ &1 RRAWISH w1 IuANT FHh
A TG TR | T AT ghelr 82
(a) It increases code length / Ig PIs i FiaTs TeTdT &
(b) It filters machining areas by priority / ag Asf<ieor
&1 ot TTrfeRar & ftheex ot @
(c) It randomizes toolpath / ag geUTY ol TTgfeeseh ST &
(d) It bypasses geometry errors | ag AR FfedT o
RIFIR a1 8
Ans. b | Sol. : Colors can be assigned to different
regions, guiding toolpath based on selection logic. /
fafera &= ot 31 few 11 gahd €, 9 994 dh & SMUR W
gerary fAEfra gl g1

a) Specific need / fasiy smasaear
)
c

(
(
(
(d
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