Teach To India Publication

ITI Trade

Engineering Design Technician
ESUERICEAENIEEKC SRR ]

: . OR
Artisan Using Advanced Tool

TATA-Sponsored Trade
Dual Language: English | &

TRADE THEORY + MCQs

All-in-One:
« Trade Theory « Engineering Drawing
« Workshop Calculation « Employability Skills
and Science « Exam Mock Test

For ITI Students Across India,
Based on the DGT/NCVT Syllabus and NIMI Exam Pattern



Teach T® India

== Publication -=——_ _J

Engineering Design Technician
OR

Artisan Using Advanced Tool

A Comprehensive Textbook with MCQ Practice and Detailed Solutions
Under the Craftsmen Training Scheme (CTS) | NSQF Level 3.5

Designed for:

ITI students across all states. This book is prepared as per the latest syllabus prescribed by DGT / NCVT and

follows the NIMI examination pattern.

Key Features of the Book:

Dual Language Format: English | {8t

Detailed Trade Theory: Structured according to Learning Outcomes

Comprehensive MCQ Practice: Topic-wise Multiple-Choice Questions with Detailed Solutions
Complete Coverage of ITI Examination Sections:

e Trade Theory

e Workshop Calculation & Science

e Engineering Drawing

o Employability Skills

Question Bank: Includes 2 Full-Length Mock Tests with Complete Solutions.

Also Useful For:

This book is also useful for CITS and for preparing for various technical recruitment examinations conducted
by the Railways, PSUs, SSC, DRDO, ISRO, state government departments, metro projects, and other
government organizations.



Title: Engineering Design Technician
Subtitle: A Comprehensive Textbook with MCQ Practice and Detailed Solutions
Dual-Language Edition: English | fgdt

Editor-in-Chief: Dr. Parvendra Kumar
Editorial and Technical Support: Teach To India Technical Team
Computer Graphics & Layout: Teach To India Design Team

Author:
Dr. Parvendra Kumar
B.Tech (UPTU), PG Diploma (C-DAC Hyderabad), M.Tech (IIT Roorkee), Ph.D

Reviewers:

Dhanesh Chandra

Trainer, Government ITI, Fatehpur, U.P.

Mohd Ahmed

Trainer, Government ITI, Bighapur Unnao, U.P.

Publisher:

Teach To India Publication

Adarsh Colony, Saharanpur, U.P. - 247001

Mobile: +91 9084496877

Email: info@teachtoindia.com | Website: www.teachtoindia.com

Printed at: Shree Education and Publication Private Limited, Ajmer, Rajasthan
Edition: Second Edition, 2026
ISBN: 978-81-69424-12-7

Copyright © Teach To India Publication. All rights reserved.

Legal Note:

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any
means — electronic, mechanical, photocopying, recording, or otherwise — without prior written permission of
the publisher. While every effort has been made to ensure accuracy, the publisher assumes no responsibility for

errors. Feedback and suggestions for improvement are always welcome.

Colophon:

This book is printed on environmentally responsible paper. The layout, typesetting, and graphics have been
optimized for dual-language (English-Hindi) clarity and accessibility, suitable for technical and vocational

training.

Printed in India

Price: ¥795/-



Preface | udra+T

This book, Engineering Design Technician, 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 Y¥dd &l eI hdl

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 Trade Theory

Outcomes

LO-1 Recognize and comply safe working practices.

LO-2 Make different basic drawing and mathematical geometrical calculations.

LO-3 Plan & perform basic drawing and engineering calculations.

LO-4 Identify basic materials and product manufacturing process.

LO-5 Perform inspection with different measurement tools & techniques to ensure the quality of
product.

LO-6 Plan and execute the user interface and basic set up of artisan design software.

LO-7 Perform basic setting, layout setup & Interface Customization in artisan software.

LO-8 Apply standard geometrics and artisan design software (such as circle, rectangular, arcs and
text).

LO-9 Perform artisan software operation to Edit Mode, Scale the Geometries, break the vectors
and re-join.

LO-10 Apply basic 2D machining and Tool Database and Cutting Parameters selection and
application.

LO-11 Observe and create simple and advanced 3D Design which can generate some complex
reliefs in artisan operation.

LO-12 Measure texture flow function use Texture Flow function by creating scales for a relief
incorporate with manufacturing standards.

LO-13 Design cylindrical surface of the model and add the required artistic details. (To develop
Rings, Bannisters, Turned Furniture designs, Pillars, Statues, Roller Dies etc.)

LO-14 Perform on 3D Machining, Tool Database and Machining Parameters (Cutting).

LO-15 Work on Machine Relief Toolpaths, Roughing and Finishing functions.

LO-16 Check 3D simulation and NC code Generation using artisan software.

LO-17 Use of Rotary Machining & Modelling Setup tools.

LO-18 Assess the additive manufacturing set up CNC/ VMC set up, laser cutting machine &general
tools for develop the physical model.

LO-19 Carryout processing and painting to finish the component.

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.

Mass, Weight, Mass, volume, density, weight and specific gravity. Related problems for mass, volume,
Volume and density, weight and specific gravity.

Density

Speed and Speed and velocity - Rest, motion, speed, velocity, difference between speed and velocity,
Velocity, Work, acceleration and retardation. Related problems on speed & velocity. Work, power, energy,
Power and HP, IHP, BHP and efficiency. Potential energy, kinetic energy and related problems.

Energy




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.

Mensuration

Area and perimeter of square, rectangle and parallelogram. Mensuration - Area and
perimeter of Triangles. Area and perimeter of circle, semi-circle, circular ring, sector of circle,
hexagon and ellipse. Surface area and volume of solids - cube, cuboid, cylinder, sphere and
hollow cylinder. Finding the lateral surface area, total surface area and capacity in litres of
hexagonal, conical and cylindrical shaped vessels.

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. Sizes and
Engineering layout of drawing sheets. Title Block, its position and content. Drawing Instrument.
Drawing and

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. Position of dimensioning (Unidirectional,
Aligned)

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 Difference).
Drawing in

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 future of work.
Employability List different learning and employability related GOI and private portals and their usage.
Skills Research and prepare a note on different industries, trends, required skills and the available

opportunities

Constitutional
values -

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.

Citizenship Discuss the role of personal values and ethics such as honesty, integrity, caring and
respecting others, etc. in personal and social development.
Becoming a Discuss relevant 21st century skills required for employment. Highlight the importance of

Professional in
the 21st Century

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 English text

Skills 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 goals

Development &

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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Trade Theory

Learning Outcome | 3ifas afRoms - 15

15.1 Selection of Cutting Tools for Various

Relief Machining Operations |
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Fig. 15.1: Relief Machining Tool Selection and Cutting Tool Features | ﬂ?ﬂmmﬁﬁﬂéggam 3R &l

Iqeheur fAgtuard

Means: (Fig.15.1)

Tooling in relief machining means the selection and
use of suitable cutting tools for removing material
and producing the required 3D relief shape. Correct
tool selection is very important because different
operations such as roughing, finishing, engraving,
and detailed cutting need different tool shapes and
sizes. Proper selection improves machining accuracy,
surface finish, cutting efficiency, and tool life.
Common tools used in relief machining are flat end
mill, ball nose cutter, taper ball nose cutter, V-bit,
and engraving tool. Flat end mills are mainly used for
roughing and pocketing. Ball nose cutters are used
for smooth finishing of curved surfaces. Taper ball
nose cutters are suitable for deep relief work with
better strength. V-bits and engraving tools are used
for sharp corners, text, and decorative line work.

The main constructional features of cutting tools are
diameter, flute length, tool angle, shank size, cutting
edge, and tool material. Tool diameter affects cutting
width and detail level. Flute length controls cutting
depth. Tool angle is important in V-bits and
engraving tools. Shank size must match the spindle
holder. Cutting edge and tool material affect wear
resistance and finish quality.

The selection procedure starts by studying the
material, cutting depth, required finish, and
machining operation. Large diameter tools are

www.teachtoindia.com

3ref: (Fig.15.1)
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selected for fast roughing, while small tools are used
for fine details. Ball nose tools are preferred for
smooth relief surfaces, and V-bits are chosen for
engraving work. Proper tool selection gives faster
cutting, better finish, accurate detailing, and less tool
wear. Improper selection causes poor finish,
breakage, longer machining time, and defective
work. Applications include rough material removal,
fine finishing, deep relief cutting, and decorative
engraving.

Simple Numerical Example Based on Tool
Diameter and Cutting Suitability

For roughing, a 12 mm flat end mill removes material
faster. For fine relief detail, a 3 mm ball nose cutter
gives better shape accuracy.

Trade Theory
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15.2 Generation of Machine Relief Toolpaths for Roughing and Finishing
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Fig. 15.2: Machine Relief Toolpath Strategies and Machining Stages | #2fi=t Refie gerary roriifaat siz
wefifHr =or
Definition (Fig.15.2) gRuTaT 3R 31 (Fig.15.2)

A machine relief toolpath is the programmed path
followed by the cutting tool to remove material from
a 3D relief model. In Artisan software, toolpath
generation means converting the designed relief
surface into controlled machining movements for
roughing, semi-finishing, and finishing operations.

Importance of Correct Toolpath Generation
Correct toolpath generation is important for proper
material removal, dimensional accuracy, smooth
surface finish, reduced machining time, and safe tool
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movement. It helps to avoid tool marks, uncut
material, excessive load, and damage to the
workpiece.

Types of Relief Toolpaths

The main types are roughing toolpath, finishing
toolpath, raster toolpath, offset toolpath, and
relief machining path. Roughing removes bulk
material quickly. Finishing gives the final surface
quality. Raster toolpath moves in straight parallel
lines. Offset toolpath follows the contour shape.
Constructional Features of Toolpath Settings
Important toolpath settings are machining
boundary, cut direction, step over, depth of cut,
machining allowance, and tool entry/exit. The
machining boundary defines the working area. Step
over controls the gap between adjacent cuts. Depth
of cut controls material removal in each pass.
Machining allowance keeps extra material for
finishing.

Working Principle

First, import the 3D relief model and define the
machining boundary. Select the roughing tool and
set roughing parameters. Generate the roughing
toolpath to remove excess material. Next, select
semi-finishing or finishing tool, set fine step over and
depth values, and generate the finishing path.
Simulate the toolpath and check the final machined
surface.

Trade Theory
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Definition (Fig.15.3)

Toolpath simulation is the digital checking of the
machining path before actual cutting. It shows how
the selected tool moves over the material and how
much material is removed. Toolpath optimization
means improving that path so that machining
becomes faster, safer, and more accurate. In artisan
operation, simulation and optimization help the
trainee verify whether the toolpath is correct for
production.

Importance of Simulation Before Machining
Simulation is important because it prevents costly
mistakes before the job is run on the machine. It
helps detect collision, excess material, wrong tool
movement, unnecessary air cutting, and incorrect
machining time. By checking the toolpath in
advance, the operator can improve safety, reduce
wastage, and maintain required surface quality.
Types and Constructional Features

The main simulation checks are collision checking,
excess material checking, path verification, and
machining time estimation. Important features
include simulation window, material preview, tool
movement display, collision alert, and path analysis
tools. The simulation window shows the full
machining process. Material preview shows stock
removal. Tool movement display shows the actual
path. Collision alert warns unsafe contact. Path
analysis tools help examine feed, step over, and idle
movement.

Working Procedure

First, generate the machining toolpath and open the
simulation window. Then run the simulation and
observe tool movement, material removal, and
machining sequence. Check for collisions, excess
stock, path errors, and air cutting. After this, adjust
feed rate, step over, depth, entry path, or tool
sequence to optimize the toolpath. Re-simulate and
approve the final machining path.

Merits, Demerits

Optimized toolpaths reduce machining time,
improve surface finish, avoid tool collision, and
minimize air cutting. Non-optimized toolpaths

increase cycle time, tool wear, and machining errors.

A sample workflow is: generate toolpath, simulate,
detect error, edit parameters, recheck, and finalize
machining path.

www.teachtoindia.com
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gRuTeT (Fig.15.3)
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15.4 Basic Engineering Calculations Used in Relief Toolpath Machining |
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Fig. 15.4: Key Machining Calculations and Formula-Based Workflow for Toolpath Accuracy | geaty
Héirar &g @ Afif g ofik - emeare sriveamg

Definition (Fig.15.4)

Engineering calculation in relief machining means
the use of machining formulas and measured values
to set cutting conditions for roughing and finishing
toolpath operations. These calculations help the
operator decide spindle speed, feed rate, depth of
cut, step over, and machining time for accurate relief
machining.

Importance in Machining Quality

Calculation is important because correct machining
parameters improve surface finish, dimensional
accuracy, tool life, and production efficiency. In relief
work, wrong calculation may cause poor finish,
excess cutting load, tool breakage, dimensional
error, and longer machining time. Therefore,
calculation is essential for safe and quality output.
Types of Basic Calculations

The main calculations used are cutting speed
calculation, spindle speed calculation, feed rate
calculation, step over calculation, depth of cut
calculation, machining time calculation, and material
allowance calculation. Cutting speed decides surface
cutting condition. Spindle speed is calculated from
tool diameter and cutting speed. Feed rate controls
tool movement. Step over decides surface
smoothness. Depth of cut controls material removal
in each pass. Machining time helps in job planning.
Material allowance is kept for finishing accuracy.
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gt (Fig.15.4)

Reftos #fife & SSifafa o e aref Atk ofik fRfAfRRT
ATy HeTerd o forg s shdter RafRa A 8g
AT T SR AT g AT & SuahT § 81 & Mo
SRR ot Gélh Reftrs Asfif & forg [Wsa afts, s e,
e Y TETs, WY 3fiaR iR wifn gmg RufRa s &
HEIdT St g

w2fifAT Toras & wew

T Ag<aqul g ilfeh et ALMfT depfter ddg fthfAer,
STATHY TR, T TSt 3R IcTe S&TdT H GUR &hed &
Reftth s & 7Terd UM & ShROT WIS fhfaer, siferes s
dts, ot e, St Afe SR sifdres A=fifH T3 gt Tepar
| gafory, gefera ik Tura=Tgef smseye & forg o

3T gl

A MOTATSHT & UhR

¢ TUMET, VY 3MteR UM, 3 3iTth ahe o1, aRftfHT arga
UM, 9T HeROe STATSY UHT § | hiei Tits gag! ehfed
fRfa FufRa ot g1 ser wis &t 7T gat & a8k
T Tt T hY St 81 his e gt i 71 ot afa et
&1 RU 3R Tdg ! fRieprs ReiiRa ahzar g1 3w Sifth ohe
Uk UTg | Gt ge ol Adfa st g1 afife ersn
SiTe FISTHT §91 & Y1l &l | HeRae ey
fhfAfR7T &t g at & forg ar sirar 81
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Working Procedure

First, study the job data, material type, tool diameter,
and required relief depth. Then calculate cutting
speed, spindle speed, feed rate, step over, and depth
of cut. Set roughing values for higher material
removal and finishing values for better surface
quality. Enter these values in the software and verify
the generated toolpath before machining.

Applications

Correct calculation gives smooth relief finish, proper
machining time, better toolpath optimization, and
less tool wear. Incorrect calculation causes chatter
marks, poor finish, tool damage, and inaccurate
machining. Example: if cutting speed = 60 m/min and
tool diameter = 10 mm, spindle speed = (1000 x 60) +
(3.14 x 10) ~ 1910 RPM. If feed per tooth = 0.05 mm
and flutes = 2, feed rate = 0.05 x 2 x 1910 = 191
mm/min.
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&t uferan

G99 Ugd Sild ST, 9l & TR, ¢el ST auT 3Tasdeh
Rl T8RS T HeTT i | 8 aTe dhicTT &its, fsa
wiig, 6 W, WU 3R dUT e hl T8 h! T |
3iferes It g & oy At A1 qur dgaR Iag Ture
o forg e A RefRa ewl| &1 7t &t AitedaR J &
e 3R AT & uge I CAUTY T FATUA h1 |

STy ,

el T @ WY Refies fhfae, Juger Afifn a9y, dgar
Ty eI, 3R A ¢ forgre ured gidr g1 Tetd
TOMT & e A1, ©R19 AT, e &fd, ofiR srdian
i gidt 81 3e18Ron: afe sfdr @iis = 60 m/min 3R
o &g = 10 mm g, at f&iger @iie = (1000 x 60) +
(3.14 x 10) ~ 1910 RPM gitft| T ufd &fd g = 0.05
mm 3R efgd = 2 g, d thig W =0.05x 2 x 1910 =
191 mm/min grft
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MCQ's | agfaeredta as

Q1. Which function removes bulk material in
machine relief toolpath operations? / #fta Refiw
TAUTY HETe # A¥eh arft &l ge &1 SR i |1
TheRQTH ThedT &7

(a) Finishing / ftsfafim

(b) Roughing / T

(c) Polishing / dfferfim

(d) Detailing / fefeir

Ans. b | Sol. : Roughing (XfthT) removes large amounts
of material quickly to prepare for finer finishing
operations (fthT a1t AT & Grft STt gerdt § arfeh
AT & forg R g 9ah) |

Q2. What is the purpose of setting model position
before machining? / w#2fifAT @ ugat Atz difSizq @
e T 224 T 82

(a) To save time / 99T s=T+ & o

(b) To avoid errors during cutting / @er & aRE Ffeat &
CEEKCATIY

(c) To enhance color / &1 9™ & forw

(d) To select toolpath strategy / geary I T
feg

Ans. b | Sol. : Correct model positioning (T8t Afsad
f&fd) ensures precise machining and avoids tool
collisions (Tt Afse fRAfT Téer Afifm gRfga ot & ok
T ThId T Tt 8) |

Q3. Which parameter must be checked to ensure
proper material removal during roughing? / ¥ftwt
% R SfRa gl ge™ &t giifda &7 & e ke
RrfteR Y s et TfRe?

(a) Tool sharpness [ T&T &t &R

(b) Material thickness / Irift gterg

(c) Feed rate | fie &

(d) Toolpath overlap / geam 3R

Ans. c | Sol. : Proper feed rate (98! g &) is crucial to
ensure effective material removal without tool
damage (Tt hig & & IrTft goTelt &7 8 gecdt g 3R ol ol
Y 8l gidT)|

Q4. What determines the number of roughing
passes required? / 3traad AT qrew &t HeEar fohas
Ruifa gt &2

(a) Tool color / get amr T

(b) Relief size and depth / Refith T 3TRR 3R T8

(c) Coolant flow / Geie yatg

(d) Workbench height / &R &t &t a8

Ans. b | Sol.: Larger and deeper reliefs (a3 3R g2
Refih) need more roughing passes to remove material
efficiently (It ot FHereTaT & geM & forg srfdes Ith aE
&Y SMaThdr gidt 8) |

Q5. Why is roughing important before finishing in
machine relief? / g2fia Reflw & forfafaim @ uga v
&l Ageaygof 82

(a) To enhance color / &1 seM & fog
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(b) To prepare model for fine detailing / I faazor &
foIg Afed TR &7 & forg
(c) To polish the surface / ¥dg @ IH®HM & g
(d) To change material property / STt 0T sieer & folg
Ans. b | Sol. : Roughing (%) clears unwanted
material and prepares the surface for fine finishing
(IR Sraifea gt &l gerdt ¢ ok fthfAfi & fog Idg dar
HAT 8) 1
Q6. What is the primary objective of roughing in
relief machining? / Reftew asfiffia & 2tk o1 wrafaes
I HT 82
(a) Remove fine material / 8= It gem™T
(b) Remove excess bulk material / 3ifaiRea uie grt
BT
(c) Add new material / 8 Tmft SisAT
(d) Polish the surface / dg @l Gifei=r AT
Ans. b | Sol. : Roughing (%) removes excess bulk
material to create a rough shape for the final design.
| Itk sifaRea utes Iraft vt gerer sifaw f35TmsH & forw v
HIeT 3MTehR IR T 8
Q7. During a machining operation, an operator
notices that the cutting tool is not rigid and is
slipping in the machine spindle collet. Which
constructional feature labeled in the image is most
likely incorrect for this machine setup? / va w2fifdr
TR & GRM, Tk SHTuer Aifew wear & fah &vefe g
(cutting tool) HaR g & ik A2+ iz Fiete # fhaa
g1 21 Bfa & Aga il 1€ = i Amtor fatyar s9 7=
deary & fAe vera g it T sifdes Hwree &2

CUTTING TOOL CONSTRUCTIONAL FEATURES

o gt fAmfor Haeh fadreame
Diameter Flute Length Tool Angle
" i Uefg SaTg —> / Gl

Shank Size Cutting Edge—T Tool l\.:lraterial
& HER i UR g wreft

(a) Flute Length / g <ieTs

(b) Cutting Edge / @dT gR

(c) Shank Size / ieh 3MRR

(d) Tool Angle / gt @tor

Ans. b | Sol.: The 'Shank Size' refers to the part of the

tool that is held by the machine's holding mechanism

(like a collet or chuck). If the shank size does not

precisely match the size of the holding mechanism,

the tool will not be held securely, leading to slippage

and instability during cutting. / ' 3TRR' o o 39

fo&d ot Hefia axar ¢ o w2 & gifedn a1 (94 el ar

Teh) gRT UhST ST &1 Tfe ek T SRR ifestt dF & AR T

Téleh T Y A ¢! @11 8, af ¢ GRI&d €U & g1 uchal

SiTq, forad i & SR fhaer ok sifeRar gt

Q8. Which factor decides the strength of the model

during relief machining? / Reftw afiffi & ke afsa

& Aot e FRe R AR &=t 82
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(a) Toolpath selection / geury =@
(b) Material thickness / arft #ierg
(c) Tool sharpness / &1 &l &R
(d) Machine speed / #2fi= 7ifa
Ans. b | Sol. : Material thickness (dmft #eT8) is a key
factor in determining the model's strength and
durability. / GrTIft &t FierE Afsa Fi Feigdt 3R fehru=
fRuiRa w & g i@ R 2|
Q9. Why is it important to set the correct material
thickness before machining? / azfifaw & uget wg
arft Y Aiers de w1 i Ageayef 8?2
(a) To reduce machine wear / 8379 & fogTg ol &7 A
& forg
(b) To ensure the toolpath does not cut too deep or
too shallow / Tg RfHd & & iy foh gerury sigd ez an
Igd YT I e
(c) To save time during machining / #=fifS1 & SRm 97
o & forg
(d) To enhance the color of the material / It & 31
& T & forg
Ans. b | Sol. : Setting the correct material thickness
ensures that the toolpath cuts at the appropriate
depth, preventing damage to the tool or workpiece. /
gt gt Aiers ¥ et ¥ gerury IR TERTE W hedl 8,
S99 g1 a1 ghdie ot JeRaT™ A6l gidl
Q10. What happens if the model is incorrectly
positioned during relief machining? / 3R Refiw
w2ftfAT & R Afse et adies @ gifSiee R se &t
a1 ghm?
(a) Better accuracy / S8R Sélhdr
(b) Uneven depth of cut / @e i 7815 SH 8t gt
(c) Faster production / IdTe < ghT
(d) Improved surface finish / 9dg &t ftfAfiT sgax gift
Ans. b | Sol. : Incorrect positioning causes
inconsistent cutting depths, leading to defects and
material wastage. / Teld TSI @ heTs hi T8 ST
Bl 1t 8, foed a ok arft ot s giedt 81
Q11. Based on the simulation features provided in
the image, by analyzing and minimizing "Idle
Movement" using the Path Analysis Tools, which
other output parameter shown will be directly
reduced? / afa & €t 7€ A= fauarsi & smur xR,
'g fd=swor 3ot (Path Analysis Tools) T IUART
s 'FAfeka G (Idle Movement) ah1 fasayor 3R
GAdH Tk, I AT 3= fewma mar sn3eye dnfier e
& g SITem?

MATERIAL

CUTTING TOOL f.i A
ﬁ?iq SYHIOT ~
L ]
REMOVAL

WORKPIECE (STOCK)
> -

B
MATERIAL PREVIEW
arft gataeta

PATH ANALYSIS TOOLS
(FEED, STEP OVER, IDLE MOVEMENT)

gy fFoSwor Iu=oT
(Frs, Ru 3=z, Aty d@ae9)

TOOLPATH
ary

MACHINING TIME
ESTIMATION
A=A Fer

w:fifohr wwg g
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(a) Material Removal Rate / I ift gem il &

(b) Machining Time Estimation / a1 ¥7a srgam™

(c) Material Preview Quality / St gafaeiter Tora

(d) Cutting Tool Wear / hd SUehUT ¢2-The

Ans. b | Sol. : The total Machining Time is the sum of
cutting time and non-cutting time (idle movement).
Therefore, reducing "Idle Movement" will directly
lead to a lower Machining Time Estimation. / &«

i g shd= 9wy R IR-aha= Iug (RAfsha Jerem) or
i g1 3afery, 'fAfscha daa" &l F & @ wfif= g
IFA e A g ST

Q12. Why is it essential to adjust finishing feed
rates? / fefAfai this 2= &l SIS a1 =1t smaaes
&?

(a) To heat up the material / 9t &f T @A & forg

(b) To maintain surface detail integrity / 9idg faaxor &t
3RISdT §91Y e & forg

(c) To reduce toolpath complexity / geTuTe STfeerdT eht

& A & forg

(d) To produce vibration / &u 304 & & feg

Ans. b | Sol. : Proper feed rates during finishing
preserve intricate details without damaging the
surface. / fhfAf & Ska 3RT this R sIfee faa=on ot famm
g ol Thd™ Ugarg TRfad el &

Q13. Incorrect tool selection during roughing leads
to: / AT & R Tea SWIR I | ghaT &:

(a) Longer tool life / et 3R Mg

(b) Better chip evacuation / sgax @ et

(c) Reduced machine wear / &# #:fi9 fogrg

(d) Poor material removal rate / @a IR} fAsehrae &=
Ans. d | Sol. : Inappropriate tools cannot remove
material efficiently, slowing down the process. /
UK TR G bt gTell &0 F 761 geT dehd, oiad
gfehar ¢t g1 STt 81

Q14. What is the primary reason for adjusting
model position before starting a Machine Relief
Toolpath? / #afis Refteh gerara e et & ugat wifsa i
A &t FwrifRa FA &1 = FRoT FT 82

(a) To improve spindle speed / f&iga fd g & fog
(b) To optimize cutting angle and tool engagement /
I RITT 3R TA HerIdT i ST feid &eA o folg

(c) To save electricity / forsTeft s/mm™ & forg

(d) To reduce toolpath generation time / Uty SR
JIY HH A & foig

Ans. b | Sol. : Correct model positioning ensures
optimal cutting angles and tool engagement,
reducing wear and improving finish quality. / Tgt Afga
T GRITRE et & o6 BT 10T SfR e Ter=Ta I1ehet &,
fSrad fordmae e gidl & iR fhfer furem st 81
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Trade Theory

Learning Outcome | 3ifemy afRoms - 16

16.1 Generation of Toolpath Simulatio

n and NC Output for Machining |

w2fife & e gorary fAge= sk =t sneeyge or sReE

Concept Definition Panel

NC OUTPUT

7

TOOLPATH SIMULATION
from 3D Model

Generate Toolpath

sdiucadgmuydd  PRAAGEIw i FEITTIITA

Procedure Sequence

Run Simulation to Paost Processing to
Check Errors Generate NC Code

~

Produce Machine-Ready
Output

AR 3FeYE ATR T

=|—(|[¥E

AT A
-G

Generate Toolpath Run Simulation Post Processing to Safe Machining
Visual checking of cutter Final Numerical Control code from 3D Model to Check Errors Generate NC Code & Productivity
movement before machining generated for machine execution L m' 5d i.%aw mﬁq mam ?ﬁzﬁ?wml i
AT A 15 Fex A e P F frg g | /
it i e i 3ifem wemer R s NC Output Constructional Features Machining Output Types
Simulation Output
SPINDLE COMMAND
Enables Verification and Safety TOOLNUMBER | N1@ G21 fRrsa Fwis @ Rrgeiz smseye
T 2R TR&M T&H T % [GECH N20 G99 Starts/Stops Spmdle Tt F1e B ufesar
I\ Selects Cutter _|-+N3@ (T1])(M@6) Toolpath Preview
l + FRABPTFATAE] yaa (S 3 g
== N50 (Ge2 X0 Yo Z FEE&&OMMAND ARA R HITY
| ’ l S PUS -
_Q Y. _{NGG - Z 2|F Conlrols Cumng Speed %%%E roceased gggc‘)de
\A/ b, | N70 (GB1 X50 Yo F29 Fxarg converts to machine Janguage
H N8O M30 i HT ﬂ'm%
Venfy Path Job Safety Verify Cutting Depth COORDINATE TRl START POINT/END POINT Machine-ready Output
A ot e RE Define tool movement machmmg sequence @ final comrmcommller
‘ﬁm J| B2 Riftre Frize & o sfw s

Flg 16.1: Toolpath Simulation and NC Output Generation Workflow | gerary fagaer ik NC 3m8ege
fRwtor srfvarg

Meaning: (Fig.16.1)

Toolpath simulation means the visual checking of
cutter movement on the job before actual
machining. NC output means the final Numerical
Control code generated by the software for machine
execution. In artisan software, these two functions
are important because they help the trainee verify
machining path, cutting depth, tool movement, and
job safety before sending the program to the CNC
machine. Correct simulation and NC output reduce
machining errors, tool collision, material wastage,
and machine damage.

Machining outputs are mainly of four types:
simulation output, toolpath preview, post-processed
NC code, and machine-ready output. Simulation
output shows the virtual machining process.
Toolpath preview shows the cutter path on the
model. Post-processed NC code converts the
toolpath into machine language. Machine-ready
output is the final code suitable for a specific CNC
controller.

The main constructional features of NC output are
tool number, spindle command, feed command,
coordinate values, start point, end point, and
machining sequence. Tool number selects the cutter.
Spindle command starts or stops the spindle. Feed
command controls cutting speed. Coordinate values
define tool movementin X, Y, and Z directions.
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3ref: (Fig.16.1)

Ty R a1 3ref ardfae Afifm @ ugdt Silg )
Thex i T <hl GATH Sird O &1 NC 3T13eYe T 373

A fAsaTed & forg dftedeR gRT 34 sifaw =Reea
el e J g1 MfésH AftedaR # T &1 s Agayuf g,
Fifeh & Ufe] t WU et CNC 7929 IR d9+ ¥ ugd
HeftfHT g, hidT eRTE, gt gaHe SR Sie GRal &
HATI eh H gradT ohd g | el Rgetsd ik NC
3m3eqge Afif Ffeat, ot came, arft &t safdt ofik Aefi=
&1 ot oA e B

AR 3Py Jua: IR UGR & gid & Rgeed
JT3TYE, gAUTy ey, Ule-uiaee NC &h1g, 3R Afia-3st
33eye | Faes s3eye agsra ARfif ufthar ot gifar
g1 geTuTy Wieg Alse WR eheR UY ol fe@mdr g1 Uie-Uides
NC ohlg gerary aht #Lfi T # uRafdd sear g1 Af=-3Et
3r3eye fohdt fafre CNC e & forg Suge sifaw @l
gl gl

NC 3T3cye i 77 TRITH faivarstt # ¢ Fer, e
AN Srgehd MR €1 TeT FoR hex T T hdT g
it srts fEset ol TTe] AT & hedl 81 Thig HATS e
g ol AT Fear g1 atsiifere A X, Y ofk Z fReameit &
T gaHe t g hed &l

FRIfafd 3D Afed ¥ TAUTY I et F URRT §iit g
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The procedure starts with generating the toolpath
from the 3D model. Then the simulation is run to
check movement, depth, and possible errors. After
successful checking, post processing is done to
generate the NC code according to the required
machine format. Correct NC generation gives safe
machining, accurate output, and better productivity.
Incorrect output may cause overcutting, collision,
wrong dimensions, and machine faults. Applications
include relief machining, profile cutting, finishing
work, and model engraving.

Simple Sample NC Code Format for Basic
Machining Operation

N10 G21

N20 G90

N30 T1 M06

N40 S1200 MO3

N50 GO0 X0 Y0 Z5

N60 GO1 Z-2 F100

N70 GO1 X50 YO F200

N80 M30

Trade Theory

39S 1¢ TIfd, TEXrg SR wifaa Ffedt <t Sita &k ferg
TR I STaT 8| TRt SiTd oh 16 STTaLah A
UReY & IR NC ohl8 39 - g UIRe TR i
STl 81 FgT NC SR & grfgra #=fif, aéten smseye
3R dgdR IcUTEhdT UTW gl &1 TTeld HIITYL e hIR0T
SteRenteT, TRz, TTeld ST R #2fi Y 30 gt Tehd
&1 39 SrguanT 7 Refies #efif, tithrger sfé, fafafim
& 3R Atse g anfAet g1

gy wftfa dares & fag @Ra g o=+t @l
ARy

N10 G21

N20 G90

N30 T1 MO6

N40 S1200 M03

N50 GO0 X0 YO0 Z5

N60 GO1 Z-2 F100

N70 GO1 X50 YO F200

N80 M30

16.2 3D Simulation of Generated NC Code in Artisan Software | snféas
HigedR # 5-eE NC &hie &1 3D fAga=

~

Constructional Features of 3D Simulation Window | Types of Simulation Checks | RIeisH @i & y&R
3D Rygair fds) Ft s fasiwarg * Tool Movement Simulation | SU@UT JfigrerT RaRH
—ox « Material Removal Simulation | Gt ¢4 &1 e
Toolpath Display || = Collision Check | TF@R & &g
Mﬁ?ﬁg‘% - ey YT « Path Verification | 7 ¥eTw
\ // _— « Final Surface Preview | $ifaw Gag qafaaia=
Cutter Movement View |
"B I g || Importance of Simulation | RrIAI= &1 9g@
Stock / —~ Improved Machining Accuracy | S&aR FEfT Fetear
Material Displa % ) Error Indication Avoiding Tool Collision | USRI THId | qT1
wF s A cotisont Hi—s Panel > Reducing Material Loss | 9Tt @t g1fR &1 &5 &1
TR j & Preventing Machine Damage | WRfIH & J&aH & a1
| > Safe & Efficient Machining | Rfard o Fwrer wefifin |

Merits & Demerits of Simulation | fa=A & ur 3k 3w

Proper Simulation (Merits)

Improper/Skipped Simulation (Demerits) | 3rfrarSteT T e (3H)

Safety a1 ({[UT) | Safety Accuracy, Confidence, Machining Quality
T, wRfifT

Machini mﬁ Errors, Tool Breakage, Poor Surface Finish, Job Rejection

| Rt (7o) | R, ST, T 3feai, Jueul gel, TRId Udig i, wia
[ Working Principle | T4 Rigia l {If Errors:} )
Load Generated NC Dlsplay Model, Stock, Start Simulation & Check for Collision, Overcut, Correct Code or Approve Code for
Code & Toolpath Observe Cutter/Removal | |  Undercut, Wrong Path Toolpath Settings | | Machining
S¥e fasan e ot 3R gemny Rege e Y iR A, AT, ASBE, BIS T gAYy & o
DS TS BY aw'} HEYETH DI ARG HY Tad TY B Sitg DY RRGE R HET Eaka Gk
Fig. 16.2: 3D Simulation Window Features and Machining Verification Workflow | 3D fagaer fast
fAuary ik w2ffH T rivag
Definition (Fig.16.2) gR9TeT (Fig.16.2)

3D simulation of NC code is the process of virtually
running the generated machining program in Artisan
software before actual machining. It shows the
movement of the cutter on the digital model and
displays how the material will be removed. This
process helps the operator understand whether the
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NC o1 T 3D Rigeisr arafae Afif @ uget snfdsm
FIRAWR § SR o e w=fifHr o ) st =g @
AT hl Ufehar g1 Tg fefSieet Afsa WR &ex &Y 7ifa &t
g2ufar g ofR fearar ¢ fob amft foha uehR gers SiTeeft| g
ufehar 3iTuReR dht I8 GHSH H GgRIdT dhedl & foh SRe
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generated NC code will produce the required 3D
shape correctly.

Importance of Simulation

Simulation is important for checking machining
accuracy, avoiding tool collision, reducing material
loss, and preventing machine damage. It helps to
verify the toolpath before actual cutting and ensures
safe and efficient machining in workshop practice.

Types of Simulation Checks

The main types of simulation checks are tool
movement simulation, material removal
simulation, collision check, path verification, and
final surface preview. Tool movement simulation
checks cutter travel. Material removal simulation
shows how stock is cut. Collision check detects clash
between tool and workpiece. Path verification
confirms the programmed route. Final surface
preview shows the expected machined finish.

Constructional Features of 3D Simulation Window
The simulation window generally contains model
view, toolpath display, cutter movement view, stock
material display, and error indication panel. These
features help the user observe machining conditions
and detect mistakes clearly.

Working Principle

First, load the generated NC code into the simulation
window. Display the model, stock, and toolpath. Start
the simulation and observe cutter movement and
material removal. Check for collision, overcut,
undercut, and wrong path movement. If any error is
found, correct the code or toolpath settings and run
the simulation again. Approve the code only after
satisfactory results.

Merits and Demerits

Proper simulation improves safety, accuracy,
confidence, and machining quality. Improper or
skipped simulation may lead to machining errors,
tool breakage, poor surface finish, and job rejection.
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forar a1 NC el 311aegeh 3D 3HTehfd i Ugl UhR &
TG AT ST |

fAgeter 1 ag

et #fifAT &l Ygar Sireq, ¢t Tarmr @ o=, Il
Y BT A e qAT A i &ifcd et Aeret & oIy Ayt
8| Ug arEdfdeh hidT ¥ Ugel TeTUTY Shl TATU hiA
GERIAT Tl & qAT BRI 31y § RIS ofik ger
AT gRAfga e 81

et sita & uaR

R S & & UGR & ol Jare R, ARy
Rgaet e, wifersm Sifg, oty aRkfthdeE, qur sifaw
g YaiaeiichT | ¢ HaAc R chex ohl Tfd g2 i Sirg
T g1 HeRaer Rqaer et ag fiarar & o @i foha
YR 1T ST 3T ¢ | Pifers Siid gef 3R ghdie & 9
THTG ohT TdT AT & | a1 aRkftheher mium fohg Q@ At
Fr gfe ohxar g1 sifad Tag gafaeia srifera asfia & 1
fohfAer nt gaifar 1

3D R gt f T Rdvary
Rcie fdet & gmmua: Aisd 399, gaury uasi, shex 1fd
g2, Wich Yt el aur Ffe dehd It A gid 813
faRtward IuivTenat st afff fRfaat o1 sraeien o
3R Ffeat sl WE ®Y & ugaH- H GgRIdT Sl 8l

Fr fagia

99 ygdt e fohg T NC hig ot Rl fdet & ats
| Hisel, €idh 3R TeTuTy ahl Uafld e | Rl uRY
e 3R hex I 7T qUT It g Rl Ufehar ot Sraetieh
T | THRR, SYaRehe, JHeehe IR TTeld U fd hl Sird e
gfe oig A uTE S, af e a1 gaury Vi ot T8t &
3R R g: Id | Hatoei-eh URUMH UTd 814 & a1g
gl i ol Wipd &2

1Y 3R gifAat

3R RAHeiA & gRar, aétendr, srafayr ok A
ToTeT H GUR gidl g1 sfad ar eier wan e AgfifE

Afedl, TeT geA, @ra Fdg fhfAsr ok St sredftepfa et
HRUT I TehdT &l
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16.3 Basic Engineering Calculations Used in NC Code Generation and 3D

Simulation | Tt &g SR 3R 3D fAgc A Iuah 6 s+ areft g

raifa o

DEFINITION & PURPOSE | uftmaT 3R Jggea

Use of mathematical values to decide machining parameters & coordinate movement before generating NC code. |
Tl IS TRe IR FlffEe & forg nfrdTa |t 1 IaeT

W 2, FEED RATE | fis 3
mz=  Tool travel speed | g1 9o it I
*[# 3.CUTTING SPEED | Hfn &fs:
w2 Surface cutting condition | ag &fen $ fAfF
§_ 4.DEPTHOF CUT| e $H e
A Material removed in one pass | & U 7 gers 7§ anvift
@]} 5. STEP OVER | ®Y 3itax: )
Gap between adjacent toolpaths | 3T gANY & T &1 3R
AT 3R %
Tool movementin X, Y, Z| X, Y, Z feznaff & gor

Example: Speed 60 m/min, Dia 10 mm = ~1910 RPM
Jerger: @its 60 /i, =@ 10 fsft » ~1910

)’_.v 6. COORDINATE & DISTANCE |

X

gel AR aHe 7 &
7 J
TYPES OF BASIC CALCULATIONS | gfRard} wornaif & war ( WORKING ng%ms: QALCULA‘I"}I{%N & VERIFICATION PROCESS
: fRgia: morT 3R Feaua ufssan
1. SPINDLE SPEED (RPM) | fitizer @itz (amedium): I - -
(@) Revolutions per minute | Ifal e Tae Study Job Data, Material, Tool Size
Sl , €1 & STHR &l AT

—> Calculate Speed, Feed, DOC, Step Over, Coordinates
, s, , Y IR, Bl & o
—> Enter Values in Toolpath Settings | gerary @& & am gof &
> Generate NC Code & Run 3D Simulation
T Hig 3k 38 Rl g
—> VERIFY Tool Movement, Time, Code Accuracy
—> (Arrow back to Calculate) Recheck & Correct Values (if needed)
(Calculate W aTqE S aren dR) AT &t iR & Wi ofk ot (4l smavas ).

| —> FINAL NC OUTPUT | 3ifem weht amsege

IMPORTANCE | g
Accurate Code | CAES

Proper Tool Movement | 3f1d m
Dimensional Accuu:% | St

Enhanced Safety | &¢I g5 Gram
Reduced Machining Time | weftfa awa & &t

APPLICATIONS | 3rwai
Toolpath Generation | fAafor
Simulation Checking | AN
Machining Sequence Planning | RaftfT srge dierm
Output Verification | 33eYe g
Better Surface Finish | 3gaR @ag fsfasr

Fig. 16.3: Basic Machining Calculations and Verification Process for NC Code Generation | NC @iz fAsfor
ad gfRad w2ifE worand ofk wwTas uftkar

Definition (Fig.16.3)

Engineering calculation in NC machining and 3D
simulation means the use of mathematical values to
decide correct machining parameters and coordinate
movement before generating NC code. These
calculations help the operator prepare accurate
spindle speed, feed rate, depth of cut, step over,
machining time, and coordinate values for toolpath
and simulation work.

Importance in NC Machining and Simulation
Correct calculation is important for obtaining
accurate code, proper tool movement, and correct
machining results. If values are wrong, the tool may
move in the wrong direction, cut excess material,
miss the profile, or increase machining time. Proper
calculation improves safety, dimensional accuracy,
and simulation reliability.

Types of Basic Calculations

The common calculations are cutting speed, spindle
speed, feed rate, depth of cut, step over, machining
time, and coordinate and distance calculation.
Cutting speed decides the surface cutting condition.
Spindle speed gives revolutions per minute. Feed
rate controls tool travel speed. Depth of cut defines
material removed in one pass. Step over controls the
gap between adjacent toolpaths. Coordinate and

www.teachtoindia.com

gR¥9TeT (Fig.16.3)

NC #2ftf 3k 3D Ramete & SSnfaf o ar aref NC
IS STHRE e T Uget gat At ddiex ofik RAderia nfa
fRyiRa e & forg nforda a=t & o 3 &1 & qoEmd
SRR i gAUTY IR R rd & oy wéien sa
T, thig ¢, The ol TER8, WY 3fter, 7ftfr g sik
LT 79 dUR & | GgrIdT shedl 8

NC 72fifS oiik Rga= & aga

TEI TUFT Gk hls U ohedt, IR ¢t Jade gRfAa ot
3R Tt mfifH uRom o A & forg Agayut &1 afe
HIE TTeTd 81, af ¢l TTerd fan | It Hehalt 8, StfaRed amft
PIC ThdT &, UIhIST ¢ Achel! g, AT AMFT T77 g Tepdr
&1 IR Mo YRe, STt SLgar iR et dr
fasoeiadT § gur &t 81

A OIS & UhR

e, WU 3er, A ergH, qur fAdsrie iR g Mo 81
T wis gdg! s fRAafa RuiRa st 81 iea wits
gfel fAE guiT ekl TedT el g1 thie € el &l <ot &
7fd ot AR =l &1 S 31T ohe Ueh UTg | geTs 78
Gt ot g9 et 81 WU 3fiaR shfftes gerart & o=
& 3R ol AT e g1 FAdariar sk g oM X, Y, iR
Z feamaft 7 gt &t 71far &t aRemfia et 21
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distance calculation define tool movementin X, Y,
and Z directions.

Working Principle

First, study job data, material type, and tool size.
Then calculate spindle speed, feed rate, cutting
speed, depth of cut, step over, and coordinate
distances. Enter these values in toolpath settings and
generate NC code. Run 3D simulation to verify tool
movement, machining time, and code accuracy.
Recheck and correct the values before final output.

Applications

Correct calculation gives accurate simulation, proper
code output, better surface finish, and reduced
machining error. Incorrect calculation causes wrong
toolpath, code faults, time loss, and poor job quality.
These calculations are used in toolpath generation,
simulation checking, machining sequence planning,
and output verification. Example: if cutting speed =
60 m/min and tool diameter = 10 mm, spindle speed
~ 1910 rpm.

www.teachtoindia.com
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wrd fRgia

Y Uget Siiel S1el, G} o UhR dUT ol h 3ThR <h
ST R | gk 1 (g €fig, his e, sfdn efig, e
& TerE, Ry aifer Jour FAderian gfat Y T w1 g7 A
! geraTy AfEH # &t R 3R NC ol Icu= ahi| gt i
Tfa, AffHT T a1 i Fi YgdT ST TATIT HeA o folg
3D et Tl Sifaw 3m3eye & uget AT bl GH: S
e 3R IRk GUR 3|

SrgwErT

eI 0T ¥ Tieh e, IRd Sl 3m3eye, dgar Udg
fhfAeT, SR o Afife Ffe ura gidt 81 7Terd oM & i
i<t 81 S TUMTSHT ST IUTNT TAUTY SR, el Sira,
AAFAT Srgehd AT, SR 3M¥eye AT+ H fohar Sird 81
ITEX0T: S T € = 60 m/min R g @™ = 10
mm gl, d s T8 ~ 1910 rpm ghft
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MCQ's | agfaeredta as

Q1. Which simulation provides a more realistic
representation of machining? / @+ a1 Rge=
weftfAr &1 sifter geumedardt ufafafae g aw=ar 82

(a) 1D Simulation / 13t HeE

(b) 2D Simulation / 23t ™

(c) 3D Simulation / 38t =

(d) 4D Simulation / 43 Rl

Ans. c | Sol. : 3D simulation (38t fHeizM) shows the
realistic machining view, helping identify errors
before actual machining. / 38t R gumfardt asff
3a fegman g, St arafass A=fifn @ uget et & uga &
H #eg At g

Q2. Which toolbar allows customizing toolpath
settings in 3D machining? / 38 w2fifdw & gerara
Qfér &l srggpfaa w1 & AT F a1 gaar U g
8?

(a) View Toolbar / & Z1eR

(b) 3D Machining Toolbar / 38t #fif e

(c) Editing Toolbar / gfsféT gae

(d) File Toolbar / wigeT AaR

Ans. b | Sol. : 3D Machining Toolbar (38t #AfifH71 gaaR)
enables customization of toolpath settings. / 33t

A2 geeR gerury SfEE i srgepferd @ i gfawr ar 8
Q3. What is an advantage of modifying toolpaths?
| T it HenfAd A 1 =T AT 82

(a) Increases machining time / a2t 7 sgrar @

(b) Reduces tool wear [ g foTa &l »H wear 8

(c) Decreases productivity / IcT&ehdT gerdr &

(d) Reduces accuracy / GEIdT geTdT &

Ans. b | Sol. : Modified toolpaths (Ssnfaa gerar)
optimize the tool's movements, reducing wear and
improving tool life. / TN geraTer IgehoT ht gare i
3cfcrd R o aTa S d 8 3R IuUT Y 3 IgTd 8|
Q4. What represents tool movements visually
during simulation? / A & R g Jaded &
ST w9 Q 741 g2nfar 8?2

(a) Path line [ oty &8

(b) Material color / Tmft &1 &1

(c) Machine name / afi9 &1 9@

(d) Simulation background / = g8y

Ans. a | Sol. : Path lines (U «ig=9) visually represent
tool movements in simulation. / Uy eTg=d A 7 ¢
HaHcH Hl 3 w0 Y it &1

Q5. What is essential after generating NC code? /
NC s SRE A & d1q T TG giam 82

(a) Printing NC code / NC &l o fiie et

(b) Save the NC file / NC HIgd ahl 9gsi=T

(c) Delete old file / G RIS I geTHT

(d) Changing machine settings / #ft9 &g sgem
Ans. b | Sol. : After generating NC code (NC &lg Se
& & 915), saving the NC file ensures it can be reused
without reworking. / NC @18 STRE &< & a& NC thigel
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! o1 AfYd &ear g foh I fomm ey & fhg g:

U fehat ST Feh |

Q6. The primary industrial application of 2D
simulation is in: / 2D f&qa2F &1 =1 il

STV fohe# 82

(a) Simple laser cutting / STYRUT AR i

(b) Deep cavity milling / &<t g1 faferT

(c) 5-axis machining / 5-3tet HefifHr

(d) Complex surfacing / Siféet Tag =M1

Ans. a | Sol. : 2D simulation suffices for flat operations
like laser cutting where depth is minimal. / 2D Reie=
HUTE ATRIAT S AR e o forg gt g Sigil Texis gAaq
gidt 1

Q7. NC code is primarily generated for: /| NC &is
g fohaes for Saa= favar siar @2

(a) Human reading / A9a e & g

(b) CNC machine operation / CNC #fi dgTe & foig
(c) Graphic display / wfther g2 & foilg

(d) Manual machining / &gt aefif & fog

Ans. b | Sol. : NC code contains machine-readable
instructions for tool movement and cutting. / NC &l
o qadc 3R serg & forg 72 uaa fAder at afffera swar
gl

Q8. Machining operation orientation is crucial for:
[ mefifA sitaRer siiRGRer fhadh forg wgwygof 82

(a) Material color choice / It &1 T4

(b) Correct tool engagement with workpiece / ada
& 1Y ¢ ! Fgl Uhg

(c) Machine cleaning schedule / #f 9%18 &RisRA

(d) CNC operator lunch break / CNC 3fuRex &I & sidh
Ans. b | Sol. : Proper orientation ensures correct
depth, angles, and surface quality. / @@l iRy Tt
T8, i1 3R Tag ot JAfYd aar g

Q9. Based on the visual data and text descriptions
shown in the image, which of the following best
describes the relationship between the two
processes? [ Bfa & RRarg g 327 37 3k ure fAarur &
SR R, fFrafaf@a & & &9 @ g+ ufdrarst & =

TSl T JIY <31 G hedT 8?

TOOLPATH SIMULATION NC OUTPUT

X0
w10 C21

GO GOL 2-2 F300
79 081 X20 YO F200
o M0

Visual checking of cutter Final Numerical Control code
movement before machining generated for machine execution

ST i e

(a) Toolpath Simulation is used to create graphic
design concepts, which have no direct link to the text-
based NC Output. / gaa RF™ o1 T T1fthes
3eTRd NC 313eye & &hig dier fofe =8 81

(b) The NC Output is generated first to create a rough
G-code program, which is then manually converted
into a visual Toolpath Simulation. / NC GTIEEQEHE?IQEF
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T G-ahi8 UM T4 & iy SiRe fowar Sirar g, o fim
ATl ¥ 9§ Ueh T ¢ra¥ Rgeie= & uRafda forar simar g1
(c) Toolpath Simulation is a purely mathematical
check of code, while NC Output is the actual
machining of a part. / gau fRHeiE @i &t fayg FU &
Tfordig St g, STefeh NC 3m3eye fohddt Wi &t arsafaen
AT 21

(d) Toolpath Simulation provides visual validation of
planned operations to ensure the final NC Output is
error-free and safe for machine execution. / ea
fgelem AfSa STReET &1 397 AU UeH el § difch
gg gifga gt 9ok fah sifad NC sm3eqe Jfe g ik wefiA
fsare & forg grfera 81

Ans. d | Sol.: Based on the image's subtitles, the
Toolpath Simulation screen is specifically for "Visual
checking of cutter movement before machining,"
suggesting a verification step. The NC Output screen
is defined as the " Ffinal.. code generated for machine
execution." Therefore, the simulation visually
confirms the tool paths are correct before finalizing
and generating the executable G-code list. The
relationship is one of verification and validation
before final data output. / &fd & IJusfives & TUR W,
Ty et GhiF ARy & @ " 7977 & ggceienex i mif
hI 3T STF" o forg 8, ST Yo ATI TR0T T JeId &t 81 NC
33 ThiA ol "AfiF fFsarea & fog 3= /a7, dls" &
&y # gRI forar mam g1 gaferg, Rimele fasysredt gor i
< gf e 2 5 3 aifam w0 23 ok e aa G-ats Tt
SRE A © Ug e &1 Tty sifaw e amseye d uge
TG 3R AT 6T 8|

Q10. In Artisan, modifying toolpath is crucial
because it helps in / Artisan ® geTaTY &t H2nfaed T
&l Ageaygof 8?

(a) Increasing cycle time / Teh 999 g & g

(b) Reducing material waste / I} 31Ueay &t HH i
& forg

(c) Ignoring feed rate / Thig & &I 3FET A & felg

(d) Avoiding spindle control / f&ga =0T @t ere &
ferg

Ans. b | Sol. : Modifying the toolpath (geTaTer st Geifed
&AT) optimizes movement, reducing material waste
and machining errors (I8 gaHe ot 3cqfcid Peal & 3R
Yt <l SEiél A et )|

Q11. Considering the distinct graphical elements
and text, which statement provides the most
accurate analysis of the relationship between
these two procedural steps? / 3 gt ufeharetes aat &
ofter deler av faeIR e gU, 19 AT FUF I AAT- 3T

w1l &1 999 TS RAr=qvor §?
A/\A
&
Verify Path Job Safety
AR S e 3 gren
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(a) 'Verify Path' focuses specifically on checking a
procedural plan or technical route, while 'Job Safety’
focuses on overall personnel and environmental
protection. / '0Y ¥AIUd ' AW U & T ufchataren
IS AT dcheiteh! AT I SiTa et OR hisd 8, STafch 'A<t ht
TR Ty vl ofik vafarfia gren w S 8

(b) 'Verify Path' is for equipment checks, while 'Job
Safety' is for human safety training. / 'oJ Ifud &'
UM hl ST oh foTq &, STarfch "Fieh<t ht REM' AT a GRET
gferor & g 81

(c) 'Job Safety' must always precede 'Verify Path' for a
complex task. / e Sifed @i & g '+t i grem' &t
A 'Y G &' T Uge! g1 918y

(d) The checks are identical in scope and purpose,
and both can be performed simultaneously. / 3 Sifd
TR 3R I | GHM 8, 3R &1 ! Yab I1 fohar ST Thal 8
Ans. a | Sol. : The graphic elements clearly distinguish
their specific focus. 'Verify Path' uses a computer
monitor and magnifying glass over a route/plan,
indicating a check of a specific process step or route.
'Job Safety' uses a shield and multiple warning icons,
symbolizing broad, holistic protection and risk
mitigation for the people and the environment
involved in the job. / &eT: Tftha WE ¥4 ¥ 3ch [AfrE
Thichd ahl 31T &hRd &1 'TY TATU e’ Teh AT /THTT IR
AR 3R srraefen o T IUANT el 8, ST Geh fafre ufchar
TROT T AR <hl ST T Hohd &l 81 'A<t i JRe&' Tah e
3R g Adra-t FRAGT el ITTNT et 8, S et # et
3R gaferoT & folg T, T TRETUT 3R SfEH —gAtehor a1
Uclteh 81

Q12. To simulate a roughing process accurately in
Artisan, which setting is most crucial? / Artisan t: |
I ufdhar &1 | A & & fag o= o |@fén

T Ay §?

(a) Final surface finish / sifaw gag fefAr

(b) Toolpath step-over / geuTy ¥U-3iter

(c) Post-processing template / TRe-TIATRAT ¢ete

(d) Cutting coolant type / & geie UdR

Ans. b | Sol. : Step-over (¥u-3ieR) defines the lateral
distance between tool passes, crucial for roughing
accuracy (RU-3iteR g UTH o &1 chl g3 ahl TRATIT el
2, 7t <tk Tehel 3 forg Hgeyut 2)

Q13.In NC code generation, selecting the wrong
post-processor can cause / NC &g S¥R2M & Tad
URe-UIEER T & o1 g 9ahdl 82

(a) Better cutting efficiency / SgdR e gerar

(b) Wrong machine commands / 7ad #2fi9 &Hig

(c) Reduced machining errors [ \sfif Ffeat & st

(d) Faster toolpath creation / st gerary fasfor

Ans. b | Sol. : Wrong post-processor (TTed UiRe-HideR)
generates incorrect machine-specific codes leading to

errors (Tg Terd AfH-RAE Hs Io=a w=ar g, e Ffeat
gicit 8) |
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