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FOREWORD

The Government of India has set an ambitious target of imparting skills to 30 crores people, one out of every
four Indians, by 2020 to help them secure jobs as part of the National Skills Development Policy. Industrial
Training Institutes (ITIs) play a vital role in this process especially in terms of providing skilled manpower.
Keeping this in mind, and for providing the current industry relevant skill training to Trainees, ITI syllabus
has been recently updated with the help of Media Development Committee members of various stakeholders
viz. Industries, Entrepreneurs, Academicians and representatives from ITls.

The National Instructional Media Institute (NIMI), Chennai, has now come up with instructional material to
suit the revised curriculum for Draughtsman Mechanical 1%t Year Trade Practical NSQF Level- 4
(Revised 2022) in Capital Goods and Manufacturing Sector under Yearly Pattern. The NSQF
Level - 4 (Revised 2022) Trade Practical will help the trainees to get an international equivalency standard
where their skill proficiency and competency will be duly recognized across the globe and this will also
increase the scope of recognition of prior learning. NSQF Level - 4 (Revised 2022) trainees will also get the
opportunities to promote life long learning and skill development. | have no doubt that with NSQF Level - 4
(Revised 2022) the trainers and trainees of ITls, and all stakeholders will derive maximum benefits from
these Instructional Media Packages IMPs and that NIMI's effort will go a long way in improving the quality
of Vocational training in the country.

The Executive Director & Staff of NIMI and members of Media Development Committee deserve appreciation
for their contribution in bringing out this publication.

Jai Hind

Addl. Secretary / Director General of Training
Ministry of Skill Development & Entrepreneurship,
Government of India.

New Delhi - 110 001
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PREFACE

The National Instructional Media Institute (NIMI) was established in 1986 at Chennai by then Directorate
General of Employment and Training (D.G.E & T), Ministry of Labour and Employment, (now under Directorate
General of Training, Ministry of Skill Development and Entrepreneurship) Government of India, with technical
assistance from the Govt. of Federal Republic of Germany. The prime objective of this Institute is to develop
and provide instructional materials for various trades as per the prescribed syllabus under the Craftsman
and Apprenticeship Training Schemes.

The instructional materials are created keeping in mind, the main objective of Vocational Training under
NCVT/NAC in India, which is to help an individual to master skills to do a job. The instructional materials are
generated in the form of Instructional Media Packages (IMPs). An IMP consists of Theory book, Practical
book, Test and Assignment book, Instructor Guide, Audio Visual Aid (Wall charts and Transparencies) and
other support materials.

The trade practical book consists of series of exercises to be completed by the trainees in the workshop.
These exercises are designed to ensure that all the skills in the prescribed syllabus are covered. The trade
theory book provides related theoretical knowledge required to enable the trainee to do a job. The test and
assignments will enable the instructor to give assignments for the evaluation of the performance of a trainee.
The wall charts and transparencies are unique, as they not only help the instructor to effectively present a
topic but also help him to assess the trainee's understanding. The instructor guide enables the instructor to
plan his schedule of instruction, plan the raw material requirements, day to day lessons and demonstrations.

IMPs also deals with the complex skills required to be developed for effective team work. Necessary care
has also been taken to include important skill areas of allied trades as prescribed in the syllabus.

The availability of a complete Instructional Media Package in an institute helps both the trainer and
management to impart effective training.

The IMPs are the outcome of collective efforts of the staff members of NIMI and the members of the Media
Development Committees specially drawn from Public and Private sector industries, various training institutes
under the Directorate General of Training (DGT), Government and Private ITls.

NIMI would like to take this opportunity to convey sincere thanks to the Directors of Employment & Training
of various State Governments, Training Departments of Industries both in the Public and Private sectors,
Officers of DGT and DGT field institutes, proof readers, individual media developers and coordinators, but for
whose active support NIMI would not have been able to bring out this materials.

Chennai - 600 032 EXECUTIVE DIRECTOR
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INTRODUCTION
TRADE PRACTICAL

The trade practical manual is intented to be used in workshop . It consists of a series of practical exercises

tobe completed by the trainees during the course of the Draughtsman Mechanical trade supplemented and
supported by instructions/ informations to assist in performing the exercises. These exercises are designed
to ensure that all the skills in compliance with NSQF LEVEL - 4 (Revised 2022)

The manual is divided into Ten modules.

Module 1 Importance of trade training and Safety

Module 2 Basic Engineering drawing - Types of curves - Methods of dimensioning -
Types of scales

Module 3 Projection - Freehand sketching of different part of machines
Module 4 Sectional views
Module 5 Development of surfaces and interpreteration of solids in orthographic projection

Module 6 Isometric projection from orthographic views (viceversa) oblique projection from
orthographic views

Module 7 Specification of different types of fasteners and locking devices as per SP 46 2003
Module 8 Allied trade

Module 9 Tolreances - Machining symbol - surface finishing symbols - Geometrical
tolerances - sectional view

Module10 Computer Operation

The skill training in the shop floor is planned through a series of practical exercises centred around some
practical project. However, there are few instances where the individual exercise does not form a part of project.

While developing the practical manual a sincere effort was made to prepare each exercise which will be easy
tounderstand and carry outeven by below average trainee. However the developmentteam accept thatthere
is ascope for furtherimprovement. NIMI, looks forward to the suggestions from the experienced training faculty
forimproving the manual.

TRADETHEORY

The manual of trade theory consists of theoretical information for the course ofthe Draughtsman Mechanical
Trade. The contents are sequenced according to the practical exercise contained in the manual on Trade
practical. Attempt has been made to relate the theoretical aspects with the skill covered in each exercise to
the extent possible. This co-relation is maintained to help the trainees to develop the perceptional capabilities
for performing the skills.

The Trade theory has to be taught and learnt along with the corresponding exercise contained in the manual
on trade practical. The indicating about the corresponding practical exercise are given in every sheet of this
manual.

It will be preferable to teach/learn the trade theory connected to each exercise atleast one class before
performing the related skills in the shop floor. The trade theory is to be treated as an integrated part of each
exercise.

The material is not the purpose of self learning and should be considered as supplementary to class room
instruction.
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CONTENTS

-
Exercise No. Title of the Exercise Learning | Page No.
Outcome

Module 1 : Importance of trade training and Safety
1.1.01 Importance of training - List of tools and machinery

used in trade 1
1.1.02 Safety use of personal protective equipment (PPE) and

japanese 5s concept 5
1.1.03 First aid method and basic training 10
1.1.04 Disposal of waste materials 1 16
1.1.05&1.1.06 Hazards identification (symbolic) and avidance 18
1.1.07 Preventive measure for electrical accidents and steps to be

taken in such accidents 21
1.1.08 Uses of fire extinguisher 24

Module 2 : Basic Engineering drawing - Types of curves -

Methods of dimensioning - Types of scales

1.2.09 Perform assignment using drawing instruments. 1 27
1.2.10 Draw triangle of different types and a parallelogram with a given

length and angle 35
1.2.11 Construct regular polygons cup to mm 8 sides one equal base 39
1.2.12 Draw inscribed and circumscribed circles of traingle -

pentagon - and hexagon 4
1.213&1.2.14 Draw an angle of bisector and a line bisector and divide a line

into any number of equal parts 43
1.2.15 Layout of A3 drawing sheet as per SP 46 - 2003 and title block

with all informations details and folding of sheets 44
1.2.16 Draw different types of lines and write their uses show most of

the lines in a drawing line 48
1.2.17 Draw block letters and numerals in single strike and double

strike of ratio 7:4 and 5:4 50
1.2.18 Construction of ellipse - parabola - hyperbola - in different

methods 53
1.2.19 Construction of involutes - cycloid curves - helix - spiral 58
1.2.20 Objects drawing with dimensions of different alignment as per

SP - 46 - 2003 64
1.2.21 Draw plain scale - diagonal scale - Comparative scale -

vernier scale - scale of card 69

Module 3 : Projection - Freehand sketching of different

part of machines

1.3.22 Orhtographic projection of points and lines 74
1.3.23 Projection of plane figures 1 78
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Ve

Exercise No. Title of the Exercise Learning Page No.
Outcome

1.3.24 Orthographic projection of solids - prisons - Cylinders -

cones - pyramids 86
1.3.25 Orthographic projection of cut sections fruston of solids - 2

prisons - cylinder - cones - pyramids 92
1.3.26 Draw in free hand lathe tool post - bench vice - cutting tools

- Bolt - Nut and steel - gland - pipe flanges hand wheel -

crane hook - steel Bracket 92

Module 4 : Sectional views
1.4.27 Conventional signs and symbols 100
1.4.28 Draw different types of sectional lines - abbreviations for 5

different materials as per SP - 46 - 2003 105
1.4.29 Orthographic drawing of solids cube - prisons - cone &

pyramids - Finding the true shape of the surfaces cut by

oblique flames 107

Module 5 : Development of surfaces and interpreteration

of solids in orthographic projection

1.5.30 Surface development of cylinder - prisons - cone - pyramids

and their fruston 112
1.5.31 Development of an oblique cone with elliptical base 116
1.5.32 Development of a three pieces pipe elbow - a pipe hole

through it - a bucket and a funnel 117

34,5

1.5.33 Construct orthographic of interpenetrating solids (cylinder -

cones - prisons & pyramids) axes at right angles to each other

and inclined to each other 122
1.5.34 Generate the curves of intersection of cylinder penerating

through a sphere - cone and a cylinder 126

Module 6 : Isometric projection from orthographic views

(vice versa) oblique projection from orthographic views
1.6.35 Construct isometric views of polygons and circular lamina 136
1.6.36 Draw isometric views of solids geometrical figures from

orthographic views 139
1.6.37 Draw isometric views of a trincated cone and pyramid 148
1.6.38 Drawing the orthographic views of given blocks 149

5,6,7

1.6.39 Construct orthographic views of given mechanic blocks and

other related exercises 151
1.6.40 Draw the isometric view of the simple journal bearing 157
1.6.41 Draw the obliques projection of circular lamina in reading

axes at 30° & 45° 159
1.6.42 Draw oblique projection of given blocks 160
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( Exercise No. Title of the Exercise Learning Page No.
Outcome
Module 7: Specification of different types of fasteners
and locking devices as per SP 46 2003
1.7.43 Draw screw threads with SP - 46 - 2003 - conventions 163
1.7.44 Draw different types of bolts - studs - nuts - and washers as
per IS - 46 - 2003 conventions 169
1.7.45 Draw different devices of locking arrangement of nuts,
machine screws, cap screws, set screws as per conventions 177
1.7.46 Draw the half sectional views of the couple nuts 182
1.7.47 Draw four different types of foundation bolt 183
1.7.48 Draw fillet weld and bolt weld joint.specifying basic term
of joint 184
1.7.49 Draw a weld joint representing the position and dimensioning
of the weld with conventional symbols on the drawing 186
1.7.50 Draw the section of welded steel structural column and
bracket fabricated by plate 189
1.7.51 Draw half sectional views of a colter joint with socket 78
and spigot ends ’ 192
1.7.52 Draw the different types of keys - splined shaft -
circlips and pins as per convention 194
1.7.53 Draw different types of pipe settings 199
1.7.54 Draw pipe joints flanged joint, welded joint, threaded joint -
socket and spigot joint 201
1.7.55 Draw rolled steel section as per is specifications 204
1.7.56 Draw the different types of rivet heads as per conventions 206
1.7.57 Draw rivetal joints of lab joint with covers in chain and
zigzag orientation 208
Module 8: Allied trade
1.8.58 Use of different types fitters hand tools 213
1.8.59 Work on M.S Plate as per drawing exercises.
Drilling a hole on the centre mark. 218
1.8.60 - 1.8.63 Cut a round box in the power hacksaw machine to
the required size 223
1.8.64 Use of jix and fixtures - simple operation - plain milling 228
1.8.69-1.8.70 Use of hand tools - planishing - hammers stakes - millet -
bries brick punch 237
1.8.71-1.8.73 Use of hand tools used in gas and electric arc welding
1.8.74 Different types of cores 8,9,10 261
1.8.75 Prepare a simple wiring diagram for a residential room and
identifying electrical equipment and measuring instruments 265
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( Exercise No. Title of the Exercise Learning Page No.
Outcome

1.8.76 Identifying different parts of IC engines (spark isoliation-

compression ingnition - two stroke and four stroke engines 271

Module 9: Tolreances - Machining symbol - surface

finishing symbols - Geometrical tolerances - sectional

views
1.9.77 Draw the diagram illustrating basic size - devitation and

tolerances 274
1.9.78 Draw the symbols for machining and surface finishes

(grades and micron valves) 10,11 275
1.9.79 Draw the septem of indication of geometrical tolerances of

form and position as per standard 278
1.9.80 Draw the machine part indicating geometrical tolerances 279
1.9.81 Construction of sectional view of muff coupling 283
1.9.82 Draw the tooth profile of a spar gear (30 teeth) 297
1.9.83 Draw two bevel gears in mesh 302

Module 10: Computer Operation
1.10.84 Perform computer operations 303
1.10.85 Create, save and printin a document name sheet,

work sheet and pdf 309

1

1.10.86 Perform application in CAD 317
1.10.87 Create 2D objects using absolute coordinate system

poler coordinate system and relative coordinate system 323
1.10.88 &89 Create Geometrical figures and tools 341

(x)




([ LEARNING OUTCOME |

On completion of this book you shall be able to

S.No. Learning Outcome Ref. Ex.No.
1 Construct different Geometrical figures using drawing Instruments following

safety precautions. 1.1.01-1.3.22
2 Draw orthographic Projections giving proper dimensioning with title block

using appropriate line type and scale. 1.3.23-1.4.28
3 Construct free hand sketches of simple machine parts with correct proportions. 1.5.29
4 Construct plain scale, comparative scale, diagonal scale and vernier scale 1.5.30
5 Draw Sectional views of orthographic projections. 1.5.31-1.6.33
6 Develop surface and interpenetration of solid in orthographic projection. 1.6.34-1.6.38
7 Draw isometric projection from orthographic views (and vice-versa) and draw

oblique projection from orthographic views. 1.6.39-1.7.47
8 Draw and indicate the specification of different types of fasteners, welds and

locking devices as per SP-46:2003 1.7.48-1.8.62
9 Acquire basic knowledge on tools and equipments and their application in Allied

trades viz. Fitter, Turner, Machinist, Sheet Metal Worker, Welder,

Foundry man, Electrician and Maintenance Motor Vehicles. 1.8.63-1.8.72
10 Construct different types of gears, couplings and bearings with tolerance

dimension and indicating surface finish symbol. 1.8.73-1.9.81
11 Perform computer application and create 2D objects on CAD drawing space using

commands from ribbon, menu bar, toolbars and by typing in command prompt. 1.9.82-1.10.89
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SYLLABUS

Duration

Reference
Learning
Outcome

Professional Skill
(Trade Practical)
(With inidcative hour)

Professional Knowledge
(Trade Theory)

Professional
Skill 120Hrs;

Professional
Knowledge
26Hrs

Construct differ-
ent Geometrical
figures wusing
drawing Instru-
ments following
safety precau-
tions. (CSC/
NO402)

1 Importance of trade training, List of
tools & Machinery used in the trade.
(02 hrs)

2 Safety attitude development of the
trainee by educating them to use
Personal Protective Equipment
(PPE). (05 hrs)

3 FirstAid Method and basic training.
(03 hrs)

4 Safe disposal of waste materials like
cotton waste, metal chips/burrs etc.
(02 hrs)

5 Hazard identification and avoidance.
(02 hrs)

6 Safety signs for Danger, Warning,
caution & personal safety message.
(02 hrs)

7 Preventive measures for electrical ac-
cidents & steps to be taken in such
accidents. (05 hrs)

8 Use of Fire extinguishers. (07 hrs)

Importance of safety and general precau-
tions

observed in the industry/shop floor. All
necessary guidance to be provided to the
newcomers to become familiar with the
working of Industrial Training Institute
system including stores procedures.
Soft Skills: its importance and Job area
after completion of training.

Introduction of First aid. Operation of elec-
trical mains. Introduction of PPEs. Intro-
duction to 5S concept & its application.
Response to emergencies e.g. power fail-
ure, fire, and system failure.(04 hrs.)

Perform assignment using drawing in-

struments:

9 Draw straight lines of a given length.
(01hr)

10 Draw perpendicular, inclined (given
angle) and parallel lines. Draw tri-
angles with given sides and angles.
(03hrs)

11 Construct regular polygons (up to 8
sides) on equal base. (04hrs)

12 Draw inscribed and circumscribed
circles of triangle, pentagon and
hexagon. (04hrs)

13 Draw a parallelogram with a given
length included angle. (02hrs)

14 Draw an angle bi-sector and a line
bi-sector. (08hrs)

15 Divide aline into given equal divisions.
(06hrs)

Nomenclature, description and use of
drawing instruments & various equip-
ments used in drawing office. Their care
and maintenance.(04 hrs.)

Lay out and designation of a drawing sheet
as per Sp -46 : 2003

Recommended scale of engineering
drawing as per Sp -46 : 2003

Types of Lines and their application.
Folding of prints for filing Cabinets or bind-
ing as per SP: 46-2003. (06 hrs.)

16 Layout a A3 drawing sheet as per
Sp -46 : 2003 with margin and name
plate. (05hrs)

17 Draw a sample title block providing
details as:

(i) Title of the drawing

(i) Sheet number

(iii)Scale

(iv)Symbol, denoting the method of pro-
jection

(v) Revision with sign

(vi) Name of the firm

(vii) Initials of staff drawn, checked and
approved. (05hrs)
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18 Draw different types of lines & write
their uses in drawing. (05hrs)

19 Label a drawing views showing most
of the types of line.(13hrs)

20 Write Block letters & numerals in
single & double stroke of ratio 7:4
and 5:4 in drawing sheet. (18hrs)

Type of lettering proportion and spac-
ing of letters and words.(06 hrs.)

21 Construction of ellipse, parabola &
hyperbola in different methods.
(10120hrs)

22 Construction of involutes, cycloid
curves, helix & spiral. 08hrs)

Definition of ellipse, parabola,
hyperbola,different methods of their
construction. Definition & method of
drawing involutes cycloid curves, helix
& spiral.(06 hrs.)

Professional
Skill 60 Hrs;

Professional
Knowledge
15Hrs

Draw orthographic
Projections giving
proper dimensioning
with title block using
appropriate line type
and scale. (CSC/
NO402)

23 Construct object drawing with dimen-
sioning in different alignment as per
SP-46. (03hrs)

24 Create dimensions in previous as-
signments. (15hrs)

Terminology - feature, functional feature,
functional dimension, datum dimen-
sion, principles.

Units of dimensioning, System of di-
mensioning, Method of dimensioning &
common features. (04 hrs.)

25 Draw orthographic projection of
points and lines. (08 hrs)

26 Draw projection of plane figures
(lamina). (12 hrs)

Methods of obtaining orthographic view.
Position of the object, selection of the
views, three views of drawing. Planes
and their normal projections.(04 hrs.)

27 Draw orthographic projection of sol-
ids- prisms, cylinders, cones, pyra-
mids. (10 hrs)

28 Draw orthographic projection of cut
section/ frustums of solids- prism,
cylinders, cones, pyramids. (12hrs)

Orthographic projection.

First angle and third angle projection.
Principal of orthographic projection.
Projection of solids like prism, cones,
pyramids and their frustums. (05 hrs.)

Professional
Skill 15Hrs;

Professional
Knowledge
06Hrs

Construct free hand
sketches of simple
machine parts with
correct proportions.
(CSC/NO402)

29 Free hand sketch (in proper propor-
tion) of tool post of a Lathe, Bench
Vice, Cutting Tools, Bolts, Stud &
Nut, gland, Pipe Flange, Hand
Wheel, Crane hook, Steel bracket.
(15hrs)

Methods of free hand sketching for ma-
chine parts.(06 hrs.)

Professional
Skill 15Hrs;

Professional
Knowledge
06Hrs

Construct plain
scale, comparative
scale, diagonal
scale and vernier
scale(CSC/NO402)

30 Draw plain scales, diagonal scales,
comparative scales, venire scale &
scale of chords. (15hrs)

Knowledge of different types of scales,
scale of cords, their appropriate uses,
Principle of R.F, diagonal &vernier.
(06 hrs.)

Professional
Skill 30Hrs;

Professional
Knowledge
12Hrs

Draw Sectional
views of ortho-
graphic projections.
(CSC/NO402)

31 Sketch Conventional sings and sym-
bols. (05hrs)

32 Sketch different types of section lines
and abbreviations for different mate-
rials as per SP-46:2003. (05hrs)

33 Draw Orthographic drawing of solids
(viz., cube, prisms, cone and pyra-
mids) finding out the true shape sur-
faces cut by oblique planes. (20hrs)

Knowledge of solid section.

Types of sectional views & their uses.
Cutting plane and its representation.
Parts not shown in section. Conven-
tional signs, symbols, abbreviations &
hatching for different materials.
Solution of problems to find out the true
shape of surfaces when solids are cut
by different cutting planes.(12 hrs.)

Professional
Skill 82Hrs;

Professional
Knowledge
20Hrs

Develop surface and
interpenetration of
solid in orthographic
projection.

(CSC/NO402)

34 Construct the development of surface
of cylinder, prisms, Cone, pyramids
and their frustum. (18hrs)

35 Draw development of an oblique cone
with elliptical base. (05hrs)

36 Draw the developmentofa 3-pieces
pipe elbow, a pipe hole through it, a
bucket and a funnel. (13hrs)

Definition of development, its need in
industry & different method of develop-
ing the surfaces.

Development of surfaces bounded by
plane of revolution intersecting each
other.

Development of an oblique cone with
elliptical base etc. Calculation of de-

(xiii)




veloped lengths of geometrical sol-
ids.(10 hrs.)

37 Construct orthographic projection of
interpenetrating solids (cylinder,
cones, prism & pyramid) of axes
right angle to each other and axes
inclined to each other. (26hrs)

38 Generate the curves of intersection
of cylinder penetrating through a
sphere, cone and a cylinder. (20hrs)

Definition of Intersection & interpenetra-
tion curves. Common method to find out
the curve of interpenetration.

Solution of problems on interpenetra-
tion of prism, cones, & pyramids with
their axes intersecting at an angle. In-
tersection of cylinder.(10 hrs.)

Professional
Skill 82 Hrs;

Professional
Knowledge
20Hrs

Draw isometric pro-
jection from ortho-
graphic views (and
vice-versa) and draw
oblique projection
from orthographic
views.

(CSC/NO402)

39 Construct the isometric view of Poly-
gons and circular lamina. (08 hrs)

40 Draw isometric view of solid geo-
metrical figures from orthographic
views with dimension. (08 hrs)

41 Draw isometric views of truncated
cone and pyramid. (08hrs)

Principle of isometric projection and Iso-
metric drawing. Methods of isometric
projection and dimensioning. Isometric
scale. Difference between Isometric
drawing & Isometric projection.

(04 hrs.)

42 Construct orthographic views from
isometric drawing of solid blocks
with holes, grooves, notches, dove-
tail cut, square cut, round cut,
stepped, etc. (10hrs)

43 Construct orthographic views of
hanger, bracket & support (08 hrs)

44 Draw isometric view of V-
block, Angle plate, sliding block.
(10 hrs)

45 Draw isometric drawing of a simple
Journal Bearing. (08 hrs.)

Principles of making orthographic views
from isometric drawing.

Selection of views for construction of
orthographic drawings for clear descrip-
tion of the object. (10 hrs.)

46 Draw oblique projection of circular
lamina in receding axis at 30° & 45°.
(05hrs)

47 Draw oblique projection of levers and
hollow blocks. (17 hrs)

Principle and types of oblique projec-
tion.

Advantage of oblique projection over iso-
metric.

Projection. (06 hrs.)

Professional
Skill 130 Hrs;

Professional
Knowledge
30Hrs

Draw and indicate
the specification of
different types of fas-
teners, welds and
locking devices as
per SP-46:2003

(CSC/NO402)

48 Draw Screw threads with SP-
46:2003 conventions. (08hrs)

49 Draw different types of bolts, studs,
nuts and washers as per SP-46:2003
conventions. (08hrs)

50 Draw different locking arrangement
of nuts, machine screws, caps
screw set screw as per convention.
(08hrs)

51 Draw a half sectional view of a cou-
pler nut. (04hrs)

52 Draw four different types of founda-
tion bolt. (16hrs)

Screw threads, terms nomenclature,
types of screw thread, proportion and
their uses, threads as per SP-46:2003
conventions.

Types of bolts, nuts and studs, and their
proportion, uses.

Different types of locking devices. Dif-
ferent types of machine screws, cap
screws, set screws as per specifica-
tion.

Different types of foundation bolts and
their uses.(10 hrs.)

53 Draw fillet weld and butt weld joint
specifying the basic term of the joint.
(05hrs)

54 Draw a weld joint representing the
position and dimensioning of the
weld with conventional symbols on
the drawing. (06hrs)

55 Draw section of welded steel struc-
tural column & bracket fabricated by
plate. (10hrs)

Description of Welded Joints and their
representation (Actual and Symbolic)
Indication of Welding Symbol on draw-
ing as per SP-46. (04 hrs.)

Different types of keys (Heavy duty and
Light duty) cotters, splined shaft, pins
and circlips.

Calculation of sizes and proportions of
keys. (06 hrs.)
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56 Draw a half-sectional view of Cotter
joint with socket and spigot ends.
(12hrs)

57 Draw different types of Keys, splined
shaft, circlips and pins as per con-
vention. (08 hrs)

58 Draw the different types of pipe fit-
tings. (06 hrs)

59 Draw pipe joints: flanged joint,
welded joint, threaded joint, socket
and spigot joint.(18hrs)

Pipe Joints: selection of materials as
per carrying fluid and conditions.
Description of different pipe joints fit-
ted on pipe.

Expansion joint, loop and other pipe fit-
tings. (04 hrs.)

60 Draw rolled steel sections as per IS
specification. (05hrs)

61 Draw the different types of rivet heads
indicating the dimensions related to
diameter of the rivet as per conven-
tion. (08hrs)

62 Draw riveted joints of lap and butt
with covers in chain and zig-zag ori-
entation. (08hrs)

Types of rivets, their size proportions
and uses. Types of riveted joints, terms
and proportions of riveted joints. Con-
ventional representation. Relation be-
tween rivet size and thickness of plates
and calculation for arrangement of riv-
ets position.

Causes of failure of riveted joint effi-
ciency of riveted joints. (06 hrs.)

Professional
Skill 130Hrs;

Professional
Knowledge
30Hrs

Acquire basic
knowledge on tools
and equipments and
their application in
Allied trades viz. Fit-
ter, Turner, Machin-
ist, Sheet Metal
Worker, Welder,
Foundry man, Elec-
trician and Mainte-
nance Motor Ve-
hicles. (CSC/
NO402)

Allied Trade- Fitting

63 Use of different types of fitters hand
tools. (06hrs)

64 Work on MS plate by filing, hack
sawing, check dimensions, mark the
plate, punch centre mark, cut a v-
notch by chisel, drill a hole on the
center mark. (16hrs)

Description and application of simple
measuring tools. Description of vices,
hammers, cold chisel, files, drills, etc.-
proper method of using them. Method
of using precision measuring instru-
ment.

Maintaining sequence of operation in
fitting shop and safety precaution.
(04 hrs.)

Allied Trade Turning

65 Cut a round bar in power saw, cen-
tering and facing the bar, perform the
turning, grooving, stepped and taper
operation on the bar. (20hrs)

Safety precaution for lathes. Descrip-
tion of parts of Lathe & its accesso-
ries. Method of using precision mea-
suring instrument such as inside & out-
side micrometers, depth gauges,
verniercallipers, dial indicators, slip
gauges, sine bars, universal bevel pro-
tractor, etc. (04 hrs.)

Allied Trade Machinist:

66 Use of jigs and fixtures Simple op-
erations on milling machine such as
plain-milling and key way cutting.
(10 hrs)

67 Mark out on castings and forgings
work piece, set up and perform op-
eration of shaping, slotting and plan-
ning machines. (10 hrs)

Brief Description of milling, shaping,
slotting and planning machines.
Quick return mechanism of these ma-
chines.

Maintaining sequence of operation in
machine shop and safety precaution.
(06 hrs.)

68 Allied Trade: Sheet Metal

Use of hand tools such as
planishing,hammers stakes, mallet,
bricks prick punch etc. Mark and
cut a sheet to make a container.
(20hrs)

Brief description of common equipment
required for sheet metal work. Different
types of joints used in sheet metal work.
(04 hrs.)

Allied Trade: Welding
69 Use of hand tools used in gas and
in electric arc welding

Maintaining sequence of operation in
machine shop and safety precaution.

Brief description of the hand tools used
gas & arc welding. Different types of

(xv)




Weld an object according to drawing.
(12hrs)

70 Foudryman/Moulder

Different types of mould, cores and core
dressing, use of moulding tools.
(12hrs)

Allied Trade: Electrician

71 Prepare a simple wiring for residen-
tial room. Identify the electrical equip-
ment and measuring
instruments.(12hrs)

Allied Trade: MMV- IC Engine

72 ldentify different parts of IC Engines
(Both spark ignition & compression
ignition-2 stroke & 4 stroke engines).
(12hrs)

welded joints and necessary prepara-
tion required for these.

Safety precautions, Hand tools used
for molding. The description, use and
care of hand tools.(06 hrs.)

Safety precaution maintained in elec-
trician shop.

A.C & D.C Motors Generators of com-
mon types and their uses and brief de-
scription of common equipment nec-
essary for sheet metal work. Electri-
cal units and quantities. Laws of elec-
tricity. Simple examples of calculation
of current voltage, resistance in series
and parallel connection (D.C.Circuit).
Brief description of internal combus-
tion engines, such as cylinder block
piston, carburettor spark plug, cam-
shaft, crank shaft, injector fuel pump
etc. (06 hrs.)

Professional
Skill 120Hrs;

Professional
Knowledge
26Hrs

Construct different
types of gears, cou-
plings and bearings
with tolerance di-
mension and indi-
cating surface finish
symbol.

(CSC/NO402)

73 Draw the diagram illustrating basic
size deviations and tolerances.
(03hrs)

74 Draw symbols for machining and
surface finishes (grades and micron
values) (03hrs)

75 Draw the system of indication of
geometrical tolerances of form and
position as per standard:
Straightness, flatness, circularity,
cylindricity, parallelism, perpendicu-
larity, angularity, concentricity,
coaxiality, symmetry, radial run-out,
axial run-out. (10hrs)

76 Construct a machine partindicating
geometrical tolerance. (08hrs)

Limits, fit, tolerance.

Toleranced dimensioning, geometrical
tolerance. Indications of symbols for
machining and surface finishes on
drawing(grades and micron values)
Production of interchangeable parts,
geometrical tolerance. Familiarization
with IS: 919, 1S:2709.(06 hrs.)

Construct the sectional view of:

77 Muff coupling, (06hrs)

78 Flanged coupling, (10hrs)

79 Friction grip coupling. (10hrs)

80 Pin type flexible coupling, (10hrs)

81 Universal coupling. (10hrs) (conven-
tional method)

Couplings, necessity of coupling, clas-
sification of couplings.

Uses and proportion of different types
of couplings.

Materials used for couplings.
(10hrs.)

Draw detailed and assembly draw-
ing of:

82 Simple bearing (03hrs)

83 Foot step bearing. (03hrs)

84 Plummer block. (08hrs)

85 Self-aligning bearing (swivel bearing).
(08hrs)

86 Construct tooth profile of a spur gear
above 30 teeth. (10hrs)

87 Draw two spur gears in mesh (08hrs)

88 Draw two bevel gears in mesh (10hrs)

Knowledge of bearing to reduce fric-
tion, types of bearing, frictional and anti-
frictional bearings.

Material used for frictional bearings.
Properties of frictional bearing (sliding
bearing) materials.

Parts of anti-frictional bearings (ball,
roller, thrust ball, needle & taper roller).
Materials and proportion of parts. Dif-
ference between frictional and anti-fric-
tional bearings. Advantages of anti-fric-
tional bearings. (05hrs.)

Gears and gear drives- uses, types,
nomenclature and tooth profiles.
(05 hrs.)

(xvi)




Professional
Skill 56Hrs;

Professional
Knowledge
15Hrs

Perform computer
application and cre-
ate 2D objects on
CAD drawing space
using commands
from ribbon,menu
bar,tool bars and by
typing in command
prompt.

89 Perform computer application

(05hrs)
i) create new folder,

ii) add subfolders,

iii) create application files,

iv) change appearance of
windows,

V) search forfiles,

vi) sort files,

vii) copy files,

viii)create shortcut folder,

ix) create shortcuticon in
desktop and taskbar

x) move files to and from

removable disk/ flash drive.

xi) install a printer from driver
software in operatingsystem.
Create, save and printa
document, worksheet and
pdf (portable document
format) files.(10hrs)

Introduction to computer, Windows
operating system, file management
system.

Computer hardware and software
specification.

Knowledge of installation of
application software.(04 hrs.)

(xvii)







Capital Goods and Manufacturing Exercise 1.1.01
Draughtsman Mechanical - Importance of trade training and safety

Importance of training - List of tools and machinery used in trade

Objective: At the end of this exercise you shall be able to
* over view about the trade.

» Draughtsman mechanical trade is basically differ from » Beingadraughts man mechanical he plays animportant
othertrade role in the capital goods and manufacturing.

* Practicals are conducted in the classroom instead of * He prepares working drawings and even in CAD with
conducting in shop floor. required limits-fits and tolerances.

* Trainees has been taught basic knowledge of * Hencethetrade of D’man mechanicalis a vital trade in
geometrical construction, projections, development of I.T.

solids and sectional views. * Ithasmore job opportunity and even for self-employment

* Atraineeinthistrade has toundergo, Allied trainingin

various trades. » The following are the tools and equipment used by a

draughtsman mechanical in the course of training.
» Thetrades arefitting - turning - machinist - sheet metal
- welding - foundry - Electrician - MMV - IC.

Visit to various section of the ITI

Objectives: At the end of this exercise you shall be able to

* identify the ITI staffs their designation and their names

¢ list the trades available at your ITI

* mention the location of your ITI with respect to railway station/ bus stand and any land mark
* record the telephone numbers of ITI office, hospital, police station and fire station

* draw the layout of your section.

Exercise 1: Visit various section of ITl and acquaint + Identify the location of ITI with respect to railway station
with the staff members and bus stand and list of bus route numbers which ply
nearthe ITI.

* Collect the telephone numbers of ITI office, nearest
hospital, nearest police station and the nearest fire
station.

Exercise 2: Draw the layout of your section of ITI

» Draw the plan of your section to a suitable scale in a

TURNER separate sheet of paper (A4 size).

» Take the length and the breadth measurements of
[MACHINIST | | | [INSTRUCTOR | machine foundations, work benches, panels, wiring

cubicles, doors, windows, furniture etc.
« Draw the layout of the machines work benches panels
[ws |[ws] and furniture etc. The section plan should be same
scale as in step1 as per the actual placement of the
[ MacHINIST | [ws [[ws | machine foundation, panels, furniture work benches

MACHINIST FITTER etc.
+ Exercise 3: Road safety signal / Traffic signals

EXAMPLE LAYOUT ‘ Instructor will explain all the road safety sign

and traffic police signals

Instructor will lead the new recruits to various + Read the sign given and mention their kinds and the
section of ITI. meaning in the table1.

DMN1101H1

* During the visit collect information like the designation
of staff member, their name.

» lIdentify the sections in the ITI and list the trades in
which training is given.
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Get it checked by the instructor.
Exercise 4: Drawing equipment and instruments in
Table 2
Fig 1
9 EBONY
WORKING
EDGE
STRIPS
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DRAWING BOARD z
(=}
Fig 2
PARALLELOGRAMS FIXING CLAMP
BARS WITH SCREW
PIVOT
PLATE
PROTRACTOR HEAD
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Fig 3
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SHARP CONICAL POINT (FOR GENERAL LINE L
WORK AND LETTERING) GRADE MARK. DO
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(a) DRAWING PENCIL THIS END
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T*DRAFTING PENCIL LEADS AVAILABLE IN ALL GRADES
{(b) MECHANICAL PENCIL
||| =
T*FINE LEADS, REQUIRE NO SHARPENING -«
(c) FINE-LEAD MECHANICAL PENCIL %
DRAWING PENCILS é
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Fig 6
o
O [Or=—=p—
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/
/FINE ADJUSTMENT SCREW
o
o
BEAM COMPASS %
[a]
Fig 5

(a) 45° SET SQUARE

{b) 30° - 60° SET SQUARE
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Fig 7
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Fig 9
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Fig 8
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DRAWING INSTRUMENTS
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STEEL RULE WOODEN SCALE

DMN1101JH

Note : Instructor should ask the trainees to pre-
pare appropriate table for each topic and fill
the details. Guide the trainees to prepare the
table.

DMN1101JB

PROPORTIONAL DIVIDERS

DMN1101JG
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Capital Goods and Manufacturing

Exercise 1.1.02

Draughtsman Mechanical - Importance of trade training and safety

Safety - Use of personal protection equipment (PPE) and japanese 5s concept

Objectives: At the end of this exercise you shall be able to

* identify the places/machinery/equipments are to be cleaned
* collect the cleaning materials/devices required on cleaning
* clean the machines/equipment and devices installed in your section.

Requirements

Tools/ Equipments

* Portable vacuumcleaner/blower -1 No.

Materials

* Emerysheet'O'grade -1 No.

» Dusting cloth - asreqd.

* Dustbin - 3 Nos
(labeled)

Exercise 1: Practice on cleanliness

Switch-off all the machinery and equipment
before starting the cleaning. Use mask or
cover the mouth and nose.

Instructor has to briefthe Japanese 5S concept
to the trainees before starting the work.

I1S.Sort

11IS.Set in order
IS.Shine
IVS.Standardise
VS.Sustabin

58S concept

Identify the areas/equipment machine have to be
cleaned.

Keep the movable items at one place and group it.

Clean the dust carefully without damaging any part/
connection of the machine / equipment, by using
clothes.

Use wet dusting cloth to shine the areas to be cleaned/
wired.

Remove the rust in any of the parts of equipment or
devices by using emery sheet.

Do not remove any lubricants applied to the
machine for its function while wiping/cleaning.

Wear the PPE set to avoid accidents

6 Use vacuum cleaner to suck the dust from the places
where brush or cloth cannot be reached.

7 Collect the waste materials found in the lab and put it
in the dustbin specified for it, as shown in Fig 1.

Dusting and cleaning can be arranged in
groups of trainees under the supervision of
instructor.

8 Clean the places where water or oil spill over the floor
and dusting particles.

Note down any abnormal things you noticed in
particular while doing cleaning and report to
the instructor to take action to correct it.

9 Put back all the materials and equipment used for
cleaning.

10 Inspectinthe presence of instructor and ensure that all
the machines are working after cleaning.

11 Discuss with instructor anything you noticed in
particularand prepare areportifrequired tothe instructor.

Assign the cleaning work in batch wise daily
intothe trainees by the instructorinanarranged
manner. Dispose the waste as and when
required through stores.




SI. No. Sketches Name of Type of Uses
PPE protection
1 Fig 1
Fig 2
2
3 Fig 3
12 Get it checked by your instructor.
Fig 1
Organic In-Organic Metals
Waste Waste Scrap
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Importance of housekeeping & good shop floor practice

Objectives: At the end of this exercise you shall be able to

* follow the activities performed for better up keeping of working environment

« follow the good shop floor practices.

Exercise 1: Housekeeping
The following activities to be performed for better up keep
ofworking environment.

1 Cleaning of shop floor: Keep clean and free from
accumulation of dirt and refuse daily.

2 Cleaning of machines: Reduce accidents to keep
machines cleaned well.

3 Prevention of leakage and spillage: Use splash
guards in machines and collecting tray.

4 Disposal of scrap: Empty scrap, wastage, SWAB
fromrepective containersregularly.

5 Toolstorage: Use specialracks, holders forrespective
tools.

6 Storage spaces: |dentify storage areas forrespective
items. Do not park material in aisle.

7 Piling methods: Do not overload platform, floor and
keep material at safe height.

8 Material handling: Use forklifts, conveyors and hoist.

Good shop floor practices

* Good shop floor practices are motivating action plans
forimprovement of the manufacturing process.

All workers are communicated with daily target on
manufacturing activities.

Informative charts are used to post production, quality
standards.

Manufactured parts are inspected to ensure adherence
to quality standards.

Production processes are planned by engineering to
minimize product variation.

5S Methods are used to organize the shop floor and
productionlines.

Workers are trained on plant safety practices in
accordance with OSH standards.

Workers are trained on “root cause” analysis for
determining the causes of non - conformances.

A written preventive maintenance plan for upkeep of
plant machinery & equipment.

Management meets with plantemployees regularly to
getinputon process improvements.

Processimprovementteams are employed toimplement
“best practices”.

Use of personal protective equipment (Occupational Safety)

Objectives: At the end of this exercise you shall be able to

* read and interpret the different types of Personal Protective Equipment (PPE) from the chart (or) real PPE
¢ identify and name the PPEs for the corresponding type of protection and write their uses.

Requirements

Tools/ Equipments

» Chartshowing differenttypes
of PPEs -1 No.

Real PPEs (available in section) - asreqd.

Excercise 1: Identifying and name the PPEs -fill in to
table 1

Instructor may arrange the available different
types of PPEs in the table (or) provide the chart
showing the PPEs. Explain the types of PPEs

and their uses for corresponding hazards.

Identify the type of PPEs and write their names to the
corresponding PPE, by referring from chart (or) read
PPEs in Table 1.

Write their type of protection and uses in the blank
space provided against each PPE in Table 1.
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Table 1

SI. No. Sketches Name of Type of Uses
PPE protection
1 Fig 1
HELMET

I

=

z

=

o

Fig 2
STEEL TOE CAP
2
HIGH SLIP, OIL RESISTANT
AND ELECTRIC SHOCK PROOF SOLE
STEEL INNER SOLE
INDUSTRIAL SAFETY SHOE
STOUT LEATHER PREVENTS
INJURY TO THE ANCHILIES TENDON

@ :

8

z

INDUSTRIAL SAFETY BOOT g

2

S

z

=

[=]
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SI. No. Sketches Name of Type of Uses
PPE protection
4 Fig 4
5 Fig 5
6 Fig6

DMN1103H6
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Capital Goods and Manufacturing
Draughtsman Mechanical - Importance of trade training and safety

Exercise 1.1.03

First aid method and basic training

Objective: At the end of this exercise you shall be able to

°p

repare the victim for elementary first aid.

Requirements

Equipment/Materials

* No. of Persons (Instructor can divide
the trainees in suitable No. of groups.) - 20 Nos.

» Control panelarrangement -1 No.

+  Motor -1 No.
*  Rubbermat -1 No.
*  Wooden stick -1 No.

» 2personsfordemonstration purpose

PROCEDURE

Assumption - For easy manageability, Instructor may arrange the trainees in group and ask each group to
perform one method of resuscitation.

TASK 1: Prepare the victim before giving first aid treatment

1

Loosen the tight clothing which may interfere with the
victim’s breathing. (Fig 1)

Fig1

DMN1104H1

Remove any foreign materials or false teeth from his
mouth and keep the victim’s mouth open. (Fig 2)

Bring the victim safely to the level ground, taking
necessary safety measures. (Fig 3)

Do not waste too much time in loosening the
clothes or trying to open the tightly closed
mouth.

1

10

TASK 2: Prepare the victim to receive artificial respiration

If breathing has stopped, apply immediate artificial
respiration.

Send word for professional assistance. (If no other
personis available, you stay with the victimand render
help as best as you can)

Look for visible injury in the body and decide on the
suitable method of artificial respiration.

Have you observed ? (In this case you are told by the
instructor)

Fig 2

DMN1104H2

Fig 3

INJURED PARTS

DMN1104H3

4 Avoidviolentoperationsto preventinjury totheinternal

parts of the victim.

In the case of injury/burns to chest and/or belly follow
the mouth to mouth method.

In case the mouth is closed tightly, use Schafer's or
Holgen—Nelson method.

In the case of burn and injury in the back, follow
Nelson's method.

8 Arrange the victim in the correct position for giving

artificial respiration.



9 Placeth k victim in th ition.
All action should be taken immediately. ace the mogk victim In the recovery posttion

Del by af d be d 10 Coverthe victim with coat, sacks orimprovise your own
elay even by alew seconds may be dangerous. method. It helps to keep the victim's body warm.
Exercise extreme care to preventinjury tointernal

organs.

11 Proceed to perform the suitable artificial respiration
method.

Rescue a person and practice artificial respiration

Objectives: At the end of this exercise you shall be able to
e disconnect the victim from electric shock
* resuscitate the victim by

- nelson's arm - Lift back method

- schafer's method

- mouth to mouth method

- mouth to nose method.

PROCEDURE

TASK 1 : Disconnecting a person (mock victim) from a live supply (simulated). (Fig 1)

2 Remove the victim safety fromthe ‘live” equipment by

Fig 1
9 disconnecting the supply or using one of the items of
BUS BAR . . .
[ insulating material.
ey Do not run to switch off the supply that is far
DANGER || 9g]] away.

Do not touch the victim with bare hands until
the circuitis made dead or the victimis moved
away from the equipment.

Z

RUBBER MAT,

Push or pullthe victim from the point of contact

\7\@ of the live equipment, without causing serious

injury to the victim.

DMN1104J1

Move the victim physically to a nearby place.

Check for the victim's natural breathing and

1 Observe the person (mock victim) receiving an electric CONSCIOUSNESS.

shock. Interpret the situation quickly.
5 Take steps to apply respiratory resuscitation if the
victim is unconscious and not breathing.

TASK 2 : Resuscitate the victim by Nelson’s arm - Lift back pressure method

Nelson’s arm-lift back pressure method must Fig 2
not be used in case there are injuries to the
chest and belly.

HEAD RESTING ON
CHEEK OVER THE
PALMS

1 Placethevictimprone (thatis face down)with hisarms
folded with the palms one over the other and the head
resting on his cheek over the palms.

HANDS ON THE
BACK BEYOND LINE
OF ARMPIT

Kneel on one or both knees near the victim’s hand.

3 Place yourhands on the victim’s back beyond the line
of the armpits, with your fingers spread outwards and
downwards, thumbs just touching each other as in
Fig 2.

ARMS FOLDED

DMN1104J2
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4

Gently rock forward keeping your arms straight until
they are nearly vertical, and steadily pressing the
victim’s back as shown in Fig 3 to force the air out of
the victim’s lungs.

Fig 3

ARMS STRAIGHT AND
NEARLY VERTICAL

BACK PRESSED

6 As you rock back, gently raise and pull the victim’s
arms towards you as shown in Fig 5 until you feel
tension in his shoulders. To complete the cycle, lower
the victim’s arms and move your hands up to the initial
position.

7 Continue artificial respiration till the victim begins to
breathe naturally. Please note, in some cases, itmay
take hours.

8 When the victim revives, keep the victim warm with a
blanket, wrapped up with hot water bottles or warm
bricks; stimulate circulation by stroking the insides of
the arms and legs towards the heart.

9 Keephiminthelying down position and do notlet him
exert himself.

Do not give him any stimulant until he is fully
conscious.
3
z Fig 5
5 Synchronize the above movement of rocking backwards
with your hands sliding downwards along the victim’s
arms, and grasp his upper arm just above the elbows
as shown in Fig 4. Continue to rock backwards.
Fig 4
ARMS PULLED
HANDS DOWNWARDS
GRASP THE UPPER ARMS
JUST ABOVE THE
ELBOWS. 9
%
g
TASK 3 : Resuscitate the victim by Schafer’s method
Do not use this method in case of injuries to Fig 6

victim on the chest and belly.

12

Lay the victim on his belly, one arm extended direct
forward, the other arm bent at the elbow and with the
face turned sideward and resting on the hand or
forearm as shown in Fig 6.

Kneel astride the victim, so that his thighs are between
your knees and with your fingers and thumbs positioned
as in Fig 6.

With the arms held straight, swing forward slowly so
thatthe weight of your body is gradually broughtto bear
upon the lower ribs of the victim to force the air out of
the victim’s lungs as shown in Fig 7.

THUMB ALONG

FINGERS
MOUTH AND

NOSE OPEN

LITTLE FINGER
ALONG LOWEST

DMN1104J6

4 Now swing backward immediately removing all the
pressure from the victim’s body as shown in Fig 8,
thereby, allowing the lungs to fill with air.

5 Aftertwo seconds, swingforward againand repeatthe
cycle twelve to fifteen times a minute.
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Fig 7

WEIGHT OF THE
BODY ON PALM
OF THE HAND

ELBOWS STRAIGHT
THIGHS AND ARMS
PERPENDICULAR TO
THE GROUND

DMN1104J7

6 Continue artificial respiration till the victim begins to
breathe naturally.

DMN1104J8

TASK 4 : Resuscitate the victim by mouth-to-mouth method

1 Lay the victim flat on his back and place a roll of
clothing under his shoulders to ensure that his head is
thrown well back. (Fig 9)

Fig 9

DMN1104J9

2 Tilt the victim’s head back so that the chin points
straight upward. (Fig 10)

Fig 10

DMN1104JA

3 Grasp the victim’s jaw as shown in Fig 11, and raise it
upward until the lower teeth are higher than the upper
teeth; orplace fingers on both sides of the jaw near the
ear lobes and pull upward. Maintain the jaw position
throughoutthe artificial respiration to prevent the tongue
from blocking the air passage.

Fig 11

CHIN STRAIGHT
UPWARDS

LOWER TEETH ARE
HIGHER THAN
UPPER TEETH

HEAD BACK

DMN1104JB

4 Take a deep breath and place your mouth over the
victim’s mouth as shown in Fig 12 making airtight
contact. Pinch the victim’s nose shut with the thumb
and forefinger. If you dislike direct contact, place a
porous cloth between your mouth and the victim’s.
For an infant, place your mouth over his mouth and
nose. (Fig 12)

Fig 12
AIRTIGHT

CONTACT OF
TWO MOUTHS

DMN1104JC

5 Blow into the victim’s mouth (gently in the case of an
infant) until his chest rises. Remove your mouth and
release the hold on the nose, to let him exhale, turning
your head to hear the rushing out of air. The first 8 to
10 breathings should be asrapid as the victim responds,
thereafter the rate should be slowed to about 12 times
a minute (20 times for an infant).

If air cannot be blown in, check the position of
the victim’s head and jaw and recheck the
mouth for obstructions, then try again more
forcefully. If the chest still does not rise, turn
the victim’s face down and strike his back
sharply to dislodge obstructions.

Sometimes air enters the victim’s stomach as
evidenced by a swelling stomach. Expel the
air by gently pressing the stomach during the
exhalation period.
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TASK 5 : Resuscitate the victim by Mouth-to-Nose method

Use this method when the victim’s mouth will
not open, or has a blockage you cannot clear.

Use the fingers of one hand to keep the victim’s lips
firmly shut, seal your lips around the victim’s nostrils
and breathe into him. Check to seeifthe victim’s chest
is rising and falling. (Fig 13)

Repeat this exercise at the rate of 10 - 15 times per
minute till the victim responds.

Continue this exercise till the arrival of the doctor.

Fig 13

DMN1104JD

TASK 6 : Resuscitate a victim who is under cardiac arrest

In cases where the heart has stopped beating,
you must act immediately.

Check quickly whether the victim is under cardiac
arrest.

Cardiac arrest could be ascertained by the
absence of the cardiac pulse in the neck
(Fig 14), blue colour around lips and widely
dilated pupil of the eyes.

Fig 14

DMN1104JE

2
3

Lay the victim on his back on a firm surface.

Kneel alongside facing the chest and locate the lower
part of the breastbone. (Fig 15)

Fig 15

DMN1104JF

4

14

Place the palm of one hand on the center of the lower
partofthe breastbone, keeping yourfingers offtheribs.
Cover the palm with your other hand and lock your
fingers together as shown in Fig 16.

Fig 16

DMN1104JG

5 Keepingyourarms straight, press sharply downonthe
lower part ofthe breastbone; then release the pressure.
(Fig17)

Fig 17

DMN1104JH

6 Repeatstepb, fifteentimes attherate of atleastonce
per second.

Check the cardiac pulse. (Fig 18)

8 Move back to the victim’s mouth to give two breaths
(mouth-to-mouth resuscitation). (Fig 19)

9 Continue with another 15 compressions of the heart
followed by a further two breaths of mouth-to-mouth
resuscitation, and so on, check the pulse at frequent
intervals.
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10 As soon as the heartbeat returns, stop the
compressions immediately but continue with mouth-
to-mouth resuscitation until natural breathing is fully
restored.

Fig 18

11 Place the victim in the recovery position as shown in
Fig 20. Keep him warm and get medical help quickly.

Other steps

1 Send for a doctor immediately.

DMN1104J1

2 Keep the victim warm with a blanket, wrapped up with

hot water bottles or warm bricks; stimulate circulation
by stroking the insides of the arms and legs towards
the heart.

Fig 19

Fig 20

DMN1104JJ

DMN1104JK
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Capital Goods and Manufacturing Exercise 1.1.04
Draughtsman Mechanical - Importance of trade training and safety

Disposal of waste materials

Objectives: At the end of this exercise you shall be able to

¢ identify the waste material in different category

* segregate and arrange the waste materials in it's corresponding bins

» dispose non saleable and saleable material separately and maintain record.

Requirements
Materials
*  Shovel -1 No. « Trolley withwheels -3 Nos
» Plastic/Metal bins -4 Nos * Brushandgloves - 1 Pair
PROCEDURE
TASK 1: Disposal of waste materials from the workshop
1 Collect all the waste materials in workshop. 3 Segregate saleable, non saleable, organic and
2 ldentify and segregate the different waste like cotton inorganic materials also.
waste. metal chips, all chemical waste and electrical 4 Record the segregated wastematerial and fill the
waste etc. (Fig 1) separately and label them. Table 1.
OIL, CHEMICAL & SOLVENT COTTON WASTE METAL CHIPS ELECTRICAL WAST %
Table 1
SI.No. Name of the waste material Quantity Saleable or non Saleable
1
2
3
4
5
6
5 Arrange at least 3 trollies with wheel for disposal and 7 Keep another 4 bins to collect saleable scarp. non
stick the lable an each trolly as "Cotton Waste", "Metal saleable scrap, organic waste and in-organic waste
chips" and "others" (Fig 2) and label them. (Fig 3)

6 Put the cotton waste in cotton trolley and similarly put
the metal chips waste and others in corresponding
trolleys.
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COTTON METAL CHIPS

OTHERS

DMN1105H2

Fig 3

Saleable Material Non Saleable
Metal Scrap Non-Metal Scrap

Waste Material Waste Material
Organic In - Organic

Separate the cotton waste and dispose it

Objective: This shall help you to
» separate and dispose the cotton waste.

TASK 1: Segregating the waste material 5
1 Collect the chips by hand shovel with help of brush.

2 Clean the floor if oil is spill. 6
Do not handle the chip by bare hand there
may be different metal chips. So separate the 7
chip according to metal.

3 Separate the cotton waste material and store in the 8

bin provided to store the waste cotton material.

4 Store the each category similarly of metal chip in
separate bins.

Each bin have respective label.

Collect all the saleable material metal and non - metal
separately and keep it's respective bins.

Collect all the non - saleable materials like cotton
waste, paper waste, wooden pieces etc. and keep it's
respective bin.

Check the non - saleable material work (organic) and
send it for disposal by burning after getting approval.

Check the saleable material and segregate like
Aluminium, Copper, Iron, Screws, nuts and other items
separately and send to stores for disposal by auction
(or) as per recommended procedure with approval.
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Capital Goods and Manufacturing Exercise 1.1.05&1.1.06
Draughtsman Mechanical - Importance of trade training and safety

Hazards identification (symbolic) and avidance

Objectives: At the end of this exercise you shall be able to

* identify the safety symbols from the chart and their basic category

* write their meaning and description and the place of use

* identify the road safety sign with traffic signal from the chart

* read and interpret the different types of occupational hazards from the chart.

Requirements

Materials
- Basic safety signs chart -1 No. » Occupational hazards chart -1 No.
* Road safety signs and traffic
signal chart -1 No.
PROCEDURE

Exercise 1: Identify the safety symbols and interpret their meaning and color with shape

Instructor may provide various safety signs 1 Identify the basic category of each sign from the chart.

chart for basic categories and road safety with 2 Write the categories name of the each sign meaning
traffic signals. Then explain their categories description and the place of use of that safety sign in
meaning and color. Ask the trainees to identify Table 1.
the sign and record in table 1.
Table 1
No. Safety signs Name of the basic category and sign Place of use
1 .
2
3 G
4
5

DO NOT EXTINGUISH
WITH WATER

18



No. Safety signs Name of the basic category and sign Place of use

WEAR HEAD
PROTECTION

TOXIC HAZARD

8 e

WEAR EYE
PROTECTION

|

RISK OF FIRE

10

PEDESTRIANS
PROHIBITED

@

WEAR HEARING
PROTECTION

12

SMOKING AND NAKED
FLAMES PROHIBITED

SN

DANGER
atsy

Exercise 2 : Identify the road safety sign and traffic signals

1 Read the sign given and mention their kinds and the

Instructor will explain all the road safety sign meaning in the table 2.

and traffic police signals.

2 Get it checked by the instructor.

CG&M - D’man Mechanical - (NSQF Revised -2022) - Ex-1.1.05&1.1.06 19



Table 2

No. Safety signs

Name of the basic Place of use
category and sign

V @ A A

Fig. 1 Fig.2 Fig.3

Fig. 4

Fig.5

Fig.6 Fig.7 Fig.8

DM20N1106T2

Exercise 3: Read and interpret the different types of personal protective devices from the chart

Instructor may brief the various types of
occupational hazards and their causes.

1

2

Table 3

Identify the occupational hazard to the corresponding
situation with a potential harm given in table 3.

Fill up and get it checked by your instructor.

Sl.No. Source or potential harm

Type of occupational hazards

1 Noise

Explosive

Virus

Sickness
Smoking

Non control device

No earthing

0 N o o0k~ WwN

Poor housekeeping
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Capital Goods and Manufacturing Exercise 1.1.07
Draughtsman Mechanical - Importance of trade training and safety

Preventive measure for electrical accidents and steps to be taken in such
accidents

Objectives: At the end of this exercise you shall be able to
 practice and follow the preventive safety rules to avoid electrical accident
» perform the immediate steps to save the electric shocked victim.

Requirements

Equipment/Machines » Electrical safety chart (or) display -1 No.
. . . * Gloves -1 No.

+ Fireextinguishers CO, -1 No. . Rubbermat -1 No.
Materials *  Wooden stool -1 No.
+ Ladder -1 No.

* Heavyinsulated screwdriver200mm -1 No. . Safety belt -1 No.

PROCEDURE

TASK 1: Practice and follow the preventive safety rules to avoid electrical accident

1 Do not work on live circuits. If unavailable use rubber 8 Open the main switch and make the circuit dead.

gloves or rubber mats, etc. .
9 Do not stretch your hands on any moving part of

Do not touch bare conductors. rotating machine and around moving shafts.
Stand on a wooden stool or an insulated ladder while 10 Use always earth connection for all electrical
][epa:jrlgglltl)ve electrical circuits/appliances or replacing appliances along with 3-pin sockets and plugs.
used bulbs.
) ) ) . 11 Do not connect earthing to the water pipe lines.

4 Stand on rubber mats while working, operating switch . )
panels, control gears, etc. 12 Do not use water on electrical equipment.

5 Use safety belts always, while working on poles or 13 Discharge static voltage in HV lines/equipment and
high rise points. capacitors before working on them.

6 Use wooden or PVC insulated handle screw drivers 14 Keep the workshop floor clean and tools in good
when working on electrical circuits. condition.

7 Replace (or) remove fuses only after switching off the
circuit switches.

TASK 2: Perform the immediate steps to be taken to solve the shocked victim
1 Proceed with treatment at once without panic emotion.

Fig 2
2 Break the contact either by switching off the power or 9

removing the plug or wrenching the cable free.

3 Remove the victim from contact with the live conductor
by using dry non-conducting materials such as
wooden bar. (Fig 1 & 2)

UNPLUG THE
SUPPLY

Fig 1

INSULATE YOURSELF AND PULL
THE VICTIM AWAY FROM SUPPLY

DMN1107H2

Avoiddirect contact with the victim. Wrap your
hands in dry material if rubber gloves are not
available. If you remain un-insulated, do not
touch the victim with your bare hands.

DMN1107H1

4 Keep the patient warm and at mental rest.
21



E L . 12 Raise the injured part above the level of the body. (If
nsure of good air circulation and comfort. )
Call for help to shift the patient to safer place. possible)
If the victim is alone action to be taken to 13 Apply pressure on the wound as long as necessary to
prevent him from falling. stop the bleeding. (Fig 4)
5 Loosen the clothing about the neck chest and waist
and place in recovery position. If the victim is Fig4 DIRECTION OF
unconscious. PRESSURE

6 Keep the victim warm and comfortable. (Fig 3)

Fig 3

DMN1107H4

14 Apply a clean pad and bandage firmly, if it is large
wound. (Fig 5)

DMN1107H3

Fig 5

DRESSING CLOTH

7 Send the person to call doctor, in case of electric burns.

If the victim gets electrical burns due to shock,
burns are very painful and dangerous. If a
large area of the body is burnt give no
treatment. But do the first aid as given below.

8 Coverthe burnt area with running pure water.

DMN1107H5

9 Clean the burnt area by using clean cloth/cotton.
. y using If bleeding is severe apply more than one dressing.

10 Send to call the doctor i diately.
enc a person fo callthe doctor Immediately 14 Proceed to perform the right methods of artificial

In case of severe bleeding respiration.

11 Lay the patient lie down and rest.

Practice safe methods of fire fighting in case of electrical fire

Objectives: At the end of this exercise you shall be able to

» demonstrate the ability of fire-fighting for electrical fire
- as a member of the fire-fighting team
- as a leader of the group.

TASK 1: General procedure to be adopted in the event of electrical fire

1 Raise an alarm. Follow the method written below for » check, ifanyone has gone toinformaboutthe fire break
giving an alarm signals when fire breaks out. to the concerned authority

* byraising yourvoice and shouting Fire! Fire!to callthe » close the doors and windows, but do not lock or bolt

attention of others As a member of the fire-fighting team

» running towards fire alarm/bell to actuate it
vnning fow ! vatet 4 Ifyouareinvolvedinfire fighting:

+ othermeans _ _ _ o

, ) ) , , + take instructions for an organised way of fighting the
» switch off the control main switch (if possible) fire.
2 Onreceipt of the alarm signal: If taking instructions:

« stopworkin
pworking « follow the instructions, and obey, if you can do so

* turnoff all machinery and power safely; do not risk getting trapped.

« switch off fans/air circulators/exhaust fans. (Better

. . + do notinitiate your own idea.
switch off the sub-main)

3 Ifyou are notinvolved in fighting the fire: As a leader of the group

» leave calmly using the emergency exit. Ifgiving instructions:

¢ e@vacuatethe premises » select 002 fire eXtingUiSher

¢ assemble at a safe p|ace a|ong with the others » send for sufficient assistance and inform the fire bri-
gade
22 CG&M - D’man Mechanical - (NSQF Revised - 2022) - Ex-1.1.07



locate locally available suitable means to put out the
fire

judge the magnitude ofthe fire, ensure emergency exit
paths are clear of obstructions and then attempt to
evacuate (Remove explosive materials,
substances that can serve as aready fuel for fire within
the vicinity of the fire break)

fightoutthe fire with assistance to put it out, by naming
the person responsible for each activity.

Report the fire accident and the measures taken to
put out the fire, to the authorities concerned.

Reporting all fires however small helps in the
investigation of the cause of the fire. It helps
to preventthe same kind of accident occurring
again.
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Capital Goods & Manufacturing

Exercise 1.1.08

Draughtsman Mechanical - Importance of trade training and safety

Use of fire extinguishers

Objectives: At the end of this exercise you shall be able to
* select the fire extinguisher according to the type of fire

» operate the fire extinguisher
* extinguish the fire.

Requirements

Equipment/Machines

+ Fireextinguishers CO, - 1 No. Cellphone - 1 No.
» Scissor 100mm - 1 No.
PROCEDURE

TASK 1: General Procedure in case of fire

1 Alert people surrounding by shouting fire, fire, fire when
observe fire (Fig 1a & b).

2 Inform fire service or arrange to inform immediately
(Fig 1c).

3 Open emergency exist and ask them to go away
(Fig 1d).

Put "Off" electrical power supply.

Do not allow people to go nearer to the fire.

5 Analyze and identify the type of fire. Refer Table1.

6 Assume the fire is D type (Electrical fire).

Fig 1

(d)

DMN1108H1
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Table 1

Class'C' Gas and liquefied gases

CLASS 'C' FIRE

LIQUIFIED GAS GAS

Fig 2
CLOTH \
Class 'A": Wood, paper, cloth, solid material
WOOD
PAPER
S
5
3
Fig 3 CLASS 'B' FIRE
Class 'B": QOil based fire (grease, gasoline,oil) &
liquefiable solids
z
g
&
Fig 4

DMN1108H4

Class'D' Metals and electrical equipment

S

G ONNI
S
LY TRAINED P%SGu\SH\NG

ON L EXT!
Z AND sPECE“aU\pMENT

METALS

DMN1108H5

9

10 Pull the safety pin from the handle (Fig 7) (Pin located

Select CO, (carbon dioxide) fire extinguisher.

Locate and pick up CO, fire extinguisher. Check for its

expiry date.
Break the seal. (Fig 6)

at the top of the fire extinguisher) (Fig 7)

11 Aim the extinguisher nozzle or hose at the base of the

fire (this will remove the source of fuel fire) (Fig 8)

Keep your self low

12 Squeeze the handle lever slowly to discharge the agent

(Fig 8)

13 Sweep side to side approximately 15 cm over the fuel

fire until the fire is put off. (Fig 9)
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Fig 6

Fig 9

DMN1108H9

DMN1108H6

Fig 7

Fire extinguishers are manufactured for use
from the distance.

DMN1108H7

Caution

While putting off fire, the fire may flare up.
Do not be panic so long as it put off promptly

If the fire doesn't respond well after you have used up
the fire extinguisher move away your self away from
the fire point.

Do not attempt to put out a fire where it is emitting
toxic smoke, leave it to the professionals.

Remember that your life is more important than
property. So don't place yourself or others at risk.

DMN1108H8

26

In order to remember the simple operation of
fire extinguisher

Remember

P.A.S.S. This will help to use fire extinguisher
P for pull

A for aim

S for squeeze

S for sweep
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Capital Goods and Manufacturing

Draughtsman Mechanical - Basic Engineering Drawing -

- Methods of dimensioning - Types of scales

Exercise 1.2.09
Types of curves

Perform assignment using drawing instruments

Objectives: At the end of this exercise you shall be able to
» draw figures involving horizontal, vertical and inclined lines

* independently using mini drafter, setsquares, scale, divider and protractor.

PROCEDURE

TASK 1: Draw the following patterns and components using straight lines

o o
o (@]
o o
(V)] n

o

10
3
S 30° 3
o o
73 73
45°
&
\\
o
5
60°—— 45°|

o o
o o
o o

QD w %)

7

45°>

DMN1209H1
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. SQ 80
45°
50
SQ100
9
SQ 40
300
75°
60° 45°
11 45°
o
A
=)
=)
20
80
13
N <
- N
26 40 12
o
40 12 ©
220

SQ 100

ALL RECTANGLES 20x 10

AB =90
BC =45
CD =40
DE =60
EF =90

FG =60 /B=13°  /G=150°
GH=50
HJ =85 @=150° ﬁ'=75°
JK=55 . 60"
3 /b=120 /d=60
[E=105 k=7
[F=13  [A=%
3z 12
e 7
&
12
L
~—
3z
120
372 2x 45°
2| [ LLATOATACTATaan
@ 40 S
3
3
M24
M2

DMN1209H2
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TASK 2: Layout of drawing sheets » Hold the pencil approximately at 60° with the paper.

» Layoutlinesas showninFig1onanA2drawingsheet. » Drawthe horizontallines fromlefttorightfromreference
. Fix the Minidrafter. mark giving 10mm gap between them.(Fig 4 &5)
Fig 1 Fig 4
A G J B J B
@ ® ®
E F —HF
@ ® ®
‘TITLE BLOCK é K o] %
D H K 4 % z
» Drawahorizontalline 100 mmlong lefttoright. (15mm Fig5
from AE) i 5

» Drawaverticalline 100 mmlong fromthe leftend of the
drawing paper as shown in Fig 2.

Fig 2
— —F

J B —
L D H K C §
1

Exercise 4: Vertical lines

g » Adjustthe Minidrafter protractor head to 0°(Reference

" £ g mark) & lock using locking knob.

3 » Hold the pencil approximately at 60° with the paper.

» Mark of points on the vertical line at 10mm intervals

using divider. (Fig 3) * Draw the horizontal lines from top to bottom from

reference mark giving 10mm gap between them. (Figs

6&7
Fig 3 )
Fig 6
J B
A A F
ES 4o H K c %
2 z
S 3
%

TASK 3: Horizontal lines

» Adjustthe minidrafter protectorto 0°. (Reference mark)
& lock using locking knob.
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+ 30° or/and 60° inclined lines can be drawn using

Fig? Minidrafter. (Fig 10)

Fig 10

DMN1209JA

* Draw 30°inclined lines in block 5. (Fig 11)

5 Fig 11
4 D H K (03 §
Exercise 5: Inclined lines
For drawing 45° lines.
* Adjustthe protectorheadto45°fromreference mark & a
lock the using locking knob. Il g
* Draw the 45°. inclined line from reference mark to 5
approximate length. (Figs 8 & 9) * Inthe block 6, draw 60°inclined lines. (Fig 12)
Fig 8 Fig 12

o]

I

Fey

O
DMN1209J8

°

°

DMN1209JC

Fig 9

w]

I

-~

(9]
DMN1209J9
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Drawing parallel lines using set squares

Objective: This shall help you to

» draw parallel lines to a given line through a given point.

Place any one edge of the setsquare to coincide with the
givenline.

Place the other setsquare (guiding setsquare) with one of
its edges butting the first square as shown in Fig 1.

While holding the guiding setsquare firmly, slide the first
setsquare (sliding setsquare) till edge touches the given
point.

Draw the line along the edge of the sliding setsquare
through the given point.

Be sure that the guiding setsquare does notmove
from its initial position.

Draw straight lines of given length

Fig 1

DRAWN LINE

GIVEN POINT

SLIDING SET
SQUARE

L GUIDING SET SQUARE
TO DRAW A LINE PARALLEL TO A GIVEN LINE

DMN1209X1

Objective: This shall help you to

» draw a perpendicular to a given line through the given point.

Method 1 (Fig 1a)

Place one of the perpendicular edges of the setsquare
(sliding setsquare) such that in coincides with the given
line.

Place the longer edge of the other setsquare (guiding
setsquare) againstthe hypotenuse ofthe sliding setsquare.

Slide the sliding setsquare till the other edge forming right
angle touches the given point.

Through the given point, draw the required perpendicular
line along the edge of the sliding setsquare.

Method 2 (Fig 1b)

Place the hypotenuse of one setsquare to coincide with the
givenline.

Place the other setsquare (moving setsquare) with one of
its edges butting against one of the perpendicular edges of
the moving setsquare as shown in figure.

Holding the supporting setsquare firmly, revolve the moving
setsquare and place it on the supporting setsquare such
that the hypotenuse of the setsquare passes through the
givenpoint.

Draw the required perpendicular line as shown in Fig 1b.

Fig 1
SLIDING REQUIRED LINE
SET SQUARE

GIVEN LINE AB

GUIDING
SET SQUARE

(a) SLIDING SET SQUARE METHOD x
REQUIRED LINE

MOVING
SET SQUARE

SUPPORT
SET SQUARE

{b) REVOLVED SET SQUARE METHOD

DMN1209Y1

TO DRAW A LINE PERPENDICULAR TO ANOTHER LINE
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Drawing perpendiculars lines, inclined lines (given angle) - parallel lines

Objectives: At the end of this exercise you shall be able to

» draw horizontal and vertical lines of given length with given interval

» draw inclined lines at given angle.

PROCEDURE

Exercise 1: Draw six horizontal parallel lines of 50mm long with 10 mm intervals. (Fig.1)

+ Draw a vertical line AB 50 mm long, using setsquare
on left side.

Fig 1

10

DMN1210H1

A

* Mark points on the vertical line AB with 10 mm intervals.
Butt a setsquare on the line AB.

« Using another setsquare, draw parallel lines through
the points marked.

Exercise 3: Draw 45° inclined lines. (Fig 3)

Fig 3

D o]

3

A / B

DMN1210H3

Use sharpened conical point pencil

Keep the pencil slightly inclined towards the
direction of the movement.

While drawing rotate the pencil to keep the
constant thickness

Maintain uniform pressure on the lead of the
pencil

Exercise 2: Draw six vertical parallel lines of 50mm
length with 10mm intervals. (Fig 2)

Fig 2

A B

DMN1210H2

» Draw a horizontal line AB 50 mm long.
* Mark the points with 10 mm intervals.
« Butt a setsquare on the line AB.

« Using another setsquare draw vertical parallel lines
from left to right.

Draw the vertical lines from bottom to top. |

* Draw a horizontal line AB 60 mm long.

» Butt a setsquare on the line AB, draw vertical lines
from the points A and B using another setsquare.

» Setoff AD and BC equals to 40 mm and complete the
box.

¢ Onlines AB and DC mark 10 mm points.

« Butting the 60° setsquare on the line AB, using 45°
setsquare draw inclined parallel lines through the
marked points.

Draw lines from bottom to top.

Types of lines and angles

A pointrepresents alocation in space, having no width or
height. Itisrepresented by drawing intersection of lines or
a dot. (Fig 4)

S N @

POINT

Fig 4

DMN1210H4

Line is the path of a point when it moves. It has no
thickness and are of two types:

— Straightline
— Curvedline

Straight line: Itis the path of a point when itis moving in
a particular direction. It has only length and no width.
(Fig.5) Also a straightline is the shortest distance between
two points. Straight line, depending on its orientation are
classified as Horizontal, Vertical and Inclined or Oblique
line.
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Fig 5
STRAGHT LINE

INDEFINITE LENGTH C

| DEFINITE LENGTH | AAB

‘ STRAGHT LINE ‘

DMN1210H5

STRAIGHT LINE

Perpendicularlines: Whentwolines meetat90°, the two
lines are said to be perpendicularto each other. One of this
lines is called as reference line. (Fig 11)

Horizontal line (Fig 6: Horizontal lines are those which
are parallel to a horizontal plane. Example of horizontal
plane is the surface of a still water. (Fig 6)

Fig 6
9° A B
LINE PARALLEL TO STILL WATER SURFACE

FSTILL WATER SURFACE

DMN1210H6

HORIZONTAL LINE

Vertical line (Fig 7a): Lines which are perpendicular to
horizontal lines are called vertical lines. It can be treated
as a line along the plumb line of the plumb bob or parallel
to a plumb line. (Fig 7b)

Fig7

PARALLEL TO
PLUMB LINE

HORIZONTAL LINE n

PLUMB BOB

(a) (b)

VERTICAL LINE

DMN1210H7

Inclined line or Oblique line: A straight line which is
neither horizontal nor vertical is called an inclined line.

_— T~

Fig 8
INCLINED OR OBLIQUE LINE

DMN1210H8

Curved line: Itis the path of a pointwhich always changes
its direction. Examples of curved lines are shown in
Fig 9.

Fig 9

T ()

CURVED LINES

DMN1210Hg

Parallel lines: They are the lines with same distance
betweenthem. They may be straightlines orcurvedlines.
Parallel lines do not meet when extended. (Fig 10)

é&

PARALLEL LINES

Fig 10

DMN1210HA

Fig 11

90+

PERPENDICULARLINES

DMN1210HB

Angles: Angleistheinclination between two straightlines
meeting ata pointormeetwhen extended. ABand BC are
two straight lines meeting at B. The inclination between
themis called anangle. The angle is expressed indegrees
orradians.

Conceptofadegree: Whenthe circumference of acircle
is divided into 360 equal parts and radial lines are drawn
through these points, the inclination between the two
adjacentradial linesis defined asone degree. Thusacircle
is said to contain 360°. (Fig 12)

Fig 12

1
360 OF THE CIRCUMFERENCE

DMN1210HC

Acute angle: Ifanangle whichislessthan90°is called an
acute angle. (Fig 13)

Fig 13

ACUTE ANGLE

DMN1210HD

Right angle: Angle between a reference line and
perpendicular line is called right angle. (Fig 14)

Q

Fig 14

,ﬁ EQUAL TO 90° e

A B
D

Q

DMN1210HE

RIGHT ANGLE

Obtuse angle: Thisrefertoanangle between 90° to 180°.
(Fig15)

Fig 15 MORE THAN 90° BUT

A
\<{js THAN 180

o
OBTUSE ANGLE

DMN1210HF

Straightangle: Thisreferstoanangle of 180°. Thisisalso
called as the angle of a straight line. (Fig 16)
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Fig 16
EQUAL TO 180°

A (o] B
STRAIGHT ANGLE

DMN1210HG

Reflex angle: It is the angle which is more than 180°.
(Fig17)

Fig 17

MORE THAN 180°
BUT LESS THAN 360°
A o

REFLEX ANGLE B

DMN121CHH

Adjacent angles: These are the angles lying on either
side of a line. (Fig 18)

Fig 18

DMN1210HI

ADJACENT ANGLES

Complementary angles: When the sum of the two
anglesis equalto90°, angle POQ + angle QOR=90°angle
POQ and angle QOR are complementary angles to each
other. (Fig 19)

Fig 19

R
e}

COMPLEMENTARY ANGLES

DMN1210HJ

Supplementary angle: When the sum of the two adjacent
angles is equal to 180°, example angle SOT + angle TOY
= 180°, angle SOT and angle TOY are supplementary
angles to each other. (Fig 20)

Fig 20

X

S o Y
SUPPLEMENTARY ANGLES

DMN1210HK
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Circle

A moving point, which remains at equal distance from a
fixed point called centre forms a circle. (Fig 21)

Some definitions

1. Chord — A line formed by joining two points on the
circumference of a circle, is called chord. (Fig 21 iii)

Fig 21
iCRCUMFERENCE ; DIAMETER
) CIRCLE (I1) DIAMETER (Il ARC AND CHORD
SECTOR

I

(IV) SECTOR (V) RADIUS (V1) SEGMENT S

S

CIRCLE z

a

2. Centre — A point in the middle of a circle is called

centre. A circle is drawn by placing pin leg of a
compass at the centre point. (Fig 21i)

3. Diameter —Aline formed by joining two points on the
circle and passing through the centre point of the circle
is called diameter. (Fig 21ii)

4. Radius — Any line from the centre of the circle and

meeting any point on the circumference of ‘the circle,
is called radius. (Fig 21v)

5. Segment — Aline passing through any point on the

circumference of a circle is called tangent.(Fig 21vi)

6. Sector - itis a part a circle bounded by two radis

(plural of radius) meeting at an angle and an arc.

Ex-1.2.09



Capital Goods and Manufacturing
Draughtsman Mechanical - Basic Engineering Drawing - Types of curves
- Methods of dimensioning - Types of scales

Exercise 1.2.10

Drawing triangles of different types and a parallelogram with a given length
and angle

Objectives: At the end of this exercise you shall be able to

constructscalenetriangles

construct right angled triangles
constructisoscelestriangles

construct equilateral triangles

construct quadrilateral and parallelograms.

1

Scalene triangle: AB = 35 mm; BC =60 mm & CA =
40 mm

Draw base AB = 35
'A' as centre draw an arc of radius 60.

'B' as centre draw an arc of 40 cutting the previous arc
at'C'.

Join CAand CB

AB =35, BC =40 and AC = 60

ABC is the required triangle. (Fig 1)

Fig 1

%

<

35

DMN1210Y1

o]

Scalene triangle: AB = 50mm; AC = 85 mm
ZABC =110°

Draw AB = 50 mm

Setan angle 110° atB

'A' as centre and with radius AC =85 mm, draw an arc
cutting line at C. Join CB and CA.

ABC is the required triangle. (Fig 2)

Fig 2

50

DMN1210Y2

Scalene triangle: AB = 55 mm; AC = 30 mm &

Z/BCA =25°

Draw base AB (55 mm) and perpendicular fromits mid-
point.

Set/draw the given angle 25°such thatangle BAD = 25°
(Angle C)

Erect perpendicular to AD at A.

Extend both perpendiculars to meet at'0'.

AO as radius and '0' as centre, draw a circle or an arc.

Side AC (30 mm)asradius and Aas centre,drawanarc
cutting the previous arc at C.

» Join CA and CB.
ABC is the required triangle. (Fig 3)
Fig 3
o)
&
C
%
A b H s
D
55 §
4 Right angled triangle: AB = 100 mm; AC =40 mm

Draw a straight line AB of given length 100 mm
(hypotenuse).

Bisect AB and mark centre of AB as "0'.
AO or OB as radius, draw a semi-circle on AB.

With centre either A or B draw an arc of radius equal to
the side (40 mm) cutting the semi-circle at C.

Mark the point C and join it to A and B.

ABC is the required right angled triangle. (Fig 4)

35



Fig 5

%0
—
—

DMN1210Y5

Isoscelestriangle: AB=AC=50mm& /BAC = 36°

Draw the side AB equal to 50 mm. A as centre, draw
an arc of radius AB.

Draw a line AC at 36° to BA.
Join BC to form the triangle ABC. (Fig 6)

Fig 8 .
ZABC = ZACB =72°
36°
A B %
50 g
3
6 Isosceles triangle (Fig 6): Altitude = 40 mm &

/BCA = /BAC = 65°

Draw any line X'Y' and erect a perpendicular DB of
height 40 mm at a convenient point D.

Draw a parallel line XY to X"'Y' through B.

Draw A'B at 65° to XY and extend to meetat Aon line
XY

Erect another point C on line X'Y' same way as in the
previous step and complete the triangle ABC.

Fig 10 . A
65° 65°
X Y
B
65° 65° <
X A /l D \\ c v 8
7 Equilateral triangle (Fig 7): AB=BC =CA=45mm

Draw a line and mark AB 45 mm the side of triangle.

With radius AB and centre A and B, draw arcs cutting
at C.

Join CA and CB.

ABC is a required triangle.

36

Fig 12

A‘ ‘B
I |

DMN1210YC

Scalene triangle (Fig 8): AB + BC + CA =255 mm
AB:BC:CA=3:6:4

Draw a line DE equal to 255 and divide it into 13 equal
parts. (sum of the ratio of sides)

Mark the points B and C at 3@and 9" divisions.

B as centre, BD as radius, draw an arc.

Similarly C as centre, CE as radius, draw another arc.
Both arcs meet at A.

Join AB and AC and complete the triangle.

Fig 13

DMN1210YD

Problems for further practice

Exercise

1

Constructarightangled triangle of hypotenuse 125 mm
and one side 75 mm. Measure the other side.

Constructarightangledisosceles triangle of side(s) 80
mm. Find hypotenuse.

Construct a right angled triangle of adjacent sides 90
mm and 60 mm. Measure the hypotenuse.

Constructarightangledtriangle of sides 75 mmand 48
mm.

Construct arightangled triangle whose hypotenuse is
100 mm and the sides are equal.

Constructarightangled triangle of hypotenuse 75 mm
and one angle is 30°.

Constructanisosceles triangle of sides 80 mmand the
angle between them is 50°.

Constructanisosceles triangle of one side 70 mm and
the other sides are 90 mm each.
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9 Constructanisosceles triangle of base angles 55°and
the altitude 90 mm.

10 Constructanisosceles triangle of base angles 75°and
altitude is 110 mm.

11 Construct an isosceles triangle of perimeter 150 mm
and altitude 65 mm.

12 Construct an isosceles triangle of perimeter 120 mm
and altitude 40 mm.

13 Construct a equilateral triangle of side 100 mm using
protractor.

14 Construct an equilateral triangle of side 90 mm using
compass.

15 Construct an equilateral triangle of perimeter of 240
mm.

Construction of quadrilateral

16 Construct a triangle of adjacent sides 80 mm and 55
mm and angle between them is 55°.

17 Constructatriangle of sides 90, 75 & 60 mm. Measure
the angle opposite to them.

18 Constructatriangle of one side 80 mm and the adjacent
angles are 75° and 45°. Measure the other sides.

19 Construct a triangle of side 100 mm and the adjacent
anglestoitare 125°and 30°. Measure the other sides.

20 construct a triangle of base 75 mm, one side is 40 mm
and vertical angle 35°.

21 Construct a triangle of sides 90 mm, 60 mm and the
vertical angle 55°.

Objective: At the end of this exercise you shall be able to

* construct square, rectangle, parallelogram, rhombus, trapezium and quadrilateral from the given conditions

and data.
PROCEDURE
Exercise 9 (Fig 9) :
A square of side 50 mm by erecting perpendicular Fig9 2} c
* Draw aline AB 50 mm long.
* 'A' as centre, draw an arc of convenient radius 'r' °
touching the line AB at 'P' as shown in Fig 9. RE—T2
» 'P'ascentre andradius ' draw another arc cutting the b
earlierdrawn arcat'Q'. A 5 Cs 5
+ 'Q'ascentre and radius 'r', draw another arc'R". S %
+ Bisect QR at S and extend. ]
*  Mark 50 mm on AS extended line. AD = 50 mm. Fig10 >
» From points B and D, draw parallels to AD and AB and
complete the square ABCD. . S .
Exercise 10: Square having diagonal 60 mm (Fig 10)
» Drawhorizontal and vertical centre lines intersecting at B 3
0. 60 5
» '0" as centre, draw a circle of radius 30 mm passing -
through centre lines at A,B,C and D. Fig 11
« Join points A-B, B-C, C-D and D-A. ABCD is the (@) (b) ° :
required square, whose diagonal is 60 mm. 5
Exercise 11 : (Fig 11) A o
Rectangle - Diagonal - 60 mm, one side 18 mm
e Draw aline AB 60 mm. ) Ly Ll §

» Draw a circle with AB as its diameter.
» 'A'ascentre,drawanarcof R18, cutting the circle atD.
* Join AD and BD.

* Draw AC parallel to DB.

Join BC and complete the rectangle.
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Exercise 12: Parallelogram (Fig 12)

Sides = 75 mm and 40 mm

Angle between them: 50°

* Drawline AB 75 mm long.

* Draw line AD equal to 40 mm to 50° angle to AB.
» D as centre, draw an arc of radius equal to AB.

« 'B'ascentre,drawanarcofradius equal atAD, upwards
such that they meet at a point 'C".

+ ABCDistherequired parallelogram.

Fig 12

4

50°

75

DMN1212J8

Exercise 13 : Parallelogram (Fig 13)
Parallelogram - Side AB = 60 mm

Diagonal AC =90 mm £ABC= 120°

* Draw aline AB =60 mm.

* Draw aline from B at angle of 120° to AB.

« 'A’ as centre with radius 90 mm, draw an arc cutting
120° line from B at C.

e "C'ascentre, radius = AB, draw an arc.

« Similarly "A' as centre and BC as radius, draw another
arc, both arcs meet at ‘D"

 Join AD and DC.

Fig 14

A O\B
/

DMN1212JB

Exercise 15 : Trapezium (Fig 15)

Parallel sides AB = 60 mm; CD = 30 mm
Distance between parallel sides =40 mm

Side DA =45 mm.

» Draw the base AB equal to 60 mm.

*  With radius 40 mm, draw arcs from A and B.
» Draw atangential line (Parallel to AB)

* Drawanarcwithradius45mmand A as centre, cutting
the line at two places D and D’.

*  From D or D' mark length of 30 mm towards right side,
markitas C or C".

« JoinBandCorC.
e JoinAandDorD"

Fig 15

30
D c\ D i c

R4g
%
R4g

60

DMN1212JE

Fig 13

a0

*\'ld

60

DMN1212J9

ABCD is the required parallelogram.
Exercise 14 : Rhombus (Fig 14)

Diagonals AB = 80 mm
CD =50 mm

* Draw aline AB equal to 80 mm
» Draw perpendicularbisector of AB, passing through 0.
« mark OC = OD =25 mm.

« Join the points AC, CB, BD and DA to complete the
rhombus.

ABCD/ABC'D' is the trapezium.

Exercise 16 : Quadrilateral (Fig 16)

Sides AB = 80 mm; BC = 60 mm; CD =40 mm; DA =50
mm and /ABC = 75°

» Draw line AB equal to 80 mm.

* Draw line BC equal to 60 mm at an angle of 75°.

» C as centre and radius 40 mm, draw an arc.

* A as centre and radius 50 mm, draw another arc
intersecting the previous at D.

» Join CD and AD to form the required quadrilateral.

Fig 16

DOMN1212JG
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Capital Goods & Manufacturing

Exercise 1.2.11

Draughtsman Mechanical - Basic Engineering Drawing - Types of curves
- Methods of dimensioning - Types of scales

Construct regular polygons (up to eight sides) one equal base

Objective: At the end of this exercise you shall be able to

* construct a regular polygon from given data by different methods.

PROCEDURE

Exercise 1: Regular heptagon of side 30 mm Semi-circular method - Type A (Fig 1)

* Draw aline AB equal to 30 mm.
» Extend BA to a convenient length.
* A as centre and radius AB describe a semi-circle.

» Divide the semi-circle into seven equal parts (number of
sides) usingdivider.

*  Number the points as 1,2,3,4,5,6 starting from P.

» Draw the perpendicular bisectors from 2A and AB
intersecting at 0.

» 0 as centre and OA or OB as radius describe a circle.

* Mark the points C,D,E,F and 2 on the circle such that
BC = CD =DE = EF =F2 = AB.

» Join the line BC, CD, DE, EF and F2.
» ABCDEF2isrequired heptagon.

Fig 1

DMN1215H1

Exercise 2: Semi-circle method - Type B (Fig 2)

Follow the procedure of TYPE A upto dividing the
semi-circle into number of equal parts.

+ JoinA2

« Join A3, A4, A5 and A6 and extend to a convenient
length.

»  With centre B and radius AB draw an arc cutting A6
extended line at C.

» C as centre and same radius, draw an arc cutting the
line A5 at D.

» Locate the points E & F in the same manner.
« Join BC, CD, DE, EF and F2.
» ABCDEF2is the required heptagon.

Fig 2

Exercise 3: Perpendicular bisector method - Type
(Fig3)

> DMN1215H2

Fig 3

DMN1215H3

Draw a line AB equal to 30 mm.

AtB, draw aline BP perpendicular AB and equal to AB.
Join AP

B as centre BA as radius, draw an arc AP.

Bisect AB and draw the bisector cutting the line AP and
the arc AP at 4 & 6 respectively.

Mark 5 the mid point of 4-6.
Set off 6-7, 7-8, 8-9, 9-10 equals to 4-5.
7 as centre, 7A as radius, draw a circle on AB.

On the circumference set off BC, CD, DE, EF, FG
equals to AB.

Join BC, CD, DE, EF, FG and GA.
ABCDEFG s the required heptagon. 39



Exercise 4:Perpendicular bisector method - Type B
(Fig4a)

« Draw a semi-circle on line AB, the side of the polygon
(in this case it is heptagon)

« Describe an arc with B as centre and AB as radius.

HEPTAGON

OCTAGON

HEPTAGON

HEXAGON

PENTAGON

SQUARE

DMN1215H4

» Draw a perpendicular bisector of AB.

» Perpendicularline cutthe semi-circle atpoint4 and the
arc at point 6. (AB as radius, B as centre)

* Mark point 5 at the mid-point of 4 and 6.
Follow the procedure of and complete the heptogon.

In this method also any regular polygon of different sides
can be constructed. (Fig 4b)

Exercise 5: Pentagon inside a circle of diameter
80mm (Fig 5)

+ Drawtheline AH equals to 80 mm. (Diameter of circle)
e "0O'as centre OA as radius describe a circle.

« Divide AH into 5 equal parts (as many equal parts as
the sides).

e A and H as centres, AB as radius describe arcs
intersecting at P.

« Join P2 and extend it to meet the circle at B.

« Setoff BC, CD, DE, EF equals to AB on the circle.
* Join the points

+ ABCDEF is the required pentagon.

Fig 5

DMN1215H5

Exercise 6: Pentagon outside a circle of diameter
80mm (Fig 6)

e Oascentre and OF asradius describe a circle of dia 80
mm.

» Drawtheline DF vertically beyond the top of the circle.

« Divide the circle into 10 equal parts. (Twice as many
equal parts as the number of sides)

* Points 1,3,5,7 and 9 are the tangent points of the
pentagon.

» Join 02, 04, 06, 08, 010 and extend to a convenient
length.

« Draw a tangent to the circle through point 1 (F).
» Thetangentcuts the lines 0-2 and 0-10 lines at A & B.

* In same manner draw tangents on points 3,5,7,9 &
locate C,D & E.

+ Join BC, CD, DE, EA
+ ABCDE is the required pentagon.

Fig 6

DMN1215H6

Exercise 7: Three circle method (Fig 7) Pentagon of
38mm side

» Draw the line AB equal to side of polygon 38 mm.

« Draw two circles of radius equal and AB, with centre A
and B, cutting at two points F and G.

« Join G and F extend upwards.

* AB as radius, G as centre, draw a circle passing
through A and B cutting both the circlesatHand J, and
also cutting the line FG at K.
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Capital Goods & Manufacturing

Draughtsman Mechanical - Basic Engineering Drawing

Exercise 1.2.12
- Types of curves

- Methods of dimensioning - Types of scales

Draw Inscribed and circumscribed circles of traingle pentagon and hexagon

Objectives: At the end of this exercise you shall be able to

inscribing a circle in a equilateral triangle
inscribing a circle in a scalene triangle

circumscribing a circle about a scalene triangle
inscribing a circle in a regular pentagon
circumscribing a circle about a regular pentagon
circumscribing a circle about a regular hexagon.

circumscribing a circle about a equilateral triangle

PROCEDURE

Exercise 1: Inscribe a circle in a equilateral triangle
of given side 40mm (Fig.1)

» Constructthe equilateral triangle A B C of side 40mm.

» Bisect the side A B & BC and the bisectors intersect
at 0,

» Draw perpendicular from the point 0 to any one side
(OD)

* With 0 as centre OD as radius inscribe a circle in the
triangle and the sides are tangential to the circle.

Fig 1

DMN1213H1

Exercise 3: Circumscribing a circle about a equilateral
triangle. ABC of side 40mm (Fig 3).

» Construct the equilateral triangle ABC of side 40mm.

» Bisectany two angles of the triangle ABC ie ZA & £/B
and the bisector of the angle intersect each otherat ‘O’

» ‘O’ as centre OA, or OC or OB as radius describe a
circle about the triangle.

Fig 3 c

DMN1213H3

Exercise 2: Inscribing a circle in a scalene triangle of
ABC give that AB = 60mm, BC = 50mm, CA =40mm.

(Fig.2)

« Constructthe triangle ABC suchthat AB=60,BC =50,
CA=40

» Bisectanytwoangles ofthe triangleie ZCAB & ZABC
and let the bisectors intersect at O.

« Oascentre OD as radius inscribe a circle in the AABC

Fig 2

N

' ‘
F

DMN1213H2

Exercise 4: Circumscribing a circle about a triangle
ABC of AB =50, BC =60, CA =40 (Fig4)

« Construct the scalene triangle ABC of scale AB = 50,
BC, 60, CA 40.

» Bisect any two sides of the triangle ABC ie AB & BC.
« Let the bisectors intersect each other at ‘O’.

« ‘O’ascentre OA, OB or OC as radius describe a circle
about the triangle ABC.

Fig 4

DMN1213H4
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Exercise 5: Inscribe a circle in a given pentagon of
side 30mm (Fig 5)

» Construct the pentagon of side equals to 30mm.
+ Bisectany two interior angle of the pentagon
+ Let the bisector intersect at ‘O’.

»  From Odrawaperpendicularany side of the pentagon
(say to AB)

* Meets at F.

« O as centre OF as radius inscribe a circle inside the
pentagon.

Fig 5

DMN1213H5

Exercise 6: Circumscribe a circle about a given
pentagon of side 30mm (Fig 6)

» Construct a pentagon of ABCDE of side equals to
30mm

» Bisect any two interior angles of the pentagon.
» Let the bisector intersect at ‘O’.

+  With ‘O’ as centre and OA, OB, OC, OD or OE as
readius describe a circle about the pentagon.

Fig 6

DMN1213H6

Exercise 7: Inscribe acircle is agiven hexagon of side
30mm (Fig 7)

» Construct a hexagon ABCDEF of side 30mm.
» Bisect any interior angle of the hexagon.
» Let the bisector intersect at O.

» From the point ‘O’ draw a perpendicular to any side of
hexagon (ie to AB)

« ‘O’ as centre and OR as radius inscribe a circle in the
givenhexagon.

Fig 7

DMN1213H7

Exercise 8: Circumscribe a circle about a given
hexagon of side 30mm (Fig 8)

» Construct the given hexagon ABCDEF of side 30mm.
» Bisect any two interior angles of the hexagon.
» Let the bisector intersect each other at O.

» ‘O’ as centre OA as radius (or any corner points) as
radius circumscribe a circle about the hexagon.

Fig 8

30

-2
c g
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DMN1213H8
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Capital Goods & Manufacturing

Exercise 1.2.13&1.2.14

Draughtsman Mechanical - Basic Engineering Drawing -Types of curves -
Methods of dimensioning - Types of scales

Draw an angle of bisector and a line bisector and divide a line into any number

of equal parts

Objectives: At the end of this exercise you shall be able to

* bisect a given angle

* trisect a given right angle

* bisect a given line

 divide a line into any number of equal parts.

PROCEDURE
Exercise 1: Bisect a given straight line (Fig 1)
* Draw aline AB of 70 mm long

* With AandB as centres, more than half of AB as radius
describe arcs an either side of line AB.

* Letthe arcsintersectat C & D
» Join CD, Bisecting the line AB at ‘O’
* CD is the bisector of the line AB and AO = OB.

Fig 1

DMN1211H1

Exercise 2: Divide a line into any number of equal
parts (say 2). Fig 2

Fig 5

DMN1211H5

» Draw aline AB to a convenient length (say 65 mm).

* At A'draw a line AC to a required length, forming an
angle BAC. (Alwaysiitis better to form an acute angle)

» Set off 5 equal arcs on the line AC meeting at 1,2,3,4
& 5. (As many equal parts as required)

e Join 5 &B.

* From the points 4,3,2 & 1 draw lines parallel to 5-B
meeting the line AB at4', 3", 2' & 1'.

» Now the line AB is divided into 5 equal parts.
Exercise 2 : Bisect a given angle. (Fig 3)
» Construct an angle BAC (say 30°).

* "A'ascentre to a convenient radius draw an arc to cut
line AC at 'E'and AB at 'D".

» Bisectthe arc DE at "O".
+ Join AO.
* AO is the bisector of the angle BAC.

*+ Now /OAB = /0AC .
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Capital Goods & Manufacturing

Exercise 1.2.15

Draughtsman Mechanical - Basic Engineering Drawing - Types of curves
- Methods of dimensioning - Types of scales

Layout of A3 drawing sheet as per SP 46-2003 and title block with all
informations details and folding of sheets

Objectives: At the end of this exercise you shall be able to

* set and fix drawing paper on the drawing board
e draw margins and title block frame.

PROCEDURE
Fig 1 594
10 10
= =
o
N
<
e 0
A ©
/ o
10 Z 185 10
UNTRIMMED I
SHEET (450 X 625) TRIMMED SHEET (420 X 594) S
S

Exercise 1: Prepare the layout as shown below on
A2 size paper (Fig. 1)

* Place the drawing paper centrally on the drawing board.

» the drawing board and align the top edge of the drawing
sheet.

Draw the title block providing details

* Hold the drawing sheet by hand in the same position
and fix the sheet in this position with drawing cellulose
tape. (Fig 1)

» Set off the margin distance using scale..
» Draw four border lines as shown above
* Mark and draw the title block.

Objectives: At the end of this exercise you shall be able to

* layout the drawing sheet
» draw the title block as per I.S.

Exercise 1: Draw this title block in position. In the
remaining area of paper print the following (Fig 1)

1 Alldimensions are in mm
44

2 Askif in doubt.

Six holes diameter 8 mm equally spaced 60 mm pitch
circle diameter.



4 This drawing confirms to 1S:9609-1983.

Bureau of Indian Standards (BIS) is our national
standard.

10 Punch roll number and part number.
» Calculate the width of the each letter.

» Draw the guidelines for the required size:

6 General deviations as per 1S:2012;(medium) - Mark the width and spacing for each letter.
7 Allthick lines-0.5 mm. + Draw vertical guidelines.
8 Chamferto bottom of thread. * Print the letter free hand, using HB pencil.
9 Rough willthe surface marked ’X". » Draw the subsequent squares with the same
Fig 2
(o]
"‘N? 1] NAME OF THE INSTITUTE
NAME : ROLL NO.: YEAR® ‘9
<l ol TITLE =)
EX.NO.: SHEET NO.: TIME ALLOTED : ‘9
COMMD. ON : COMP.ON: TIME TAKEN : ‘9
3 jl: GRADE: CHECKED : DATE: ‘9
o
“‘ 60 60 |
TITLE BLOCK

DMN1217H1

Folding of drawing sheets

Objective: At the end of this exercise you shall be able to

* method of folding at drawing sheets.

Scope

This section covers two methods of folding of drawing
sheets.

The first method is intended for drawing sheets to be filed
or bound, while the second method is intended for sheets
to be kept individually in filing cabinet

Basic Principles

The basic principles in each of the above methods are to
ensure that

a) alllarge prints of sizes higher than A4 are folded to A4
sizes:

b) The title blocks of all the folded sheets appear in
topmost position; and

c) The bottom right corner shall be outermost visible
section and shall have a width not less than 190mm.

Depending on the method of folding adopted, suitable
folding marks are to be introduced in the tracing sheets
as guide

Method of Folding of Drawing sheets

The methods recommended for folding are indicated in
Exercise (Fig.1) and Exercise (Fig.2).
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Fig 1
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Fig 2
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Capital Goods & Manufacturing Exercise 1.2.16
Draughtsman Mechanical - Basic Engineering Drawing - Types of curves
- Methods of dimensioning - Types of scales

Draw different types of lines and write their uses - show most of the lines in

drawing view

Objectives: At the end of this exercise you shall be able to

» draw the different types of lines

» draw the views of an object and indicate the application of lines.

PROCEDURE

Exercise 1: Prepare the Table 1

Drawings are made up of different types of lines. Justas

language with alphabets and grammar

Technical drawings are drawn with different types of lines.
By proper choice and application of lines product features
can be correctly defined in a drawing. Different types of
lines recommended for specific applications are given in

Lines of different thickness and features are used for Table 1.

specific use.
Table 1
Line Description General applications
See figure and other relevant figure
A Continuous thick A1 Visible outlines
A2 Visible edges
Continuous thin B1 Imaginary lines of intersection
B (straightorcurved) B2 Dimensionlines
B3 projection lines or extension line
B4 Leaderlines
B5 Hatching
B6 Outlines of revolved sections in place
B7 Short centre lines
B8 Threadline
B9 Diagonalline
N — Continuous thin C1 Limits of partial or interrupted views &
freehand sections, if the limit is not a chain thin
D Continous thin D1 Line(Seefigures)
(Straight) with zig-zags
e — . Dashed thick E1 Hiddenoutlines
E2 Hiddenedges
Dashedthin F1 Hiddenoutlines
T T T T oS F2 Hiddenedges
G _ - - - R Chainthin G1 Centrelines
G2 Lines of symmetry
G3 Trajectories
H - - - - Chain thin, thick atends | H1  Cutting planes
& changes of direction
J - - - Chain thick J1  Indication of lines or surfaces to
which a special requirement applies
- - o Chainthindouble- K1 Outlines of adjacent parts
“ dashed K2 Alternative and extreme positions of
movable parts
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K3 Centroidallines
K4 Initial outlines prior to forming
K5 Parts situated in front of the cutting plane

1 This type of line is suited for production of drawings by machines.
2 Althoughtwo alternatives are available, itis recommended that on any one drawing. Only one type of line be used.

Exercise 2: Reproduce the type of line, illustration application of drawing. (Table 2)

Table 2

Type of Line

Illustration

Application

A Continuous thick

B Continuous thin

C Continuous thin-way
D Short dashes medium

E Long chain thin

F Long chain thick at
ends and thin elsewhere

G Long chain thick

H Ruled lines and short
Zig zag thin

Visible outlines

Dimension lines, leader lines, external
lines, constructionlines, outlines, adjacent
parts, hatching and revolve section.
Irregularboundary and edges

Hidden outlines and edges

Central lines, locus lines, extreme
positions of the moveable parts, parts
situated in front of the cutting plane and
pitch circles.

Cutting plane lines

Toindicates surfaces which are receive

additional treatment

Long break lines

Application of lines

Fig 1

EXAMPLES FOR THE USE OF VARIOUS TYPES OF LINES
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Capital Goods & Manufacturing Exercise 1.2.17
Draughtsman Mechanical - Basic Engineering Drawing - Types of curves -
Methods of dimensioning - Types of scales

Draw block letters of numerals in single stroke and double stroke of ratio
7:4 and 5:4

Objective: At the end of this exercise you shall be able to
* print letters and numerals of given size in different styles by free hand.

PROCEDURE

Exercise 1: Reproduce single stroke vertical gothic and double stroke vertical gothic letters and double
stroke italic gothic letter

Production

Lettering, in engineering drawing, is an important part of 2 Free Hand Lettering

drawing. Lettering enhances the clarity of drawing. 3 Roman Lettering

Lettering 1. Gothic Lettering — Single stroke letters of equal
The method of writing letters A, B, C, D and numerals 1, thickness and width are called Gothic letters. Gothic
2, 3, 4 etc., titles, notes, scale etc. on drawing is called letters may be single stroke and double stroke letters.
Lettering. These letters can be written on a scale of 7:4 or 5:4.
Types of lettering Letters inclined at 15° to vertical axis are italic gothic
1 Gothic Lettering Ibeetlt((;:-vrvs. All these types of letters are shown in figure

Fig 1

- GHIEOKLMIN

RS TUNVIWXY Z
odan /o8

SINGLE STROKE VERTICAL GOTHIC LETTERING

ABCDEF GHIJ
KLMNOPQRS
TUVWXYZ

1234567890

DOUBLE STROKE VERTICAL GOTHIC LETTERING

INCLINED LINES

DMN1220H1
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Exercise 3: Reproduce the given style of letters as given below (Fig.4)

Fig 4

ALCLDLF CLHLSALMN
OGRS TV WYL
1253456 /8590

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

ABCDEFGHIJKLMNOPQRSTUVWXYZ

1234567890

ABCDEFGHIJKLMNOPQRSTUVWXYZ
1234567890

ABCDEFGHIJKLMNOPQRSTUVWXYZ
1234567890

1111111111

vvvvvvvvvvvvvvvvvvvvvvvvv

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

abcdefghijklmnopgrstuvwxyz
1234567890
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Capital Goods & Manufacturing

Draughtsman Mechanical - Basic Engineering Drawing

Exercise 1.2.18
- Types of curves

- Methods of dimensioning - Types of scales

Construction of ellipse - parabola - hyperbola in different methods

Objective: At the end of this exercise you shall be able to

» construct ellipse using different methods.

PROCEDURE
Exercise 1: Rectangle/Oblong method (Fig 1)

Fig 1

S o N~ o/~ /N o /> /7
x
o

60
x
G).hmw—x!)—xmw.brn

I

DMN1321J1

RECTANGLE/OBLONG METHOD

Constructan ellipse of major axis 100 mm and minor axis
60 mm.

» Draw arectangle EFGH of sides 100 mm and 60 mm.

* Draw the major axis AB and minor axis CD and mark
the intersection as "0'".

» Divide AO and OB into 5 equal parts each and name
them as shown.

» Divide AE, AG, BF and BH into 5 equal parts and
number them as shown.

 Drawlinesand form C1, C2, C3, C4, D1, D2, D3, D4.

» Draw lines such as Ca, Cb, Da, Db etc to meet the
corresponding lines drawn from C and D at points P,
P, etc.

+ Join A,P.P, etc. with a smooth curve and form the
ellipse.

Exercise 2: Concentric circle method (Fig 2)

Fig 2 Y X
b c
C
a P. P
2 = e ; 3 >(d
a/Q
Py Z./r" Py > °
&
X F o) Fa %
A B
Pg Ps
h
P P e
7 D 6
g f
a
S
4 &
CONCENTRIC CIRCLE METHOD B
[=a}

Major axis = 100 mm
Minor axis = 60 mm

* Draw the major axis AB (100 mm ) and minor axis CD
(60 mm), bisecting at right angle at 0.

* '0'ascentre OAand OC asradius, draw two concentric
circles.

» Draw a number of radial lines through '0' say 4 cutting
the two circles.

» Mark the points on the outer circle as a,b,c.

» Similarly mark the intersecting points oninnercircle as
a'\b'.c

* From points such as a,b,c... draw lines parallel to
minor axis.

» From points suchas a', b'.... draw lines parallel to the
major axis to intersect with the corresponding vertical
lines at points P, P...... etc.

» Joinallthese points with a smooth curve using "french
curve" and form the ellipse.

» Tofindthe 'Foci' - with half the major axis (a) as radius
and with 'C' on the minor axis as centre, draw an arc
cutting the major axis, at two points, mark themas F,
F,, the focus points of the ellipse.

Check

Mark any point P on the curve and measure its distances
from X axis and Y axis.

X? v?
—+

) 2 2
You will observe that @ b
where a =50 mm and b = 30 mm.

=1

Exercise 3: Intersecting arc method (Fig 3)

Fig 3

INTERSECTING ARC METHOD

DMN1321J3

(3,
w



Constructing parabolic curves by different methods

Objective: At the end of this exercise you shall be able to
e constructing parabolic curves by different methods.

Exercise 1: A parabola from the given focus is at 50
mm from the directrix (Fig 1)

Constructa Parabola from a given focus is at 50 mm from
the directrix.

Construct a parabola given the base and axis.
Rectangle method

Tangentmethod

Parallelogram method

Offset method

Construct Parabolic curves from the two given points.

— Points forming right angle, obtuse angle and acute
angle.

Procedure
« Draw a vertical line D-D' the directrix.

» Draw horizontal line XX, the axis through any point X
on the directrix.

* Mark the focus 'F' on XX' = 50 mm from X (on the
directrix).

* Mark the midpoint of XF, as V.

* Mark a number of points from V towards right side on
the axis as 1,2,3,4.....

Fig 1
Pg 407

e
pZZ

P.

DIRECTRIX

o
,
]

L

Pg'

P!
DIRECTRIX METHOD

DMN1321X1

» Draw vertical lines through these points as shown,
forming double ordinates.

* Point'F'as centre, X-1 asradius, draw arcs on the co-
ordinates (vertical lines) passing through 1, mark
points P* & P_".

X-2 as radius, F as centre, draw arcs on the 2nd
ordinate, mark P2 & P,".

Similarly getpointP,, P,.... P.', P," etc. on the axis
asabove.

Join allthe points with a smooth curve, using french
curve and formthe parabolacurve.

Exercise 2: Parabola, given the base and axis of a
rectangle; base 200 mm axis 60 mm - Rectangle
method (Fig 2)

Draw a rectangle ABCD of sides 200 mm & 60 mm.
Mark centre points of AD and BC, as E and F, join EF.

Divide AB & CD andinto any number of equal parts say
5. Alsodivide AE and ED into the same number of equal
parts and number them as shown.

From point E on AD, draw lines to the divisions on AB
& CD.

From the points on AED, draw parallel lines to EF.

Mark the intersecting points P, P,, P,, P, on either
side of axis.

Form the parabola by joining the points BEC and
intersecting with a smooth curve, passing through
P, P,

Fig 2

12 3 4 F o4 3 2
I
1 w ]
P
5 Py ‘ 1 ,
3 XP | P

T | L
P .

TSRl e
A Py E Py D

100

RECTANGLE METHOD

DMN1321X2

Exercise 3: Parabolic curve with base as 80 mm and
axis 30 mm (Tangent method) (Fig 3)

Draw anisosceles triangle of base 80 mm and altitude
60 mm (double the abscissa).

Join BD and mark mid point V, the vertex.

Divide AB and BC into same number of equal parts
using divider/other methods.

Mark the pointson AB as 1,2,3 etcin ascending order..

Similarly mark 1', 2', 3' etc on CB but in descending
order.

Draw lines 1-1', 2-2"..... 7-7".

Jointhe pointswith A, V and C witha smooth curve. AC
is tangential to line 1'1", 2 2' etc and form the required
parabola.
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Fig 3

DMN1321X3

TANGENT METHOD

Exercise 4: Parabolic curve of sides 80 and 60 making
60°/120° - Parallelogram method (Fig 4)

Procedure is similar to the previous exercise

Fig4 c

NV

DMN1321X4

PARALLELOGRAM METHOD

Exercise 5: Draw a parabola given double ordinate
80 mm and abscissa 60 mm 'offset method' (Fig 5)

* Draw the rectangle ABCD and draw XX through the
midpoint of AB and CD.

» Divide AXand XB into same number of equal parts say
4 and mark them as 1,2,3 as shown.

» From the points 1,2 & 3, draw parallels (offset) to XX.

» On these offsets mark off distances as below:
1-1"equal to (1/4)? of BC =1/16 x 60 = 3.75 mm
2-2'equal to (2/4)?2of BC =1/4x 60 =15 mm
3-3'equal to (3/4)? of BC =9/16 x 60 = 33.75 mm

* Join D-X-Cthroughparts 3',2', 1' etcwithasmooth curve
and form the parabola.

CG&M - D’man Mechanical - (NSQF Revised - 2022) - Ex-1.2.18

Fig 5
A 3 2 1 X 1 2 3 B
2 1 [
[4] e r
2 I
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|
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[2] Bc 5 |
|
|
|
D X c
80 2
5
OFFSET METHOD z
Exercise 6: Parabolic curves joining two points A & B

as shown (Fig 6)

Letthe points A and B are in different positions as shown.
* Assume any point O.

» Join points A & B to O by straight lines.

» Divide AOand BOinto same number of equal parts and
number them as shown.

+ Join the corresponding pointsi.e 1-1, 2-2.....5-5.

» Draw asmooth curve, tangential to line 1-1, 2-2, 3-3,
4-4, 5-5 etc and form this.

* Checkthe curve and draw thick parabola curve.

Fig 6 A

(©)

PARABOLIC METHOD

DMN1321X6

(3,
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Constructing hyperbolic curves by different methods

Objective: At the end of this exercise you shall be able to

* construct hyperbola curve using the various conditions given.

Exercise 1: Given the eccentricity and the distance of
focus from the directrix (Fig 1)

Given the eccentricity and the distance of focus from
directrix.

Given the double ordinates obscissa and distance
between vertices (transverse axis)

Given the transverse axis and the distance between focii.
Rectangular hyperbola given pointonthe curve.
Hyperbola passing through a given pointlocated between
the two asymptotes making any angle other than 90°

» Draw the locus of a point which moves so that its
distance from afixed point (Focus)and aline (directrix)
bears a constantratio of 5/4 (i.e eccentricity). Assume
the focus at a distance of 36 mm from the directrix.

» Drawadirectrix DD'and perpendicular XX'to it at O.

*  Mark F on XX"'at a distance of 36 mm from 0.

Fig 1
(4/5*70)=56

(4/5760)=48
Py
(4/5°50)=40

(4/5°40)=32

(4/5°30)=24 /
Py

N

» Divide 'OF'into nine equal parts and mark 4th division
as'V'.

* Prepare a table as shown below such that the ratio of
the value in each column is 4:5

DMN1321Y1

HYPERBOLA (DIRECTRIX METHOD)

From directrix 24 32 40 48 | 56
From focus 30 40 50 60| 70

» Draw parallels to directrix at distances 24,32 etc.

» Fascentreandradius equalto 30, 40 etc. draw arcs to
intersectthe corresponding lines drawnin the previous
step.

* Mark the intersecting points as P, P,...etc.

+ Complete the hyperbola by a smooth curve passing
through these points.

Exercise 2: Given the double ordinate, abscissa and
distance between vertices (traverse axis) (Fig 2)

» Draw a hyperbola with double ordinate 100 mm and
abscissa40 mm (rectangle method) and the transverse
axis 100 mm.

« Draw the rectangle ABCD 100 x 40 mm.
* Mark the mid points V, X on AB and CD.

« Join VX and extend it outside to '0' 50 mm 100/2 from
V.

+ Divide AD and BC into 4 equal parts. Mark them as
1,2,3,11,21 31,

« Join these points to V by straight lines.

+ Divide DX;XC into 4 equal parts, each mark them as
a,b,c,c',b’a".

+ Join'0' to these points by straight lines.
* Mark the intersecting points as P.,P, etc as shown.

* Join V-D with a smooth curve through P, PP, etc.

Fig 2
D [1 |2 |3 A
OV = HALF THE TRAVERSE AXIS = 50
a| VX = ABSCISA = 40
DOUBLE ORDINATE = AB = 100
b
Ldl P
Py
C|
P
X \ |0
el fs
Py
b .
b P,
a|
c K] FEE B S
S
40 50 2
=
o
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Exercise 3: Giventhe transverse axis and the distance
between focus (Fig 3)

Draw a hyperbolic curve with transverse axis 30 mm and
focus 50 mm apart.

Draw the axis XX'and mark a point'0".

Mark OA = OB = 15 mm.

Mark OF1 = OF2 = 25 mm.

Mark any number of points on AX as 1,2,3,4....9

Distance A-1asradius, withcentre F, and F,, draw arcs
on either side of XX".

Distance B -1 as radius, with centre F1and F2. Draw
arcs to intersect the previous arcs at P, . (four places)

A-2 asradius, F1and F2 as centres, draw arcs on either
side of XX'.

Similarly B-2 asradius, F1and F2 as centres draw arcs
to get the point P2. (four places)

Repeat as above and mark points P, P,....P9 on four
positions on either sides of XX'.

Join the points in an order forming a pair of hyperbola
curves.

Fig 3

DMN1321Y3

HYPERBOLA

Exercise 4: Rectangular hyperbola given point on
the curve (Fig 4)

Draw arectangularhyperbola given a symptotes as OX
and QY are at right angles and a point P on the curve
is 30 mm and 10 mm from OX and OY respectively.

Draw the symptotes OAand OB atrightangles to each
otherandlocate the given point P. (10 mm from OX and
30 mm from QY)

Draw the lines CD and EF passing through P and
parallel to OA and OB respectively.

CG&M - D’man Mechanical - (NSQF Revised - 2022) - Ex-1.2.18

Locate number of points 1,2,3 etc. (not necessarily
equidistant) along the line CD.

Fig 4

Y

B E

Ps

DMN1321Y4

o‘ F A X

Join 1,2,3 etc to O and extend if necessary till these
lines meet the line EF at points 1', 2', 3' etc.

Draw lines through 1,2,3 etc. parallel to EF and through
1',2',3'etc. parallel to CD to intersectatP,, P,, P, etc.

A smooth curve passing through P, P,, P, etc. is the
required rectangular hyperbola.

Rectangular hyperbola is a graphical
representation of Boyle's law, PV = constant.
This curve also finds application in the design
of water channels.

A hyperbola passing through any given point
located between the two asymptotes making
any angle otherthan 90° may also be constructed
as shown in Fig 5.

Fig 5

DMN1321Y5
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Capital Goods & Manufacturing
Draughtsman Mechanical - Basic Engineering Drawing - Types of curves -
Methods of dimensioning - Types of scales

Exercise 1.2.19

Construction of involutes - cycloid curves - helix and spiral

Objectives: At the end of this exercise you shall be able to

» construct the following geometrical curves (involutes) under the given condition/data
- involute of circle by radial line and concentric circle method
- involute of plane figures such as square and heptagon.

Draw an involute of a circle of diameter 40 mm.
Radial line method
Concentric method

Draw involutes of (regular plane figures)
Square of side 40 mm
Heptagon of side 40 mm

PROCEDURE

Exercise 1: Constructaninvolute of acircle of diameter
40 mm Radial line method (Fig 1)

Draw a circle of diameter 40 mm.

Divide the circle into a number of (say 12) equal parts
and number thanas 1', 2", 3'......12".

Draw a tangent through any of the points 1', 2' etc and
setalength equal to = D (graphically) on it, preferable
draw the tangent from the point "O'.

Divide the circumference ( D)intoequal partsaswas
done for circles and number them as 1,2,3....12.

Draw tangents from points 1'2'3' etc and mark their
lengths respectively equal to 01, 02, 03....011 etc and
get points such as P,,P,...P., smoothly and form the
involute of circle.

Follow the first four steps of the Radial line method.

Fig 1

P

DMN1322H1

RADIAL LINE METHOD

Exercise 2: Concentric circle method (Fig 2)

Draw the concentric arcs, from the centre of the circle
through the divisions 1,2,3.... etc to cut the tangential
lines drawn from 1',2',3" etc at points P, ,P,,,P, etc.

Join points P,, P,, P, by a smooth curve and form the
involute of the circle.

58

Fig 2

DMN1322H2

Exercise 3: Construct an involute of square of side
40mm (Fig 3)

Fig 3

%

W2

rL'D

1
INVOLUTE OF A SQUARE

DMN1322H3

» Draw a square ABCD and extend the sides.
« 'A'as centre and radius 40 mm, draw the quadrant B.

« 'D'ascentreandradius D-1,drawasecond quadrant 1-
2.

+ 'C'ascentreandradius C-2, draw a third quadrant 2-3.

« 'B'ascentre andradius B-3 and draw forth quadrant 3-
4.

* Now the curve 1-2-3-4 is the involute of the square.



I x360°
R

Exercise 4: Construct an involute of a heptagon
(Polygon) in a circle of diameter 60mm (Fig 4)

Fig 4

INVOLUTE OF A HEPTAGON

DMN1322H4

Constructing cycloidal curves, Helix and spiral by different methods

Objective: At the end of this exercise you shall be able to
* construct given radius/diameter of generating/directing circles.

Exercise 1: The cycloid of a point on a rolling/
generating circle of dia 60 mm along a straight line

(Fig1)

Draw the generating circle of diameter 60 mm with
centre'0".

Locate the initial position of the point Aanywhere on the
circumference of the circle.

Draw aline AB tangential and equal to the circumference
of the circle.

Divide the line AB and the circle to the same number of
equal parts (say 12) and number them as shown in
figure.

Draw the line OC parallel and equal to AB.

Erectperpendicularsat1',2'.... etctomeettheline OC
atC,C,....etc.

Through the points 1,2,3 etc draw lines parallel to AB.

C,ascentreandradius 30 mm, draw an arcintersecting
the horizontal line 11-A, atA..

C, as centre and same radius (R30 mm) draw an arc
intersecting the horizontal line 10-A, at A,. Similarly
locate points A, A,...A,, etc with centres C,, C,....etc.
JoinA A A,...A
required cycloid.

11» B with a smooth and complete the

Fig 1

As

Ag

CYCLOIDAL CURVE

Cy C, Cs Ce
6 _ 8 _ - = _ _ _
9 c /
Ao
\ /
AT
—
3 @ 5 6 7 8 9 10 1 |

DMN1322J1

Exercise 2: A circle of radius 20 mm rolls outside
slipping on another circle of radius 60 mm. Draw the
path of a point, on the rolling circle, the Epi cycloid
(Fig2)

As the generating circle rolls once on the directing circle,
itsubtends an angle onthe periphery of the directing circle.

The value of this angle is =

where r and R are the radii of generating and directing
circles (20 mm and 60 mm) respectively.

2
Angle substandard = 6—8 x 360°=120°
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Draw anangle AOB equalto 120° and extend the sides.
Point '0' as centre, draw the arc AB of radius 60 mm.

Divide the angle AOBinto 12 equal parts and draw lines
from 0 as shown.

On OA extended, with centre Aand radius 20, draw an
arc to cut the line OA extended at C.

C as centre, draw a circle of r 20.

Divide therolling circle (C)into 12 equal parts 1,2,3....12
as shown.

Point'0" as centre 0-1 as radius, draw an arc on to the
angle AOB as shown.

Repeatthe same and draw arcs through points 2,3,4 &
5 with centre "O'.

Mark the intersecting points of radial lines drawn from
'‘O"and drawn throughCas C,,C,,C,...etc.

Withradiusrand centres C,,C,,,C, etc. drawarcs onthe
respective radial lines to get points suchas A, A, A,
etc.

Joinpoints A, A,, A, etc with smooth curve to form the
required epicycloid.

Fi

g2

EPICYCLOID

DMN1322J2

Exercise 3: A circle of diameter 80 mm rolls inside a
circle of R90. Draw the resulting hypocycloid (Fig 3)

As in the previous exercise the angle subtended by the
rolling circle

60

Lx 360° = 40mm
R 90 mm

x 360° =160°

Draw anangle AOB equalto 160° and extend the sides.
Point '0' as centre, draw the arc AB of radius 90 mm.

Divide the angle AOBinto 12 equal parts, and draw lines
from 0 as shown.

On OA with centre Aandradius r40, draw an arc to cut
the line CA at C.

C as centre, draw a circle of r 40.

Divide therollingcircleinto 12 equalparts 1,2,3...12as
shown.

Point '0' as centre 0-1 as radius draw an arc on to the
angle AOB as shown.

Repeat the same and draw arcs through points 2,3,4
etc with centre "O'.

Mark the points intersecting points of radial lines drawn
from'0'and thearcdrawnthrough'C'asC,,C,,C,....etc.

With radius r and centres C,, C,, C, etc., draw arcs on
the respective radial lines to get points suchas A, A,
A, etc.

JoinA, A A,...A,,, Bbyasmooth curve and complete
the required hypocycloid.
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Fig 3

(¢]

HYPOCYCLOID

DMN1322J3

Exercise 4: Draw four spirals on a line (Fig 4) ]
» Draw aline LM at an angle of 50° to the horizontal.
» Mark the points A and B (AB = 10mm)

» 'A'as centre, draw concentric semi-circles of radii 10
mm and 17 mm on the right side of the line LM.

« 'B'ascentre, draw two concentric semi-circles/arcs in .
continuation to the previous arcs on left side of the line
LM.

* Repeat the procedure with centres A and B and com-
plete the pattern.

Fig 4 .

DMN13224

SPIRALS

Exercise 5: Draw the cam as per dimensions given
(Fig.5)

+ Drawavertical line and mark the points C,C, such that
C,C,=84 mm.

C,ascentre, draw an arc of radius 56 mm (100-44) and
C, as centre, draw another arc of radius 78 mm (100-
22). Both arcs cut at C,.

Similarly obtain a point C, by drawing two arcs of radii
84 mm (44 + 40) and 62 mm (22 + 40) from points C,
andC,.

Draw a circle of radius 44 mmwith C, as centre and draw
a circle or radius 22 mm with C, as centre.

Produce C,C, and get points A and B.

C, as centre and radius BC, (100 mm) draw an arc.
C, as centre and radius 40 mm draw an arc.

Draw a circle of R10 with centre C,,.

Rub off the unwanted lines and complete the pattern.

Draw a polygon (heptagon) and mark the corners
0,1,2,.....6 etc.

Extend each side of the polygon (heptagon) as shown.
'1" as centre and 1-O as radius, draw an arc OP,
'2' as centre and 2-P, as radius, draw an arc PP,

Proceed in the similar way and draw arcs P, P, P, P,
&P,

Nowthe curve 'O'P,P,P.....P istherequiredinvolute.
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Fig 5
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CAM

Exercise 6: Archimedean spiral of one convolution of
radius 80 mm and starting from pole (Fig 6)

Fig 6

SPIRAL OF ARCHIMEDES

DMN1322J6

Any point'P' as centre, draw a circle of given radius 80
mm.

Divide the circle into a number of equal (12) parts,
number it as ABC, divide the radius into the same
numberof 12 equal partsand numberthemas 1,2,3.....12.

Draw arc of radius P-1 on radial line PA. Mark the
interaction as P, .

Draw arc of radius P-2 on radius line PB and mark the
interaction as P,

Draw arc of radius P-3 on radius line PC and mark the
interaction as P,.

Similarly draw arcs on all the radial lines and mark
points P, to P ..

Join the points P, P1, P2......P12 by a smooth curve
and form spiral of the archimedes.

1
Exercise 7: Construct an Archimedean spiral of 15

convolution, smallestradius r=20 mm, largestradius
R =60 mm (Fig 7)

62

Any convenient point "O' as centre, draw a circle of
radius 60 mm and draw the radius OH.

Set of OQ equal to 20 mm.

Divide the circle into 12 equal parts (i.e 30°) and mark
themas 1',2".....12".

Divide theline QH into 18 equal parts and number them
as 1,2,3.....18.

'O’ as centre, draw arcs passing through points 1,2....
18 to intersect the corresponding radial lines at P,
P..... etc.

2
Join the points P1 to P18 by a smooth curve and form
the required spiral.

Fig 7

DMN1322J7

ARCHEMEDIAN SPIRAL

Exercise 8: Construct a helix for two revolutions of a
point on a cylinder dia 40 and pitch of helix 30 mm
(Fig.8)

Draw acircle of diameter 40 mm, divide itinto 12 equal
parts and number them as 1,2.....12.

Draw vertical projectors of sufficientlength (more than
60 mm) from points 1,2.....12, such that the points 1
and 11,2 and 10, 3 and etc lie on same vertical line.

Mark the points A,B and C such that AB = BC = lead
=30 mm.

Divide AB into the same number (12) of equal parts as
there are similar divisions in the circle.

Draw horizontal lines from 0, 1',2"..... etc to intersect
with the projections from 1,2,3 etc at points P,, P,,

Jointhe points P, P, etc with a smooth curve and form
helix.

Repeatthe above procedurein portion BC and complete
the helix for two leads.
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Fig 8
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Exercise 9: Construct a helical spring of 10 mm
square. Cross-section has an outside dia of 60 mm
and pitch 30mm. Draw two pitches of the spring
(Fig.9)

» Todraw the spring with one pitch we have to draw four
helixes.

» Helixes starting from Ais to be drawn using procedure
ofthe previous exercise with outside diameter 60 mm.
For helix 'D' reproduce same thing at distance 10 mm
above helix A (thickness of spring 10 mm).

» Followthe above said procedure complete two helixes
B&C with inside diameter 40 mm.

* Repeatfour more curves and complete the two pitches
of the spring.

Fig 9 ‘
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HELICAL SPRING

Exercise 10: On a cylindrical rod of dia 80 a square
helical groove of depth 12 mm is cut forming square
thread. Assuming the pitch equal to 24 mm, draw 2
complete turns of the thread. Find the helix angle.
Assume width/thickness of thread = depth of thread
(Fig10)

Outside dia = 80mm
Depth ofthread = 12mm
Pitch of thread = 24 mm

» Startingfrom ABCD, draw four helixes using the method
followed in the previous exercises and complete 5
pitches by drawing parallel helical curves.

» Drawverticallinessuchas PQ, RS, MN etctorepresent
the core of the all five pitches.

* Draw parallel lines EF and GH at any convenient
distance.

* Ruboftheinvisible portions of the helixes and complete
the square thread.

Fig 10
ig s
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Capital Goods & Manufacturing

Draughtsman Mechanical - Basic Engineering Drawing -

Exercise 1.2.20
Types of curves

- Methods of dimensioning - Types of scales

Objects drawing with dimensions of different alignment as per SP-46-2003

Objectives: At the end of this exercise you shall be able to

* place dimensions in the drawings by aligned system and unidirectional system of dimensioning
 give dimensions to the given drawings by following dimensioning principles and as per BIS.

Procedure
Exercise -1

To the given drawing of the profiled sheet metal. (Fig 1)
Place the dimensions in aligned system.

Draw the drawing of the sheet metal to 1.1 scale.
Draw the extension lines in continuation of outlines.
Draw the dimension lines. (Fig 1)

Place the dimension value near the middle and above the
dimension line to be read from “bottom and right hand
side” of the drawing.

Fig 1

60

40

50

25

10

80

DMN1424HB

Note: Drawthe dimensionline terminations as per1S:11669-
1986.

« Drawthearrow heads with shortlines forming borbs at
any convenient angle between 15° to 90°.

» Maintain the uniformity of line thickness.
» Dimension lines are not to be broken.
Exercise - 2

Tothe givendrawing of the profiled sheet metal shownin Fig
2. Place the dimensions in unidirectional system.

* Place the horizontal dimensions above and middle of
the dimension line without break.

* Breakthedimensionin the middle of all non-horizontal
dimension lines. (Fig 2)

Note: Follow the general principles of dimensioning and
show the dimensions as per standard.
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Fig 2

30

40

80

DMN1424HC

Exercise -3

Draw the four cover plates shown in (Fig 3a,b,c &d) and
dimension according to standards.

» Fig 3 & 4 dimensions are placed taking the left and
bottom edge as reference lines.

* Fig 5 & 6 centre lines are taken as reference lines for
placing the dimensions.

Fig 3
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Fig 4 3
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Fig 7 ., * Follow the same procedure adopted in previous
exercises.
! » Centrelines are taken as reference line for the placing
‘ L the dimensions
t=8
— Exercise - 6
8 o o
0 . . .
N - Draw the special can shown in Fig 8 and place the
| - dimensions.
~
1 » Adoptthe principles of dimensioning arcs, curves and
15 o fillets.
30 Z + Centre lines are taken as reference line for giving
- = dimensions. (Fig 9)
Exercise - 5

Draw the board and seal of a three phase motor shown in

Fig7.
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Application of Dimensioning Technique

Objective: At the end of this exercise you shall be able to

* draw the drawings by correcting the mixtures and drawing in both systems.

Exercise: Reproduce the given drawings (Figures 110 10)
& dimensioning them both its aligned system and
unidirectional system.

Fig 1 100
20

20

60

.

20 =
1

Note: Read the related theory related to
dimensioning technic and draw the given
figures 1 to 10 as per instructor.

Fig 4
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Capital Goods & Manufacturing

Draughtsman Mechanical - Basic Engineering Drawing -

Exercise 1.2.21
Types of curves

- Methods of dimensioning - Types of scales

Draw plain scale - Diagonal scale - comparative scale - vernier scale

Objectives: At the end of this exercise you shall be able to

» construct the plain scale, diagonal scale and comparative scale

¢ vernier scale and scale of chords.

Scales: Itis difficult to draw the components to their actual
sizes, because they may be toolarge to be accommodated
on the drawing sheet or too small to draw and cannot be
effectively used in the shop floor. For example, think of
making the drawing of a motor car. Itis too long and wide
to be drawn on the drawing sheet to its original size.
Similarly small component like wheel of awrist watch orits
needle (hands)ifdrawn toits original size will notbe legible
enough for use in the shop floor.

Sodepending on the situation drawings are drawn smaller
or larger than the actual sizes. When we say that the

drawings are smallerorlarger, we meanthata givenlength
inthe drawing willbe smallerorlargerthan the corresponding
length in the object.

The ratio of the length in the drawing to its corresponding
length of an object, when both the lengths are in the same
unit, it is called the Representative Fraction (RF).

Size of the component in the Drawing

RF = Actual size of the component

1
1 Constructa plain scale of RF 20 to measure up to

10 cm (min) and mark a distance of 1.2 metres on
the scale.

2 Constructascale of RF and using this scale,

6000
draw arectangle of perimeter 2400 mand the sides
are in the ratio of 3:4.

1
3 Construct a plain scale of RF 0 to measure

metres and decimetres and mark a distance of
3.7m.

4 Construct a comparative scale to convert °C to °F

Constructascale of chord and mark angle 35° using
the same.

PROCEDURE

Exercise 1: Construct a plain scale of RF 1/20 to read
1.2 m and minimum distance of 10 cm (Fig 1)

» Take alength as 15 cm.
15 cm x 20 = 300 cm (15 cm will represent 3 m)

» Draw a rectangle of 15 cm x 1.5 cm to represent the
length and width of scale.

» Divide the length (15 cm)into 6 equal parts. Each part
representing 0.5 m or 50 cm.

* Mark the parts as 0.5; 0; 0.5; 1.0; 1.5 etc.

» Dividethefirst partinto five equal divisions (each ofthe
division is 1 dm or 10 cm) and mark them as shown.

» Divide the width of the scale into 3 parts.
» Filland numberthe alternate blocks (middle)as shown.

 Mark 1.2 m on the scale.

Fig 1

15cm

-

0.5‘ ‘ ‘o 05 10 15 20 25
|

ccccc

DMN1423H1

Exercise 2: Construct arectangle whose perimeteris
2400 mandits sides arein theratio of 3:4. Using scale
of RF 1/6000 (Fig 2)

» Calculate the length of the scale to represent half the
perimeter:1200m

Length of the scale = RF x length to be measured
LX 1200 m x 100 = 20 cm.
6000
» Drawaline AE20cmlongrepresenthalfthe perimeter.
» Divide AE into 7 equal parts. (3:4); 3+4 =7)
* Mark AB equals to 4 units.

Fig 2

D C

AE = HALF PERIMETER

- _1 r
RF= 6000 SCALE 1:6000

DMN1423H2
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©



« Draw perpendiculars at A and B.

+ Mark D and C on the perpendiculars to a length of
BE.

» Join DC and complete the rectangle ABCD.

Exercise 3: Construct a plain scale to show metres
and decimetres longenough to measure upto5m. RF
=1/40. Mark a length of 3.7 m on it (Fig 3)

RF =1/40
Maximum length to measure =5 m
Length of the scale required = RF x L

1
_4—0x5mx100—12.5cm

Draw a rectangle of 12.5cm x 1.5 cm.

Divide the length into 5 equal parts each representing
one metre.

Mark them as shown.

Divide the first division into 10 equal parts each repre-
senting 1 decimetre and mark them as shown.

Mark the distance 3.7 as shown in Fig 3.

Fig 3 a7m

Decimetres
10 8|6 4 2 0

Metres

— —

1 0 1

RF =

2 3 4m

DMN1423H3

Exercise 4: Construct a comparative scale to convert
Fahrenheit (°F) into Celsius °C and vice-versa (Fig 4)

» Drawaline ABof15cmlong. (Top partwillread °Cand
bottom part will read °F)

+ Divide the line into 10 equal divisions.

* Topsidemark0,10,20....100for °C scale (100 divisions)
and on bottom side, mark 32, 50, 68.... 212 for °F scale
180 divisions as shown.

On °Cside divide one divisioninto 10 equal parts. (Now
each small division represents 1°C)

On °F side, divide each division into 18 equal parts.
(Now each small division represents 1°F)

Mark other numbers and complete drawing the scale.

Fig4
Ig 100
°C
10 20 30 40 50 60 70 80 90
Al o oo oo o] oo b o] oo boeoc b oo oo oo bl
AU T A A A A U A
40 60 70 80 90 100 110 120 130 150 60 170 180 190 200 210
32 50 68 86 104 122 140 158 176 194 °F 212 s
COMPARATIVE SCALE g
[a]
Exercise 5: Construct a scale of chord and draw an
angle 35° (Fig 5 & 6)
Fig 5

« Draw a quadrant ABC and extend the line AB.

* 'A'as centre AC as radius, draw the arc CD. (Now AD
represents the chord of arc CD)

« Divide the arc AC into 18 equal parts, so that each
division will represent 5°.

+ 'A' as centre, draw arcs with radii A", A,'...A ' to
intersect line DA and mark them 5°, 10°.....90° as
shown in Fig 5.

To draw the angle of 35°
» Draw aline PQ equal to AB.

70

85°| 75°| 65°| 55°
90° 80° 70° 60° 50°

45° | 35°
40°
SCALE OF CHORDS

30° 20°  10° 0°

DMN1423H5
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Fig 6

DMN1423H6

« 'P'as centre PQ as radius, draw arc.

» SetthecompasstoA-35°and'Q'as centre,drawanarc
to intersect the previous arc at R.

» Join PR by a straight line and now angle RPQ = 35°

1 .
25 showing

metre, decimeter and centimeter to measure upto
4 m. Markalengthof2.69m, 1.09mand 0.08 m..

7 Constructdirectvernier scale toread centimeters
and to measure upto 4 metres having an RF =

6 Construct a diagonal scale of RF =

1
25 Mark distances 0.21 m; 2.74 m & 3.72 m.

8 Construct retrograde vernier scale to read
centimeters and to measure upto 4 metres having

1
an RF = 2—5 Mark distances 0.21 m, 2.74 m &

3.89m.

Exercise 6: Construct a diagonal scale for 4m length
and showthe lengths 2.69m, 1.09m and 0.08m. (RF=1/
25) (Fig.7)

* Lengthofscale required = RF xlength to be measured
-1 4 mx100=16 cm
= 25 X X =16 cm.

» Draw arectangle ABCD of 16 cm x 4 cm.

» Dividethe rectangle ABCD into 4 equal parts and mark
them EF, GH & IJ and each division represents one
metre.

» Divide the line AB into ten equal parts and mark them
1,2,3,...10,.

» Draw vertical lines from points 1, 2...... etc.

» Divide the BF into 10 equal parts and mark them as
1'2'3' etcand each division representing 10 cm (1dm).

» Draw diagonals on all ten small rectangles in the 1¢t
(lower) block ABFE and complete the diagonal scale.

* Metres are read on EF or line parallel to iti.e GH, IJ &
DC. Decimetres are read on the division of line AE and
centrimetres are read on points where the diagonals
intersect with the vertical parallel lines drawn through
the divisions of line AB.

* Mark 2.69 in using the diagonal scale. (Fig 7)
2.00 m on metre division
0.60 m on decimetre division
0.09 in the diagonal cm division

1.09mand 0.08 m are also marked in the figure 1inthe
same way.

Fig 7
2.69m (2.0m+0.6m+0.09m)
RF =% 1.09m (1.0m+0.09m)
RN
gl | L1
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gl L 111111
IR REN
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HEEERREEN
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Exercise 7: (Figs 8) Constructadirect vernier scale of

RF =2i5 toread centimetresford mand 3.72m, 2.74m

and 0.21m
Fig 8 D 3
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Draw a rectangle ABCD (16 cm x 1 cm) representing
main scale.

Divide the main scale into 4 length of each part equal
and representing 1 metre.

Divide each line AG, GF, FE & ED into 10 equal
divisions and each division is called one main scale
division. (1 dm)

Add another rectangle GO, J, H as secondary scale
(vernier) to alength of 9 MSD (9 dm).

Divide GHinto 10 equal division on secondary (vernier
scale) side and complete the vernier scale.

Fig 9
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To show the reading 0.21 m (Fig 8 & 9)
0.21m =02m+0.01m
0.2m =Two fulldecimetre

0.01 m = difference between 1st MSD and 1st VSD
(secondary)

Lowest main scale block and vernier side portion
of Fig 8 is shown with more detail in Fig 9.

» Tomark the reading 2.74 m refer the figures 8 & 9.

Follow the marking made on G to D line in figure 8 for
22m

On the main scale OB 5 MSD marking made on Gto D
line in figure 3 for 0.5 m (1 MSD = 0.1 m)

Refer VSD from left to right in Fig 3 for 0.04 m
Requiredreading2.74 m

To mark the reading 3.72m
For reading 3.72 m follow the procedure given for earlier
readings. (Fig 8 & 9)
or
Follow the method and procedure given below. (Fig 10)

» Draw the main scale in the form of a rectangle (16 cm
x 1 cm) with metre and decimetre divisions.

» Construct the secondary scale (vernier) separately,
taking 9 main divisions and dividing it into 10 equal
parts.

* To mark 3.72 m, position secondary (vernier) scale
along the main scale tothe rightof3.7 mand the second
division of the secondary (vernier) scale coincides with
3.9 m mark.
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Fig 10
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Exercise 8: Construct a retrograde vernier scale
(Fig11)

RF ; Leastcount:1 cm; Maximumlength: 4 mLength

25

1
of scale: —— x4 mx 100 =16 cm
25
* Construct the main scale (instead 3 metres, draw to 4
metres)

» Extendtheleftend of the main scale temporarily by one
division.

» Drawthesecondary (vernier)scale of 11 MSD length as
shown.

» Divide the secondary (vernier) scale into 10 equal
divisions each representing 1.1 dm or 0.11 mm and
complete the retrograde vernierscale.

CG&M - D’man Mechanical - (NSQF Revised - 2022) - Ex- 1.2.21

To mark the reading, refer Figure 11.
(i) 0.21 metres=1.1+0.1=0.21

— Withreferencetozeroonthe vernierscale, one division
on the right hand side and 1 division on the left side.

— Draw extension lines and mark the reading.
(i) 2.74 metres =2.3 +0.44 = 2.74

— Mark 4th division on the vernier scale represents 0.44
from “O' and mark 2.3 m on the main scale.

— Draw extension lines and mark the reading.
(iii) 3.89 metres = 2.9 + 0.99

— Mark the 9th division on the vernier scale represents
0.99 m from "O' and mark 2.9 m on the main scale.

— Draw extension lines and mark the reading.

Fig 11
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Capital Goods & Manufacturing

Exercise 1.3.22

Draughtsman Mechanical - Projection - Freehand sketching of different parts

of machines

Orthographic projection of points and lines

Objectives: At the end of this exercise you shall be able to

» draw the projection of a point for the given positions in the four quadrants
» draw the projection of lines in first angle and 3rd angle for the given positions.

PROCEDURE Table 1
Exercise 1: (Fig.1): Draw the plan and elevation of the Points/ 1st 2nd 3rd 4th
point ‘P’ given its distance ‘a’ and ‘c’ from the both the Distance Angle
plane of projection when the pointis lying in first, second,
third and fourth quadrants. Refer the table 1 for the values a
‘a’ and ‘c’ and draw the projections for the points in 1st, in front of VP 20 25 25 20
2nd, 3rd and 4th angle.
c
above HP 40 30 30 35
Fig 1
VP VP & HP HP
P P
P P
X o o i Y
O o]
THE VALUE OF 'a' IS LESS © i ©
Pr— THAN THE VALUE OF ¢! Pe—1
pe— 1 P L
HP VP VP & HP
1st ANGLE 2nd ANGLE 3rd ANGLE 4th ANGLE %
(1st QUADRANT) (2nd QUADRANT) (3rd QUADRANT) (4th QUADRANT) &
PROJECTIONS %
Example 1 * Markthe points P and P'in all four quadrants such that

» Draw the plan and elevation of the point 'p' given its
distance as a & c from both planes of projection, when
the point is lying in first, second, third and fourth
quadrants. Refer the table for the values a & c.

Points/ 1st |2nd 3rd 4th
Distance

Distance from 30 35 40 40

VPl a

Distance 20 40 30 20
from VPII b

Distance 25 30 35 15

above HP ¢

e Drawthe XY line.

* Representthe HP & VP for each quadrantas shownin
Fig 1.

» Draw vertical line perpendicular to intersect/ meet XY
at'0".

74

OP=ag&OP' =c.

* Now the points P & P' are the plan and elevation as
required.

* Adopt the same procedure for points 2nd angle, 3rd
angle and 4th angle. (Fig 1)

Draw the plan and elevation of a pointgivenits distance as
a, b and ¢ from VP Il and HP respectively, when the point
is kept in first quadrant. Refer for the values of a, b and c

(Fig2)

Fig 2
VP 1 m X' . VPl
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©
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X Y
d o
o
g
1 p, &
HP n Y <
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Draw xy and X'y’ intersecting each other at ‘o’ and mark
the plane VP I, VP Il and HP

Draw a vertical lines ‘xy’ at a distance of b as shows in

figure

» Mark the point p such that d’ is equal to ‘@’ as shows

» The point p’ shows highlighted will be the elevation

*  Markpshowsthatdpisequalto‘c’ assectioninfigure.
now the point p will be the plan.

Draw a projector through p’ parallel xy cutting X'y’ ate
Mark the point p” such that EP” is equal to ¢
Now the point p” will be the side elevation on VP II

Adoptthe procedure forthe points A, B, C & D and draw
the projection.

Exercise 3: Draw the projections of a line on VPI, VPII and HP given its positions as in the table below

Ex.No.| Line Length Distance Distance Distance Line Line
of line from HP from VPI from VPII inclined inclined to
to HP VPI
1 ab 40 30 40 20 Parallel Parallel (Fig 3)
2 cd 45 Nearestend 35 15 90° Parallel (Fig 4)
point of perpendicular,
line 20
above HP
3 pq 55 25 Farthestend| 20 Parallel 90° (Fig 5)
point of line perpendicular
75infront
of VP
4 rs* 50 Nearestend 40 60mm to the 30° Parallel (Fig 6)
point of line pointnearest
15above HP to HP
5 mn 60 28 Nearestend [ 33 mmtothe | Parallel 55° (Fig 7)
point of line nearestend
15 from VP point of the line
6 kl*x 70 Nearestend Nearestend | 35mm to the Either 40° or 50° (Fig 8)
point of line point of line pointnearest
20aboveHP | 25in front to VPII
7 gh*** 70 -do- Nearestend | 80 mmtothe | 40° 50° (Fig 9)
point of line pointnearest
25 from VP to VPII
* Angle is measured positive in the anti-clockwise direction.
* Line KL is parallel to VPII
i Line GH is not parallel to VPII
Ex 3-1
. Fig 3 X'
+ Drawlines XY and X'Y". vl « .
+ Draw aline ab (plan) at a distance of 40 mm below XY - LA
and point'b' 20 mm away from X'Y". -
» Drawalinea'b'30 mmwhich will be the elevation above M K v
XY and point b'is 20 mm away from X'Y". )
» Draw the projectors fromab and a'b'. Projectors meet o
at a point a" (b") - the side elevation. (Fig 3) N
HP & b |y §
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Ex 3.2

* Drawthelines XYand X'Y".

* Markthe pointd (c)-Plan 35 mm below XY and 15 mm
to the left of X'Y".

* Projectthe pointd (c) upwards and mark pointc'20 mm
above XY line.

* Mark point d' 45 mm above point c'.

« Join points c¢'d' (length of the line). Now line ¢'d"is the
elevation.

* Projectc'd'tothe rightand draw the side elevation c"d"

35 mm away from the X'Y' line. (Fig 4)

For the previous step 35 mm may be taken from a

scale ortransfered from plan d (c) by construction

as shown in Fig 4.

» Drawthe projectors fromr's'and rs as shown and draw

the r's" - the side elevation. (Fig 6)

Fig 6
VPl X VP 1I
« ¢ s

15
.

40
}
=

HP
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Exercise 3.5 (Fig 7)

Fig 4 X
15 3B |
d d"
wn
<
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&
X \4
0
@ =
g
[ E— U_’
d(c) Y g
[a}
Ex 3.3

e Drawthelines XY and X'Y".

« Draw pq (plan) of length 55 mm such that it is 20 mm
away from X'Y'and point P is 75 mm below the XY line.

» Projectpqvertically upwards and mark p' (elevation) ON
it and 25 mm above the XY line.

* Theside elevation p" q"is drawn by projecting p'to the
right and transfering the distance pq as shown. (Fig 5)

Since the line is parallel to HP, projection on HP
will be of true length and it will be at an angle of

55° to XY line.

* Draw the line mn (plan) such that it makes an angle of
55° to XY line and is of 60 mm in length. (Fig 7)

e Draw the elevation m' n' and side elevation m" n" as
given in the earlier exercise.

Fig 7

VP 1 33 VP 1l

I

o

3
DMN1525H7

Exercise 3.6 (Fig 8)

Since the line is parallel to VPII, projection of VPII
will be of true length and it will be at an angle of
40° as the inclination of the line to HP is 40°.

Fig 5
X
VP 1 VP 1l
Py~ | o p"
X h Y
q
HP P Y %
Exercise 3.4 (Fig 6)
In this problem, elevation on r's’ will be of actual
length (50 mm) at 30° to XY. Plan and side
elevation will be shorter than actual length.

+ Drawtheelevationr's'atanangle 30° and of 50 mmlong,
with the pointr' 15 mm above XY line and 60 mm to the
leftof X'Y".

* Project r's' downwards and draw rs the plan at a
distance 40 mm below the XY line.

*  Draw K"I" to length of 70 mm, inclined 40° to XY with
pointk"is 20 mmabove XY and 25 mm away from X'Y".

* Drawk'l'(elevation) 35 mm away from X'Y' by projecting
points k" and I".

« Draw plankl by drawing projectors from side elevation
and elevation. (Fig 8)

Fig 8
VP 1 35 VP 11

HP

DMN1525H8
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In this example projection of the line in all the
three plane will be shorter in length than the
actual length.

Ex 3.7

Draw the line gk and g'k', the plan and elevation of the
line if it was parallel to VP and inclined 40° to HP.

Drawalineghatanangle of50° to gkand of same length
as gk. Now ghwill be the plan when the line makes 50°
to VP.

Joing'h' and this will be the required elevation on VPI.

Get points g" h" by drawing projectors from plan and

elevation.

Join g" h", the side elevation. (Fig 9)

The projected length of a line, when projected to
one principle plane to which it is inclined will be
of same length, no matter what angle it makes
with the other principle plane.

Getthe pointh'by drawing horizontal projectors through
k' and vertical projector through 'h'.
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Capital goods & Manufacturing Exercise 1.3.23
Draughtsman Mechanical - Projection - Freehand sketching of different parts
of machines

Projection of plane figures

Objectives: Atthe end of this exercise you shall be able to
* draw the projection of surfaces, when they are parallel to one plane, but perpendicular to the other plane
* draw the projection of surfaces when they are inclined to one plane, but perpendicular to the other plane

* draw the projection of surfaces when they are perpendicular to both the planes
» draw the projection of surfaces when they are inclined to both the planes.

Exercise 1: Draw the projections (elevation, plan and side
view) of the plane figures shown below having their position
definedasunder:

Surface parallel to VP

Surface perpendicularto HP

One of its edges parallel to HP

Centre point40 mmabove HP and 20 mminfrontof VP.

Square of 60 mm side (Fig 1)

Draw the projections (elevation, plan and side view) of the
square having its position.

* Draw the xy line.

* Drawthe square withits centre 40 mm above the xyline
and one edge parallel to xy line.

* Markthe corners of the figure a', b', ¢' & d'. This willbe
the elevation of the square.

Fig 1 .
d | c d"
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3
d(a) c(b) &
Y z
3

» Drawthe vertical projectors froma'b' downward beyond
the xy line.

» Drawahorizontal line dc at a distance of 20 mm below
the xy line. Line dc will be the plan.

 Draw a X'Y'line at a convenient distance from b'c’,
intersecting the xy line at "0'".

* Project the plan to the XY, line meeting at e.
78

» By arc method transfer Oe to xy and mark the point 'f'.
Project ‘f'upwards.

* Projectb'and c' to meet the the projected line from °f'
ata"and d" respectively. Now the line a"d" is the side
view.

Rectangle of 40 mm x 80 mm (Fig 2)

Draw the projections (elevation, plan and side view of a
rectangle having the position.

* Follow the construction shown in Fig 2 and draw the
views.

Fig 2 X
¢ d"(c")

40
[
o

a"(b")

20

d(a) c(b) Y

@
DMN1526H2

Hexagon of side 40 mm (Fig 3)

Draw the projection (elevation, plan and side view) of the
hexagon having the position.

* Follow the construction and draw the views.

Fig 3 X

e"(d")

f"(c")

40

a a"(b")
40

f e(a) d(b) c
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Circle of diameter 60 mm (Fig 4)

Drawthe projections (elevation, plan and side view) of circle
having the position.

» Follow the construction shown in Fig 4 and draw the
views.

Exercise 2: Draw the projection (elevation, plan and side
view) of the plane figures shown below having their position
defined asunder:

Surface parallel to HP

Surface perpendicularto VP

One of its edges parallel to VP

Centre point20 mmabove HP and 40 mminfrontof VP.

Fig 4

40

DMN1526H4

Rectangle 40 mm x 80 mm) (Fig 5)

Draw the projection (elevation, plan and side view) of the
rectangle having the position defined.

* Longer side parallel to xy.
* Draw the xy line.

» Drawtherectangle with its centre 40 mm below xy line
and its longer side parallel to xy. Mark the corners as
a,b,c & d and join them.

» Figure a,b,c,d will be the plan.

» Draw the vertical projectors from d and ¢ upwards
beyond xy line.

» Drawahorizontalline a'b'atadistance of 20 mmabove
xy line.

* Now theline a'b’ will be the elevation.

» Draw a vertical line x'y' line at a convenient distance
fromb'.

» Project c and b, meeting x'y' line at ef.

» Byarcmethodtransferthe pointe &ftoxyline and mark
g & h respectively.

» Project the points g & h upward beyond xy line.

Fig 5
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* Project a horizontal projectors from the point
intersecting the vertical projectors, projected from g &
h atd" & a" respectively.

* Now the line d"a" is the side view.
Circle of diameter 60 mm (Fig 6)

Draw the projection (elevation, plan and side view) of the
circle having its position defined as under: (Fig 6)

* Follow the construction and draw the views.

Fig 6

20

-
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Hexagon of side 30 mm (Fig 7)

Draw the projection (elevation, plan and side view) of the
hexagon having the position.

* Follow the construction and draw the views.

Fig 7 ;
fae) @) ed) () an (o)
c

20
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Ellipse of major dia 50 mm and minor dia 30 mm

Draw the projection (elevation, plan and side view) of the
ellipse having its position.
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Procedure is similar to the previous exercises.

* Follow the construction shown in Fig 8 and draw the
views.

Fig 8

" a'(b") d"

20
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Exercise 3: Draw the projection (elevation, plan and side
view) of the plane figures given below having their position
definedasunder:

— Surface inclined to HP at an given angle

— Surface perpendicularto VP

— One of the edges perpendicular to VP.
Axis/Major axis perpendicular to VP

— Centre pointis 50 mm above HP and 40 mm in front of
VP.

Square of 40 mm side (Fig 9)

Draw the projection (elevation, plan and side view) of the
square having its position.

* Draw xy, X'Y'axis.

+ Drawa'b'equaltothe side ofthe square (40) at45° and
its centre point 50 mm above xy.

* Nowa'b'is the elevation.
* Projecta'b' downwards beyond xy line.
» Draw centre line mn at a distance of 40 mm below xy.

Fig 9
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* Markpointsa,b,c &datadistance of 20 mm above and
below and projecta'b'down and complete the rectangle
a,b,c,d and this will be the plan.

» Draw the projectors from elevation and plan.

In this exercise we have started with the elevation as the
true length of the side will be available in the elevation.

The plan and side view are rectangles one side is equal to
40 mm and another side is fore-shortened and complete
the side view d",a", b" & c" as shown in Fig 9.

Circle of diameter 60 mm (Fig 10)

Draw the projection (elevation, plan and side view) of the
circle having its position defined as under

Fig 10

DMN1526HA

* Draw xy, X'Y' axis.

+ Drawalinea'e'equalto the diameter of the circle 60 mm
at 30° and its centre point 50 mm above xy. Now a'e'
is the front elevation.

* Projecta'down todistance of 45 mm below xy line and
draw a line ae' parallel to xy 60 mm long.

« Consider ae' as the diameter and draw a circle.

« Divide the circumference of the circle into 8 equal parts
and markthemasa,,b,,c,.d,.e,.f,g,andh,.

* Draw a horizontal line from the point a' on the front
elevation. ie parallel to xy line.

* Projectthepointse.d.(f,)c,(g,) b, (h,) a, tothe horizontal
line drawn from a'in the elevation and mark the points
1,2,3 & 4.

With a' as centre and the marked points 1,2,3 & 4 as
radiidraw arcs to cut the line a'atb'(h') c'(g") a'(f') & e'.

* Projecte'of elevationdown and e1 horizontal. Mark the

junction as e.

« Similarly projectthe other three points of elevation and
the points of the circle. Mark the points b,c,d,f,gandh.

« Join a,b,c,d,e,f,g,h with a smooth ellipse. Now this is
the plan.
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» Projectthe points ofthe plan and the elevation and mark
pOIntS a",b",C",d“,e",f",g“,h".

» Complete the side view by joining the points with an
ellipse.

Hexagon of side 40 mm (Fig 11)

Draw the projection (elevation, plan and side view) of the
hexagon having its position.

Follow the procedure of the hexagon. Inclination of the
hexagon as done as previous exercise to HP is 60°.

Fig 11
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Ellipse of major dia 50 mm and minor dia 30 mm
(Fig.12)
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Fig 12
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Ex 4.4

Draw the projection (elevation, plan and side view)
ofthe planefigures given below having their position
defined as under

— Inclined to HP at an given angle

— Surface perpendicularto VP

— One of the edges perpendicular to VP.
Axis/Major axis perpendicular to VP

— Centre pointis 50 mm above HP and 40 mm in front
of VP.
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Rectangle of 60 mm x 40 mm) (Fig 13)

Draw the projection (plan, elevation and side view) of a
rectangle given its position.

Surface perpendicular to HP, standing on its longer edge
and also rotated about the vertical centre line to an angle.
(say 20°)

» Sincethesurfaceis perpendicularto HP andinclined to
VP the true length of the rectangle will be shown in the
plan.

+ Draw xy and XY.'lines.

» Drawtheplanandelevationasiftherectangleis parallel
to VP and perpendicular to HP.

» Mark the centre point "0' and draw the plan ab in the
rotated position. (i.e. 20°)

* Project the point a & b and complete the elevation
a'b'c'd".

*  Completethessideviewa"b"c"d" by drawing the projec-
tors from plan and elevation.

Fig 13

"
S ¥ T
|

35

b(c) v

DMN1526HD

Hexagon of side 30 mm (Fig 14)

Drawthe plan, elevation and side view of an hexagon given
its position.

Fig 14
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Surface standing on one edge and perpendicularto HP and
rotated through 30° about the vertical centre line.

+ Sameasthe previous exercise exceptthe surfaceisan
hexagon.

Fig 15
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Octagon of side 30 mm (Fig 15)

Drawthe plan, elevation and side views of an octagon given
its position under.

Surface standing on one edge and perpendicularto HP and
rotated through 45° about the vertical centre line.

Exercise is same as the previous exercise.
Annulus of OD 40 mm x ID 20 mm (Fig 16)

Draw the projection (plan, elevation, side view) of an
annulus (surface standing on one edge and perpendicular
to HP and rotated through 60° about the vertical centreline)
as given its portion.

Fig 16
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» Thisexerciseis same as the previous exercises except
that the surface is circular.

* Follow the procedure as in Fig 16 and complete the
views.

Exercise 5: Draw the projection (elevation, plan and side
view) of the plane figures given below having their position
as defined as under:

— Surface perpendicularto HP

— Surface perpendicularto VP

— One of its edge/axis 40° to the HP

— Centre point45mmabove HP and 40 mmin frontof VP.
Square of side 40 mm (Fig 17)

Fig 17 «
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Drawthe plan, elevation and side view of a square givenits
position.

» Surface is perpendicular to both HP and VP.

* One of its edges is 40° to HP. Centre pointis 45 mm
above Hp 40 mm in front of VP.

» According to the conditions listed above, true shape of
the square canbe seenonly in side view. Draw the side
viewfirst.

» Draw xy line and draw parallel line 45 mm above xy.
* Mark point 0" the centre point of the square.
» Draw a line 40° with xy passing through the point 0".

* Mark of 20 mm both sides of point 0" and draw
perpendiculars to 40° line from the points marked.

* Drawtwolines parallelto40°line atdistances of20mm
both sides.

* These lines cut the earlier lines at points a",b",c",d".
+ a"b"c"d"is the side view.

* Draw X'Y!' line 40 mm from the centre point of the
square.
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* Project the side view and draw plan and front view.
Rectangle of 60 mm x 20 mm (Fig 18)

Draw the plan, elevation and side view of a rectangle as
given its position.

* One of its edges tilted 40° to HP.
» Surface is perpendicular to both HP and VP

» Centre pointis 45 mm above HP and 40 mm in front of
VP.

Follow the procedure of previous exercise and complete
the views.

* Hexagon a"b"c"d"e"f" is the side view.

* Project side view follow the procedure of previous
exercise and complete the views.

Circle of diameter 60 mm (Fig 20)

Drawthe plan, elevation and side view of circle as givenits

position.

» Drawthe circle of diameter 60 with the axis inclined 40°
with HP.

» Circle drawn will be the side view.

* Project the side view to complete the other views.

Fig 18 *
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Hexagon of side 45 mm (Fig 19)

Drawthe plan, elevation and side view of aregularhexagon
as given its position.

ig 19
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* One of its edges inclined at an angle of 40° to HP.

» Surface is perpendicular to both HP and VP. Centre
point is 45 mm above HP and 40 mm in front of VP.

» Constructthe hexagonwithits edge a"b"atangle of40°
with HP.

Fig 20 ;
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Exercise 6: Draw the projection (elevation, plan and side
view) of the plane figures given below having their position
definedasunder:

Surface inclined to HP
Surface inclined to VP
One of its diagonal/axis is parallel to HP

One of its diagonal/axis is parallel to HP

— One of its edge is on HP.
Square of side 60 mm (Fig 21)

Drawthe plan, elevation and side view of a square givenits
position as below

» Cornera'is on HP diagonal. ac makes 30° to HP and
the diagonal bd makes 45° to VP, but parallel to HP.

This is a case when the surface is inclined to both VP and
HP. As the diagonal BD is parallel to HP its projection on
HP will have its true length.

The procedure has three stages.

* Inthefirststage,drawaplana,,b,,c,,d, assumingthe
diagonal ac is parallel to HP and the diagonal bd is

perpendicular to VP. Plan is a true square.

* Inthe secondstage, assume cornera, (A) of the square
is on HP and the diagonal ac makes 30° to HP and
diagonal b,d, is parallel to HP.

+ Drawthelinea',b',c', the elevation ofthe second stage.
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Fig 21
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STAGE 3

+ Draw the plan a,, b,, ¢, d, by projecting from the first
stage plan and the second stage elevation. The diagonal
b,d, will be of true length and the diagonal a.c, will be
fore-shortened. Inthe third stage the diagonal b,d, is to
be tilted to an angle of 45° to VP and parallel HP.

« Eventhoughthe diagonal bd makes 45°to VP, the plan
will be same as that of the plan of second stage, but
rotated through45°.

+ DrawtheplanabcdasshowninFiga,b,c,d, making bd
at 45° to xy line.

« Draw an elevation a'b'c'd' by projecting second stage

elevation(a,'b,'c,") andthe planabcd.

« Finally draw the side view a"b"c"d" by projecting from
finalplanand elevation.

Rectangle 25 mm x 60 mm (Fig 22)

Drawthe plan, elevation and side view of arectangle given
its positions.

The diagonal ACinclined at 30° to HP and the diagonal BD
inclined at 45° to VP.

Stage 1: One surface parallel to HP and pair of sides
inclined to VP. Draw a plan.

Stage 2: Rectangle standing on its corner A and inclined
to HP. Draw the plan and elevation.

Stage 3: Stage diagonal bdisturnedto45°withVP. Same
planatthe stage 2 turned and placed as the plan of the final
stage.

Projectthe plan ofthe final stage and the stage 2 elevation
and draw the final front view.

Projectfinal plan and elevation and draw the final side view.
Hexagon of side 45 mm (Fig 23)

Fig 22
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Drawthe plan, elevation and side view a regular hexagon as
given its position.

One ofits sidesisinthe HP and inclined 50° to VP with the
surface making an angle of 40° with the HP.

This example is similarto the case of surface inclined to all
the three planes viz HP, VP and AVP and hence all three
views will be the fore-shortened hexagon.

Procedure forthis exercise is similar to the procedure inthe
previous exercise and the construction is shown in Fig.

» The construction has three stages.

84

Stage 1: In this stage one draw the plan and elevation as
ifthe hexagon parallel to HP and one edge is perpendicular
to VP.

Stage 2: In this second stage draw the plan and elevation
as if the surface makes 40° with HP.

Stage 3: To draw this plan in the second stage projectors
are drawn from the plan of the first stage.

* Inthethird andfinal stage the surface is rotated so that
one of its sides makes an angle of 50° to VP.

* To draw the final views of plan and elevation, first
reproduce the plan of the second stage but with one
side is inclined to an angle of 50° to xy.
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Fig 23
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Horizontal projectors are drawn froma'b'c' and vertical
projectors from the plan abcdefto complete the elevation
a'b'c'd'e'f'as shown.

Complete the side view by drawing projectors from plan
and elevation as shown. Trainees are advised to use
cardboard to cut figures to help visualization.

Circle of diameter 60 mm (Fig 24)

Draw the plan, elevation and side view of (Lamina) a circle,
when a pointon the circumference is restingon HP and the
surface is making 45° to the HP and the top view of the
diameter PQ is at an angle of 30° with VP.

Fromthe position described aboveitis clear that the circle
is inclined to VP, HP and AVP. Therefore the plan,

elevation, side view will be fore-shortened circles or rather
elliptical.

The solution to this exercise is done in 3 stages.

Draw the plan and elevation when the circle is lying on
HP with the diameter PQ parallel to VP.

Second stage using views in first stage, draw plan and
elevation when the surface makes 45° to HP and the
diameter PQ is still parallel to VP.

Finaland third stage using the second stage, draw plan,
elevation and side view when the diameter PQ makes
30° to VP.
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Capital Goods & Manufacturing

Exercise 1.3.24&1.3.25

Draughtsman Mechanical - Projection - Freehand sketching of different parts

of machines

Orthographic projection of solids Orthographic views of Prism, Cylinder,

Pyramids, Cone, Frustum of cone

Objectives: Atthe end of this exercise you shall be able to

» draw orthographic views of prism and cylinder in the given positions
* draw the orthographic views of cone and pyramids in the given positions
* draw the projections of frustum of cone and pyramids in the given positions

* draw the projection of spheres in the given position.

Exercise 1: Draw the plan, elevation and side view of
a rectangular prism of size base 50x30 and height
80mm given its position as below. (Fig 1)

Fig 1
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* The base 50 x 30 is resting on HP.

* Theverticalface 80 x50 nearestto VP is 20 mmin front
of it.

In this problem the face of prism are parallel to
the planes of projection. Therefore the plan,
elevation and side view will be rectangles.

* Theprismis shown pictorially in the figure and its eight
corners are marked as abcd-efgh.

» Draw the plan (50 x 30) 20 mm below XY line.
* Projectfrom plan and draw elevation (80 x 50)

» Drawthe side view by drawing projection from elevation
and plan. (Fig 1)

Exercise 2: Draw the plan, elevation and side view of
an hexagonal prism whose side is 25 mm and length
60 mm given its position as below: (Fig 2)

— One of its lateral surfaces lying on HP
— The axis is parallel to vertical plane.

From the position described above, it is clear that the
hexagonal face of the prismis parallel to AVP. Therefore
the end view is a true hexagon and hence this view should
be drawn first.
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Draw the end view (Hexagonal of side 25mm) with one
side OM HP (Fig 2)

» Draw horizontal projectors from side view and complete
the elevation. (In the elevation two lateral faces are
visible, butthey are fore-shortened)

" Fig2
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» Draw projectors from elevation and side view and
complete the plan.

(Three lateral faces are visible, of which one is of true
shape and the other two are fore-shortened)

Exercise 3: Draw the plan, elevation and side view of
a pentagonal prism of side 30 mm and length 70 mm
given its position as below

e One of its lateral surfaces rests on HP
e The axis makes 30° with HP.

In this exercise none of the three views required will
confirmtothe true shape. Therefore the final views cannot
be drawn straightaway. The views have to be arrived at by
first drawing some views using given data. Therefore we
firstdraw plan and elevation as ifitis lyingon HP and axis
perpendicularto VP.

+ As stated above, start by drawing the elevation
(Pentagon of side 30 mm)and mark cornersasa'b'c'd’,
and e'. (Fig 3)

» Drawthe plan projecting from the above elevation.

* Reproduce this plan with the axis making 30° with XY
line as shown in figure. This is required plan.



» Drawthe horizontal projectors from the elevation offirst
stage and vertical projectors from plan of second stage
and complete the required elevation as shown.

» Complete the side view by drawing horizontal projectors
from the elevation and by transfering the distances
from plan of the second stage.

Fig 3
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DMN1527HF

Exercise 4: Draw the plan, elevation and end view of
an Octagonal prism of side 20 mm and length 60 mm
given its position as under (Fig 4)

* Resting on one edge of Octagon face on HP
* Octogonal face making an angle of 30° with HP
* One of its lateral face inclined at 45° to VP.

As in previous problem this problem also has to be done
inthree stages, because none of the required views canbe
drawn directly. Instead the required views are to be
developed in three stages.

» Draw the plan and elevation assuming that the prism
stands on HP with one of its lateral face parallel to VP.

(Fig4)

» Draw plan and elevation with the face making an angle
of 30° with HP (tilt the elevation of the first stage to get
the second stage elevation. Project from first stage
planand second stage elevation for second stage plan)

» Togettherequired plan, reproduce the second stage
plan, but draw it at an angle of 45° to XY line.

» Draw the vertical projectors from final stage plan and
horizontal projectors from second stage elevation and
complete the required elevation.

» Draw projectors from final stage plan and elevation to
getthe required side view.
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Exercise 5: Draw the plan, elevation and side view of
a cylinder of diameter 40 mm and length 80 mm
given its position as below:

» Cylinder resting on the HP with its axis perpendicular
to VP.

* Face farthest from VP is 100 mm away from VP.

In this problem the circular faces are parallel to VP.
Therefore the elevationis a circle resting on XY line. Plan
an end views are rectangles of size 80 mm x 40 mm.

» Draw the circle of diameter 40 mm touching XY line.
(Fig5)
» Draw the plan projecting it from the elevation.

» Drawthe endview by drawing projectiononit, fromthe
planandelevation.

Fig 5

100

DMN1527HH
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~



Fig 4

STAGE 1 STAGE 2

v
STAGE 3

DMN1527HG

Exercise 6: Draw the plan, elevation and side view of
acylinder whose base diameter is 35 mm and length
of axis 50 mm and its position is as given below:

Its base in point contact with HP
Axis making an angle of 30° with HP.

Cylinder rotated about the contact point on HP such
that the axis of the cylinder in the plan will be
perpendicularto XY line.

The position given above suggest that the axis is parallel
to AVP. Therefore the side view will be a rectangle 50 x

35

with the axis inclined 30° to XY line. Also plan and

elevation a distorted cylinder with the axis perpendicular
to XY line.

Similar to the previous examples the construction in
this exercise also has to be made in three stages.
(Fig 6)

Draw plan and elevation as if the cylinder is resting on
its base on HP. (Fig 6 Stage I)

Divide the circle (plan) into number of equal parts and
draw projectors upwards. Mark the points as per
conventions.

Reproduce the elevation of stage | its axis inclined to
30° with HP.

Draw the stage 2 plan by drawing projectors from the
elevation of stage 2 and plan of stage 1.

Draw the plan of final position which is same as in plan
in stage Il but the axis in perpendicular to XY.

Draw the projectors from elevation of stage 2, but the
axis is perpendicular to XY.

Draw the projectors from elevation of stage 2 and plan
of final position complete the elevation of the final
position.

As stated in the note above, the required side view of the
final position will be the same as the elevation of stage 3.

Fig 6
__a bl (d) c
|
\
. |
© \
|
X ‘ Y
1 27 (4 3
di4
(% ’?3’)
bi(2)
STAGE 1 STGE 2 STAGE 3 %
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Exercise 7: Draw the Orthographic views of aregular
hexagonal pyramid of side 30 mm and height 75 mm
given its position as below:

» Standing vertically with its base on HP with one side of
the hexagonal base parallel to VP.

The pyramid has 6 triangular faces and one hexagonal
base. The plan will show the true shape of the base and
other six triangular faces are foreshortened.

In this elevation, three triangular faces are seen and all of
them are fore-shortened.

» Mark the centre of hexagon (Point P) and draw lines
from P to the six corners of the hexagon. Now this is
the required plan. (Fig 7)

Fig7 :
9 p X p
|
I
| o
I
I
X | Y
. ale) I b(d) o e"(d") f(c") a"(b")
30
e d
f Cc
z
a b v g
a

* Project this P from plan upwards and mark P' at a
distance of 75 mm from XY line.

* Mark the points f', a'b'c’ etc... on XY line by projecting
the corresponding points from plan.

» Jointhe P'withf,a',b',c' etc and complete the required
elevation.

» Drawprojectorsfromelevation and plan to complete the
required side view.

Exercise 8: A hexagonal pyramid of side 30 mm and
height 60 mm is resting with its base on HP. Draw its
projections when one of the base edges is at right
angle to VP and the base makes 30° with the HP.

This is similar to the previous example with the only
difference that is base makes 30° to HP. Therefore
elevation will be same as in the previous exercise, but
tilted to 30°.

» Drawthe frontview andtop view ofthe pyramid asinthe
previous example. (Fig 8)

» Draw the required elevation by tilting the elevation of
stage | to 30°.

/ \
\ ’ \ /
\ , \ /

DMN1527HK

v

» Draw the vertical projectors from the elevation and
horizontal projectors from IT stage plan and complete
therequired plan.

» Drawtherequired end view by drawing projectors from
elevationand plan.

Exercise 9: Draw the projections of a cone of base
diameter 60 mm and height 80 mm when its position
is as under

 Its circular base touching HP and making an angle of
45° with HP.

* Axis parallel to VP.

The elevation of a cone, which is standing vertical is a
triangle. The base of the cone will be elliptical in both the
plan and side view.

» Draw the plan and elevation of cone as if it is standing
vertically on HP. (Stage 1) (Fig 9)

» Divide the circumference of the plan into number of
equal parts. (say 8)and markthem. Fromthese points
draw projectors to XY line and mark the intersection is
a',b'(h") c'etc.

» Draw the required elevation, same as in stage 1, but
with the axis 45° to XY line and mark the points as
a'b'(h')c'(g") etc.

» Draw the ellipse through the intersection of the
corresponding points of the vertical and horizontal
projectors and complete the required plan.

» Fromthefinal plan and elevation, draw projectors and
complete the required end view.
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Exercise 10: Draw the three views of the frustum ofan
hexagonal pyramid of side of base hexagon 30 mm,
apex angle 40° and height of frustum 50 mm given its
position below

» Base of pyramid is parallel to HP and 10 mm above it.
* Its axis is vertical.
* One of the base edges makes 45° with VP.

Plan of this pyramid consists of two hexagons having
common centre and lines connecting the corresponding
corners of the inner and outer hexagons to form the slant
faces of the frustum.

» Therequired views are shown in Fig 10.

* Theprocedureis self-explanatory.

DMN1527HM

Exercise 11: Draw the plan, elevation and side view

of the hollow frustum of a cone whose diameter of

base and top are 50 mm and 30 mm respectively and

height 40 mm, given its position as under:

» Base touching HP

* Axis parallel to VP and inclined 40° to AVP.

Axis parallel to VP and inclined 40° to AVP implies that is

base is inclined 40° to HP.

* Drawthe planandelevation whenthe baseisonHP and
axis vertical.

* Drawrequired elevation with the base making 40° to XY
line.

» Drawrequiredtop view by drawing the final elevationand
first stage plan.

» Complete the side view as shown in Fig 11.

Fig 11

DMN1527HN
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Exercise 12: Draw plan, elevation and side view of
one sphere of 40 mm diameter and three spheres of
25 mm diameter each given their position as below

» Three spheres of diameter 25 mm kept touching each
other, their centres forming a triangle.

* The 40 mm diameter sphere is resting on the above
three spheres of 25mm diameter.

The 40 mm diameter sphere will be sitting on three
points of the three 25mm diameter spheres and its
centres coincides with the triangle formed by three
25mm diameter spheres.

» Draw the top view of the three spheres of diameter
25mm touching each other. (Fig 12)

» Jointhe centres of the spheres, forming a triangle abc.

* Draw bisectors of /pacand _acb and mark the
intersecting point "e'.

* Draw circles of diameter 40 mm with centre “e'.

» Drawarcs with radius equals to ec meeting the horizontal
line drawn through “e'to meetata'and c'.

To get the height of the sphere diameter 40 mm in the
elevation note the following:

Join the centres of the spheres of diameter 25 with the
centre of diameter 40 mmwe getatriangular pyramid. The
centre point of this base of pyramid the centre point of the
sphere of diameter 40mm and the corner of the base will
formrightangled triangle whose hypotenuse is equaltor,
+r,. The other two sides are distance ae in the plan and
the required height of the centre point of diameter 40 mm
sphere.

» Draw arcs of radius (32.5) with centres a' and ¢' to
intersect at O'.

» Drawacircle of diameter40mm with centre O'and this
complete the elevation.

To draw end view
» Draw horizontal projectors from centre O and a'.

» Draw horizontal projections onto45° and then vertically
tothe end view.

* Mark the corresponding intersecting points and draw
the sphere.

Fig 12

DMN1527HO
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Capital Goods & Manufacturing Exercise 1.3.26
Draughtsman Mechanical - Projection - Freehand sketching of different parts
of machines

Draw the freehand lathe tool post - bench vice - cutting tools - bolt - nut & steel
- gear - pipe flanges hand wheel - cranehook - steel bracket

Objectives: At the end of this exercise you shall be able to
» sketch the isometric views for different objects
— plain paper
— isometric lines paper
» sketch the oblique views of objects
» sketch the orthographic views of the objects.

PROCEDURE
Exercise 1: Todraw horizontal thick and thin lines. (Fig.1) Exercise 2: Todraw vertical lines in thick and thin. (Fig.2)

Lengthy lines can be drawn with the forearm » Sketch two horizontal thin guide lines AB & CD.
mo:!on and short lines are drawn with the wrist * Mark points on the horizontal lines AB & CD, 5 mm
motion. intervals.
Keep uniform pressure while sketching. » Sketchthelineinfree hand between the two points with
Horizontal lines are drawn from left to right. thick and thin alternatively.
(Fig-1B) Vertical lines are drawn from top to bottom.
While sketching straightlines between two points (Fig 2B)
keep your eyes on the point to which the line is
to go rather than the point of pencil. Y . -
Avoid of drawing whole length of line in one (A
single stroke.
Prevent using eraser often.

Fig 1

(A) B D

B)
A h. C
s
(8)

Exercise 3: Sketch the inclined lines as shown in figure
with thick and thin lines. (Fig 3)

« Sketch two axis AB & CD.

e On the horizontal and vertical axis AB and CD, mark
points with 5 mm intervals.

HORIZONTAL

DMN1629H1
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» Drawthickandthinlinesinthe direction as showninthe
figure alternatively.

Inclined lines running upward are drawn left to
right i.e bottom to top. (Fig 3B)

The pencil point need not to be too sharp.
Hold the pencil freely and not close to the point.

It is better that the pencil can be hold 30 mm
away from the tip of the pencil lead.

Fig 3
(A)

INCLINED

DMN1629H3

Exercise 4: Sketch the given plane figure as shown
(Fig.4)

* Drawthe horizontal straightline in free hand and mark
off 60 mm approximately.

» Drawavertical straightline of 60 mmlong fromthe base.

» Draw horizontal & vertical parallel lines and form a
square box of 30 mm sides.

» Darken the lines of the surfaces in figure using thick
line.

» Erase the unwanted lines and complete the plane
figure.

Do not place any dimensions in the figure.

Fig 4 30

20
60

20

60

DMN1629H4

Exercise 5: Sketch the plane figure as shown. (Fig 5)
» Sketch a square box of 30 mm side in thin lines.

* Mark off the dimensions as shown in figure
approximately.

» Thick the required lines.

» Erase the unwanted lines and complete the figure.

Fig 5 30

o

30

DMN1629H5

Exercise 6: Sketch the plane figure as given. (Fig 6)
» Form a square box of 30 mm side in thin lines.

» Set of the dimensions and angle as shown in figure.

» Drawthelines and remove the unwanted lines.

* Completethefigure.

Fig 6 10

1450

30

10

30

DMN1629H6

Exercise 7: Sketch a square box of given diameter,
mark the mid points and join the mid points of
horizontal and vertical sides. (Fig 7A)

» Jointhe corners (diagonals) of the square box and mark
the radius of the given diameter. (Fig 7B)

» Joinallthe 8 points by a smooth curve and complete the
circle. (Fig 7C)
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» Erasetheunwantedlinesanddarkenthe curve. (Fig 7D)
Side of the square = Diameter of the circle
Radius of circle = Half of the square side.

Fig 7
(A) (B)
(€) (D)

Exercise 8: Sketch the template as showninfigure. (Fig.8)
» Sketch a square box of 40 mm side.

« Sketch the semi-circle on right side of the square as
showninfigure.

« Darkenthelines asinfigure and complete the shape of
the template.

Fig 8

60
|
|

R20

60

DMN1629H8

Exercise 9: Sketch arectangularbox of 75mmx60mmas
shown in figure 9

Fig 9 -
!
2 |8
i
25 %

* Mark the other dimensions as shown in figure.
» Thick the required lines of the template.
» Erase the unwanted lines and complete the figure.

Sketch the curved shape blank plane figure as given in
figure. (Fig 9)

Exercise 10: Draw a vertical straight line and horizontal
straightlineintersecting each otheratrightangles. (Fig 10)

Fig 10 310
3 HOLES

DMN1629HA

* Mark off 20 mmon either side of the vertical line from the
intersecting point of the straight lines.

» Sketch semi-circle of R 20 mm top and bottom as in
figure.

+ Join the two semi-circles with vertical lines.

» Sketch the three circles of 10 mm.

« Darken the lines and complete the figure (10)
Exercise 11: Sketch the template as shown. (Fig 11)
« Draw a vertical straight line.

+ Draw two horizontal straight lines intersecting the
vertical line keeping 40 mm away.

» Sketch the two curves as in figure and join the curves.
» Erasethe unwanted lines and complete the figure.11

Fig 11 R20

-

40

/

R15

DMN1629HB

Exercise 12: To sketch an ellipse of given majorand minor

axis. (Fig 12)

» Draw a horizontal and a vertical line intersecting each
other at right angles.

* Onthe horizontalline mark the half of the major axis on
either side of the centre and similarly half of the minor
axis on the vertical line.
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» Through these points draw horizontal and vertical
parallel lines and form a rectangular box.

» Sketch the small arcs with thin lines.

» Join the other portion by smooth curve and complete
the ellipse. (Fig.12)

Exercise 15: Draw a square ABCD of side 80 mm
approximately by free hand. (Fig 15)

Fig 12

(A) T (B) |
| |

(&) (D)

Fig 15

20

J ©ls

DMN1629HF

DMN1629HC

Exercise 13: Draw the pattern of 50 mm side by free hand.
(Fig13)

» Draw asquare by free hand.

» Divide one horizontaland one vertical sideinto each ten
equal parts.

» Drawathinhorizontal and vertical line through the parts
marked.

» Darken the squares as per exercise drawing.

* Rub off the thin construction lines and complete the
exercise. (Fig 13)

Fig 13

O O

O O

DMN1629HD

Exercise 14: Draw the pattern of sides 70 mm and 35mm
by free hand proportional to the size. (Fig 14)

» Drawarectangle proportionately.
» Jointhe diagonals.

» Draw parallel lines to the diagonals approximately at
10mm distance from each other as shown in the
exercise.

Fig 14

70
Qv

70
Qv

35

70

DMN1629HE

» Joindiagonals (thinline).

» Draw the perpendicular bisectors from two adjascent
sides (free hand).

* On side AB, mark EF = 20 mm.
* Join E and F to centre of square.

* Draw aline at a distance 10 mm parallel to EF.
The parallelline cuts the inclined linesEOand FO at G
and H.

e Join GH, GE and HF.

» Follow the procedure and draw trapeziums similar to
EFHG on the remaining three sides.

» Jointhelines showninthe Fig 15 and rub offthe thinline
and finish the drawing.

Exercise 16: Sketch the given pattern by free hand.
(Fig.16)

Fig 16 50

235
ﬁ\ /7

SRk

210

DMN1629HG

* Mark the midpoint of the line AB.

» Drawfree hand circles of ¢ 35 and ¢ 50 on the midpoint
of the vertical line.

» Drawtwocircles $20 mmusing Aand B are the centres.
» Draw two circles of ¢ 10 from points A and B.

* Complete the drawing afterremoving unwanted lines.
Exercise 17: Sketchthe givenfigures Ato E proportionately
(Fig17)

Exercise 18: Sketch the givenfiguresinthe square grid by
free hand A to D (Fig 18)
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Exercise - 19: Draw the given tools and equipments

by free hand (Fig 1 to 13)
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Fig 9 ING NUT—FRAME LENGTH ADJUSTMENT

RETAINING PIN

HANDLE

Exercise -20: Measuring instruments by free hand (Fig

1to 5)

Fig 1
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Fig 2
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Fig 3
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Fig 4
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Fig 2
FEED SCREW
HANDLE
TOOL HEAD

CLAPPER BOX
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SHAPPING MACHINE
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Exercise -21 : Draw the machines Fig 1 to 3 by free hand
with proper line to dimensions.

TOOL POST

— QUICK CHANGE GEAR BOX

DMN11629Z1

Fig 3
' RAM

TOOL HEAD
ASSEMBLY

CROSS SLIDE

ROTATING TABLE \

BED

/— COLUMN

FEED GEARBOX

SADDLE

SLOTTING

DMN11629Z3
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Capital Goods & Manufacturing

Exercise 1.4.27

Draughtsman Mechanical - Sectional Views

Conventions signs and symbols

Objective: Atthe end of this exercise you shall be able to

» draw the standard conventional representation of the following objects.

PROCEDURE

Exercise 1 : Draw the given drawing with standard
proportional dimensions

Visible screw thread (Fig 1)

Fig 1

e

DMN1630H1

» Study the given drawing carefully and reproduce i
correctly.

—

* Proportion should be maintain.

Exercise 2: Internalthread sectional views convention
(Fig2,3&4)

Fig 2
T o
Fig 3
Fig 4

DMN1630H4

* Note that, hatching should be extended to the live
defining crests of the internal thread for the root partsin
section (Fig 2,3, & 4)

Exercise 3 : Draw the convention of a thread assembly
(Fig.5)

* Note while drawing threaded assembly draw the bolt
and nut as per |.S. standard.
100

Fig 5

—

-
-
/

DMN1630H5

Exercise 4: Draw the convention of actual projection/section
for the given drawing of figures 6 to 19 with standard
proportional as per|.S. Standard

Further information & refer |.S. 696

Fig 6
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©
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Fig 7

ACTUAL
PROJECTION/SECTION

SQUARE END AND FLAT

CONVENTION

DMN1630H7

Fig 8
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Fig 13
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Fig 15

ACTUAL
PROJECTION/SECTION CONVERTION
VIEW SECTION
| |

SPRING

SPRING ASSEMBLY

DISC SPRINGS

DMN1630HF

Fig 16
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Capital Goods & Manufacturing

Draughtsman Mechanical - Sectional views

Exercise 1.4.28

Draw different types of sectional lines - abbreviations for different materials

as per SP - 46 - 2003

Objective: At the end of this exercise you shall be able to
* conventional representation of different materials, gear assemblies and abbreviations used in engineering

drawing.
Exercise 1: Reproduce the conventional representation of materials using hatching shown in Table 1
Table 1
Type Convention Material

Metals

Glass

Packing & insulating material

Liquids

Wood

Concrete

Stacked lamination

S S S S S S
S S S S
S S S
S S S S

Steel, cast iron, copper and its alloys,
aluminium and its alloys etc.

Lead, zinc, tin, white-metal etc.

Glass

Porcelain, stoneware, marble etc.

Asbestos, fibre, felt, synthetic resin
products, paper, cork, linoleum, rubber
leather, wax, insulating and filling materials.

Water, oil, petrol, kerosene etc.

Wood, plywood etc.

103



Exercise 2: Draw the conventional representation of gear assemblies shown in Table 2.

Table2

Title

Conventional representation

Spur/helicalgears

Screwgears

Rack and pinion

Bevelgears
(Assembly)

Worm and worm wheel

104
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Abbreviations used in engineering drawing

Objectives: At the end of this exercise you shall be able to

» state the meaning of abbreviation

* state the necessity of using them on drawings

* name the abbreviations and symbols used on technical drawings

* state typical use of conventions and representation of common features on technical drawings.

Exercise 1: Reproduce the abbreviation view in the engineering drawing

Abbreviations: Abbreviations are short form of word or — Dimension DIM
words which commonly used. Abbreviations and symbols — Drawing DRG
be used sparingly only. — Equi-spaced EQUI-SP
— When space saving in a drawing is essential — External EXT
— Periods (fullstop symbol) are not to be used except — FEtcetera etc.
where abbreviations marks aword. Forexample Fig 1. =
o — Figure FIG
— Forhyphenated words, abbreviations are tobe hyphened. — Fullindicated movement FIM
Eg. Equi-spaced as Equi-SP.
. — General GEN
— Sometimes one and the same letter symbol may
representmore than one term or quantity. Eg. N -North — Groundlevel GL
aswellas NEWTON. Insuch cases, itis advisable not — Hexagon/Hexagonal HEX
to use such symbols to mean two different units in a — Horizontal HORZ
single drawing. Ifitbecomes unavoidable, the symbols _ .
may be provided with suitable subscript. :yd;a“"c :;D
— Hea
Typical uses of some abbreviations are shown below as per — IndianStandard IS
IS:11670
— Inspection/ed INSP
In general all the abbreviations are in capital letters. ® |nside T Ser D
— Across corner AIC — Insulation INSUL
— Across flats AlF — Internal INT
— Alteration ALT — Lefthand LH
— Approved APPD — Long LG
— Approximate APPROX — Machine/Machinery M/C
— Arrangement ARRGT — Manufacturing MFG
— Assembly ASSY — Materials MATL
— Auxiliary AUX — Maximum MAX
— Bearing BRG — Mechanical MECH
— Castiron cl —  Minimum MIN
— Cast steel CS — Miscellaneous MISC
— Centimeter CM — Modification MOD
— Centres CRS — Nominal NOM
— Centretocentre c/IC — North N
— Centreline CL — Not to scale NTS
— Centreofgravity CG — Number No.
— Chamfered CHMMED — Outside diameter oD
— Cheesehead CHHD — Opposite OPP
— Circumference OCE — Pitch circle diameter PCD
— Continued CONTD — Quantity Q1Y
— Constant CONST — Radius R
— Counterbore CBORE — Radius RAD
— Countersunk CSK — Reference REF
— Countersunk head CSKHD — Required REQD
— Cylinder/Cylindrical CYL — Righthand RH
— Diameter DIA — Undercut u/c
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Weight

With reference to
With respect to
Trapezoidal (Thread)

WRT
WRT
Tr

Exercise 2: Application of symbol and abbreviation. (Fig.1)

Fig 1 show use of some of the above symbols and

abbreviations.

Symbols used in engineering drawing

Fig 1

CYL.PIN
DIA 20; 100 LG ;
——-]

40CiIC

20AFF _|

EXT DIASO
/ INT DIA48

\— GEN FINISH

26 A/IC

Angle (Structural section) L
Approximately equal to ~
Beam

Channel ]
Degree (angle) °
Degree celcius °C
Diameter o
Horse power hp
Parallel /!
Perpendicular L
Minute and second "and"
Square O

DMN1632H1
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Capital Goods & Manufacturing

Exercise 1.4.29

Draughtsman Mechanical - Sectional Views

Orthographic drawing of solids cube - prisons - cone & pyramids - finding
the true shape of the surfaces cut by oblique planes

Objectives: At the end of this exercise you shall be able to

» draw the auxiliary views of the inclined faces of geometrical solids

* draw the T and shape of geometrical figures.

Exercise 1: Draw elevation, sectional plan and the true
shape of the section of a square prism.

* Length of side of square prism standing vertically.

» One diagonal of the base is perpendicular to VP and
another diagonal parallel to VP.

» Cutting plane makes 45° to the axis and intersects the
axis 40 mm above the base.

Draw the plan and elevation of the prism. (Fig 1)
» Draw the cutting plane in the elevation of the drawing.
» Fromthe pointm'draw projectorto meetthe planatmn.

» Hatchthe portion of the plan and complete the required
sectional plan.

To get the true shape
» Draw a line parallel to the cutting plane.

» Draw projectors perpendicularto the cutting plane from
points m',b' & c' and extend beyond the line, drawn
parallel to the cutting plane.

Fig 1

(e) (9
m

DMN1528HB

» Transferthe distances mnand db symmetrically about
the line and also mark c".

* Join m"-n", n"-d", d"-c", ¢"-b" & b"-m" and hatch the
area to complete the required true shape. (auxiliary
view)

Exercise 2: Draw the sectional plan, elevation and true
shape of the cut surface of a cylinder given the details as
under.

— Cylinderis of diameter 50 mm and height 60 mm stands
on HP with its axis vertical.

— Cutting plane makes 40° to the horizontal and intersecting
the axis at the mid-point of the vertical axis.

Draw the plan and elevation of the cylinder. (Fig 2)
» Indicate the cutting plane in the elevation.

» Divide the plan into any number of equal parts, (say 2)
and mark the points a,b,c....1.

* Projectthe pointsatolvertically to intersect the cutting
plane line at a'b'c’ etc.

* Project horizontally the points a,b...I in the plan by
transfer method for the side view.

* Mark the intersection points of the corresponding
projection in the previous two steps and complete the
endview.

To draw the true shape of the section
» Draw a line AB parallel to the cutting plane line.

» Draw perpendicular projectors perpendicular to the
cutting plane line.

» From points a',b’, ¢' extend beyond the line AB.

+ Mark the points a',,b",, ¢', etc such that the distance |
"b" k"c" atin the end view are equal to Ib, kc etc in the
plan.

+ Jointhe pointsa',,b',, ¢', and complete the true shape.

Exercise 3: Draw the sectional plan, elevation and true
shape of the surface of a cone given with the following
details.

— Diameterofconeis 50 mm and height of cone is 65 mm.
— Standing vertically on HP.

— Cuttingplaneis parallel to slantlength ofthe cone inthe
elevation at a distance of 10 mm.
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Fig 2

DMN1528HC

Draw the plan and elevation of the cone for the given

positions. (Fig 3)

Fig 3

DMN1528HD

» Draw the cutting plane in the elevation and mark the
points 1',3' & 4'.

108

Divide the planinto 12 equal partsand mark a,b,c,d...I.

Project the points upwards and get the intersecting
point 2.

Projectthe point1',2',3' & 4' downwards and obtain the
pointsm.n.q.s.tr &p..

Joint the points and hatch the space. This is the
required plan.

Draw a line AB parallel to cutting plane at a suitable
distance.

Project the point 1',2',3' & 4' from the cutting plane,
intersecting AB and extend beyond AB.

Transfer the dimensions m,n,, p.q,, r,s, and pointt,.

Jointthelinem n" and draw a smooth curve through the

points m" p", r", t", s", 9" & n" and hatch the required
auxiliary view.

Exercise 4: Draw the sectional plan, elevation and true
shape ofthe cut surface of the hexagonal pyramid given the
details as under:

— Side of the hexagon is 25 mm height of the pyramid is

65 mm.

— Stands vertically on its base with one edge of the base

is parallel to VP.

— Cutting plane makes 40° to HP and intersects the base

at a distance of 6 mm from the left corner of the base.
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Draw the elevation and plan for the given position. (Fig 14)

» Drawthe cutting plane in the elevation and mark points
12',3'&4'".

* Projectthese points downward and beyond the line ad
in the plan.

» Mark the points of intersection of the radial lines in the
plan and projectors drawn in the previous step.

» Join the points marked in the previous step to form a
closed figures and hatch the area. This together with
the hexagon already drawn is the required plan.

DMN1528HE

To draw the true shape
» Draw a line AB parallel to the cutting plane.

» Draw projectors perpendiculartothe cutting plane from
points 1',2',3' & 4' and extend beyond AB. On the
projectors drawn set off 1-7, equal to 1-7 of plan.
Similarly set off the other points 2-6,, 3-5,by transfering
fromthe plan equals to 2-6, 2-5 respectively. The point
4, obtained by projecting the point 4'.

» Joinall the points to form a closed figure and hatch the
same to get the required true shape of the section.

Exercise 5: Draw the plan, elevation and (true shape)
auxiliary view of a pentagonal pyramid of base 35 mmand
height 65 mm given the condition as under:

— Standing vertically with one edge of the pentagonal
base parallel to VP.

— The pyramid is cut by a cutting plane sloping towards
left, at an inclination of 45° to HP passing through the
axis at a point 40 mm above the base.

Draw the plan and elevation of the pentagonal pyramid.
(Fig5)

» Draw the cutting plane line and mark 1s, 2s, 3s, 4s &
5s at the intersection of this line and the lines of
surfacesinfrontelevation.

» Drawthe vertical projectors fromthe intersecting points
cutting the radiallline ao, co,doandeoat 1p, 2p, 3pand
4prespectively.

To obtain the point 5p in the plan. Draw a line parallel to
base through 5s meeting the true length. Take the distance
as radius set off with "O' as centre in the plan and 05p on
the line Ob.

Fig 5

A 12 5 3 4 B

DMN1528HF

» Join 1p, 2p, 3p, 4p & 5p and hatch the space. thisis
the required sectional plan.

» Draw a reference line x'y' parallel to the cutting plain
line.

» Draw perpendicular projectors to the cutting planeline
fromthe points 1s, 2s, 5s & 4s beyond the reference line
XY

» Drawline AB parallel to XY below plan.

» Projectpoints 1p, 2p, 3p, 4p & 5p downtotouchtheline
and mark points 1,2,5,3 & 4.

+ Transfer the distance 1-1P from 1R and mark 1,.
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* Inthe sameway transfer2-2p, 5-5p, 3-3p &4-4p and get
points 2A, 5A, 3A & 4A.

« Joinpoints 1A, 2A, 3A, 4A & 5A and form the auxiliary
view.

Exercise 6: Draw the plan, elevation, side view and true
shape of the truncated surface of the pentagonal prism of
side 50 mm given the following details:

— Side of prism 50 mm
— Prism standing vertically.
— One side of the prism is perpendicular to VP.

— Thetruncated surface makes 40° to the horizontal and
at a height of 10 mm to the base.

Draw the plan and elevation of the truncated prism.(Fig 6)
* Mark the corners.

« Draw the centre lines of the prism.

Fig 6 2,

a

DMN1528HG

» Drawtheside view by projecting from plan and elevation.
* Mark the corners of the side view.

» Draw a line pq parallel to the inclined surface at a
suitable distance.

* Project from the truncated surface and transfer the
dimensions from side view to locate the corner points of
the auxiliary view.

+ Jointhe points to complete the required auxiliary view.

— The truncated cone is standing on HP.

Exercise 7: Draw the plan, side view and true shape of a
truncated cone shown in figure givenits position as under:

Draw the plan and elevation of the cone before it is
truncated. (Fig 7)

Formthe required elevation by drawing the 40° inclined
line or edge.

Divide the plani.e circle of diameter45 mminto 12 equal
parts and mark them as shown.

Draw vertical projectors to meetthe base inthe elevation
and mark them as shown.

Jointhese points with the apex ofthe cone and mark the
points of intersection of these lines with the inclined
line.

From the points marked in the previous step, draw
projectors downwards for the plan, horizontal projectors
for the side view and project perpendicular to the 40°
inclined line for auxiliary view.

Mark the intersecting points of vertical projectors on the
corresponding radial lines drawn fromb,c,d,e,f,h,i,j,k,l
at1,2,3,4,5,7,8,9,10 & 11.

Set off 0-6 and 0-12 equal to 12' - m' of elevation.
Jointhe points 1to 12 smoothly and complete the plan.

Draw projectors from the plan and mark the intersecting
points with the corresponding horizontal projectors and
complete the side view.

To draw the auxiliary view

Draw a line AB parallel to 40° inclined edge of the
truncated cone.

Draw perpendicular projectors from points 3', 2', 1' etc
to the line AB and beyond.

Project 3' & 9" meeting AB at 3, & 9, respectively.

Onthe projectors drawn from the cutting plane set off 2-
4,1-5,12-6,11-7,and 10-8, equals to the distance
2-4,1-5,12-6, 11-7 and 10-8 of plan respectively.

Jointhe points 1,to 12, smoothly and complete required
auxiliary view.
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Capital Goods & Manufacturing

Exercise 1.5.30

Draughtsman Mechanical - Development of surfaces and interpretation of

solids

Surfaces development of solids cylinder - prisons - core - pyramids and their

frustum

Objectives: Atthe end of this exercise you shall be able to

* draw the developments of regular objects bounded by plane surfaces - cube, prisms etc.
* draw the developments of regular objects bounded by single or double curved surfaces - cylinder, cones,

spheres
» developmentofregular objects with cut at some portions -frustum of cone, frustum of pyramid, cylinder/prism
with cuts.
PROCEDURE g2
Exercise 1: Draw the development o the surfaces of a
cube of side 50mm. (Fig 1)
Fig 1 c N
B
N
]
A
B4
D
1
SN g % M %
/ D c %
a'(d' b'(c') A B' C D' A'
30
3 A B c D Al
a'y(d'y) o bycy) A B C D A
d c
B A 70
2 ° % 50 30 50 30
« Draw the elevation and plan of the cube. A B ¢ P A
« From the front view stretch out (Project) the line AA & * .
A'A' from points b, & b' horizontally. B, A §
« Setoff AB, BC, CD & DA equal to 50 mm each (side of PEVELOPMENT OF A RECTANGULAR PRISM

square).

*  FromC &Ddraw perpendiculars and mark off/CB' & DA'
equals to 50 mm.

« Similarly erect perpendiculars from points C' & D' such
that C'B',, & D'A", equals to 50 mm.

« Darken the lines as shown in Fig 1 to get the required
developmentofthe cube.

Exercise 2: Draw the development of the surface a
rectangular prism of size 50 mm x 30 mm and height
70 mm by parallel line method. (Fig 2)

« Drawarectangle oflength equals to the perimeter ofthe
prism. Length =2 (I + b) = 160 mm and height equals
to the height of prism (70 mm).

* MarkAB;BC; CDand DAequalsto50, 30,50 &30 mm
112espectively.

« Drawperpendiculars fromthe points A,B,C,D and mark
asA', B, C,D.
» Draw arectangle AB'C'D' on A'B' of size 50 x 30 mm.

+ Draw anotherrectangle CD A B, on CD of size to 50 x
30 mm, the end faces of the prism. Figure obtained is
the development of the total prism.

Exercise 3: Draw the development of the lateral
surface of a open hexagonal prism of side 30 mm and
height 80 mm. (Fig 3)

« Draw the elevation and plan of the hexagonal prism.

* ProjectA’A'&AAfromthe elevation C'C', shallbe equal
to 6 x 30 = 180 mm.

« OnA'A'setofA'1, 1-2, 2-3 etc. equal to the side of the
hexagon.



» Through A', 1,2,3 etc, draw vertical lines meet at AA,
1',2",3' etc to complete the required lateral surface
developmentofthe hexagonal prism.

Fig 3
'y ay by ¢y A 1 2 3 4 5 A

80

[&]
o
DMN1734H3

Exercise 4: Draw the development of the lateral
surface of an open cylindrical drum of dia 40 mm and
height is 60 mm. (Fig 4)

» Draw the plan and elevation of the drum as stated.

* Projectthe frontview and draw the side view to alength
of circumference of the base of the cylinder.

Circumference = nD = x 40 mm = 125.6 mm
Rectangle thus formed is the development of cylinder.

Fig 4

60
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|
|
I
|
i
4

@240 D

DMN1734H4

Exercise 5: Draw the development of a cone of base
60 mm and height 40 mm. (Fig 5)

» Draw the plan and elevation of the cone.

» Divide the plan circle into number of equal parts (say
12 parts) and mark.

Development is more accurate if the number of
equal parts are more.

* Project these parts to the base of the cone.
» Join these points to the vertex of the cone.
* Locate O, vertex for the development of cone.

» Draw an arc from the vertex as centre and length of
slope as radius.

» Set divider on the straight distance between two
consecutive points on the plan.

1 10 4
9 1
9 \\_// 5
8 6
7

0 =SUBTENDED ANGLE

‘O . RADIUS OF BASE CIRCLE

| =860 X g ANT HEIGHT

STRAIGHT LINE
DISTANCE

DMN1734H5

» Transfer the distance along the arc as many times
according to the divisions on the plan.

+ Join points 1 O, 1and complete the development.

This method is only an approximate method. The
straight line distance taken is slightly smaller
than the arc length. More accurate method is by
calculating actual circumference and dividing it
into number of segments.

Exercise 6: Draw the development of the lateral
surface of a square pyramid of base 40 mm and
vertical height 60 mm. (Fig 6)

» Draw the plan and elevation of the pyramid.

DMN1734H6

*  With QO'ascentreintop view and ob asradius, draw an

arc to meet the axis at 1. (O' - Vertex)

» Projectthe point 1 to front view to meet the base line at

1.

» Join O'1"which is the true slant length of the pyramid.

+  With"O,'ascentre andtrue lengthasradius draw anarc

and set off the sides of the pyramid on the arc at
AB,CD & A.
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Join O A, B, C, D, AO, which is the required develop-
ment.

Exercise 7: Draw the development of the lateral
surface of a hexagonal pyramid of side 40 mm and
height 75mm. (Fig 7)

Fig 7 o

75

a b'(F) ce) d

DMN1734H7

Draw the top view and front elevation of the hexagonal
pyramid.

With "0, ' as centre and slantlength as radius draw an
arc.

Setoffsixequal sides (40mm)onthearcatA,B,C,D,E,F
& A

Join O,, AB,C,D,E,F and A O,. Complete the lateral
surface development of the pyramid.

The circumference of each cone as the straight line
distances (n x d) of its base.

Developmentofcone 1

Exercise 8: Draw the development of surfaces of the
box. (Fig 8)

Fig 8
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D C
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* Assume there is no slope surface and draw the
development of a cube of 60 mm as givenin Ex. No.1.

e Draw lines PQ and RS in the surfaces 1 and 3 in the
basic development equivalent the shape showninthe
isometric view of the box.

« Similarly join a rectangle of size equal to the surface 7
shown in isometric view with line RS or PQ and
complete the development after erasing the construction
lines.

Exercise 9: Draw the development of a rectangular
prism as stated under and as shown in Figure. Prism
is cut by a cutting plane at 30°, 30 mm from base on
width side. (Fig 9)

Fig 9

70
ﬂ,
~

oy o A B C D A
a'(d") b'(c") 50 30 30

By 50 A

DMN1734HD

» Draw the top view and front view of the rectangular
prism.

* Mark30mmonfrontviewfromb'(c')tomeetthelineb'b’,
atm'

« Atm'make an angle of 30° such that the cutting plane
meet the line a'-a', . atn'.

* Projectb’, m', n" horizontally and mark of AB = 50, BC
=30, CD =50 & DA = 30 mm.

 From A,B,C,D,A of the front view, draw vertical lines
and mark points 3, 4,1,2 & 3, .

* Draw 1-4'and 2-3' perpendiculars to 1-2 equals to 30
mm and draw CB, & DA, perpendicular to CD and
equals to 30 mm.

* Thick the lines throught A,B,C,B,,A,,D,A which s the
developmentofthe given prism.

Exercise 10: Draw the development of the lateral
surface of the truncated pentagonal prism as
positioned. (Fig 10)

» Draw the top view and front view of the given solid as
positioned and stated in Fig 10.
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Fig 10
Q1(c‘1) e'y(b'y) ay ; A By Cy D, Eq A
R(S)| ~ o _— R 8\
Qm|™ - 1= _——Q T\p
P \$ P
d'(c) e'(b) a A B 9 D E A
b STRETCH-OUT LINE

30

N
d\/ @
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» Drawthecutting planeline as showninfigureintersecting
the edges at P,Q,R.

* Project from front view a' the stretch out line AA and
setoff the sides AB, BC, CD, DE and EA.

* Project the points P,Q,R from the front view on the
corresponding edges of the prism.

* Join points P,Q,R,S,T and P with straight lines
completes the development.

Exercise 11:Draw the development of a hollow
hexagonal prism as positioned. (Fig 11)

Fig11
e A B G Dy & Py Ay
3(5) // S/NS
y / \
/0 2 6
e S
1 T 1
a~ b({) c@E)d A B Cc D E F A
f < % (b)
a d %
@ g
z
b c =
[}

» Draw the elevation and plan of the hexagonal prismin
the given position as stated.

» Drawthe cuttingplanelineinthe elevationand mark the
cutting points 1',2' (6") 3'(5") & 6.

» Draw the plan of the prism as shown and name the
corners. (Fig11)

+ Fromthe elevation project the stretchoutline A A, and
AA anddraw the developmentofthe lateral surface as
done in earlier exercise.

» From elevation through points 1',2',3' draw horizontal
lines to intersect at 1,2,3,4,5,6 & 1 respectively.

* Join all the points in sequence and complete the
required development. (Fig11)

Exercise 12:A hexagonal prism of side 30 mm and
height 80 mm is cut along the cutting plane. (Fig 12)

» Draw the plan and elevation of the hexagonal prism.

» Draw the cutting plane 30° 45° as indicated. (Fig 12)

Fig 12 ‘
A |
(@) &/ N i
o N
8 '
=}
T
|
|
!
S -
|
|
(b) 30
e 6
\5 l\5
\4' I 4
3$~\\ I 5
|2 | 2 z
BESS T
a b g ¢ d A B G C D E G F A%

» Considerthe prism aswhole and draw the full develop-
ment.

* From the cutting point of the front view. Draw the
horizontallinestointersectthe developmentat1,2,3,4,5
& 6. Join all the points by straight lines. Complete the
other half in the same procedure and complete the
required development. (Fig 12)
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Capital Goods & Manufacturing Exercise 1.5.31
Draughtsman Mechanical - Development of surfaces and interpretation of
solids

Development of an oblique cone with elliptical base cone with elliptical base

Objective: At the end of this exercise you shall be able to
* construct the development of an oblique cone with elliptical base.

PROCEDURE

Exercise 1 : Draw the elevation of its oblique elliptical cone

*  Major axis 60mm Fig 1
* Vertical height 80mm ]

* Drawthe elevation ofthe oblique elliptical cone (Fig 1). \
On the base draw half plan of the cone as shown in
Fig.1. \

~

* Divide the circumference ofthe base into 12 equal parts,
whereas it has been shown 6 equal parts. N

* Fromthe point ‘T’ appexofthe cone draw a perpendicular N
to the base meeting at ‘f. N\

* Nowwith ‘¥ ascentre, f1 asradiusand ‘f’ as centre, draw "\
arcs and obtain the points 2’3’... and 5’. |

* ‘T’ascentre and TO as radius swing arc and set off TO
and Td as shown in Fig 1.

* Inthe same procedure swingarcs with ‘T’ as centreand
T1,T2,T3,T4,T5 and T6’ as radius.

* Set off the points on the arcs with the true length T1’,
T2'... etcs.

* Join all these points C, 1,2,3 ... by a smooth curve to
obtain the required lateral surface development of the
elliptical base oblique cone and complete the drawing.

DMN1735H1
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Capital Goods & Manufacturing Exercise 1.5.32
Draughtsman Mechanical - Development of surfaces and interpretation of
solids

Development of three piece pipe elbow - a pipe hole through it - a bucket and
a funnel

Objectives: Atthe end of this exercise you shall be able to

* draw the curve of intersector and surface development

* draw the development of lateral surface of a funnel

* draw the development of three cylindrical pipes as positioned.

PROCEDURE

Exercise 1: Fig.1

A vertical Cylinder dia 80,100 |Ong is intersected by e Transfer the points on branch p|pe a,b,“ on to the
another cylinder of dia 40 at 60°. (Fig 1) Draw the corresponding projectors.
curve of intersection and the surface development. . _ . _
. o ) » Join all the points with a smooth curve representing
» Divide the branch pipe in the top view and mark the developments ofhole.
corresponding division onit. _ _
o ) . ) » Draw the full development of the branch pipe at right
» By projection from to top view draw the intersecting angles to its axis.
curve onthe elevation.
. ) ) » Transferthe points on to the development showing that
» Draw the horizontal projectors from the points on the of transition pipe.

FV as shown.

Fig 1

DEVELOPMENT OF TRANSITION PIECE

PART DEVELOPMENT

100

D H

DEVELOPMENT OF CYLINDRICAL TRANSITION PIECES

DMN1736J1

Exercise 2: Draw the development of the lateral surface of the three pieces of cylindrical elbow pipes. (Fig 2)
* Draw the front view of the elbow as giVen in the ﬁgure. e Parts A & C are similar Shape of Cylinder truncated at
+ Drawthesquare "efgh' of sides equals to diameter ofthe one end only.
pipes. (50 mm) - The part A is developed, which is in line with base.
* Bisecttheangle "enf by the bisector ‘bh'and the angle « ThepartBistruncated at both ends, itis developed on
ghf' by the line "gh’ to intersect "ef and "gf at x & y the stretch outline through h at right angles to xy. (like
respectively. xy is the axis of middle piece B. auxiliary view)
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Fig 2
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* As the curve B is similar to the curves of A & C and
hence the three developments may be drawn com-
bined. (Fig 2c)

Draw the development of the lateral surface of a

funnel as positioned. (Fig 3)

* The parts (A & B)of the funnel are in the shapes of
frustum of cones.

» Developmentof cone and frustum of cone are already
dealtinearlierexercises. Follow the previous procedures
and draw the developments of both parts A and B.

Formulaforfinding angle

Radius of base cone circle
a = x 360°
Slant height

Develop the sheet metal required for the funnel.

(Fig4)

+ Thesheetmetalfunnel (Fig4a)consists of conical part
Z and two cylindrical pipes Y and X.

+ Draw the development of pipes referring to earlier
exercises and the shape of the development.
(Fig4b &4 c)

Fig 3

280 ‘

50

| @20
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@10

DEVELOPMENT OF A FUNNEL

TRUE LENGTH

DMN1736H3
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Fig 4

280

100
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Draw the development of the lateral surface of the » Developthe lateral surface as donein earlier exercises
elbow of pipes joined. (Fig 5) for each part A,B,C,D & E.

» Draw the view of the pipe as given.

» Findthe circumference/perimeter graphically.
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Draw the development of intersecting cylinders of dia
30 mm at 120°. (Fig 6)

All the cylindrical pipes are of same diameter and
intersecting each at equal angles. Hence in this case the

development of one pipe will represent other pipes.

+ Drawthe planand elevation ofthe pipe "A'and mark the
division on the plan. (Fig 6b)

development of all the pipes are same and so the /M:\\ /\/\
e
|
|
\
\

« Draw the vertical projectors from the plan to front view ABI&C

to meet the line of intersection.
« Draw horizontal projectors from these points on to the 12 an SB@% 5 6 7 8 9 10 11

development. 2 3l 4 AxD

. . . L 1/ s

* Mark the intersecting points and join with a smooth ©

curve tocomplete the required development. 2 | 76 e

11\ / E

Three cylindrical pipes of X,Y,Z form a "Y' piece. (b) 1078 z
(Fig 7) Draw the lateral surface development of each =
pipe.

Inthethree pipes XYZ, Y &Z are similarin size and shape,
hence their developments are also similar.

« Draw the development of pipe X' as in the previous
exercise.

» Draw the elevation and plan of pipe "Y' as shown.

« Divide the plan circle into 16 equal parts.

* Project the points to the elevation.

» Draw the rectangle ABCD in which AB is equal to nD

» Draw the development of pipe Y as shown.
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Fig 7
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Capital Goods & Manufacturing

Exercise 1.5.33

Draughtsman Mechanical - Development of surfaces and interpretation of

solids

Construct orthographic of interpenetrating solids (cylinder - cones - prisons
and pyramids) of axes at right angles to each other and inclined to each other

Objective: At the end of this exercise you shall be able to

» draw the line of intersection of prism with prism.

Exercise 1
Draw the line of intersection of prisms.

Two square prisms A and B positioned as stated below
intersect each other. Draw the plan, elevations and show
the line of intersection. Prism A’ is resting vertically and
with two of its lateral faces making 45° to X'Y'. (VP) The
axis of prism 'B' intersects A’ at mid-point and is
perpendicular to each other, also lateral face of prism "B’
makes 45° to H.P (x,y) and its axis parallel to VP. The
dimensions of prisms are:

— Side 40 mm and height 60 mm (Prism A)
— Side 35 mm and length 80 mm (Prism B)

Draw the top view of 40 mm square prism, with its two
sides at 45° to (VP) X"Y" line.
* Mark the corners as a,b,c & d.

+ Drawthefrontview andthe end view forthe prisms A &
B with space in between and mark the corners as
shown.

+ Draw a square of side 35 mm, faces at 45° to the (HP)
XY onthe end view.

* Mark the corners as p", ", r" & s" as shown.

» Drawits projection to the top view and mark the points
where the lines meetthe square a,b,c&das 1,2,3,4,5
& 6.

» Draw the vertical projectors from points 1,2,3 &4 on to
the frontview.

» Draw horizontal projectors from corners p",q",r" & s" of
EV on to the FV intersecting projection line from TV.

* Mark the intersecting points 1, 2', 3", 4',4.' & 1.".

*+ Jointhe points 1'2',2'1,', 1'4",3'4,".

Thelines 1'-2',2'-1.',4'-3', 3'-4.' are thelines of intersection.
(Fig1)

Fig 1
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PRISMS INTERSECTING AT RIGHT ANGLES
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Exercise 2 (Fig.2)

Two square prism A and B positioned as stated
below, intersecteach other. Draw the plan, elevations
and show the line of intersection of Prism "A’ resting
with its base on HP. Two of its rectangular faces
making an angle of 45° to X'Y' (VP). Prism "B’
penetrates with prism A’ such that the axis are 5 mm
apart, intersecting at mid-point is perpendicular to
each other. The lateral surface of prism ‘B' makes an
angle of 45° with XY (HP) and its axis parallel to X'Y"
(VP). The dimensions of prisms are:

— Side 45 mm height 80 mm (Prism A)
— Side 35 mm length 75 mm (Prism B)

Draw the front elevation, top view and side view of the
vertical prism (A) for the given position and dimensions.

» Drawthe side view of the horizontal prism for the given
position and dimensions, such thatits axis 5 mm apart
from the axis of vertical prism.

* Project the front view and top view of the horizontal
prism from the end view.

* Inthe top view, mark 1 where the horizontal edge PP,
pierces the front vertical rectangular face ab (b,) (a,).
Mark the other points as shown in Fig 2 in the top view
of the vertical prism. Project these intersection points
to the top view and obtain k(m) and | (n) as shown.
(Fig.2)

* Project from the top view the points 1,2,3 & 4. Draw
vertical projectors upwards tointersectthe corresponding
edges of the horizontal prism in front view at 1' (2') (3")
& (4')respectively.

* Project from the side view from points k" and m" to
intersect the projectors drawn from top view from points
k(m) to meet at k' and m' respectively in front view.

» Drawthevisiblelinesandinvisible linesin the frontview
by projecting the points from top view (lk & I(m) as
shown in figure. I'k'and I'm' as thick lines in front view.
k'(2")(2") (3') (3'4") & (4") m' as dotted lines. Complete
the lines intersection on the left of the front view.
Similarly complete the line of intersection on the right
offrontview.

Fig 2

a b'(d) ¢

e’
p'y(r'y)

d" a"(c") b"

@'a" J

Nk

B \
\ (")

\ m"(n")

o, a"(c'y)

by

Gy(s)
. | 2 % @)\ 6
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Exercise 3 (Fig.3)

Two square prism of A & B positioned as stated below
intersects each other. Draw the plan, elevations and
show the line of intersection. Prism "A' is resting on
its square base and its face are at 45° to XY line. (HP)
Prism "B' intersects at 10 mm from base at 45°. The
dimensions of prisms are:

— Side 50 mm height 100 mm (Prism A)
— Side 40 mm height 80 mm (Prism B)

By drawing projectors, draw the front view top view and end
view of the vertical prism.

» mark a height 10 mm from base and draw 45° line as
shown.
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draw a line perpendicular to the auxiliary plane line.

draw a square of 40 mm at 45° to the Auxiliary plane
line.

project the corners on to the vertical prism.
mark the points 2" and 4" on the vertical corner edge.

projectand draw the top view of the oblique prism, mark
the points 123, & 4, on the top view.

draw horizontal lines from points 123 on to the top view
of vertical prism meetingat 1,, 2., 3, & 4,.

draw vertical projector from the top view and projectors
from AV.

join corners 2'- 1' & 1',4' by straight line.

add the end view as shown. (Fig 3) Lines2'-1'& 1" -
4' are the intersection lines of the prism.

Fig 3
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Exercise 4: (Fig 4)

An Octagonal prism (A) and a Hexagonal prism (B)
positioned as under intersecting each other. Draw the
plan, elevations and the line of intersection. Prism A’
resting on its base with a face parallel to x'y' (VP). Prism
‘B'isintersecting the Prism “A', such thatthe axis 'B' prism
makes an angle of 30° to XY (HP). Both axis of A & B
prisms meet at 20 mm above the base and 8 mm in front
of "A' prism.

Dimensions of Prisms are:

Octagonal prism side 40 mm, height 100 mm
Hexagonal prism side 20 mm

Projected length of hexagonintersecting octagonis 40
mm.

Draw the plan, elevation and side view of prism "A'".
(Octagonal)

124

Draw the inclined axis at 30° to XY (HP) and 20 mm
above the base, meeting onthe vertical centre line of the
prism "A'".

Draw the auxiliary view of the prism "B' (Hexagonal) on
the auxiliary plane as shown in Fig 4.

Draw aline PQperpendicular to the inclined axis of the
hexagon.

Draw projectors from the auxiliary view of the hexagon
parallel to inclined axis of prism "B', intersect PQ at a'
b'c' & d'and meets the surface of the prism "A'at ¢', &
d,.

On the top view, draw a horizontal centre line of prism
‘B'8 mminfrontofthe horizontal centre line of prism "A'.
Draw vertical projectors from points a' b' ¢' & d' down-
wards on the top view.

Transfer the width of prism "B' from the side view.
Join fe, ed, dc, ba and af.
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Draw horizontal protectors from points a,b (top view of
hexagon) to meet top view of prism "A'atb,, a, &f..
Draw vertical projectors upward fromthe pointsb,, a, &
f, intersecting the projectors drawn parallel to the
inclined axis from the points a', b', ¢' & d'atc, &b’.

Join the line of intersection as shown. (Fig 4)

Fig 4 ©

HEXAGONAL PRISM SIDE 20

HEXAGONAL PRISM INTERSECTING OCTAGONAL PRISM AT 30°

DMN1837H4
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Capital Goods & Manufacturing Exercise 1.5.34
Draughtsman Mechanical - Development of surfaces and interpretation of
solids

Generate the curves of intersection of cylinder penetrating through a sphere
- cone and a cylinder

Objectives: At the end of this exercise you shall be able to
» draw the interpretation of cylinder to cylinder

* draw the interpretation of cylinder cut the prism

» draw the interpretation of cone with cylinder

e draw the interpretation of cone with prison, and cone
e draw the interpretation of sphere with prison and etc.

PROCEDURE

Fig 1

Exercise 1 (Fig1): The cylinders A & B are positioned \
as shown, (Fig 1) intersects each other atrightangles. J | L |
Draw the plan, elevation, side view and show the !
curve of intersection.

+ Draw the three views of cylinder "A' as positioned
shown. (Fig 1)

+ Draw the side view of the cylinder "B', as circle of “ ‘
diameter equals to 40 mm, such that its centre is the }
mid-point of the axis of cylinder "A'. 80

@40 CYLINDER 'B'

» Divide the circle into 12 equal parts and number them.

» Drawthefrontviewandtop view of cylinder 'B' projecting OO0 CYLINDERA

from the side view of the horizontal cylinder.

Consider that a number of horizontal section ] —
planes passing through the generators of the
horizontal cylinder to cut both cylinders. For
allthe horizontal sectional planes, the sectional
top view will always be a circle of "n' diameter.
Also the sectional top view of the vertical
cylinder will a circle of 'm' diameter.

DMN1838H1

Fig 2

P | dga)) |
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» Drawseries of cutting planes on the end view of cylinder
‘B'.

» Draw horizontal projectors on to the vertical cylinder
(A).

+ Theline1-1, intop viewintersectsthecircleatp, &q,.

» Draw vertical projectors from these intersection points
P, & q, tointersect the line 1'1", in front view at p', and
q,'respectively.

+ Considering the second horizontal plane 2 2, in top
view, obtain the corresponding pointin the frontview P',

(p|12’ q|12) and qlz'
* Repeatthe same procedure for other series of section

planes passing through generators, obtain intersection
points in front view.

Join the obtained intersection points in the front view by a
smooth curve, which is the curve of intersection of cylinders
A & B as stated.(Fig.2)

Exercise 2: A vertical cylinder "A' and a horizontal
cylinder "B’ are positioned. (Fig 3) Draw the plan,
elevation, side view and show the curve of
intersection. (Cutting plane method)

260

80

280

DMN1838H3

Draw the three views of the vertical cylinder "A' as
positioned.

As the axis of the horizontal cylinder "B' is 12 mm in
front of the axis of cylinder “A', so draw the side view
(circle) ofthe cylinder 'B' 12 mmto the right side of axis
of cylinder"A'. (Fig.4)

Fig 4
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» Draw its front elevation and top view and mark the
generators as explained in previous exercises.

» Divide the circle of cylinder "B' shown in side view into
12 equal parts.

* Markthe corresponding divisions in other views.

Draw the horizontal projectors from the divisions marked
meets the top view of the vertical cylinder "A'.

draw vertical projectors to the corresponding horizontal

joinallthe intersecting points forming the interpenetrating
curves of the prism.
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Exercise 3: A thin cylinder of dia 80 mm resting
vertically is joined to a 40° branch pipe of dia 40 mm
as shown in Fig 5. Draw the intersection curve of the
cylinders. The axes of both the cylinders are 15 mm
apart.

Exercise 4: Two cylinders of A & B are positioned as
shown in Fig 6. Draw the plan, elevation and draw the
curve of intersection.

Fig5

Draw outlines of the pipes as shown in Fig 5.

Divide branch pipe surface into equal parts by drawing
semi-circle and mark as 1',,2',,3".....6', as shown in
Fig 5.

Mark the corresponding points on the top view of the
branch pipe projected from the frontview as 1,2,3....7

100

Draw horizontal projectors from these points to meet
the dia 80 mm circle and number them in the top view.

(Fig5)

Draw vertical projectors from these points on to the front X
view intersecting the projection lines from the semi-
circle.

Mark the intersecting points and join with smooth curve.

Draw the plan and elevation of the cylinder, such that
the cylinder "B’ intersects the vertical cylinder A’ atan
angle of 30°. (Fig 6)

DMN1838H5

Draw the curve of intersection by adopting procedures
as in earlier exercises. (Fig.6a)

Fig 6

100
>

CYLINDERS AXES INTERSECTING AT ANGLE
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Fig 6a
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Exercise 5: The axis of two cylinders A & B intersect
on the centre line at 45° are positioned as shown in
Fig 7. Draw the plan, elevation and the intersection
curve.

Draw the given view of the cylinders as stated in
position.

Draw the plan for the given elevation.

Draw the semi-circle ofthe branch cylinder, divideitinto
6 equal parts and number them.

Draw the projectors from these points parallel to the
inclined axis of cylinder "B'. Projectors intersecting in
the frontviews.

Mark the corresponding points on the top view of the
cylinder "A' by drawing horizontal projectors from the
top view of cylinder 'B'.

Draw vertical projectors from these point to meet the
inclined projectors drawn from the semi-circle of cylin-
der'B'.

Jointhe intersecting points which is the required curve
of intersection. (Fig 7a)

In this example the curve projected as straight lines.

Fig 7a
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Fig 7
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Ex.6 : A cylinder resting on the base vertically an XY
line (HP). Another cylinder ‘B’ is parallel to X’Y’. (VP)
andinclined at 30° to XYC (HP) and bisects the axis of
the cylinder A, shown in figure 8. Draw the curve of
intersector

+ Drawthe frontview top view of the vertical cylinder ‘A’.

« Draw the front view of cylinder ‘B’ such that its axis
inclined at 30° to XY line (HP) and bisect the axis of
cylinder ‘A’.

» Drawthetopview ofthe cylinder ‘B’ as shownin Fig 8a
by drawing projectors from its auxiliary view.

* Markthe intersection points on the top view and project
these points on to the front view.

« Join all these points by a smooth curve to obtain the
curve of intersection as stated. (Fig 8a)

Fig 8a

DMN1838H8a

Fig 8

S
DMN1838H8

Ex.7:(Fig9) A Cylinder of dia80mm standing vertically
is intersected by a square prism of side 40mm. The
faces of the square are at 45° to the HP. Draw the
views showing the interpenetrating curve.

» Drawtheendview, top and the outline of the front view.

« Draw anumber of horizontal cutting planes on the end
view.

» Drawthe projections of these planes on the top viewand
numberthem.

Draw horizontal projectors from these points and touch
the circle. (Cylinder)

Draw vertical projectors on to the front view.

Draw horizontal projector from end view on to the front
view, meeting the vertical projectors. (Fig 9)

Join all the intersecting points by a smooth curve.
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Thefigure shows thata cylinder of dia 80 standing vertically
isintersected by square prism of side 40 mm such thatthe
face of the square prism makes 45° with HP and its axis
offset by 10 mm. Draw its intersecting curves. (Fig 10a)

Fig 10

DMN1838HA

Exercise-9: (Fig11)

A vertical cone "A' is penetrated by another cone 'B' as
positioned and stated as under.

The axis of the two cones bisecteach other atrightangles.

The axis of the penetrating cone is parallel to the X'Y' (VP).

Draw the curve of intersection for vertical cone "A' 90 mm
diameter axis 90 mmlong. Cone 'B' 75 mm diameter and
height 100 mm.

» Assumethatthe horizontal cutting plane coincides with
aline a'd'in front view.

» The section of vertical cone is circle of diameter e'e’.

» Thesectionon horizontal plane will projectas hyperbola
in top view.

* In top view mark points projecting through a' and
identical on both sides of the horizontal axis.

* Intopview 1-1 =twice a'1' of front view. In same way
project through b', so that to meet in top view at 2-2.

« drawthehyperbolacurve as practicedin earlierexercises
dealtin plane geometry.

* Intop view with "0'as centre and dia e'e' draw a circle,
cutting the hyperbola points at p, and q,.

* Projectthe points p, andq,’ vertically upwards to meet
the cutting planes at a'd' in front view to obtain points
p.,q, p'and ', which are the points on the curvesin two
views front view and top view respectively.

* Inthe same way assume additional sectional planes,
preferably at equal distance on both sides of axis.

+ Similarly the hyperbola and circles in the top view and
front view to obtain the points of intersection. (Fig 11)

Fig 11
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Exercise 10

Drawthe curvein frontview and top view on both sides
of axis. (Fig 12)

Aholeisdrilled through a sphere. The axis of holeis 10 mm
away from the centre of the sphere. The vertical plane
containing the centre of the sphere and the axis ofthe hole
is 5 mm.

Fig 12

DMN1838HC

Sphere diameter =75 mm

Hole diameter = 50 mm

Draw the top view of the sphere.

On the centre line of the sphere mark off 10 mm draw
the vertical axis of the hole.

From the centre of the circle, make an angle of 60°
cutting the vertical axis, which will be the centre of the
hole.

Draw the top view of the hole as positioned.

From the top view project front view and top view.
Divide the circle of hole into 12 equal parts.

Draw a number of cutting planes parallel to the X'Y' (VP).

The sections of the sphere will be circles, but the hole
will be cut in straight lines.

CG&M - D’man Mechanical - (NSQF Revised - 2022) - Ex- 1.5.34

Points onthe curves will be obtained by the intersection
of circles with corresponding lines.

For example the section plane passing through points
3 & 5, then the section of sphere will be a circle of
diametera'a'in frontview.

The projector drawn through 3 & 5 will intersect the
circle at point 3' & 5'.

Obtain all other points in the same manner.

Draw the curves through all the points.

Projectthe points on the side view horizontally fromthe
front view on the corresponding lines of the holes and
draw curves through these points.
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A sphere of 70 mm diameter is penetrated by a triangular
prism of side 30 mm such that one of its faces parallel to
XY (VP). Draw the line of intersection.

« Draw the three views of the solids (Plan elevation and
side view).

» From the top view project the points 1,2,3 to meet the
generator of sphere atp,q, &r.

* Projectthese points to front view on the horizontal axis
of the sphere to meet atq',p',r'.

«  With O' as centre transfer the points q',p',r' to meet at
1',3"and from top view project the point 2 - 2 to obtain
the point 2' 2' on front view.

* Projectthe points 1',2' and 3' to side view to obtain the
points 1", 2" & 3".

* Infront view, join the points 1',2' & 3'and 3',2' & 1' by
a smooth curve and in side view, join the point 3", 2" &
1" by a smooth curve.

The curvesdrawninfrontview and side view are the required
curve of intersection.

Exercise 11 (Fig 13)

Fig 13

DMN1838HD

Atriangular prism, penetratedinto hexagonal pyramid rest
on its base, such that one of its edges of prism is parallel
to XY (VP). Draw the line of intersection and projection.

« Draw the front elevation and top view of the solids as
positioned.

» Locatethe points (vertices)infrontview, corresponding
to the elements of intersection between the solids.

* Project other than 1,5,6 & 10 points to top view.

* On the top view through the points 7 & 9 draw a line
parallel tothe base of pyramid tointersectthe edge KK
at 6 & 10. (Fig 13)

* Infront view, draw a horizontal line through 5'1' which
intersects the slanting edges at P' & q' etc.

» Draw the projectors from the base of pyramid in front
view, to locate the intersection points in top view and
join them to get the points 1 & 5.

» Jointhe points 1to 10inthe orderto obtain the required
line of intersection. (Fig 13)

Exercise 12 (Fig 14)

A hexagonal pyramid is resting on its base on "XY' such
that one of its sides parallel to X"Y' (VP) and is penetrated
by arectangular prism. Both the axis intersects each other
andthe largerside ofthe base ofthe prismis horizontal and
its axis 25 mm above the XY. Draw the line of intersection.

Pyramid - base 30 mm
Attitude - 90 mm
Prism - base 30 x 20

» Drawthe frontview, plan and side view of the solids as
positioned and stated.

» Assumingthe plane passing through Pqandlocate the
intersection point 2' between the edges O'a'and the
surface P'q'.

* Projectfromthe front view and obtain the point 2 in the
top view.

» Throughthe point2intop view, draw lines parallelto ab
and af to get the points 1 & 3.

» Draw vertical projectors from the points 1 & 3 upward to
obtain the points 1' & 3' on the surface P'(q").

* Insimilarway obtain points 6,5,4 by drawing parallel to
ab and af respectively on top view.

» By projecting these points vertically upward to obtain
points 4', 5' & 6' on the front view.

« Join the points to obtain the line of intersection on one
side of the front view.

* Insame procedure draw the line of intersection on the
other side of the front view. (Fig 14)
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Capital Goods & Manufacturing

Exercise 1.6.35

Draughtsman Mechanical - Isometric projection from orthographic views
(vice versa) oblique projection from orthographic views

Construct isometric views of polygons and circular lamina

Objectives: Atthe end of this exercise you shall be able to

» construct an isometric scale to a given length

¢ construct isometric view of polygons and circular lamina

¢ draw the isometric views.

PROCEDURE

Exercise 1: Construct an Isometric scale to measure
upto 150 mm with minimum reading of 10 mm.

Exercise 1
* Draw a horizontal line OA.
 Draw a line OC at 45° to OA and mark 10 mm, 20

* Draw another line OB at 30° to OA.

» Draw vertical projectors from divisions on OC onto OB
and mark the divisions as on OC.

The scale on OC is the true scale and the scale on OB is
the Isometric scale. (Fig 1a)

Another way of constructing isometric scale.

+ Draw a horizontal OA to a known length.

» Draw another line OE at 15° to OA.

» Drawanotherline from point Amaking 45° and meetthe
line OE at D.

+ Divide the line OA into number of divisions and mark
10,20,30,40 and 50 mm.

* Fromthe pointsontheline OA, drawlines parallelto AD
and mark off 10,20,30,40 and 50 on line OE.

Now the scale on OAis the true scale and the scale on OD

is the isometric scale. (Fig 1b)

Fig 1

o 10 20f 30 40 50
TRUE SCALE LENGTH
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Exercise 2: Construct the following plane figures in
isometric views

Draw a square of side 40mm
Draw a pentagon of side 20mm
Draw a hexagon of side 40mm

Draw a circle in different positions.

Exercise 2.2 : Draw a square of side 40mm Fig 2

Fig 2 c

_—
>
T
DMN1939H2

» Draw the lines AB and AD inclined at an angle of 30°
from the point A equals to 40mm as shown in figure.

* With and D as centre 40mm as radius describe arcs,
and let it intersect at

+ JoinDCandBC

+ ABCD is the isometric view of the square

Exercise 3: Construct a pentagon of side 20mm

» Constructapentagon of side 40mm as shown figure 3
+ Draw the lamina PQRS in isometric view

» Setthe pentagon in the lamina

+ join BC, CD, DE and EA.

+ ABCDE is the pentagon drawn in isometric

+ Viewfig 3a
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Construct a hexagon of side 40. (Fig.4)
» Construct a hexagon ABCDEF of side 40mm.
» Drawtherectangularlaminainisometric view (PQRS).

» Set the hexagon in the lamina as shown in figure 4a
ABCDEF is the hexagon drawn in isometric view.

Fig 4 b Q@
P E D Q
E
P c
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B
A
S S s b
A B =
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Exercise 4: Constructacircle by dia$60mm isometric
view of different positions first position (Fig.5a)

* Draw the rhombus ABCD equals to 60mm side being
the diameter of the circle.

* Markthe centerofthe sidesAB,BC,CDandDAatF,G,
E and H respectively.

e Join BE and DG and in intersect a 1.
» Join FD and HB, which inersects at 2.

*  With 1 and 2 as radius draw arcs meeting points E &
G H & F respectively.

» B atcentre BE as radius draw the arc EH
» D as centre BE as DF as radius arc FG

» Complete the isometric circle. (Fig.5a)
Exercise 5: Second position

* Inthe same procedure complete the 2nd position of the
circle insometric view. (Fig.5b)

3rd position (Fig.5c)

* A done is previous exercises proceed with same
procedure and complete the circular lamina. (Fig.7)

Fig 5 c D
5E
E
6 H 1 c

DMN1939H5

Exercise 6: Draw the isometric view of the objects.
(Fig.6)

TASK 7: Draw the isometric view of the circle in the
cube (Fig.7)

Fig7

AR

DMN1939H7
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Capital Goods & Manufacturing

Exercise 1.6.36

Draughtsman Mechanical - Isometric projection from orthographic views
(vice versa) oblique projection from orthographic views

Draw Isometric views of solid geometrical figures from orthographic views

Objectives: Atthe end of this exercise you shall be able to

* draw isometric views of geometrical figures
» draw isometric views of stepped blocks.

¢ draw the isometric views of need know & machined blocks.

PROCEDURE

Exercise 1

» Draw the isometric projection of a cube of side 50mm
(Fig1)
Exercise 2

» Draw isometric projection of a rectangular prison of
base 30mm x20mm and height 60mm (Fig 2)

* Readthe given procedure and complete the view.
Exercise 3

» Draw the hexagonal prism of 25mm side of base and
60mm height (Fig 3 & Fig 4)

* Readthe given procedure and complete the isometric
view (Fig 5,6,8&7)
Exercise 4

» Drawtheisometric projection of a hexagonal pyramid
the side base 30mm and height its 65mm given its
position follow the procedure given and complete the
view.

Exercise 5

» Draw the isometric projection of a cylinder of base
50mm and height length of 70mm with is base resting
on HP by off set method and four arc method

» Forboth method study the given procedure and complete
the drawing (Fig 8 to 14)

Exercise 6

» Draw the isometric projection of a cone whose base
diameter40mm and height 60mm whatits basereston
HP (Fig 15 & 17)

Exercise 7

» Draw the isometric projection of sloped blocks for the
given dimension follow the procedure as given and
complete the view

* Reproducetheisometric view of the figure shownie Fig
19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,
39,40,41,42,43,44,45,46,47,48,and 49.

Complete the drawing and give dimensions

Fig 1

a b'(d')

X ¢ r(h)

d(h)

a(e)

MN1940H1

b () v

DI

» Drawtheplanand elevation of a cube of a given size with
solid diagram parallel to V.P. orfive of the vertical faces
maximum equal (45°) angle with V.P

These two views should be drawn to the true
scale.

» Tiltthe front view about cornere', so thatthelinea'g'is
parallel to XY. This means that the line a'g' is parallel
to VPl and HP or it is perpendicular to AVP.

* Project from the second elevation and draw the top
view. (2nd top view)

» Drawthe projectors fromthetilted elevation and 2nd top
view and draw the side view. Now the side view is the
required isometric projection of the cube.

Exercise 2: Draw the isometric projection of a
rectangular prism of base 30 mm x 20 mm and height
60mm. (Fig 2)

Fig 2
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Exercise 1 : Draw the isometric projection of a cube
of side 50 mm (Fig 1)

» Use isometric scale for all measurements.

» Drawthelines AB, AD, AH t0 20,30 & 60 representing

the isometric axes.
139



* Draw lines parallel to isometric axes as shown and
complete the isometric projection required.

Exercise 3: Draw the Isometric projection of the
hexagonal prism of 2.5 cm side of base and 60 mm
height. (Fig 3)

« Draw an isometric hexagon ABCDEF in the
parallelogram PQRS.

* Markthe centre O and draw a vertical line from point O
of height to 75 mm in isometric scale.

Fig5
Fig 3
a (b i c(e) d
‘ 60
\ ¢
ai (b, Terlen
f e
s (f) (1) r
(ay) | (gw)
a — —
PN
p b i c q g
(CORIRC z ¢
y| 25 |y g z
\ \ <
[a}
 Drawahexagon of side 25 mm of its edge is horizontal. Fig6é

» Draw a rectangular prism of base pqgrs and height 60
mm.

+ Drawtheisometric view of the hexagonal base abcdef
of the prism using offset method.

» Drawthetop hexagonalface by drawing projection from
the corners of the base.

* Makethevisible edges by drawing thick lines and draw
the invisible edges in hidden line.

* Ruboffthe unwanted lines and complete the isometric
projection.

Use isometric scale for all measurements. (Fig 4)

p(py) biby) clc) alay

DMN1940H4

Exercise 4: Draw the Isometric projection of a
hexagonal pyramid of side base 30 mm and height 65
mm given its position as under

R
D

— ¢
E/ \
s Q
o e
%/ F\A/\%o

P

DMN1940H6

+ Join O, with ABCDE&F to complete the required
Isometric projection of the hexagonal pyramid. (Fig 7)

Fig 7

DMN1940H7

Its base restingon HP and the edge of the base parallel

to VP. (Fig 5)
« Drawthe plan and elevation of the pyramid (true scale)
and enclose the plan in the rectangle PQRS.

* Drawthe parallelogram with two of its adjacent edges at
30° to the horizontal. (Fig 6) PQ = Isometric length of
pq and PS = Isometric length of PS.

Exercise 5: Draw the Isometric projection of acylinder
of base 50 mm and height/length of 70 mm with its
base resting on HP by offset method and four centre
arc method.

Off-setmethod
Draw the elevation and plan of the cylinder. (Fig 8)

Draw the isometric projection of a square of side equals
to the dia of cylinder. (Fig 9)

Draw the isometric projection of a square prism of
height 70 mm on the square drawn.

140 CG&M - D'man Mechanical - (NSQF Revised - 2022)- Ex- 1.6.36



Fig 8
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Fig 9
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* The mid points of the sides of the square given four
points ABCD and four more points HIJG by intersection
ofthe diagonals with circles (located by offset method)
join the points to form isometric circle.

» Draw the isometric circles for the bottom and top face
of the cylinder inside the square prism using offset
method.

« Draw common tangents to top and bottom isometric
circles.

» Complete projection by drawing visible lines thick and
invisible lines thin. (Fig 10)

Fig 10

DMN1940HA

Four Centre arc method
» Draw the elevation and plan of cylinder. (Fig 11)

» Drawtheisometric projection of a square of side equals
to the dia of cylinder. (Fig 12)

* Draw the isometric projection of a square prism of
height 70 mm on the square drawn.

* Draw the bisectors RD and RA from R and PC and PB
from P.

CG&M - D'man Mechanical - (NSQF Revised - 2022)- Ex- 1.6.36
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+ Drawarcswith O, and O, as centresandradius O,Dand
OA

+ Drawarcs with P and R as centres and radius PC and
RD.

» Draw vertical lines from the end of the ellipse.
» Draw the base as half of the ellipse.
» Complete the isometric view of the prism. (Fig 13)

Fig 13
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* Fig 14 shows the cylinder in horizontal position.

» Followthe procedure ofthe cylinderin vertical position
and complete the prism.

Fig 14

DMN1940HE
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Exercise 6

« Draw the Isometric projection of a cone whose base
diameter 40 mm and height 60 mm when its base rest
on HP. (Fig 15)

* Drawtheplanandelevation ofthe coneinthe true scale
as shown in the Fig 15.

Fig 15
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» Drawthe Isometric projection of the base circle. (by four
centre method) (Fig 16)

Fig 16

30
o
>
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DMN1940HG

* Markthe centre and draw a vertical line 0.0, such that
0.0, equals to 60 mm in isometric scale.

« From "0' draw tangents to the isometric circle of the
base and complete the required isometric projection of
the cone. (Fig 17)

Fig 17
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Exercise 7

« Draw the isometric projection of a stepped block.

+ Draw the isometric view of a rectangular prism of
dimension equal to the overall size of the block 60 x 40
x 35.

* Usingthe measurements given. Drawthe lines JD, DE,
EF, FH, HI and IJ to facilitate removal of unwanted
portion.

* Rub offlines SR, RD, SJ, SH and RF.

« Darken the remaining lines of the stepped block.
(Fig18)

Fig 18
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Draw the isometric projection of the component shown.

Fig 19

40

<z
o

DMN1940HJ

» Draw the stepped block with slot as shown in Figure.
Follow the procedure given in the previous exercise.

* Mark point UTSV as per the dimensions on the top
surface EDGF. (Fig 20)

« JoinUTSV

Fig 20

DMN1940HK
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Projectvertically downwards from the points UTSV and
obtain the point WXYZ at bottom surface such that SZ,
VN, UX&TY are equalto 10 mm. Join the point WXYZ
and draw the thick lines which are all visible and
complete the required isometric view of the stepped
block. (Fig 20)

Use thin lines

Reproduce the blocks shown in Fig 21,22,23 & 24 in
isometric projection.

With the experiences gained in previous exercises of
drawing isometric views, draw these exercises and
complete the same.

All construction lines should be in thin lines.
After completion of the Isometric views, in
each case erase the unwanted lines and

constructionlines.
Fig 21
>
]
4
4 S
+] s N
N |

i

S

DMN1940HL

Fig 22
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Fig 24
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Exercise 7

Draw the isometric projection of the machined block
shown. (Fig 25)

Fig 25
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Draw the isometric projection of the rectangular prism
that envelopes the given block to dimensions shown.
(Fig.26)

Mark point A on PS at a distance of 15 mm from P.
Draw line AB = 25 mm parallel to PQ.

From B, draw a vertical line cutting RS at L.

Mark point D on US such that UD = 20 mm.

Draw a line DC parallel to UT equal to AB.

Join AD, BC and CL to complete the required Isometric
view of the block.

Remove the extralines and darken the required visible
edges.

Show hidden edges by dashed lines.

Fig 26

DMN1940HQ

4

Draw the Isometric projection of the "V' block. (Fig 27)

Fig 27
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Draw the Isometric projection of the rectangular prism.
(size 50 mm x 40 mm x 30 mm) (Fig 28)

On the face ABFE, draw the lines JN & LN by offset
method.

Similarly draw lines KP & MP.
Join MI, KJ and PN

Erase construction lines and make the remaining lines
thick hidden as the case may be.

Draw the Isometric projection of the following slant cut
blocks.

* Ineach case draw the Isometric view of a rectangular
prism to the overall sizes of the each block.

* Followthe procedure adopted inthe previous exercises
and complete the each Isometric view of the blocks.

* Remove the unwanted lines, draw the remaining lines
thick and hidden lines as required. Complete the
figures. (Figs 28 to 38)

Fig 28

DMN1940HS

Fig 29

DMN1940HU

Fig 30

60

DMN1940HV
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Exercise 39

Draw the Isometric projection of the solid block. (Fig 39)

Fig 39

DIA 20
50x50

DMN1940HZ9

» Draw Isometric projection of a square prism of size 50
mm, height 10 mm showing all six faces in thin lines.

» Draw isometric circles of diameter 20 mm both on top
and bottom faces of the prism at the given location.

*  With the same centre, draw two isometric semi-
circles.

« Join the smaller circles and the semi-circles with
common tangents as shown in Fig 40.

Fig 40

DMN1940HZA

* Eraseunwantedlines.

* Maketheremaininglinesthickand hidden asrequired
and complete the figure 40.

Asphere positioned atthe centre of the top face of a square
prism as shown in Fig41. Draw the Isometric projection.

Fig 41

o

DMN1940HZB

Draw the Isometric projection of the square prism. (Fig
42)

» Draw the diagonal PQ & RS intersecting at centre "O'.

* From O'drawaverticallineand mark O,, such that OO,
is equal toisometric length (82%) of the radius 20 mm.
(16.4mm)

* With O, ascentre andradius 20 mm, draw acircle which
is the isometric view of the sphere.

When a sphere is viewed in any direction its shape will be
acircle of radius equal to the true radius of the sphere and
hence the isometric projection of the sphere will be a circle
of radius equal to the true radius (1:1) of the sphere.

Fig 42
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Additional practice
Draw the Isometric projections of the given exercises.

* Follow the procedures of previous exercises.
(Figs.43,44,45,46,47)
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Exercise 48

Forthe giventwo views ofthe shaftlever, draw the isometric
projection. (Fig 48)

» Follow the same procedure of the previous exercises.
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Capital Goods & Manufacturing Exercise 1.6.37
Draughtsman Mechanical - Isometric projection from orthographic views
(vice versa) oblique projection from orthographic views

Draw Isometric view of truncated cone and pyramid

Objectives: At the end of this exercise you shall be able to
* draw the isometric view of a truncated cone for the given specifications
* draw isometric view of the truncate pyramid for the given data.

PROCEDURE Exercise 2: Draw the isometric view for the given

I i | f
Exercise 1: Draw the isometric view for the given elevation and plan of a cone

elevation and plan of a cone

Fig 3

Fig 1

HEIGHT OF CONE 60mm
BASE DIAGRAM 40mm

DMN1941H3

HEIGHT OF CONE 60mm
BASE DIAGRAM 50mm

DMN1941H1

Fig 4

Fig 2

HEIGHT OF CONE 60mm
BASE DIAGRAM 50mm

HEIGHT OF CONE 60mm
BASE DIAGRAM 50mm

DMN1941H2

DMN1941H4
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Capital Goods & Manufacturing Exercise 1.6.38
Draughtsman Mechanical - Isometric projection from orthographic views
(vice versa) oblique projection from orthographic views

Drawing of orthographic views

Objectives: At the end of this exercise you shall be able to
» draw the orthographic view of given blocks
* drawing of missing views.

Exercise 1: For the given isometric views of different
blocks & Fig 1to 12 draw the orthographic views front
elevation, plan and side view in first angle projection

Exercise 2 i

Fig 1

DMN1942H1
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Fig 2
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Fig 3
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Fig 4

o
B R
G

DMN1942H7

DMN1942H4

149



CG&M - D'man Mechanical - (NSQF Revised - 2022)- Ex- 1.6.38

150



Capital Goods & Manufacturing

Exercise 1.6.39

Draughtsman Mechanical - Isometric projection from orthographic views

(vice versa) oblique projection from orthographic views

Drawing of orthographic views of machined blocks

Objectives: At the end of this exercise you shall be able to
* draw the isometric view of objects
» draw the orthographic view of each object in first angle projection.

projection

rig

xR

Exercise 2

» Draw orthographic views for each ofthem

* Give dimensions in isometric view and also in orthographic views.

75
e,

Q

3

M12x1.5

KEYWAY ~
6 x 3,

220 DRILL HOLE

Exercise 1 * Forthegivenexercises 1to 8 reproduce the isometric view and draw the orthographic views infirstangle
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Exercise 3

Exercise 4
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Exercise 5
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Exercise 6
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Orthographic view to isometric view

Objective: At the end of this exercise you shall be able to
» draw the isometric view for the given orthographic.

PROCEDURE

Exercise 1: Copy the given orthographic with suitable dimensions.

» Draw arectangular prism to the required side. * Provideoveralldimensions

* Impose the front view plan and side view of the prism. « Complete the other exercises 1 to 12 in the same
procedure.

* Imagine and visualize the object

* Remove the un wanted of the object complete the

drawing
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Capital Goods & Manufacturing Exercise 1.6.40
Draughtsman Mechanical - Isometric projection from orthographic views
(vice versa) oblique projection from orthographic views

Draw Isometric view of the simple journal bearing

Objective: At the end of this exercise you shall be able to
» draw the isometric view of journal bearing, ball bearing, roller bearing and case bearing.

Exercise 1 to 14 : Redraw the figures given below using suitable scale

Fig 4

f )
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Fig 2 Fig 5
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Fig 3
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Capital Goods & Manufacturing Exercise 1.6.41
Draughtsman Mechanical - Isometric projection from orthographic views
(vice versa) oblique projection from orthographic views

Draw the oblique projection of circular lamina in reading axes at 30° and 40°

Objectives: Atthe end of this exercise you shall be able to
» draw the oblique views of rectangle witht he raceding angle of 30° & 45°
* draw the oblique views of a circular lamina with the receding angle of 30° & 45°.

Exercise 1 : Draw the rectangle block of given data

Width =30
Length = 50
Height =20
Receding Angle =45°

Exercise 2 : Draw the rectangle block of given data

Width =30
Length = 50
Height =20
Receding Angle = 30°

Exercise 3 : Draw the circular lamina cylinder of
given

Length of cylinder = 80mm
Diameter of cylinder = 50mm
Receding Angle = 45°

Exercise 4 : Draw the circular lamina of cylinder for
the given data

Length of cylinder = 80mm
Diameter of cylinder = 50mm
Receding Angle = 30°

DMN1946H1
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Capital Goods & Manufacturing

Exercise 1.6.42

Draughtsman Mechanical - Isometric projection from orthographic views
(vice versa) oblique projection from orthographic views

Draw the oblique projection of given blocks

Objective: At the end of this exercise you shall be able to

» draw the oblique projections for the given objects.

Exercise 1: Reproduce the oblique view of the object
shown in Fig 1.

Fig 1
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y
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Exercise 2: Draw the oblique view in cavalier method of the
componentshown inisometric view. Considereach gridis
of 5 mm. (Fig 2)

Fig 2

DMN1947H2

lon

Exercise 3: Draw the oblique view of the bracket (Fig 3)
cavalier method.

y

Exercise 4: Draw the oblique view of the component in
cabinet method. (Fig 4)

Exercise 5: Draw the oblique view (cavalier method) of the
hinge. (Fig 5)

Example for Fig.1
Reproduce the oblique projection of the object shown in
(Fig.1)

160

Fig 3

10
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Fig 4
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Fig 5
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Draw the oblique axes (may be at any angle to the
horizontal 30°, 45° or 60°) and extend. (Fig 6)

mark off the overall length, breadth and height of the
object on the axis.

Draw the enclosed box.

Envelope the details of the object in the box by trans-
ferring dimension. (Fig7)

Erase the unwanted lines and darken the required lines
of the surfaces. (Fig 8)



» Mark the dimensions and complete the drawing.

(In this oblique projection, the front face of the object is
placed parallel to the picture plane and shown in its true
size and shape)

Fig 6

45

30'
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Fig7
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Fig 8
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Ex. 2: Draw the oblique projectionin cavalier method of the
component shown in isometric view (Fig 2)

» Drawanenclosed boxinoblique view to the overall size
of the componenti.e 50 x 25 x 40.

» Transfer shape of the view (isometric) to the box.

* Rub off the unwanted lines and complete the oblique
view of the component.

In cavaliermethod the projectors make an angle of45° with
the plane of projection and the inclined surfaces are drawn
1:1 scale. (Fig 9)

Construct grid of 5 mm in thin lines.

Ex.3: Draw the oblique projection of the bracketin cavalier
method

» Construct box to over all size.

» Envelope shape excluding the curved portion to the box
drawn. (Fig 10)

Fig 9

DMN1947H9

Fig 10

DMN1847HA

* Locate and mark the centre of circle/curve on both
surfaces. (Fig 11)

Fig 11

DMN1947HB

» Draw arcs and circles on both surfaces.
» Join the periphery of circles with a tangent.

* Rub off the unwanted lines and complete the oblique
view. (Fig 12)

* Read and transfer the dimensions to the oblique view
fromthe given orthographic views of the object. (Fig 12)
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Ex.5 :Draw the oblique projection (cavalier method)

Fig 12 of the hinge

« Draw a box in oblique view to the overall size of the

hinge. i.e 60 x 20 x 60.
* Envelope the details visualized from the multi view.
/

(Fig14)

Fig 14
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» Erasetheunwantedlinesdarkenthelinesrequired and
complete the oblique view. (Figs 15 & 16)

Fig 15

E
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Ex.4: Draw the oblique projection of the componentshown
in cabinet method.

Procedure of drawing this component is similar to that of ’1’
the previous exercises, except the inclined lines are to be \
drawnto half ofthe truelength. (Instead of inclinedlines to
25 mmdraw 12.5 mm)

DMN1947HF

Figure 13 shows the oblique view of the component in
cabinet method.

Fig 16

Fig 13

ED11104F

DMN1947HD
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Capital Goods & Manufacturing

Exercise No 1.7.43

Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw the screw threads with - Sp - 46 - 2003 - Conventions

Objective(s): At the end of this exercise you shall be able to
» draw the following types of threads/conventions by free hand and also using instruments

* types of vee threads
e square thread.

TASK 1

Draw the basic and design profile of ISO metric
thread different types of Vee threads.

TASK 2

Draw the basic and design profile of square, acme,
buttress and knuckle threads.

TASK 3

Draw profile of double and triple start threads.

TASK 4

Draw the conventions of external, internal threads
individually and in assembly.

TASK 5
Draw the profile of pipe threads.

W VIV OV

METRIC THREAD BRITISH STANDARD WHITWORTH THREAD

BRITISH ASSOCIATION THREAD

ACME THREAD

LA Y

BUTTRESS THREAD

SQUARE THREAD

KNUCKLE THREAD

TRIPLE START

DOUBLE START

O

CONVENTION OF EXTERNAL THREAD

EFl &

CONVENTION OF INTERNAL THREAD

PIPE THREAD

EX NO. 2.1.48
SCALE : NTS
SCREW THREADS TIME : 10hrs
PROJECTION CODE : DMN2148E1
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PROCEDURE
TASK 6

Draw the basic profile of ISO metric thread ofdia 30i.e M
30 (i) External and (ii) internal. (Figs 1a & b)

Fig 1

H/8

(5/8)H

o
1]
lw]
Hi4
=<

d2=D2 P/4

d3=D1 (a) EXTERNAL METRIC THREAD

| P

P/8

7

H/8

(5/8)H

d2=D2 P/4

H/4

d3=D1

DMN2148H1

(b) INTERNAL METRIC THREAD

TASK7

Draw the basic design profile of ISO Metric external and
internal thread together. Scale 10:1.

For “External thread”: root is changed as arc of radius
R =H/6

» Divide the H into 6 equal parts
* Draw an arc to the root R = H/6 from the points
* Form 3 or 4 threads.
* Hatch the metal part as shown.
or

* Draw parallel lines to flanks at a distance of H/6,
intersecting at a point.

This completes the external thread.

For “Internal thread: Crest being the same as that of
externalthread

* Form the root above the crest of the external thread.

Given nominal size of thread; 30 mm i.e M 30. Pitch of M
30screw/bolt=3.5,3,2,1.5and 1 mmare provided as per
IS:4218 (part-1).

Assume P = 3.5 mm (Coarse pitch)
P/8 =0.4375:P/4 = 0.8750
H=3.0311, H/8:0.3789; H/6 = 0.5052

N.B: Since it is not possible to take the actual sizes, the
sizes shall be taken as follows and for clarity purpose,
assume the Enlarged scale 10:1.

¢ Draw a horizontal line A-A1

* Mark the pitches 0,1,2... of any convenient size say
35 mm (10:1)

» Drawthree equilateral triangles OY 1 with 0-1 as side 35

+ Draw the altitude H= xy= (/372 )P , and divide it into
8 equalparts.
» Mark H/8 and H/4 from top and base respectively.

» Drawsimilarlines on the othertriangles for subsequent
threads.

e Drawfirmlines as shown and dimensiontheminterms
of P and H.

» Drawahorizontal centreline (Pitch dia) through H/2 on
which the thread thickness and space is equal to P/2.
This is the basic profile of matric threads. (Fig 1a & 1b)

Show for 3 or 4 threads.

Hatch in the opposite direction show the proportions
(sizes) as shown in Fig 2.

This is the ideal or theoretical design profile of metric
threads.

Fig 2

INTERNAL
THREADS —— P18 ——

H/8

60°

P2

d=D
EXTERNAL
THREADS
d2=D2 P/4

d3=D1
BASIC DESIGN PROFILE OF EXTERNAL AND INTERNAL METRIC THREAD

H/4

DMN2148H2
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TASK 8

Draw the BSW (British standard into worth) thread profile
to suit 1" dia (draw to enlarged scale 10:1)

1" dia has 8 threads per inch

Therefore pitch = 1/n = 1/8 inches i.e 3 mm approx.

» Draw the magnified pitch as 30 mm

» Form the triangles of apex angle 55°

» Divide the perpendicular height H into 6 equal parts
H = 0.968P theoretical depth

* Mark 1/6 H on crest and root

e Draw arcs of Radius R = 0.137 P on crest and root
forming actual depth h = 0.64 P

Show proportions (Fig 3)

Fig 3
P

7
%M/é/%&/f

55°

(2/3)H

7}[ -

N4

h

H=0.96P
h=0.64P

H/6

DMN2148H3

BRITISH STANDARD WHITWORTH (BSW) THREAD

TASK9

Draw the profile of BA thread pitch = 30 mm (magnified)
(10:1)

Pitch = 30

Thread angle = 47.5°
Theoretical depth (H) = 1.136P
Actual depth (h)=0.6 P

* Asinearlierexample mark the pitch, thread angle and
basic form (triangles).

» Draw pitch dia centre line, form the actual depth
0.6 P symmetrically on it.

Draw the root and crest arcs, and hatch the thread
Show proportions. (Fig 4)

TASK 10

Draw the profile of square thread for the given data.
Square thread: dia 30 mm Pitch = 6 mm (Magnified) 5:1
Depth of thread =0.5P =3

Thread angle =90° (1S:4694)

» Draw two horizontal lines 15 mm apart.

* Mark spaces equal to 0.5 P i.e., 15 mm on top
horizontalline

» Join 0.5 pitchline horizontally with thick lines alternately
on the crest and root.

* Draw firm lines joining them, hatch the surface.

* Draw internal threads as shown and dimension the
features. (Fig 5)

Fig4 T
r_;_‘ § ‘
) /‘,/5 o
o omd
T8
Fig 5
G IS
r/«‘jRNALTHI[?E/AV//\ :

0.5P

A
oy

a=0.25mm, b=0.5mm, r=0.25mm

SQUARE THREAD

DMN2148H5
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TASK 11
Draw the profile of acme thread scale 10:1.
Thread angle =29°

Depth ofthread =0.5P+0.25 mm = 15.25 mm orapprox.
15 mm.

t (Thickness of thread on crest) = 0.3707 P =11.121 mm

or approx 11 mm.
* Draw horizontal lines 15 mm apart.

+ Starting from one pointonthe crestline mark distances
of ‘t" and pitch (t and space).

+ Set 14.5° from the points on the thickness.

» Form the thread profile and section it.

Show proportions and thread angle. (Fig 6)

Fig 6

T
%
ey L

h=0.5P+0.25mm

75000

ACME THREAD

DMN2148H6

TASK 12

Draw the profile of modified buttress thread as IS scale
10:1.

Thread angle 45° & 7° (90°). Theoretical depth H = P.
Actual depth h =0.75 P.

Assume crest and root are flat to a depth of H/8.

» Draw the horizontal lines 30 mm (H) apart.

« Mark four pitches on top line as a,b,c.

» Setangles downwards 45° towards leftand 7° towards
right forming four triangles.

* Mark crest and root by H/8, draw firm (horizontal)
lines.

« Mark the firm lines of thread outlines and section the
surface.

Show the proportions and thread angle. (Fig7)

TASK 13

Draw the profile of knuckle thread as shown. Scale NTS.
« Draw a horizontal centre line.
* Mark pitches and divide each pitch into 4 equal parts.

» Draw tangential semi circles of R = 0.25P.
» Hatch the surface and dimension it. (Fig 8)

Fig7 7°
=~
© P
T a b /CK
A A \
AN AN 5
Al | N
= N )
\ Al \
| N 1
| A L KL A
X AN X
x H=p \ %
BUTTRESS THREAD %
Fig 8
P
R
| sl o | 7
749 ML

//// //Rosp ////

KNUCKLE THREAD

DMN2148H8
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TASK 14

Draw double and triple start threads) (i) metric thread and
(i) square thread; dia 40 mm, pitch 3 mm and 5 mm
respectively (draw to 2:1 scale) add end view.

Double start
* Draw the shank and mark pitches on it as shown
» Formthread profile on one side

* Mark the slope equal to pitch and lead equal to double
the pitch. (Fig 9a)

» Draw the thread form from slope and join the crestand
root perpendicular difference equal to pitch.

» Draw the end view. Show thread starting at 2 places,
180° apart. (Fig 9c)

Triple start thread (9b)

The procedure is same as above butlead = 3 P and slope
15P

» Draw end view and show start of thread, external and
internal, at 120° apart. (Fig 9d)

Fig 9

LEAD = 2P LEAD =3P

(a) DOUBLE START THREAD

T

{c) DOUBLE START SQUARE THREAD

(d) TRIPLE START SQUARE THREAD

(b) TRIPLE START THREAD

DMN2148H9

TASK 15

Draw the convention of the following external and internal
threads with end views. Indicate the type of threads and
size of threads.

— Metric - M36x 4

- BSW(1.1/2"-6TPI)

— Square - SQ 36x6

— ISO metric Acme (Trapezoidal - Tr40 x 7
M36 x 4 Metric Vee Thread.

» Draw two parallel lines with a space of 36mm and its
centre lines.

» Draw a perpendicular thick line joining the lines.

» Drawtwothinparallellines close to the outline (approxi)
4mmdepth.

» Show chamfer on ends of the external threads (bolt/
screw)end.

« Draw the end view: a circle of dia 36 mm.

» Draw thin break circle of 34 mm (approxi). (Fig 10a)

Note: For other threads draw to the sizes
specified and designate accordingly.
(Fig 10b & c)

For internal threads of 36 mm

Draw end view with 36 dia thin break circle
Draw firm circle of dia 32 (approx)

Project and draw the front view with hidden lines as
in Fig 10d.

Note: Conventional symbols for external/
internal threads are same for all type of threads
except the “NOTE”.

Fig 10

§ (b)
(@) <§££é%é§§££2>

EXTERNAL THREAD

[ — N R A

(d)
INTERNAL THREAD

DMN2148HA

CONVENTIONAL REPRESENTATION OF THREADS
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TASK 16

Draw partial/half sectional assembly of screw thread
external/internal thread M40, conventionally.

« Draw the external thread convention on hollow shaft

¢ Draw the internal threads minor dia with thick lines
maijor dia by thin lines on part B and C. (Fig 11)

The convention is same for all types of threads.

TASK 17

Draw the basic profile of pipe threads size 6 (Magnify 5:1)
forfastening purposes. Show assembly of the same (Ref:
IS:2643 Part|)

From Table pitch =2.309

H=0.9604P  d=D=163.830

h=0.6403p d,=D,=162.351

r=0.137p d,=D, =160.872
h=1.479
r=0.317

« Draw a horizontal line, mark four pitches on it.

» Draw verticalllines through them, mark angle 27°- 30’ on
either side of vertical line forming triangles.

Fig 11

ﬁ“ \

ASSEMBLY OF THREADED PARTS

DMN2148HB

» Draw pitch dia line as shown.
* Mark H/6 from apex and root.

» Draw arc and fillet of r equal to 0.317 mm.

+ Show section of nutand boltin opposite directions.
(Fig12)

Fig 12 i

Tio

Tio

H = 0.960P
h = 0.460P
r=0.137P
PIPE THREAD FOR FABRICATION PURPOSES

DMN2148HC
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Capital Goods & Manufacturing Exercise No 1.7.44
Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw different types of Bolts, studs,nuts & washers as per SP.46:2003
conventions

Objective(s): At the end of this exercise you shall be able to

» draw the views of fasteners by free hand as well as using instruments
« different types of bolts

« different types of nuts.

Exercises

TASK 1

Draw the views of various types of bolts like
hexagonal bolt, square head bolt, tee bolt, hook
bolt, eye bolt, etc. using conventions by free hand
and also using instruments.

TASK 2

Draw the views of various types of nuts as per
conventions by free hand and also using
instruments.

PROCEDURE

TASK 3

Draw M30 hexagonal bolt of shank length 100 mm
according to a) General proportions (b) Indian
Standard 1S:1364.

Hexagonal head bolt M30.
Proportion of bolt head and other features.

Given dia =30 mm

Bolt head across flats = /3 d or 1.5d + 3 mm

Thickness 0.8t00.9d

Radius of chamfer R =1.5d or 1.4d. Length of bolt 3
to 4d approx. or more.

EXNO. 2.149

BOLTS, STUDS, NUTS AND WASHERS TIME : 10hrs

CODE : DMN2149E1

SCALE : NTS

PROJECTION
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+ Draw a thin circle of dia ,/3 xd =1,732x 30 = 51.96
say 52mmor 1.5d + 3=1.5x30 + 3 =48 mm

» Construct regular hexagon externally using 30°-60°
set square

+ Draw a concentric hidden circle of dia 30. (Fig 1a)

» Draw projectors from corners of the hexagon parallel
to the axis.

+ Form a rectangle, on the projectors equal to the
distance ‘corner to corner’ of hexagon and thickness
24 mm (0.8d) as sides. (Fig 1b)

» Draw projectors from the points on dia of the circle of
‘W’ width of both end on to the ‘Top’ line.

« Draw projectors from the points B & C of the hexagon.
Draw the centre lines of ab, bc & cd.

+ Draw 300 lines as shown in Fig 1b.

+ Draw perpendicular bisector on 30° line, intersecting
the above centre lines, mark the points as C4, Co-
(Fig 1c)

+ Draw arcs with centres C4,Co touching the top line by
trial and error method. (Fig 1d)

* With b or c as centre, take 1.5d or 1.4d as radius and
mark point ‘T’ on the centre line.

*  With ‘T’ as centre with the same radius, draw an arc
joining bc.

+ Drawtangentialline firm.

+ Draw projection lines from the hidden circle, to the
head forming the shank.

OR

+ Draw the shank to the length specified. Also draw the
threaded portions as per convention. (Fig 1e)

» Draw vertical projector from b on to the rectangle
projector from b on to the rectangle and mark c, d.

« Drawanarcpassingthrough c, d and touching pointe.
» Drawthe shank. (body)

+ Draw core dia (d-2 x depth of the thread) equal to 26
mm (approx.) for all the M30 bolts .

» draw the completed views of the bolt as shown in
hexagonal bolt. (Fig 1e)

TASK 4

Draw the views of a square head bolt M30, 100 mm long
IS 2585-1968.

Note: The length of the bolt ranges from 90 mm
to 400 mm.

As per general proportion:
Bolt head side A/JF =1.5d + 3=1.5x 30 +3 =48 mm

Fig1 (a)

w
/
O

\\L\\\\~
N'Ngg(

DEPTH OF —

THREAD

DMN2149H1

Length of bolt =5to8d

Bolt head thickness
=0.8dtod

=24 mm or 30 mm

Radius of chamfer =2d =R 60

+ Draw a square of side 48 mm on centre ‘O’.
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Draw arc with half the diagonal as radius, with centre

‘O’ meeting the vertical centre line at ‘x'.

Draw projectors from the corner and mark a rectangle

of thickness 24 mm. (a, a’, a” and a”)

Draw 300 angle at a, on the corner of a rectangle and
extend as shown.

Draw a horizontal projector from x on to 30° line
meeting at b.(Fig 2)

Fig 2

C

— 0

b

H

STEP (i)

SQUARE HEAD BOLT

)
0

STEP (ii) STEP (iii)

DMN2149H2

TASK5

Draw 48 mm square with sides 45°to horizontal, draw
a circle touching the sides.

Project and mark the head thickness, width across
corners and projection of the circle.

Mark 30° line on the points of circle at a.

Mark the point b extend to the other end.
Mark c, d on the line.

Draw arcs as shown Fig 3.

Fig 3
d d
(s]
7 N o g
‘/ \ 3 ~—l c
s T | 'L N c B N B :j B B
\ )
N iy f LA f/< -
- X %
T \'% Ny b
y v o
@ (b) (© @ :
SQUARE HEAD BOLT ACROSS CORNERS §
[=]
TASK 6

Draw a ‘T’ bolt - Standard and non-standard dia 30.
(Fig 4)
Non standard bolt

Draw the shank of a bolt dia (d) 30 mm.

Mark a length 24 mm draw a line show diagonal lines
indicating flat surface.

Form a rectangle of 54 x 24 (1.8d x 0.8d) as shown in
Fig 4.

By drawing projectors draw the end view forming a
rectangle 1.8d x d with a circle diad (30) in the centre,
which shows the section of shank dia.

Draw tangents to the circle showing the square cross-
section.

Fig 4

—
TN/ a1 7
&

T -HEADED BOLT (NON-STANDARD)

DMN2149H4
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TASK7

Standard ‘T’ bolts 1S: 2014 - 1977 used on std ‘T’ slots IS:
2013.

Follow as in above example taking dimensions as per IS:
2014-1977.(Fig5)

Fig 5
—

CN) . T - .

\ W °

n*45°
d2 <l_<>
_ & _
— [

h1

T-BOLTAS PER1S:2014

DMN2149H5

TASK 8

Draw the views of a hook bolt dia 50, holding a plate in
position.

« Drawthe shankofdia 50 mm, markflat surface on one
end, to width 0.8d =40 mm.

« Drawasemi-circle of radius 0.9d on its end as shown.

» Draw the end view of rectangle d x 1.8d without the
plates.

+ Form a square from base, draw a circle (d) and hatch
it. (Fig 6)

Fig 6

HOOK BOLT

DMN2149H6

TASK9

+ Draw the views of a eye bolt dia 40 mm.
« Draw concentric circles of dia 80 and 40.

+ Draw bolt shank of dia 40 meeting dia 80, hatch the
end.

* Onend view mark a rectangle of 2d x 1.2d.
+ Draw the circle dia 40, symmetrically in the centre.

» Hatch the circle and dimension the view. (Fig 7)

Fig 7

EYE -BOLT

DMN2149H7

TASK 10

Draw the view of a lifting eye bolt dia 30.

« Draw concentric circles of dia 45 and dia 63 mm
(1.5d and 2.1d).

« Drawcollarofdia2d andthickness 0.4d at 2d from the
centre.

172

Draw fillet curves, add the end view.

Dimension the view. (Fig 8)
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Fig 8

DMN2149H8

LIFTING EYE BOLT

TASK 11
Draw hexagonal nut to suit M30 bolt given dia 30 mm.

As per IS 1364 proportions of Hex. nut width across flats
=1.5d +3 mm =45+ 3 =48 mm.

Cornerto corner=2d

Thickness of nut = d or 0.9d

Radius of chamfer R=1.4d or 1.5 d (approx.)
Angle of chamfer = 30°

Itis similarto hexagon head of the bolt, additionally having
tappedhole.

Across width method

« Mark the centre lines and draw a circle of R24 in the
plan.

» Construct aregular hexagon.

» Drawathin broken circle with dia 30, and a thick circle
of dia 26 (approx.) to show the internal thread
convention.

* Project lines from the corners and centre line of the
hexagon.

» Mark thickness equal to 0.9 = 27 mm.

» Complete the faces as in the case of hexagon bolt
head.

* Project and show the thread details in hidden lines.
» Draw the end view of the nut. (Fig 9a)

* Remove the unwanted lines and complete the views.
(Fig 9b)

Across corner method
« Draw acircle of dia 2d = 60.
» Inscribe a hexagon in dia 60 circle.

» Inscribe a circle in the hexagon.

Fig 9
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SQUARE
£
w AF = 1.5d+3mm
I<—( or 1.25d+6mm
-
e | R=05AF
[}
e}
14
[&]
<
} D = MAJOR DIA OF THREAD
a) SHOWING NECESSORY CONSTRUCTION LINES
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30° C ‘ /‘ C4 o Q:\
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C3 | — CONSTRUCT HEXAGON AROUND
FLATS CIRCLE USING 60° SET
SQUARE

A/F = 1.5d+3mm
or 1.25d+6mm

R=05A/F

[>— D = MAJOR DIA OF THREAD

ACROSS CORNER

b) SHOWING NECESSORY CONSTRUCTION LINES

i Nl

ACROSS FLATS

ACROSS CORNERS

¢) COMPLETED VIEWS
DRAWING A STANDARD HEXAGONAL NUT (ISO SYSTEM)

DMN2149H9

Project and draw the nut to the thickness.
Draw the thread feature.

Draw the end view. Fig 9c shows the completed view of
a hexagonal nut.
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TASK12

Draw the views of a nut Grade C as per 1S:1363 (Part 3).
Width across flats (max) 46, (min) 45.

Width corner to corner (min) 50.85 (say 51)

Angle of chamfer 15° to 30°-

Thickness (m) max = 26.4 say (26)

Min = 24.3 say (24)

+ Drawthe hexagon of size as above and draw chamfer
circle.

« Draw concentric thin break circle of dia 30 and thick
circle of dia 26 (core dia) approx.

» Draw extension lines from the view and
+ Draw the rectangle of thickness equal to mi.e 26.4.

« Drawthe chamfers of 15° or 30° on both sides from the
tangential points of circle dia S as in Fig 10.

+ Theinternal details of thread be shown by convention
m, equalto 19.5mm. m, represents the spanner height
from the bearing surface. (Fig 10)

TASK 13

Draw the regular hexagonal flanged nut to suit a bolt of
M30 with flange dia 2.2d and thickness 0.25d.

As per general proportions
Cornerto corner =2d

Height of nut=d

Thickness of collar =0.25 d

Collar (flanged) dia=2.2d (Fig 11)

As perlS:7795: ltis a precision grade available from M8
to M36

d =30 mm.

Flange dia d4 (nom) =58 mm

Across flats s (Nom) = 46 mm

Corner to corner e (max) = 51.28 mm

Total thickness m (Nom) =45 mm

TASK 14

Draw a cap nut to suit M30 bolt (Fig 12)
As per proportions

Height of nut (Hex) d=34 mm

Height of cap = 0.5d = 15 mm

Thickness of cap 0.25d =7.5 mm

dia of cap 1.5d + 3 mm =48 mm

Fig 10

5t 30
m
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d_| e ‘7 _ _1d e

-

|

m

]

ALTERNATE SHAPE
WITH COUNTER SINK
AT START OF THREAD

NUT WITH
FULL BEARING

m'- SPANNER THICKNESS

DMN2149HA

As per BIS generally all the nuts have both the
surfaces chamfered.

Dimensions for width across flats for hexagonal screws,
bolts and nuts as per1S:9519is shownin Table 1, Lesson
1 of this exercise.

Collar (flange) thickness(a) (hom) =10 mm
Chamfer dia dp =32 mm

Chamfer thread ratio of 120°

R fillet radius = 1 mm max.

Draw tM30 regular hexagonal flanged nut as per general
proportion. (Fig11)

Fig 11
d || _025d

DMN2149HB

FLANGED NUT

M12 & ABOVE
CAPNUT UPTO M10

DMN2149HC
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As per standard (1S:2687)
Total height (h) nom = 34.
Across flats(s) nom = 46.

Across corner(e) min = 51.28.

TASK 15

Draw the view of the domed cap nut to suit bolt M24
(IS:7790) Material- Brass/Al or Steel.

As per proportions

Note: Domed cap nuts are available in ranges
from M6 to M24 (10 ranges)

dia of bolt/tapped hole = 24 mm.

Size across flats(s) = 36 mm.

Size across corner (€) (min) = 40 mm.
Total height of nut h(max) = 42mm.
Length of hole t (nom) = 31 mm.
Thickness of hexagon (m)nom =19 mm.
dia of dome d1 =34 mm.

Radius of dome r=17

Thickness of dome above.

Conical relief (w) = 3.

Chamfer on Hexagon =30°

TASK 16

Draw a slotted nut as per 1S:2232 (precision grade).
Thickness of nut (w) non = 33 mm

(m) =24 mm

Width of slot (n) =7 mm

Size across flats (S) = 46 mm

Split pin hole in bolt =6 mm

» Draw a circle of dia 46 and draw hexagon on it.

» Draw the nut and its view showing the six slots, width
7 mm.

« Draw chamfers on both ends of the nut.

TASK17

Draw a castle nut to suit a bolt M30
— asperproportion

— asperlS:2232

Bolt dia = M30.

Assume thickness of castle = 1.2d

Radius of cap (dome) r = 60.
Thickness of cap(max)W = 3 thickness of bottom
Thickness of bottom (t)-28/length of hole (t).

Draw the view as shown in Fig 12.

» Drawahexagon of size 40 mm across corners and 36
mm across flats;

+ Draw M24 tapped hole and the circle touching the
faces.

« Extend the centre line.

* Project and draw the hexagon prism of height 19 mm
add the chamfer arcs on both the sides,

* Ataheight 20 mm from base, on the centre line draw
a semi circle of r 17 and draw vertical projection
touching the hexagon prism. (Fig 13)

Fig 13

1.5d+3

DMN2149HD

» Mark depth ‘m’ from base.
+ Draw a semi-circle of diameter 7 mm from m.
+ Add the other view. (sectional) (Fig 14)

Fig 14

SLOTTED NUT

DMN2149HE

Height of castle = 0.4 d
Width of slot =0.25d
Depth of slot =0.3d

¢ Draw the top view of the hexagonal nut with 46 mm
across flats.

« Draw a circle of dia 42, on the centre.
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» Draw the front view of the nut with chamfer on both Fiq 15
ends, thickness 24 mm. 9 m
. . -
* Project and draw the slots of width n. - _
» Draw the castle 33 mm from base. R R
» Draw the thread convention on both the views. |
- Add bolt and split pin. ]
+ Show half sectional view of a nut. (Fig 15) CASTLE NUT %
TASK 18
Draw a knurled nut suit to M10 screw (as per . Follow the same procedure adopted in the earlier
1S:53460-1972) (Fig 16) exercises and draw the knurled nuts. (Fig 16)
Dimensions as per IS:
Fig 16
Screw dia - M10 9 T
Diameter of Knurled portion (D) - 36 g %
Smaller dia (d") - 20 ° D |
Thickness of knurled end (K) - 6 @/Q V4
Total thickness (m) \ T
k
(Tape A) - 23 - ‘; ) "
Total thickness 2
Type B (n) _ 10 TYPE "A" TYPE "B" %
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Capital Goods & Manufacturing

Exercise No 1.7.45
Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw different locking arrangements of nuts, machines crews, cap screws,

set screws as per conventions

Objective(s): At the end of this exercise you shall be able to
» draw the different types of locking devices
* draw the different types of machine screws.

PROCEDURE

TASK 1

Draw the locking of the nut by using locknut to suit M30
bolt.

There are three types of locking by using lock nut.
» Draw the bolt end of shank dia 30.

» Place/draw anutofthickness 0.6d and then place a nut
of thickness equal to d. (Fig 1a)

e Place/draw the normal nutfirstand then the thinner nut
of 0.60d. (Fig 1b)

« Draw both the nuts of thickness 0.8d each as shown.

» The top nuts are locking the nut in position. (Fig 1c)

TASK 2
Draw the locking devices using split pin with a slotted nut
and castle nut, to suit M 30 bolt. (Fig 2)

» Draw a slotted nut (IS: 2232) black grade to suit M 30
bolt w =33, m =24, s =40, n = 78 pin dia 6.3 mm.

» Draw split pin dia 6.3 mm passing through the slot as
shown in Fig 2a.

» Drawcastle nut (1S:2232) black grade and its views. W
=33, m=24,S =40, n =7, pin dia 6.3 mm.(2b)

» Draw the split pin in position in both the ways. Fig 2c

TASK 3

Draw alocking device using a set screw on a sawn nut suit
to M30 bolt.

» Draw asplitof0.15datadistance of 0.2 d from the top,
upset the centre as shown.

» Use a square head set screw of M6. (Fig 3)

Fig1

0.6d
—
)

W)
?@

(c)

LOCK NUTS

DMN2150H1

Fig 2

S

(b) SLOTTED NUT

(c) CASTLE NUT

DMN2150H2

Fig 3

SAWN NUT

DMN2150H3
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TASK 4

Draw the lock nut with lock plate for M30 bolt.
* Draw the views of the nut (M30).
+ Add the plate of 0.2d thick as shown.

» Draw a square head screw (M6) holding the plate in
position. (Fig 4)

TASK 5

Draw the views of the nut with stopper screw in position.
* Drawasmall setscrew by the side of the flat faced nut.

» This locks the nut from turning. (Fig 5)

TASK 6

» Draw a hexagon nut with spring washer of M30.
« Draw a spring washer as shown in Fig 6.

The springing action of the spring holds the nut
firmly in position.

Machine screws

Hexagonal socket setscrews of screw driver slot are of five
types. 1S:6094 (Fig 7)

H M
I !
I
| |
B e
% i ‘
! i
m \ |
|
LOCKING PLATE %
Fig5
LOCKING BY SCREW %
Fig 6

ez

(iii)
SPRING WASHER

(i)

DMN2150H6
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Fig 7

® S
@

CONE POINTHALF DOG POINT

"

CUP POINT

FLAT POINT

iy &

FULL DOG POINT CONICAL
POINT

DMN2150H7

They are namely as follows:
— Flat point (FP)

— Conepoint(TP)

— Full dog point (FDP)

— Halfdog point (HDP)

— Cup point(CP)

— Conical point

These are designated by the shape oftheirends. These are
available in sizes M3, M4, M5, M6, M8, M10, M12, M16,
M20, M24, Max. length 60 mm. These are operated by
using hex, bent key (Allen key).

Slotted grub screw as per IS: 2388 are designated by
letters. (Fig 8)

— Type A-Flatend

— Type C - Conical end

— Type E - Cylindrical dog point
— Type G - Tapered dog point

— Type J - Cup point

— Type K - Oval point

TASK7

Draw the hexagonal machine screw of M12 according to
Indian standard (BIS).

AsperlS:1363, these screws are available from M6 to M24.
Sizes of M12 as per IS:

Nominal size M12

Shank dia (d)

Maximum 13.1

Minimum 11.57

Length shank

Machining thread (L) 60

Thickness head (K) 8

Fig 8

SLOTTED
——— GRUB SCREW

DMN2150H8

Set screws (Not as per BIS): These screws are operated
by screw drivers or a spanner. They are available in
different sizes M 1 to M 24. The lengths vary according
to dia. (Fig 9)

Fig 9

@
Ul

R
J 0T T

(i) (iii) (iv)

ROUND SQUARE CHEESE FILLISTER
HEAD HEAD HEAD HEAD

> < [
L

0

(vi)
COUNTER SON'S RAISED COUNTER
HEAD SON'S HEAD

(vii)
WASHER SQUARE
HEADED

DMN2150H9

SET SCREW HEADS

Size across flat (S) 19
Size across corner (e) 20,88

Draw the hexagonal machine screw with sizes as
given above. (Fig 10)

Fig 10
30¢

,_
[
DMN2150HA
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TASK 8

Drawthe hexagonal sockethead cap screw of M16 course
accordingto1S2269. (Fig 11) These screws are available
from M3 to M36.

Fig 11

re)
—
DMN2150HB

TASK 9

Draw the hexagonal socket set screws/grub screws with
different points. (Figs 12 & 13)

Fig 12
N . N s
gl o] &) 2R —— ()
L/ L/ :

Z1 z2 Z1 m
t t
L L
TYPE -A TYPE -C
é -
45@7‘*4*%@ Y {%Ei{ﬁ_’r)f%—L——— g
. L o
Z1 n z1
t t
L L <g>
TYPE-E TYPE -G %
Fig 13

450

T-"2 o 1N
-

H———/ H—/

T 1=

(iii) FULL DOG POINT (FDP)
H =
H ,,:? ° /(
y 1
H /
-

(v) CUP POINT (CP)

(iv) HALF DOG POINT (HDP)

120°

HEXAGON SOCKET SET SCREWS

DMN2150HD

Nominal size - M24
Size across flat for hexagonal slot (s) - 12
Size across corner of hexagonal slot (e) - 14

Different sizes of M16 as per IS:
Diameter of shank (d) - 16
Diameter of the head (D) - 24
Hexagonal hole across flat (s) - 14
Thickness of head (k) - 16

Depth of hex. hole (t) - 8.8-9.7
Length of threaded part(b)-38
Length of shank (L) - 90

Thickness of hexagonal slot (t) - 15
Thickness of head (Z') - 1.5
Thickness atbottom

Type A(Z?) - 4

Thickness at bottom type C(m) - 5
Thickness at bottom

Type E (n) - 4

Thickness at bottom

Type G (p) - 11

Bottom dia d' (Type C) - 8
Bottom dia d? (Type A& E) - 16
Bottom dia d® (Type G) - 18
Length (L) - 80

Flat point (FP)

* Draw cylinder of dia 24 x 60 and show thread
convention on it.

* Draw end view and show 15 long, hidden lines for
hexagon slotinit.

* Project and show hidden details of hex. hole.
* Form the end by 45° and to dia 18. (Fig 13) (i)
Cone point (TP) (Fig 13) (ii)

» Draw as above and formthe cone points diaformindia
6 face the other end.

Full dog point (FDP) (Fig 13) (iii)

* Draw as above. Form full dog point at 90° or 120°
forming dia 18 on the face, 12 long.

Half dog point (HDP) (Fig 13) (iv)

« Draw as FDP set screw and draw dog point 6 long.
Cup point (CP) (Fig 13) (v)

» Draw as flat point set screw.

» Draw 120° hidden lines as shown forming a cut point.
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TASK 10

Draw the stud and the hole for stud of M16 according to
Indian standard

BIS No. for hole 1S:4499 (Fig 14)

BIS No. for stud 1S:2186 (Fig 15)

Proportions as per IS (Type A)

Length of nut end (b) - 38

Length of metal end (b") - 16

Depth of drilled hole (S) - 23

Length (L) - 90

» Drawthe stud and the hole as perthe data given above.
(Fig 15)

TASK 11

Fig 14

DMN2150HE

Fig 15
METAL END

NUT END

J

b,

DMN2150HF

Draw the stud and bolt assembling as per BIS standard proportion. (Fig 16)

Fig 16 |

STUD BOLT

DMN2150HG

CG&M : D’man Mechanical (NSQF Revised - 2022)- Exercise 1.7.45

181



Capital Goods & Manufacturing Exercise No 1.7.46
Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw the half sectional view of a coupler nut

Objective(s): At the end of this exercise you shall be able to
¢ draw the half sectional view of coupler nut (Hexagonal).

TASK: Draw the given coupler nut draw the following views (Fig 1)

Refer: Hexagonal nut (Page No.11 - Task - 11) Fig 1

(Note: Select suitable dimension with proportion) @
—_
¥ .
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Capital Goods & Manufacturing Exercise No 1.7.47
Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw four different types of foundation bolt

Objective(s): At the end of this exercise you shall be able to
» draw the different types of foundation bolt as per standard.

TASK 1: Draw the following foundation bolts as shown in Figures 1 to 7

Fig 1 Fig5 m

DMN2152H5

RAG BOLT

DMN2152H1

Fig 6

Fig 2

jam|
|

SQUARE HEADED BOLT

DMN2152H2

LOOP BOLT

DMN2152H6

Fig 3

Fig 7

TWISTED BOLT

DMN2152H3

Fig 4

DMN2152H7

T-HEADED BOLT

%E% Allthe dimensions should be in par with diameter of shank.

Diameter (D) = 30 mm.
1 Ragbolt

Square headed bolt
Twisted bolt

Lewis bolt

Cotter bolt

LEWIS BOLT

DMN2152H4

Loop bolt
‘T’ headed bolt

N o ok WN
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Capital Goods & Manufacturing

and locking devices as per - SP - 46 - 2003

Exercise No 1.7.48
Draughtsman Mechanical - Specifications of different event types of fasteners

Draw a weld joint, representing the position and dimensioning of the weld

with conventional symbols of the drawing

Objective(s): At the end of this exercise you shall be able to
e draw welding symbols in the welding drawing

e draw the types of weld joints and their symbols.

Fig 1

FORM OF WELD SECTIONAL APPROPRIATE FORM OF WELD SECTIONAL APPROPRIATE
REPRESENTATION SYMBOL REPRESENTATION SYMBOL
i
FILLET " —
DEAD (EDGE OR SEAL
E\\ N ( ) N
—
TT PLUG OR SLOT '
SQUARE BUTT (e, NNN\N] | | nl ¥,
SINGLE-V BUTT W8S SNNN\N V SEALING RUN l:g:) O
/////\\\\ BACKING STRIP m _
SINGLE-BEVEL BUTT (S, NN\ Q
DOUBLE-U BUTT ¢ AN 8 YN
SINGLE-BEVEL BUTT s NN V a2 seam %
8, NN\ XX
, B} BEFORE AFTER
DOUBLE-BEVEL BUTT m m
STITCH B ———— X
SINGLE-J BUTT G NN |/ MASHED STITCH %
BEFORE AER
PROJECTION 74 L -’ A
DOUBLE-J BUTT m g ;EFORE : :FTER
FLASH V N
ROD OR BAR TUBE
STUD L
BUTT RESISTANCE OR m
PRESSURE (UPSET)
ROD OR BAR TUBE

DMN2153H1
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TABLE1(ELEMENTARY SYMBOLS)

SI.No. Designation lllustration Symbol
1 Butt weld between plates with raised
edges, (the raised edges being melted ) K
down completely)
2 Square butt weld | |
3 Single ‘V’ butt weld \/
4 Single - bevel butt weld V
5 Single ‘V’ butt weld with broad root face @ 4
6 Single bevel butt weld with broad root @ l/
face
7 Single ‘U’ butt weld (parallel or sloping @ \/
sides)
8 Single J’ butt weld @ L/
9 Backing run, back or backing weld @ Nt
10 Fillet weld B
11 Plug weld, plug or slot weld /JUSA ]
12 Spotweld ”
VII/IIIII/'IA/ O
AR
NN\ SNNNNNNANY
13 Seamweld E="3

=

NANN\. . CANNNNN

%
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Capital Goods & Manufacturing Exercise No 1.7.49
Draughtsman Mechanical - Types of Fasteners

Draw the welded joints - Representing the position and dimensioning of the
weld

Objective(s): At the end of this exercise you shall be able to
* draw the welded joints by showing symbolic representations.

j 222

For the given views of the object, show the welded Forthe given views, objects prepare a working drawing
joints by drawing symbolic representations. and show the welded joints by drawing symbolic
representations.
\ \
H ‘ FILLET WELD
: f 4 ‘ -m |
|

FLANGE
WELD

WELD ALL
ROUND

48

24

FILLET WELD
) /
5 2l
o V) /
\ /2
] S
-
NN\ -
| .
| @25 &
FILLET
) WELD ON
e OTHER
SIDE
SINGLE V' / 10 SLOT
5 BUTT WELD 1 V.
1 'y 7
N
(7T <) \ -
WELDD TOC, S
C TO B AND
BTOA - -
FILLET WELD ] ]
48
DOUBLE V'
BUTT WELD FILLET WELD
0. 2.1.
SCALE : NTS EXNO. 2.1.54
WELDED JOINTS TIME : 08 hrs
PROJECTION CODE : DMN2154E1
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Table 1 Arrow side of joint and other side of joint (Fig 3)

Table - 2 Fig5
"OTHER SIDE [\ "ARROW SIDE "OTHER SIDE ] "ARROW SIDE
OF JOINT A" OF JOINT A" OF JOINT A" OF JOINT B"
SHAPE OF WELD SURFACE SYMBOL ARROW LINE ;<_( E ARROW
% % LINE
a) FLAT (USUALLY FINISHED FLUSH) - -
JOINT A
v l/z Z N NINZ 7
b) CONVEX N JOINT B / /N
- ARROW ARROW LINE
¢) CONCAVE ~_ 2 LINE 2
< "ARROW SIDE "OTHER SIDE "ARROW SIDE "OTHER SIDE 2
o OF JOINT B" é OF JOINT B" OF JOINT A" OF JOINT B" %
o
Table 2 . . .
Position of the arrow line (Fig 4)
Designation lllustration Symbol ,
Fig 4
Flat (flush) single-V IIIrs. NN \V3
Butt weld BN
Convexdouble-V ] @ 1 L | L L
oty NN X
Butt weld O

Concavefilletweld
Flat (flash) single-V

r
LI
:

Butt weld with flat HEnE
(flash) backing run ] é_é (a) (b)
W, NN <

Method of representation (Fig 1) -

e
Fig 1 @ @
POSITION OF THE ARROW LINE 2
[=}
Position of symbol according to the reference line
JOINT \ (Fig 5)
Fig 5
1 = ARROW LINE
2A = REFERENCE LINE (CONTINUOUS LINE)
2B = IDENTIFICATION LINE (DASHED LINE) Y
3 = WELDING SYMBOL i
5
METHOD OF REPRESENTATION z
2 FOR SYMMETRICAL WELDS ONLY
T-Joint with one fillet weld (Fig 2)
Fig 2
"OTHER "ARROW "ARROW "OTHER
SIDE" SIDE" SIDE"
ARROW LINE v/
ARROW LINE \
V A V A - a) TO BE WELDED ON THE b) TO BE WELDED ON THE
=
(a) WELD ON THE ARROW SIDE (b) WELD ON THE OTHER SIDE & ARROW SIDE OTHER SIDE 2
2 2
T-JOINT WITH ONE FILLET WELD z POSITION OF SYMBOL ACCORDING TO THE REFERENCE LINE 2
o
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Method of indicating dimensions for fillet welds Figs 10 & 11 explains various symbols for different joint
(Fig 6) and its application.

Fig 6 Fig10 )
Lt ok
4
2 4

N\
N/

z=aVv2

METHOD OF INDICATING DIMENSIONS FOR FILLET WELDS

DMN2154H8

oY)

Peripheral welds: When the weld is to be all around
part, the symbol is a circle, as shown in Fig 7.

\
Fig 7 1
ig g ‘

INDICATION OF PERIPHERAL WELD

DMN2154H9
“J/
DMN2154HC

Indication of field on site weld (Fig 8)

Fig 11

Fig 8 S
FILLET WELD, ONE
SIDE OF TEE.

THE APPROPRIATE SYMBOL SHOULD BE
PLACED OVERTHE REF. LINE FORWELDS TO
BE MADE ON THE OTHER SIDE OF JOINT,

INDICATION OF FIELD ON SITE WELD

Indication of welding process (Fig 9) FILLET WELD, }{ g
TEE.

Flg 9 THE APPROPRIATE SYMBOL SHOULD BE
PLACED BOTH SIDES OF REF. LINE FOR
23 WELDS TO BE MADE ON BOTH SIDES

SINGLE-V BUTT /H/T \\
WELD. >

ARROW HEAD IS USED TO INDICATE WHICH
PLATE IS PREPARED BY DISPOSITION OF THE
SYMBOL RELATIVE TO THE REF. LINE

DOUBLE-BEVEL
BUTT.

WELD ALL-ROUND. &_7

DMN2154HA

INDICATION OF WELDING PROCESS

DMN2154HB

DMN2154HD

188 CG&M : D’man Mechanical (NSQF Revised - 2022)- Exercise 1.7.49



Capital Goods & Manufacturing

Exercise 1.7.50

Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw the section of welded steel joints in structural column & bracket
fabricated by plate

Objective(s): At the end of this exercise you shall be able to

» draw the steel angles (equal and unequal legs) as per IS 808:1989
e draw the steel channels as per IS 808:1989

* draw the steel beam as IS 808:1989

* draw the plan and elevation of gusseted column of IS HB.

Ve

r, TOP RADIUS

TOE RADIUS 2

ROOT RADIUS " ROOT RADIUS

"

B B
B+ | Bd ==
2 2
- iz

ISHB-300 @63KG/M

16Th.
GUSSET PLATE

BASE PLATE
600x900x20 CLEAT ANGLE

100x100x12

Notes :
1. All dimensions in mm
2. All rivets 16mm &

SCALE NTS

PROJECTION

EXNO: 2.1.55

STRUCTURAL STEEL COLUMN TIME : 15hrs

CODE : DMN2155E1
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TASK 1: Draw the steel angles (equal and unequal legs) as per IS 808:1989

Draw the equallegs of an angle (Cross-sectional view) for
the given specification 60x60 as IS 808:1989

TASK 2: Draw the steel channels as per IS 808:1989

Draw the unequallegs ofan angle (Cross - sectional view)
for the specification 80x50 as per IS 808:1989.

TASK 3: Draw the steel beam as IS 808:1989

Draw the Indian Standard junior beam channel (Cross -
sectional view) for the specification of JC 200.

TASK 4: Indian standard wide beam

Draw the Indian standard wide beam (Cross - sectional
view) for the specification of WB. Where D is 150.

t=5.00mm; r1 =6.5mm; r2=4.5mm

h =200 mm; w =70 mm; flange t = 7.1 mm,
webt=4.1 mm, r1=8.00 mm;r2=23.2 mm, flange slope
91.5.

Cover width 16 mm; thickness 10.00 mm; flange t = 14.1
mm.

TASK 5: Draw the plan and elevation of gusseted column of IS HB

+ Draw plan and elevation of gusseted column base
connected column consists of IS HB 300@63.0 kg/m for
the given specifications.

» Base plates 600x900x20.

» Gusset plates 16 mm thick.

* Flange cleat angles 100x100x12.
* Rivets 16 mm.

» Holding bolt 20 mm 4 Nos.

Steel roof truss

Size of IS HB 300

D =300 mm

B =250 mm
T=10.6 mm
t=9.4 mm
r1=12.0 mm
r2=6.0 mm

Slope of flange 94°.

Objective(s): At the end of this exercise you shall be able to

» draw the steel roof truss
» draw the joints of the steel roof truss.

TASK 1: Draw the steel roof truss

Reproduce the steel roof truss for 12m span as per the
specification given in the Fig 1.

Select suitable scale

TASK 2: Draw the joints of the steel roof truss

Draw to suitable scale the details of joints A,B,C and D
shown in Fig 2..

Show the roofing arrangement of roof covering.

Assume the missing dimensions

Details of joints A,B,C and D and details of roof covering.
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Fig 1

PRINCIPAL RAFTER
75 x50x8mm/_s

WIND TIE
WGmm FLAT

AT AN )
75x75x8
7 ,“v GUSSET U 2SS
/’:“‘&'_W PLATE \""—@.N
¢ SUSPENDER |
/ 50x50x6mm
< 1 /TIE 50x8mm FLAT ‘
ool PYYY: ey

/250m G.I. RIDGING

G.l. SHEETS

STRUT 65x45x8mm

Vg

\TIE 80x6mm FLAT

lﬁ' GUSSET PLATE 70x45cm R 0x10mm
\/I
o0 75x75x10mm/_s
e e — - 30x30x30cm
‘ BASE PLATE 30x30x126m 12.00 m SPAN
I I
8
&
12M SPAN TRUSS z
Fig 2
G.I. SHEETS PURLIN
125X75x8mm/_
X
) HOOK BOLT
CLEAT =
75x75x8mm PRINCIPAL REFTER
15cm G.I. RIDGING 75x50x8mm
DETAIL OF FIXING G.I. SHEETS
G.I. SHEETS
OOK BOLT
PRINCIPAL RAFTER
75x50x8mm/_
PRINCIPAL RAFTER
75x50x8mm/_S
TIE 50x8mm FLAT
TIE 50x8mm FLAT
DETAIL AT'C STRUT 75x50x10mmy/.
DETAIL AT 'B'
PRINCIPAL RAFTER
> 75x50x8mm/_S STRUT 75x50x10mm/_
Ay
P TIE 50x8mm
- TIE 80x6mm FLAT
ASSET PLATE
75x75x10mm/_
ASE PLATE
30cmx30cmx12mm DETAIL AT 'D’
™C.CONC,BED 30x30x30cm
""" 4 RAG BOLT 40mm DIA
40 cm g
e o 8
5
DETAIL AT'A' H
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Capital Goods & Manufacturing Exercise No 1.7.51
Draughtsman Mechanical - Specifications of different event types of fasteners

and locking devices as per - SP - 46 - 2003

Draw half sectional view of a cotter joint with socket and spigot ends

Objective(s): At the end of this exercise you shall be able to
» draw the half sectional views of cotter joints, detail and assembled views.

105

SLOT
28 32X8 28 | %
T SLOT,
=1 | dxs 24 12
T | i \ =
g N A{ ] N S = o ~ | | o | ©
Q SH Q « =] Sl 41— 0 | 2 .~
4 L ] Q ! [} Q
__ Lo ! Ehall
__J__ 1 L

@25
w
g
219
8lm
E
o

THICK,8

SI.NO. NAME MATL. QTY.
1 SOCKET END MS 1
2 SPIGOT END MS 1
3 COTTER HCS 1
SCALE NTS EXNO: 2.1.56
SOCKET AND SPIGOT JOINT TIME : 18 hrs
PROJECTION CODE : DMN2156E1
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TASK 1

Draw the detail views of the socket and spigot joint. i Plan
b Draw the following assembled view of the socket and i Side view
spigot joint. v prepare bill of material for the assembled view

i Halfsectional frontelevation ¢ Bill of material.

TASK 2
Draw a double cotter joint to connect shafts of dia 25. « Draw the enlarged shaft ends butting each other.
(Fig 1) * Drawthe sleeve overit.
Fig 1 * Mark the cotter holes from end of the sleeve.
CLEARANCE 3mm
_ » Drawthe cotterwith mean width on the centre line of the
shaft.
- st % % % \“‘. < F . + Mark the taper end at 1:30 and the length.
" IS \\~\ St }os » Mark the ends and draw the end view. (Fig 1)
R E,/\%%/\e
32 63 %
COTTER JOINT WITH SLEEVE %
TASK 3
i Reproduce the given assembled double cotter joint to i Prepare bill of material.

connect shaft of dia 25.

ii Draw the plan of the assembled view.

TASK 4

Draw the detailed working drawing of the parts of the assemble view. (Fig 1)
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Capital Goods & Manufacturing Exercise No 1.7.52
Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw the different types of keys - Splined shaft - circlips and pins as per
convention

Objective(s): At the end of this exercise you shall be able to
¢ draw the views of different types of keys
¢ draw the assembly of shaft and hub connected with different types of keys.

TASK 1:

Draw the views of five types of parallel keys according
to the proportion to suit the shaft of dia 180 mm.

TASK 2:
Draw the views of taper keys types A to C to suit the
shaft of dia 100 mm. Fig 1(a)
TASK 3: — T |
Draw the views and assembly of saddle key both ‘ 1 N,
hollow and flat. m | !
b/2
— Hollow saddle key SECTIONCX ‘ ‘
— Flat saddle key °
i 1
— Assembly hollow key with shaft and hub. TYPE-A
— Assembly flat key with shaft and hub. Fig 1(b) Fig 1(c)
|——— X —~—X
TASK 4: | ‘ ! ‘ | | ‘ ! ‘
— Draw the wood ruff key for shaft dia 100 mm. — —
— Draw the assembly of wood ruff key dia 100mm. ~2 <L>‘
SECTION X-X : :
TASK 5: 7‘777@777\%7 | @ 77777 |
— Draw the assembly of parallel key on shaft of dia ‘

180 mm. Tvee-C

— Draw the assembly of taper key to suit the shaftofdia  Fig 1(q) b
180 mm. =
— Drawanassembly of shaftand hub connected with a gib [l T | T |]

head key shaft dia 150 mm.

— Draw a wood ruff key on a shaft of dia 40 mm. SECTION XX —
’ o -6}
— Drawthe assembly details of straight splinted shaftand ‘ ‘ ‘
hub. TYPE-F
TASK 6: _
Fig 1(e) |
— Draw taper pins types A, B and C. | ‘w‘ - -

TYPE-G
SCALE : NTS EXNO. 2.1.57
DIFFERENT TYPES OF KEYS TIME : 10hrs
PROJECTION CODE : DMN2157E1
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PROCEDURE

TASK 1: Parallel keys

Draw the parallel keys as per 1S:2048 to shaft of diameter
180 mm using general formula and as per standard.

(Fig 1a, 1b, 1c, 1d, 1e, 1f, 1g)

Type A - Both ends round R = 22.5 mm.

14 mm, counterbore 208.3 deep.

type C.

screws M12.

General formula
Diameter of shaft (d) 180 mm.
Width of key 0.25 d + 2 mm
Thickness of key = 0.33 W (1/3W)
Length of key = 2d
Width = 0.25 x 180 + 2 =47 mm
Thickness = 1/3 W =47/3 =16 mm
Length 2d =360 mm
As per standard (1S:2048) for shaft 180 mm
Width of key = 45 mm
Height (thickness) = 25 mm

Length of key = 125 (min) 400 (max): chamfer 1 mm (min) )

TASK 2: Taper keys

Draw the taper keys type Ato C as per IS: 2292 to suit the

shaft diameter 100 mm. (Fig2 A,B & C)
General formula/sizes

Taper on taper key = 1:100
Length of key approx. 2d

Width (W) = 0.25d + 2 mm
Thickness = 2/3 x W

Length range = 80 to 360 mm
Length =2 x 100 mm =200 mm
Width = 28 mm

Thickness = 16 mm

Chamfer S = 0.6 to 0.8 mm

Type C - Similar to type A but with counter bore dia

Type D - Both ends square with counter bore similar to \

Type F- Both ends square with hole for two retaining

Type G - Similar to type D but with a chamfer at 15°.

Fig1

SECTION X-X

SECTION X-X

DMN2157H1

a) TYPEA

1:100

1:100

¢c) TYPEC

SUNK KEYS - TAPER KEYS

b) TYPEB

D

SECTION X-X

DMN2157H2

CG&M : D’man Mechanical (NSQF Revised - 2022)- Exercise 1.7.52

195



TASK 3:

Saddle keys

Type A - both ends round

Type B - both ends square

Type C - one end square and one end round

Draw the saddle keys - hollow and flatinisometric view and
also the assembly. (Fig 3)

Diameter of shaft = 100 mm
Width (b) =0.25d =25 mm
Thickness (h) = 0.08d = 8 mm
Length: approx. 2d = 200 mm
— Hollowsaddle key

— Flat saddle key
— Flat saddle key assembly
— Hollow saddle key assembly

TASK 4:

Woodruffkeys

Draw the wood ruff key and also its assembly for shaft
diameter 100 mm.(Figs 4 & 5)

Fig 4

W

h1

WOOD RUFF KEY

DMN2157H4

TASK 5

Draw the assembly of parallel keys on shaft of diameter
180 mm using general formula as well as using
standards. (Fig 6)

Parallel key Type A to suit shaft dia 180 mm
General formula for all keys = dia of shaft d
width of key =0.25d + 2 mm

Thickness of key = 0.33 W (1/3 W)
Length of key = 2d

Fig 3

?%; 1?
b b

HOLLOW SADDLE KEY

FLAT SADDLE KEY

N

O

HOLLOW SADDLE KEY ASSEMBLY

SADDLE KEYS

—/

FLAT SADDLE KEY ASSEMBLY

DMN2157H3

b=d/6

t2

1

A
h1

G

¢

DETAIL-Z

>V

SECTION A-A

DMN2157H5

Thickness (b) = d/6 = 16 mm
Radius (R) =2b =32 mm

Max. height of key (h) = 2b - 0.25b = 1.75b = 28 mm

— Wood ruff key

— Assembly

Fig 6

VIEW X-X
RECTANGULAR PARALLEL SUNK KEYS

DMN2157H6
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Width = 0.25 x 180 + 2 =47 mm

Thickness = 1/3 W =47/3 =16 mm

Length 2d = 360 mm.

As per standard 1S:2048 for shaft 180 mm
Width of key = 45 mm

TASK 6

Draw the taperkeys as per standard (1S:2292) to suit shaft
dia 160 mm. (Fig 7)

Taper key Type A, Type B and Type C mounted on shaft
and hub.

Shaft diad = 160 mm

Breadth (width) =40 mm h9

Limitation width (limits) = 0;-0.062

Height (thickness) h =22 mm

Limits on thickness 030.130

TASK7

Draw an assembly of shaft and hub connected with a gib
head key. Assume shaft dia d = 150 mm. (Fig 8)

Fig 8
Taper 1:100 VIEW X-X

= :

o —
(/\ =

X I d

hy

DMN2157H8

d = 150 mm; as per formula
Width of key b = 0.25d + 2 mm
150x 0.25+2=37.5+ 2 =39.5 mm say 40 mm

Thickness (nominal) h = 0.66b or 2/3 b =40 x 0.66 =
26 mm

Length of key = 120 mm (say 1.5d)
Difference in thickness = 120 x 1/100 = 1.2 mm

TASK 8

Draw awood ruffkey on a shaft dia40 mm (max. dia of shaft
on which itis used) (Fig 9)

Sizes of key as per formula
Thickness T = d/6 =40/6 = 6.6 or 7 mm

Height (thickness) =25 mm
Length of key = 125 (min)
400 (max): chamfer 1 mm (min)

Fig 7

Taper 1:100 X;m

VIEW X-X

DMN2157H7

Gib height =1.75 h =26 x 7/4 = 45.5 say 46 mm
Width of gib = 1.5h = 39 mm say 40 mm

As per standard 1S:2293 for shaft dia 150 mm

Key width x height = 40 x 22 (for sizes above 150 mm)
Tolerance on width b 40 = 0; 0.062
Therefore max. width b =40.00

Min. Width b = 39.938

Tolerance on thickness h=0-0.130
Max. thickness (h) = 22.00

Min. thickness 22.0 - 0.130 = 21.870 mm
Height of gib h, = 36 mm

Length of gib = b =20 mm

Length of key = Min 110, max 400

Taper 1:100 say 2 mm

Thickness at small end 22 - 2 =20 mm

Draw the shaft and hub as shown with key in position.

Radius R=2T =14 mm

Height of key = 1.75T =10 mm

As per 1S:2294 for shaft dia 40 mm

Key size = 8.0 x 11.0 x 28.0 (in series 2)
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i Limits on thickness (width) b = n,, j_, fir normal fit
A ;1 T p, P, for interference fit (close fit)
| ﬁ - Chamfer of key 0.60 x 45° (max. chamfer).
| =
R
|
A%
WOODRUFF KEY ON SHAFT %
TASK 9

Draw the assembly and details of straight splinted shaft

and hub splice 8 x 62 x 2 - 1S:2327. (Fig 10) Fig 10

kx45° — -

SPLINED SHAFT AND HUB PROFILE
SPLINED HUB

DMN2157HA

TASK 10
Taper pins
Fig 11
Draw taper pin 12 x 60 - Type A & B. Split taper pin C 20 rxd N6
x 80 1S:6688. A
o \ TAPER 1:50

Type A& B 8 T - -
» Draw the cylinder of dia 12 mm, 60 long. : [
« Draw taper of 1:50 over the length 60 mm for type A e a) TYPE-A

mark surface finish N6 and N7 for type B. X M

* Draw the pin as above.

\ TAPER 1:50
' — —

ad
|

» Draw the split along the centre line.
« Mark surface finish as N7. (Fig 11) !

b) TYPE-B

7‘ N7
\ TAPER 1:50
' — —

c=0.2I

ad

¢) TYPE-C
SPLIT

TAPERPINS

DMN2157HB
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Capital Goods & Manufacturing Exercise No 1.7.53
Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw the different type of pipe fittings

Objective(s): Atthe end of this exercise you shall be able to
 draw pipe fittings

 draw CI flanged joint

e draw union joint.

TASK 1: Draw the pipe fittings with proportional dimensions (Fig 1)

Fig 1
4 __
e
N N
N N\
N N
—f - 1 1 - — T~ - T I e R \ o i \
I \ \
J— \ > \
P C N
(RN — 4 } ! - . \
I Il Il \ Il
I I I ‘ I
1.COUPLER (COUPLING) 2. REDUCER COUPLER 3.90° ELBOW 4.90° REDUCER ELBOW

N . . — 77T
AN N
N
\
N )
\ \ o - — —t— —
\ \ — / ) |
+-1-+ _ | ,4,_/‘ // | A/‘::
] ] - _
Leo I I
i
5.90° BEND 6. RETURN BEND 7.TEE 8. REDUCER TEE
-
a i
A
Jve= 71
- 0
|
=== bt ————
[N R 7777 S—
i
I
9.CROSS 10. CLOSE NIPPLE 11. SHORT NIPPLE 12.SHORT NIPPLE 13. HOSE NIPPLE

WITH HEXAGONAL GRIP

4. MALE PLUG

15. FEMALE CAP 16. SCREWED UNION

T
‘ 17. FLANGE

PIPE FITTINGS

DMN2158H1
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TASK 2: Draw the piping drawing by single line method. (Fig 2)

Fig 2
'9 PLUG
TEE { CAP
AVA CLOSE NIPPLE
UNION \
CHECK VALVE
GLOBE VALVE -
GATE
SHORT NIPPLE 1 CROSS VAZ REDUCER
| | | | |
i 1 ‘ ! L— {< 1
ECCENTRIC REDUCER COUPLING LATERAL T
45° ELBOW / @
BUSHING 4 90° ELBOW
\[l FLANGE
LOCK NUT j E
z
TASK 3: Draw the piping drawing by double line method. (Fig 3)
Fig 3 PLUG CcAP
CLOSE NIPPLE
GATE VALVE

CHECK VALVE

ECCENTRIC REDUCER

COUPLING

BUSHING

LATERAL

90° ELBOW

L —
LOCK NUT /

DMN2158H3

TASK 4:

Fig 4

| FRONT VIEW

TOP VIEW

(iii) ORTHOGRAPHIC
PROJECTION

(i) DEVELOPED DRAWING (i) DIMETRIC DRAWING

DEVELOPED PIPING DRAWING

DMN2158H4

25x25x19 25x12x19 25x19x19 25x25x12 25x25x12x12 25x19x12x6

TREET TEE
0]

TEE
(i)

45°Y-BEND  45°Y-BEND
(iii) (iv)
PIPE JOINTS

CROSS
v)

CROSS
(i)

DMN2158H5
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Capital Goods & Manufacturing Exercise No 1.7.54
Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw pipe joints flanged joints, welded joint, threaded joint, socket and got
joint

Objective(s): At the end of this exercise you shall be able to
o draw the different types of pipe joints.

PROCEDURE

TASK 1: Draw collar joint

Collarjoint (Fig 1) Fig 1
D (Diameter of pipe) = 50 cm ‘ LT/:NGTHOFCOLth /wrcoma

t = (Thickness of pipe) =5 cm R < ] GASKET RUBBER)

=

; - L s A E B

22 \|<CEMENT

MORTAR 1:1

DMN2159H1

COLLAR JOINT

TASK 2: Draw the typical pipe joints

Draw the pipe joints as per given drawing _
Fig 3 C.I. FOLLOWER RING
D = Diameter of pipe 10 cm /
. . . HOLE FOR BOLT
t = Thickness of pipe 1 cm (Figs 2 to 7) A4
7 RETAINER RING
Fig 2 \//<
BOLT
BELL END )/ \ T
% ( 1
1 v N |
N %@ Nl >
; SPIGOT END &
— = — — o
\ R 747 RUBBER GASKET
% Z 5
FLEXIBLE JOINT (UNIVERSAL JOINT) %
E, dn a4 !3}7 RUBBER GASKET
—{x = 5
FLANGED RING §
EXPANSION JOINT %
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Fig 6

RUBBER RING
(CIRCULAR
CROSS-SECTION)

=

D‘t

[

\
!

S

| | % _

SIMPLEX JOINT

% SLEEVE OR
COUPLING OF
ASBESTOS
CEMENT

DMN2159H6

Fig 4 OUTER METAL HOUSING
IN TWO HALVES BOLTED
SHOULDER U-SHAPED RUBBER RING
OR GROOVE
S I
%% - s
(a) VICTAULIC JOINT 2
S
MECHANICAL JOINT E
—
Fig 5 . N
4‘,,,7,7,7,7,7,7,7,7,
e
L "

{b) DRESSER COUPLING JOINT

MECHANICAL JOINT

Fig 7

STRANDS OF HEMP

r"'_?_’“7
[

SPIGOT END ———=—

BELL END
LEAD

7

SPIGOT AND SOCKET JOINT

DMN2159H7

DMN2159H5

TASK 3: Draw the cast iron for two 100 mm diameter (Fig 8)

Fig 8

4316 BOLTS IN
/ @ 20 HOLES

BE

NN

%

| @125

2120

2100

2210
2170

CAST-IRON FLANGED JOINT

L
!

DMN2159H8
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TASK 4: Draw full size two views of an union joint for 25 mm diameter pipes (Fig 9).

Fig 9 s
63 / 18 24
PIPE THDS
7
wn (=] wn T
~ n <
Q Q Q
8 o é &
Q Q T
K . TO SUIT
48 SPANNER
TO SUIT
27 SPANNER
36 32 2
2
S
UNION JOINT Z
[=}
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Capital Goods & Manufacturing Exercise No 1.7.55
Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw rolled steel section as per IS specification

Objective(s): At the end of this exercise you shall be able to
¢ draw the different steel sections used for steel structures as per IS standards.

DATA

Dimensions are givenin Table

b - width of flange

h - total depth of section including the flange thickness
tf - thickness of flange

tw - thickness of web

PROCEDURE
Sketch the drawing
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INDIAN STANDARD [IS] ROLLED AND SLIT STEEL SECTIONS FOR STRUCTURAL USES

Sl. Structural Description Example |Weight (Kg)| Important dimensions(mm)
No. Sections per metre h b t t g
b
1 i IS Junior beam ISJB 225 12.8 225 80 5.0 3.7 40
I 777
2 - IS Light beam ISLB225 235 225 100 8.8 5.8 55
h
3 RIVET IS Medium WT beam ISMB 225 31.2 225 110 118 | 6.5 60
HOLE
| ) )
4 IS Wide flange beam ISMB 225 33.9 225 150 9.9 6.4 60
9
5 IS Column section ISHB 225 431 225 225 9.1 6.5 140
6 \ e ] IS Junior channel 1SJC 200 13.9 200 70 71 4.1 40
tf 4
— A
7 tw IS Light channel ISLC 250 28.0 250 100 10.7 | 6.1 90
B I 7 B2
8 % 7y IS Medium WT Channel| ISMC 250 304 250 80 141 | 741 45
<9
9 *%« IS Equal angle ISA 100100 9.2 A-100| B-100 | t-60 |Cxx=Cyy| 2.67
D
10 Do Do 12.1 100 100 80 Do 2.76
A
11 cG Do Do 14.9 100 100 10.0 | Do 2.84
> D 2
12 ‘ Cyy Do Do 17.7 100 100 12.0 | Do 2.92
B
13 Tt IS Unequal angle ISA 10075 8.0 A-100| B-75 | t=6.0 Cxx=3.01|Cyy=1.78
e
D
14 Do Do 10.5 100 75 80 3.10 1.87
A
15 ce Do Do 13.0 100 75 100 | 3.19 1.95
Cikx %
740)
Cyy
16 ‘ - Do Do 15.4 100 75 12.0 | 3.27 2.03
17 b IS Normal tee ISNT 150 22.8 150 150 10.0 | 10.00 |Cxx-3.95
\
R tf
18 N\ 7 IS Tee from ISHB ISHT 125 27.4 125 250 |97 | 88 2.37
Cxx
19 V IS Standard tee ISST 150 15.7 150 75 116 | 8.0 4.75
h
20 tw IS Light WT tee ISLT 100 12.7 100 100 108 | 57 213
21 | L % IS Junior tee ISJT 100 5.0 100 60 5.0 34 2.81
22 $ R — IS Rolled plate W-900-2500mm t-5.63mm Length 2-12.5m
1%
23 -~ w IS Strip W=100-1550 t=1.6 - 10mm
t]
24 t% Mild steel flat W=10-400mm t=3-40mm
[
25 ‘*E@ IS Round bar ISRQ d=5-200 mm
26 { IS Square bar ISSQ $=5-100 mm
7
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Capital Goods & Manufacturing Exercise No 1.7.56
Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw the different types of rivet heads as per conventions

Objective(s): At the end of this exercise you shall be able to
« draw the four types of rivet head with full specification as per Indian Standard.

PROCEDURE
TASK1

Drawtherivetheads showninthefigures 1.1to 1.4according

to the specification as per 1S:1928 & 1929. Assume the Fig1
diameter of shank = 20 mm.
a ) a (i
SNAP HEAD PAN HEAD
|
N/
—////,
a (iii) a(iv) =
COUNTER SUNK CONICAL HEAD >
HEAD S
TYPES OF RIVET HEAD %
TASK 2
Snap head rivet
Draw a snap headrivet suitable for joining plates of 25 mm Fig 1 o
thick. :
|
* Draw a thin horizontal line. 1 . o
« Draw vertical centre lines. 5, °
» Mark diameter of rivet shank and head. dos
»  Formtherivet head as per proportions.

* Draw the shank with short break. ®'\/

» Draw firm lines of the edges of the rivet. SNAP HEAD

DMN2161J1

+ Show the dimensions in terms of dia of shank. (Fig 1)

TASK 3
Pan head rivet Fig 2
1.6d

6
Draw a pan head rivet of shank diameter 30 mm. (Fig 2) ‘ d ‘
* Follow the procedure of Ex.1 (i) }
|

0.125d
0.7d

PAN HEAD

DMN2161J2
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TASK 4

Conical head rivet

Draw a conical head rivet of shows diameter 25 mm.
(Fig 3)

Fig 3
1.6d 3
N
| 2
|
=3
ZSV | E 2
| Sy
} [
60° %
/F
|
\\/‘@
| z
S
CONICAL HEAD Z
o
TASK 5

Countersunk head rivet

Draw a countersunk head rivet of shank diameter 30 mm.
» Draw a horizontal line.

» Draw a centre line.

» Follow the same procedure as done in Exercise 1(1)
and complete the rivet head. (Fig 4)

Draw a horizontal thin line.
Draw a vertical centre line.

Mark the diameter of rivet head and shank as per
proportion.

Set off 0.8d on the centre line as shown in Fig 3 from
the horizontal line.

0.25d as radius, draw an arc as shown in Fig 3.

1.5d as radius, draw another arc, tangential to the
previous arc of radius 0.25d.

Draw the firm lines of the edges of the rivet.

Show the dimensions in terms of diameter of shank.

Fig4
1.7d

0.45d

N\= N

COUNTERSUNK HEAD

DMN2161J4
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Capital Goods & Manufacturing Exercise No 1.7.57
Draughtsman Mechanical - Specifications of different event types of fasteners
and locking devices as per - SP - 46 - 2003

Draw the riveted joints of lap joint with covers in chain and zig-zag
orientation

Objective(s): At the end of this exercise you shall be able to

¢ draw the three types of lap joints as per the data given
¢ draw the four types of butt joints as per the data given
e draw the riveted joint connecting plates at right angle.

TASK 1

. Fig 1
Calculations: 5°

Dia of rivet = gt = g./25 =6 x5=30 mm
Pitch of rivet = 3d = 3 x 30 = 90 mm 1.5
Marginfromrivetholetoend of plate=1.5d=1.5x30=45 /\
mm. vl L el
» Mark vertical centre line. B N\

» Drawthreehorizontallines 25 mmapartinfrontelevation. \/

* Form the rivet heads (on 30 mm shank) on the centre
line.

* Draw the plates and section them as shown

« Drawtherivet head circle and hidden circles for shank
dia.

» Draw the edge of the plates in front view at 80° - 85°.

* Project the edges on to top view.

» Draw visible edges of plates and rivets in firm lines.
(Fig1a)

A

DMN2162H1

TASK 2

+ Drawthe plates one over the other, mark pitch (pr) and

Double riveted (chain) lap joint , )
lap (I) 54 mm on either side.

Draw a double riveted lap joint/chain riveting with 35 mm

thick plates. Show a minimum of 3 rivets. « Draw the rivet heads, ends of the plates at lap and

beyond short break.
Data » Hatch the plates in opposite directions.
Dia of rivet = E~.ﬁ - E«.I{S_ =36 mm. * Project and draw the top view.
Pitch p = 3d = 3 x 36 mm = 108 mm »  Show CP. Showthe proportionsinstead of dimensions

Row pitch (Pr)=0.8 P or2d + 6 mm = 86.4 mm or 78 mm interms of dia of rivet. (Fig 1)

Margin = 1.5d = 1.5 x 36 mm = 54 mm
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Fig 2

DMN2162H2

TASK 3

Double riveted (zig-zag) lap joint -

Draw adouble riveted zig-zag lap joint, joining 35 mm thick r
plates.

1=1.5d

Data

Dia of rivet _ g .ft =6 +/36 = 36mm
Pitch P = 3d = 108 mm
Row pitchPr=0.8 Por2d + 6 mm=86.4 mmor 78.0 mm

2d+6 mm

Margin =d =36 mm or lap (I) = 1.5d = 54 mm

» Drawtheplatesasin previous exercise and mark centre
lines at Pr =78 or 86 mm, draw rivet heads.

» Mark the ends of the plates.

* Project on to top view, mark three rivet centres at
distance P (108 mm)

» Draw intersecting arcs with Pd as radius from centre. T
A

* Draw rivet head circles and shank as hidden circles.

» Draw the edges of the plates as shown |

DMN2162H3

* Show proportions of plate thickness. (Flg 1C) DOUBLE RIVETED (ZIG-ZAG) LAP JOINT
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TASK 4

Single riveted (Single strap) butt joint

Draw a single riveted buttjoint with single cover plates. Two
plates of 36 mm thick butting each other are to be joined
by riveting.

Calculations
Given plate thickness t = 36 mm

Dia of rivet = g/t =36 mm

Pitch of rivets P = 3d = 108 mm

Lap=1.5d =54 mm

for butt joints

Single cover plate thickness

1.125t = say 40 mm

Pitch of rivets = 3d = 108 mm

Row pitch for chain riveting =2d + 6 = 78 mm

« Draw the plates in position with single cover plate.
* Mark the centre of rivets and draw rivets.
* Hatch the plates.

* Projectand draw the top view showing minimum 3rivets
in a row.

+ Show the broken end of the plates.
+ Dimension the views. (Fig 2a)

TASK 5

Single riveted (Double strap) butt joint

Draw single riveted double strap butt joint (chain). Plate
thickness 25 mm.

Calculate the rivet dia, pitch, distance etc.
Double cover plate thickness (0.6 tto t)
Average = 0.8t

0.8t=20 mm

« Draw the main plates and cover plates in position.

« Mark two rows of rivets with distance as shown in
Fig 2b.

« Draw the rivets and hatch the plates.
* Projectanddraw the top view with minimum 2 pitches.
« Show the end cover plates and main plates.

» Show dimensions in terms of dia (d). (Fig 2b)

Fig 4

1.125t

DMN2162H4

Fig 5

0.8t

l |
SINGLE-RIVETED (DOUBLE STRAP) BUTT JOINT

DMN2162H5
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TASK 6

Double riveted butt joint (chain) (Fig 2)

Fig 6

e | N AN VD
AT PR N A\\,\&
NrauraaaNvasvall

COVER PLATE 2

CHAIN RIVETED / DOUBLE RIVETED BUTT JOINTS

DMN2162H6 >

(DOUBLE STRAP)

Draw a double riveted butt joint to join 25 mm thick plates,
double cover plates chainriveting.

Calculate the rivetdiameter, row pitch, pitch, margin etc
as in Exercise.

Draw the plates with double cover plates (10d + 12 mm)
long.

Mark the centres of rivets as shown in the Fig 2(c).
Draw the rivet head and the plate ends.

Project and draw the plates showing thickness and
rivets.

Hatch the plates

Show dimensions/proportions. (Fig 2c)

TASK7

Double riveted butt joint (zig-zag) (Fig 2d)

Draw a double riveted butt joint to join 25 mm thick plates,

double cover plates by zig-zag riveting. (Fig 2(d))

» Calculate the rivet diameter, row pitch, pitch, diagonal
pitch margin etc as done in previous exercises.

» Followthe same procedure of earlier joints and complete
the drawing.

o N NN D

COVER PLATE 1

\
g //)1

AN

PLATE 2

>

DMN2162H7

ZIG-ZAG RIVETED / DOUBLE RIVETED BUTT JOINTS
(DOUBLE STRAP)
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TASK 8

Riveted joint with connection plates at right angles « Draw the plates, draw the rivets and hatch.

Draw the riveted joints connecting plates at right angles »  Show proportions. (Fig 3)
with a & b bent plate ¢ angle iron, plate thickness 25.

Using bent plate Fig 8

« Draw the plate bent at radius not less than 2t.

e
1.5d i

e Mark the centre of the rivet 1.5d from centre of arc.

* Drawthe otherplate to beriveted and rivet (two methods 7]

'
are shown) 'R NENNNNEEN N

» Show proportions (Fig 3 a,b & ¢) \‘V

Using angle plate @) b) ©

e Markthe centre ofrivetholes at 1.5d +tfrom the corner

DMN2162H8

of the angle plate.

TASK 9

Two | sections of LB 150 are riveted to both sides of the
| section of LB 200 is shown in the Figs 4 & 5. Draw the Fig 9 .

front and top view of the riveted structure as per IS. Use "—’ A
snhap head rivets. T

Sizes of | section

D B T t

LB 200 200 100 7.3 54

LB 150 150 80 6.8 4.8

Assume suitable scale

DMN2162H9

« Follow the earlier exercises for deciding the size of
head, shank, pitch, number of rivets required.

Fig 10

0.2m,

7.6m
RANN

LB 150 - 2 Nos. X
RIVETTED ON LB 200

BOTH SIDES

DMN2162HA
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Capital Goods & Manufacturing

Draughtsman Mechanical - Allied trade - Fitting

Exercise No 1.8.58

Uses of different types fitters hand tools

Objectives: At the end of this Ex: you shall be able to
* identify the marking tools used in fitting shop

* identify the sawing tools used in fitting shop

* record the names of tools in table.

Fig 2

Fig 3

Fig 4 Fig5 Fig 6
(=
Fig7 Fig8 Fig 9
1 01 1 2263
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
TOLERANCE : TIME : 5Hrs

FITTER - HAND TOOLS

CODE NO. DMN2263E3
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Job Sequence

» Check the raw material size using steel rule. + Setand file sides (D) and (E) to 74 mm and maintain

* Remove the scaling by flat rough file. squareness to all other sides.

« File side (A) with flat batard file. (Fig 1) ) ?,A:?énzt?m (D) and (E) parallel to side (B) and (C).
Fig 1 Fig 2

e A
: N /

DMN2162J1

» Check the flatness by blade of a try square. \® g
* Fileside (B)and maintain the squareness with respect 8
to side (A). + Checkthe dimensions with aseel rule and squareness
* Check the squareness with a try square. with a try square.
* File surface (F) and maintain the thickness of 9 mm
The side A,B and C are mutually perpendicular parallelism to side A.

to each other. (Fig 1)

* Remove sharp edges. Apply little amount of oil and
+ Set jenny caliper to 74 mm using steel rule. preserve tforevaluation.

* Draw parallel lines of 74 mm to side (B) and (C).

* Punch the marked line using dot punch and ball pein
hammer.
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Fig 10

0 PSS s

Fig 11

Fig 12

Fig 13
- - - - - - 2263
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
TOLERANCE : TIME:
FITTER HAND TOOLS
E @ CODE NO. DMN2263E4
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Bench vice

Objective(s): This shall help you to
* position a bench vice on the workbench

« follow the precautions to be observed while using a bench vice.

Positioning of the bench vice: vices are mounted rigidly
on a workbench with the fixed jaw in line with the bench
edge to permit a long work to be clamped in a vertical
position. (Fig 1)

Fig 1

DMN2263H1

Forthe convenience of working, the vice should be held at
a correct height i.e when the first is pressed against the
chin, the elbow should touch the top of the vice. Forfurther
heightadjustments, wooden platforms can be used. (Fig 2)

Precautions

Clampthe work as low as possible on the vice. Do notgive
extra leverage while tightening the work.

Hacksawing

Lubricate the spindle and the box-nut periodically. Dont
tighten the jaws of the vices without any work in between.

Do not hammer on the vices for levelling metal.

Fig 2

DMN2263H2

Objective(s): This shall help you to

* fix hacksaw blades maintaining correct tension and direction

* cut metal pieces with a hacksaw.

Fixing of hacksaw blades: The teeth of the hacksaw
blade should pointin the direction of the cutand away from
the handle. (Fig 1)

Fig 1
DIRECTION
OF CUT

DIRECTION OF

PERSSURE
NNTOOTH SPACE
WORKPIECE

DMN2263J1

The blade should be held straight, and correctly tensioned
before starting.

While starting the cut make a small notch. (Fig 2)

The cutting movement should be steady and the full length
of the blade should be used.

Apply pressure only during the forward stroke. (Fig 3)

Atleasttwo to three teeth should be in contact with the work
while cutting. Select a fine pitch blade for thin work.

(Fig4)

Fig 2

DMN2263J2

Fig 3
DIRECTION OF CUT
WITH PRESSURE
RETURN STROKE
@ WITHOUT PRESSURE

DMN2263J3
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Turnand change the position of the pipe while hacksawing.
Normally, a coolant is not necessary while hacksawing.

Do not move the blade too fast. While finishing
a cut, slow down to avoid breakage of the
blade and injury to yourself and others.

DMN2263J4
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Capital Goods & Manufacturing

Draughtsman Mechanical - Allied trade - Fitting

Exercise No

1.8.59

Work on M.S. plate as per drawing exercise - drilling a hole on the centre mark

Objective(s): At the end of this Ex: you shall be able to
* hold the job in a bench vice horizontally for filing

« file a flat surface

¢ check the flatness of filed job using straight edge/try square blade
¢ check the squareness of the job with try square.

&

FILING FLAT AND SQUARE (ROUGH FINISH)

<
N~
9
74
1 75 ISF10-75 Fe310 2.1.62
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 TOLERANCE : £0.5mm | TIME : 10 Hrs

CODE NO. DMN2162E1
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Filing practice, surface filing, marking of straight and parallel lines with odd
leg caliper and steel rule

Objective(s): At the end of this Ex: you shall be able to
* file and finish the flat to the required size

* mark lines using odd leg caliper

e punch the marked lines.

SCALE 1:1

3

MARKING WITH ODD LEG CALIPER

AND STEEL RULE

TOLERANCE : #0.5mm

SQ 38 38
SQ 28
Te)
BN S
[eo] [ee) [e0)
<+ (e8] <t
Te]
48 9 48 9
SIDE 'A’ SIDE 'B'
@\ /@
1 50 ISF 10-50 Fe310 2.2.63
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
TIME : 5Hrs

CODE NO. DMN2263E1
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Job Sequence

Mark on side A.

» Check the raw material size using steel rule.

« File 3 sides mutually perpendicular to each other.
* Mark and file to size 48 x 48 x 9 mm.

+  Set5mminoddleg caliperanddraw parallellines toall
sides. (Fig 1)

Fig 1

DMN2263K1

+ Similarly, set 10 mmin odd leg caliperand draw parallel
lines to all sides. (Fig 2) Punch on the marked line.

Mark on side B.

* Set5 mmin odd leg caliper and draw parallel lines to
side AB, CD, CA and DB.(Fig 2)

+ Set10 mm and draw parallel lines to side AB and CD.

Drilling a hole

Fig 2

DMN2263K2

e Mark 5 mmonline 1 and 2, 3 and 4 as as shown in
Fig 3.

Fig 3

DMN2263K3

« Joinpoint1and 3, 2and4 and punch withess marks as
shown in fig 3.

» Applylittle oiland preserve it for validating the marking/

Objective(s): This shall help you to

¢ counterbore holes of different sizes concentric to the drilled holes.

Selection of counter bore sizes: BIS recommends
different sizes of counter bores based on the sizes of the
clearance holes. (Fig 1)

Fig 1

COUNTER BORING

DMN2263L1

Procedure

Fix the job in the machine vice, square to the axis of the
machine spindle.Use parallel blocks. (Fig 2)

Fig 2

[ WORKPIECE
‘
|
ﬁ// | //ﬁ
Ll earacier stooks L]
PARALLEL BLOCKS

DMN2263L2

Setthelocation of the drilled hole position using the correct
diameterdrills.

Align the spindle axis with the drilled hole. For accurate
work, drill and counterbore in one setting.

Mount and fix the counterbore tool on the drilling machine
spindle. (Fig 3)

Fig 3

DMN2263L3

L] L]

Select the counter bore according to the screw size.
BIS: Bureau of Indian Standards

Setthe spindle speed of the drilling machine to the nearest
calculated RPM.

Use the formula
mxDxN
V =
1000
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(Consider the value of 'V' as 1/3rd of the drilling cutting
speed)

Counter bore the hole to a depth equal to the length of the
screw head. (Fig 4)

Use the depth stop arrangement for controlling the depth of
the counter bore hole.

Check the depth of the counterbore hole. (Use the correct
screw for checking the depth and seating)

Fig 4

LY

%
L]

DMN2263L4

Perform and drilling, boring and grooving operations

Objective(s): At the end of this Ex: you shall be able to
 face the work squareness to all the sides

drill hole to required size

* select the receasing tool

e cuttherecess

* bore a hole to an accuracy +0.2 mm.

=&

MAKE SQUARE BLOCK BY TURNING,USING-4 JAW CHUCK
AND PERFORM DRILLING, BORING AND GROOVING

5
- | - ~
- — T — N
/ - ~
;7 SO0
/ NN

/ / | \ \ ©
L S | _ o o o o
T @] N ™ =

\ I 73]
\ N | /)
\ N V)

AN . e /
N N e /
~ - 4 /
25
56
56
1 280 - 60 - Fe310 - 1 2.263
NO.OFF STOCK SIZE SEMI-PRODUCT MATERIAL PROJECT NO. PART NO. EX. NO.
SCALE 1:1 DEVIATIONS =+ 0.1° |TIME : 25Hrs

CODE NO. DMN2263E2
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Job Sequence

Check the raw material.
Hold the job in 4 jaw chuck and face the end

Calculate the maximum size of the squareness possible
ingivenroundrod.

Resetand face the other end and maintain total length
of job to 56 mm and remove the job from chuck.

Set the job in V' block and mark centre line of the job
with help of vernier height gauge.

Rotate the job to set vertical position of centre line with
help of try square.

Set vernier height gauge 26 mm above the centre line
with help of try square.

Scribe the horizontal line.

Follow the same procedure for marking other sides.

Punch the witness mak of the square.
Hold the job in 4-jaw chuck in vertical position.

Setwitness mark to parallel of the chuck face and face
the job.

Follow the same procedure for other sides.

Maintain the measurement side of the square is
56 mm.

Make centre drill, pilot drill and 18 mm drill
simultaneously.

Enlarge the hole by bring to 20 mm and step bore 30 x
30 mm length.

Cutgroove as per drawing withhelp of grooving tool.

Check the dimensions.
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Capital Goods & Manufacturing Exercise No 1.8.60-1.8.63
Draughtsman Mechanical - Allied trade - Turning

Cut a round box in the power hacksaw machine to the required size

Objective(s): At the end of this Ex: you shall be able to
* marking the square in round rod
* boring and recessing.

Check the raw material.(Fig 1) Face the otherend andlengthis equal to side of the square.
(Fig4)
Fig 1 |
Fig 4
] S _ -
Q

60

DMN2264H1

Set the job. (Fig 2)

Fig 2

DMN2264H4

Apply the marking media and set 'V’ block marking the side
of square and punch witness marks. (Fig 5)

DMN2264H2

Facing one end of the job. (Fig 3)

Fig 5

Fig 3

N 58
— f——

AT
i

TUN1334H5

DMN2264H3

Micrometer

Objective(s): At the end of this Ex: you shall be able to
« different parts of micrometer
* how to work.

TASK 1: Draw the below shown micrometers & mention its parts

A micrometeris a precision instrument used to measure a Micrometers used to take the outside measurements are
job, generally within an accuracy of 0.01 mm. known as outside micrometers. (Fig 1)
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Fig 1

RATCHET STOP

THIMBLE

BARREL/SLEEVE

SPINDLE LOCK

FRAME

DMN2264J1

TASK 2: Draw and identify the parts of a vernier caliper

Avernier caliper (Fig 2)is a precision measuringinstrument.
It is used to measure upto an accuracy of 0.02m.

Fig 2

2 :3 6
7
[ AT o

DMN2264J2

Movable Jaws (3 and 4)

Movable jaws are partofthe vernier slide. Onejawis used
for external measurements, and the other for internal
measurements. (Figs 3 & 4)

SI. No Parts Name Use

N[O o WwN (=

Depth bar (5)

The depth bar is attached to the vernier slide and is used
for depth measurements. (Fig 5)

Fig 5

DMN2264J5

Fig 3

DMN2264J3

Fig 4

SI. No Parts Name Use

N O WIN [

DMN2264J4

Hacksaw

Objective(s): At the end of this Ex: you shall be able to

* identify the parts of a hacksaw frame specify hacksaw blades.

TASK 1: Draw the following figure

Ahacksaw blade is a thin narrow steel band with teeth, and
two pin holes at the ends. Itis used along with a hacksaw
frame. (Fig 1) The blade is made of either low alloy steel

(LA) or high speed steel (HS) and is available in standard
lengths of 250 mm and 300 mm. (Fig 2)
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Fig 1 FRAME LENGTH Fig 3

ADJUSTMENT

PITCH
HANDLE
f RETAINING PIN
= (=

2
ADJUSTABLE BLADE HOLDER FIXED BLADE &
_ g
WING NUT HOLDER g g

g
o [=}

=z

=

[=]

SI. No Parts Name Use
Fig 2
CENTRE LINE
SIDE Z#"" | “PINHOLE
BACK EDGE

DMN2264X2

N[O O W IN| -

Pitch of the Blade (Fig 3)

The distance between adjacent teeth is known as the
‘pitch’ of the blade.

Caliper

Objective(s): At the end of this Ex: you shall be able to
* name the commonly used calipers.

TASK 1: Draw the following figure

Inside calipers (Fig 1) Jenny calipers (Fig 3)

Fig 1 Task for calipers.
Fig 3
Outside calipers (Fig 2) Sl. No Parts Name Use

Fig 2 1
2
3
4
5
6
% 7
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Facing and turning the box as per dimensions

Objective(s): At the end of this Ex: you shall be able to

* true the work piece on a 4 jaw chuck

» face the work piece to the required length to an accuracy of £0.5 mm
e plain turn and step turn to an accuracy of 0.5 mm

» disassemble chuck and mount driving plate

* prepare and mount work between centres

¢ taper turning by offset method

* measure with outside calipers and a steel rule.

TASK-1

TASK-2

TASK-3

@30+0.05

75+0.5

228105
|
|

218105

50

70£0.5

#28+0.5

|

|

\

|

|

|
SaN

A1

12105

318105

FACEB 50+0.5

70£0.5

All over
N7/

All over
N7/

All over
N7/

A25x5318:2473

FACE A

SCALE NTS

=0

FACING, PLAIN TURNING,
STEP TURNING AND TAPER TURNING

DEVIATIONS
AS SPECIFIED

TIME 25h

CODE NO. DMN2264E1
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PROCEDURE

TASK 1: (Fig 1)

Facing and plain turning

Check the raw material

Hold the jobin a 4 jaw chuck about 50 mm outside and
true it.

Face one end.

Turn ¢ 30 to about 40 mm length.

TASK 2: (Fig 2)

Step turning

Check the material size.
Hold the job in the 4 jaw chuck and true it.

Hold the facing tool in the tool post to the correct centre
height with proper packing pieces.

Run the job with suitable spindle speed and face one
end of the job.

With the help of a straight turning tool, turn the job to 28
mm diameter, to possible length.

TASK 3: (Fig 3)

Taper turning by offset method

Checkthe components for dimensions by using vernier.
Hold the work in 28 Dia end.

Mount the drill chuck in tailstock end.

Mount suitable centre drill securely in the drill chuck.
Set the lathe to about 1000 r.p.m

Do centre drill on face A (Refer skill information)

Reverseload on 18 Diaendin4jaw chuck and do centre
drill on face B.

Remove the 4 jaw chuck.

Fitdrive plate with dead centre and use a suitable carrier
for 28 dia.

Reverse the job and reset it, holding on ¢ 30 mm.

Face the other end to a total length of 75 mm +0.5, and
turn the outer diameter ¢ 30 mm.

Check the dimension with a steel rule and calipers.

Deburrthe workpiece.

Turnthe step having 18 mm diameter to 50 mmlength.

With the help of a side knife tool turn the shoulder at
rightangle.

Reverse the job and hold in the chuck and true it.

With the help of a facing tool, face the job to get the
required 70 mm length after running the job with a
calculated spindle r.p.m.

Turn to ¢ 28 mm.
Deburrthe sharp edges.

Align tailstock centre with dead centre atthe head end.
Calculate the tailstock offset using the offset formula.
(Refer skill sequence)

Offset the tailstock body to the required/calculated
offset.

Turn the taper for a short length.
Check the taper angle for accuracy.
Continue taper turning and finish.

Deburrthe sharp edges.
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Capital Goods & Manufacturing Exercise No 1.8.64-1.8.68
Draughtsman Mechanical - Allied trade - Machinist

Plain milling

Objective(s): At the end of this Ex: you shall be able to

operate the different controls of a plain milling machine/vertical milling machine
set the job in the machine vice for machining

mount a slab milling cutter/face milling cutter on the arbor

layout the job as per the drawing using a vernier height gauge

check the level and squareness of the job using a trysquare

remove the cutter and the arbor from the machine spindle.

All over
N9 /

SQ 60

405

SCALE 1:1 DEVIATIONS 0.1 TIME 15h

PLAIN MILLING

5 @ CODE NO. DMN2265E1
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Milling a slot

Objective(s): At the end of this Ex: you shall be able to

* mount a side and face milling cutter/end milling cutter
* set the job in the machine vice for machining

* check the width of the slot using a vernier caliper

* check the depth of the slot using a vernier depth gauge.

20 20

N9

23

405

60

60

SCALE 11

O

MILLING A SLOT

DEVIATIONS 0.1 TIME 10h

CODE NO. DMN2265E2
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PROCEDURE

TASK 1: Plain milling

Check the raw material for the correctness of the size.
(Deburr, if necessary)

Align the machine vice with reference to the column
using a dial indicator.

Mounta ¢ 27 long arbor and slab milling cutter of ¢ 63
x 90 x 27 bore for the horizontal milling machine.

Set the r.p.m of the cutter to 100 min-'

Mounta ¢ 27 stub arborand a shell end mill cutter of size
¢ 63 x40 x 27 bore for the vertical.

Set the r.p.m of the cutter near to 100.

TASK 2: Milling a slot

Check the dimensions of the block 60 x 40.5.

Mark the dimensions as perdrawing and punch witness
marks.

Hold the job on the machine vice using parallel blocks.

Mount the side face milling cutter 100 x 12 x 27 in the
centre of the arbor and set the spindle speed to 100
r.p.m.

Align the workpiece with reference to the cultter.

Mill the slotin the middle of the job giving a depth of cut
of 4 mm upto a depth of 21 mm. (Fig 1)

Fig 1

21

DMN2265H1

Shaping a rectangular cast iron block

Offsetthe job towards the column by 4.0 mm (Fig 2) and
mill the width to 16 mm to a depth of 23 mm.
(Fig 2) Offsetthe job away from the column by 8 mmand
mill the slot to 20 mm wide and 23 mm deep.
(Fig3)

Hold the workpiece in the vice and align the milling
cutter for machining.

Mill one of the six sides flat.

Bring the milled side against the fixed jaw and place a
round rod between the movable jaw and the side
opposite to the milled side as you did for shaping Ex:
and mill the second side.

Follow the procedure of holding similar to that of
shaping Ex:.

Machine the block, check the right angle and size using
tri-square and vernier caliper.

Fig 2

16

DMN2265H2

Fig 3

20

DMN2265H3

Check the size of the slot
Deburrand measure.

Objective(s): At the end of this Ex: you shall be able to

mark and punch the outline cast iron block

align a machine vice on the shaper table in position

fix workpiece in machine vice
select and fix the tool on the tool head
set shaper for machining

shape flat horizontal surfaces within an accuracy of * 0.2 mm

check flatness and squareness with a try square (R)

check dimensions with a vernier caliper (R).

230
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1005

205

165

All over
N10

SCALE 1:1

SHAPING A RECTANGULAR CI BLOCK

O

DEVIATIONS 0.1

TIME 15h

CODE NO. DMN2265E3

Slotting steps in a cast iron block

Objective(s): At the end of this Ex: you shall be able to
* slot external faces to an accuracy of * 0.1 mm on a slotting machine.

CG&M : D’man mechanical (NSQF Revised -2022) - Ex: 1.8.64-1.8.68
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205

16.5

20

100.5

20

SCALE 1:1

=0

SLOTTING STEPS IN A Cl BLOCK

DEVIATIONS #0.1 TIME 10h

CODE NO. DMN2265E4

TASK1:

» Clampthe machine vice securely onthe machine table.
* Fix the tool in the tool post.

* Removescalesonthejobbyfiling,emeryand cleanthe
surfaces.

e Checkdimensions

* Keep surface 'D' on the parallel block. Clamp the job.
Ensure that the parallel block does not move.

» Shape surface 'A' flat to a depth of 2 mm. (Fig 1)

» Keepsurface'A'againstthe fixed jaw and surface 'E'on
the parallel.

Fig 1

I i
TOOLS TO BE USED

d J U

L.H.TOOL L.H.TOOL R.H.TOOL
1. STRAIGHT ROUGHING TOOL 2. CRANKED ROUGHING TOOL

DMN2265J1
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* In the middle of the surface D, a round rod is kept
between the job and the movable jaw for line contact to
avoid lifting of the job.

» Shapesurface 'B'atrightangle to surface'A' (Fig2) by
removing about 2 mm material.

Fig 2

/A

18.5

w]
DMN2265J2

» Clean and apply suitable marking medium all over the
surfaces.

» Keep surfaces 'A' on surface plate and scribe lines on
faces B and E to a height of 15.5 mm using a vernier
heightgauge.

» Keep the surface 'B' on surface plate. Scribe lines
surface A and D to a height 20.5 mm.

» Punch markwith prick punch all along the scribedlines
at equal distance.
» Keep surface 'A' on the parallel blocks.

» Shape surface ‘D' maintaining a size of 15.5 mm.
(Fig3)

Fig 3

DMN2265J3

» Keep surface 'B' on the parallel blocks.

» Shape surface 'E' maintaining a size of 20.5 mm.
(Fig4)

Fig 4

T e

(v}
15.5
AN
?“

DMN2265J4

» Keep surface 'D' on the parallel blocks.

» Set the work, projecting it atleast 10 mm (x) from the
sides of the vice. (Fig 5)

Fig 5

N\

20.5

AR

DMN2265J5

» Usealefthand cranked tool and shape surface 'C'toa
depth of 2 mm. (Fig 6)

Fig 6

RAM MOVEMENT

VICE JAW — < |
A ¢
WORKPIECE VICE JAW

DIRECTION OF

DMN2265J6

» Keep surface 'C' on surface plate and scribe line at a
heightof 100.5 mm with vernier height gauges onfaces
Aand E.

*  Punch mark with prick punch on the lines.
» Keep surface 'D' on the parallel blocks.

» Setthe work projecting it atleast 10 mm from the sides
of the vice.

* Use a right hand cranked tool and shape surface 'F'
maintaining dimension 100.5. (Fig 7)

Fig 7

DMN2265J7

» Check the raw material for its size.
Mount and align the job on the circular table.

* Grind the tools as in Fig 8.

Fig 8
TOOLS TO BE USED

GRIND ROUGHING TOOL

DMN2265J8
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» Slotthe surfaces A,B,C,D,E and F flat and square for
reference. (Fig 9a)

» Mark and punch the outline using a surface plate and
height gauge. (Fig 9b)

Fig 9

D

(a) (b)

DMN2265J9

» Align the slotting tool for slotting.
+ Set the stroke length and position of the ram.

« The shaded portion is to be removed by slotting.
(Fig 10a)

* Align surface B along with the table using a dial
indicator. (Please note that clamp (y) is temporary).
(Fig 10b)

Fig 10

DMN2265PA

* Addclamp (z), and remove clamp (y). (Ensure thatthe
setting is not disturbed). (Fig 11)

Fig 11

DMN2265)8

Planning a rectangular block

Remove the material using a roughing tool, keeping
around 1 mm (allowance) for the finish cut. (Fig 12)

Fig 12

=15

iR 0]
(x) (2) g

Slotthe step using afinishing tool maintaining dimensions
and slot the corner using a cornering tool.
(Fig13)

Fig 13 605

(oaoa)

B

=1

15.5
7.5

—8

[
&

DMN2265JD

(x) ()

Change the setting for machining the other corner.
Repeat the earlier steps to slot the step maintaining.
(Fig14)

Fig 14

o

15.5
7.5

DMN2265JE

Objective(s): At the end of this Ex: you shall be able to
mount the vice on the machine table

clamp the workpiece in the machine vice
mount a straight tool in the tool post

align the vice jaws parallel to the direction of table travel

adjust the stroke length and position to suit the work piece
plane all the surfaces at right angles to each other and achieve the dimensions within the limits of £ 0.15 mm.
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N10
o
%
@
75j512 SIZE ES/les Elei
290js12 +0.260 -0.260
N10
95js12 +0.175 -0.175
75js12 +0.150 -0.150
TOOL TO BE USED
[ e
——
o
_‘(Z‘ I —
2
N
®
N~
N10 ROUND NOSE TOOL
SCALE NTS DEVIATIONS 0.1 TIME 15h
PLANING A BLOCK
Er@ CODE NO. DMN2265E5
Job Sequence
* Check the raw material size for correctness. (Fig 1) » Bring the tool just to touch the top surface of the work

Fig 1 .
» Clampthejobinthe vice whichis aligned to the machine °
table. .

» Clamp a left hand roughing tool in the tool head. .

» Adjust the stroke length tool in the tool head.

» Confirm that the tool point does not hit the work when
the table is moving.

and note the reading of the graduated collar.
Take the tool away from the work surface.
Apply 2 mm depth and start the table movement.

Apply cross-feed by hand approximately 0.5 mm/
stroke, rough cut and complete the surface (A).

Apply 0.8 to 1 mm depth of cut and finish the machining
of surface (A). Apply manual feed.

Deburrthe job.

Re-clamp the job such that the machined surface is
against the fixed jaw and the surface ‘B’ is on top.

Machine the surface (B).

De-clamp the job and deburr the same.

Clamp the job such that the machined surface (A) is
resting on the parallel block and surface (B) is against
the fixed jaw.

CG&M : D’man mechanical (NSQF Revised - 2022) - Ex: 1.8.64-1.8.68 235



Ensure that the parallel blocks are not sliding

Ensure that the tool head position is vertical.

or moving.

Machine surface (D) and maintain 75 mm.
De-clamp and deburr the job.

Keep the surface (B) on the parallel blocks and tighten
it to the machine surface (E).

Finish machine surface (E) maintaining 95 mm. Check
squareness using a try square.

De-clamp and deburr the job.
Clamp the job for planning surface (C).

Set the length and position of stroke.
Machine surface (C) manually by vertical feed.

Check the squareness of surface (C) with respect to
(A) & (B).

If squareness is out of limit, adjust the tool head
to correct vertical position.

De-clamp and deburr the job. (Fig 4)

See that surface (C) is projecting out of the
edge of the vice about 10 to 15 mm (x). (Fig 2)

Fig 2

VICE JAW — ||
A ¢

——— 7

WORKPIECEj \— VICE JAW

DIRECTION OF
RAM MOVEMENT

(

DMN2265X2

Tighten the right hand cutting tool in the tool post.
(Fig3)

Fig 3

DMN2265X3
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Fig 4

DMN2265X4

Change the position of the job to machine surface (F).

Repeat the machining procedure and maintain the
dimension 290 mm.

De-clamp and deburr the job.
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Capital Goods & Manufacturing

Exercise No 1.8.69-1.8.70
Draughtsman Mechanical - Allied trade - Sheet metal

Mark and cut sheet metal

Objective(s): At the end of this Ex: you shall be able to

flatten a metal sheet using wooden mallet

transfer dimensions from steel rule to wing compass

mark parallel lines using "L’ square

mark curved lines using wing compass

cut sheet metal as per marking straight lines and curved lines.

10

15

75
20

25

160

65

120

SCALE NTS

5O

MARK AND CUT SHEET METAL
- IN A STRAIGHT LINE
- IN A CURVED LINE

DEVIATIONS 0.5

TIME 10h

CODE NO. DMN2266E1
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Making rectangular tray with corner double seam

Objective(s): At the end of this Ex: you shall be able to
* develop a rectangular tray by the parallel line method
* sheet metal to shape and size using straight snips
* make single hemming using a Tinman's anvil
* bend the sheet to 90° using a Tinman's anvil.

v

165
75

40

40

120

— ——— BENDING LINE

CORNER DOUBLE
SEAM JOINT

EDGE 5mm
HEMMING OUTSIDE

<

SCALE NTS

=HO

MAKING RECTANGULAR TRAY
WITH CORNER DOUBLE SEAM

DEVIATIONS £0.5

TIME 15h

CODE NO. DMN2266E2
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PROCEDURE

TASK 1:

» Check the size of the sheet steel as per sketch using
a steel rule.

* Level the sheet on the workbench on a bench stake
using a mallet.

* Mark a rectangle on the sheet metal as per sketch
using 'L' square, steel rule and scratch awl.

» Setthe steelrule on the outline of the sheet for 25 mm.

* Mark off two 'V' marks at 25 mm from each long side.

TASK 2:

» Checkthe size of the rectangular sheet as per sketch,
using a steel rule.

* Levelthe sheet on a levelling plate using a mallet.

» Attach another sheet for making the larger curve.

e Transfer the measurement from the steel rule to the
wing compass for the desired radius.

TASK 3:

» Checkthesize of sheet as persketch using a steel rule.
» Level the sheet on the levelling plate using a mallet.

» Develop the tray by the parallel line method.

» Cut the sheet as per lines by straight snips.

» Cut the corners by straight snips.

» Bendallthefouredges marked "A'in Fig 1 downwards
(bend has to appear outside the box after folding the
box) to 180° upto the dotted line (P). (Fig 2)

Fig 1

DMN2266H1

DETAIL 'M'

DMN2266H2

» Scribe a line through the 'V' marks, throughout the
length of 150 mm.

* Markotherlines20 mm, 15mm, 10 mmand 5 mm apart
from each other.

* Hold the sheet by the left hand.

* Cut the sheet by the right hand on the line, using
straight snips.

* Mark the first curved line on the sheet.
* Mark 10 curved lines equidistant, 6 mm.
» Cuton the marked curved lines by bend snips.

« Start cutting the curved lines always from the nearest
edge with the straight snips.

Bend allthe fouredges marked "B'in Fig 1 as stated below:

— Firstfold the portionmarked "X'in Fig 3 upwards (inside
the box) to 180°.

Fig 3

DETAIL 'N'

DMN2266H3

— Thenbendthe portion marked "Y'in the same direction
to 90°. (Fig 4)

Fig 4

DMN2266H4
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Use a small metal piece inside the first fold

while folding “Y".

Make a single hemming on the four sides tray.
Bend the four sides to 90° using a Tinman's anvil.

Join the four corners by double seam joint. (Fig 5)

Hand tools for Sheet metal (Figs 1 to 8)

Fig 1 WOODEN HANDLE

HEAD
(COPPER BIT)

EDGE 2
£
SOLDERING IRON (HATCHET TYPE) g
w
I .
Fig 2 TRAM OR HEAD
WOODEN BEAM i
BEAM CLAMPING SCRE {
SPECIAL BOWED SCRIBER
(SEE ACCURATE SETTING)
FINE ADJUSTMENT SCREW e
S
E
w
Fig 3 '
' 5
g
STRETCHING HAMMER =
w
Fig 4
FACE OF BLADE PIVOT _
OVER ALL LENGTH §
=
w
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Fig5 U
o
I
[ ) :
§
TOP VIEW OF THE BOX é
o
Fig5
B B
B
B K5
R 1555508
k] B
] T
CENTRE PUNCH
DOT PUNCH PRICK PUNCH
= 8
8
SOLID PUNCH HOLLOW PUNCH S
iz
Flg 6 CLAMPING BEAM
FOLDING BLADE
BEAM
OPERATING BED
CAM
END FRAME
PEDESTAL
RADIUS
ADJUSTING
SCREW
FOLDING BEAM "
S
FOLDING HANDLE %
3
Fig 7
FACE OR HEAD OR HORN
SHANK OR BODY
HEEL
o
5
g
ROUND BOTTOM STAKE s
w

CG&M : D’man mechanical (NSQF Revised -2022) - Ex: 1.8.69-1.8.70




Fig 49

LAZY TONGS

TOOL WITH AUTOMATIC FEED

BLIND RIVETTING EQUIPMENT

RIVETTING PLIERS LEVER HAND TOOL

PNEUMATIC HAND PNEUMATIC BLIND

RIVETTER

SM12014E

A.C. Welding transformer (Fig 13)

Hand tools for Welder
Electrode holder (Fig 9)

ELECTRODE HOLDER

EDN131351

Earth clamp (Fig 10)

Fig 13

CURRENT REGULATOR
(FINE)

CURRENT REGULATOR
(COARSE)

A.C WELDING (OUTPUT)
FOR WELDING

PRIMARY CABLE FROM MAIN SUPPLY

A.C WELDING TRANSFORMER

EDN131355

Cable attachments (Fig 14)

Fig 10

EDN131352

| Fig 14

EARTH CABLE

CABLE ATTACHMENTS

EDN131356

Work cable attachments (Fig 11)

Fig 11

SCREW CLAMP

SPRING LOADED CLAMP

WORK CABLE ATTACHMENTS

EDN131353

Cutting torch (Fig 15)

Fig 15

EDN131357

Googles (Fig 12)

Fig 12

EDN131354

EDN131358

CG&M : D’man mechanical (NSQF Revised -2022) - Ex: 1.8.69-1.8.70

241




Capital Goods & Manufacturing Exercise No 1.8.71-1.8.73
Draughtsman Mechanical - Allied trade - Welding

Setting up of arc welding plant

Objective(s): At the end of this Ex: you shall be able to

* operate the controls of arc welding machines safety and in sequence

« select the cables, electrode-holders and earth clamps of the right capacity
e connect the cables with the welding machine and the job

« start and stop the arc welding plants.

ELECTRODE HOLDER
/ MAIN SWITCH

WELDING POWER
SOURCE

)

)

CURRENT
REGULATOR

)

HOOK FOR KEEPING
ELECTRODE HOLDER

EARTH CONNECTION

WELDING
CURRENT

WELDING TABLE

EARTH CABLE

ELECTRODE CABLE

SCALE NTS DEVIATIONS TIME 5h

SETTING UP OF ARC WELDING PLANT

E @ CODE NO. DMN2267E1
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PROCEDURE

TASK 1: Setting up arc welding plant

Check the welding machine and other accessories as
per drawing.

Connect the welding machine to the power supply.

Be sure that the main supply switch and the
welding machine are properly earthed.

Start the welding machine and check its functioning.

Check and ensure the welding cables, electrode, and
earth are without any loose connection.

Connect the earth cable to the welding table or work
using the earth clamp.

Hang the electrode-holder on an insulated hook pro-
vided near the welding table.

Place portable screens around the welding table for
the safety of others.

Clean and replace broken/spattered filter and plain
glasses of the welding screen.

Skill sequence

Remove all the combustible materials near or around
the welding area.

Check that the welding accessories such as chipping
hammer, steel wire brush, tong and chipping goggles
are in working condition.

Wear safety apparels (such as leather apron, gloves,
sleeves, leggings, jacket, shoes and cap) to ensure
personal safety.

Welding cables should be connected with the right
terminals of the machine.

The main switch, welding cables, electrode-holder
and earth clamp should be of the required capacity.

Electricity is a good servant but a bad master.

Ensure that the connection of the welding
plant is done by a qualified electrician.

Operating the controls of arc welding machines

Objective(s): This shall help you to
» operate the controls of the arc welding machines safey
* connect the welding cables with the welding machine and job
 safeguard yourself against work hazards
* start and stop the arc welding transformer, generator and rectifier.

Arc welding machines are designed to get suitable current
forwelding purposes. (Fig 1)

Fig 1

ELECTRODE HOLDER

ELECTRODE CABLE
EARTH CLAMP

WELDING TABLE
WELDING JOB

DMN2267H1

Connect the welding machine to the main supply as
follows:

Install the welding machine near the main supply,
keeping the mains supply wire as short as possible to
avoid electrical power losses.

Call a skilled electrician for permanent connections to
the main supply since it carries dangerously high
voltage.

Ensure that the main switch fuses and power cables and
cable lugs are of the required capacity.

Ifthe main supply connectionis of the plug type, the welder
can himself connect the main supply.

Check the operation of the main switch.

Check the operation of the current regulator.

Check the operation of the on/off switch.

Connect the welding cables with the welding
machine and job.
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Welding cables are used to carry the welding current from
the welding machine to the electrode-holder and job.

— Inspect the electrode and earth cables for damage of
the insulations.

— Inspect the electrode-holder and the earth clamp for
theirfunctions.

The welding cables, electrode holder and earth clamp
should be of required capacity.

Connect the electrode and earth cables to the welding
machine terminals tightly. (Fig 2)

Fig 2

SWITCH OFF BEFORE
MOVING MACHINE OR
CONNECTING CABLES

PROVIDE AMPLE AIR
CIRCULATION AROUND
WELDING MACHINE

PROTECT CABLES

EQUIPMENT SAFETY

Never keep the electrode-holder on an
uninsulated welding table.

Wear safety apparels. (Fig 5)

Fig 5

HELMET

LEATHER
JACKET

LEATHER
GLOVES

LEATHER
APRON

SLEEVES

DMN2267H5

SHOES

DMN2267H2

Ensure that the cables are with the right terminal and the
main supply switch is ‘off ‘.

Connect the other end of the earth cable with the welding
table or work tightly using the earth clamp. (Fig 3)

Fig 3

w‘ENCH

&
W

DMN2267H3

CLAMPED

GROUND CABLE
BOLTED

METHOD OF ATTACHING GROUND CABLE

TACK WELDED

Always use suitable lugs for cable connections. (Fig 4)

Fig 4

D

DMN2267H4

CABLE ATTACHMENTS

Place the electrode-holder on an insulated hook provided
near the welding table.

Safety apparels are designed to protect the welder from
welding dangers.

Use acovered welding booth or portable screenaround the
arc welding table for the safety of other workers.

(Fig6)

DMN2267H6

Check the coloured and cover glasses of the welding
screenfordamage.

Replace heavily spattered and cracked glasses.

Use coloured glasses of a proper shade.

Starting and stopping of arc welding machines
Switch ‘on’ the main supply of the welding transformer.

Startand stop (2-3 times) the welding transformer using the
On/Off switch provided with the machine.

Switch ‘on’ the main supply of the welding generator.
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Start and stop (2-3 times) the welding generator using Switch ‘on’ the main supply of the welding rectifier.

start-delta-starter provided with the machine. Startand stop the welding rectifier 2-3 times using the On-

Putthe starter ‘on’ star, waitfor afew seconds and then put Off switch provided with the machine.
the switch in delta position to avoid damage to the
machine.

Straight line beading on M.S. plates in flat position (arc)

Objective(s): At the end of this Ex: you shall be able to
 strike and maintain electric arc to start the weld without freezing the electrode with the job
* deposit uniform straight bead in flat position
* clean the slag and spatter from the weld bead using a chipping hammer and wire brush
* inspect deposited beads and ensure that they are
— of uniform width and height
— free from weld defects.

SCALE NTS DEVIATIONS TIME 5h

STRAIGHT LINE BEADING ON M.S.
S@ PLATES IN FLAT POSITION (ARC)

CODE NO. DMN2267E2
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TASK 1:

» Cleanthe plate surface (job) with a steel wire brush and
file.

» Layoutparallel lines on the job surface as per drawing
and mark with a centre punch.

» Set the plate on the welding table in a flat position.

Ensure the plate is well grounded with the
welding table.

» Wear protective clothing (safety apparels).

Ensure the filter glass of screen is in order.

* Fixa4 mm ¢ M.S electrode in the holder.
» Ensure the jaws of the electrode-holder are clean.

+ Set the welding current to 150 to 170 amps
approximately and start the welding machine.

» Connecttheelectrode cable with the negative onthe DC
machine.

» Strike the arc on a scrap piece for trial and observe the
current setting.

Ensure the burning of the electrode is normal.

» Readjust the welding current if it is necessary.

» Depositstraight line beads on the workpiece along the
punched line from one edge to the other.

The run length per electrode (of 400 mm
length) may be 230 mm.

* Remove slag from the weld bead using a chipping
hammer and clean with a steel wire brush.

Use a chipping screen while de-slagging.

* Inspectdeposited beads for:

uniform width and height
— straightness

— uniformripples

— slaginclusion

— overlap

— unfilled crater

Striking and maintaining of arc and laying short length beads

Objective(s): This shall help you to

» set welding current conditions on the welding machine
« strike and maintain the arc by the scratching and tapping methods

¢ lay short length beads.

Striking the arc is a basic action throughout the welding
operation.

It will occur every time the welding is to be started.
It is an essential basic skill to learn arc welding.
Setting welding current conditions

Select the electrode size as per the thickness of the metal
to be welded or as recommended. (Table 1)

TABLE1
Plate Electrode Current
Thickness Size Range
in mm (aprox.) @ mm (amperes)
1.6 1.6 40- 60
25 25 50- 80
4.0 3.2 90-130
6.0 4.0 120-170
8.0 5.0 180-270
25.0 6.0 300-400

The electrode size (dia.) should not be more than the
thickness of the metal to be welded.

Use M.S. electrodes 4.0 mm @ and 3.15 mm g.

Setthe welding currenton the welding machine as perthe
electrode size to be used, using a current regulator.

— Ford.0mmg =140-150 amps

— For3.15mm g =100 - 125 amps

Connect the electrode to negative if the machineisa DC.
Striking/maintaining of arc

| Ensure safety apparels are worn.

Fix the electrode in the holder.

Hold the electrode about 30 mm above the job piece atone
end at 75° angle to the surface line. (Fig 1)

Scratching method (Fig 2)
Bring the welding screen in front of your eyes.

Strike the arc by dragging the electrode quickly and softly
across the welding job using wrist movement only.
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Fig 1 Fig 3
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Laying short beads (Fig 4)
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Withdraw the electrode app. 6 mm from the surface for a Deposit short beads of 20 - 25 mm length by

few seconds and then lower itto approx. 4 mmdistance to — feeding down the electrode to the weld pool ata uniform
maintain the arc. rate

Strike the arc by moving the electrode down to touch the — movingin straightline 20 - 25 mm distance with uniform
job surface lightly. speed

Move the electrode up slowly approximately 6 mm forafew — holding the electrode of 70 - 80° angle with the weld line

seconds and then lower itto approximately 4 mmfrom the

e — breaking the arc quickly at the end of the short bead.
surface to maintain a correct arc.

The tapping method is mostly recommended
as it does not put pit marks on the job surface.

If the electrode freezes (sticks) to the plate,
it should be immediately freed by a quick
twist of the wrist to avoid its overheating or
spoiling. (Fig 3)

Straight line beading on M.S plate in flat position

Objective(s): This shall help you to

» prepare and set job pieces for straight line beading

* deposit straight line beads on M.S plate in flat position
* inspect the welded beads for surface defects.

Introduction You may find difficulty in maintaining a steady arc length
for the entire length of the weld and the beads may likely

These beads are similar to those described in the previous be uneven in width and height.

Ex: except that they are longer.
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Practice will make you perfect.

Preparation and setting of job piece (Fig 1)

Fig 1

DMN2267J1

Prepare a M.S. plate piece 100 x 10 x 150 by hand using
a hacksaw and file.

To get a straight line bead a punched line will be of much
help. The distance between the lines can be 15 mm.

Set the job on the welding table in a flat position with the
punched surface facing up.

The job surface should be perfectly clean.
Good electrical contact between the job and
the welding table is a must.

Deposition of straight line beads

Selecta4.00mmgM.S. electrode and set150- 170 amps
welding currentin range.

Connect the electrode to the negative on the DC welding
machine.

Always follow the current range according to the diameter
of the electrode.

Checkfor proper melting of the job and electrode onascrap
piece.

Hold the electrode atan angle of 70° to 80° with weld line/
punched line. (Fig 2)

Fig 2

DIRECTION
OF WELDING

oooop

70°-80°

DMN2267J2

ELECTRODE ANGLE WITH WELD LINE

Deposit straight line beads taking the punched lines as a
guide maintaining: (Fig 3)

— the medium arc length (i.e. 3 mm length)
— correcttravel speed (approximately 150 mm per minute)

— correct electrode position.

Fig 3

DMN2267J3

The electrode should be moved towards the job to maintain
a3 mmgap between the tip of the electrode and the molten
pool. (Fig 4)

Fig 4

@) (b)

=)
vy )/ 2, 7

_ by \)
m— 7 TN

D=L L<D

DMN2267.J4

Welding screen glasses should be clean enoughto see the
arc action on the molten pool and punched line mark.

Listen to the arc’s steady sharp crackling sound while
welding. It indicates uniform burning of the electrode.

Adjust the travel speed by watching the electrode melting
rate and flowing through the molten pool to form the
deposited metal. The uniform travel speed along and
towards the line of the weld gives a uniform bead.

Cleaning and inspection of weld beads: Remove the
slag and spatters from the weldment using a chipping
hammer and wire brush, so that the metal surface of the
bead is exposed for checking for any defects.
(Figs 5 & 6)

Fig 5

CHIPPING HAMMER

DMN2267J5
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Fig 6

WIRE BRUSH

DMN2267J6

REMOVE ALL SLAG AND SPATTER

Use chipping goggles during slag removal.

Hold the hot job with a pair of tongs.

Inspectthe deposited beads and note any variation in the:
— width and height

— depthoffusion

— length of run or straightness

— surface defects such as slag inclusion,
porosity etc.

Laying of weaved beads on M.S. plates in flat position

Objective(s): At the end of this Ex: you shall be able to

restart and end the bead without crater defect

inspect to ensure the welds are:
— of the specified size
— free from defects.

deposit uniform beads by weaving the electrode within 2 marked lines in flat position
maintain the required arc length, electrode travel speed and angle

ensure that the deposited bead conforms to the specified size and is defect-free by inspection

SCALE NTS

O

LAYING OF WEAVED BEADS ON
M.S.PLATES IN FLAT POSITION

DEVIATIONS TIME 5h

CODE NO. DMN2267E3
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TASK 1:

» Prepare the job to size as per drawing.

Ensure the job piece is free from oil, grease
etc. before grinding.

» Clean the job surface with a steel wire brush and by
grinding the edges.

* Markparallellines onthe job surface as per drawing for
depositing weave beads and punch.

» Set the workpiece (job) on the welding table in a flat
position.

» Wear protective clothing (safety apparels).

* Inspectthe welding screen glasses for spatters and for
suitable shade number.

+ Setthe welding currentbetween 150 - 170 amps for 4
mm g M.S. electrodes.

» Observe the electrode burning rate on a scrap piece
and readjust the current, if necessary.

» Depositthe weaved beads onthe workpiece between
the punched lines from one end to the other.

* Restart the weld whenever the arc is put off or when

changing electrode or otherwise.

» Stop weld in the end and fill up the crater.

» De-slag the weld bead using a chipping hammer and

clean with a steel wire brush.

Use chipping goggles and tongs during

deslagging.

* Inspectthe deposited weaved beads for:

— uniformwidthand — overlaponsides of
height weld

— slaginclusions — unfilled crater

— straightness ofbeads — restarting defects.

uniformripples

* Repeatthe Ex:till you produce uniform weaved beads,

with correct restarts and stops.
(Referto Skill Information)

Laying of weaved beads on M.S plate in flat position for different joints

Objective(s): This shall help you to

 grind the M.S plate on a pedestal grinder to correct size safely
* deposit uniform weaved beads in flat position of corner joint and single ‘V’ butt joint

« restart and stop the beads without defects.

General job information: Itis often necessary to deposit
wider beads than those deposited as per the previous Ex:
(straightbeads).

Weaved beads are required while welding deep groove
joints (Fig 1) and multi-pass welds.

Fig 1

DMN2267K1

Grinding: The plates supplied for practice are either gas
cutplates orsheared plates with irregularedges. Tomake
the edges straight, they are ground to form square usinga
grinding machine.

While grinding, wear gloves, grinding goggles
and ensure the gap between the work-rest and
the grinding wheel is less than 3 mm.

Do not lean on the grinding machine to give

more pressure to the job.

Check the squareness of the edges with a try square.

Deposition of weaved beads in flat position

Prepare M.S. plate piece 100 x 10 x 150 with punched lines

15 mm apart for laying weaved beads. (Fig 2)

Fig 2

s

1o

N

:

DMN2267K2
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Ensure 150 - 170 amps current setting for a
4.00 mm g M.S. electrode.

Position the electrode with the weld line at an angle of
75°-80°.

Position the electrode with the adjoining plate surface atan
angle of 90° giving side-to-side weaving motion using the
arm movement.

Depositthe weaved beads between the punched lines by:
— positioning the electrode correctly (Fig 3)

Fig 3

DMN2267K3

— weaving the electrode side-to-side. (Fig 4)

Fig 4
GOOD POOR

WHOLE ARM WRIST ONLY

WEAVING OPERATION

DMN2267K4

Restrict the weaving motion to three times the electrode
diameter.

Advance the bead on each weave by not more than
2.3 mm, so that the light, thin, molten slag will always be
kept away from the molten pool of metal.

Advancing the bead too far ahead will result in slag
inclusion and poor appearance.

Restarting of bead

To ensure a good restart, proper fusion and fill up at the
crater, proceed as follows. (Fig 5)

Remove the slag about 25 mm from the end of the crater.
Restart with a long arc at the forward edge of the crater.

Move the arc slowly across the crater reducing the arc
length.

Start forward travel at the normal rate with medium arc
length.

Fig 5

SLAG

LESS THAN THREE
TIMES OF THE CORE
DIAMETER

MOVE SLOWLY
AROUND TURNING
POINTS

1) KEEP THE ELECTRODE AT 90° AGAINST
THE BASE METAL AND 75 TO 80°
AGAINST THE WELDING DIRECTION.

2) MOVE THE ELECTRODE FROM SIDE TO SIDE
AND STOP FOR A SHORT MOMENT AT EACH
SIDE.

a.THE WEAVING WIDTH SHOULD BE WITH IN
THREE TIMES OF THE CORE WIRE
DIAMETER.

b.MOVE THE ELECTRODE AT A CONSTANT
PITCH BY USING THE WHOLE ARM

DMN2267K5

Ending the bed

At the end of each weld bead fill up the crater as follows.

(Fig6)
fﬂk&k&é\%
]

ARC GENERATING
POINT

Fig 6

20

1) CLEAN THE CRATER

2) INITIATE AN ARC AT ABOUT 20mm AHEAD OF
THE CRATER AND RETURN TO THE CRATER

3) BUILD THE DEPOSIT SO THAT IT NEARLY
FILLS THE CRATER, THEN PROGRESS

DMN2267K6

Stop the forward movement of the electrode at the end of
the weld. (Fig 7)

Fig 7

OFF AND ON THE ARC

DEPOSITED METAL
FILL THE CRATER

1) REPEAT OFF AND ON THE ARC AT THE END.

2) BUILD THE DEPOSIT SO THAT IT FILLS THE
CRATER AS THE SAME LEVEL AS THE
WELDING BEAD.

DMN2267K7

Change the angle of the electrode.
Move back along the weld about 15-20 mm.

Hold for a few seconds to fill the crater.
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Break the arc quickly. (Fig 8)

Fig 8

7 ”m

DMN2267K8

Inspect the following. (Fig 9)

Finishing condition of the bead ends.

Bead form (width, reinforcementand wave profile).
Undercutand overlap.

State of bead joints.

Setting of oxy-acetylene plant

Fig9 BEAD WAVE PROFILE

STARTING END

SPATTER

FINISHING END

W UNDERCUT

M OVERLAP

BEAD JOINT

B )

DMN2267K9

Objectlve(s) At the end of this Ex: you shall be able to
move gas cylinders observing safety practices
» crack oxygen and acetylene cylinders

e connect oxygen and acetylene regulators on respective cylinders

* connect blow pipe to regulators using rubber hoses with hose protector in correct place

« test for leakage at connections for dissolved acetylene gas connections and for oxygen gas connections
* ignite the acetylene gas using spark lighter and set the flame

 set neutral, carburizing and oxidizing flames
* extinguish gas flame avoiding backfire

* close down the oxy-acetylene welding plant maintaining the correct sequence
* observe safety practices while working on oxy-acetylene gas welding plant.

TASK 1:

* Move oxygenand acetylene cylinders from the store to
the gas welding area.

Ensure full cylinders are kept separately from
the empty cylinders.

» Position the gas cylinders in a trolley and secure them
with a chain.

* Remove caps and clean the valve sockets of both the
oxygenand acetylene cylinders by cracking the cylinder
valves.

Ensure that your hands are free from grease or
oil.

» Connect the oxygen regulator to the oxygen gas
cylinder (right hand threads).

« Connect the acetylene regulator to the acetylene gas
cylinder (left hand threads).

Ensure the pressure adjusting screws of both
regulators are in a released condition.

Insert the hose connector at the regulator end and the
hose-protectors at the blowpipe end.

(Use black hose for oxygen line and maroon hose for
acetyleneline.)

Blow into the hose-pipes for removing dirt or dust.

Acetylene connections have left hand threads
with a cut on the corners of the nut while
oxygen connections have right hand thread
without a cut.

Openthe cylindervalves slowly and adjust0.15
kg/cm? pressure on both the regulators.

Check for leaks in all connections using soap
solution for D.A. connection and fresh water for
oxygen connection.

(Refer to Skill Information for further details.)
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CYLINDER KEY

OXYGEN GAS CYLIDE
ACETYLENE GAS CYLINDER

DISSOLVED ACETYLENE GAS
CYLINDER

R \
CHAINING ATTACHMENT ‘\1

|~ WELDING BLOWPIPE
/OXYGEN RUBBER HOSEPIPE

| - ACETYLENE RUBBER
HOSEPIPE

CYLINDER TROLLY

SCALE NTS

=70

SETTING OF OXY-ACETYLENE PLANT

DEVIATIONS

TIME 5h

CODE NO. DMN2267E4
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Attaching gas regulators

Objective(s): This shall help you to
* fix regulators to gas cylinders.

Keepthe cylinders uprightin the cylinder stand and secure
them with a chain. (Fig 1)

Fig 1

DMN2267M1

While moving, the gas cylinders should be kept slightly
inclined to the vertical position and the protector cap used
to avoid damage to the cylinder valves. (Fig 2)

DMN2267M2

Do not roll the cylinders horizontally on the
ground.

Crack the gas cylinder valves by quickly opening and
closing them. (Fig 3)

Fig 3
BLOW OUT THE CYLINDER VALVE
SOCKET BEFORE CONNECTING THE
REGULATOR CRACKING OPEN THE
CYLINDER VALVE MOMENTARILY

KEEP CYLINDER IN UPRIGHT
POSITION

DMN2267M3

Dirt and dust particles from the cylinder valve sockets are
cleaned to avoid leakage of gas due to improper seating
and alsoto preventthe dust particles from enteringinto the
regulators which may cause damage to the regulators.

Always stand to one side while cracking the
cylinders. (Fig 4)

DMN2267M4

Attach the gas regulators with the cylinder valves.

Release the pressure adjusting screws of both regulators
before attaching them.

Be sure to connect the correct regulator on cylinders.
Acetylene connections have left hand thread and oxygen
ones right hand thread.

The acetylene regulator connecting nutwill have a groove
cut on it (Fig 5) and the pressure gauge dial will be of
maroon colour.

Fig 5

DMN2267M5

All threaded connections should be fixed initially by
tightening by hands and then only a spanner should be
used. This will help to avoid assembly with cross thread
leading to damage to threads.

Always use the correct size spannerto preventdamage to
the nuts. (Fig 6)
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Fig 6

DMN2267M6

It is dangerous to apply lubricants in the threaded
assemblies of gas welding equipment as it can cause fire.

(Fig7)

While tightening avoid undue force. The connections should
be just tight.

Attaching blowpipe to regulators

Fig 7

DMN2267M7

Objective(s): This shall help you to
 attach rubber hose-pipes to regulators
» observe safety practices.

Fixing rubber hoses: Attach one end of the black hose-
pipe to the oxygen regulator outletand the maroon coloured
hose-pipe to the acetylene regulator outlet.

(Fig 1)

Fig 1

ATTACHING HOSE PIPES

DMN2267N1

Secure the joints using hose-clips to ensure good grip and
to avoid gas leakage. (Fig 2)

Fig 2

USE HOSE CLIPS BEFORE CONNECTING TO
REGULATOR AND BLOW PIPE

DMN2267N2

Do not use oil or grease for fixing hoses.

Use a screwdriver to tighten the hose-clips.

Blowing out the hose-pipes (Fig 3)

Fig 3

ATTACH NEW HOSES TO REGULATORS AND TO DISPEL DUST ETC,,
QUICKLY PASS PRESSURISED GAS TO ATMOSPHERE MOMENTARILY.

DMN2267N3

NOTE: THIS SHOULD BE DONE BEFORE FITTING HOSE PROTECTORS

Hold the loose end of the hose-pipe away from the body.

Turn on the pressure adjusting screw of the regulator to
which it is connected.

Exert sufficient pressure to blow out dust or dirt particles
ifany are tapped inside the hose-pipe and thenrelease the
pressure adjusting screw.

Repeat the same for the other hose also.
Always use the correct size hose-clips. (Fig 4)

Hose-clips are available in the following sizes: i.e. 5 mm,
6 mm, 8 mm and 10 mm. The sizes indicate the inside
diameter of hoses.
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DMN2267N4

HOSE CLIPS

Attaching blowpipe

The other end of the hose-pipe is to be attached to the
blowpipe inlets. (Fig 5)

Fig 5

DMN2267N5

ATTACHING BLOW PIPES

Fix the hose-protectors at the blowpipe ends. The hose-
protectors with a groove at the corners are fixed on the
acetylene hose-pipe and connected to the acetylene inlet

ofthe blowpipe. The hose-protectors without cutting marks
are fixed on the oxygen hose-pipe and connected to the
oxygen inlet of the blowpipe. (Fig 6)

Fig6 BLOWPIPE

HOSE
PROTECTORS

ACETYLEN!
{MARROON COLOR)

DMN2267N6

CYLINDERS

The hose-protectors protect against the return flow of gas
from the blowpipe to the rubber hoses.

Ensure the hose connections with the return
valves (hose-protectors) are attached on the
blowpipe side.

Adjusting gas pressure and testing for leakage

Objective(s): This shall help you to
 adjust gas pressure according to the nozzle size

* test leakage of gas in connections to ensure safety.

Adjusting the gas pressure: The gas pressure for both
oxygen and acetylene has to be adjusted at regulators
according to the size of the nozzle.

The size of the nozzle is selected according to the job
material and thickness.

Foradjusting the gas, openthe valves of both the cylinders
slowly by one turn and set the pressure on both regulators
as 0.15 kg /cm? for small size nozzles, by tightening the
pressure adjusting screws. (Fig 1)

The pressure can be read on the working pressure gauge
of gasregulators.

Fig 1

DMN2267X1

Testing for leakage
All connections must be tested for leakage.

Apply soap water solution for acetylene connections and
fresh water for oxygen connections. (Fig 2)

Fig 2

DMN2267X2

Use of soap water on oxygen connections may lead tofire
hazards.

Never use matches or flame light during leakage test.
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Fusion run with filler rod on M.S. sheet in flat position

Objective(s): At the end of this Ex: you shall be able to
» produce molten pool of required size by the manipulation of the blow pipe and flame
* add filler metal at the required rate and place by manipulating the filler rod

* deposit fusion run with the filler rod in flat position using leftward technique

* clean and inspect the deposited beads for surface defects.

SCALE NTS

=0

FUSION RUN WITH FILLER ROD ON M.S.
SHEET IN FLAT POSITION

DEVIATIONS TIME 5h

CODE NO. DMN2267E5

TASK 1:

Clean and finish the sheet pieces to dimensions using
file and emery paper.

Mark and punch straight parallel lines on the sheet
surface as per drawing.

Set the job piece on the welding table in flat position.

Select and fix the nozzle size 3 and set acetylene/
oxygen pressure 0.15 kg/cm?.

Select copper-coated, mild steel, (CCMS) filler rod of
1.6 mm o.

CG&M : D’man mechanical (NSQF Revised -2022) - Ex: 1.8.71-1.8.73

Wear safety apparel.

Adjust the neutral flame.

Hold the blow pipe at an angle of 60°- 70° with the
punched line of the job and make a small molten pool
at the right hand edge of the line.

Keep the flame cone distance 2.0 to 3.0 mm above the
jobsurface.

Hold the filler rod in the left hand, pointing near the
molten pool with an angle of 30° - 40° with the line of
weld.
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* Fusethe end of thefiller rod by dipping at the centre of
the molten pool and add filler metal on the job surface
to form a weld bead.

* Movetowards left with uniform speed along the punched
line with a slight circular motion to the blow pipe.

* Move the filler rod up and down (piston like motion) at
a constant speed.

* Addenoughrodintothe molten poolto build up the bead
evenly in height and width.

» Co-ordinate the rate of travel of the blow pipe with the
fillerrod to control the size of the bead and the required
penetration.

» Keep the welding rod end within the flame to avoid

oxidation.

« Stop at the left edge by filling the crater properly.
» Extinguish the flame and cool the nozzle.

» Clean the weld surface. Inspect for even ripples and

uniform width/height of weld bead.

(Referto Skillinformation)

Lighting, setting, extinguishing oxy- acetylene flame and closing down plant

Objective(s): This shall help you to

¢ ignite and extinguish the oxy-acetylene flame for gas welding

* set neutral, oxidising and carburising flames
¢ shut the oxy-acetylene plant for stopping work.

Flame Igniting

Ensure safety apparels are worn.

The pressure of oxygen and acetylene is 0.15 kgs/cm?for
nozzle No.3.

While setting pressure on the regulator, keep the blowpipe
control valve open for accurate setting.

Open the acetylene control valve 1/4 turn of the blowpipe
and ignite with a spark lighter. (Fig 1) Acetylene burns

Fig 1
ACETYLENE BURNS USING OXYGEN
IN THE ATMOSPHERIC AIR

SPARK LIGHTER

DMN2267Y1

using the oxygen in the atmospheric air.

Adjust the acetylene till the black smoke disappears.
(Fig2)

Observe the flame and add oxygen by opening the oxygen
control valve of the blowpipe. (Fig 3)

Fig 3

b2

WHITE CONE STARTED APPEARING

DMN2267Y3

ADDITION OF OXYGEN

Fig 2

L

ACETYLENE FLAME IN ATMOSPHERIC AIR

NO WHITE CONE

DMN2267Y2

Flame adjusting: To adjust the neutral flame, add
sufficient oxygen to make the white cone clear and round.

(Fig4)

Fig 4

WHITE CONE APPEARS CLEAR & ROUND

DMN2267Y4

NEUTRAL FLAME WITH SUFFICIENT OXYGEN

The gas mixture from the blowpipe has equal volume of
oxygen and acetylene.

To adjust the oxidising flame, allow more oxygen to flow.
The white cone will become short and sharp.

The flame will produce a hissing sound and will have a short
length. (Fig 5)

Fig 5
WHITE CONE SHORT & POINTED

OXIDISING FLAME WITH MORE OXYGEN

DMN2267Y5
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The gas mixture from the blowpipe has more volume of
oxygen than acetylene.

To adjustthe carburising flame, adjustthe flame to neutral
and then add acetylene.

The white cone willbecome long surrounded by a feather-
like portion.

The flame will burn quietly having more length. (Fig 6)

Fig 6

WHITE CONE WITH
ACETYLENE FEATHER

DMN2267Y6

CARBURISING FLAME WITH EXECESS ACETYLENE

The gas mixture from the blowpipe has more volume of
acetylene than oxygen.

Extinguishing the flame

To extinguish the flame close the acetylene valve (blow-
pipe) first and then the oxygen one.

Closing down the plant

Atthe close of work, shutoffthe plantinthe sequence given
below.

Close the acetylene cylinder valve.
Close the oxygen cylinder valve.

Opentheblowpipe acetylene valve and release all the gas
pressure.

Open the blowpipe oxygen valve and release all the gas
pressure.

Both the pressure gauges on the regulators
should read zero.

Release the acetylene regulator pressure adjusting screw.
Release the oxygen regulator pressure adjusting screw.
Close the blowpipe acetylene valve.

Close the blowpipe oxygenvalve.

Ensure

— thereis no fire around the equipment

— thegasis completely exhausted by dipping the nozzle
in water.

Fusion runs without filler rod in flat position by gas

Objective(s): This shall help you to
* prepare the job to the required size

* hold the blow pipe and flame in correct position to obtain proper fusion of metal
* make fusion runs without the filler rod to produce uniform beads

¢ visually examine the fusion beads.

Homogeneous joints are produced in gas welding by
melting and fusing the metal edges with the help of a gas
flame.

The beginner for gas welding must practice:
— holding the blowpipe in the correct position
— fusing of the metal by using a proper gas flame

— deposit fusion run in a straight line using leftward
technique.

Preparation of sheet for welding

Scribe lines at 15 mm from one edge of the given strip of 2
mm thick, 100 mm wide and 150 mm long. (Fig 1)

2 mm is the shearing allowance so that the finished size
after filing will be 150 mm.

Use gloves while handling sheets.

Shear the strip to get job pieces 150 mm long x 100 mm
wide x 2 mm thick size. (Fig 1)

Ensure your fingers are away from the shear
blades while cutting.

Remove buckling of sheet due to shearing by hammer on
the anvil.

Fig 1

MARKING -OFF LINES

s

150

100

DMN226721

File the irregular edges of the job to remove burrs and
unevennessonthe edge.

Cleaning and setting job piece
Remove rust if any using a wire brush and emery paper.
Do not rub with heavy pressure on the wire brush.

Use the emery paper rolled on a piece of wood while
cleaning.
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Remove paint, oil or grease by dipping the M.S. sheetina
solvent of dilute hydrochloric acid.

Keep thejob 10 mm above the work table (Fig 2) toreduce
the heat conduction and to position the job flat.

Fig 2
DIRECTION OF TRAVEL

SUPPORT

FIRE BRICK

DMN226722

Draw lines parallel to the longer edge of the sheet and
punch along the lines to serve as a guide.

Hold the blowpipe and flame in correct position for proper
fusion (angle).

Position the blowpipe in such a way that:

— the axis of the joint is parallel to the operator (Fig 3)

Fig 3

DMN2267Z3

— there is less fatigue to the hand of the operator

— the angle of the nozzle with the welding line is between
60°-70°. (Fig 4)

Fig4
DIRECTION OF TRAVEL

JOB PIECE
SUPPORT

FIRE BRICK

DMN226724

Fuse the metal to form a small puddle of molten pool on the
job surface at the right end.

Give slight circular motion to the blowpipe.
Making fusion run without filler rod

Move the blowpipe in the leftward direction as local fusion
is obtained.

Keep the molten pool on the punch line. (Fig 5)

Fig 5

DIRECTION OF TRAVEL
MOLTEN POOL

WIDTH CONSTANT

RIGHT EDGE

DMN226725

Maintain constant speed of travel with slight circular motion
to the blowpipe. (Fig 6)

Fig 6 ABOUT 6mm

(174 IN)
/

ABOUT 15mm
(1/16IN)

q 0000 DIRECTION OF WELDING

ABOUT 6mm

(1/4 IN)

ADVANCE
PER OVAL

DMN226726

Reduce the blowpipe angle slightly near the left edge and
slowly withdraw the flame to avoid burn through atthe end.

Maintain 2-3 mm constant distance between the white
cone ofthe flame and the sheet surface for properheatinput
and to avoid backfire.

Visual inspection of fusion run

Visual examination can be done to ensure uniform width,
ripples and proper depth of fusion (penetration) (Fig 7) for
the bead after the welded job is cleaned thoroughly to
remove the scales from its surface.

Fig 7
UNIFORM WIDTH & RIPPLES

50% DEPTH OF
FUSION

DMN226727

Use tongs while handling hot jobs.

Hand tools for foundary man
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Capital Goods & Manufacturing Exercise No 1.8.74
Draughtsman Mechanical - Allied trade - Foundryman

Tool of foundryman

Objective(s): At the end of this Ex: you shall be able to
* recognize the tools of foundry man.

Fig 1 Fig1  Hand tools for foundary man

&

a) SHOVEL b) RIDDLE ¢) HAND RAMMERS
a—( ) m—] @ b
d) STRIKE-OFF BAR e) VENT WIRE
f) OVAL-SPOON SLICK g) SLEEKER h) YANKEE LIFTER
[%54 j) FINISHING TROWEL k) SQUARE TROWEL

@:%%@ﬁ

D
1) TUBULAR SPRUE CUTTER M) SWAB === n) DRAWSPIKE

o) DRAW NAIL p) RAWHIDE MALLET q) GATE KNIFE

Alo

s) GAGGERS

. FOUNDARY
S S © © S & MAN
o (S ) © (@) @ © S
N S © © TOOLS

t) RAPPING PLATES

DMN2268H1

DMN226821

Sl. No. Name of the tools Uses Sl. No. Name of the tools Uses

14
15
16
17
18
19
20
21
22
23
24
25
26

O (O | N O |[bd|w (N |~

—_
o

—_
—_

—_
N

-
w
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Make core and mould for casting

Objective(s): At the end of this Ex: you shall be able to
* make core for casting using core sand
» prepare mould for cast iron casting using core.

230

240

50

100

30

236

CORE

50 100

CASTING

: 15
SCALE 11 DEVIATIONS :1.0 TIME 25h

MAKE CORE AND MOULD FOR CASTING

S @ CODE NO. DMN2268E1

262 CG&M : D’man mechanical (NSQF Revised - 2022) - Ex: 1.8.74



PROCEDURE

TASK 1: Make core

* Assemble the two halves of the core boxes by using
a "C' clamp duly locating them by dowel pins and
dowel holes (Fig 1).

+ Keeptheassembled core box vertically overawooden
board.

Flg ! DOWEL

'C' CLAMP

fxxxx

STEEL ROD
SMALL FLAT /@ "
RAMMER

{CLAMP NOT SHOWN

K
! H CORE SAND
FOREASEOF 7| ‘ p -

/ BOARD

— = 1

REFERENCE)

CORE BOX/SAND FILLING
2 HALF BOXES CLAMPED TOGETHER

DMN2268J1

Fill the core box with core sand and press the sand
evenly using rods and rammers.

Dry the core in sunlight or open air without removing
from the box.

Bring the core box to horizontal position.
Unclamp and remove the top half of the box carefully.

Remove the core gently and place it on a wooden
board in horizontal position and dry it in open air or in
sunlight.

Remove the unwanted fins and smoothen the surface.

For additional strength, if needed use water soluble
binder like dextrin.

Apply finely ground refractory coating by dipping or
with a brush or by spraying all over the surfaces of the
core.

Dry the core.

Core is ready for the assembly in the mould.

TASK 2: Make Mould

* Clean the turnover mould board and keep it on a level
ground. (Fig 2)

Fig 2

END STOPPER

DMN2268J2

* Place the drag (bottom) box on the board in upside
down position, locate with end stopper Fig 3.

i

Fig 3

[o] o O ©]

DMN2268J3

» Clean the bottom half the pattern (Fig 4) and place it
in upside down position on the board located by dowel
pins.
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Fig 4

T
20

=3
L/
25

30

240

SQ. 100

DMN2268J4

Place channels on the board and fill up the box with
moulding sand around the pattern using hand shovel
upto a height of 15 mm above the pattern.

Ram the sand evenly with aram adding extra sand as
required.

Number of intermittent ramming depends on
the depth of sand filled.
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* Add more sandto alevel of 50 mm above the top of the
mould (bottom) box.

» Ramfurtherusingflatorbuttrammerto getaflatsurface
5 mm above the top of the box. (Fig 5)

STICKLE BAR ;{’ VENTING ROD

Fig 5

FLAT RAMMER

I

TURN OVER J U 100 U
BOARD (BOX NOT SHOWN
FOR CLARITY)

BOTTOM HALF PATTERN WITH CORE PRINT
AS POSITIONED IN BOTTOM (DRAG) BOX

CHANNEL

DMN2268J5

The mould can be mended using trawel, cleaner and
sleeker.

» Brush off the extra parting sand in the mould boxes.
* Remove runner and raiser rods carefully.
*  Wet the pattern edges with a swale.

* Loosen and lift the patterns from mould boxes using
a pattern lifter and lateral tapping.

« Trim the channel connections from sprue to mould
cavity and raiser/runner holes for proper flow of molten
metal using trowel and cleaners.

* Apply baking sand refractory coating (blacken) in the
mould cavity, runner, raiser holes and channel path.

* Blow air to remove foreign material.

» Position the core in the drag (bottom) box mould
cavity.

* Remove the extra 5 mm layer with a stickle bar.
(Fig 5)

« Sprinkle a light layer of parting sand on the top
surface.

» Pierce (vent holes) the sand with a vent rod at a pitch
of 40 mm all over the surface. (Fig 5)

 Lift the drag (bottom) box turn it upside down parting
sand on the sand area only.

Ensure that the pattern is free from parting
sand.

Now bottom mould box with bottom half of the pattern is
ready.

Prepare the cope (top) box by using the to half of the
pattern (Fig 4) following the procedure for the bottom half
of the pattern except that the channels are not required
instead of channels place the runner and raiser rods with
care at the relative position meeting the channels in the
drag box while filling the moulding sand. (Fig 6)

Fig 6

COPE BOX

RUNNER PIN

RISER PIN
(SPRUE PIN) f(SPRUE PIN)

[

ZT(URN OVER |_| 1(‘30 |_|

BOX

I

TOP HALF PATTERN WITH CORE PRINT
AS POSITIONED IN TOP (COPE) BOX

DMN2268J6

The top and bottom boxes are ready for mould dressing
and core positioning.

Ensure that the core is vertical in the core print

location.

» Align and place the cope (top) box on the drag box
carefully.

« Clamp the two boxes together. (Fig 7)

* Mould for the given component is ready for pouring
molten metal. (Fig 7)

Fig 7
VENT HOLES — WEIGHTS
SPRUE /\ H/ SER
| M —[ﬁ_
COGE\ R | |J S H el LHANDLE
: RS || H——caAvITy BY TOP
GATE X f HALF PATTERN
| + \
(:HANNELE B = \j:\‘J\ sCLAMP
DRAG\ e e PR Y CHANNEL
— o k 1 :\CAVITY BY
] - ) BOTTOM HALF™
CORE \ PATTERN g
RAMMED MOULDED SAND ~ Z
o

» Appearance of the casting after removing from the
moulding box is shown in Fig 8.

Fig 8

RISER
GATE

-

SHAPE OF CASTING AS IT LEAVES THE MOULD BOX

DMN2268J8
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Capital Goods & Manufacturing Exercise No 1.8.75
Draughtsman Mechanical - Allied trade - Electrician

Prepare a Simple wiring diagram of a residential room and identifying elec-
trical equipment and measuring instruments
Objective(s): At the end of this Ex: you shall be able to

e draw the wiring diagram of a building
e summaries the number of electrical points.

Data : Sizes of rooms are given in the plan

PROCEDURE

1 Draw the plans 3 Summaries the points of electrical fittings

2 Draw the symbols of fittings
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Summarization sheet for electrical points

SI. No. Rooms Equipments number No. of switches

1 Sit out 1 2 1 0 6 1 0
2 Drawing room 1 3 1+2 0 8 1 1 -
3 Master bed 1 3 1 0 7 2 2 2
4 Toilet 0 2 0 1 4 0 0 0
5 Dining 1 4 1 0 7 0 1 0
6 Living 1 3 1 0 8 0 1 1
7 Bed 1 2 1 0 5 2 1 2
8 Toilet 0 2 0 1 3 0 0 0
9 Kitchen 1 2 1 1 12 0 1 6
10 Store 1 1 0 0 3 0 0 0
11 Work area 1 2 0 0 5 0 1 1
12 Toilet 0 2 0 1 3 0 0 0

Total 9 28 9 4 57 12 9 13

Identify the type of electrical instruments

Objective(s): At the end of this Ex: you shall be able to
¢ identify the type of instruments (AC/DC) and their function from the dial markings
¢ identify the type of instruments (AC/DC) from the markings on the terminal.

TASK 1: Identify the types of instruments (AC/DC) and their functions from the dial marking.

1 Identify theinstruments shownin Figs 1 &2 for the type Record the observation in Table 1.
DC, AC or both - with reference to Chart. Record your

. 3 Identify the instruments shown in Figures 3 to 8, as a
responsein Table 1.

single or multi-scale/ multi-range instruments and the
2 ldentify the functions of instruments by referring to the functions. Record your response in Table 2.
symbol on the dial. (Figs 1 & 2)
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SYMBOLS FOR CHARACTERISING ELECTRICAL

CHART 1

MEASURING INSTRUMENTS.

MOVING COIL MEASURING ELEMENT

MOVING COIL MEASURING ELEMENT WITH RECTIFIER

MOVING IRON MEASURING ELEMENT

| |[pliD| D

TYPE OF CURRENT: ONLY DIRECT CURRENT

TYPE OF CURRENT: ONLY ALTERNATING CURRENT

DIRECT AND ALTERNATING CURRENT

POSITION FOR USE: VERTICAL

POSITION FOR USE: HORIZONTAL

R i1

INDICATION ERROR

1% +

25

INDICATION ERROR

25%7+

3.5

INDICATION ERROR

35%+t

TEST VOLTAGE: 2 kV=2000 V

> |

OBSERVE INSTRUCTIONS FOR USE

DMN2269H1

TABLE 1

Instrument

Symbol

Type AC/DC

Function

Fig 1

DMN226912

Fig 2

0

O
Norma 111213 =~ 1158

DMN226911
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TABLE 2

Instrument Range:single Scale single Function V
or multi-range or multi-scale or A or ohms

DMN226913

Fig 4

mA

0 1 2 3 4 5
lHuluuh\H|HH|HH|

1 -0

W

DMN226914

Instrument Range:single  Scale single Function V
or multi-range or multi-scale or A or ohms

Fig 5
40 60

X S

100

1000

RANGE SWITCH

DMN226915
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Fig 6

RANGE SET ON 250
(a)

100 150

mV

RANGE SET ON 100
(b}

DMN226916

Fig 7

10 15

<>

mA

RANGE SETON 5

RANGE SET ON 2.5

DMN226917

Instrument

Range:single
or multi-range

Scale single
or multi-scale

FunctionV
or A or ohms

RANGE SET ON Rx1

30 20

RANGE SET ON Rx100

DMN226918
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» Identify the working position, accuracy (error of .
indication), type and function of the instruments in

Figs 1 & 2 and record in Table 3.

Further identify the given instruments from the

laboratory and fill up the details in Table 3.

Lab instrument
Lab instrument
Lab instrument

Lab instrument

TABLE 3
Instrument Type Function Accuracy Working position
Symbol Description | Symbol Description | Symbol Description | Symbol Description
Figure 1
Figure2

The serial number of the instrument and other distinct marks should be entered under the ‘instrument’ column.

TASK 2: Identify the type of instrument (AC/DC) from the marking of the terminals

1 Identify the connecting terminals of the instrument in

the given Figs 1 to 3.

2 Note down the mark in the terminals shown in Figs 1

to 3 and record

in Table.

Fig 1

Ifthe terminals are marked (+) and (=) oranyone
of them is coloured red, the meter normally is

a DC meter or MC meter.

If there is no terminal marking, then the meter

normally is an AC/DC or MI-meter.

Referto Figs 1, 2 & 3andidentify the type of instrument,
their function and record in Table.

DMN2269J1

Fig 2
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DMN2269J3

4

Identify the giveninstruments fromthe lab and enter the
details in Table 4.

(The instrument serial number or other distinct marks
should be entered under Inst. No.)

DMN2269J2
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TABLE 4
SI.No.| Inst. No. | Polarity | Function | Type
1 Fig 1
2 Fig 2
3 Fig 3
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Capital Goods & Manufacturing
Draughtsman Mechanical - Allied trade - I.C engine

Exercise No 1.8.76

Identification of different parts of I.C. engine - four stroke (diesel)

Objective(s): At the end of this Ex: you shall be able to
* identify and get familiarised with the critical parts of 4 stroke IC engine (Diesel and Petrol)
* identify and get familiarised with the critical parts of 2 stroke IC engine.

SCALE : NTS

PROJECTION

IDENTIFICATION OF DIFFERENT PARTS OF
I.C. ENGINE - FOUR STROKE (DIESEL)

EXNO. 2270

TIME : 15hrs

CODE : DMN2270E1
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SCALE : NTS EX NO. 2.270
IDENTIFICATION OF DIFFERENT PARTS OF -
.C. ENGINE - FOUR STROKE (PETROL) |
CODE : DMN2270E2
PROCEDURE
TASK 1:

4 Stroke Diesel Engine (Compression ignition)

Identify the various parts of a four stroke diesel engine
and familiar with functions of critical parts after studying
the sectional model of the actual engine in the workshop.

The following are the important parts of a 4 Stroke Diesel
engine.

1
2
3
4
5
6
7
8

Crankshaft
Connecting rod
Cam and Camshaft
Fuel pump

Inlet manifold

Inlet valve

Rocker arm

Fuel Nozzle

9 Outlet valve
10 Cylinder head
11 Piston

12 Flywheel
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N

. EX NO. 2.2.70
SCALESTS IDENTIFICATION OF DIFFERENT PARTS OF —
1.C. ENGINE - TWO STROKE |
PROJECTION CODE : DMN2270E3
TASK: 2 TASK: 3

4 Stroke Petrol engine (Spark ignition)

The following are the important parts of a 4 Stroke Petrol
engine.

Air-cleaner

Carburetor 11 Dynamo
Inlet manifold
Fuel pump
Flywheel

1

2

3 12 Valve cover
4

5

6 Distributor

7

8

9

1

13 Spark plugs

Oil filter

Oil sump

Crankshaft pulley
0 Fan belt

2 Stroke - IC engine

Identify and name the critical parts of 2 stroke - IC engine
shown in figure after studying the sectional model of the
engine.

The critical parts of a 2 Stroke engine are as follows:

0 N O ok~ WN -

Crankpin
Connecting rod
Transfer rod
Exhaust port
Cylinder bore
Spark plug

Piston with rings
Small end bearing

9 Inlet port

10 Crankcase
11 Cylinder head
12 Crankshaft
13 Main bearing
14 Flywheel
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Capital Goods & Manufacturing Exercise No 1.9.77
Draughtsman Mechanical - Tolerances - machining symbol - surface finishing
symbols - geometrical tolerances sectional views

Draw the diagram illustrating basic size - deviation and tolerances

Objective(s): At the end of this exercise you shall be able to
* draw the diagram illustrating basis size deviation and tolerances
¢ draw the diagram illustrating the hole basis and shaft basis system.

PROCEDURE

TASK 1: Basic size deviation and tolerances (Fig 1)

Fig 1
TOLERANCE

LOWER DEVIATION

UPPER DEVIATION ZERO LINE

HOLE

n
n\:
N

BASIC
SIZE

SHAFT

ZERO LINE AND LINE OF
ZERO DEVIATION

MIN.DIA
MAX.DIA
BASIC SIZE

SIMPLIFIED
SCHEMATIC DIAGRAM OF
CLEARANCE FIT

AR

é SHAFT

BASIC SIZE DEVIATIONS AND TOLERANCES

MAX.DIA
MIN.DIA

DMN2371H1

TASK 2: llustrating the hole basic and shaft basic system (Fig 2)

Thethree classes offits, both under the hole basis and the
shaft basis are illustrated in fig 2.

Fig 2

\

M TOLERANCE OF HOLE

<
TOLERANCE OF SHAFT

v
NN

NN
2

7
é

CLEARANCE FIT

INTERFERANCE FIT

ATZEAT)
£ NINS=NNIN

HOLE BASIS SYSTEM SHAFT BASIS SYSTEM

DMN2371H2

ILLUSTRATING THE HOLE BASIS AND SHAFT BASIS SYSTEMS
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Capital Goods & Manufacturing Exercise No 1.9.78
Draughtsman Mechanical - Tolerances - machining symbol - surface finishing
symbols - geometrical tolerances sectional views

Draw the symbols for machining and surface finishes (Grades and micron
valves)

Objective(s): At the end of this exercise you shall be able to

e draw the surface roughness value (micron)

e draw the surface roughness symbol and grade

draw the position of machining surface finish

draw the surface roughness manufacturing process

draw the indication of machining symbols is different parts.

PROCEDURE
TABLE 1
TASK 1:
Roughnessvalues Roughness
The surface finish (roughness or smoothness) of
: . Ravalues Grade
components is expressed by any one of the following. L
in microns number
Roughness number (Micrometre)
Grade number 50 N12
Roughness symbol. 25 N11
The most accepted method of representing roughness is 125 N10
by Grade Number or Roughness Number. The use of
roughness symbol is not a common practice though 6.3 N9
some manufacturing concerns are still continuing to use 3.2 N8
them.
1.6 N7
Roughness value - grade nhumber 0.8 NG
The roughness value represents the average departure '
of the surface from perfection over a prescribed length, 0.4 N5
and is expressed in micrometers. One micrometer will be 0.2 N4
equal to 0.001 mm (mm) and
0.1 N3
1 mm = 0.0001 mm.
0.05 N2
Itis possible to achieve surfaces of any given roughness
value. But for standardisation purposes only a few values 0.025 N1
arerecommended inthe Indian Standard. The Roughness
values and corresponding grade numbers are given in
Table1.
TASK 2: TABLE 2
Roughness symbols
RO(L;(;:BIESS ROUGHNESS SYMBOL
These symbolsindicate the practice followedinthe industry,
andare given here forguidanceonly. IS:3073- 1967 (Table
2) states this as Assessment of Surface Roughness. e TN
TABLE 2 N1o 4
Inorderto obtainthe required surface quality, itis necessary No
to choose the appropriate manufacturing process. N %
N AVavavg
N4
N3
N2 \Vavavavg
N1
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TASK 3:

POSITION OF THE SPECIFICATION OF SURFACE
TEXTURES INTHE DRAWING

The specification of surface roughness and other surface
texture features should be placed relative to the symbol
as shown in Fig 1.

Fig 1

DMN2372H1

a = Roughness value Ra or

Roughness grade No.N1 to N12 or
b = Production method, treatment or coating
¢ = Sampling length
d = Direction of lay

e = Machining allowance

f = Other roughness values in brackets
Surface finish standard

One method of determining the surface roughness is by
using a surface finish standard. (Fig 2) This is a box
which consists usually of 20 blocks, each of a specific
surface finish attained by a specific machining operation.

TASK 4: Identification of machining symbols

Machining allowance in mm (Fig 3)

Fig 3

DMN2372J1

Indication on drawings: The symbol as well as the
inscriptions, should be orientated of such thatthey may be
read from the bottom of the right-hand side of the drawing.
(Figs 4 & 5)

The type of machining operation is marked on each block
togetherwith the surface roughness number for heightand
width. Using a surface finish standard, we can make
comparisons between the machined surface and the
standard surface using our sense of touch.

Fig 2
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However, this method is sometimes not accurate enough
and the individual must be very sensitive to the different
surface roughness.

If the degree of accuracy of checking is high, then the
application of sensitive instrumentis inevitable.

Note: More detailed information on surface
texture, symbols and their representations
refer IS : 10719.

Fig4

DMN2372J2

Fig 5

A

DMN2372J3
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General principles of dimensioning the symbol
(Figs 6 &7)

Fig 6

DMN2372J4

DMN2372J5

(a) (b)

Notation of symbol (Fig 8)

Fig8 a1 /ALL OVER
EXCEPT OTHERWISE STATED

N N o/

DMN2372J6

Basic symbol (in brackets)without any otherindication
(Fig9)

Symbol (in brackets) of special surface roughness
(Fig 10)

Avoid repetition of symbols (Fig 11)

T ()

= a2

DMN2372J7

1 &l a2

DMN2372J8

Fig 11

b
a2
z_a‘lC
= e\/4

%

I

A
w
Q
DMN2372J9

The symbols for surface roughness which are exceptions
to the general symbol are indicated on the corresponding
surfaces near the title block or in the space devoted to
general notes. (Fig 12)

Fig 12
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W
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A A
g g
1] 1]

DMN2372JA
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Capital Goods & Manufacturing Exercise No 1.9.79
Draughtsman Mechanical - Tolerances - machining symbol - surface finishing
symbols - geometrical tolerances sectional views

Draw the system of indication of geometrical tolerances of position as per
standard

Objective(s): At the end of this exercise you shall be able to
* draw the recommended symbols for geometrical tolerance
» draw the general principle of geometrical tolerance.

PROCEDURE
TASK 1: Symbols for geometrical tolerance. Characteristics Symbols
Tolerances of FORM are identified by the use of symbols Straightness

for the for the following characteristics.

Flatness

Roundness

Cylindricity

Profile of a line

D)QQD\

Profile of a surface

TASK 2: Frame for indicating geometrical tolerance (Figs 1 & 2)

Fig 1 :
Fig 2
23 a3
8 — 8 —
FILLED TRIANGLE I
(Z10%2] 15 THE symBoL [DTo02
FOR A DATUM
SYMBOL FOR o . DATUM LETTER b
CHARACTERISTIC Ihw = g
&
FRAME FOR INDICATING GEOMETRICAL TOLERANCE Z
[=)
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Capital Goods & Manufacturing Exercise No 1.9.80

Draughtsman Mechanical - System of deviation

Draw the machine part indicating geometrical tolerances

Objective(s): At the end of this exercise you shall be able to
» application and tolerance for different characteristics.

PROCEDURE
TASK 1: Method of applying geometrical tolerance of different character (Figs 1,2 & 3)

Fig 1
(e)
STRAIGHTNESS [—Joa] o
(a) C - =
1 - —
__—
(—[o0.1] 20.1
(b) . - = 0 NOT CONCAVE
——] °
N ——J
-
EXAMPLE INTERPRETATION

STRAIGHTNESS TOLERANCE FOR ENTIRE AXIS OF COMPONENT

) ROUNDNESS m

—Tor) 4
(©) ] T -\ = — - I
RN N — 4|> ,\—‘ \\/ L

(—[201] 201
@ r - ~ )

- (O To |
[ I B s e
=
L] -
EXAMPLE INTERPRETATION

STRAIGHTNESS TOLERANCE FOR AXIS OVER LENGTH
OF DIMENSIONED FEATURE ONLY

SPHERE

0 O oo |

0.05

==

0.05 o

0.02

0.04

DMN2374H1

Fig 2

e

CYLINDRICITY
THEORETICAL SURFACE

DMN2374H2

= Toos |
- o —

SPHERE 0.05 DIA.

DMN2374H3
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TASK 2: Application of geometrical tolerance of

linear dimensions (Fig 4)
Fig 4
S
/ \
R50
350
©
S / \ (5]
v / / \ ©
/ / \ \
/ \
———\
THEORETICAL — —
PROFILE SERIES OF CIRCLES 3
250 0.2 DDIA. E
g
3

TASK 3: Application of tolerance for three
characteristics

Figure 5 a,b and c indicates application of tolerance of
control parallelism.

Characteristics Symbol
Parallelism //
Squareness
Angularity _

Fig 5

1T
o R
A%ﬂ%A
I
| |
1 ‘ |
BN
N 1
O N Iz
©
() B
N [l -
&)

m?u
H 20.05

DATUM AXIS A
F //

7

DATUM SURFACE

0.05
0.02 /100

DMN2374H5
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TASK 4: Application of geometrical tolerance for TASK 5: Application of tolerance for the control of

“Squareness” (Fig 6) angularity (Fig 7)
Fig 6
SQUARENESS 7005 Fig7
(a) 1[@0.1]A] ANGULARITY

(c)

[ilo.05[A |
11,005
- - ﬁ\ DATUM AXIS A

(L[0.05]

2 HOLES

0.05

I~—0.05 (c) F // 5027 100

DATUM SURFACE

DMN2374H6
—_—
NE—

7

DATUM SURFACE

DMN2374H7

TASK 6: Application of geometrical tolerance

Characteristics Symbol

Position

Concentricity

Symmetry

OO
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Characteristic of position (Fig 8)

Fig 8
POSITION
el
\ 4&} 0.03
3
%t T—;r S S
! F\_20.05 ‘ Moos
’ (CYLINDER) | | [ L
(a) (b)

R30

20.08

~_ }, — -
PRIMARY DATUM

© DATUM AXIS 'B

DMN2374H8

Characteristics of concentricity (Fig 9)

Fig 9
CONCENTRICITY

@ W

(b)

7—//

DATUM AXIS 20.08 (CYLINDER)
(A] (B]

_ i
rf{ %170

Lf‘lk[ffj

©0.1 (CYLINDER)

DATUM AXIS
(MEAN AXIS OF A AND B)

DMN2374H9

Characteristics of symmetry (Fig 10)

Details of geometrical tolerance (Fig 11)

282

Fig 10
SYMMETRY
() =101 |A-B
(a] (8]
DATUM (MEAN PLANE OF WIDTHS A,B)
x
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® =Toos]
; B I
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1
L
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Fig 11

“0.022
2 HOLES @8 o

2
M16 x 269

==

0
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S
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8
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DMN2374HB
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Capital Goods & Manufacturing
Draughtsman Mechanical - Sectional views

Exercise No 1.9.81

Draw the sectional views of muff couplings

Objective(s): At the end of this exercise you shall be able to

* draw the sectional plan and side view
e draw the detailed drawings.

PROCEDURE
TASK 1: Draw the detailed drawings of

i Box of muff coupling/Sleeve coupling

ii Half lap coupling (Fig 1)

Fig 1

SHAFT (2)

HALF-LAP COUPLING

COUPLING

DMN2475H1
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TASK 2: Draw the detailed drawing of split muff coupling and reproduce the assembly of the split muff coupling
(Fig 2)

Fig 2

SUNK KEY ,WxT

/ 0.25D+2

D
/_\@
T

2.75D

D

e e
0.9D 0.9D
D 1.25D 0.5D |0.5D
3.25D

(b)

SPLIT-MUFF COUPLING

DMN2475H2
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Draw the detailed & assembly drawing of flange coupling

Objective(s): At the end of this exercise you shall be able to
* reproduce the given sectional views

» draw the detailed working drawing of the couplings

* prepare bill of material.

PROCEDURE
TASK 1:
a Reproduce the givenflange coupling sectional b Draw the detailed working drawing of the flanged
deviation and side view (Fig 1) coupling
¢ Prepare the bill of material
Fig 1

i Outside diameter of hub=2d
LTS . i Pitch circle diameter of the bolts = 2.8 to 3 d
\ i Thickness of the flange = 0.5 d

v Thickness of the protective circumferential flange
=0.25d

v Length of the hub=1.5d
vi No. of bolts. n = 3 for shaft diameter upto 40 mm

= 4 for shaft diameter upto

| g 100 mm
FLANGED COUPLING E = 6 for shaft diameter upto
180 mm
TASK 2:
a Reproduce the sectional elevation and draw the side b Draw the detailed working drawing of the coupling

view of the protected type flange coupling (Fig 2) ¢ Prepare bill of material

Fig 2

J@ . —j* -

\_/
4
138 PCD

293

2189

158

FRONT VIEW (UPPER HALF IN SECTION LH SIDE VIEW

PROTECTED TYPE FLANGE COUPLING |

DMN2476H2
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TASK 3:

a Drawthe detailed drawing ofthe given protected coupling

Sectional front elevation

Fi i i
(Fig3) Side view
b Draw_the assembly views of the protected flanged i Bill of material
coupling
Fig 3
4 HOLES,DIA 16
20 EQUI-SP 20
~— KEY WAY =
e / i - X
5 )
gl 8 el 1
I I SRR (SN I I R
|
— [ L I
| S —
30 44 @ 44 | 30
©
®
o M
— L/
KEY WAY
7 14x5 PARTS LIST
- _ ]
2 SI.NO. NAME MATL.| QTY.
Q
1 | SHAFT MS | 2
D) 2 | FLANGE cl 1
3 | FLANGE cl 1
SLOPE 4 |BOLTWITHNUT | MsS | 4
1:100 ‘
5 | KEY MS | 2
o
‘ 76 14 ?
! ™
I
®) g
N~
N
PROTECTED FLANGED COUPLING z
[=]
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TASK 4:

a Draw the detailed drawing of given Oldham coupling i Side view
(Fig 4) i Bill of material
b Draw the following assembled views
i Sectional front elevation
Fig 4

KEY WAY

30

2100

PARTS LIST
SIL.NO. NAME
1 FLANGE
2 DISC
3 SHAFT
4 KEY

B2l @
10 !
MATL| QTY.
MS | 2
MS | 1
MS | 2
MS | 2

OLDHAM COUPLING

DMN2476H4
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TASK 5: Bushed bin type flanged coupling (Fig 5)

a

coupling

type flanged coupling

Draw the given details of bushed pin type flanged

Draw the following assembly views of the bushed-pin

Half sectional front elevation

Plan

iii Side view

iv Bill of material

4 HOLES,

Fig5
KEY WAY
8x4 =37
- ]
© I~
NN < | 10
Q Q L
® -
SLOPE -
1:100 ‘ 18 | 20
:
‘ 45 8
I
KEY WAY »ﬁ¢
© o | o
Q| t-— -t 3|
Q Q|5
]
|

PARTS LIST

SINO. NAME MATL.| QTY.
1 FLANGE Cl 1
2 FLANGE Cl 1
3 | SHAFT MS 2
4 | PINWITHNUT MS 4
5 | FEATHER KEY MS 2
6 |BUSH NYLON| 16

BUSHED-PIN TUPE FLANGED COUPLING

KEY WAY

DMN2476H5
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Draw the assembly drawing of friction grip coupling

Objective(s): At the end of this exercise you shall be able to
* draw the assembly view of the coupling
» draw the details of the coupling.

PROCEDURE
TASK 1: Friction grip coupling or cone coupling (Fig 1)
i Draw the sectional elevation of the coupling or given i Draw the details of the given coupling
i Drawthe side view v Prepare bill of material
Fig 1

25 8
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6.5D
|
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T
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-
|
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o]
1.8D
2.4D
7.2D

\—SUNK KEY

FEATHER KEY

CONE COUPLING

DMN2477H2

TASK 2: Draw the given assembly views of the claw coupling (Fig 2)

Fig 2 «
TAPER KEY ’—> @70
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CLAW COUPLING
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Fig 3
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Draw the assembly drawing of pin type flexible coupling

Objective(s): At the end of this exercise you shall be able to
» draw the assembly views of pin type flexible coupling
» draw the details of the coupling.

PROCEDURE

TASK 1:

i Draw the detailed working drawing of pin type flexible
coupling (Fig 1)

TASK 2:

i Draw the assembly views of the pin type flexible
coupling

i Prepare bill of material

Fig 1

25

25

PIN - TYPE FLEXIBLE COUPLING

DMN2478H1
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Draw the assembly drawing of universal coupling

Objective(s): At the end of this exercise you shall be able to
» draw the details of given universal coupling
* draw the assembly views of the given coupling details.

PROCEDURE

TASK 1: Draw the working, details of the universal coupling (Fig 1)

TASK 2: Draw the following assembled view of the coupling

Full sectional front elevation
Plan
Side view from left

Prepare bill of material

Fig 1

55
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55

25

180

et <
&
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Q
a
S
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UNIVERSAL COUPLING

CENTRE BLOCK
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DMN2479H1
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Draw the simple bearing (solid bearings)

Objective(s): At the end of this exercise you shall be able to

* draw the elevation, plan and side view of simple bearing

» draw the sectional view of bushed bearing.

PROCEDURE

TASK 1:

a For given isometric view of the solid bearing (Simple
bearing) (Fig 1)

b Drawthe following views
i Frontelevation
i Plan

iii Sideview

TASK 2:

a Given isometric view of bushed bearing. Draw the
following views. (Fig 2)

b Halfsectionalfrontelevation as showninisometric view
i Plan

ii  Full sectional side view

Fig 1

SOLID BEARING

DMN2580H1

Note: All the necessary dimensions should be
given.

Select a suitable scale.

Fig 2

24 CSK AT 90°
TO @8 FOROIL

2SLOTS
20x 12

DMN2580H2
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Draw the assembly of foot step bearing

Objective(s): At the end of this exercise you shall be able to
e draw the elevation, plan and side view of simple bearing
» draw the sectional view and bushed bearing.

PROCEDURE

TASK 1: Draw the detail working drawing for given foot step bearing details (Fig 1)

TASK 2: Draw the assemble view of the following views of the foot step bearing

i Fullsectional elevation
i Plan
iii  Sideview

v Prepare the bill of material

Fig 1

@84 SNUG, WIDE 10
THICK 3

2115 -

© i o X $ L
L 0 k \ N <Tg
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"\

HOLE DIAS —
DEEP 6

22
HOLEDIAS

\

©

Pl

260

38

4‘4&

O
Ry

38

240

FOOT- STEP BEARING

@ 60

SI.NO NAME MATL Qry
NOTE: ALL DIMENSIONS SHOULD BE GIVEN
1 BODY CAST IRON 1
2 BRUSH BRASS 1 SELECT A SUITABLE SCALE
3 DISC P BRONZE 1
4 SHAFT MILD STEEL 1
5 BODY MILD STEEL 1

DMN2581H1
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Draw the plummer block bearing

Objective(s): At the end of this exercise you shall be able to
* details and assembly of plummer block.

PROCEDURE

TASK 1: Draw the detailed of the given plummer block bearing (Fig 1)

Fig 1

R 32 R 25H7 ~

72H11

64

A{}g
~—1

16
64

L]
D
D
J

2
Z\

R28
(C) BRASSES

26.5
25 26 - 104 (1SET - GUNMETAL.)
{A) BLOCK (B)CAP
(1NO-C.L) (1NO-C.L)
M16 M16 o~ Y ‘ ‘
Cen oo |
50
126
(D) BLOCK (E)NUT E
{2 nos -M.S.) {2 nos -M.S.) Q
(F) WASHER (G)BOLT Q
PLUMMER BLOCK BEARING (PEDESTAL) ~ (2nos-MS) (2nos -MS.) £
a
TASK 2: Draw the following assembled view of the plummer block bearing.
Half sectional front elevation (left off)
Half sectional side view
Half sectional plan
Prepare bill of material
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Draw the assembly of self aligning bearing (Swivel bearing)

Objective(s): At the end of this exercise you shall be able to
» draw the detail and assembly of self aligning bearing.

PROCEDURE

TASK 1: Draw the detailed of the given self - aligning bearing (swivel bearing) (Fig 1)

TASK 2: Draw the following assembled view of the self - aligning bearing (swivel bearing)

i Halfsectionalfrontelevation
i Full sectional side view

iii Half sectional plan

v Prepare bill of material
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Capital Goods & Manufacturing

Exercise No 1.9.82

Draughtsman Mechanical - Sectional views

Gears

Objective(s): At the end of this exercise you shall be able to

» draw the conventional representation of gears on technical drawings.

PROCEDURE

TASK 1: Conventional representation of gears on technical drawings

This section deals with the conventional presentation of
toothed portion of gears including worm gearing and chain
wheels. It is applicable to detail drawings and assembly
drawings. As afundamental principle, agearisrepresented
(expect in axial section) as a solid part without teeth, but
with the addition of the pitch surface inathinlong chainline.

Detail drawing (Individual gears)
Contoursand edges

Represent the contour and the edges of each gear (see
Figs 1,2 & 3) as if they were.

Fig 1 ‘

|

DMN2584H1

Fig 2 \

DMN2584H2

ROOT SURFACE

Fig 3

o MRW?\ I S

/

DMN2584H3

ROOT SURFACE

Pitch surface

Draw the pitch surface with a long dashed double dotted
narrow line, even concealed portions and sectional views,
and representit.

a In a projection normal to the axis, by its pitch circle
(external pitch circle in the case of a bevel gear and
the median pitch circle in the case of a worm wheel
(Fig 4)

Fig 4 _’_‘_’_\
|

a Inasunsectioned view, asolid gearbounded by the tip
surface.

b Inan axial section, a spur gear having two diametrical
opposed each, represented unsectioned, evenin the
case of a gear that does not have spur teeth or that
has an odd number of teeth.

DMN2584H4

ROOT SURFACE

b In a projection parallel to the axis, by its apparent
contour, extending the line beyond the gear contour
on each side.

Root surface

As ageneralrule, do notrepresentthe root surface expect
in sectional view. However, ifit seems helpful to showitalso
on unsectional views, always draw it, in this case, as a

continuous narrow line.
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Teeth

Specify the teeth profile either by reference to a standard
or by a drawing to a suitable scale.

If it is essential to show one or two teeth on the drawing
itself (either to define the ends of a toothed portion or rack,
orin order to specify the position of the teeth in relation to
a given axial plane,) draw them as continuous wide line
(Figs 5 & 6)

Fig 5

DMN2584H5

Fig 6

DMN2584H6

Itis necessary toindicate the direction of the teeth ofagear
or rack on the view of the tooth surface in a projection
parallel to the gear axis, three continuous narrow lines of
the corresponding form and direction should be shown
(Table 1) (Fig7)

Fig 7
TEETH SYSTEM

HELICAL TO THE RIGHT

HELICAL TO THE LEFT

DOUBLE HELICAL

SPIRAL

INDICATION OF DIRECTION OF TEETH

DMN2584H7

External engagement of cylindrical gear (Fig 8)

Fig 8

K@

AN
SN\
E—

\
DMN2584H8

Internal engagement of cylindrical gear (Fig 9)

Fig 9

DMN2584H9

L

DMN2584HA

Engagementofbevel gears, axis intersection atany angle
(Fig11)

DMN2584HB

Engagement with cylindrical worm, in cross-section
(Fig 12)

Chain wheel (Fig 13)
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Fig 12

DMN2584HC

Draw the gears (spur gear)

DMN2584HD

Objective(s): At the end of this exercise you shall be able to
» draw the conventional representation of gears
e draw spur gear.

TASK 1: Construction of base circles

Problem (Fig 1): To draw the base circles for two matting
gears of different pitch circle diameters, assuming the

pressure angle to be 9.

Fig 1
PITCH CIRCLE
BASE CIRCLE

LINE OF ACTION
TANGENTIAL TO
BASE CIRCLES

PRESSURE ANGLE

COMMON TANGENT
TO PITCH CIRCLES

PITCH POINT

CENTRE DISTANCE

PITCH CIRCLE
BASE CIRCLE

CONSTRUCTION OF BASE CIRCLES

DMN2584J1

With centres O and O’ (Centre distance apart), draw two
circles touching each other at a point P. This the pitch
point. It lies on the line joining O with O’. Through P, draw
aline TT' common tangent to the two pitch circles. It will
be perpendicularto OO’. Again through P, draw aline LL’
making an angle (pressure angle) with TT’ LL’ is the line
ofaction. Through O and O’, draw lines OE and O’E, both
perpendicular to LL,. Each of these lines will make an
angle g with the line OO’. With make an angle with the
line OO'. With O and O’ as centres, and OE and OF’
respectively as radii, draw two circles which are the
required base circles. Note that the line of action LL’ is
tangential to these circles.

Problem 2. Draw the profile of an involute teeth for a gear
having 24 teeth and module equal to 8.33 mm, and
assuming a pressure angle of 20°.

Calculations:
Pitch circle diameter = No. of teeth x module
=24x8.33=20cm ¢ 200 mm

Circular pitch = xm =7 x 8.33 = 26.16 mm
Addendum =m = 8.33 mm
Clearance = 0.157 m = 0.157 x 8.33 = 1.308
Dedendum = Addendum + Clearance
=8.33 + 1.309 = 9.639 mm
Ded circle dia = PCD - 2 x dedendum
=200 -2x9.639
=180.722 mm
Tooth thickness = 1.75 m = 13.08 mm

Spur gearing
Construction (Fig 2) with centre O, draw the pitch circle
of 200 mm diameter. At any point O on it, draw a tangent
TT'. Again through P, draw the line of action LL’ inclined
at (equal to 20°) to TT'. Through O, draw a line OE
inclined at to OP (it will be perpendicular to LL’). With
centre O and radius OE, draw the base circle. Draw the

addendum and dedendum circles of diameters 216.66
mm and 180.72 mm.

Fig 2 PITCH POINT
LINE OF ACTION
L /,— PRESSURE ANGLE
/ o TANGENT TO PITCH
T - % T' CIRCLE
A = BT ) cP.
M - 5

DED. CIRCLE )
BASE CIRCLE
PITCH CIRCLE

ADD. CIRCLE

CONSTRUCTION OF INVOLUTE TEETH PROFILE

DMN2584J2

Construct an involute curve from this base circle as
shown at X. Trace out this curve and part AB of the base
circle on a piece of tracing paper as shown at Y.
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On the pitch circle, mark point, 1,2,3 etc., distance

cp 26.18
2 2

Place the tracing paper on the base circle in such a
manner that the arc AB coincides with it (base circle),
while the curve passes through say. The point 1. Prick a
few points on the curve between the addendum circle
and the base circle. Join these points by means of a

=13.9mm apart. =

13.9 mm apart.

TASK 2:

To draw the profile of involutes teeth for a gear having 25
teeth and a module pitch equal to 10 mm, assuming a
pressure angle of 20°.

Calculation:
P.CD=mxN=10x 25 =250 mm
CP=axm=314x10=314 mm

C.P
Addendum = T =m =10 mm

Add. circle dia = P.C.D + 2 x addendum
=250 +2x 10 =270 mm

CP 314

learance = — =——=1.57mm.
Clearance 20 20

Dedendum = Addendum + Clearance
=10 + 1.57 = 11.57 mm

Ded.circle dia. = P.C.D - 2 x dedendum
=250-2x11.57

=250 -23.14 = 226.86 mm

CP 314

Tooth thickness = ? = T = 157mm

Approximate construction of teeth profile

(1) For gears of 30 teeth and over (Fig 3) with centre O,
draw the pitch circle, addendum circle and dedendum
circle. The diameters may be calculated from the given
data and from the tooth proportions, as shownin (problem
2) Mark a point P on the pitch circle. On OP as diameter,

P.C.D

i.e with radius equal to draw a semi - circle. With

P.C.D

P as centre, and radius equal to , draw an arc

cutting the semi - circle at a point Q.

With O as centre, draw a circle passing through Q. Then
this is the circle on which centres of arcs for the teeth

P.C.D
profiles will lie. The radius (for these arcs) R = 3
To draw the arcs, mark points 1,2,3 etc on the pitch

C.P

circles and distance7 apart. With each of these

French curve. Complete one side of the tooth profile by
drawing a radial line below the base circle and then
joining it with the bottom of the tooth space by a fillet of

cp 26.18
radius requal to B 8 3.272mm. mm. Reverse

the tracing paper and plot the curve through the point 2
in the same manner, thus completing a tooth profile.
Repeat the constriction for each tooth.

points as centre and radius equals to PCD mark 1’ 2’ 3’
etc. on profile circle, now with these points as centres
and radius R, draw the profile arcs. Join each arcs with
the bottom of the tooth space by a fillet of radius

C.P
requalto——
8
Fig 3
P.CD
8

ADD. CIRCLE
@cmcm AV Co

, /Q/ e [ _ cp N
/ ey \\\\ \\\

DED. CIRCLE o
CIRCLE FOR CENTRES OF
PROFILE ARCS

MN2584J3

APPROXIMATE CONSTRUCTION (FOR GEARS OF 30 TEETH AND OVER)

D

(2) For gears of less than 30 teeth (Fig 4). Determine the
centres 1,2’ etc., and draw the arcs as described in (1)
above. From O, draw lines tangential to these arcs. Join
each of these arcs. Join each of these lines with the
bottom of tooth space by a fillet of radius r equals

C.P

to.—/——
8

Fig 4

ADD.CIRCLE

PITCH CIRCLE
CIRCLE FOR
CENTERS OF
PROFILE ARCS

S \\
\<=—DED.CIRCLE

TANGENT TO
THE ARC FROM
THE CENTRE

APPROXIMATE CONSTRUCTION
(FOR GEARS OF LESS THAN 30 TEETH)

DMN2584J4
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Draw two spur gear in mesh

Objective(s): At the end of this exercise you shall be able to
» draw two spur gears in meshing positions.

PROCEDURE

TASK 1: Draw the two spur gears in mesh shown in Fig 1

i Elevation

ii Sideview

Fig 1

CENTER DISTANCE

Daz

D++D2

Dat
|
Dd1

T

DMN2585H1
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Capital Goods & Manufacturing Exercise No 1.9.83
Draughtsman Mechanical - Sectional views

Draw two bevel gears in mesh

Objective(s): At the end of this exercise you shall be able to
e draw the two views of bevel in mesh.

PROCEDURE

TASK 1: Draw the elevation and side view of the two bevel gears in mesh. (Fig 1)

Fig 1

HUB|DIA

L1

BEVEL BEARING

DMN2586H1
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Capital Goods & Manufacturing Exercise No 1.10.84

Draughtsman Mechanical - Computer operation

Perform computer operation

Objective(s): At the end of this exercise you shall be able to
create a new folder in the desktop

rename the folder by two methods

arrange the icons in your desktop in four ways
change desktop image

change desktop image position

change desktop color.

Requirements

Hardware and Software

- Pentium PC or higher with Windows 95/98/2000/ ~ °* InkietorLaser Printer
XP with * Anti Virus Software

SVGA Color Monitor ¢ Internet Connection

* Microsoft Office 2000 or higher version

PROCEDURE

TASK 1: Create a New Folder in the Desktop

1 Boot the system, if not booted 3 Choose “New” option and
2 Right click the mouse button in the desktop 4 Click “Folder” option (Fig 1)
Fig 1

View
Sort By
Refresh

Paste
Paste Shortcut

Graphics Properties...
Graphics Options

Folder
Shortcut

Mew

Ay, Personalize

Contact

Microsoft Office Word Document

Journal Document

PageMaker Publication

‘] Microsoft Office PowerPoint Presentation

Text Document
Microsoft Office Excel Worksheet
Compressed {(zipped) Folder
;ﬁ' Briefcase
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5 Create New Folder on your desktop (Fig 2)

6 Create more number of folder, follow the Step 2 to 4

TASK 2: Rename the Folder

Method: 1

1 Select the desktop folder

2 Right click the mouse button and
3 Click Rename option (Fig 3)

Fig 3

i Open

Explore

Add to Windows Media Player list
Play with Windows Media Player

Share...
Restore previous versions
% Combine supported files in Acrobat...
Send To »
Cut
Copy

Create Shortcut
Delete
Rename

Properties

Fig 2

4 Type the Folder name "sample" (Fig 4)

5 Renamed New Folder as sample on your desktop
Method 2: (Rename the Folder)

1 Select the Folder on your desktop and

2 Press F2 key and

3 Type the folder name " Sample" (Fig 4)

4

Renamed new folder as "Sample"

Fig 4

TASK 3: Arrange the Icons on your desktop Name Wise:

1 Right click the mouse button on your desktop

2 Select Arrange Icons By and

3 Click Name (Fig 5)

4 Displayed Name wise arranged icons on your desktop
Arrange the icons on your desktop Size Wise:

1 Right click the mouse button on your desktop

2 Select Arrange Icons By and (Fig 6)

3 Click Size (Fig 7)

4 Displayed Size wise arranged icons on your desktop
Arrange the icons on your desktop Type Wise:

1 Right click the mouse button on your desktop

2 Select Arrange Icons By and
3 Click Type (Fig 8)

4 Displayed Type wise arranged on your desktop
(Fig9)

Hide the Desktop Icons:

1 Right click the mouse button on your desktop

2 Select Arrange Icons By and

3 Click Show Desktop Icons (Fig 10)

4 Hide all folders on your desktop (Fig 11)

Unhide the Desktop Icons

Right click the mouse button

N

Select Arrange Icons By and
Click Show Desktop Icons (Fig 12)
Display all icons on your desktop (Fig 13)

A W
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Fig 5

Mozilla Firefox

Arrange Ico
Refresh

Paste
Paste Shortcut
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Cerl+Z
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Size
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Fig 8

View
Sort By
Refresh

Paste
Paste Shortcut

Undo Apply Properties  Ctrl+Z

Graphics Properties...
Graphics Options

New
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Name

Size

Type

Date modified

View
Sort By
Refresh

Paste
Paste Shortcut
Undo Rename

Graphics Properties...
Graphics Options

New

By, Personalize

Name
Size
Type
Date modified

Cirl+Z

Fig 10
View 2 Large Icons
Sort By ¢ Medium Icons
Refresh © C(lassiclcons
Paste Auto Arrange
Paste Shortcut v Align to Grid
Undo Copy Ctrl+Z ¥ [P Deskiop Icons
Graphics Properties..
Graphics Options 2
New ’

by Personalize
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Fig 11

Fig 12

View
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Paste
Paste Shortcut
Undo Move
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Fig 13
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TASK 4: Change Desktop Image

1

Right click the mouse button on your desktop

2 Click Properties (Fig 14)

Fig 14

Arrange Icons By
Refresh

Paste
Paste Shortcut
Undo Rename

i, Groove Folder Synchronization
Graphics Properties...
Graphics Options

Ctrl+2

>

New

>

3
4
5

Display properties window (Fig 15)
Select Desktop Options

Choose Background Images one by one and

6 Previewtheimagedisplayed
7 Click Ok button

8 Display Bliss image on your desktop

Fig 15

Display Properties

TASK 5: Change desktop Image Position

Center Position

D o0 WN =

Right click the mouse button on your desktop
Click Properties

Display properties window appears

Click Positions

Change position type as Center

Display image in center position (Fig 16)

Fig 16

Display Properties

| Themes] Desktop [Screen Saver | Appearance | Settings

[2/e3

Backaround:

@ Stonehenge ~
t] swisswulf_icon

Tulips

& untitied

@ Vortec space

|9 wind =

= ot S

Customize Desktop...

Position:

‘ Browse. ..

Background:

© (None) ~| Browse..

| 5] Ascent 3 E

| 5 awturnn | Position: ‘

59) Azul ‘ | Stretch ~i

" Blue Lace 16 | Color:

[ioeenes v [ — )

([r 0K u Cancel ]

Stretch Position

7 Change position type to Stretch
8 Display image in Stretch position (Fig 17)

Fig 17

Display Properties

R

Background:
@ Stonehenge s Browse...
i:] swisswuff_icon
Tulips Paosition:
[S untitled v
@ Vortec space )
5 wind — | Color:
l, oK ] [ Cancel ] [ Apply

]

Cancel

Lok JI

J{_4eey D
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Tile Position
9 Change position type Tile (Fig 18)
10 Displayed image Tile position

TASK 6: Change desktop Color

Right click the mouse button on your desktop
Click Properties
Select Desktop option

Choose Color "Yellow"

a b 0N -

Yellow color displayed on your desktop (Fig 19)

Fig 18

Fig 19

Display Properties
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Capital Goods & Manufacturing
Draughtsman Mechanical -

Exercise No 1.10.85

Computer operation

Create save and print in a document work sheet, work sheet and pdf

Objective(s): At the end of this lesson you shall be able to

e explain about a word processor

¢ invoke Microsoft Word

e save the documents

* opendocuments

e save a file with different file name.

Word processing application software (some times just
called Word processor) allows to create, edit, format,
preview, print & save documents like letters, memos,
reports and other text with greater ease & efficiency. One
of the greatest advantage of the word processor is that it
enables you to create a file of the text, to which changes
can be made without retyping the entire document. The
following are some ofthe popular word processing application
packages; WORDSTAR, WORDPERFECT, MICROSOFT
WORD

Microsoft Word is Windows based text processing
application software. This is available as an application

program under

This gets activated after selecting [ f=1 1=1 2 888 available

on the desktop. Fig 1 shows the sequence for invoking
WORD.

Fig 1
]

==E=mission letter;

Programs
12 Microsoft Office Word 2007
4 Welcome Center - (|

£2 Windows Cal by using Microsoft Office Word.
L] aler

2 Windows Contacts

Documents
3 Windows CardSpace

%8 Windows Defender Pictures

a% Windows Easy Transfer

A Windows Explorer Music

=+ Windows Fax and Scan

& Windows Firewall

@ Windows Firewall with Advanced Security

QWindows Journal

59 Windows Live Messenger Download Network
I Windows Mail

Recent tems

Computer

Favorites and History Connect To

G Get Windows Live

G Microsoft At Work
Microsoft Websites

MSN Websites

Control Panel
Default Programs

Help and Support

,r' Search Everywhere

- Search the Internet

w

L2 Windows An Create and edit professional-looking documents such as letters, papers, reports, and bookiets

i

The truth aBOUT YOUF ...

The most infuriating ...

The common heath ...

Skin cancer sympto...

M
13 Windows Explo... ¥ ﬁ Adobe PageMaker b....

m
&9 Change Text Directio...

W PL76 114 - Paint ® Snipping Tool < = Wk 1235PM

The basic components of the application and document
windows are as shown in Fig 2.

It is much easier to use a mouse to choose the menu
options, however it is possible to do the same using a
combination ofkeys in the keyboard, whichis called as the
shortcut key.
The various components of the application and document
windows are:

Menu bar: This is positioned below the title bar which
contains options File, Edit, View, Format, Tools, Table,
Window & Help. Each of this menu item has a drop down
command, which gets displayed whenever the menu is
chosen. The shortcutkey needed for selecting the command
is displayed in the dropped down list.

Tool bar: This displays tools as graphical icons which
enable to perform tasks faster and with ease. The two most
commonly used tool bars are the standard tool bar and
formatting tool bar. The use of tools are explained in the
later lessons.

Rulerbar: This allows to format the vertical and horizontal
alignment of text in a document.

Status bar: This displays information about the active
document or the task on which the user is currently
working. The status bar is positioned at the bottom of the
window. This includes the page number, line & column
number on which the cursor is positioned.
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Fig 2 Application close button
Title bar @ o-@)= Doamen i ™ 1
Menu bar “ Hard  Incdft Page Layouf  Aefarancas Madings  Ravke  Uew — T O?:IL?I’IS':BM
= A& Cakbn [Badkd = |11 1= e T || HEEE A A
Star;)dard too L ._' Bor 1o odke ow owt || EEE N OE|i=-
ar F'i:':‘i 7 | o | - i s.w_ln-:- Ed!m;
Clek=nars Fairnd O i
[ iE
Rulers~
Blinking curso———F—— |
T
Working space o
&
= -
P-mr]cﬂ’li Virirchs O \”I\‘E“:] -0 -
Status bar Drawi'ng tool
bar Scrollbar
Scroll bar: The document window consists of two scroll _
bars: vertical scroll bar and horizontal scroll bar. The Fig 3 File
vertical scroll bar is used to move in the document (9 Hew.., bl
vertically. It has 4 buttons, those with single arrows allow ﬂ on Chl40
the user to scroll up/down in the document one line at a =Ben -
time while those with double arrows allow the userto scroll =
the document up/down by one page. The horizontal scroll i sae Chrlas
bar is used to move the document horizontally. ;ave A
WORKSPACE isthe area in the document window where Save as HTML. .
the text of the document can be typed. e
WORD FILE is the basic unit of storage in Windows 95.
Page Setup. ..
Thewordfilesarerepresentedby  (wordicon)alongwith [ &, Print Preview
the file name. A file opened for use is the document. By & Print... Chrl4+P
default, a word document is saved with an file name
extension .doc. Send To *
P ti
Example abc.doc e
Exit
File name extension

The File option in the menu bar supports all the actions
with respect to the file activities. When the File option is
selected a command list drops down as in Fig 3.

The following are some of the file commands under Eile
menu;

New: This creates a new document.

Open: This enables opening of an existingdocument. A
file existing at any locations on the hard disk or floppy
diskette or network drive or on a network etc., can be
opened form the open dialog box. The dialog box, asin Fig
4, pops up on choosing this command.
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A document can be opened as a copy or opened as read-
only or opened in default mode.

When a documentis opened as a copy a new copy of the
documentis created in the folder that contains the original
document.

When adocumentis opened as read-only document, the
changes are ineffective to the opened document, however
the changes can be saved to anotherdocumentusing Save
As command.
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Fig 4
Location of files
Displayed list of files

N

CLook in: ||:| Py Documents' j ‘alll EE'EIEE' EI

@ obe.doc Open

@ w.doe
Cancel |
Advanced. .. |

<] | 2l

Find Files that match these search critaria:

File name: I j Texk or properky: I j Find Mo |
Files of bvpe: I.ﬁ.ll Files (*.*) j Last modified: Ian';.-' time j Mew Search |

| 2 Filefs) Found.

Create a New Excel Sheet, Open Existing File, Save Current File and Rename
the Work Sheet

Objective(s): At the end of this exercise you shall be able to
create a new excel sheet

open an existing file

save a current file

close a current file

add and rename the work sheet

add rows and column

resize row and column.

PROCEDURE

TASK 1: Open the Excel

1 Boot the system, if not booted Fig 2
2 Click Start Button
3 Choose Programs ] Eile | Edt  View Insert  Fg
4 Click Microsoft Excel D[D_tew... S
- [ Open... CErl+O
5 Open Microsoft Excel (Fig 1) = Closs
Create a New Excel Sheet B seve -
1 Choose File Menu ; e,
2 Click New option (short cut key : Ctrl + N) 3 |98 Save as Web Page...
3 Create New Excel Sheet (Fig 2) 4 Sawve Warkspace...
g B Search...
F Wweb Page Previevs
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Fig 1

Documents (1+)

== All Apps Documents Web More « R’j

Best match

Excel 2016
X 3

App
Apps

Excel 2016

2 Internet Explorer > App
= File Explorer >

2nd year painter general - 06-01-2020 painter general CTS

a5
Settings (2+) 85 st year painter general - Eps given to vicky Tuesday (24-...

e 1st year painter general - Eps given to vicky Tuesday (24-...

B 85 st year painter general - Eps balance to fix -489 question
Architectural Assistantship

B .
Electroplater 1st Sem 287Qs

Puduv Anand -QB - TPES - 1 phase & 3 phase rectifier cir...
A% Question - TPES - Basic Block Diagram of AC Drives (1)

&)

= | O o O H w~ @ @A = @ € A

TASK 2: Open an Existing Excel Sheet
Choose File Menu Fig 3

Click Open Button
Open the existing file (Fig 4)

D b~ 0N =

Click Open option (Short cut key : Ctrl + O) (Fig 3)

Displayed existing file window

E3 Microsoft Excel - Book2

Ele | Edit Wiew Insert Fo

O D bew... Chr+N
Choose existing file "sample" = & open... who |

Close:
EH zave Chrl+5

; Save As...

3 ﬂ Save as Web Page...

4 | sSearch...

5

5

Web Page Prewview

Fig4
Open

Look in:

[ = psk1_voLa (F2)

) Computer Fundamentals

Ivel

Open >
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= File name: I _.J
Iy Metwork
Places Files of Lype: Inﬁ Microsoft Excel Files Ej Cancel
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TASK 3: Save a Current Excel Sheet

1 Create a New Excel Sheet 8 Save the Current excel sheet name as "sample1)
2 Choose File Menu (Fig6)
3 Click New option Fig6
4 Created a new excel sheet E2 Microsoft Exce. - sample1 |:”E”E|
5 Type the content Name, Dept and Salary Y Cle Cdt View Insert Tormat  Tools  Data
6 Choose File Menu - Window Help  Adobe POF |
7 Click Save option (Short cut key: Ctrl + S) (Fig 5) [0 7 Arial Crap LUNC 2l T s
Fig5 E5 v £
B Microsoft Fxcel - Book? A | B | c | D E
| Name  Dept |Salary
@. Ellsif__dlt Wiew Insert Format Tools [Data Window Help  Adobe POF ﬁ;aj-es'h DME [ om0l
Dt o i Hafmal IOCE "] T Rfliap NP T
Dl g amo |[BJIUESE|C-A Mohamed DCT 5000,
- ¥el o DET e 2E
i = Karim  DME 4444
@ s | . | I _
Ti g | I[InplE lSaIII:y L o Do : Jﬂ
7§y save as eb Page. DME 5000 M 4 » ¥} Sheetl / Sheet2 || | |
3|8 search.. DCE poo0| — MM A
4 oCT 5000
T Wb Page Preview DCT 5053
(6] pageseny.. DME aaud)
_;_'! Print Area b vl
M1 ot preyew ] Gl
|
L= T T i

TASK 4: Close a current excel sheet

. Fig 7
1 Select File Menu

2 Click Close (Fig 7)

3 Close current excel sheet

£d Microsoft Excel - sample1

EH save Ctrl+5
Save As...

E Save as \Web Page...
Lo

Search...

Web Page Preview

oo = W k)=
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TASK 5: Adding and Renaming Worksheets

1 The worksheets in a workbook are accessible by
clicking the worksheet tabs just above the status bar.

2 By default, three worksheets are included in each
workbook.

3 To add a sheet, select the Insert menu
4 Click Worksheet from the menu bar.

5 Torenamethe worksheettab, right-click on the tabwith
the mouse and select Rename from the shortcut menu.
(Fig8)

Fig 8
I’ 4
40 | [reseet. ..
b e
LY | Morve or Copy,.,
45
% | . Select All Sheets
a7 | _ Tab Coler, ..
43
| (] Yiew Code E .
u 4 » i Shee cheet3 /
Y4 Birefo

TASK 6: Adding Rows, and Columns

Worksheets

1 Add a worksheet to a workbook by Choosing Insert
menu

2 Click Worksheet from the menu bar.
Row
1 Add arow to a worksheet, Choose Insert Menu

2 Click Rows list, or highlight the row by clicking on the
row label (Fig 10)

6 Type the new name and press the ENTER key.
(Fig9)

Fig 9

4]

44

45

46

47 |

48

i« » »)\accounts { Sheat1 [ Sheet2 / Sheet3 /
Ready

J 4 Firefox

1 start

Fig 10

1 Microsofl Excel - sample?

®] mle Edt  View  Insert | Format  Took

N Eag | Ew

I

=L,
Ad - workshiest
A | B Ml chee...
1 )
= unction. ..
2 |Mame :
3 |Depl bz E
= ..
g Phone numiber % Hyperlik,..  Ctris
7 =

3 Right-click with the mouse, and choose Insert.
(Fig11)

Fig 11

El Microsoft Excel - sample1

B Fke Edit Wiew Insert Format
DezEdaH &LV ¥

T,
Ad - e
A, | B | ;
1
Mame

3 |Dept
6 |Salary

Fhone number

o

T

Column
1 Add a column by Choosing Insert menu

2 Click Columns list, or highlight the column by click on
the column label (Fig 12)
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Fig 12

E3 Microsoft Excel - sampla1

) Ble Edk  Wew | Insert | Fgrmet  Tools [

Picture k

TASK 7: Resizing Rows and Columns

Resize a Row

1 Place the mouse cursor on the line of row/column and
resize it accordingly. (Fig 14)

Fig 14

Ed Microsoft Excel - sample1

M) Fle gdt view [nsert Fomat Took Data Wind
s SRV $§RRA-F
L.

. G S 5 S
11

[ 2 |Name  Dept Salary

| 3 Hajmal  dme 5000

| 4 |Rajesh  dce B000
iil-(amila des 4000

B

2 Choose Format menu and click row height
(Fig15)

Fig 15
H-' = A
wsert | Format Jook Data Window Help Adobe PDF
* | o cals... il 8L i )
| Bow  HEusont.. |
_ Loum » AutoFt
—  Sheet v ide
AutoFomat... Unhide
Condrional Formatting...
%
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3 Right-click with the mouse, and choose Insert.
(Fig13)

Fig 13

E2 Microsoft Excel - samplel

W] Fle Edt View Inset Format  Tooks Data
DeEda8 SRAY L@

oo .
B - ~
A c | D
[ 1 i
2 |Mame rajesh hajmal
Dept dci dmea
Salary 1000 2000

a
=

3 Enter a numerical value for the height of the row.
(Fig 16)

Fig 16
Row Height

)]

Resize a column
1 Draggingthelinetothe right of the label corresponding
to the column you want to resize.

2 Choose Format menu and Click the column width
(Fig17)

~
2 [Fomat [ Toos Dats widow Hep AdobePOF
o cob. atl | @z
Row b
" S won |
Sheet b AuboFit Selection
AutoFormat... Hide
Condtional Formatting. .. Linhide
—~ Standard Width. .,

3 Enter a numerical value for the width of the column.
(Fig18)

Fig 18
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Practice on Computer

Objective(s): At the end of this exercise you shall be able to
 do the exercise susing MS word package.

1 Type as per the pattern below.

GOVT.OF INDIA
MINISTRY OF LABOUR & EMPLOYMENT
DIRECTORATE GENERAL OF EMPLOYMENT&TRAINING
ADVANCED TRAININGINSTITUTE
CTI CAMPUS - GUINDY - CHENNAI - 600 032

Website : http://www.atichennai.org.in  Email : atichn@vsnl.com Phone : OFF:- 044-2250 1211 / 2250 0252 / 2501460

TELEFAX: 044-22501460

Ref. No.: Date:
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Capital Goods & Manufacturing
Draughtsman Mechanical -

Exercise No 1.10.86

Computer operation

Perform application in CAD

Objective(s): At the end of this exercise you shall be able to

e application in cad.

=M p] |20 Wirsfrarm]

MODEL 3 &5 =

Tool bar: Draw

Menu : Draw Construction Line

Command entry : ‘X’ line

Specify a point or (hor/Ver/Aug/Bisect/Offset) : Specify a
point or enter an option

Find

‘X' lines are useful for creating construction and reference
lines, and for trimming boundaries.

The following prompts are displayed.

Point

Specifies the location of the infinite line using two points
through which it passes.

Specify through point : Specify the point (2) through
which you want the xline to pass, or press ENTER to end
the command.

The X’ line is created through the specified point.

Hor

Creates a horizontal ‘x’ line passing through a specified
point.

Specify through point : Specify the point (1) through
which you want the x line to pass, or press ENTER to end
the command.

The X’ line is created parallel to the X’ axis.

Ver

Creates a vertical X’ line passing through a specified point.
Specify through point: Specify the point (1) through which
you want the ‘X’ line to pass, or press ENTER to end the
command.

The X’ line is created parallel to the ‘Y’ axis.
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Ang
Creates an ‘X’ line at a specified angle.

Enterangle of ‘X’ line (0) or [Reference] : Specify an angle
or enter.

Angle of X’ line

angle

Specifies the angle at which to place the line.

Specify through point : Specify the point through which you
wantthe ‘X’ linetoan ‘X’ line is created through the specified
point, using the specified angle.

Reference

Specifies the angle from a selected reference line. The
angle is measured counter clockwise from the reference
line.

Select a line object : Select a line, polyline, ray, or X’ line
Enter angle of xline <0> :

Specify through point : Specify the point through which
you want the X’ line to pass, or press ENTER to end the
command.

Bisect

Creates an ‘X’ line that passes through the selected angle
vertex and bisects the angle between the firstand second
line.

Specify angle vertex point : Specify a point (1)

Specify angle start point : Specify a point (2)

Specify angle end point : Specify a point (3) or press
ENTER to end the commend

The ‘X’ line lies in the plane determined by the three
points.

Offset

Creates an xline parallel to another object.

3

2

Specify offsetdistance or (through) <current> : Specify an
offset distance, enter t, or press ENTER

Offset Distance

Specifies the distance the ‘X’ line is offset from the selected
object.

Select a line object : Select a line, polyline, ray, or ‘X’ line,
orpress ENTER

Through

Creates an xline offset from a line and passing through a
specified point.
Polyline

Creates two-dimensional polylines

Tool bar : Draw .,_:'

Menu : Draw Polyline

Command entry : pline

Specify start point : Specify a point

Current line-width is <current>

Note: A temporary plus-shaped marker displays at the
first point. This marker can be useful when you create

long and complicated polylines. It is removed when you
complete the polyline.

The PLINEGEN system variable controls the line type
pattern display around and the smoothness of the vertices
of a 2D polyline. Setting PLINEGEN to 1 generates new
polylines in a continuous pattern around the vertices of
the completed polyline. Setting PLINEGEN to O starts
and ends the polyline with a dash at each vertex.
PLINEGEN does not apply to polylines with tapered
segments.

Next Point

PLINEGEN setto 0 PLINEGEN setto 1

Draws a line segment. The previous prompt is repeated.
Arc

Adds arc segments to the polyline.

Specify endpoint of arc or

[Angle/CEnter/CLose/Direction/Halfwidth/Line/Radius/
Second pt/Undo/Width]: Specify a point (2) or enter an
option

Note: Forthe Center option of the PLINE command, enter
ce; for the Center object snap, enter cen or center.
Endpoint of Arc

Draws an arc segment. The arc segmentis tangentto the

e

previous segment of the polyline. The previous promptis
repeated.

Angle

Specifies the included angle of the arc segment from the
start point.

Specify included angle:
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Entering a positive number creates counterclockwise arc

)

angle

segments. Entering a negative number creates clockwise
arc segments.

Specify endpoint of arc or [Center/Radius]: Specify a
point or enter an option

Endpoint of Arc

Specifies the endpoint and draws the arc segment.
Center

Specifies the center of the arc segment.

Specify center point of arc:

Radius

Specifies the radius of the arc segment.

Specify radius of arc: Specify a distance

Specify direction of chord for arc <current>: Specify a
point or press Enter

Center
Specifies the center of the arc segment.
Specify center point of arc: Specify a point (2)

Specify endpoint of arc or [Angle/Length]: Specify a point
(3) or enter an option

3
, X

Endpoint of Arc
Specifies the endpoint and draws the arc segment.
Angle

Specifies the included angle of the arc segment from the
start point.

Specify included angle:
Length

Specifies the chord length of the arc segment. If the
previous segment is an arc, the new arc segment is
drawn tangent to the previous arc segment.

Specify length of chord:
Close

Draws an arc segment from the last point specified to the
starting point, creating a closed polyline. At least two
points must be specified to use this option.

Direction
Specifies a starting direction for the arc segment.

Specify the tangent direction from the start point of arc:
Specify a point (2)

Specify endpoint of arc: Specify a point (3)

Half width

Specifies the width from the center of a wide polyline
segment to one of its edges.

Specify starting half-width <current>: Enter a value or
press Enter

Specify ending half-width <starting width>: Enter a value
or press Enter

The starting half-width becomes the default ending half-
width. The ending half-width becomes the uniform half-
width for all subsequent segments until you change the
half-width again. The starting and ending points of wide
line segments are at the center of the line.

HALF-WIDTH

1
T

Typically, the intersections of adjacent wide polyline
segments are beveled. No beveling is performed for non
tangent arc segments or very acute angles or when a
dot-dash line type is used.

Line

Exits the Arc option and returns to the initial PLINE
command prompts.

Radius
Specifies the radius of the arc segment.
Specify radius of arc: Specify a distance

Specify endpoint of arc or [Angle]: Specify a point or enter a

Radius — ;

Endpoint of Arc

Specifies the endpoint and draws the arc segment.
Angle

Specifies the included angle for the arc segment.
Specify included angle:

Specify direction of chord for arc <current>: Specify an
angle or press Enter

Second Pt

Specifies the second point and endpoint of a three-point
arc.
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Specify second point on arc: Specify a point (2)
Specify end point of arc: Specify a point (3)
Width

Specifies the width of the next arc segment.

Specify starting width <current>: Enter a value or press
Enter

Specify ending width <starting width>: Enter a value or
press Enter

[— ]

The starting width becomes the default ending width. The
ending width becomes the uniform width for all subsequent
segments until you change the width again. The starting
and ending points of wide line segments are at the center
of the line.

Typically, the intersections of adjacent wide polyline
segments are beveled. No beveling is performed for non
tangent arc segments, very acute angles, or when a dot-
dash line type is used.

BREAK

Breaks the selected object between two points.

Tool bar : Modify [ ]

Menu : Modify Break
Command entry : break

The prompts that are displayed depend on how you
select the object. If you select the object by using your
pointing device, the program both selects the object and
treats the selection point as the first break point. At the
next prompt, you can continue by specifying the second
point or by overriding the first point.

specify second break point or [First point] : Specify the
second break point (2) or enter f.

Second Break Point
Specifies a second point to use to break the object.
First point

Overrides the original first point where you selected the
object with a new point that you specify.

specify first break point :

BEFORE BREAK

_—

AFTER BREAK

The portion of the objectis erased between the two points
that you specify. If the second point is not on the object,
the nearest point on the object is selected; therefore, to
break off one end of a line, arc or polyline, specify the
second point beyond the end to be removed.

To split an object in two without erasing a portion, enter
the same point for both the first and second points. You
can do this by entering @ to specify the second point.

Lines, arcs, circles, polylines, ellipses, splines, donuts,
and several other object types can be split into two
objects or have one end removed.

The program converts a circle to an arc by removing a
piece of the circle starting counterclockwise from the first
to the second point.

Erase

Toolbar: Modify _@

Menu : Modify - Erase

Shortcut menu: Select the objects to erase, right-click in
the drawing area, and click Erase.

Command entry: erase

Selectobjects: Use an object selection method and press
Enter when you finish selecting objects

The objects are removed from the drawing.

OBJECT SELECTED OBJECT ERASED

Undo

Reverses the effect of commands
Toolbar: Standard

Command entry: undo

Enter the number of operations to undo or [ Auto/ Control/
Begin/End/ Mark/Back]: Enter a positive number, enter
an option, or press Enter to undo a single operation

UNDO displays the command or system variable name
atthe Command prompttoindicate that you have stepped
past the point where the command was used.

UNDO has no effect on some commands and system
variables, including those that open, close, or save a
window or a drawing, display information, change the
graphics display, regenerate the drawing, or export the
drawing in a different format.

Number

Undoes the specified number of preceding operations.
The effect is the same as entering u multiple times.
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Auto

Groups the actions of a single command, making them
reversible by a single U command. When the Auto option
is on, starting a command groups all actions until you exit
that command. You can undo the group of actions as if it
were one action.

UNDO Auto is not available if the Control option has
turned off or limited the UNDO feature.

Enter UNDO Auto mode [ON/OFF] <current>: Enteron or
off, or press Enter

Control
Limits or turns off UNDO.

Enter an UNDO control option [All/None/One/Combine/
Layer] <All>: Enter an option or press Enter

All
Turns on the full UNDO command.
None

Turns off the U and UNDO commands and discards any
UNDO command information saved earlier in the editing
session. The Undo button on the Standard toolbar is
unavailable.

Create a standard engineering layout

The Auto, Begin, and Mark options are not available
when None or One is in effect. If you attempt to use
UNDO while it is turned off, the following prompt is
displayed:

Enter an UNDO control option [All/None/One/Combine/
Layer] <All>:

One
Limits UNDO to a single operation.

The Auto, Begin, and Mark options are not available
when None or One is in effect. The main prompt for the
UNDO command changes to show that only a Control
option orasingle step of the UNDO command is available
when the One option is in effect.

Enter and option [Control] <1>:
If you enter c, the previous prompt is displayed:

Enter an UNDO control option [All/None/One/Combine/
Layer] <All>:

Objective(s): At the end of this exercise you shall be able to

e creating an engineering layout.

PROCEDURE

TASK 1: Creating an engineering layout

» Follow the CAD commands and complete the layout
as given Fig 1.

» Create a standard engineering layout.

Output  Add-ins

s -~ A <710~
7 D (2

S

Line Polyline Circle Arc Text Dimension

°
raw ~ odify Annotation ~

Start Drawing1*

[-][Top][20 Wireframe]

Autodesk AutoCAD 2020 - EDUCATIONAL VERSION  Drawingl.dwg

& t W Bylayer

¥ Type a keyword or phrase o 8 200019vickyo07 - B -

* (o 8 R OE
ByLayer - [,OJ 18 - % r-. [] o
Group . Paste

Base
ByLayer -

Properties ~ 3 Grou ities ~ Clipboard ~ View ~ »

Model  Layout!  Layout2 +

mooe # - L G- B R+ e
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Practice on Computer

Objective(s): At the end of this exercise you shall be able to
* do the exercise using MS excel package.

1 Type as per the pattern below.

COST ESTIMATION

SL No. | DESCTIPTION |LENGTH| WIDTH |THICKNES | VOLUME |WEIGHT| DENSITY | RATE/ | COST | ..\ o c
OF ITEM (MTR) | (MTR) | S(MTR) | (CUM) [ (KGS) | KG/ICUM) | KG (RS.)| (RS.)
FORMULA|=E4*D4*C4| =F4*H4 =G4*14
1 [MSFLAT 1.2 0.1 0.01 0.0012]  9.42 7850 75 707
2 |MSFLAT 1.5 0.1 0.012]  0.0018] 14.13 7850 75 1060
3 |MSFLAT 2 0.1 0.01 0.002 15.7 7850 75 1178
4 [MSFLAT 25| 0.075 0.01] 0.001875[ 14.7188 7850 75 1104
5 |MSFLAT 1.5 0.05 0.01] 0.00075] 5.8875 7850 75 442
FORMULA FOR TOTAL COST|[=SUM(J4:J8)
| TOTAL COST: 4489]
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Capital Goods & Manufacturing

Draughtsman Mechanical -

Computer operation

Exercise No 1.10.87

Create 2D objects using absolute coordinate system poler coordinate

system and relative coordinate system

Objective(s): At the end of this exercise you shall be able to

* starting a new drawing

* opening a template
e create a template.

Starting a new drawing

Pull down menu: file, new.

When you invoke this command AutoCAD displays the
selecttemplate dialogue box.(If you selected “show startup

dialogue box’ from option dialogue box you cannot see the
following dialogue box. Instead of this you can see the start

up dialogue box itself) (Fig 1)

Fig 1

A Select template

X

Template v| ] q ﬁ b4 q Views ¥ Toos ~
Mame - Date modified Type

PTWTemplates 21-12-2019 09:54 File folder

SheetSets 21-12-201909:54 File folder
E‘H acad -Named Plot Styles 10-01-2019 14:37 AutoCAD Temp
E-a acad -Named Plot Styles3D 10-01-2019 14:37 AutoCAD Temp
E-H acad 10-01-2019 14:37 AutoCAD Temp
E‘H acad3D 10-01-2019 14:37 AutoCAD Temp
EaacadISO -Mamed Plot Styles 10-01-2019 14:37 AutoCAD Temp
EﬂacadlSO -Mamed Plot Styles3D 10-01-2019 14:37 AutoCAD Temnp
E‘H acadiso 10-01-2019 14:37 AutoCAD Temp
E-H acadiso3D 10-01-2019 14:37 AutoCAD Temnp
E-HTutoriaI—iArch 10-01-2019 14:37 AutoCAD Temnp
E-BTutorial—iMfg 10-01-2019 14:37 AutoCAD Temp
E-BTutoriaI-mArch 10-01-2019 14:37 AutoCAD Temp
EaTutorial—meg 10-01-2019 14:37 AutoCAD Temp

File name: |acad

o= =

Fies of type: | Drawing Template (*.dwt)

v||  cance |

Opening a template

The template that you create by using F 8. It will appear
as a blank screen, but there are many variables that have
been preset. This will allow you to start drawing
immediately. You will learn how to set those variables
before you complete this workbook, but for now will
concentrate on learning the AutoCAD commands and

hopefully, have some fun.

Let’s start by opening the “1 Workbook” (Fig 2)

1 Select file/new

2 Select use a template box (third from the left).

3 Select1workbook helper. dwtfromthe listof templates.

4 Select the ok button. (Fig 3)

Create a template.

Now you can create a template. This will be a very
easy task. (Fig 4)

1 Start AutoCAD as follows.
Start button/programs/AutoCAD.

The 3 letter extension for drawingfile is drawing
If a dialog box appears select the “Cancel”
Button.
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Fig 2

| Search Commands a

& A New... CTRL+N
d | Mew Sheet Set...

Jg@ MNew Inventor Link...

Open a file

BEL.  Drawing

{& Open... CTRL+0
- Open an existing drawing file,

Open Erom Vault...
Open Sheet Set...
ﬁ Load Markup Set...

Close

Drawing from AutoCAD Web & Mo...
Open an existing drawing from
AutoCAD Web & Mobile,

Open a sheet set data file in the Sheet
Set Manager.

[
ﬁ Sheet Set

—h DGN
Import the data from a DGM file into a -
new DG file. 2 Select file/lopen.

el
oo ra 3 Selectthedirectoryin which thefiles located.(click on
B O;::ﬁgar:'l::e Files from local or 3 the) (FlgS 5,6 & 7)

online locations,

= .
@ Publish  *
Fig 5

ﬁ Print ¥ A Select File X

Dlla'!ﬂl:ing , Look in ‘EWSFC A V| @ E ﬁ b 4 E‘, Views ¥ Toos ¥
D iy Name Date modified ~ Preview
Eﬁ Folders (7}
I:a Close » P30 Objects 11-12-201914:
W Desktop 21-01-2020 10:
Documents 21-01-20012
| Options | | Exit Autodesk AutoCAD 2020 ‘Down\oad; 20-01-202010:

J Music 11-12-201914;
[Elpictures 03-01-2020 14

B videos 11-12-2019 14

Flg 3 . Devices and drives (3)

@0s(C) Initial View

- : £ DVD RW Drive (D;
% Create New Drawing 2 x e [ et b Vew

si00

Selert 4 Temnlale: Fiename: | e i

1 clags bemplate dut % Fies o 0" [ Dring () o Cacd |
Thagic.oit

! |:
Jabeiper it Fig 6
Ya template.dat
sad -named plot shyles dak
Acad ot

A SelectFile %
;I lookin: | WODULE3 @G @XE Vew v Tk v
ETDNSB.. : %ﬂ Name A Preview

15 eMnazz00A1
15 EMNT3200A2
19 evMnza20083
19 EMNz20A
15 EMNZ3200A5
19 Mz 20081
. 19 EMz30082
: g 1§ EMz30083
il et l 19 eMz320084
15 EMNz320085
15 EMNT320086
19 EMNz3 20087
15 EMNz30088
15 EMNz320089
15 EMNZ32008A
15 EMNZ320088 v
< H

- Tenplate Deseiphon
| g for wcrk:book lessons 2 thns 8

Intial View

[ Select Intial View

File name: ‘EMNWDDEE v| Open v

Flesofte:  Draving (*dug) v | Cancel
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Fig 7
P EsERL IS«

Search Commands -

|
|@|E‘J Save a copy of the drawing

Drawing
Save the current drawing to the
default drawing [DWG] file format,

B
:
iAR

Drawing to AutoCAD Web & Mobile
=> Save the current drawing to AutoCAD
Web & Mobile.

E =l
Drawing Template

B Save As » b Createa drawing template [DWT] file
1 in which can be used to create a new

drawing,

=> Impart »
Drawing Standards
A Create a drawing standards [DWS5) file

Export N which can be used to check the
pa standards of a drawing.

= . » ‘Other Formats
[é 7 Publish save the current drawing to a DWG,
1 ;_J DWT, DWS, or DXF file format,

i 3
% [ Save Layout as a Drawing

Save all visible objects from the

Drrawing current layout to the model space of a
Utilities » new drawing.

[

[ (} DWG Convert
m Close 3 Izl"l Co_mr_e rt_ d_rawi_ng f_:_)_rrnat wersion for
| Options | | Exit Autodesk AutoCaD 2020 |

Select the file “Workbook and then “Open” button.
Select “File / save as”

Select the “File of type” down arrow to display different
saving formats. Select “ AutoCAD drawing template
(*.dwt)”.

The 3 letter extension for template is “dwt”.

Alist of all the AutoCAD templates will appear. (Your
list may be different)

7 Type the new name “1 Workbook” in the file name”.
box and then select the save button.

The “1” before the name will place the file at the top
of the list.

AutoCAD displays numerical first and then
alphabetical. (Figs 8 & 9)

8 Type a description and the select the “OK” button.

Now you have a template to use for lesson 2 through
8. At the beginning of each of the exercises you will
be instructed to open this template.

Using a template as a master setup drawing is good
CAD management. (Fig 10)

Creating a new drawing
New command

Create a new drawing file.

1 Choose File, new. or
2 Press Ctrl + N or

6

Click The new icon or

Type New at the command prompt.
Command: new

Choose One of the options for creating a

new drawing.
Click The ok button.

7. Save the drawing as another name.

TIP: New drawings can also be created from template
files. (Fig 11)

Fig 8

A Select template X

Look in: ‘ Template: v| & Q ﬂ X m Vews ¥ Too ¥
Name : Date modified Type

PTWTemplates 21-12-2019.08:34 File folder
SheetSets 21-12-2019.08:54 File folder

Eaacad -Named Plot Styles 10-01-2019 14:37 AutoCAD Temp

Ea acad -Named Plot Styles3D 10-01-201914:37 AutoCAD Temp

Ea acad 10-01-2019 1437 AutoCAD Temp

@ acad3D 10-01-201914:37 AutoCAD Temp

. Ea acadlS0 -Named Plot Styles 10-01-2019 1437 AutoCAD Temp

Ea acadlS0 -Named Plot Styles3D 10-01-2019 1437 AutoCAD Temp

Ea acadiso 10-01-2019 1437 AutoCAD Temp

. Ea acadiso3D 10-01-2019 1437 AutoCAD Temp

@Tutoria\-iﬁ\rch 10-01-2019 1437 AutoCAD Temp

@Tutoria\-iMfg 10-01-2019 1437 AutoCAD Temp

@Tutoria\-mﬁ\rch 10-01-2019 1437 AutoCAD Temp

@Tutoria\-meg 10-01-2019 1437 AutoCAD Temp

4 >

GLLE - Named Plot Syles v| Open H

Fles o Pe: | Dyawing Tempee (v o[ caed |

Fig 9

A Select template

Lookin: | Template:
$1 Name :
= PTWTemplates

SheetSets

[jacad -Named Plot Styles

Eaacad -Named Plot Styles3D

Eaacad

EﬁacadiD

. EnlacadS0 -Named Plot tyles
[lacad S0 -Named Pl Styles3D
Eﬁacad\so

. Eaacad\soiD

EHTutonal-\Arch
EaTutonal-\Mfg
@Tutonal-mﬁ\rch
EETutorial-meg

Date modified

21-12-20190%:54
21-12-201909:54
10-01-2019 1437
0-01-2019 1437
1-2019 1437
1-2019 1437
1-2019 14:37
1-2019 1437
1-2019 1437
1-2019 14:37
1-2019 14:37
1-2019 14:37
1-2019 1437
1-2019 1437

1
1
1
1
1
1
1
1
1
1
1

= A A A — A —

V‘ﬁﬁlaxq Views ¥ Toog ¥

X

Type

File folder

File folder
AutoCAD Temp
AutoCAD Temp
AutoCAD Temp
AutoCAD Temp
AutoCAD Temp
AutoCAD Temp
AutoCAD Temp
AutoCAD Temp
AutoCAD Temp
AutoCAD Temp
AutoCAD Temp
AutoCAD Temp

Fie name

Vo ]

Fles oftype:  Draning Template (" dvi)

v G
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Fig10

A Template Options

Description

[Mormal English fieet and inches) drawing
template. Uses Mamed Plot Styles.

Measurement
Englizh ~
Mew Layer Motffication

(®) Save all layers as unreconciled

() Save all layers as reconciled

Cancel

Help

7 Click the drawing name to open.

Fig11

A Select template

[ utorial-mbig 1012019 14

X

Lock i ‘ Template v| G QX vews v Tons ~
ey Name ! Date modified Type
E'i PTWTemplates 2-12-201908:4 File folder
SheetSets 2-12-20190%:34 File folder
Eacad-hlam:d Plot Styles 10-01-2019 1437 AutoCAD Temp
ﬁacad -Named Plot Styles3D 10-0-20191437 AutoCAD Temp
Bacad 10-0-20191437 AutoCAD Temp
Qacadm 10-01-20191437 AutoCAD Temp
. @acadlso -Named Plot Styles 10-01-20191437 AutoCAD Temp
@acadlso -Named Plot Styles3D 10-01-20191437 AutoCAD Temp
@acadiso 10-01-2019 1437 AutoCAD Temp
. @acadisoﬂD 10-01-2019 1437 AutoCAD Temp
ﬁ'ﬂf(oria\-iﬁ\rch 10-01-2019 1437 AutoCAD Temp
BTutoria\-iMfg 10-01-2019 1437 AutoCAD Temp
BTutoria\-mArch 10-01-2019 1437 AutoCAD Temp
191

37 AutoCAD Temp

Fie name: acad Named Plat Styles

8 Click The ok button. (Fig 12)
Fig12
A Select File X
Look in: | QB v| ﬁ q % x q Views v Toos ~
‘gﬁﬁ Name " Preview
= 1§ DCN224613
1§ Donasst
: 1§ DCN24s311 e,
’!:‘ D CN 3-” 3—,.2 9 }N\\\\\\\\\\\\\\\\ //// e //////}
e T Te———
) DCN37139m T\\\\\\\\\\\\\\\\\%f/f//}/
19 DCN3714012 Z///,,,,,/ 7
P 1§ Donanan
1§ nonamiasnz —
P 1§ ponariats

Intial View

[ Select Intial View

Fie name: ‘DCNJ?IS?ZB "“Q"_‘“‘IM
Fies of type: ‘Dramng('.dwg) v” Cancel |

Fesoftpe. g Tempte ) V| Camd
Open existing drawings
1 Choose File, open. or
2 Press Ctrl+ 0O
3 Click The openicon. or
4 Type Open at the command
prompt.command: open
Press Enter
Double click The desired directory to find the

drawing to open.

Preview shows a bitmap image of the drawing selected.
This image is the view that was last saved in the drawing.

Saving drawings

Saves the most recent changes to a drawing. The first
time an unnamed drawing is saved the “Save As” Dialog
box appears. AutoCAD saves its drawings as files with
extensions ending in . DWG.

1 Choose File, save or save as
2 Type Save or save as at the command
prompt command: Save or Save as
Press Enter
4 Type A new drawing name or keep the
existing drawing name.
5 Click The ok button. (Fig 13)

Various file type can be saved as

TIP: Clicking the dropdown list for file type changes the
format that the drawing can be saved in.

Quick save

The Q save command is equivalent to clicking Save on
the file menu.

If the drawing is named, AutoCAD saves the drawing
using the file format specified on the open and save tab
of the Options dialog box and does not request a file
name. If the drawing is unnamed, AutoCAD displays the
save drawing. As dialog box (see save as) and saves
the drawing with the file name and format you specify.

1 Press Ctrl + S.
or
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Fig13
A SaveDrawing As X
Savein | QB v‘ @ q cﬁ x q Views ¥ Toos
#ﬁ |:Jlme ° Preview
= ¥ Dozzsss
1§ Doz
1§ DCN24N
1§ DeNa3Te
g
1§ DeNsTmz
Z 1§ DenaT
1§ Do
19 DCNITIRS
. Options
[ Undate sheet and view
thumbnalls now
{ }
Flename: | Drawingddwg v| Save
Flescftype: | autoAD 2018 Draving (- dvg) v| Cancel
AutoCAD 2018 Drawing (* dwa)
AutoCAD 2013/LT2013 Draving { dng)
AutoCAD 2010/LT2010 Draving { dng)
AutoCAD 2007/LT2007 Draving { )

2 Click The saveicon.

or

Drawing area control

3 Type Q save at the command prompt,

Command: Q save.

Tips: Drawings can be saved as different versions of
AutoCAD (e.g. R13, R14, R2000, etc.)

AutoSave settings under Tools, options...

Existing AutoCAD

1 Choose File, exit.
or

2 Type Quit at the command prompt.

Command: Quit

3 Press ENTER.

4 Click Yes to save changes or No to

discard changes. (Fig 14)

Fig14

AutoCAD >

0 Save changes to Drawingl.dwg?

Cancel

Objective(s) : At the end of this exercise you shall be able to

* identify method of entering commands
 practice drawing command set up
 practice drawing area set up.

Methods of entering commands

AutoCAD has 3 different methods of entering commands.
All 3 methods will accomplish the same end result.
AutoCAD allows you to use the method you prepare.
The following are descriptions of all 3 methods and an
example of how each one would be used to start
command such as the line command.

1 Pull down Menu (select drawl/line).
a Move the cursor to the Menu Bar.
b Click on a Menu header such as “Draw”.

¢ Slide the cursor down the list of commands and
click to select.

2 Tool bars (select the line icon from the draw
tool bar).

Move the cursor to an icon on a toolbar and press
the left mouse button.

3 Keyboard (Type L and <enter>).
Type the command on the command line.
What is a shortcut menu?

In addition to the methods listed above, AutoCAD has
shortcut menus. Shortcut Menus give you quick access

to command options. Shortcut Menus are available when
brackets [] enclose the options, on the command line.
(Example below) To activate a Shortcut Menu, press the
right mouse button.

Example

Select: draw /circle / center, radius._circle specify center
point for circle or [3P / 2P/ Ttr (tan tan radius)]:

If you press the right mouse button now, the shortcut
menu on the left will appear. This allows you to select
the options 3P, 2P, or Ttr with the mouse rather than
typing your selection.

Drawing units setup

Every object we construct in a CAD system is measured
in Units. We should determine the system of units within
the CAD system before creating the first geometric
entities. (Fig 15)

1 In the menu bar select:

[Format] [Units]

The AutoCAD menu bar contains multiple pull down
menus, where all of the AutoCAD commands can be
accessed. Note that many of the menu items listed in
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the pull-down menus can also be accessed through the
Quick Access toolbar and / or Ribbon panels.

[ Color..,

Linetype...
Lineweight...

Fig 15

Text Style »
I d Dimension Style...

Point Style..,

Multiline Style...

Style Importer

im
1

| |
_ «# Thickness

i Drawing Limits

Rename...
Setup Drawing

2 Click on the length type option to display the different
types of length units available. Confirm the length type
is set to decimal.

3 On your own, examine the other settings that are
available. (Figs 16, 17 & 18)

4 In the drawing Units dialog box, set the length type
to decimal. This will set the measurement to the
default English units, inches.

5 Set the precision to two digits after the decimal point
as shown in the above Figure.

6 Pick ok to exit the drawing units dialog box.

Fig 16
A Drawing Units ey
Length Angle
Type: Type:
Decimal { e Decimal Degrees ~
Precision: Precision:
0.0000 ~ 0 -
[ Clockwise
Inzerion scale
Units to scale inserted content:
Inches -
Sample Output
1.5000.2.0039,0.0000
3.0000<45,0.0000
Lighting
Units for specifying the intensity of lighting:
Intemational ~
Cancel Direction... Help

Fig 17

1 e
Deg/Min/Sec
Grads
Radians
Surveyor's Units

Fig 18
A Drawing Units e

Length Angle

Type: Type:
Decimal o Decimal Degrees o

Precision: Precision:

0.0000 ~ 1] e

0
0.0 [ Clockwise

0.000
0.0000
0.00000
0.000000
0.0000000
0.00000000

ample Ot
1.5000,2.0039,0.0000
3.0000<45,0.0000

Lighting
Units for specifying the intensity of lighting:
Intemational ~

Cancel

Direction... Help

Drawing area setup

Next, we will set up the drawing limits by entering a
command in the command prompt area. Setting the
Drawing Limits controls the extents of the display of the
grid. It also serves as a visual reference that marks the
working area. It can also be used to prevent construction
outside the grid limits and as a plot option that defines
an area to be plotted / printed. Note that this setting does
not limit the region for geometry construction.

1 In the menu bar select:
[Format] [Drawing Limits] (Fig 19)

2 In the command prompt area, the message “Reset
model space limits: Specify lower left corner or [on/
0off] <0.00,0.00>.” is displayed. Pressthe ENTER key
once to accept the default coordinates <0.00,0.00>.
(Fig 20)

3 In the command prompt area, the message “specify
upper right corner <12.00,9.00>" is displayed. Press
the ENTER key again to accept the default
coordinates <12.00,9.00>.

4 Onyour own, move the graphic cursor near the upper
right corner inside the drawing area and note that the
drawing area is unchanged. (The drawing limits
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command is used to set the drawing area, but the
display will not be adjusted until a display command
is used.) (Fig 21)

Fig 19
Workspaces o I | £ Sandand
Palettes 4
|; Command Ling CTRL+8
Clean Screen CTRL+0
(@ Design Novigation Mode CTRL+D
Layer / Layergroup b
Draw Qrdler Voo Lietype..
Language P Linsweight..
: ol
gulu II-WS ) Teit e 4
uick Select.,
Dirmencion Style..,
1= Update Fielde F‘ i St)
Load Application... Boint Style..
Serint P Multiling Syle..,
Macro | Styielmpoter
AutollsP r
i | Units 4
Display Image | Thickness
New LCS L Diawing Limits |
TE Named LCS.. Rename..
Orthographic UCS '\ Setup Drawing
LI i

Fig 20

Reset Model space limits:
Specify lower left corner or [ON/OFF] <0.0608,0.0000>: *Cancel®

/ [ Type a command
Model  Llayout!  Layout?

Reset Model space limits:
Specify lower left corner or [ON/OFF] <@.8000,0.00808>: 43

d - Specify upper right corner <12.0000,9.0000::
Model layoutl Llayout? +

Setting limits of a drawing

In AutoCAD The drawing must be drawn in full scale. So
limits are needed to size up a drawing area. The limits
are determined by the following factor.

i Size of drawing.

i Space needed for dimensions, notes and other details.
iii  Space between different views.

v Space for the border and a title block etc.

Limits

Pull down: Format, drawing limits.

Command: Limits.

The command LIMITS allows you to change the upper
and lower limits of the drawing.

Example: Set the drawing screen to A4 size (210 x 297)
Command: LIMIT.

Specify lower left corner or (ON/OFF) <0.000,0.000>:
Specify upper right corner <12.000,9.000>: 210,297

Give ZOOM command with ALL option to view all the
drawing

area (A4 size)
MVSETUP = Multi view Setup

MVSETUP offers two different setup options depending
on whether you are in Model Space orin a Layout (Paper
Space).

In model space- you set the units type, drawing scale
factor, and paper size at the command prompt using
MVSETUP. Using the settings you provide, a rectangular
border is drawn at the grid limits.

In Paper Space - you can insert one of several predefined
title blocks into the drawing and create a set of layout
viewports within the title blocks. You can specify a global
scale as the ratio between the scale of the title block in
the layout and the drawing on the Model tab. The model
tab is most useful for plotting multiple views of a drawing
within a single border.

MVSETUP commands

No (to not create a new layout tab - we will do this in
another lesson)

A (Metric units)
48 (Scale factor - common arch, scale factor is 1:1)
24 Width- see table below for paper size.

(example 210 x 297) Since we are printing in “land
scape “ mode, we enter the bigger number of the
paper size first.

18 Length - Smaller number from the list below.

Once MVSETUP is finished, it will show a rectangle. This
is the area where your grid will show up if you have the
grid on. This box is pretty much useless so just erase it.
You will not need it.

From here, set up dimensions styles, text styles. layer.

If these settings will used in other drawings here are two
suggestions, the first of which is recommended because
it is less error prone.

1 After creating the desired settings, do a save-as and
save t as a . dwt. All of the settings that you created
will be saved.

2 After using this drawing, open it and erase all objects.
The settings will remain but you will have to hunt
down the objects that need to be erased in layouts.

2 Setting units of a drawing

Every object you create is measured in drawing units.
Before you start to draw, you must decide what one
drawing unit will represent based on what you plan to
draw. Then you create your drawing at actual size with

CG&M : D’man mechanical (NSQF Revised - 2022) - Exercise 1.10.87 329



that convention. For example, a distance of one drawing
unit typically represents one millimeter, one centimeter,
one inch, or one foot in real - world units.

UNITS Command is used to set the units of measure,
angle measurement, direction and precision.Pull down
Menu: Format, UNITS

Command: UNITS

If you enter-units at the command prompt, UNITS displays
prompts on the command line. There are five fundamental
types of units i.e. Decimal, architectural, engineering,
fractional & scientific.

The text window displays the following prompt.

There are five fundamental types of units i.e. Decimal,
architectural, engineering, fractional & scientific.
There are five fundamental types of units i.e.

Icon/Button

Description

Decimal, Architectural, Engineering, Fractional &
Scientific.

Report formats: (Examples)

1 Scientific (1.55E + 01)

2 Decimal (915.50)

3 Engineering 1’-3.50”

4 Architectural 1°-3 1/2”

5 Fractional 15 1/2

Enter choice, 1 to 5 <Current >: Enter a value
(1-5) or press ENTER

The following prompt for decimal precision is
displayed if you specify the scientific, decimal, or
engineering format. Enter number of digits to right

of decimal point (0 to 8 ) <Current >: Enter a value
(0-8) or press ENTER.

The following prompt for the denominator of the
smallest fraction is displayed if you specify the
architectural or fraction format.

Enter denominator of smallest fraction to display.
(1,2,4,8,16,32,64,128,0r 256) <current>: Enter a
value (1,2,4,8,16,32,64,128,or 256) or press
ENTER (Fig 22)

Fig 22

Precision:

(0.0000 -

EDec.imaii x ]
Architectural

Engineering

Fractional

Scientific

Inserting scale

Controls the units of measurement for blocks and
drawings that are inserted into the current drawing.
A block or a drawing that is created with units that
are different from the units specified with this option
is scaled when inserted. The insertion scale is the
ratio of the units used in the source block or
drawing and the units used in the target drawing
and the units used in the target drawing. Select
Unit less to insert the block without scaling it to
match the specified units. (Fig 23)

Fig 23
Insertion scale
Units to scale inserted content:

[ Milmeters |

Unitless
Inches
Feat
i Miles
avha
UUnits to scale inserted content: Centimaters
Millimeters v] Meters
Kilometers
Microinches
Mils
Yards
Angstroms
Nanometers
Microns
Decimeters
Dekamsters
Hectometers
Gigametars
Astronomical
Light Years
Parsecs

T
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Icon/Button Description

The next prompts is for angle formats and Fig 24
precision. Angle
Type:
System of angle measure: (Example) e —
{Dacimal Deagrees v]
1 Decimal degree 45.000 Precision:
2 Degree/minutes/seconds 45d0’°0. [u v]
3 Grads 50.000g. | Clockwise
4 Radians 0.78454r.
5 Surveyor’s units N 45d0’0”E.

Enter choice ,1 to 5< Current>:Enter a value (1-5)
or press ENTER.

Enter number of fractional places for display of nal D
angles (0-8) <Current>:Enter a value (0-8) or press Deg/Min/S

. Grads
ENTER. (Fig 24) Radians

Surveyor's Units

The next prompt is for the direction for angle 0.
Direction for angle 0: Fig 25

E(a)sr:r? 102 (:,C:::l;c—k(: 90. [ 4 Direction Control m
West 9 o’ clock = 180. Base Angle

South 6 o’ clock = 270. © East E
Enter direction for angle O<current>: Enter a value (71 North 50
or press ENTER. © West 180

The default direction for O degrees is to the east y
quadrant, or 3 o’ clock. The default direction for | © South &N
positive angular measurement is counter (71 Other Pick / Type

clockwise.

- A
Measure angles clockwise? [Yes/No]
<current>: Enter y or n or press ENTER. [
Select the unit you want from the dialogue box.
This unit is used for dimensioning of the drawing.

Input from the user accepted in this unit only.
(Fig 25)

Drafting setting a display commands

Objective(s): At the end of this exercise you shall be able to
 practice the drafting setting

¢ identify the visual reference

* practice esc, undo, redo commands

 practice display commands

* use modify command to erase.

Drafting Settings Snap: Snap is used to move the cursor at a defined value.
This will set a position on the drawing quickly and
accurately. The snap mode can be switched ON / OFF
by pressing function key F9. (Fig 26)
Grid: Grid command is used to display dots, which is
Switches the grid on/off easy for us to fix the points. But these dots were not
Set the size of the grid in the current drawing units printed. Grid points haye default spacing of one unit. We
can change the spacing too. This mode can be ON /
OFF by using the function key F7.
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Drafting settings includes the commands for initial setting
of a drawing. Some of the drafting settings are snap,
grid, polar tracking, osnap.



Fig 26

A Drafting Settings X

[[] Snap On {F3) [ Grid On (F7)
Snap spacing Grid style
Shap spacing: 0.5000 Display dotted gid in:
[] 20 mode! space
Shap'Y spacing: 0.5000 [[] Block editor
[ SheetAayout

[ Equal %and Y spacing
Grid spacing

Polar spacing Grid X spacing:
Polar distance: Grid Y spacing:

Maior line every: 5 Le]
Snap type . ey =
(O Grid snap Giid behavior
) [¥] Adaptive grid
Rect | o
s [[] Allow subdivision below grid
Isometric snap spacing
[¥] Display grid beyond Limits
©Pdlarsnap [ Follow Dynamic UCS
]

Object snap settings

Object snap settings are used to pick a geometric point
on an object. Object snap mode can be ON / OFF by
using the function key F3 or by clicking O snap button
on the status bar. There are various options for object
shap settings such as end point, mid point, centre,
quadrant etc. (Fig 27)

Ortho: Ortho command forces lines to be drawn exactly
perpendicular directions. While using this command we
have to turn ortho ON/OFF (otherwise press F8 according
to our need

The grid and snap mode option can be turned ON or

OF
at tl
to t

F through the status bar. The status bar area is located
he bottom left of the AutoCAD drawing screen, next
he cursor coordinates. (Fig 28)

The second button in the status bar is the snap mode

opt

ion and the third button is the grid display option. Note

that the buttons in the status bar area serve two functions:

(1)

Swi

the status of the specific option, and (2) as toggle
tches that can be used to turn these special options

on and off. When the corresponding button is highlighted,

the

specific option is turned on. Using the buttons is quick

and easy way to make changes to these drawing aid

opt

ions. Another aspect of the buttons in the Status Bar

is these options can be switched on and off in the middle
of another command. (Fig 29)

Gri
1

d on

Left-click the grid button in the status bar to turn on
the grid display option. (Notice in the command
prompt area, on the massage “<Grid on>" is also
displayed.)

Move the cursor inside the graphics window, and
estimate the distance in between the grid lines by
watching the coordinates display at the bottom of the
screen. (Figs 30 & 31)

Fig 27

/

OPTION BUTTON

b | e O] « [ |- lilmll*if_lq l._—_li

Fig 28

A Drafting Settings ®

Snap and Grid  Polar Tracking Obiect Snap 3D Object Snap  Dynamic Input  Guic * |+

Object Snap On (F3) [“]Object Snap Tracking On (F11)
Object Snap modes
O [ Endpoirt - Extension
2 [ Midpoirt 0 [ Ingertion Clear Al
o] Center b [+] Pependicular
) Geometric Center ) Tament
% [ Node % [ Nearest
<> Quadrant ﬁpparent intersection
% [ Intersection 7 [ Paralel

I ” To track from an Osnap point, pause over the point while in a
il command. Atracking vector appears when you move the cursor. To
stop tracking, pause overthe poirt again.

Options... oK Cancel Help

Fig 29

Conmand:  <0snap off>
Command:  <0snap on

Snap cursor to 2D reference points - On

s v Type a conand
Model Layout]  Layout? MODEL H e E_ G- * v/ D v }:: ¥ A ,m, v _I_ %;3 A

Object Snap - OSNAP (F3)

Fig 30

Si:lecif;r next bﬂint or ECloserndoj:
¥\~ Type @ command

[ 2] ) R
‘ Snap Mode (F3) I

=}

Fig 31

I.p-I-:i.'F.r raxt poink or fl’J.-n.ll_l'l.I'l:hj:

-
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The grid option creates a pattern of lines that extends over
an area on the screen. Using the grid is similar to placing
a sheet of grid paper under a drawing. The grid helps you
align objects and visualize the distance between them.
The grid is not displayed in the plotted drawing.

The default grid spacing. Which means the distance in
between two lines in the screen, is 0.5 inches. We can
see that the sketched horizontal line in the sketch is about
4.5 inches long. (Figs 32, 33 & 34)

Snap mode on

1

Left- click the snap mode button in the status bar to
turn on the snap option. (Fig 35)

Move the cursor inside the graphics window, and
move the cursor diagonally on the screen. Observe
the movement of the cursor and watch the coordinates
display at the bottom of the screen.

Fig 32

Fig 33

i

[4] 4]k [#], Model { Layoutl [ Layout2 [
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Fig 34

X

|14] .1 [¥] DI_.E\_Mod.el i’ L@*_l.'_out'l_,{l__La_)fnLrt.E Fi

Command: <Grid omi>

Command :

‘ e

4Bl o0«

Snap Made (F9] I

SNAP mode is on, the screen cursor and all input
coordinates are snapped to the nearest point on the grid.
The default snap interval is 0.5 inches, and aligned to
the grid points on the screen.

i

#]

In case of any mistake
Pressing the ESC key

The Esc key at the top of the key board will get you out
of most problems you encounter using AutoCAD. Here
are some examples of the times you would press Esc
key.

¢ If a command is not responding the way you expect.
¢ If you want to cancel a command you started.
¢ If you clicked a point on the screen unintentionally.

¢ If a dialogue box appears on the screen accidently.

In all these cases above, pressing Esc once will free the
command line.

Example

Issue the line command, click a point on the screen and
then press the esc key to cancel the command.

Using undo

You can undo the last command by typing U at the
command line and pressing the enter key, or by clicking
on the Undo icon on the tool bar.

Using redo "'; -

The Redo command will reinstate the last command you
applied undo to. You may undo as may commands as
like you, but you may only redo once.

Display commands
Zoom

Zoom command enlarges or reduces the view of the
drawing. When we are working on a drawing it is always
required to bring the area of our interest to focus on to
the screen. The zoom tool bar may be accessed from
the standard tool bar at the top of the screen or from the
dropdown menu > view >Tool bars....> Zoom. The icons
are
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Ilcon Function

E Realtsme | This allow you to select a window or box around the area you want to magnify.

This is both zoom and pan. When the command is issued a view box will be
displayed with the drawing inside. The view box can be resized (Zoom) and moved
around pan.

@ Dynamic
&, Scale
@ Center
&n

Q& out

The drawing is at a scale of 1.A zoom scale of 2 doubles the magnification of the
drawing, while 0.5 halves it.

Allows you to pick a point which will be the center of the zoom area.

Just click on it zoom in on the drawing. You may preset the amount it zooms in a the
command line.

Just click on it zoom out from the drawing. You may preset the amount it zooms out
at the command line.

@ All This zooms to show the complete electronic page you set up. It zooms out to the
i electronic sheet limits.
This will zoom to fit the complete drawing on the screen.
@ Extents P 9
q et This displays the last view created by zoom, pan or view command.
Pan

Pull down menu: view, pan.

The cursor changes to a hand cursor.

| %, Realtime

% Lew :
| %, Point 3‘

| ¥, Right

By holding down the pick button on the pointing device,
you lock the cursor to its current location relative to the
view port coordinate system. Graphics within the window
are moved in the same direction as the cursor.

when you reach a logical extent (edge of the drawing
space), bar is displayed on the hand cursor on the side
where the extend has been reached. Also a message is
displayed in the status bar as “already bottom most
extent’. Depending upon whether the logical extent is
at the top, bottom, or side of the drawing, the bar is either
horizontal (top or bottom) or vertical (left or right side).

When you release the pick button, panning stops. You
can release the pick button move the cursor to another
location in the drawing, and the press the pick button
again to pan the display from that location.

On your own, move the graphic cursor near the upper-
right comer inside the drawing area and note that the
drawing area is unchanged. (The Drawing Limits
command is used to set the drawing area, but the display
will not be adjusted until a display command is used.)

Inside the Menu Bar area

Select: [View] [Zoom] [All]

Zoom All command will adjust the display so that all
objects in the drawing are displayed to be as large as
possible. If no objects are constructed, the Drawing Limits
are used to adjust the current viewport.

Move the graphic cursor near the upper - right comer
inside the drawing area and note that the display area is
updated.

In the menu bar area select: [View] [pan] [Realtime]

The available pan commands enable us tomove the view
to a different position. The pan - realtime function acts
as if you are using a video camera.

Move the cursor, which appears as a hand inside the
graphics window, near the center of the drawing window,
then push down the left - mouse - button and drag the
display toward the right and top side until we can see
the sketched line. (Notice the scroll bars can also be
used to adjust viewing of the display.) (Figs 36 & 37)
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# AutoCAD Mechanical - [Drawing5.d

Fig 36

‘N File Edit Insert  Assist
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Objective(s): At the end of this exercise you shall be able to

* know absolute co-ordinates system
* polar co-ordinates system

e prepare simple profiles using polar co-ordinate system
* prepare simple profiles using absolute co-ordinate system.

You can use absolute delete relative polar coordinates
(distance and angle) to locate points when creating
objects.

To use polar coordinates to specify a point, enter a
distance and an angle separated by an angle bracket (<).

By default, angles increase in the counterclockwise
direction and decrease in the clockwise direction. To
specify a clockwise direction, enter a negative value for
the angle. Forexample, entering 1<315 locates the same
point as entering 1<-45. You can change the angle
conventions for the current drawing with the UNITS
command. (Fig 1)

Fig 1 o0°

135° 45°

180= 0°

225° 315°

270°

DMN2790J1

Absolute Polar Coordinates

Absolute polar coordinates are measured from the UCS
origin (0,0), which is the intersection of the X and Y axis.

Use absolute polar coordinates when you know the precise
distance and angle coordinates of the point.

With dynamicinput, you can specify absolute coordinates
with the # prefix. If you enter coordinates on the command
line instead of in the tooltip, the # prefix is not used. For
example, entering #3<45 specifies a point 3 units from
the origin at an angle of 45 degrees from the X axis.

The following example shows two lines drawn with
absolute polar coordinates using the default angle
direction setting. Enter the following in the tooltip:

Command: line
From point: #0,0

Fig 2

DMN2790J2

Topoint: #4<120
To point: #5<30 (Fig 2)

Relative coordinates are based on the last point entered.
Use relative coordinates when you know the location of
a point in relation to the previous point. (Fig 3)
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Draw in absolute and polar co-ordinates system (Fig 4)

Fig 3
@3<45 _ PREVIOUS
PREVIOUS ° POINT Fig 4
POINT 80 ) 60 . 20
§ 100
: f
To specify relative coordinates, precede the coordinate 0
values with an @ sign. For example, entering @1<45 ‘ -
specifies a point at a distance of 1 unit from the last point ‘ gl \ g
specified at an angle of 45 degrees from the X axis. Z
[a]

The following example shows two lines drawn with relative
polar coordinates. In each illustration, the line begins at
the location labeled as the previous point.

Command: line
From point: @3<45
To point: @5<285

Introduction to AutoCAD

Objective(s): At the end of this exercise you shall be able to
* know fundamental aspects of computer aided design and drafting.

Knowing AutoCAD Environments

Quick ACCleSS toolbar Info cfenter

Application menu

Ribbon
Viewport controls [-I[Top]2D Wireframe] .
View
cube
Drawing area
Navigation
bar

uc

Command window.

wooet 3 5~ b @ - -l KA %+ P HR B

Status bar

AutoCAD drafting & annotation environmentis shown. AutoCAD classic, 3D Basics, 3D modeling are the other
environments you can choose for your convenient and necessity.
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TASK 1: Draw the figure in AutoCAD using Relative co ordinate system (Fig 1)

Command: L
LINE

Fig 1 14
28 38 48

Specify first point:
‘ Specify next point or [Undo]: @82,0
Specify next point or [Undo]: @0,28
Specify next point or [Close/Undo]: @38,0
Specify next point or [Close/Undo]: @0,30
Specify next point or [Close/Undo]: @@48,0
Specify next point or [Close/Undo]: @48,0
P Specify next point or [Close/Undo]: @0,42
Specify next point or [Close/Undo]: @-48,0
? Specify next point or [Close/Undo]: @0,30
Specify next point or [Close/Undo]: @-38,0
Specify next point or [Close/Undo]: @0,18

34
30

42

148

104
30

82 ‘38‘

>
@
DMN2790X1

Specify next point or [Close/Undo]: @-14,0
Specify next point or [Close/Undo]: @0,-10
Specify next point or [Close/Undo]: @-28,0
Specify next point or [Close/Undo]: @0,-34
Specify next point or [Close/Undo]: @-40,0
Specify next point or [Close/Undo]: ¢

TASK 2 : Draw the figure in AutoCAD using Polar Co-ordinate system (Fig 2)

Command: L

Fig 2 ‘_L‘
LINE
a ® " Specify first point:
% Specify next point or [Undo]: @200<0

Specify next point or [Undo]: @50<90
Specify next point or [Close/Undo]: @40<180
Specify next point or [Close/Undo]: @60<120
Specify next point or [Close/Undo]: @50<180
Specify next point or [Close/Undo]: @60<240
Specify next point or [Close/Undo]: @50<180
Specify next point or [Close/Undo]: ¢

200

DMN2790X2

TASK 3: Draw the figure in AutoCAD using Ortho Method (Fig 3)

Command: L

Fig 3 10 50
. <_;i LINE
o & Specify first point: <Ortho on> click and Press F8 for

Ortho ON or OFF

Keep the cursor towards the direction line while
using Ortho method.

—— Specify next point or [Undo]: 200

Specify next point or [Undo]: 160

Specify next point or [Close/Undo]: 50

Specify next point or [Close/Undo]: 60

Specify next point or [Close/Undo]: 10

Specify next point or [Close/Undo]: 40

Specify next point or [Close/Undo]: 30

——
60

60

.l

20

150
150

30

10

200

DMN2790X3

Specify next point or [Close/Undo]: 10
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Specify next point or [Close/Undo]: 40
Specify next point or [Close/Undo]: 60
Specify next point or [Close/Undo]: 80
Specify next point or [Close/Undo]: 20
Specify next point or [Close/Undo]: 10
Specify next point or [Close/Undo]: ¢

TASK 4: Draw the figure in AutoCAD using commands line, offset, trim, erase (Fig 4)

Fig4 20

120

20

N

@D

o
DMN2790X4

Repeat the OFFSET Command for different parallel
lines

Command: tr TRIM

Current settings: Projection=UCS, Edge=None

Select cutting edges ...

Select objects or <select all>: Enter to select all

Select object to trim or shift-select to extend or
[Fence/Crossing/Project/Edge/Erase/Undo]:

TASK 5 : i) PRACTICE YOURSELF (Fig 5)

Fig 5
100 75

200

100
50
150

}75

25

300

‘

DMN2790X5

Command: L

LINE

Specify first point:

Specify next point or [Undo]:

Specify next point or [Undo]: <Ortho on>

Specify next point or [Undo]: 250

Specify next point or [Undo]: 200

Specify next point or [Close/Undo]: 250

Specify next point or [Close/Undo]: ¢

Command: O OFFSET

Current settings: Erase source=No Layer=Source
OFFSETGAPTYPE=0

Specify offset distance or [Through/Erase/Layer]
<Through>: 30

Select object to offset or [Exit/Undo] <Exit>: select
Specify point on side to offset or [Exit/Multiple/Undo]
<Exit>: Click on side to offset

Repeat the Trim Command for removing unwanted
lines

Command: E

ERASE

Select objects: 1 found

Select objects: ? (Enter for erase)

Repeat the Erase Command for removing unwanted
lines.

Command: _line

Specify first point:

Specify next point or [Undo]: <Ortho on> 300
Specify next point or [Undo]: 150

Specify next point or [Close/Undo]: @-75,50
Specify next point or [Close/Undo]: 100
Specify next point or [Close/Undo]: @-125,-75
Specify next point or [Close/Undo]: 50
Specify next point or [Close/Undo]: 75
Specify next point or [Close/Undo]: 50
Specify next point or [Close/Undo]: 75
Specify next point or [Close/Undo]: C
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ii) PRACTICE YOURSELF (Fig 6)

Fig 6

7.1143

-

27.9179 ‘

150
100

41

200

DMN2790X6

Command: _line

Specify first point:

Specify next point or [Undo]: 200

Specify next point or [Undo]: @75<30
Specify next point or [Undo]: 100
Specify next point or [Undo]: @75<135
Specify next point or [Close/Undo]: 100
Specify next point or [Close/Undo]: @50<-45
Specify next point or [Close/Undo]: 100
Specify next point or [Close/Undo]: @50<45
Specify next point or [Close/Undo]: 100

Specify next point or [Close/Undo]: 150

Specify next point or [Close/Undo]:c

Command: O

OFFSET

Current settings: Erase source=No Layer=Source
OFFSETGAPTYPE=0

Specify offset distance or [Through/Erase/Layer]
<10.0000>:

Select object to offset or [Exit/Undo] <Exit>: SELECT
Specify point on side to offset or [Exit/Multiple/Undo]
<Exit>: Click the side

Repeat the Erase Command for number of parallel
lines

Command: TR /EX

TRIM/EXTEND

Current settings: Projection=UCS, Edge=None

Select cutting edges ...

Select objects or <select all>:

Select object to trim or shift-select to extend or
[Fence/Crossing/Project/Edge/eRase/Undo]:

Repeat the Command for removing unwanted lines.
Command: E

ERASE

Select objects: 1 found

Select objects: Enter for erase

Repeat the Command for removing unwanted lines.
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Capital Goods & Manufacturing Exercise No 1.10.88-89
Draughtsman Mechanical - Computer operation

Create geometrical figuresand tools

Objective(s): At the end of this exercise you shall be able to
* practice erase, oops, extend, mirror, stretch, lengthen, explode.

Modifying commands 3 Extend (Fig 3)

Modifying commands are used for modifying the Fig 3

existing drawings. Thus it helps to prepare a final

drawing incorporating the necessary changes and a lot BOUNDARY EDGE
of time is saved. Modifying commands are /

properties, erase, oops, extend, mirror, stretch, lengthen,
explode

1 Erase (Fig 1)

Fig 1 BEFORE EXTEND AFTER EXTEND

O O EXTEND COMMAND

This command is used to extend the shorter lines to meet

DMN2791JB

BEFORE ERASE AFTER ERASE E another ObjeCt.
ERASE COMMAND % Tool bar : Modify, Extend.
. , N Pull down : Modify, Extend.
This command allows the user to specify entities per-
manently removed from the drawing. The selection can Command - Extend or EX.
be made with any of the standard SELECT OBJECT Example
method. Command : Extend or EX.
Tool bar : Modify, Erase. Select boundary
Pull down : Modify, Erase. edges.
Command : Erase./ E. Select objects
or <Select all> : Select A, 1 found.
Example
Select objects:
Command : Erase or E. )

, , , Select object to extend or shift - select to trim or [Fence/
Select objects : Select the objects using mouse. Crossing/Project/Edge/Undo]:Select B.

Select objects Select object to extend or shift - select to trim or [Fence/

2 Oops (Fig 2) Crossing/Project/Edge/Undo]:

Fig 2 4 Mirror (Fig 4)
Fig 4
/ﬁ MIRROR LINE

Q Q END POINT 14—‘

\
BEFORE ERASE AFTER ERASE AFTER OOPS S

2 \
N
Zz

OOPS COMMAND 2 O [ O

This command restore objects that have been unexpect- |
edly erased by the previous ERASE command ORIGINAL OBJECT MIRRORED OBJECT

END POINT 2 4»‘

Example 3
MIRROR COMMAND g
Command : Erase or E =
Select objects : Select the objects using mouse Tool bar - Modify, Mirror.
Command - Oops Pull down : Modify, Mirror.
Command : Mirror or ML.
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This command is used to create a mirror image of the
select objects. After selecting the objects the beginning
point and end point of a mirror line is entered.

Example

Command : Mirror.

Select object : Select the object.
Select object

First point of
mirror line

: Specify the first point.

Second point : Specify the second point.

Delete old object ? : Enter Y for deletion, N for

retraining <N> the previous

object.

5 Stretch (Fig 5)

Fig 5
A B A B c
BEFORE STRETCH AFTER STRETCH §

Tool bar : Modify, Stretch.

Pull down : Modify, Stretch.

Command : Stretch or S.

This command is used to lengthen or shorten the line or
objects.

Example 1
: STRETCH.

Select objects to stretch by crossing - window

Command

Select objects : Select A and B by crossing - window.
Select objects

Specify base point or [Displacement] <Displacement>.
Specify second point: Mouse click at C.

6 Lengthen (Fig 6)

Fig 6
0 L 15 |
A B A B
BEFORE LENGTHEN AFTER LENGTHEN 5
LENGTHEN COMMAND %
Tool bar Modify, Lengthen.
Pull down Modify, Lengthen.
Command Lengthen or LEN.

This command is used to lengthen or shorten a line.

Example 1

LEN or LENGTHEN.

Select an object or [DElta/Percent/Total/Dynamic]: T
(Current length: 10).

Specify total length of [Angle] <1.0000)>:15.

Select an object to change or [Undo]: Select line AB

Command

Select an object to change or [Undo]
7 Explode (Fig 7)

|Fig 7

A A B

BEFORE EXPLODE
SINGLE OBJECT

AFTER EXPLODE
4 OBJECTS AB, BC,CD & AD

EXPLODE COMMAND

DMN2791JI

Tool bar Modify, Explode.
Pull down Modify, Explode.
Command Explode or X.

This command will split the component objects such as
blocks, polylines, regions etc. If you explode a polyline
the result will be ordinary lines or arcs.

Example 1:
Command: EXPLODE or X.

Select an object: Select the rectangle.

Fig 8

Editing multiline (Fig 8)

3. 4. 6
S()o

& O

O—0O

EXERCISE

DMN2791JK
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