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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 comprising various stakeholder's 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 Engineering Drawing 1%t Year (For 2 Year Trades) NSQF Group 18
Engineering Trades (Revised 2022) under CTS 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 trainees will also get the opportunities
to promote life long learning and skill development. | have no doubt that with NSQF the trainers and
trainees of ITls, and all stakeholders will derive maximum benefits from these 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.

JaiHind
SHRI. ATUL KUMAR TIWARI,, LLA.S.,
Secretary
_ Ministry of Skill Development & Entrepreneurship,
New Delhi - 110 001 Government of India.
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PREFACE

The National Instructional Media Institute(NIMI) was set up at Chennai, by the Directorate General of Training,
Ministry of skill Development and Entrepreneurship, Government of India, with the technical assistance
from the Govt of the Federal Republic of Germany with the prime objective of developing and disseminating
instructional Material for various trades as per prescribed syllabus and Craftsman Training Programme(CTS)
under NSQF levels.

The Instructional materials are developed and produced in the form of Instructional Media Packages (IMPs),
consisting of Trade Theory, Trade Practical, Test and Assignment Book, Instructor Guide, Wall charts,
Transparencies and other supportive materials. The above material will enable to achieve overall improvement
in the standard of training in I Tls.

A national multi-skill programme called SKILL INDIA, was launched by the Government of India, through a
Gazette Notification from the Ministry of Finance (Dept of Economic Affairs), Govt of India, dated 27th
December 2013, with a view to create opportunities, space and scope for the development of talents of
Indian Youth, and to develop those sectors under Skill Development.

The emphasis is to skill the Youth in such a manner to enable them to get employment and also improve
Entrepreneurship by providing training, support and guidance for all occupation that were of traditional
types. The training programme would be in the lines of International level, so that youths of our Country can
get employed within the Country or Overseas employment. The National Skill Qualification Framework
(NSQF), anchored at the National Skill Development Agency(NSDA), is a Nationally Integrated Education
and competency-based framework, to organize all qualifications according to a series of levels of Knowledge,
Skill and Aptitude. Under NSQF the learner can acquire the Certification for Competency needed at any
level through formal, non-formal or informal learning.

The Engineering Drawing 1% Year (For 2 Year Trades) NSQF Group 18 - Engineering Trades (Revised
2022) under CTS is one of the book developed by the core group members as per the NSQF syllabus.

The Engineering Drawing 1% Year (For 2 Year Trades) NSQF Group 18 - Engineering Trades under
(Revised 2022) CTS as per NSQF is the outcome of the collective efforts of experts from Field Institutes of
DGT, Champion ITI’s for each of the Sectors, and also Media Development Committee (MDC) members and
Staff of NIMI. NIMI wishes that the above material will fulfill to satisfy the long needs of the trainees and
instructors and shall help the trainees for their Employability in Vocational Training.

NIMI would like to take this opportunity to convey sincere thanks to all the Members and Media Development
Committee (MDC) members.

Chennai - 600 032 EXECUTIVE DIRECTOR
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INTRODUCTION

Theory and procedure along with the related exercises for further practice

This book on theory and procedure along with related exercises contains theoretical information on 1t Year
Engineering drawing NSQF (For 2 Year Revised syllabus July 2022 Group 18 - Engineering Trades) and procedure
of drawing/ sketching different exercise for further practice are also available. Wherever required, BIS specification
has been used.

Exercise for further practice

The practice exercise is given with Theory and procedure for 1% Year book made obsolete as it was felt that, it is
very difficult to work in workbook using drawing instruments. It is well known fact that, any drawing is prepared on
suitable standard size of drawing sheets only.

The instructor is herewith advised to go through the instructions given below and to follow them in view of imparting
much drawing skill in the trainees.

Acquiring the above said ability and doing small drawings is not a simple task. These books will provide a good
platform for achieving the said skills.

Time allotment:

Duration of 1%t Year : 40 Hrs

SlI. No. Topic Exercise No. Time Allotment
1 Introduction to Engineering Drawing and 1.1.01-1.1.05 2
Drawing Instruments
2 Lines and Free hand drawing 1.2.06-1.2.09
3 Drawing of Geometrical Figures 1.3.10-1.3.13
4 Dimensioning 1.4.14-1.4.16
5 Concept and Reading of Drawing 1.5.17-1.5.19 14
6 Symbolic Representation 1.6.20 4
7 Reading of Job drawing of related trades 1.7.21 8
40 Hrs

Instructions to the Instructors

It is suggested to get the drawing prepared on A4/A3 sheets preferably on only one side. If separate table and chair
facility is available for every trainee then it is preferred to use A3 sheets and if the drawing hall is provided with
desks then A4 sheets may be used. However while preparing bigger drawings on A4 sheets suitable reduction
scale to be used or multiple sheets may be used for detailed and assembly drawings.

First the border and the title block to be drawn only for the first sheet of the chapter. Eg. for conical sections only
first sheet will have the title block whereas the rest of the sheets of that chapter will have only borders.

Serial number of sheet and total no. of sheets to be mentioned on each sheet.

The completed sheet to be punched and filled in a box file/ suitable files and preserved by the trainees carefully
after the approval of instructor, VP and Principal of the Institute.

The file may be referred by the authority before granting the internal marks at the end of the Year.
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CONTENTS

Exercise No. Topic of the Exercise Page No. h

Introduction to Engineering Drawing and Drawing Instruments

1.1.01 Introduction to engineering drawing and drawing instruments 1

1.1.02 Conventions 4
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1.1.04 Title block, its position and content 7
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1.4.14 Dimensioning - Types of arrow heads and leader line with text 46
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1.5.18 Concept and reading of drawing in - Concept of orthographic projection and 58
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LEARNING/ASSESSABLE OUTCOME

On completion of this book you shall be able to

.

* Readand apply engineering drawing for different applicationin the field of work.

(vii)




[ SYLLABUS )

1stYear Group 18 - Revised syllabus July 2022 Duration: 1 Year
2 Year Engineering trades under CTS

CTS Trades Covered: Fitter, Turner, Machinist, Machinist Grinder, Mechanic Machine
Tool Maintenance, Operator Advance Machine Tool, TDM (D&M), TDM (J&F), Mechanic
Mining Machinery, Textile Mechatronics, Basic Designer & Virtual Verifier, Advanced
CNC machining, Aeronautical Structure & Equipment Fitter

S.no. Syllabus Time in Hrs

1 Introduction to Engineering Drawing and Drawing Instruments — 2
« Conventions

» Sizes and layout of drawing sheets
» Title Block, its position and content

* Drawing Instruments

2 Lines - Types and applications in drawing 6
Free hand drawing of -

* Geometrical figures and blocks with dimension

» Transferring measurement from the given object to the free hand sketches.

* Free hand drawing of hand tools and measuring tools.

3 Drawing of Geometrical figures: 4
* Angle, Triangle, Circle, Rectangle, Square, Parallelogram.

» Lettering & Numbering - Single Stroke.

4 Dimensioning 2
* Typesofarrowhead
* Leader line with text

» Position of dimensioning (Unidirectional, Aligned)

5 Conceptand reading of Drawing in 14
» Concept of axes plane and quadrant
» Conceptof Orthographic and Isometric projections

» Method of first angle and third angle projections (definition and difference)

6 Symbolic representation - 4

» Different symbols used in the related trades.

7 Reading of Job drawing of related trades. 8

Total 40
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.1.01

Introduction to engineering drawing and drawing instruments

Communication

There are many different ways of communicating ideas,
information, instructions, requests, etc. They can be
transmitted by signs or gestures, by word of mouth, in
writing, or graphically. In an industrial context the graphical
method is commonly used with communication is achieved
by means of engineering drawings.

If oral and written communication only were used when
dealing with technical matters, misunderstandings could
arise, particularly in relation to shape and size. The lack
of a universal spoken language makes communication and
understanding even more difficult because of the necessity
to translate both words and meaning from one language
to another.

However, the universally accepted methods used in
graphical communication through engineering drawings
eliminate many of these difficulties and make it possible
for drawing prepared by a British designer to be correctly
interpreted or “read” by, for example, his German, French
or Dutch counterparts.

Equally important, the components shown on the drawings
could be made by suitably skilled craftsmen of any
nationality provided they can “read” an engineering drawing.

Conventionally prepared engineering drawings provide the
main means of communication between the “ideas” men
(the designers and draughtsman) and the craftsmen
(machinists, fitters, assemblers, etc.). For the
communication to be effective, everyone concerned must
interpret the drawing in the same way. Only then will the
finished product be exactly as the designer envisages it.

To ensure uniformity of interpretation, the British Standards
Institution has prepared a booklet entitled BS 308:1972,
Engineering Drawing Practice. Now in three parts, this
publication recommends the methods which should be
adopted for the preparation of drawing used in the
engineering industry.

The standards and conventions in most common use and
hence those required for a basic understanding of engineering
drawing are illustrated and explained in this book.

Language

1 Itis the media of communication (Fig 1)

Fig 1
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Conclusion

Effective communication is possible when graphical
language is supported by written language/vocal language
and vice versa.

Engineering drawing is a language that uses both graphical
language and written language for effective communication.

Engineering drawing is a graphical language that
also uses written language for effective
communication.

The importance of Engineering Drawing

The economic success of any country is mainly dependent
on its industrial development. Due to globalization, any
industry in our country is expected to be of a global market
standard. For the above-mentioned reasons, our Indian
products require very high quality for their size, dimension,
fit, tolerance, and finish etc.

To produce the best standard product, all the technical
personnel (Engineers to Craftsman) in an industry must
have a sound knowledge of engineering drawing because
engineering drawing is the language of engineers.
Engineering drawing is a universal language. Different
types of lines make up their alphabets. Technical personnel
in any industry, including craftsman, are expected to
communicate anything concerning a part or a component
by means of drawings involving lines, symbols,
conventions, abbreviations etc.

With our spoken languages, it is impossible to express
the details of a job or a product. Engineering drawing
knowledge and practise are a must for designing or
producing a component or part. Even a small mistake in
the drawing may reflect very badly on the product. Therefore,
reading and doing engineering drawings are very essential
for craftsmen and engineers.

A drawing is a graphical representation of an object, or
part of it, and is the result of creative thought by an engineer
or technician. When one person sketches a rough map in
giving direction to another, this is graphic communication.
Graphic communication involves using visual materials to
relate ideas. Drawings, photographs, slides,
transparencies, and sketches are all forms of graphic
communication. Any medium that uses a graphic image
to aid in conveying a message, instructions, or an idea is
involved in graphic communication.

One of the most widely used forms of graphic
communication is the drawing. Technically, it can be
defined as "a graphic representation of an idea, a
concept or an entity which actually or potentially
exists in life"

Drawing is one of the oldest forms of communicating,
dating back even farther than verbal communication. The
drawing itself is a method of communicating necessary
information about an abstract, such as an idea or concept
or a graphic representation of some real entity, such as a
machine part, house or tools. There are two basic types
of drawings: Artistic and Technical drawings.

Technical drawings

Technical drawings allows efficient communication among
engineers and can be kept as a record of the planning
process. Since a picture is worth a thousand words, a
technical drawing is a much more effective tool for
engineers than a written plan.

The technical drawing, on the other hand is not subtle, or
abstract. It does not require an understanding of its creator,
only on understanding of technical drawings. A technical
drawing is a means of clearly and concisely communicating
all of the information necessary to transform an idea or a
concept in to reality. Therefore, a technical drawing often
contains more than just a graphic representation of its
subject. It also contains dimensions, notes and
specifications.

Fields of use

Technical drawing is the preferred method of drafting in all
engineering fields, including, but not limited to, civil
engineering, electrical engineering, mechanical engineering
and architecture.

Purpose of studying engineering drawing

1 To develop the ability to produce simple engineering
drawing and sketches based on current practice

2 To develop the skills to read manufacturing and
construction drawings used in industry.

3 Todevelop a working knowledge of the layout of plant
and equipment.

4 To develop skills in abstracting information from
calculation sheets and schematic diagrams to produce
working drawings for manufacturers, installers and
fabricators.

Main types of Engineering drawing

Regardless of branch of engineering the engineering drawing
is used. However based on the major engineering
branches, engineering drawing can be classified as follows:

(Fig 2)
Mechanical Engineering drawings

Some examples of mechanical engineering drawings are
part and assembly drawings, riveted joints, welded joints,
fabrication drawings, pneumatics and hydraulics drawings,
pipeline diagrams, keys coupling drawings etc. (Fig 3&4)

Electrical engineering drawing

Wiring diagrams of home and industries, circuit diagrams,
electrical installation drawings etc.

Example

The voltage supply to a filament lamp is 10.8V. The voltage
should be 12V. (Fig 5)

2 Engineering Drawing : (NSQF - Revised 2022) 15t Year Group 18 : Exercise 1.1.01



Fig 2
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Mechanical Engineering Drawings (Fig 3&4)

Fig 3
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Electrical Engineering Drawing (Fig 5)

Fig 5

V=12V
LAMP
VOLTAGE = 10.8V
VOLTAGE
DROP =12V ©
12v 0.455A é
———————— o
[ z
A
Electronics Engineering Drawing
Audio amplifier (Fig 6)
Fig 6 C1 I I + N
47..., 100uF 6..12v
16V
Cc4
2 220...,470uF
c2 - 16V
INPUT 1c1
LM386
3[4
0.22 1 SPKR
4 .16Q
P1
10K

OJO,

AUDIO AMPLIFIER

EDNF1110116

Civil Engineering Drawing (Fig 7)
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Group 18 - Engineering Trades

Engineering Drawing

Exercise 1.1.02

Conventions
TYPE CONVENTION MATERIALS

Steel, Cast Iron, Copper and its Alloys,
Aluminium and its alloy, etc

Metals
Lead, Zinc, Tin, White-metal, etc.

Y Y Y Y
Glass w z2 7 7 Glass

v 7 7

Packing and Insulating
materials

Porcelain, Stoneware, Marble, Slate etc

Asbestos, Fibre, Felt, Synthetic resin
products, Paper, Cork, Linoleum,
Rubber, Leather, Wax, insulating &
Filling Materials etc

tiqud | [ Water, Oil, Petrol, Kerosene etc
S
Wood /// Wood, Plywood etc
> ¥ P
v »
Concrete v iy : » Concrete
A -
> . >
i iy .




Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.1.03

Sizes and layout of drawing sheets

Size of drawing sheets (in mm): While being worked on
orhandled, the drawing sheets are prone to tearalong the
edges. So slightly larger(untrimmed) sheets are preferred.
Theyaretrimmed afterwards. 1S:10811:1983 lays down such
as designation of preferred trimmed and untrimmed sizes.

Designation of sheets: The drawing sheets are designated
by symbols such as A0, A1, A2, A3, A4 and A5. AO being
the largest and A5 is smallest. Table 1 below gives the
length and breadth of the above sizes of sheets. (Trimmed
and untrimmed)

The relationship between two sides is same as that
between a side of a square and its diagonal.

Fig 1

HALVING AND DOUBLING

EDNFI110311

TABLE 1
Designation Trimmed size | Untrimmed size
A0 841x1189 880x 1230
A1 594 x 841 625 x 880
A2 420 x 594 450 x 625
A3 297 x 420 330 x450
A4 210 x 297 240x 330
A5 148 x 210 165 x 240

Special elongated series increasing its widths, double,
treble etc. are denoted as follows A3 x 3, A3 x4, A4 x 3,
A4 x 4, A4 x 5. Please refer Table 2.

TABLE 2
Special elongated series
Designation Size

A3 x3 420 x 891
A3 x 4 420x 1189
A4 x 3 297 x 630
Ad x 4 297 x 841
A4 x5 297 x 1051

Fig 1 &2 shows how the sheet sizes are formed by halving/
doubling and similarity of format.

White drawing papers that do not turn yellow on exposure
to air are used for finished drawings, maps, charts and
drawings for photographic reproductions.

Forpencil layouts and working drawings, cream-coloured
papers are best suited.

Quality drawing paper: The drawing papers should have
sufficient teeth or grain to take the pencil lines and
withstand repeated erasing.

To getuniformlines, backing paperis to be placed on the
drawing board before fixing drawing/tracing paper,. Before
starting the drawing, the layout should be drawn. (Ref:
1S:10711)

Fig 2

Y/2

X/2

Y12

X

SIMILARITY OF FORMATIONS

EDNFI110312

The following is the method of folding printed drawing sheets
as recommended by BIS. (Fig 3)

Method of folding of printed drawing sheets as per
BIS SP: 46-2003

When drawings sheets are in more numbers, they have to
be folded and kept in order to save the trace required for
preserving them (Fig 4).

Fig 4
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Method of folding printed drawing sheets (Fig 3)

Fig 3
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.1.04

Title block, its position and content

Layout of drawing sheet

Fig 1
As astandard practice,sufficientmargins are to be provided 9
on all sides of the drawing sheet. The drawing sheet should tl2ls [¢ ! o Lo [ 7 Le
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Title Block - 2

Title Block - 3

Fig 3
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APPROVED ~
; SCALE TITLE DRAWING NO.
o
N
e |t
A SHEET OF 1OF 1
I %
190

Engineering Drawing : (NSQF - Revised 2022) 15t Year Group 18

: Exercise 1.1.04



Title Block - Position and content - 1

Fig 5
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Title Block - Position and content - 2

Fig 6
N
REVISION
DO NOT SCALE
SL.N DESCRIPTION DATE | APPX
A M12 WAS 3 WHIT. |14.12.18| AW.D
d
4
3
2
1 A7325 VALVE BODY 1
& | DRGOR
E PART NO. DESCRIPTION QTy.
DRN 1:1:78 JKL
UNLES OTHERWISE (NAME OD THE FIRM)
STATED ALL DIMENSIONS @ gl CKD 2178 MLN
IN MILLIMETRES. T T
TOLERANCES APPD  5:1:78 AWB
LINEAR: (TITLE OF DRW.)
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MATERIAL : CAST STEEL i|32E BgG A24641
DRAFTING STANDARD
AS 1100 FINISH AS MACHINED SCALE 1:2 SHEET 10F1 g
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a
w
Item Reference on Drawing Sheet
05 TIGHTENINGPIN 01 MILD STEEL
04 WORK PIECE 01 ANY MATL.
03 SCREWROD 01 STD.
02 “U” CLAMP 01 CASTIRON
01 “V” BLOCK 01 CASTIRON
PART NO DESCRIPTION OF ITEM QTY/ASSY MATERIAL REMARKS
BILL OF MATERIALS

The drawing sheet on which the drawings to be prepared
should be prepared first by following the procedure given

below:

1 Take A4/A3 drawing sheet.

2 Marktheborders and draw the title block as mentioned.

and the border dimensions remain same.

3 Followthe same procedure for A3 drawing sheetwhere
the title block is to be drawn right side bottom corner

4 Title block to be drawn whenever the title of the drawing

they are used for preparing drawings.

10 Engineering Drawing : (NSQF - Revised 2022) 1st Year Group 18 : Exercise 1.1.04
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.1.05

Drawing instruments

The following are the commonly used equipment in a
drawing office.

Drawing board (Fig 1): Drawing board is one of the main
item of equipmentfor Draughtsman. Itis used for supporting
the drawing paper/tracing paper for making drawings. Itis
made of well-seasoned wood strips of about 25 mm thick
or masonite, free from knots and warping. It should be
softer enough to allow insertion and removal of drawing
pins. Two battens are fastened to the board by screws, in
slotted joints. They prevent warping and at the same time
permit expansion and contraction of the strips due to the
change of moisture in the atmosphere.

Fig 1

EBONY
WORKING
EDGE

STRIPS

DRAWING BOARD
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One of the shorter edges of the drawing board is provided
with an "ebony edge" (hardwood) fitted perfectly straight.

Standard drawing boards are designated as follows as per
1S:1444-1989.

SlI. No. Designation Size (mm)
1 DO 1500 x 1000 x 25
2 D1 1000 x 700 x 25
3 D2 700 x 500 x 15
4 D3 500 x 350 x 15

The working edge (ebony) must be straight.

Now-a-days drawing boards are available with laminated
surfaces. The flatness can be checked by placing a
straight edge on its surface. If no light passes between
them, the surface is perfectly flat.

'T' Square: Itis of 'T'shape, made of well-seasoned wood.
It has two parts., head/stock and blade. One of the edges
of the blade is the working edge. The blade is screwed to
this head such that the working edge is at a right angle to
the head. (Fig 2a)

The standard 'T' square is designated as follows with
dimensions shown in mm; as per 1S:1360-1989.

Sl. No. Designation Blade length
1 TO 1500
2 Bk 1000
3 T2 700
4 T3 500

The 'T'square is used with its head against the ebony edge
of the drawing board to draw horizontal lines, and parallel
lines and to guide/hold the set squares, stencils etc.

Fig 2b shows how the 'T' square is used.

"T'square should neverbe used as ahammerorasaguide
fortrimming papers.

Fig 2

WORKING EDGE

(@)

T-SQUARE

WORKING EDGE OF BOARD

MUST BE STRAIGHT
LENGTH OF T-SQUARE

b WORKING EDGE OF T-SQUARE HEAD
( ) / MUST BE STRAIGHT

WORKING EDGE OF T-SQUARE BLADE
K MUST BE STRAIGHT

2 9
° BLADE (e}
K] ! {
N
WOoOD/ FOR HANGING
PLASTIC/ ON NAIL
CELLULOID
14
TRANSPARENT PLASTIC EDGE
HEAD PERMITS SEEING OF DRAWING

UNDERNEATH
T-SQUARE AND DRAWING BOARD

EDNFI110512

Drafting in the machine (Fig 3): It serves the functions of
aTeesquare, setsquare, protractorand scale. They come
indifferent sizes and have a pattern called the 'Pantograph'’
type. It is fitted on the top left side, edge of the drafting
board, mounted on an adjustable frame ortable. Itrequires
alarge areaof working place. The angle of the drafting board
can be adjusted by the pedal operating system. There are
two counterweights to balance the angular position of the
board and the drafting head. It is more suitable for the
production drawing office.

11



Fig 3

EDNFI110513

DRAFTING MACHINE

On the other end, a protractor head H with swivelling and
locking arrangement is fitted with two scales at right
angles.

The protractor head has a spring-loaded clutch relieving
handle, which rotates and locks at 15° intervals
automatically. For setting any angle otherthan multiples of
15°,the clutch springis released and by rotating the centre
knob, the zero line is set to the required angle and the
friction clutch knob is tightened. It is capable of rotating
180°, thereby any angle can be set.

The scales are bevelled on both sides, graduates to 1:1 &
1:2. They can be reversed with the help of dovetail slide
fitting.

There is a fine adjusting mechanism on the drafting head
tosetthe scale parallelto the edge ofthe board. The scales
also can be adjusted if there is an error in measuring 90°
betweenthem.

The mini drafter is an important device used for making
drawing quickly & accurately. This instrument has the
combination of T-square, set square, protractor and scales,
it helps to draw the drawings at a faster rate. (Fig 4,5 & 6)

Fig 4
PARALLELOGRAMS FIXING CLAMP
B WITH SCREW
PIVOT
PLATE

PROTRACTOR HEAD

INDEX PLATE REFERANCE MARK

MINI DRAFTER PARTS

EDNFI110514

EDNFI110515

MINI DRAFTER ADJUSTMENT

Fig 6 FIXING CLAMP

DRAWING SHEET

ALIGNED TO BOTTOM
BORDER LINE

MINI DRAFTER s ~

LOCKING KNOB DRAWING BOARD

EDNFI110516

FIXING MINI DRAFTER

Erasing shield: When, on a drawing, if a part of a line or
some lines among many otherlines needs to be erased or
modified, in a normal way erasing will damage the other
nearby lines. In such a situation an erasing shield is
effectively useful. It is a thin metallic sheet having small
openings of different sizes and shapes. A suitable opening
is aligned to the line to be erased and the line is removed
by the eraser. (Fig 7)

Fig 7

EDNFI110517

USE OF ERASER SHIELD

Setsquare (IS:1361-1988): Transparent celluloid /Plastic
set squares are preferred and are commonly used rather
than ebonite ones. They are two in number, each having
one corner with 90°. The set square with 60° & 30° of
250 mmlongand 45° of 200mmlongis convenientforuse.

(Fig8)
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Fig 8

45° 45°
45° 45°  30°

30

EDNFI110518

F

EDNFI110518

{a) 45° SET SQUARE {b) 30° - 60° SET SQUARE FRENCH CURVES
Scales: Scales are used to transfer and or measure the
: ; . . Fig 12
dlmens_lons.They are made of wood, steel, ivory, cgllulmd ig PENCIL MARK
orplastic, stainless steel scales are more durable. different ON CURVE

types of scales used are shownin Fig 9. They are eitherflat,
bevel-edged or triangular cross-sections. Scales of 15cm
long, 2cmwide or30cmlong 3.5cmwide are in general use.

Fig 9

EDNFI110519

STEEL RULE WOODEN SCALE

Protractor: A protractor is an instrument for measuring
angles. It is semi-circular or circular and is made of a flat
celluloid sheet.

The angles can be set or measured from both sides,
aligning the reference line and point'0' with the corner point
ofthe angle.

Figure 10 shows how to read or setthe angle. A protractor
can also be used to divide a circle or draw sectors.

Fig 10

EDNFI11051A

PROTRACTOR

French curves (Fig 11)

These are made in many different shapes, normally come
insetsof6,12,16 etc. French curves are best suited to draw
smooth curves/ arcs (which cannotbe drawn by acompass)
with ease. Todraw a smooth curve using afrench curvefirst
setitbytrial againsta part of the line to be drawn, then shift
it to the next portions.

Fig 12 shows how to use the french curve and draw smooth
curves. They are made of transparent celluloid (no bevel
edge).

POINTS CLOSER
TOGETHER AT ENDS7

o
~
EDNFI11051C

USING A FRENCH CURVE

An instrument box contains the following: (Fig 13a to h)
» Large compass (with attachment facility) (a)

» Largedivider(b)

+  Bow compasses(pencil/ink), bow divider (c)

* Lengtheningbar (d)

* Pen point for attachment (e)

» Screwdriver (f)

* Leadcase(g)

* Liner(h)

Large compass (Fig 14): Ithas aknee jointinone leg that
permits the insertion of a pen or pencil point or attaching a
lengthening bar with a pen or pencil point attached to it. It
is used for drawing large circles/arcs and also for taking
large measurements.

Fig 14

KNEE JOINT

LARGE COMPASS

A
-
| \
EDNFI11051E

As a rule, while drawing concentric circles,
small circles should be drawn first before the
centre hole gets worn.

Large divider: Itis used to transfer dimensions and divide
linesinto several equal parts. Divider with adjustable joints
is preferable rather than plain legs. (Fig 15)
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Fig 13 _
AN
= o
O
o \
S ~
s
g i
a (h)
(b)
B
@) | @

DRAWING INSTRUMENTS

EDNFI11051D

Fig 16 shows differenttypes ofbowinstruments. Adjustments
should be made with the thumb and middle finger.

EDNFI11051G

BOW - INSTRUMENTS

Drop spring bow pencil and pen (Fig 17): Drop spring
bow pencil and pen are designed for drawing multiple
identical small circles. Example: rivetholes, drilled/reamed
holes. The central pinis made to move freely up and down
through the tube attached to the pen or pencil unit.

Fig 17

DROP SPRING BOW PENCIL DROP SPRING BOW PEN
DROP SPRING BOW INSTRUMENT

EDNFI11051H

Inking pen or liner or ruling pen (Fig 18): It is used to
ink the straightlines drawn with the instruments but never
forfreehand lines or lettering.

Fig 15
-
Eees1 o =

N

EDNFI11051F

DIVIDER

Bow instruments: Bow penciland bow pen compass are
used for drawing circles of approximately 25 mm radius.
A bow divider is used for marking or dividing smaller
spaces. There are two types (i) Integral legs with spring
action (ii) two legs are held with a curved spring on top with
a handle oniit.

(b)

RULING PENS

EDNFI110511
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Lengtheningbar (Fig 19): Todrawlargercircles, itis fitted
to the compass. The pencil point or pen point is inserted
into its end.

Fig 19

EDNFI11051J

LENGTHENING BAR

Replaceable spare pencils, pens and needle points for the
compass are available in the instrument box.

Screwdriver (Fig 20): Used for adjusting the screws of the
instruments.
Fig 20

=

Lead case (Fig 21): Lead case is the box for holding the
pencil leads.

SCREW DRIVER

EDNFI11051K

Fig 21

|

LEAD CASE

EDNFI11051L

Pin, Clip, Cello tape: Drawing sheet should be fastened
ontothe drawing board firmly temporarily so thatitdoes not
shake during preparing the drawing. For this purpose, the
pins, clips and cello tapes are used (Fig 22)

= 2z

PIN,CLIP AND TAPE

EDNFI11051M

Pencils, Grade and Selection (Fig 23)

Fig 23

L<2 2H |
SHARP CONICAL POINT (FOR GENERAL LINE

WORK AND LETTERING) ‘LGRADE MARK. DO
NOT SHARPEN
(a) DRAWING PENCIL THIS END

—— B | -
T— DRAFTING PENCIL LEADS AVAILABLE IN ALL GRADES
(b) MECHANICAL PENCIL

E<mmm1 =
FINE LEADS, REQUIRE NO SHARPENING

(c) FINE-LEAD MECHANICAL PENCIL
DRAWING PENCILS

EDNFI11051N

Grades of pencils: Pencils are graded according to the
hardness or softness of the lead.

The hardest pencil is 9H grade and the softest pencil
is 7B grade. The selection of the grade of pencils depends
on the type of line work required and the paper on which it
is used.

Softerlead pencils are used to produce thicker and darker
line work, but they wear out quickly. Medium grades of H
and 2H are used for general line work as well as for lettering.

Selection of pencils: Pencil grades vary from one brand
toanotherbrand. Select the grades of the pencil depending
upon the type of line work. For construction lines, you can
choose 2H or 3H, for lettering and object lines grade H
pencils. In general H, HB and 2H are used.

H - medium-hard
HB - medium-soft
2H - hard

Now-a-days automatic (Mechanical) pencils or clutch
pencils are available in differentsizes (lead dia.0.3,0.5,0.7
or0.9). Leads canbereplaced as per the required grade of
hardness. They produce lines of uniform width without
sharpening.
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Group 18 - Engineering Trades Exercise 1.2.06

Engineering Drawing

Lines - Types and applications in drawing

Drawings are made up of different types of lines. Just a Technical drawings are drawn with different types of lines.

language with alphabetand grammar.

Lines of different thicknesses and features are used for

specific use. (Fig 1 and 2)

By proper choice and application of lines, productfeatures
can be correctly defined in a drawing. Different types of
lines recommended for specific applications are given in

Table1.
Table1
Types of lines and their application
Lines Description General applications
See figure and other relevant figure

Fig 1 Continuous thick A1 Visible outlines
A 05 A2 Visible edges
5 02 | Continuous thin B1 Imaginary lines of intersection

(straight) B2 Dimensionlines

c— 02

D 0.2
E— ————— — — — — 03
F— — - - — — — — — — 02
Gfi———— ———— 02
H— — — 03
J —_ — — 0.5
K - = . - — 0.2

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

Continuous thin C1 Limits of partial or interrupted views &
freehand sections, if the limit is not a chain thin
Continuous thin D1 Line(Seefigures)
(Straight) with zig-zags
Dashed thick E1 Hiddenoutlines
E2 Hiddenedges
Dashedthin F1 Hiddenoutlines
F2 Hiddenedges
Chainthin G1 Centrelines

G2 Lines of symmetry
G3 Trajectories

Chain thin, thick atends| H1  Cuttingplanes
& changes of direction

Chain thick J1  Indication of lines or surfaces to
which a special requirement applies

Chainthindouble- K1 Outlines of adjacent parts

dashed K2 Alternative and extreme positions of

movable parts
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 Although two alternatives are available, itis recommended that on any one drawing, only one type of line be used.

Inthe above range, for craftsmen, 0.5is preferred. Table 2 The numbers on the right side of the lines refer to the line
shows the 0.5 line range and other lines under this range. thickness in mm.
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Table2

A 0.5

B 0.2

c— 02

D 0.2
E—— — — — — — — — — 03
F——( — — — — — — — — 02
G — — - - - — 02
H - - - - 0.3
o
J — — — 05 3
S
g
K - - - - - - 02 %
w

Allthe views of acomponentdrawn to one particular scale
should have the same range of line thickness.

Types of lines: Ten types of lines are used in general
engineeringdrawing as per1S:10714-1983. Which first four
types of lines are continuous lines of both thick and thin.
(Type Ato D)

A continuous thick line (A-type) is used for drawing visible
outlines (A1) and visible edges (A2). (Fig3) Theselines are
also called object lines

Fig 3

VISIBLE EDGE - A2

VISIBLE OUT LINE - A1

EDNFI120613

Continuous thinlines (B type): Continues thinlines are
used for many applications as stated in Table 1. A few
applications of B types of lines are shown in Fig 4.

Fig 4
THREAD LINE - B8

EXTENSION
N_\INE -B3

LEADER LINE - B4

SHORT
CENTRE LINE - B7

/ <
4{ p — —
o % ! /ﬁ
HATCHING - B5
DIMENSION LINE - B2
DIAGONAL LINE - B9

A leader line - B4 (Fig 4): Aleader line is a line referring
to a feature (dimension, object, outline etc). A leader line
should terminate.

e with a dot

A}

. M20

EDNFI120614

» withanarrow head

» without a dot or arrow head (Fig 5)
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Fig 5

L

Hatching lines (B5): Hatching lines are the lines inclined
parallel lines. The minimum space between these lines
should be more than twice the thickness of the heaviestline
in the drawing. It is recommended that these spacings
should never be less than 0.7 mm. (Fig 4)

EDNFI120615

For showing the limits of partial or interrupted views and
sections continuous thin freehandlines (C1) or continuous
thin straight lines with zig-zag (D1) are used. (Fig 6)

Fig 6

i

Lines of type E to K'in Table 1 are of the non-continuous
type. Some of these are thin and some are thick. For
hidden lines both thick and thin dashes (E & F type) are
available, itisrecommended thaton anyone drawing, only
one type of (Thick or thin) line be used. (Fig 7)

EDNFI120616

Fig 7

EDNFI120617

Chainlines (Thin): Chainlines are used for drawing centre
lines of circles, cylinders etc. Same lines are also used to
show the axis of symmetry in symmetrical objects. The
line of symmetry is identified at its ends by two thin short
parallel lines drawn at right angles to it. (Fig 8)

Fig 8

ot

EDNF1120618
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Another method of representing symmetrical shape is to
extend the object lines beyond the axis of the symmetry.
(Fig9) Inthis case, the short parallel lines described above
are omitted. The same lines are also used to show the
repetitions of features of a component. (Fig 10)

NP AR
T T T

For drawing a sectional view, the plane of cutting is to be
showninanotherview. The cutting plane (H1)in Table 1is
drawn with a thin chain, thick at the ends and also at the
places of direction change. (Figs 11 & 12)

Fig 11

EDNFI120618

If thick chain lines (J1)in table 1 are drawn on a surface, it
indicates some special treatment/application on that
surface. (Fig 13)

Chain thin double dashed (K) lines are applied for the
following:

K1 - Qutlines of adjacent parts (Fig 13)

K2 - Alternative and extreme positions of moving
parts. (Fig 13)

Fig 12

EDNFI12061C

EDNFI12061D

K3 -
Fig 14
K4 - Initial outlines brefore forming (Fig 15)
Fig 15 @
I e
&L/ -~ / ;
K5 - Parts situated in front of the cutting plane

(Fig 16)
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Fig 16

EDNFI12061G

Lines - Drawing lines of a given length (straight,
curved), drawing parallel lines, perpendicular lines
and methods of division of line segment

There are a lot of ways to define straight and curved lines;
the most elaborate way to define them is the following:

» Astraightlineis a succession of points that are aligned
inthe same direction. Orin other words, to gofromone
point to another, we never change direction. (Fig 17)

Fig 17

/

EDNFI12061H

» On the contrary, the points of a curved line do change
direction from one point to the next. (Fig 18)

Fig 18

~

EDNFI120611

» Ifthere aren’t any obstacles, there are plenty of ways
to do this...for example: (Fig 19 to 23)

Fig 19

EDNFI12061J

Fig 20

I
ﬁ

EDNFI12061K
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Fig 21

EDNFI12061L

Fig 22

EDNFI12061M

Fig 23

> >
>
9]
o
m w w W

EDNFI12061N

Tangentline (Fig 24)

Fig 24

EDNFI120610

4 Easy ways to draw curved line (Fig 25)

Fig 25

EDNFI12061P

Drawing curved dashed line (Fig 26)

Fig 26

EDNFI12061Q

Exercise 1

How to draw six horizontal parallel lines of 50 mm
long with 10 mm intervals (Fig 1).

Fig 1 B

10

EDNFI120621

-
©



Use a sharpened conical point pencil.

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

While drawing rotates the pencil to keep the
constantthickness.

Maintain uniform pressure on the lead of the

pencil.

Exercise 2

How to draw six vertical parallel lines of 50 mm
length with 10 mm intervals (Fig 2).

Fig 2

EDNFI120622

Draw the vertical lines from bottom to top.

Fig 1
(@) B

(b)

HORIZONTAL

EDNFI120631

Exercise 3

How to draw 45° inclined lines (Fig 3).

Fig 3
D C

Cy

>

-

W
EDNF1120623

Draw lines from bottom to top.

Sketch by free hand
Sketch the following practice No.1 to 3 in A3/A4 sheets.
Practice

1 To draw horizontal thick and thin lines. (Fig 1)
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2 To draw vertical thick and thin lines. (Fig 2)

Fig 2
(a)

(b)

VERTICAL

EDNFI120632




3 Sketch the inclined lines as shown in figure with
thick and thin lines. (Fig 3)

Fig 3
(a)

(b)

INCLINED

EDNFI120633

Types of lines

A pointrepresents alocation in space, having no width or
height. Itis represented by drawing the intersection of lines
oradot. (Fig 4)

Se s N @

POINT

Fig 4

EDNFI120634

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

i Straightline and ii 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, astraightline is the shortest distance between two
points. Straight lines, depending on their orientation are
classified as Horizontal, Vertical Inclined or Oblique lines.

Fig 5
STRAGHT LINE
INDEFINITE LENGTH c

| STRAGHT LINE | A
| DEFINITE LENGTH N B 2
g
]
T
STRAIGHT LINE z
w
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Horizontal line (Fig 6): Horizontal lines are those which
are parallel to a horizontal plane. An example of the
horizontal plane is the surface of still water. (Fig 6)

Fig 6
9 A B
LINE PARALLEL TO STILL WATER SURFACE

FSTILL WATER SURFACE

HORIZONTAL LINE

EDNFI120636

Vertical line (Fig 7a): Lines that are perpendicular to
horizontalllines are called verticallines. Itcan 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 M

PLUMB BOB

(a) (b)

VERTICAL LINE

EDNFI120637

Inclined line or Oblique line: A straight line that is neither
horizontal nor vertical is called an inclined line. (Fig 8)

Fig 8

/\

INCLINED OR OBLIQUE LINE

EDNFI120638

Curved line: ltis the path of a point that always changes
its direction. Examples of curved lines are shownin (Fig 9).

Fig 9

T ()

CURVED LINES

EDNFI12063%

Parallel lines: They are the lines with the same distance
between them. They may be straightlines or curved lines
Parallel lines do not meet when extended. (Fig 10)

Fig 10

é&//

PARALLEL LINES

EDNFI12063A

Perpendicularlines: Whentwolines meetat90°, the two
lines are said to be perpendicular to each other. One ofthe
lines is called a reference line. (Fig 11)

Fig 11

L o

EDNFI120638

PERPENDICULARLINES

-



Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.2.07

Free hand drawing of - Geometrical figures and blocks with dimension

Freehand sketching: Apart from making drawing using
instruments, often craftsmen will be required to make
drawings with their free hand.

Freehand sketching is the easiest method to express the
shape of a piece part or a component by an engineer or
craftsman.

Freehand sketches are notusually made to scale. However,
they should be as nearly to the proportions as possible.

Cube (Fig 1)

Fig 1

50

50
50

Fig 2 15

EDNFI120711

Square block (Fig 2)

20
‘ 15

ﬂJ
20

Rectangular block (Fig 3)

EDNFI120712

Fig 3

18

(o2

o]

? 4 14 4
-
23

EDNFI120713

Cube block (Fig 4)

Fig4 / 14 sq

24

24
24

EDNFI120714

22

Cylinder (Fig 5)

Fig 5

@20 \\

W

EDNFI120715

Materials for free hand sketching: A4 size sheet
(preferably a pad instead of loose papers) pencils of soft
grade. Example H, HB, and a good quality eraser are the
only materials required. Fordrawing differentdarkness, the
pencil points should be sharpened to a conical shape.
Fig 6 shows some free hand sketches of different types of
views.

— 15

O ©

A) MULTIVIEW
(ORTHOGRAPHIC)

A7

C) OBLIQUE VIEW

B) ISOMETRIC VIEW

< : / ’
D) PERSPECTIVE VIEW

DIFFERENT TYPES OF VIEWS

EDNFI120716

Procedure

Freehand drawing of solid figures, cubes, cuboids, cone,
prism, pyramid, frustum of a cone with dimensions

Cube (Fig 1)

Fig 1 e ;

Cc

25

I

|

i
AT

25

~
~

25

EDNFI120721




» Draw squares of a, b, cand d.
» Draw 30° from points b, c and d for the length of 25mm.

* Mark point g from b, f from c and e from d as shown in
the figure.

+ Joint all points.
Cuboid (Fig 2)

Draw the isometric drawing of a cuboid of base 60 mm x
40 mm and the height of 20 mm. (Fig 2)

Fig

2
(]
F
B
D

G
E
60
40
A

N

EDNFI120722

Draw the three isometric axes through the point 'A'.

* Mark AB = 60mm, AE = 40mm and AD= 20mm
representing the three sides of cuboid.

» Draw two vertical lines EF and BC parallel to AD from
points E and B respectively.

» Similarly, draw two more lines parallel to AB and AE to
mark G's interesting point from F and C.

» Drawlines parallel to DC and FG Draw lines parallel to
DF and GC.

» Join all the points.
Cylinder (Fig 3)

Fig 3

N

EDNFI120723
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Rectangular prism (Fig 4)

Fig 4

S

N

EDNF1120724

Square Prism (Fig 5)

Fig 5

&=

SQUARE

EDNFI120725

Triangular Prism (Fig 6)

Fig 6

TRIANGULAR

EDNFI120726

Pentagonal prism (Fig 7)

Fig7

ZV
Ul

|
5 N W

—
~

30

T e

PENTAGONAL

EDNFI120727
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Hexagonal prism (Fig 8)

Fig 8

30

R

HEXAGONAL

EDNFI120728

Cone: When aright-angled triangle revolves about one of
its sides forming the rightangle, aconeis generated. Cone
forming has a circular face and a slant curved surface.
(Fig9)

Fig 9

—-m

FRONT VIEW A

ﬁ CONE

TOP VIEWB

N

EDNFI120729

Pyramids: Pyramids are polyhedron solids havingabase
surface whose shape may be triangular, square or polygon
and as many slanttriangularfaces as there are sidesinthe
base. All the slant triangular faces join ata common point
called APEX.

Similar to prisms, pyramids also are known by the shape
oftheirbase viztriangular, square, rectangular, pentagonal,
hexagonal etc. The imaginary line joining the centre of the
base to the apex is called the AXIS.

Fig 10 shows some pyramids and their views.

When a semi-circle revolves aboutits diametera sphereis
generated. A sphere has no flat surface. (Fig 11D)

Frustums: Pyramid/coneis cut parallel to the base and the
top portion is removed. The remaining bottom portion is
called the frustum of a pyramid/cone.

If the cutting plane is at an angle to the axis/base, the
pyramids or cones are called "Truncated pyramids or
cones".

Fig 10

TRIANGULAR

SQUARE

NAAA

PENTAGONAL HEXAGONAL

Py

PYRAMIDS

N

EDNFI12072A

Fig 11

LKA
2 2
15 DC

EDNFI120728

Fig 12 shows frustums and truncated pyramids.

All items we use are solids. Their shapes may confirm
individual geometrical solids like prisms, cones or other
combinations.

Fig 12

‘ D "I////,,,

FRUSTUMS TRUNCATED PYRAMIDS

EDNFI12072C
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Group 18 - Engineering Trades Exercise 1.2.08
Engineering Drawing

Free hand drawing of - Transferring measurement from the given object to
the free hand sketches

Fig 1
(a) (b)
\Q\ \
g
R
- | \
20 \\s\ 10 N / \ S -

Fig 2

(a) ‘ (b)

30
A\

EDNFI120812

25



N

(b)

V /
S

EDNF1120813

Fig 4
(a) (b)
S \&\ \
N /
¢ g f
/ ~3 - ~3
Fig 5 e
(a) = (b)
g
8
N
60
4
N R
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Fig 9
(a)

(b)

70
b

N

\
>
A\

EDNFI120819

(b)

EDNFI12081A
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.2.09

Free hand drawing of hand tools and measuring tools

Hand Tools
Files (Fig 1)
a Curved cutfile b Rasp cutfile

¢ Single cut file d Double cutfile

Hacksaw (Fig 6)

Fig 1

EDNFI120911

Fig 6 FRAME

HANDLE

\HACKSAW

BLADE

EDNFI120916

Ball pein hammer (Fig 7)

Scriber (Fig 2)

Fig 2

STRAIGHT POINT

EDNFI120912

Fig 7 PEEN
HANDLE

WEDGE

EYE HOLE
BALL PEIN HAMMER

EDNFI120917

Chisel (Fig 8)

Divider (Fig 3)

SIZE

Fig 3 PEG
- SPRING
WASHER
BALL
KNURLED NUT
LEG

EDNFI120913

Outside caliper (Fig 4)

Fig 8

EDNFI120918

‘C’ clamp (Fig 9)

SIZE

EDNFI120914

Fig 4 _ - LEAF SPRING
KNURLED NUT
\\— ADJUSTING SCREW

Inside caliper (Fig 5

Fig 5 SPRING

r KNURLED SOLID NUT

Fig 9 SWIVEL PAD
END MACHINED
FLAT
BODY %
Screw driver (Fig 10)
Fig 10

EDNFI12091A

EDNFI120915
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Bench vice (Fig 11) Hammers (Fig 16)

Fig 11 GUIDE
FIXED JAW
MOVABLE JAW
HANDLE
Q
3
&
BALL PEIN CROSS PEIN STRAIGHT PEIN Lg
BODY w
L Measuring Tools
&
E Steel rule (Fig 17)
a
Centre punch (Fig 12) Fig 17
. 120 '3l "4 '8l ‘el "7l '8l "9l '1l0'111 112113114115
Fig 12 1 2 3 ST £
@) ) TTH ST CTSTERVANTRY s
b
e Try square (Fig 18)
XXX [R5
s
s (]
5
B \/ Fig 18 -
2 T T
1%%%%! A t::i:; 234566780910 20
- RS
- RS RIVET
ksl BLADE
So%ed! S
£ $ -
< ::::::: /STOCK (HANDLE) S
z b Z
% - a
& a
Cutting plier (Fig 13) Vernier caliper (Fig 19)
Fig 13 JOINT Fig 19
SIDE HANDLES 9
CUTTER CUTTER /
l:.
2
= g
g £
GRIPPING T [
SURFACE F
g . .
Micrometer (Fig 20)
Open-end spanner (Fig 14)
Fig 20
Fig 14 2
w
1
2
&= z 5
o g
. g
Surface gauge (Fig 15) 2
, Vernier height gauge (Fig 21)
Fig 15 _
Fig 21
SNUG CLAMPING NUT
SCRIBER =
\ SPINDLE
FINE ADJUSTMENT-
SCREW
BASE
ROCKER ARM .
GUIDE PEN w
"VEE" GROOVE 2 )
& g
I T
SURFACE GAUGE (UNIVERSAL) é F
2
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Feeler gauge (Fig 22) Combination set (Fig 26)

Fig 22 Fig 26

SPIRIT

EDNFI12091M

Bevel protractor (Fig 23) o
Fig 23 CLAMP NUT %
Vernier depth gauge (Fig 27)
Fig 27
Slip gauge box (Fig 24)
Fig 24 )
VERNIER DEPTH GAUGE %
Depth micrometer (Fig 28)
e}
g Fig 28 CAP
Sine bar with dial gauge (Fig 25) THIMBLE
GRADUATED SLEEVE
Fig 25
LOCK
STOCK
DEPTH MICROMETER %
DATUM SURFAC[—/ ZSUP GAUGES §
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Hand Tools Screwdriver interchangeable tips (Fig 33)
Screwdriver (Fig 29)

Fig 33

Fig 29

© >
250

1
0

EDNFI12091X

Special type screwdriver (two rectangular recesses)
(Fig 34)

6
—H—
I » :
o
I
E——
EDNFI12091T

Screwdriver with cross-type tips (Fig 30)

Fig 34
Fig 30

&

o
w
EDNFI12091U
\,
EDNFI12091Y

Screw tips aided screw heads (Fig 31
P (Fig31) Special type screwdriver (two round recesses) (Fig 35)

Fig 31

i -

7
® ® @ ¢

HEXAGONAL SPLINE CLUTCH SLAB
SOCKET HEAD SOCKET HEAD SOCKETHEAD SOCKET HEAD

EDNFI12091V

]

Instrument screwdriver (Fig 32) @
0

EDNFI12091Z

EDNFI12091W
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Pliers (Fig 36)

Soldering iron (Fig 39)

Fig 36

(a)

JAWS HANDLES
S
3 ¥
(b) ~
t : 3
4 A 4

EDNF112091Z1

Fig 39

EDNFI1209124

Ratchet brace (Fig 40)

Analog multimeter (Fig 37)

Fig 40

RATCHET BRACE

EDNFI12091Z5

Fig 37

| —SCALE

POINTER — o
—— MIRROR

@‘ﬁ(a —— ZERO ADJUSTING
SCREW

POLARITY t— ZERO OHM

COMMON
TERMINAL N\ 2/~ MEASURING
TERMINAL

, o)
SELECTION O ‘ ©) ADJUSTING KNOB
SWITCH | RANGE AND FUNCTION
‘ SELECTION SWITCH
©

EDNFI12091Z2

Neon Tester (Fig 41)

Adjustable spanner (Fig 38)

Fig 41

EDNFI1209126

Fig 38

MOVEABLE JAW STATIONARY JAW

ALWAYS PULL
ON THIS SIDE

OF HANDLE
KNURL

NEON TESTER
Gimlet (Fig 42)
Fig 42 HANDLE
N
GIMLET 3

EDNFI12091Z3
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Bradawl & poker (Fig 43)

Fig 43

N\

BRADAWL

{

|

POKER

©

EDNFI120912Z8

Electric drilling machine (Fig 46)

Electrician’s knife (Fig 44)

Fig 44

N

(.

HAFT
ELECTRICIAN'S KNIFE

EDNFI1209129

Fig 46

GEARED
KEY CHUCK

/ HANDLE

TRIGGER SWITCH

\LDRILL BIT

CHUCK KEY—

ELECTRIC DRILLING MACHINE

ELECTRIC
CORD

EDNFI12091ZB

Hand drill (Fig 47)

Mallet (Fig 45)

Fig 45

MALLET

WOODEN HANDLE

EDNFI12091ZA

Fig 47

FIXED HANDLE

SMALL HANDLE

CHUCK SHELL

JAWS

HAND DRILL

EDNFI12091ZC

Rawl plug tool (Fig 48)

Fig 48

/ TOOL HOLDER

TOOL BIT
/

| NO.8 RAWL JUMPER S | >

RAWL PLUG TOOL

EDNFI12091ZD
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.3.10

Drawing of geometrical figures - Angle & triangle

Angles: Angleis theinclination between two straightlines
meeting at a point or meeting when extended. AB and BC
aretwo straightlines meeting at B. The inclination between
themis calledanangle. The angle is expressedin degrees
orradians.

Conceptofadegree: Whenthe circumference of a circle
is divided into 360 equal parts and radial lines are drawn
through these points, the inclination between the two
adjacentradiallinesis defined as one degree. Thus acircle
is said to contain 360°. (Fig 1)

Fig 1

1
360 OF THE CIRCUMFERENCE

EDNFI131011

Acute angle: An angle that is less than 90° is called an
acute angle. (Fig 2)

Fig 2

ACUTE ANGLE

EDNFI131012

Right angle: The angle between a reference line and a
perpendicular line is called a right angle. (Fig 3)

Fig 3

EQUALTO90° ——
A B

Q

RIGHT ANGLE

EDNFI131013

Obtuse angle: This refers to an angle between 90° and
180°. (Fig 4)

Fig 4 MORE THAN 90° BUT

A
ws THAN 180°

(e}
OBTUSE ANGLE

EDNFI131014

Straightangle: Thisreferstoanangle of 180°. Thisis also
called the angle of a straight line. (Fig 5)

Fig 5
EQUAL TO 180°

A (0] B
STRAIGHT ANGLE

EDNFI131015

Reflex angle: It is the angle that is more than 180°, but
less than 360°. (Fig 6)

Fig 6
MORE THAN 180°
BUT LESS THAN 360°

REFLEX ANGLE R

EDNFI131016

Adjacent angles: These are the angles lying on either
side of a line. (Fig 7)

Fig7

EDNFI131017

ADJACENT ANGLES

Complementary angles: When the sum of the two
anglesis equalto 90°, angle POQ+angle QOR=90° angle
POQ and angle QOR are complementary angles to each
other. (Fig 8)

Fig 8

R
O

COMPLEMENTARY ANGLES

EDNFI131018

Supplementary angle: When the sum of the two adjacent
angles is equal to 180°, for example, angle SOT + angle
TOY=180°,angle SOT and angle TOY are supplementary
angles to each other. (Fig 9)

Fig 9

B
[v3

S e} Y

EDNFI131019

SUPPLEMENTARY ANGLES
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Triangle - different types

Triangle is a closed plane figure having three sides and
three angles. The sum of the three angles always equals
to 180°.

To define a triangle, we need to have a minimum of three
measurements as follows:

* 3sidesor

+ 2 sides and one angle or
* 2angles and one side
Types of triangles

1 Equilateral triangle is a triangle having all the three
sides equal. Also all the three angles are equal (60°).

(Fig1)

Fig 1

AB =BC=CA

60° /A =/B=/C

OQQ
6po

45

EDNFI131021

2 lIsoscelestriangle hastwo ofits sidesequal. Theangles
opposite the two equal sides are also equal. (Fig 2)

Fig 2

AC=BC
Z/CAB = ZCBA

A B

EDNFI131022

3 Scalenetriangle hasallthree sides unequalinlength.
All three angles are also unequal. (Fig 3)

Fig 3
ig 5

(a) (b)

AB=#AC #BC
ZA# /B=# /C

EDNFI131023

A C A C

4 A right-angled triangle is one in which one of the
anglesis equalto 90° (Rightangle). The side opposite
the right angle is called the hypotenuse. (Fig 4)

5 An Acute angled triangle is one in which all the three
angles are less than 90°. (Fig 5)

6 Obtuse angled triangle has one of the angles more
than 90°. (Fig 6)

Fig 4
9 c
o
& ZA=90°
1 N
A B 3
60 =
=z
a
w
Fig 5
ZA < 90°
[te]
8
s
Iy
z
a
w
Fig 6

8:
9 ZA>90°

7350

50

EDNF1131026

Procedure to draw the triangle
1 Equilateral triangle (Fig 1) AB=BC = CA =35 mm.
* Draw aline and mark AB 35 mm side of the triangle.

» Draw radius from centre A and B, arcs cutting mark at
C (Fig 1).

« Join CAand CB.

* ABC s arequired triangle.

Fig 1
C

>
w
EDNFI131031

The sum of the three angles in any triangle is
equal to 180°.

The sum of any two sides is more than the third
side.

2 Isoscelestriangle:AB=AC=60mm& /BAC =40°-

» Draw the side AB equal to 60 mm. "A' as the centre,
draw an arc of radius AB.

+ Drawaline AC at 40° to AB.
» Join BC to form the triangle ABC. (Fig 2)
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4 Drawatriangle when one side and 2 angles being given

Fig 2
9 c in Fig 4.

Z/BAC = 40° Fig 4
AB=AC = 60

40°

EDNFI131032

Exercise

P/<
Q
1 Scalene triangle: AB =30 mm, AC =55 mm & BC= c
35 mm. (Fig 1)
Fig 1
C
A B

AB =65, /P & ZQ ARE THE GIVEN BASE ANGLES

'?6:5\

Rz

EDNF1131044

5 Draw a right angled triangle when the base and
hypotenuse being given in Fig 5.

30

EDNFI131041

Fig 5

S

C

ZABC =40°& «BAC =110° *\

2 Scalene triangle: AB = 70 mm. (Fig 2)

Fig 2

AB =45, BC=60

EDNFI131045

77
0o :
g/

70

6 Draw a triangle with the altitude and two sides being
givenin Fig 6.

EDNFI131042

3 Right angled triangle: AB = 60 mm, BC = 45 mm.
(Fig 3)

Fig 3

/B =90°

60

|
|
|
|
|
|
|
|
|
|
|
|
|
L
(e}

B
AB =55, AC =50, AO=40

EDNFI131046

45

EDNFI131043
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.3.11

Drawing of geometrical figures - Circle

Circle: Circleis a plane figure bounded by a curve, formed
by the locus of a point which moves so that it is always at
a fixed distance from a stationary point the "Centre".

Radius: The distance from the centre to any point on the
circle is called the "Radius".

Diameter: The length of a straightline between two points
on the curve, passing through the centre is called the
"Diameter”. (D: Dia or d) It is twice the radius.

Circumference: Itis the linear length of the entire curve,
equalto rD.

Arc: A part of the circle between any two points on the
circumference or periphery is called an 'Arc'.

Chord: A straight line joining the ends of an arc is called
the chord. (Longest chord of the circle is the diameter)

Segment: A partofthe circle orareabound by the arcand
chord is the segment of the circle.

Sector: Itisthe partof a circle bounded by two radii (plural
of radius) meeting at an angle and an arc.

Quadrant: Part of a circle with radii making 90° with each
other is a quadrant (one-fourth of the circle).

Half of the circle is called a semi-circle.

Tangent: The tangent of a circle is a straight line just
touchingthe circle ata point. Itdoes not cut or pass through
the circle when extended.

Fig 1 shows all the above elements.

Fig 1
g CHORD

ARC

CENTRE

QUADRANT

!
SEMI CIRCLE

SECTOR|

DIAMETER

DNF1131111

El

Concentric circles: When two or more circles (drawn)
have a common centre, they are called concentric
circles. Ball-bearing is the best example of concentric
circles. (Fig 2)

Eccentric circles: Circles within a circle but with
different centres are called eccentric circles. (Fig 3)

38

Fig 2

®)
&

CONCENTRIC CIRCLES

EDNFI131112

Fig 3

7N\
&

ECCENTRIC CIRCLES

EDNFI131113

Circle and Arcs
Exercise

1 Draw a tangent to a given circle of $ 50 mm at any
point P’ on it. (Fig 1)

Fig 1

/ TANGENT

EDNFI131121

2 Draw a loop of 3 circles pattern. (Fig 2)

Draw any line MN and mark points A,B and C. So that
AB =20 mm and BC =25 mm.

Fig 2

EDNFI131122




3 3 Draw three circles tangential to each other if
centres A, B & C are given. (Fig 3)

Fig 3

7
N
!f

‘y 5 Draw internal tangents to circles of the same
diameter 40 each and a centre distance of 60 mm.
e (Fig 5)
Fig 5

EDNFI131123

4 Draw external tangents to circles of dia 40 and 30
and centre distance 60 mm. (Fig 4)

EDNFI131125
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.3.12

Drawing of geometrical figures - Square, rectangle and parallelogram

Aquadrilateralis a plane figure bounded by four sides and
fourangles. The sumofthe fouranglesin aquadrilateralis
(interior angles) equal to 360°. The side joining opposite
cornersis called diagonal. To construct a quadrilateral out
of four sides, four angles and two diagonals a minimum of
five dimensions are required of which two must besides.
Quadrilaterals are also referred as Trapezium. (Fig 1)

Fig 1

(a) SQUARE (b) RECTANGLE

(d) RHOMBOID /
PARALLELOGRAM

(c) RHOMBUS

EDNFI131211

Types of quadrilaterals (Fig 1)
* Square

* Rectangle

* Rhomboid/Parallelogram

Square: Inasquare all the four sides are equal and its four
angles are atrightangles. The two diagonals are equal and
perpendicular to each other.

Rectangle (Fig 2): Inarectangle, opposite sides are equal
and parallel and all four angles are right angles.

Fig 2 shows arectangle ABCD, Sides AB=DC andBC =
AD. Diagonals AC and BD are equal. Diagonals are not
bisected at right angles.

Fig 2

RECTANGLE

>
w
EDNFI131212

Rhomboid/Parallelogram (Fig 3): In a parallelogram,
opposite sides are equal and parallel. Opposite angles are
also equal. Diagonals are not equal but bisect each other.

Fig 3 D [
[6)
&
> %

©

&

A B 2

w

RHOMBOID / PARALLELOGRAM &

40

Procedure to draw the square, rectangle and
parallelogram

Square

1 1stmethod (Fig 1): Asquare of side 50 mm by erecting
perpendicular using compass and 45° set square.

Draw a line 50mm. ‘A’ as centre draw an arc of
convenient radius. Same arc cut and mark as PQR.
Draw a line perpendicular, mark 50mm and make a
square as shown in figure.

Fig 1 D c
S
i e
AY
L] 8
A P B b
Sq. 50 z
=z
a
w

2 2ndmethod (Fig 2): Asquare of side 60 mmusing 45°
setsquare and compass.

Fig 2

R dy=d,

45° 45°

>
@
EDNFI131222

Draw ahorizontal line AB =60 mm. From point ‘A’ & ‘B’
using 45° setsquare draw diagonal and circle of radius
OA with centre ‘O’. Join points AD, DC & CB to
complete the required square.

3 3rd method (Fig 3): A square of side 60 mm long by
erecting perpendicular and also using 45° setsquare.
Mark AD, BC and join ABCD to getthe required square.

Fig 3

d, =d,

45° 45°

>
\
el
@
EDNFI131223




4 Square having diagonal 60 mm (Fig 4)

Draw horizontal and vertical centre lines intersectat ‘O’
and make a circle. Join all the points ABC&D to getthe
required square.

Fig 4

60

EDNFI131224

5 Rectangle (Fig 5)

Draw AB = 75 mm and side AD = 45 mm using
setsquare and compass. Draw BC = 45 mm using
setsquare and compass. Join ABCD to getthe required
rectangle.

Fig 5

~
(%]
EDNFI131225

6 Rectangle - Diagonal - 60 mm and one side 20 mm
1st method (Fig 6a)

2nd method (Fig 6b)

ADBC is the required rectangle of side 20 mm and
diagonal 60 mm by using setsquare and compass.

Fig 6
C B

)
—

7 Parallelogram (Fig 7)

o
EDNFI131226

> [

Sides = 75 mm and 40 mm, angle 50°
» Draw line AD equal to 40 mm and 50° angle to AB.
» ‘D’ as centre, draw an arc of radius equal to AB.

» 'B'ascentre,drawanarcofradius equal atAD, upwards
suchthatthey meetatapoint'C'. Join ABCD to getthe
required parallelogram.
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4

50°

75

EDNFI131227

8 Parallelogram (Fig 8)
Parallelogram - Side AB = 60 mm
Diagonal AC =90 mm £ABC = 120°

* Drawaline AB=60mm. Draw aline fromBtoanangle
120° to AB.

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

» ‘C’ as centre, radius = AB, draw an arc.

« ‘A’ascentre and BC as radius, draw another arc, both
arcs meet at ‘D’. Join AD and DC.

ABCD is the required parallelogram.

Fig 8

0

D

60

EDNFI131228

9 Parallelogram (Fig 9)

Sides AB =55 mm, BC =40 mm and vertical height = 30
mm.

* Draw the line AB = 55 mm long.

* ‘A’and ‘B’ as centres and radius (R) 30 mm, draw arcs
abovetheline.

« Draw aparalleltangential line to AB touching the arcs.

‘A’ and ‘B’ as centres, draw an arc of 40 mm radius
cutting the line at ‘D’ and ‘C’.

ABCD is the required parallelogram.

Fig 9

R3p
'?70
30

R3o

55

EDNFI13122¢
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.3.13

Lettering and numbering - Single stroke

Styles of lettering: Many styles of lettering are in use
today. However, afew styles which are commonly used are

shown in Fig 1.

Fig 1
ABCDEFGH
abcdefgh

ABCDEFGH
abcdefgh

ABCDEFGH
abcdefgh

ABODEFGH

GOTHIC ALL LETTERS HAVING THE
ELEMENTARY STROKES OF EVEN
WIDTH ARE CLASSIFIED AS GOTHIC

ROMAN ALL LETTERS HAVING THE
ELEMENTARY STROKES "ACCENTED"
OR CONSISTING OF HEAVY AND LIGHT
LINES ARE CLASSIFIED AS ROMAN

ITALIC ALL SLANTING LETTERS ARE
CLASSIFIED AS ITALIC. THESE MAY BE
FURTHER DESIGNATED AS ROMAN-ITALICS,
GOTHIC-ITALICS, TEXT-ITALICS

TEXT THIS TERM INCLUDES ALL STYLES
OF OLD ENGLISH, GERMAN TEXT. BRADELY

Lower case letters and numerals

Width Letters/Numerals Width

(W)

1 i 1d
3 il 3d
4 f,tl 4d
5 C,r 5d
6 a,b,d,e,g,hk,n,0,p,q,s,u,v;3;5 6d
7 a,0 (zero), 2,4,6,7,0,8,9 7d

9 m 9d
10 w 10d

TEXT OF OTHERS OF VARIOUS TRADE NAMES.
abrd Pfg hf TEXT STYLES ARE TOO ILLEGIBLE FOR
COMMERCIAL PURPOSES

EDNFI131311

Standard heights/Width: The standard heights
recommended by BIS SP: 46-2003 are in the progressive
ratio of “square root 2”. They are namely2.5-3.5-5-7 -
10-14 and 20 mm. The height oflower case letter (without
tail or stem) are 2.5, 3.5, 5, 7, 10 and 14 mm.

There are two standard ratios for the line thickness “d”.
They are A & B. In A = line thickness (d) is h/14 and in
B=line thickness (d) is h/10.

Lowercase means small letters, as opposed to capital
letters. The word yes, is for example, is in lowercase,
while the word YES is in upper case. For many
programmes, this distinctionis very important. Programmes
that distinguish between uppercase and lowercase are
said to be case sensitive

The width of different letters in terms of “d” is as follows:

Lettering A

Width Capital letters Width

(W)

1 I 1d
5 JL 5d
6 C,E,F 6d
7 B,D,G,H,K,N,O,P,R,S,T,U&Z 7d
8 AQV. XY &d
9 M od
12 w 12d

42

The width of different letters in terms of stroke (line) is as

follows:

Uppercase Lettering BIS SP: 46-2003

Width (W) Capital letters
1 I
4 J
5 C,EFL
6 B,D,G,H,K,N,O,P,R,S,TU&Z
7 AM,Q,V, XY
9 W

Lower case letters and numerals

Width (W) Letters/Numerals

1 i

2 I

3 il

4 cfrt

5 a,b,d,e,g,h,k,n,0,,q,s,u,v,x,y,x
0,2,35t09
0,2,3,5t09

6 a4




Spacing of letters: Recommended spacing between
characters, a minimum spacing of baselines and minimum
spacing betweenwords as per BIS SP: 46-2003 are given

81&@}
f

Fig 2

] iE
< R

Lettering

EDNFI131312

Procedure

1 Print 10 mm single stroke capital letters and numerals
in vertical style using either scale or set-square and by
freehand. (Fig 1)

Fig 1

h

w SPACE

OPQRSTU

VWXYZ

* Draw horizontal parallel lines (thin lines) of 10 mm
distance.

EDNFI131321

Forcurved letters use asmoothfreehand curve.

Print straight line letters using either scale or
set-squares.

To maintain the uniform thickness of the line,
use a conical point soft grade pencil and avoid
toomuch sharpness.

Guidelines of both top and bottom should always

be drawn with a sharp pencil.

Numerals 2.1 (Fig 2)

Fig 2

12345

67890

EDNFI131322

» Follow the same procedure of letters.
* “h'isheightofnumerals and "d'is the stroke thickness.

« Width of numeralsin terms of "d'is as follows shown in
square grid (Fig 3).

Fig 3

i el e
il

EDNFI131323

10 mm distances denote the height of the letter.

2 Print 10 mm single stroke capital letters and numerals
in inclined style (Fig 4).

* Mark the width of the letters recommended by BIS
(1S:9609-1983)

The width of different lettersinterms of 'd'is as
follows: "d' indicates stroke thickness i.e d: h/
10.
Width Capital letters
(W)

1 [

4 J

5 C,EF.L

6 B,D,G,H,K,N,O,P,R,S,TU&Z

7 AM,QV XY

9 W

Fig 4

9\/

| 11/7h

EDNF1131324
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Practice the following lettering exercises in A3/A4 paper as per the given ratio

1 Single stroke inclined letters of ratio 7:6, 7:5, 7:4, 7:3, 7:1 (Fig 5)

Fig 5

COERGHI
NOP QI

75 75

A
J
S
7

75 74 7:6
W X
7:5 75 75 7:6 75 75 7:5
56 /
7:1 7:5 7:5 75 75 75 75 75 7:5
74 7:5

SINGLE STROKE INCLINED LETTERS

EDNFI1131325
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2 Single stroke vertical letters of ratio 7:6, 7:5, 7.4, 7:3, 7:1 (Fig 6)

Fig 6

ABCDEF GH
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JKLVNOPQR
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=wEig

(
=

75 75 75

71 75 75 75 75

74 75
SINGLE STROKE VERTICAL LETTERS

EDNF1131326
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.4.14

Dimensioning - Types of arrow heads and leader line with text

Dimension line: These are thin continuous lines,
terminated at ends by arrowheads, dots or oblique lines
touching the extension line. (Fig 1)

Fig 1

—DIMENSION

/ LINE oo
300 —~—EXTENSION

a

OPEN LINE

CLOSED b

CLOSED ¢ g

a=15°TO 90°

& d a
FILLET
OBLIQUE e

)

=

45°

@3 (APPROX) &

EDNFI141411

A dimension line may cut or cross another dimension line
where there is no other way.

Dimension to the hidden lines be avoided. (Fig 2)

Fig 2

LEADER LINE
\X/ES RELIEF HOLES

25
10

S

7.5

10 20

40

EDNF1141412

Arrowheads may be placed outside where space is
insufficient.

Leader line: Itis a thin continuous line. It connects a note
or dimension with the features to which it applies. (Fig 2)

Termination and Origin indication: The size of the
terminations (arrowheads/oblique strokes) shall be
proportional to the size of the drawing. Only one style of
arrowhead shall be used on a single drawing. However,
where the space is too small for the arrowheads, it may be
substituted by a dot or by an oblique line. Arrowheads are
drawn as short lines forming barbs at any convenient
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included angle between 15° and 90°. They may be open,
closed or closed andfilled in. Oblique strokes are drawn as
short lines inclined at 45°. (Fig 1)

Indicating dimensional values on drawings: All
dimensionalvalues shallbe shownondrawingsin characters
of sufficient size to ensure complete legibility on the
original drawings as well as on reproductions made from
micro-filming.

They shall be placed in such a way that they are not
crossed or separated by any other line on the drawing.



Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.4.15

Dimensioning - Position of dimensioning (aligned, unidirectional)

Definitions related to dimensioning

Dimension: It is a numerical value expressed as an
appropriate unitof measurementand indicated graphically
on technical drawings with lines, symbols and notes.

Dimensions are classified according to the following
types:

Functional dimension (F): It is a dimension that is
essential to the function of the component or space. They
are generally shown with limits. (Fig 1)

Non-functional dimension (NF): Itis adimension thatis
not essential for the function of the component or space.

Auxiliary or Reference dimension (AUX/REF): Itis the
dimension given forinformation only. Itis derived from the
values givenonthe drawing orrelated documents and it will
not be given for production or inspection. (Fig 1)

2

B
7|

A) DESIGN REQUIREMENTS

Fig 1

F F F
NF

NF

[ -

sy [T 1]

NF

(AUX)

B) SHOULDER SCREW C) THREADED HOLE
FUNCTIONAL, NON-FUNCTIONAL AND AUXILLARY DIMENSIONS

EDNFI141511

Size dimensions: Gives the size of a component, part,
hole, slot, depth, width, radius etc.

eg: L1, L3, H, h1, S etc. (Fig 2)

Fig 2

L1 (L2) L3 L4

55°

h1
h1

L5

(h2)

L6

L2,h2 ARE THE AUXILIARY DIMENSIONS
AUXILIARY DIMENSIONING

EDNFI141512

Location dimension: Gives orfixes the relationship of the
features. viz centre of holes, slots and any significant
forms. (Fig 2)

eg: L4,L5,L6

Feature: It is an individual characteristic such as a flat
surface. Cylindrical surface, shoulder, screw thread, a slot,
a curve or profile etc. (Fig 3 & 4)

Fig 3

l— CURVE/
ARC

/ x
.

CURVED
SURFACE

EDNFI141513

End product: Itis a part ready for direct use or assembly
oritcan be a part ready for further process. e.g. a casting,
shoulder screw etc. (Fig 4)

Fig4 THREAD

SHOULDER /

] )
L e

KNURLING
SHOULDER SCREW

EDNFI141514

The unit of measurement in general, unless
otherwise specified in mm (millimetres). On
the dimensions of drawings the abbreviation
mm is omitted and a general note is giveninan
appropriate corner as "All dimensions are in
mm".

Elements of dimensioning
Extension line - a

* Dimensionline-b

* Leaderline-c

* Termination of dimensionline -d

» Theoriginal (starting point) indication and the dimension
(@)

Extensionline: Itis a thin line projecting from the feature

and extending beyond the dimension line. (Fig 5)

Itis normally perpendicular to the feature being dimensioned
but may be drawn obliquely as shown for dimensioning
tapers, parallel to each other. (Fig 6)
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Fig 5
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Fig 6

EXTENSION LINE

EDNFI141516

When construction lines are required to be shown for
practical purposes the intersecting projection lines extend
beyond their point of intersection. (Fig 7)

Fig 7

EDNFI141517

Extension lines (Projection lines) should not cross the
dimension lines but were not possible the lines should not
break. (Fig 8)

Fig 8
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)
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o
an
NV

EDNFI141518

Methods of indicating values

Methods of indicating values: There are two methods
used forindicating the values. Only one method should be
used on anyone drawing.

Method 1 Aligned system

Dimensional values shall be placed parallel to their
dimension lines and preferably near the middle, above and
clear of the dimension line. However, values shall be
indicated so that they can be read from the bottom of the

the right-hand side of the drawing. Dimension lines should
not be broken. Dimensioning of angles is also givenin the
same way. (Fig 1 &2) This method is known as an aligned
system of dimensioning.

Fig 1
45

10.55

20

K&
¢

25.07

EDNFI141521

Fig 2

EDNF1141522

ANGULAR DIMENSIONING

Method 2 Unidirectional system

Dimensional values shall be indicated so that they can be
read from the bottom of the drawing sheet. Non-horizontal
dimensionlines areinterrupted, preferably nearthe middle
so that the value can be inserted. (Fig 3&4). This method
is termed a unidirectional system of dimensioning.

Fig 3 45

10.55

20 14.82

13.36

25.07 /

EDNFI141523

Fig 4

EDNFI141524

ANGULAR DIMENSIONING - METHOD 2
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Arrangement and indication of dimensions

The arrangement of dimensioning on a drawing shall
indicate clearly the design purpose.

The arrangements of dimensioning are:

» Chaindimensioning

» Dimensioning from a common feature
» Dimensioning by co-ordinates

+ Combineddimensioning.

Chain dimensioning: It is used where the possible
accumulation of tolerances does notinfringe (effect) onthe
functional requirement of the component. (Fig 5)

Fig 5
15 8 16 22 | 7

l,

10

15

20

68

EDNFI141525

Dimensioning from a common feature is used where
several dimensions of the same direction relate to a
common origin.

Dimensioning from acommon feature may be executed as
parallel dimensioning or as superimposed running
dimensioning.

Parallel dimensioning: Dimensions of features are taken
from one datum/common origin and are shown parallel to
another and placed so that the dimensional values can
easily be added in Fig 6.

Fig 6 0

80

40
30

— [

20

45

34
28
20

EDNFI141526

anarrow head. ltmay be advantageous to use superimposed
running dimensions in two directions. (Fig 7)
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|
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25
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8
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45 z
a
w

Dimensioning by co-ordinates: This system is much
used for components, produced on a jig boring machine.
Two edges are taken as a datum. (references)

Instead of dimensioning ina superimposed way, the same
may be tabulated and given. (Fig 8)

Fig 8
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8
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8
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EDNF1141528

This method is useful in indicating places/positions i
country, city and site plans.

5

Combined dimensioning: Dimensions are givenin chain
dimensioning and parallel dimensioning. The common
feature is combined. (Fig 9)

Fig 9 %

30

20 35 10

15
[

23

60
5

EDNFI14152%

Superimposed running dimensioning (Progressive
dimensioning): It is a simplified dimensioning. Also, the
cumulative erroris controlled. It starts from one origin with
arrowheadsinonedirection only. This may be used where
there are space limitations and where nolegibility problems
would occur.

Theoriginindicationis placed appropriately and the opposite
ends of each dimension line shall be terminated only with

Methods of dimensioning common features

Dimensioning Tapered parts: When dimensioning
tapered parts, extension lines be at an angle and parallel
to each other. The dimension line is drawn parallel to the
feature to be dimensioned. (Figs 10 & 11) They may
sometimes be shown with large dia and or MT numbers.
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To avoid placing dimensions too far away from feature,
dimension lines are drawn closer and not fully. (Fig 12)

Fig 12
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w

Dimensioning cylindrical and spherical features:
Cylindrical features have diameter and length whereas
sphere has a diameter only.

Diameter may be indicated by any one of the abbreviation
D, Dia, d, dia or ¢ and radius may be indicated by R, r, Rad
or rad by square. Any one abbreviation or symbol on a
drawing may be indicated by SQ or [I.

Thelengthifany required to give along with dia, ifitis shown
as ¢...x... long. (Fig 13)

¢ - Diameter
R - Radius
O - square

SR - Sphericalradius
So - Sphericaldiameter

Dimensioning a chord: For dimensioning of the chord,
refer Fig 14. It is shown as linear size.

Dimensioning an arc/radius: A small arc is shown over
the dimension value, while dimensioning an arc. (Fig 15)

Fig 13

340
|
|
|
|
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EDNF114152D

Fig 14

| 70
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Fig 15 ___ ARCLENGTH
100

EDNFI14152F

Dimensioning equidistantfeatures: \Where equidistant
features or uniformly arranged elements are parts of the
drawing, the specification of the dimensioning may be
simplified. Linear spacing may be dimensioned as in Fig
16a&b.

Fig 16 6x @12
15 5x 18 (=90)
18 x @12 (a)

Fol oo

]

15 17 x 18 (=306 )

(b)
DIMENSIONING EQUIDISTANT FEATURES

EDNFI14152G
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Whenthe drawingis clear, symbols or abbreviation viz. dia,
Pcd and angle can be omitted. (Fig 17)

Fig 17

EDNFI14152H

Dimensioning periphery: The features on the periphery
canbe shown as giveninthefigure, indicating width, depth
and number of slots. (Fig 18)

Fig 18

6x8 \ |
8 P -

EDNF114152

o
=

Dimensioning repeated features: When elements
the same size occur, but not of the same pitch be shown
as in Fig 19.

Fig 19
6x26 28 2xB3
Lo bobddi]
10 8 8 8 8 8 8
40 a8
58 c
z
3

Countersinks and counterbore (1S:10968-1984): For
simplification, the holes are indicated by centre lines and
marked by different letters for different types/sizes of the
hole. The holes may be plain, through the blind, tapped,
countersink or counterbore. (Fig 20)

Dimensioning chamfers and undercuts: Chamferof45°
may be shown by leader line indicating chamferwidth and
angle or by dimension line with chamfer width and angle.
(Fig21)
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Indirect functioning dimensions (Fig 22)

Fig 22

160 d)

120

90

60

O

60

100
140
180
200

EDNFI14152M

Engineering Drawing : (NSQF - Revised 2022) 15t Year Group 18 : Exercise 1.4.15

a
-




Group 18 - Engineering Trades Exercise 1.4.16
Engineering Drawing
Practice of dimensioning
1 Tothegivendrawing ofthe profile sheet metal as shown .
in Fig 1, place the dimensions in the aligned system. Fig2
(Fig1a) e
» Draw the drawing of the sheet metal to 1:1 scale. @ S EVEE'ZT ;go
+ Drawthe extensionlinesin continuation of outlines. -
* Draw the dimension lines. (Fig 1b) 30
* Place the dimension value near the middle and
above the dimension line to be read from "bottom
and right hand side" of the drawing.
b g g = &

Fig 1

(b)

(a) —¥ WIDTH : 80

40

HEIGHT : 50

e}
N

I

15 25

60

40 ‘

50

25

10

80

EDNF1141611

2 Tothegivendrawing ofthe profile sheet metal as shown
in Fig 2a, give the dimensions in the unidirectional
system. (Fig 2b)

52

Place the horizontal dimensions above and middle
of the dimension line without break.

Break the dimension in the middle of all non-
horizontal dimension lines. (Fig 2b)

30
40

80

EDNFI141612

Draw the two sheet metal templates to full scale with
appropriate lines use 0.5 range line thickness. (Fig 3)

Draw arectangular block of length 80 mm and width
50 mm in thin lines.

Incorporate the features of the template as per the
givendimension.

Draw by thick lines all visible outlines.

Give dimensions and maintain the line thickness as
per the line range (0.5).

Complete the figure and remove the unwanted lines.

40

WIDTH 1 80
HEIGHT : 50

25

10

WIDTH  : 80

. jg HEIGHT : 50

N - ANGLE  : 120°
40

30

EDNFI141613




Drawthefigures given. Maintain the types oflines as per

Fig 4
the B.I.S and choose correct line thickness. (Fig 4) 9

40

* Accordingtothe givendimensions, draw the figures
givenin Fig 4.

» Selectthe appropriate lines and maintain uniformity.

15
40

* Remove (erase)unwantedlines, arcs and complete
the drawing.

60

Note: Draw the dimension line terminations as
perlS:11669-1986.

The motor cycle engine gasket is shown in figure 5.
There are some mistakes in dimensioning. Reproduce
the same in the A3/A4 sheet provided and correct the
mistakes according to the aligned system of o
dimensioning. (Fig 5)

50

45

(iii)
45 60

50
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Fig 5
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6 Draw the given cover plate and give the dimensions in 7 Draw the cover plate given in the figure and place the
the aligned system. (Fig 6) dimensions in the unidirectional system. (Fig 7)

Fig 6 20 Fig 7

25

WIDTH 1 60
15 HEIGHT  : 60

15

25

WIDTH 1 60
HEIGHT  : 60

20

EDNFI141616
EDNFI141617

54 Engineering Drawing : (NSQF - Revised 2022) 15t Year Group 18 : Exercise 1.4.16



Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.5.17

Concept and reading of drawing in - Concept of axes plane and quadrant

An engineering drawing conveys many different types of
information of which the mostimportant thing is the shape
of the object. Fig 1 shows a sample drawing. In this
drawing, the shape of the part is represented by three
views.

Fig 1

15

30

60

20

15

EDNFI151711

Foran untrained person, it will be very difficult to conceive
the shape of the object from the above drawing.

But in Fig 2, the same object is shown pictorially in a
different way and the shape is easily understood even by
alayman.

Fig 2

EDNFI151712

Figure 1 is called a Multiview drawing or Orthographic
drawing and figure 2 is called a pictorial drawing.

Fig 3, wherein a cube with a circular hole is represented
pictorially. We know that all corners of the cube are 90°.
But in the pictorial drawing in Fig 3, the same 90° is
represented at some places by acute angles and some
other places by obtuse angles.

Fig 3

A - OBTUSE ANGLES
B - ACUTE ANGLES

EDNFI151713

Projection: Projection is a commonly used term in
draughtsman's vocabulary. In the context of engineering
drawing, projectors meanimages.

Projections orimages can also be formed in between the
eyes and the object by keeping a transparent plane.

(Fig4)

Fig 4
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s
N
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N
o™
PRO TORS
0’
P
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s
z

In this figure 4, the rays from the object converge to the
eyes and thisimage (Projection)is smallerthan the object.
However, if the rays are parallel as in the case of rays
coming from the sun, the image (Projection) will be of the
same size as that of the objects. Such aprojectionis called
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orthographic projection. The parallel lines/rays drawn from
the object are called projectors and the plane on which the
image is formed is called the plane of projection. In
orthographic projection, the projectors are perpendicularto
the plane of projection. (Fig 5)

Fig 5

EDNFI151715

An orthographic system of projection is the method of
representing the exact shape and size of a three-
dimensional object on a drawing sheet or any other plain
surface such as a drawing board.

A single orthographic view of an object will show only two
ofits three dimensions. The view infigure 6 shows only the
length and height of the object alone.

Fig 6

It

L

VIEW "A'

EDNFI151716

Therefore, itbecomes necessary to have an additional view
to show the missing dimensions (width). Hence, we have
tomake two views to represent the three dimensions ofan
object.

The two views thus required are to be obtained on two
different planes which are mutually perpendicular (one HP
and one VP)with the objectremaining in the same position.
The projection orthe view obtained on the horizontal plane
is called the top view or plan and the view obtained on the
vertical plane is called elevation.

First angle and third angle projection: One vertical plane
(VP)and one horizontal plane (HP) intersectatrightangles
to each other. (Fig 7)

All four quadrants have one HP and one VP formation. As
perconventionin mathematics, the quadrants are numbered
as 1%, 2" 39and 4. These four quadrants are called four
dihedral angles, namely 1stangle, 2" angle, 3“angle and
4hangle.

Fig 7

EDNFI151717

Todraw two views of an object, we assume that the object
is placed in any one ofthe quadrant/angles, 1stangle & 3rd
angle (Fig 8a &9a)andits top and front view are projected
to the respective planes.

Now to make it possible to draw the two views (Front & Top
view) in one plane i.e the plane of the drawing paper, the
horizontal plane is assumed to be unfolded in a clockwise
direction through 90° (Fig 8b & 9b). We proceed this way
when the views are made. When the objectis placedinthe
2" orfourth quadrantthe frontand top will get superimposed
(one upon the other) (Fig 10a & b).

Fig 8
VP
] [F]
5] ]
(a) WP ] (b) g
a
Fig 9
HP
=
% —f

.

3rd ANGLE

VP

(@) (b)

EDNFI151719

Due to this reason, the 2" and 4™ angles are not used for
making engineering drawings as the three dimensions
cannot be easily identified. Hence for representing the
three dimensions of the object, we assume the object is
placed either in the 1st angle or in the 3™ angle
(Fig 11&12) respectively.
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Fig 10
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Fig 12
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.5.18

Concept and reading of drawing in - Concept of orthographic projection and

isometric projections

Concept of Orthographic projection
Method 1

Draw the orthographic projection (front, top and side views)
ofthe square sheet (40 mm side) kept perpendicularto HP
and parallel to VP. (I angle) (Fig 1)

Fig 1 2 !
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40

d 40
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e Drawthe XY line.

* Drawthesquare withits centre 40 mm above the XY line
and one edge parallel to the XY line.

* Mark the corners of the figure @', b', ¢' & d'. This will be
the front of the square.

» Drawthe vertical projectors froma'b' downward beyond
the XY line.

» Draw ahorizontal 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 top to the XY line meeting at e.

* Byarcmethod transfer Oe to XY and mark the point °f'
ata"and d" respectively. Now the line a"d" is the side
view.

Method 2: Rectangular prism

Drawthe Top, Frontand side views of the rectangular prism
of base 30 x 20 mm and height 40 mm. (Fig 2A)
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In this exercise, the faces of the prism are parallel to the
planes of projection. Therefore all the line's orthographic
projections are vertical and horizontal only.

Visualise the shape of the object and imagine the shape
description of views. Surface ABCD (Fig 2B) is only visible
fromthe elevation. Atthe same time, all four sides of ABCD
areisometriclines. Therefore in the elevation, arectangle
of 40 x 30 mm is seen.

Fig 2
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0
%/ 3
(b)
a b’ 1" a
©
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g ‘
X d' c _ . Y ¢
S 30 £
f g \
&
a b g
3

» Draw XY line of convenientlength. (Fig 2B)

» Drawarectangle a'b'c'd'onthe XY line. This will be the
front view of the prism.

* Projectthe vertical sides of the front view (a'd'and b'c')
downwards beyond the XY line.

» Draw a horizontal line fg approximately 20 mm below
the XY line.



» Draw arectangle fgba of 30 x 20 mm size. This will be
the plan of the prism.

* Projectpoints b'and c'horizontally a convenientlength
to the right side of the elevation.

» Transfer the width of the top view GB by the arc and
locate points €"d" on the XY line.

* Project e"d" vertically up and locate points f"'a"d"e" is
the left side view of the prism.

Method 3: Hexagonal prism

Draw the three views of the hexagonal prism shown in
Fig3A.

From the position described above, it is clear that the
hexagonal face of the prism is parallel to AVP. Therefore
the end view is a true hexagon and hence this view should
be drawn first.

* Drawthe side view (hexagonal of side 25 mm)with one
side on the HP line. (Fig 3B)

» Draw horizontal projectors from the side view and
complete the front view. (in the front view two lateral
faces are visible, but they are foreshortened).

Fig 3
A)
PROCEDURE
(8) ;
d(e) 4(5) (5 aa
-
() 36) | (6" c
@)
. @ 2(1) A e
6

5(1)

4(2)

» 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 othertwo are foreshortened)

Method 4: Cylinder

Draw the top, front and side view of a cylinder of diameter
20 mm and length of 30 mm. (Fig 4A)

Fig 4 ™v
%y i
> d
T / 30
A
v \\\sv
PROCEDURE
f'1(g) £ g"

B)

o,

B

50

(©)

<
EDNFI151813
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In this problem, the circular faces are parallel to VP.
Therefore the front is a circle resting on the XY line. Plan
and end views are rectangles of size 30 mm x 20 mm.

» Drawthecircle of diameter 20 mmtouching the XY line.
(Fig4B)
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» Draw the plan projecting it from the elevation.

+ Drawthe endview by drawing a projectiononit, fromthe
planand elevation.

» Draw the top, front and side views of a cylinder whose
base diameter is 35 mm and height 50 mm when its
position is as shown in Fig 4C.

Method 5: Cone

Draw the multi-views of the cone shown in Fig 5A. Follow
the procedures of the earlier exercises and draw the multi-
views. (Fig 5B)

Method 6

Identify the surfaces of the block shown in the isometric
view with the corresponding multi-views andfillthe numerals
in the given tabulation column. (Fig 6)

The surfaces are parallel and perpendicular to the plane of
projection.

» Study the isometric view and the corresponding multi-
views carefully.

* Youmayobservethatthe surfaces seeninonevieware
represented by lines in the other two views.

* Inthis exercise, the surface A’ shown in the isometric
viewis seenasalineinthe frontelevation and numbered
as '5'inthe front view of the corresponding multi-views.

e The same surface "A'in the side view is seen as aline
and numbered "6' in the side view of the multi-views.

« Similarly, the surface "A' seen from the top of the
isometric views is numbered as "10' in the plan of the
multi-views, whereas the full surface areais visible.

When a surface is parallel or perpendicular to the plane of
projection vice-versain a multi-views drawing, the fullarea
ofthe surface willbe seeninanyone the three views (plan,
elevation and side view) and in the other two views, the
corresponding line of the surface will be seen.

Fig 5 _
(A)

80

260

B)
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Fig 6
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TOP VIEW

EDNFI151816

Method 7

Identify the surfaces of the block with slope cuts shown in
the isometric view with the corresponding multi-views and
fill the tabulation column. (Fig 7)

Surfaces B and F are inclined to HP and parallel to VP.

You may observe thatthe surface inclined to one plane
is seeninthe othertwo views as the fore-shortened area
ofthe surface andin anotherview the corresponding line
of the surface is visible.
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» Inthis exercise, the surface 'B' is seen as a surface in
the frontview and top view, numbered in multi-views as
7 & 8 respectively.

* The same surface "B'in the side view is seen as aline
and numbered as 19in the multi-views which are shown
in the tabular column. Study the drawing carefully and
fill up the other columns.

Fig7

/1 11

3

o/

0 ¥

3 /20
9

17
13 /

15 19
FRONT VIEW SIDE VIEW
12
|5
2

/ N~
o
2
21 e z
TOP VIEW z
w

Method 8 (Fig 8)

Identify the surfaces of the block shown in the Isometric
view with the corresponding multi-views and fill in the
tabulation column. (Fig 8)

The surface is inclined to three planes HP, VP & AVP.

* Inthis exercise, you may observe that the surface "A'
is inclined to all three planes.

* Whenyouvisualise the surface "A'inthe front view of the
isometric view, the fore-shortened area ofthe surface is
seen and numbered as 2 in the multi-view.

+ Seen from the top of the isometric view the fore-
shortened area ofthe surface is seen and numbered as
5inthe top view of the multi-view. Similarly, inside view,
itis numbered as 7 in multi-view.

When a surface of the object is inclined to all the planes,
the complete fore-shortened surface willbe seeninall three
views.

» Fill in the other columns and complete the exercise.

Fig 8 lT s P
17
< 12
2
20\ T AL \ s
3
1 L
A 8 \18
Ao L
SIDE VIEW FRONT VIEW
16
F/ s /
15
13
AlB|C|D \ 4 /
Fl2 6\\
5
T|5
©
sS|7 / &
11 =
TOP VIEW 3
w
Method 9

Draw the isometric view (Fig 9) and also draw the three
views in the workbook.

The orthographic projection shows the shape ofacomponent
by drawing several views each looking at a different side of
the component.

A minimum of two views are required to represent a
component. To clarify the internal and external details a
minimum of three views are to be drawn. They are:
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» Elevation or Frontview or Frontelevation. (F)
* PlanorTop view. (P)
» Sideview orside elevation or end elevation. (S)

In Fig 9, surface "A'is only seen when looking at the front
ofthefigure. Allthelinesinthe isometric view are isometric.
Therefore inthe orthographic projection, the front view will
be like this. (Fig 10)
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Fig 9 In the plan surfaces "C', ‘D' and 'F' are visible and the
9 bottom surface will not visible. The line joining the two
surfaces willnotbe visible. The line joining the surfaces will
appear in the plan as a hidden line. (Fig 11)
In the side view surface "B'is visible and surfaces "E'and
back bottom surfaces are invisible. Due to this reason the
line joining 'D' and "E', also the line joining back bottom
surfaces are appearing in the side view by a hidden line.
(Fig12)
Fig 11 ;
|
|
|
g C }D F
5 |
z |
g \
o |
| :
Fig 10 c F 1 £
PLAN é
D
Fig 12
A T———— ; *******
FRONT VIEW % E
= SIDE VIEW é
Pictorial drawing (isometric drawing)
Pictorial drawing: Even a common man can understand _
easily the shape of an object quickly by a picture or by a Fig 1
pictorialdrawing. Itis also called three-dimensional drawing.
Pictorial drawings are very useful for describing the shape yl

of a piece part or component, even though they have a
distorted look.

Three types of pictorial drawings are (Fig 1)
* Isometricdrawing

* Obliquedrawing

» Perspectivedrawing

Out of the above three types, isometric drawings are very
much preferred by machine shops and metalworking
trades groups. But perspective drawings are popularin the
civilengineering group of trades.

Isometric drawing: In an isometric drawing the three
mutually perpendicular edges of a cube are atan angle of
120° with each other. Instead of drawing the edges in an
above-said way, first, we can also start from point “a'. At
this point also three mutually perpendicular edges met
while two of these edges make 30° to horizontal, the other
edgeis vertical. Afterdrawing two 30° lines and one vertical
line, parallel lines are drawn to complete the cube. (Fig 2)

-y

ISOMETRIC

OBLIQUE

PERSPECTIVE

EDNFI151821
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Fig 2
120°

EDNF1151822

Thesethreelineswhich representthe mutually perpendicular
edges are isometric axes. Generally, those axes are kept
in four positions. (Fig 3)

Fig 3

30°
& § %
0%
30
0

EDNFI151823

So to draw the isometric drawing, first draw the three
mutually perpendicularedges, set other linear dimensions
and complete the figure. (Fig 4)

Fig 4

RECTANGULAR PRISM ‘L' SHAPED BLOCK

<>

HOLLOW BLOCK

STEPPED BLOCK

\a

Angles in isometric drawing: The angles of inclined
surfaces willnothave the value inthe isometric drawing, but
will be more in some cases and less in other cases.

EDNFI151824

For example, in the isometric view of the prism shown in
Fig 5 the true value of all the angles is 90°. Butin isometric
drawing, the angles are 60° in some cases and 120° in
others.

Fig 5

EDNFI151825

Isometric circles: The term isometric circle refers to the
shape of a circle in an isometric view. An isometric circle
will be elliptical as shown in Fig 6. While drawing an
isometric view of cylindrical features isometric circles will
have to be used. (Fig 7)

Fig 6

S

> ISOMETRIC CIRCLE

EDNF1151826

Fig7

Y

/

EDNFI151827

An isometric circle can be drawn either by the plotting
offset method or by the arc method.

Plotting method (Fig 8)

» Drawasquare of side equal to the dia of the circle and
inscribe the circle.

» Divide the circle into any number of equal parts and
mark points such as 1,2,3,4,5,6,7,8 on the circle.

« Throughpoints, 1,2,3 etcdraw lines parallel to both the
axis of the cylinder.

» Draw an isometric view of the square.

* Mark points corresponding to 1,2,3,....8 withisometric
view of the square as points 1',2",3',....8".

» Join these points with a smooth curve for an ellipse.

Fig 8

EDNFI151828

The orientation of the isometric circle will
depend upon the plane on which the circular
feature exists.

Arc method: Isometric circles drawn by offset method is
the ideal method of making isometric circles as the ellipse
obtained thiswayis geometrically true. Butby freehand we
cannot get a clear line.
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Fig 9 shows the construction of an isometric circle in 3
different orientations by arc method. Four arcs are to be
drawn and the centres as C1, C2, B & D. While centres B
and D are the corner of the rhombus C1 and C2 are
intersection points of the longer diagonal with lines from
points B or D to the midpoint of the side of the rhombus.

The arc method gives a clean ellipse, but this
ellipse drawn this way will slightly deviate
from the true ellipse. It does not matter for our
purpose.

The isometric circles can also be drawn using templates
that can be bought from stationery shops.

Fig 9

=
(¢4
EDNFI151829

Isometric drawing

Procedure

1 Rectangular prism

Draw the isometric drawing of a rectangular prism of
base 15 mm x 30 mm and the height of 50 mm. (Fig 1)

Fig 1

50

~
- ~

& -7 D\

& B 75 D (=X

+ Draw the three isometric axes through point "A'.

+ Mark AB = 15 mm, AD = 30 mm and AH = 50 mm
representing the three sides of prism.

EDNFI151831

« Draw two vertical lines parallel to the line AH through
points B and D.

+ Similarly draw two more lines parallel to AB and AD
through point H.

+ Mark G and E the intersecting points.

* Drawlines parallel to GH and HE through points Gand
E intersecting point is F.

* Draw lines parallel to AB & AD through points D and B
respectively intersecting at C.

+ Join CB & CD with dash lines.

+ Join F and C also with dash lines.

* Rub off the construction lines and complete the prism.
2 Stepped block -1

Draw the isometric view of the stepped block given in
Fig 2.

Fig 2

20
~/ ‘:_: w

EDNFI151832

« Draw the isometric view of a rectangular prism of
dimensions equalto the overall size of the block 45 x 25
x 30 mm.

« Draw the lines JD, DE, EF, FH, HI and IJ using the
measurements givenin the figure.

* Ruboff SR, RD, SJ, SH and RF.

» Darken the remaining lines of the stepped block.

3 Stepped block - 2

Draw the isometric view of the components shown. (Fig 3)

« Draw the stepped block as per dimension. Follow the
procedure given in the previous Ex. No.2.

* Markpointsto UTSV as perdimension on the top of the
surface EDGF (Fig 3b)

* Joinpoints UTSV.

* Projectvertically downwards from the points UTSV and
obtain the point WXYZ at the bottom surface such that
UW, TX, SY & VZ are equal to 10 mm. Join the point
WXYZ and draw the thick lines which are all visible and
dotted lines that are not visible

All construction lines should be in thin lines.
After completion of the isometric views, in
each case erase the unwanted lines and
constructionlines.
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Fig 3

)

(a)

35

EDNFI151833

=n

With the experiences gained in previous exercises o
drawing isometric views, draw the following exercises 4 &
5 and complete the same.

Practice 1 to 3 (Figs 4,5 &6)

Fig 4

S\Y

\Y

EDNFI151834

Fig 5

SQ. 25-30 DEEP

EDNFI151835

Draw the isometric view of the machined block having non-
isometric lines. (Fig 6)

Fig 6

(b)

EDNF1151836
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Group 18 - Engineering Trades Exercise 1.5.19
Engineering Drawing

Method of 15t angle and 3™ angle projections (definition and difference)

Symbol of 15t angle and 3™ angle projection as per IS specification

PROPORTION OF PROJECTION SYMBOLS

!

SYMBOL FOR THIRD ANGLE

SYMBOL FOR FIRST ANGLE

D/2
\
|
|

L%L

1 a Draw the symbol for 1%t angle projection as per IS 2 a Draw the symbol for 15t angle projection as per IS
specification, if bigger dia D is 50 mm. specification, if smaller dia D/2 is 20 mm.

b Draw the symbol for 3™ angle projection as per IS b Draw the symbol for 3™ angle projection as per IS
specification, if bigger dia D is 40 mm. specification, if smaller dia D/2 is 15 mm.
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Method of 15t angle and 3™ angle projections

1st Angle projection (Fig 1)

Fig 1 20
025

R30

50

80

20

S — SR S—

FRONT VIEW SIDE VIEW
T 1 T
o | |
«© | ‘ | ‘
| L |
| q
A %
TOP VIEW /\y
[ AN

EDNFI151921

The two views thus required are to be obtained on two
different planes which are mutually perpendicular (one HP
and one VP)with the objectremaining in the same position.
The projection orthe view obtained on the horizontal plane
is called the top view or plan and the view obtained on the
vertical plane is called elevation.

The placement ofthe frontand top views when the horizontal
plane is unfolded will be different in these two systems. It
may be observedin Fig 3, thatthe firstangle projection plan
(top views) will be directly below the front view (Fig 4),
whereas in 3" angle projection top view lies directly above
the elevation. (Fig 5)

Views can be drawn in any one of these two methods.
However Indian Standard (BIS) has recommended the first
angle method to be used in our country.

TOP VIEW

225

R30

80
e

50

20

20

80 60
SIDE VIEW FRONT VIEW

EDNFI151922

Fig 3
TV'EW VP
£

@
S
o
g
THIRD ANGLE g

Fig 4 FRONTVIEEW VP
<
3
TOP VIEW HP 2
£
FIRST ANGLE PROJECTION g

Fig 5 TOPVIEW  HP
‘£ 9
2
FRONTVIEW VP o
£
THIRD ANGLE PROJECTION g
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.6.20

Symbolic representation - Different symbols used in the related trades

Introduction

Conventions are the graphical symbols used while making

drawings to indicate.

1 Materials

2 Equipments/Instruments/Engineering Components

CONVENTION
FASTENER BARS AND WELD,BRAZED ELECTRICAL & PIPE JOINTS =
PROFILE AND SOLDERED ELECTRONICS AND FITTINGS g
1 Fasteners (Rivets, Bolts and Nuts) 4 Electrical and Electronic elements
2 Bars and Profile section 5 Piping joints and Fittings
3 Weld, Brazed and soldering joints
Fasteners (bolts, nuts and rivets)
Grade Ildentification Material Grade ldentification Material
Marking Marking
N Carbon Steel o
7 \\ 4 A Carbon Steel
Carbon Steel \ ) Quenched & Tempered
\ — / Carbon Steel <
S - Atmospheric Corrosion
7 N Carbon Steel Quenched & 7 N Resistant Steel, Quenched
\ ) Tempered \ ) & Tempered
s Atmospheric Corrosion y “ \
7 \ Resistant Steel, Carbon Steel
\ y Quenched & Tempered A\ Y
S Carbon Steel, Quenched 7 = \
7 A & Tempered Medium Carbon Steel
\ / \ /
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Grade ldentification Material Fig 1
Marking AN AdA0 LA
JUUBIBUON AU
A~ EXTERNAL SCREW THREAD
( \ M d C b St | (STUD, BOLT, SET-SCREW, etc.)
edium Carbon Stee
N\ y Quenched & Tempered THE INSIDE LINE IS THIN AND
- THE CIRCLE IS BROKEN
7 N Medium Carbon Steel
\ ) QuenChed & Temper‘ed CONVENTION OF EXTERNAL THREAD
umm t‘lﬂ
7 N\ Medium Carbon Steel T -
Quenched & Tempered gl
\ - ) INTERNAL SCREW THREAD
% : SECTION LINES THINAND THE OROLE
7 N Medium Carbon Steel CROSS THE 1S BROKEN
Quenched & Tempered THREAD
\ / Y N\
- i Rl
~ )
( \ QNIUee(:':(L:JfI:lneggr-?-grr:] FS);erglj CONVENTION OF INTERNAL THREAD §
\ / -
Table 1
Geometric Characteristic Symbols
Category Characteristic Symbol Uses a datum reference
Straightness —_
Flatness [
Form Circularity (Roundness) Q Never
Cylindricity Q
Profile Profile of a line N Sometimes
Profile of a surface N
Angularity 4
Orientation Perpendicularity e
Parallelism //
Position @
Location Concentricity @ Always
Symmetry .
Runout Circular runout /
Total runout : /
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Method of indicating surface roughness for
general engineering drawing

The principal criterion of roughness R2 may be indicated by
the corresponding roughness grade symbol as shown
below in table 1:

TABLE 1
RoughnessValuesR, Roughness Grade
um symbols

50 N12
25 N11
125 N10
6.3 N9
3.2 N8
1.6 N7
0.8 N6
04 N5
0.2 N4
0.1 N3
0.05 N2

0.025 N1

The unit of roughness is a micron (0.001) and the greater
this number is the higher the roughness. The roughness
number described here is called the Ra value of the surface.

The surface roughness for a given surface is indicated by
a symbol. (Fig 1) Here 1.3 means that the average depth
of the tool marks is not to exceed 0.0013 mm. Any value
less than thisis acceptable. In case we need to control the
maximum and minimum permissible value of roughness it
is to be indicated as shown in Fig 2 & 3.

Fig 1 13

EDNFI162031

Fig 2

W
28

EDNFI162032

Fig 3 INDICATES ONLY MAXIMUM
LIMIT OF ROUGHNESS
INDICATES MAX. AND MIN.
( PERMITTED VALUES OF ROUGHNESS

N8 N8

N8
N6

N5
INDICATION OF ROUGHNESS USING ROUGHNESS GRADES

EDNF1162033

Roughness symbols

These symbolsindicate the practice followedinthe industry
and are given here for guidance only. B.l.S 3073-1967
(Table 2) states thisas an assessmentof surface roughness.

TABLE 2

ROUGHNESS
GRADE

N12 /\/

N11

ROUGHNESS SYMBOL

N10 v

N9

N8 \Vav4
N7

N6

NS \Avav/
N4

N3

N2 \VAVAVAV/

N1

Indication of special surface roughness characteristics.

In certain circumstances, for functional reasons, itmay be
necessary to specify additional special requirements
concerning surface roughness.

Ifitis required that the final surface roughness be produced
by one particular production method, this method should
be indicatedin plain language on an extension of the longer
leg of the symbol shown in Fig 4.

Fig 4

MILLED

EDNFI162034

Also on this extension line should be given any indications
relating to treatment or coating.

Unless otherwise stated, the numerical value of the
roughness applies to the surface roughness after treatment
or coating.
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Symbolic representation of bars and profile sections

@ ] RECTANGULAR BARS ® < [ UNEQUAL ANGLE

@ " | SECTION @ SQUARE TUBES
I

® h H SECTION " RECTANGULAR TUBES

=2

@ CHANNEL ©) I | CIRCULAR TUBES

® < l EQUAL ANGLE U SECTIONS

EDNF11620T3
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Group 18 - Engineering Trades
Engineering Drawing

Exercise 1.7.21

Reading of job drawing of related trades

Read and write the following. (Fig 1)

1 Write the meaning of .

2
3

How many thread holes?

How many through holes?

4 How many blind holes?

5 Size of the plate.

Fig 1

2 x 45°
N6 L 0.02A
30
22.5 /any
19 \J /’T\\
N

11+0.01

Z~uMil

51001 [ [

A
A %

0 id | Nise 2 x J6H7
! \31 ‘ U VR,
9 N _/;L
12.5 i N ANE i
) ©
20 6 H7= 265"
S 5 )
Z b <
0 [To) I v
w0 o 0 0| < N~ < T
[ o ~ AN o < 9] [(o] ‘Q_
Read and write the following. (Fig 2) Fig 2

1

2
3
4
5

72

How many bolt holes are there?

What does the symbol ¢ indicate?

What is the pitch circle diameter?
What is the thickness of flange?

What is the diameter of the flange hole?

2150

@70 H7 g6

EDNFI172112




Read the drawing and answer the following. (Fig 3)
1 What is the dimension of ‘A’?

2 What is the maximum and minimum diameter for the
section D?

3 Length of ¢ 35.
4 Length of ¢ 50.
5 Size of ‘B’.
6 Sizeof ‘'C.

Fig 3 »’Lr«

f%w 0 /ﬁ

75

235
250
-05

o
225 -0.2

44

60

70

120

EDNFI172113

@/ EXCEPT WHERE NOTED

Read and write the following. (Fig 4)
1 Chamferangle and width.
Length of $10.5.

Length of ¢ 6.5.

Groove size.

Total length of hub.

a b~ W0 N

Fig 4 0.5x1 deep
% o

N v

/1

6.5
2105

1.5x15° 1.5 x 45°

8.5

16.5

EDNFI172114

Read and write the following. (Fig 5)
1 Diameter of the screw head.
Diameter of length 35.5.

Total length of guide screw.

Thickness of screw head.

a b~ WODN

Size of slot.

Fig 5 716
(a0}
o]
N6
g
L
9]
g ™
R1.6 N
M8
10g6 = 10-39%
1096

EDNFI172115

Read and write the following. (Fig 6)

1 Meaning of M16 x 1.5.
2 Lengthofthread.

3 Under cut size.

4 Maximum dia.

5 Taperangleandlength.

Fig 6

58

40

!
30°
g ~ <
8 e
=
{ 5
10° S
\ + 17h13=17 % 3,00 e
g 220 f9= 220 ')7% §
Read and write the following. (Fig 7)
1 How many tap holes.
2 Size of plate.
3 No. of M4 holes.
73
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4 No. of ¢4 HT7.
5 No. of 63 H7.
6 No. of M6 holes.

7 Chamfersize.

@ measuring.

9 M16 centre line from left side edge.

Fig 7 ‘L’Q
X
70 i
61 A :
O
s
‘ e 49
43 +0.01 R R T
O O 41
27 *o.01 (7 SN \ 29
4/ L/
21 AT il Nf2x®4H7
N 2 x @3H7
z
9
; O o
0
v T @3H7 = 35"
g g = N6 @4HT = @4 5"
~ (22} [(o] N~ O~ M| o
o ()] N N (a0} (a0} O WW O ~ o0}

Read and write the following. (Fig 8)
1 Fullform of U/C.

2 Thread size and length.

3 Size of undercut.

4 Length of $10.5.
5

Chamfersize.

U/C 0.5 x 0.5 DEEP

216

2105

40

55

74 Engineering Drawing : (NSQF - Revised 2022) 15t Year Group 18 : Exercise 1.7.21

EDNFI172117

M10

EDNFI172118



Read and write the following. (Fig 9)

1

2 Mandrel max. dia size and length.

Name the A.

3 No. of under cuts and size.

4 Actual dimension of (48g6.
5 Lengthofthread.

6 Chamfersize.

Fig 9 u/C 2x1 -
u/C 2x1
~ u/C 2x1.5 .
. [{e] [{e] [{e] ]
[+)] [=] =] N
L _ - || ol o _ @ o
@/ N 8 8 i =
|| 2x45° -
L 1w 1xa5° ||
1x45° 26 38 20 0
) 159 ;
Read and write the following. (Fig 10) ,
Fig 10 3
1 Oilgroove dimension. - R2 N6 . NG
2 Lengthof 15° chamfer. ")
¢ 77 1 I —
3 Length of $16.5. A
4 Length of $22p6. % a NG g E_
5 Length of ¢25f6. 8 S
/ 7
6 22
18 25 B
48 é
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Reading of drawing of Advanced CNC machining Fig 11 100
Read and write the following. (Fig 11) 80
1 Radius sizes. .
2 Miniumum size of shaft. - U %
3 Maximum size of shaft. ?V/ @
® 2 17
4 name the line. ° A | ol o
o —] - — Do | | N
5 Length of $80. S R
/
( . 125 | @
Read and write the following. (Fig 12) 4 Meaning of .
1 Maximum dia & length of job.
2 Define M16 x 2. 5 Meaning of :
3 Under cut size. +0.03
-0.01

6 Maximum & mimimum size of ¢ 20

Fig 12
10.05/A-B 2x45°
/2x45°
)
& 85
s\ | 0 el el ol b &
4 S S S =
S S
I
® I
15 % 10 20 4 16 (B)
k<)
80
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