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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 19
Engineering Trades 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.

Jai Hind

SHRI. ATUL KUMAR TIWARI,, L.A.S.,

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

New Delhi - 110 001
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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 19 - Engineering Trades 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 19 - Engineering Trades under 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 2022 Group 19 - 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 Free hand drawing 1.2.06-1.2.08 6
3 Drawing of Geometrical Figures 1.3.09-1.3.12 4
4 Dimensioning Practice 1.4.13 2
5 Symbolic Representation 1.5.14 4
6 Reading of Electrical Circuit Diagram 1.6.15 14
7 Reading of Electrical Layout drawing 1.7.16 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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[ LEARNING / ASSESSABLE OUTCOME ]

On completion of this book you shall be able to

* Read and apply engineering drawing for different application in the
field of work.
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[ SYLLABUS

)

1st Year Group - 19 Revised syllabus 2022

2 Year Engineering trades under CTS

Duration: 1 Year

CTS Trades Covered: Electrician, Wireman, Electroplater,

Lift & Escalator Mechanic, Electrician Power Distribution

S.no.

Syllabus

Time in Hrs

Introduction to Engineering Drawing and Drawing Instruments —
« Conventions
» Sizes and layout of drawing sheets
« Title Block, its position and content

* DrawingInstrument

2

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.

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

» Lettering & Numbering - Single Stroke.

Dimensioning Practice

» Typesofarrowhead

Symbolic representation -

» Different electrical symbols used in the related trades

Reading of Electrical Circuit Diagram

14

Reading of Electrical Layout drawing

Total

(viii)




Group 19 - 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 a 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) 1st Year Group 19 : Exercise 1.1.01



Fig 2
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Mechanical Engineering Drawings (Fig 3&4)

Electrical Engineering Drawing (Fig 5)
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Group 19 - Engineering Trades Exercise 1.1.02
Engineering Drawing

Conventions

TYPE CONVENTION MATERIALS
Steel, Cast Iron, Copper and its Alloys,
Aluminium and its alloy, etc
Metals
Lead, Zinc, Tin, White-metal, etc.
A A P P
Glass % % % % Glass
v 7 7
Sl 22
//j//f///////////j/ Porcelain, Stoneware, Marble, Slate etc
~ //// T
o
////////////// o
Packing and Insulating Asbestos, Fibre, Felt, Synthetic resin
materials products, Paper, Cork, Linoleum,
Rubber, Leather, Wax, insulating &
Filling Materials etc
Lqud | T Water, Oil, Petrol, Kerosene etc

ez

Concrete Concrete




Group 19 - 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

EDNEL110311

HALVING AND DOUBLING

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
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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
841
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Group 19 - Engineering Trades
Engineering Drawing

Exercise 1.1.04

Title block, its position and content

Layout of drawing sheet

As astandard practice,sufficientmargins are to be provided

on all sides of the drawing sheet. The drawing sheet should tlLels [ ! o Lo [ 7 Le
have drawing space and title space. A typical layout of a A A
drawing sheet is shown in the (Fig 1 & 2). B o BOTOER
C C FRAME
— DRAWING SPACE _—
D D
€| €|
A TITLE BLOCK || ‘9‘ _
1|2|3|4i5|6|7|8#§
Title Block -1
Fig 2
7 x
2 ‘ NAME OF THE INSTITUTE ‘
[ ‘ NAME - i ROLLNO - i YEAR: =
& ' LO‘ TITLE e e
‘ EX NQ - SHEET NQ - TIME ALTQTED - e
COMMD_ON* COMP_ON* TIME TAKEN - e
ol
N GRADE- CHECKED™ DATE= =
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Title Block - 2

Fig 3
170
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DRN
CHD
© APPD
© PROJECTION NAME OF THE FIRM | TITLE
SCALE IDENTIFICATION NUMBER
Title Block - 3
Fig 4
20 25 15
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DESIGNED ~
DRAWN ~
©
<
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STANDARD ~
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; SCALE TITLE DRAWING NO.
5
o
A B @ SHEET OF 1OF 1
I s
190
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Title Block - Position and content - 1

Fig 5
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Title Block - Position and content - 2

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

below:

Fig 6
N
REVISION
DO NOT SCALE
SL.N DESCRIPTION DATE | APPX
A M12 WAS I WHIT. |14.12.18| AW.D
d
4
3
2
1| A7325 VALVE BODY 1
& | DRGOR
¥ | PART NO.| DESCRIPTION QrTy.
DRN  1:1:78  JKL
UNLES OTHERWISE (NAME OD THE FIRM)
STATED ALL DIMENSIONS @ g CKD 2:1:78 MLN
IN MILLIMETRES. T —
TOLERANCES APPD  5:1:78  AWB
LINEAR: (TITLE OF DRW.)
ANGULAR: ISSUED 4:2:78  PFP
MATERIAL : CAST STEEL ile,ZE| | REG 2641
o
DRAFT'X‘S‘:" ﬁg’SNDARD FINISH AS MACHINED SCALE 12] [srEeT 10 g
U Z
z
[a)
w
Item Reference on Drawing Sheet
05 TIGHTENING PIN 01 MILD STEEL
04 WORKPIECE 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

1 Take A4/A3 drawing sheet.

2 Marktheborders and draw the title block as mentioned.

10

and the border dimensions remain same.

4 Title block to be drawnwheneverthe title of the drawing
changes. Eg. for the geometrical construction chapter
thetitle block may be drawnin the first sheet only where
asontheremaining sheets borders to be drawn before

they are used for preparing drawings.

Engineering Drawing : (NSQF - Revised 2022) 1st Year Group 19 : Exercise 1.1.04

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




Group 19 - 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

BOTTOM

EDNEL110511

DRAWING BOARD

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
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N
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PLASTIC/ ON NAIL
CELLULOID
14
TRANSPARENT PLASTIC EDGE
HEAD PERMITS SEEING OF DRAWING

UNDERNEATH
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T-SQUARE AND DRAWING BOARD

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.
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Fig 3

DNEL110513

DRAFTING MACHINE

E

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
BARS M WITH SCREW
}/'_A
r SCALE
PIVOT
PLATE LOCKING KNOB

®\ PROTRACTOR HEAD
\‘*
)

INDEX PLATE REFERANCE MARK

EDNEL110514

MINI DRAFTER PARTS

EDNEL110515

MINI DRAFTER ADJUSTMENT

Fig 6 FIXING CLAMP

DRAWING SHEET

ALIGNED TO BOTTOM
BORDER LINE

MINI DRAFTER N

LOCKING KNOB DRAWING BOARD
FIXING MINI DRAFTER

EDNEL110516

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

EDNEL110517

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° of200mmlongis convenientforuse.

(Fig8)
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Fig 8

45° 45°
45° 45°  30°

30

EDNEL110518

(a) 45° SET SQUARE (b) 30° - 60° SET SQUARE

Scales: Scales are used to transfer and or measure the
dimensions. They are made of wood, steel, ivory, celluloid
orplastic, stainless steel scales are more durable. different
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

EDNEL110519

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

90 109

1\ Vo o 7/7073
100 90 80 I 70,
6 o

960

EDNEL11051A

PROTRACTOR

French curves (Fig 11)

These are made in many different shapes, normally come
insets of6,12,16 etc. French curves are best suited todraw
smooth curves/ arcs (which cannotbe drawn by acompass)
with ease. Todraw a smooth curve using afrench curvefirst
setitbytrial againsta part ofthe 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).

P

FRENCH CURVES

EDNEL110518

PENCIL MARK

ON CURVE

POINTS CLOSER
TOGETHER AT ENDS7

—_
o
~
EDNEL11051C

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 jointin one 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

EDNEL11051E

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

) [

(@)

EDNEL11051D

DRAWING INSTRUMENTS

Fig 15

-

Eeee1 o =
N

EDNEL11051F

DIVIDER

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

BOW - INSTRUMENTS

EDNEL11051G

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

EDNEL11051H

DROP SPRING BOW INSTRUMENT

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.

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

EDNEL110511
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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

EDNEL11051J

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

EDNEL11051K

Fig 21

|

LEAD CASE

EDNEL11051L

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 0

PIN,CLIP AND TAPE

EDNEL11051M

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

EDNEL11051N

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. Selectthe 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.

Engineering Drawing : (NSQF - Revised 2022) 1st Year Group 19 : Exercise 1.1.05 15



Group 19 - Engineering Trades Exercise 1.2.06

Engineering Drawing

Free hand drawing of - Geometrical figures and blocks with dimension

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

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

specific use. Table 1
Table1
Types of lines and their application
Lines Description General applications
See figure and other relevant figure

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
G— - — ———— 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.

In the above range, for craftsmen, 0.5 is preferred. This The numbers on the right side of the lines refer to the line
table shows the 0.5 line range and other lines under this thickness in mm.
range.
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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
3
50 ‘ §
50 2
2
Square block (Fig 2)
Fig 2 15

20
15

20

=
EDNEL120612

Rectangular block (Fig 3)

Fig 3

18

f 4 14 4
L .
23

EDNEL120613

Cube block (Fig 4)

Fig 4 / 1459

24

24
24

EDNEL120614

Cylinder (Fig 5)

Fig 5

220 *\

N}

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. For drawing differentdarkness, the
pencil points should be sharpened to a conical shape.
Fig 6 shows some free hand sketches of different types of
VIEWS.

40

EDNEL120615

Fig 6

\

o O

A) MULTIVIEW
(ORTHOGRAPHIC)

&)

C) OBLIQUE VIEW

B) ISOMETRIC VIEW

%

D) PERSPECTIVE VIEW

EDNEL 120616

DIFFERENT TYPES OF VIEWS

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

|

|

|

| 9
R

-
-

25

EDNEL120621
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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 G

N

C
F
B
D

60

A

EDNEL 120622

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.

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

Join all the points.

Cylinder (Fig 3)

Fig 3

N

EDNEL120623
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Rectangular prism (Fig 4)

Fig 4

<

S

N

EDNEL120624

Square Prism (Fig 5)

Fig 5

S

SQUARE

EDNEL120625

Triangular Prism (Fig 6)

Fig 6

30

TRIANGULAR

EDNEL 120626

Pentagonal prism (Fig 7)

Fig7

30

PENTAGONAL

EDNEL120627




Hexagonal prism (Fig 8)

Fig 8

T

30

|
|
|
| -1
/)/ J
i

HEXAGONAL

EDNEL120628

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

Fig 9

—m

FRONT VIEW A

ﬁ CONE

TOP VIEWB

EDNEL120629

Pyramids: Pyramids are polyhedron solids having abase
surface whose shape may be triangular, square or polygon
and as many slanttriangularfaces as there are sides inthe
base. All the slant triangular faces join at a 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 sphere is
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

A

SQUARE

TRIANGULAR

VINYALNYAY
V X & X

PENTAGONAL HEXAGONAL

EDNEL12062A

PYRAMIDS
Fig 11
Ca) () Ca
A) c C) c

. .
1 DO

EDNEL120628

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 A

FRUSTUMS

EDNEL12062C

TRUNCATED PYRAMIDS
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Group 19 - Engineering Trades Exercise 1.2.07
Engineering Drawing

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

Fig 1

(a) (b)

\Q\ \

2
8
- | \
20 \\5\ 10 N /\ N -

Fig 2
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F . F

EDNEL120712
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(b)
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S
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Fig 4
(a) (b)
T
S
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N /
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Fig 5 e
(a) Z (b)
8
8
N
60
40
r R

EDNEL120715
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Fig 6
(a)

(b)
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N
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EDNEL120718
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N

EDNEL120719

(b)

EDNEL12071A
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Group 19 - Engineering Trades Exercise 1.2.08
Engineering Drawing

Free hand drawing of hand tools

Hand Tools Screw driver (Fig 6)
Files (Fig 1)
) ) Fig 6
a Curved cutfile b Rasp cutfile
¢ Single cut file d Double cutfile
Fig 1 @ §
b w =) %
o M === Bench vice (Fig 7)
% Fig 7 GUIDE
(d) g FIXED JAW

Hacksaw (Fig 2)

HANDLE

Fig 2 FRAME

( HANDLE BODY
WING NUT
HACKSAW
BLADE

EDNEL120817

EDNEL120812

Ball pein hammer (Fig 3) Cutting plier (Fig 8)

i Fig 8 SIDE JOINT
Fig 3 PEIN SoE CUTTER HANDLES
HANDLE
WEDGE =
EYE HOLE § g
g GRIPPING o
SURFACE £
. . w
Chisel (Fig 4)
Open end spanner (Fig 9)

EDNEL120814

Fig 9 2

EDNEL120819

Fig 5 SWIVEL PAD Measuring Tools

Steel rule (Fig 10)

END MACHINED
FLAT

Fig 10

120 "3l "4l '8l ‘el 71 '8l ‘9l "1l0'111 "112'113'114" 115
1 2 3 4 i 5| O
RTR R R

EDNEL12081A

EDNEL120815
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Try square (Fig 11)

Fig 11
= LTI T e
L) RIVET
ks BLADE
b S o
el = 5
E:E:i:i /STOCK (HANDLE) §
20203 g
a
Feeler gauge (Fig 12)
Fig 12
Q
z
w
Hand Tools
Screw driver (Fig 13)
Fig 13

© >
250

!
5T

? 40

6

100

E——1

EDNEL12081D

Screw driver with cross type tips (Fig 14)

Fig 14

EDNEL12081E
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Screw tips aided screw heads (Fig 15)

Fig 15

I

CLUTCH

®

o =

HEXAGONAL
SOCKET HEAD

SPLINE
SOCKET HEAD

7
i

SLAB

SOCKET HEAD SOCKET HEAD

EDNEL12081F

Instrument screw driver (Fig 16)

EDNEL12081G

Screw driver interchangable tips (Fig 17)

Fig 17

EDNEL12081H

Special type screw driver (two rectangular recesses)

(Fig 18)

Fig 18

Y,

EDNEL12081!
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Special type screw driver (two round recesses) (Fig 19)

Fig 19
\
D)
0
F
Analog multimeter (Fig 20)
Fig 20
| —SCALE
POINTER —
@ - MIRROR
® ®
—— ZERO ADJUSTING
o | SCREW

POLARITY @ ®/ ZERO OHM

Soldering work station (Fig 23)

Fig 23

EDNEL12081N

RATCHET BRACE

PLASTIC OR
WOOD HANDLE

CRANK

EDNEL120810

Neon Tester (Fig 25)

cELEcTION ‘ ADJUSTING KNOB
SWITCH H— RANGE AND FUNCTION
‘ SELECTION SWITCH
x
COMMON ® %
TERMINAL \O @J “—— MEASURING -
TERMINAL 2
w
Pincers (Fig 21)
Fig 21

o0

EDNEL12081L

PINCERS

Soldering iron (Fig 22)

Fig 22

EDNEL12081M

Fig 25

NEON TESTER

EDNEL12081P

Gimlet (Fig 26)

Fig 26 HANDLE

SHANK

‘CUTE FEE%

GIMLET

EDNEL12081Q
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Electrician’s knife (Fig 27)

Hand drill (Fig 30)

Fig 27 BLADE

HAFT /

ELECTRICIAN'S KNIFE

EDNEL12081R

Mallet (Fig 28)

Fig 28

STOCK
WOODEN HANDLE

MALLET

EDNEL12081S

Fig 30

FIXED HANDLE

ROTATING /

HANDLE

SMALL HANDLE

CHUCK SHELL

JAWS

HAND DRILL

EDNEL12081U

Rawl plug tool (Fig 31)

Fig 31

/ TOOL HOLDER

NO.8 RAWL JUMPER

TOOL BIT
\ /
S | )

RAWL PLUG TOOL

EDNEL12081V

Electric drilling machine (Fig 29)

Fig 29

GEARED
KEY CHUCK

/ HANDLE

ELECTRIC
CORD

CHUCK KEY%

ELECTRIC DRILLING MACHINE

EDNEL12081T

Pliers (Fig 32)

Fig 32

W

NEEDLE NOSE CHAIN NOSE

ELECTRICIAN DIAGONAL

COMBINATION VISE-GRIP OR
RIB JOINT IGNITION SLIP JOINT PLIER WRENCH
PLIERS

EDNEL12081W
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Tweezers (Fig 33)

Fig 33
STRAIGHT POINT

FLAT POINT

TWEEZERS

Stillson pipe wrench (Fig 36)

EDNEL12081X

Socket extension bars (Fig 34)

Fig 34

SOCKET EXTENSION BARS

EDNEL12081Y

Round nose plier (Fig 35)

Fig 36

CASING PIVOTED
AND SPRING LOADED

INWARD
FACING TEETH

HANDLE

OUTWARD
FACING TEETH

ADJUSTING NUT

EDNEL1208121

Fig 35

EDNEL12081Z

Puller (Fig 37)

Fig 37

HANDLE

PULLER

EDNEL1208122

Standard wire gauge (Fig 38)

Fig 38

STANDARD WIRE GAUGE

EDNEL12081Z3

Tenon-saw (Fig 39)

Fig 39

/— BACK
|

7/
BLADE //////// /////
N s s, s

A A AV A A AR

\\—TEETH

TENON-SAW

EDNEL1208124
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Tape measure (Fig 42)

Plumb bob (Fig 40)
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Group 19 - Engineering Trades
Engineering Drawing

Exercise 1.3.09

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 called anangle. The angle is expressed in 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

EDNEL130911

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

Fig 2

w
o
EDNEL130912

ACUTE ANGLE

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

Fig 3

,ﬁ EQUAL TO 90° —

A B
D

<

EDNEL130913

RIGHT ANGLE

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

Fig 4
A MORE THAN 90° BUT

ws THAN 180°
B

(e}
OBTUSE ANGLE

EDNEL130914

Fig 5
EQUAL TO 180°

A 0o B
STRAIGHT ANGLE

EDNEL130915

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

Fig &
MORE THAN 180°
BUT LESS THAN 360°

B
REFLEX ANGLE

EDNEL130916

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

Fig 7 A G

(o]
W
EDNEL130917

ADJACENT ANGLES

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

Fig 8 P

R
O

COMPLEMENTARY ANGLES

EDNEL130918

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 T

§
o

S (e} Y
SUPPLEMENTARY ANGLES

EDNEL130919

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

. /A =/B=/C

00‘3
60

45

EDNEL 130921

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

Fig 2 ¢

AC=BC
ZCAB = ZCBA

A B

EDNEL130922

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

Fig 3
(g> (b) 7
a
a AB=AC #BC -
ZA# /B= /C §
g
v B 5
A C A C g
w

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

5 AnAcute 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 c

80

ZA=90°

60

>
@
EDNEL 130824

Fig 5

ZA < 90°

EDNEL 130925

Fig 6

85 ZA>90°

735n

50

EDNEL130926

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).

e Join CAand CB.

+ ABC s arequired triangle.

Fig 1 C

>
W
EDNEL130931

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 40 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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Fia 2 4 Drawatriangle when one side and 2 angles being given
9 c in Fig 4.
ZBAC = 40° Fig 4
AB =AC = 60
40°
A H 5 %
60 g
g P
Q
Exercise
1 Scalene triangle: AB =30 mm, AC =55mm & BC= N
35 mm. (Fig 1)
Fig 1
C
3
© A B 8
& pr
© AB =65 [P & QARE THE GIVEN BASE ANGLES ”gJ
O g
5 Draw a right angled triangle when the base and
= hypotenuse being given in Fig 5.
A B g
30 w .
z Fig 5 ><
2 Scalene triangle: AB = 70 mm. (Fig 2) c
ZABC =40° & /BAC =110° h
Fig 2 c
AB =45, BC=60 ©
g
A B %
% o
3 ? 6 Draw a triangle with the altitude and two sides being
A 5 3 givenin Fig 6.
70 a2

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

Fig 3 A

|
|
|
|
|
|
|
|
|
|
|
|
|
I
(e}

/B =90° 8

60

EDNEL130946

AB =55, AC =50, A0O=40

45

@
(@]
EDNEL130943
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Group 19 - Engineering Trades
Engineering Drawing

Exercise 1.3.10

Drawing of geometrical figures - Circle

Circle: Circleis aplane 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: Thelength 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: ltis 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. It does not cut or pass through
the circle when extended.

Fig 1 shows all the above elements.

Fig 1
9 CHORD

ARC

CENTRE

QUADRANT

]
SEMI CIRCLE

SECTOR

DIAMETER

DNEL131011

Ef

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)

Fig 2
f%
CONCENTRIC CIRCLES ‘-‘é
Fig 3

@)
\Z

EDNEL131013

ECCENTRIC CIRCLES

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

w
EDNEL131021

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

EDNEL131022

w
w



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

Fig 3

EDNEL131024

5 Draw internal tangents to circles of the same
diameter 40 each and a centre distance of 60 mm.

(Fig 5)

Fig 5

EDNEL131023

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

EDNEL131025
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Group 19 - Engineering Trades
Engineering Drawing

Exercise 1.3.11

Drawing of geometrical figures - Square, rectangle and parallelogram

Aquadrilateralis a plane figure bounded by four sides and
fourangles. The sum of the fouranglesina quadrilateral is
(interior angles) equal to 360°. The side joining opposite
cornersis called diagonal. To constructa 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

EDNEL131111

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 a rectangle ABCD, Sides AB=DC and BC =
AD. Diagonals AC and BD are equal. Diagonals are not
bisected at right angles.

Fig 2

>
oe]
EDNEL131112

RECTANGLE

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

Fig 3 D o]
o
&
4

)

g

A B e
RHOMBOID / PARALLELOGRAM &

Procedure to draw the square, rectangle and
parallelogram

Square

1 1stmethod (Fig 1): Asquare of side 50 mm by erecting
perpendicular.

Fig 1 D o]
s
B
<
m §
A P B s
Sq. 50 o
z
a
w

2 2nd method (Fig 2): A square of side 60 mm using
45° setsquare and compass.

Fig 2

(0] di=d,

45° 45°

>
@
EDNEL131122

3 3rdmethod (Fig 3): Asquare of side 60 mm long by
erecting perpendicular and also using 45°
setsquare.

Fig 3

d;=d,

>

R

45° 45°

>
S
ad
®
EDNEL131123
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4 Square having diagonal 60 mm (Fig 4)

Fig 4

60

EDNEL131124

5 Rectangle (Fig 5)

Side AB =75 mm, side AD =45 mm using setsquare and
compass.

Fig 5

~
(%]
EDNEL131125

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.

Fig 6

>

]
EDNEL131126

7 Parallelogram (Fig 7)
Sides = 75 mm and 40 mm

Angle between them: 50°

Fig 7

\

50°

75

EDNEL131127

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

Fig 8

0

N

60

EDNEL131128

9 Parallelogram (Fig 9)

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

Fig 9

2
30
R3p

55

EDNEL131129
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Group 19 - Engineering Trades
Engineering Drawing

Exercise 1.3.12

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

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

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

adeefgh GOTHIC-ITALICS, TEXT-ITALICS

TEXT THIS TERM INCLUDES ALL STYLES

OF OLD ENGLISH, GERMAN TEXT. BRADELY

TEXT OF OTHERS OF VARIOUS TRADE NAMES.

TEXT STYLES ARE TOO ILLEGIBLE FOR
COMMERCIAL PURPOSES

ABUDEF G
abrdelgl

EDNEL131211

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 of lower 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 A,QV. XY &d

9 M od
12 W 12d

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 od
10 w 10d

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 |

3 il

4 cfrt

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

6 a4
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Spacing of letters: Recommended spacing between
characters, a minimum spacing of baselines and minimum
spacing between words as per BIS SP: 46-2003 are given

Fig 2

-:¢
A—a«r
d e

4 R

suzjm
f

EDNEL131212

Lettering
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.

EDNEL131221

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)

o2 12345

EDNEL131222

67890

» 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 2 B e BB
& &

EDNEL131223

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

10 mm distances denote the height of the letter.

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

The width of different letters in terms of ‘d'is as
follows: "d' indicates stroke thickness i.e d: h/
10.

Width Capital letters

(W)

1 I

4 J

5 C,EF.L

6 B,D,G,H,K,N,O,P,R,S,T,U&Z
7 AM,QV XY

9 W

Fig 4

11/7h

EDNEL131224
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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

74 75

SINGLE STROKE INCLINED LETTERS

EDNEL131225
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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
H \ | [4
I
D\ T
0 Al v h
75 75 75 75 75 75 75 75 71
{ ( %%
J | | | ﬁ b ESM |
7:3 7:5 7:4 7:6 7.5 7.5 7.5 7:5 7:5
I N\ Vi I p
INT AT /
INCVNEA L/
] B |
\S=24 N
7:5 7:5 7:5 7:5 7:6 7:5 7:5 7:5
71 75 75 75 75 75 75 75 75
[N
74 75 g
SINGLE STROKE VERTICAL LETTERS g
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Group 19 - Engineering Trades
Engineering Drawing

Exercise 1.4.13

Dimensioning Practice - Types of arrowhead

Dimension line: These are thin continuous lines,
terminated at ends by arrowheads, dots or oblique lines

touching the extension line. (Fig 1)

Fig 1

15°

—DIMENSION

CLOSED © -

/ LINE -
300 —~—EXTENSION

a

OPEN LINE

CLOSED b

a=15°TO 90°

& d a
FILLET
OBLIQUE e

45°

@3 (APPROX) &

EDNEL141311

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/ZS RELIEF HOLES

25
10

g

75

40

15

EDNEL141312

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

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 shall be 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.

4



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 given onthe drawing or related documents and it will
not be given for production or inspection. (Fig 1)

Fig 1
9% /
=
-
A) DESIGN REQUIREMENTS
F F F
NF
—+— - - — | w w| —+H—-—7"
w
»F,ﬁ
NE NF
(AUX)

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

EDNEL141321

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 given in the
same way. (Fig 1) This method is known as an aligned
system of dimensioning.

Fig 1 45
8
=]
I i—
7

% & _
3
25.07 <
E
2

Method 2 Unidirectional system

Dimensional values shall be indicated so thatthey can be
read from the bottom of the drawing sheet. Non-horizontal
dimensionlines are interrupted, preferably nearthe middle
so that the value can be inserted. (Fig 2). This method is
termed a unidirectional system of dimensioning.

Fig 2 45

10.55

20 14.82

13.36

25.07

EDNEL141332
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Group 19 - Engineering Trades
Engineering Drawing

Exercise 1.5.14

Symbolic representation - Different electrical symbols used in the related

trades

Sign and symbols for Electrical group trades

S.No. Description Symbol
1 D.C. JE—
2 AC. /\/
3 Positive +
4 Negative
5 Single Phase 50 Hz
A.C.50 Hz 19
6 Three Phase 50 Hz
A.C.,50 Hz 30
7 A.C./D.C. /\/
L1
8 3-Phase line Lo
L3
9 Neutralline |
—_—_O—
10 Earth |

S.No. Description Symbol
11 Cell + | -
12 Battery +||MI
13 Single pole single ~

throw switch O
14 Push-button switch o_l_c
15 Energy meter Kwh
16 Alternator @

+
17 Generator
+

18 D.C. Motor




S.No. Description Symbol S.No. Description Symbol
30 Ohm Meter
19 A.C.Motor Single
phase
31 Watt Meter (W)
N
20 3-phase squirrel
cage motor 32 Lamp { g )
33 Electric bell ﬁ
21 3-phase slip
ring motor
34 Buzzer H
22 Capacitor: L
Fixed, variable 35 Connections:
T star, Delta
23 Electrolytic -\ +
Capacitor % 36 Choke W—Z
24 Two-way switch _/_
37 Transformers P s
25 Fuse: ordinary — 00—
catridge . .
— 38 Resistor : Fixed —
26 Socket 39 Resistor: variable m
2 pin, 3 pin
40 Diode _M_
27 Aerial / Antenna Y
41 Auto transformer
28 Voltmeter ‘@
A
29 Ammeter 4@7 42 SCR
G |
K
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S.No. Description Symbol
B1
|
43 uJT T
B2
44 SPS T switch R
switc _ .
W, Py
45 DPS T switch ©l
Wy Py
—20
46 SPD T switch 5 Soo—2
P
w, W,
) —CO0o0——
47 DPD T switch b
W Tow,
_o o_
P2
W, W"’(L w,
48 Single Pole 5 way \O O/
rotary switch Wy Ws
O_
P
49 SPDT slide switch ? ? ?
50 Relay contacts
A B C
51 Transformertapped b s
secondary
52 Shielded wire /;L
53 Zenerdiode A@K
54 Schottky diode A@K
55 Diac

1/

S.No. Description Symbol
A K
56 SCR ‘@*
G
57 TRIAC
C
58 PNP transistor L@
E
C
59 NPN transistor L@
E
D
60 FET N-channel 1@
S
D
61 FET P-channel ‘L@
S
By
62 Unijunction transistor E
N
By
63 LED diode @
64 Photo voltaic cell @
65 OR Gate @7@/ P
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S.No. Description Symbol S.No. Description Symbol
66 NOR Gate u%"”’ 71 Analog multimeter
67 | NOTGate ”P—{>w°”’
72 Thermo couple meter
68 EX-OR Gate 1P orr
C
73 IGBT
1
1 G
69 Piezo-electric buzzer O :|
e} i
74 IC ] :
70 Galvanometer @ _ | | | | | L




Group 19 - Engineering Trades Exercise 1.6.15
Engineering Drawing

Reading of electrical circuit diagram
Inverter installation (Fig 1)

Fig 1

DP SWITCH
&
FUSE

00123454:88

WATT/HOUR
METER

PHASE (P) \/% @@ﬁ g ﬁm_—;— NEUTRAL (N)
F NEUTRAL (N) \_,
AC SOCKET NEUTRAL (N) J‘
‘o* ﬁr z
e P) 3
4
o
z

INVERTER INVERTER PHASE ﬂf FAN
TUBE LIGHT

= =1 " INVERTERISON
o OTHERWISE FAN : |
MAINS A/C PHASE. BULB
INVERTER NO i —>
OUTPUT
socker || -+
,E@ % NEUTRAL (N)
BATTERY
connection — L L

EDNEL161511

Read and write the Following (Fig 1)
1 How to make panel board? 3 Whatis the use of MCB?
2 Whatis the purpose of inverter?

When A.C supply returns, the inverter will once again connect the load, which are connected to its output to
the main supply (Fig 2)

Fig 2
2>
28
23 NEUTRALN)
INVERTER ‘r ************* ]ﬁ*** ******** ’7777‘\‘
| : :: :
| o ‘ | FAN i FAN |
} } INVERTER | I BULB !
i —+—e | OUTPUT | BULB & FAN Il BULB & FAN |
BATTERY INVERTER | | } CONNCETED TO H CONNCETED TO }
— | INVERTER OUTPUT i MAINS A/C SUPPLY S
L I — E
Kovib BOTH THE BULBS & FANS CONNECTED TO THE o
INVERTER OUTPUT AND TO THE MAINS A/C SUPPLY WILL WORK z
w
Read and write the Following (Fig 2)
1 Drawtheinstallation diagram of inverter? 3 What are the safety required to connect battery?
2 Whether inverter output is AC or DC? 4 How to connect battery in the inverter circuit?
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Lamp dimmer cum universal speed controller circuit
(Fig 3)

Fig 3 LAMP LOAD
S L
o_\_E_m,_(g
FUSE
470K R, 47 (g
1an R (o LIRe 180Q 15
1w LRs
NEON TRIAC M.
BT136 ~2
240V, LAMP c Ry
50Hz GD 1 01 uF (23% -,
- —=01p
s%ﬁIPNLSY - 400v @ S/ M
cl cl DIAC 0.1uF
2 3l B3202 a00v LS4

O

»O
g=
2
=4
EDNEL161513

Read and write the Following (Fig 3)

1 What are the power electric component used in the
circuit?

2 Why fuse is used in the circuit?

Fig 4 shows the circuit connections of a 12V, 1A
regulated power supply using 7812.

Fig 4
L IN 7812 ouT .
1 COM 3 RED
a 2 LED
oy S ey
x> 270nF + E X
e LI — Cp = 1OuF <5z
0o> _ 25V S50%
w >0 < o>
2o~ Rl | & o
Z0a © a <
w
)
L- - g
+12V FIXED OUTPUT VOLTAGE REGULATOR CIRCUIT 4
w

Read and write the Following (Fig 4)

1 Whatis the use of 78127

2 Whatis the output of 78127

3 What type of power supply is used for this circuit?

Compound motor (Fig 5)

Flg 5 L+
A
E, ”
SHUNT
FIELD % DC SUPPLY
E Py
2 SERIES FIELD
Dy
L

COMPOUND MOTOR

EDNEL161515

Read and write the Following (Fig 5)

1 How many coils are used?

2 What is the use of series field?

3 Why shunt field is used?

Control circuit diagram using ELCB (Fig 6)
Read and write the Following (Fig 6)

1 What is the use of ELCB?

2 Expand the term ELCB?

3 Whatis the function of MCB?

4 Why 5K/1W resistor used in the circuit?

(ELCB)

CONTROL CIRCUIT DIAGRAM USING ELCB

ILEAK

EDNEL161516

Circuit diagram of residual current ELCB (Fig 7)

Fig 7

IRON CORE
PROTECTED METAL WORK

OPERATING
COlL

PRIMARY /7

PRIMARY

'} Loap
b TEST \[ |
p WINDING | L = —
E I
[
[
LIMITNG |
RESISTOR |
Lo [
T —
TEST =
BUTTON

CIRCUIT DIAGRAM OF RESIDUAL CURRENT ELCB

EDNEL161517

Read and write the Following (Fig 7)

1 What type of core used in the circuit diagram?

2 Why limiting resistor is used?

3 Whatis the purpose of secondary coil?

Stepped voltage stabilizer-manual (Fig 8)

Fig 8

L

INPUT

MANUAL
MODE

oL

OUTPUT

!

N

ON

STEPPED VOLTAGE STABILIZER-MANUAL

EDNEL161518

Read and write the Following (Fig 8)

1 What type of switch is used in the diagram?

2 Howtoincrease the voltage?
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3-phase squirrel cage motor. (Fig 9) Read and write the Following (Fig 9)

1 What type of power supply is used?

Fig 9
L 2 Draw the squirrel cage motor?
L2 3 Explain the ‘PF’?
L
N3 Automatic voltage regulation (Fig 10)
PF I
Fig 10
A [e] ! [e] [e]
SRR SRy [
|
|
o |5 |¢g |
1> 1> 1> |
B \
| s
U1 V1 W1 PF - 7E;C\T7ER7 o ALTERNATOR g
AUTOMATIC VOLTAGE REGULATOR %
My 1'\1 Read and write the Following (Fig 10)

1 What is the use of R in the diagram?
A 3-PHASE SQUIRREL CAGE MOTOR

EDNEL161519

2 What s the function of alternator?

3 ExplainEXCITER?

Connections of 3-phase alternator with load (Fig 11)

Fig 11 ALTERNATOR
P I s I S i
I L= | ! — !
o \ R \ X > | |
220VAC | } \ + } } } Lye o~ }
EXCITATION| | @
VOLTAGE | | | = v I | e~ |
| | | - ~ J — |
o il
-
[ [ I | o o \
L- O L\L — B~ | —l ~ |
=PE = -1 —- J%\o_ }
r_—_Tr——a—_——
| ‘ [ 1 F———— _
—_——— - || \ A \ \ |
' FiELD ‘ || | |
} REGULATOR ( M }—1+ 4 } | } . - ‘F a0
R (-
3+PE
| || | Ul oy |
} l — | PE } L T N N | 3PHASE LOAD
‘ | Lo
PRIME MOVER | —— | | ‘ ‘
} 2+PE } } | U
T \ \ \
| B o
‘ | | ‘ ‘ | | |
‘ | | - ‘ | @ - |
| | | Lo
| | % | | L = PEJ
‘ L J ‘ 777777777
- _ _ e — o
220V.D.C 5
SUPPLY e
w
CONNECTIONS OF 3 - PHASE ALTERNATOR WITH LOAD z
w

Read and write the Following (Fig 11)
1 Whatis the function of prime mover section? 3 What s the use of alternator?

2 How to connect the 3 phase load. 4 What are the safety methods used?
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Connection diagram of auto-transformer starter (Fig 12)

TRIP CONTACT
POINT

NO-VOLT COIL

OFF PUSH BUTTON

START

—_~—

il

AUTO TRANSFORMER
(OIL IMMERSED)

TAPPING

EDNEL16151C

CONNECTION DIAGRAM OF AUTO-TRANSFORMER STARTER

Read and write the Following (Fig 12)
1 Why auto-transformeris used?

2 Whatis the purpose of auto-transformer immersed in
oil?

Wiring diagram of a direct online starter with
protective devices (Fig 13)

Fig 13
L
L3
R A
| PROTECTIVE EARTHING
} [l e A
Ly |
} } A MAIN SWITCH
L | IcTP
} I —+= BACK UP FUSES
\ \
} L1 _1_1
I __|L__]l__1____DOLSTARTER _
‘ - -
[ [
| START
sToP
| 1 }
|
| | |
| MAINTAINING
| _ JE S D |
Ly SRR Al By CONTACT |
} | |
\ \
[ THERMAL ELEMENT
| R i }
| N
\ = \
L |
} N —
| U v w OVERLOAD RELAY
| CONTACTS
\
L -
a
5
5
WIRING DIAGRAM OF A DIRECT ON-LINE STARTER 3
WITH PROTECTIVE DEVICES £
w

Read and write the Following (Fig 13)

1 Whatis the use of DOL starter?

2 How to maintain the contact inDOL starter?
3 Whatis the purpose of overload relay?

Detecting short circuit (Fig 14)

Fig 14

VOLTMETER
INDICATES ZERO

SHORT CIRCUIT
(ZERO RESISTANCE)
AROUNDR 4

— Ry =20Q
-
R —
. T b
R3=300 2
w
Open circuit in series circuit (Fig 15)
Fig 15
AMMETER INDICATES
ZERO
_ Ry =33kQ
A /A\ * | —] o B
\ZJ —
I )
-
L 18V ov Ry =1kQ
N
— BROKEN
L WIRE
O
° Ry=47kQ |
VOLTMETER INDICATES / §
THE SUPPLY VOLTAGE 18 V. 4
w

An open circuit results whenever a circuit is broken or is
incomplete, and there is no continuity in the circuit.

In a series circuit, open circuit means that there is no path
forthe current, and no current flows through the circuit. Any
ammeter in the circuit will indicate no current as shown in
Fig 15.
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Shorts in parallel circuit (Fg 16)

Fig 16 shows a parallel circuit with short between points ‘a’

and ‘b’.

Fig 16

a >\

SUPPLY
| p—
—J

2L
| —

e [

b

EDNEL16151G

Series type ohmmeter: construction (Fig 17)

Fig 17 LIMITING RESISTOR

|
| S |

R4 A

ZERO OHM
ADJUSTMENT Rx
RESISTOR

RESISTOR

1

i| UNKNOWN

E B

EDNEL16151H

SERIES TYPE OHMMETER

Multiple ohmmeter range (Fig 18)

Fig 18 R, N

RANGE
SWITCH v,=1.5v
Rx1 |

B
1
k
Rx1000

Rs

o L
V,= 9V

MULTI-RANGE SERIES TYPE OHMMETER

Voltage divider (Fig 19)

Fig 19 L
O J_ O + 30V

C
H@+2OV
R, =150
B
REFERENCE POINT

R43=15Q

R =150

E=30V

O T O oV
L7
VOLTAGE VALUES ARE GIVEN FOR VOLTAGE DROP TESTS
TAKEN ACROSS RESISTORS FROM ATO B (+10V),
B TO C (+10V) AND B TO D ¢ 20V). NOTE THAT
THE CIRCUIT IS GROUNDED AT REFERENCE POINT B.

EDNEL16151J

Inductor series connection (Fig 20)

Fig 20
1H 2H 16H 5H
— YY) YY) YY) Y Y
(a)
5mH 2mH 10 mH 1 mH
— YY) YY) YY) Y Y

EDNEL16151K

Inductor parallel connection (Fig 21)

Fig 21

10 mH 5 mH 2mH

EDNEL16151L

EDNEL161511

Read and write the Following (Fig 14 to 18)

How to find the short circuitin one resistance? (Fig 14)
Why broken wire used? (Fig 15)

How to measure resistance? (Fig 18)

How to find the open circuit in series circuit? (Fig 16)
How to find the short circuit in parallel circuit? (Fig 16)
What type of ohmmeter is used in Fig 177

What is the purpose of range switch? (Fig 18)

0 N O O b~ WODN -

How to get the actual value? (Fig 18)

Current flow through a coil connected to a DC source is
limited by the wire resistance of the coil only (Fig 22a)
Current flow through the same coil connected to an AC
source is limited by the wire resistance and the inductive
reactance (Fig 22b)

Inductance connected to an AC and DC source
(Fig 22)

Fig 22
SAME COIL
XL
P — / \— R
¢=2A i=05A
(CURRENT (CURRENT LIMITED BY
LIMITED BY R BOTH R AND X |OF
OF COlL) colL)
|l ~
| )
100V aME_——— 100V, 50 Hz
VOLTAGE VALUES =
&
a) DC CIRCUIT b) AC EQUIVALENT CIRCUIT b
=
w
INDUCTANCE CONNECTED TO AN AC AND DC SOURCE z
w
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Connection of parallel grouping: Parallel grouping of
capacitors is shown in Fig 23 and is analogous to the
connection of resistance in parallel or cells in parallel.

Total capacitance: When capacitors are connected in
parallel, the total capacitance is the sum of the individual
capacitances, because the effective plate areaincreases.
The calculation of total parallel capacitance is analogous
to the calculation of total resistance of a series circuit.

Fig 23

s Cy c, Cs
~ - = = —

CAPACITORS IN PARALLEL

I o

EDNEL16151N

Capacitor connected in parallel (Fig 24)

Fig 24
2 25 ULF 50 LF 75 UF 100 MF
a _ [ 100v | 1s0v | 200V | 150V
g JEE— JEE— JEE— JEE—
= c, c, C, c, o
! g
3
Connection in series grouping: Series grouping of

capacitors, as shown in Fig 25 is analogous to the
connection of resistances in series or cells in series.

Total capacitance:When capacitors are connected in
series, the total capacitance is less than the smallest
capacitance value.

Fig 25

SERIES CONNECTION OF CAPACITORS

EDNEL16151P

Read and write the Following (Fig 19 to 25)
1 What type of circuit is shown? (Fig 19)

2 Whatis the total inductor value? (Fig 20a)

3 Find the total inductor value? (Fig 20b)

4 How tofind the ‘R’ value? (Fig 22)
5

How to find the total capacitance value in parallel
connection? (Fig 24)

6 Howtofindthetotal capacitancein series circuit? (Fig 25)

Simple diagram of washing machine with heater
(Fig 26)

Fig 26
OFF
INDICATOR LAMP
HEATER ON MOTOR ON
O_
° WASHING
L OFF WHEEL
o .
240V SUPPLY
o
N
MOTOR
=

g

SIMPLE WASHING MACHINE WITH HEATER

EDNEL16151Q

Diagram of a typical portable 5 speed food mixture
(Fig 27)

Fig 27
BOTTOM COIL TOP COIL (TAPPED)
— Y Y LYY L
ARMATURE BRUSH
N G,
2 &
—
THERMAL ®©@
OVER- SPEED CONTROL
LOAD SWITCH
RELAY
L

EDNEL16151R

SCHEMATIC DIAGRAM OF A TYPICAL PORTABLE 5 SPEED FOOD MIXER

Electronic fan regulators (Fig 28)

Fig 28

: OO

MT2

BT136
240 V,50HZ
SINGLE
PHASE AC

MT1

EDNEL16151S

CIRCUIT DIAGRAM

It is an electronic controlling device which regulates /
controls the speed of the fan.

The conventional type regulators which are bulky in size,
use atapped resistorto control the speed of fan, consumes
considerable amountofenergy. The numberof speed can
be achieved is only limited upto 5 different speed. But the
electronicregulators over come these problems by using
electronic components. Circuits diagram of electronic
regulator using triac and diac is given in Fig 28.

52 Engineering Drawing : (NSQF - Revised 2022) 1st Year Group 19 : Exercise 1.6.15



Electrical circuit diagram of dielectric test unit
(Fig29)

Fig 29
’ crour | _— !
BREAKER} ° }
ki i
g & | |
382 &= | |
r Zx 5
ro 2o I _
Eu_ = =
(2] X0 =z
Qz 3z o
°g < © Z1— @
of EF 5 [T
I
v soF A7, T3
T\_ . 2
|
IZx ol
=¥e) ‘
&Ng{‘ | (5
598 |
wizg ® | °
>ND_
2888 53¢ ]
Y s D23
==L
- Ly L :
© HIGH VOLTAGE ~ ©
TRANSFORMER ¥
w
=z
CIRCUIT DIAGRAM OF DIELECTRIC TEST &

Single wattmeter method: Fig 30 shows the circuit
diagram to measure the three-phase power of a star-
connected, balancedload with the neutral pointaccessible
the current coil of the wattmeter being connected to one
line, and the voltage coil between thatline and neutral point.
The wattmeter reading gives the power per phase. So the
total is three times the wattmeter reading.

Power/phase = 3V, Cos 6 = 3P = 3W.

Fig 30
L

L/ 5A, 250V

BALANCED
LOAD

EDNEL16151U

Read and write the Following (Fig 26 to 30)
1 How washing machine works?

2 What is the purpose washing wheel in the diagram?
(Fig26)

How food mixer works? (Fig 27)

How speedis controlled infan regulator circuit? (Fig 28)
What is the the purpose of BT 1367 (Fig 28)

What is the use of 100KQ potentiometer? (Fig 28)
How to test the dielectric? (Fig 29)

Why high voltage transformer is used? (Fig 29)

© 00 N OO 0 b W

How to measure the three phase power? (Fig 30)

10 What is the safety required while testing dielectric?
(Fig 30)
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Schematic diagram of a geyser (Fig 31)

Fig 31
FUSIBLE PLUG
VENT PIPE 12mm
HEATING
ELEMENT (W)
) )
) / GLASS WOOL
) ')
) A
) )
) N
) )
AR
) Y
BOTTOM THERMOSTAT
COVER il
PRESSURE
%ﬂrhET '{;'f; RELEASE VALVE
(a) GEYSER
THERMOSTAT
o RED
No_BLACK
GREEN
EC HEATING
ELEMENT
>
n
3
—
(b) SCHEMATIC DIAGRAM OF A GEYSER z
w

Measurement of insulation resistance between the
body and the terminals (Fig 32)

Fig 32

THERMOSTAT SWITCH —— = [T] LOW VALUE ™.

RESISTANCE ™.,
0 — -

.,
«««««

LOW VOLTAGE BULB "

BODY/ HEATING ELEMENT

MEASUREMENT OF INSULATION RESISTANCE BETWEEN
THE BODY AND THE TERMINALS

EDNEL16151W

Short circuit for determination of copper loss of a
single phase transformer (Fig 33)

Fig 33 "

75V,5A ™
: (& [
TG I S
N[> ‘ =
gz I ﬁj%T ‘ N8
T
215 122 garnv oY) I T
3la | 7/ 100V \2
o ‘ OUTPUT \
< 5A \
o—o\}\: » |

L __J
115/240V,1kVA

SHORT CIRCUIT TEST FOR DETERMINATION OF COPPER LOSS OF
A SINGLE PHASE TRANSFORMER

EDNEL16151X

(3,
w



Read and write the Following (Fig 31 to 33)

1 What is the purpose of thermostat? (Fig 31) 4 What is the use of heating element? (Fig 32)
2 Whatis the use of pressure release valve? (Fig 31) 5 Why thermostat switch is used? (Fig 32)
3 Why glass wool is used in geyser? (Fig 31) 6 Whatis the use of transformer? (Fig 33)

Circuit diagram for determining the efficiency of transformer (Fig 34)

Fig 34 10 NOS SINGLE
0.5 LAG TO
0.5 LEAD FLUORESENT LAMP

WITH FITTING 40W

1
3
q?

INPUT 240V @)
OUTPUT 1
0-270V 5A

240V 50Hz AC
=

LAMP BANK

|

L _
L - LAMP BANK 240V, 1kVA VA

CIRCUIT DIAGRAM FOR DETERMINING OF EFFICIENCY OF TRANSFORMER

EDNEL16151Y

Connection diagram of semi automatic washing machine (Fig 35)

Fig 35
YELLOW
GRAY V-NA-200T
GRAY
SF
SWITCH
WASH PINK SELECT SPIN
TIMER SWITCH TIMER w
I
3 2
i | BLUE W o YELLOW / BLACK |
2 w r 3
w ) [ BLUE / WHITE o
=)
2 S
RED a RED/WHITE g
WASH & =
MOTOR g
L CAPACITOR ) 3
BLUE o
W

240V, 5A
#\_{ ! YELLOW

NOTE: THE COLOUR CODE GIVEN IN THIS FIGURE IS SUBJECT TO CHANGE.
CONNECTION DIAGRAM OF SEMI AUTOMATIC WASHING MACHINE

EDNEL16151Z

Read and write the Following (Fig 34&35)

1 What is the disadvantage of semi automatic washing
machine?

What is the purpose of 1KVA transformer? (Fig 34)

What is the advantage of select switch?
What is the purpose of spin motor?

. "
Why SF switch is used? How wash motor and spin motor works?

5
6
7 Explain wash timer and spin timer?
8
4 How to check the efficiency of transformer? (Fig 34) 9

Why color codes are used in connecting wires?
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Exercise 1.7.16

Reading of electrical layout drawing

Layout diagram

Fig 1

V7277 A XXXRXKXAK CZZTZZZA XAXKKXKXNK [ZZZZ A

2'5m x 2'5m

EXPANDED METAL GATE

2'5m x 2'5m

v D

i VENTILATORS

LAYOUT OF INDOOR SUB - STATION (1)
D
azmoéw ]

ZZ1DE

(~A D

D

9m x 5m

L.T. PANEL

DISTRIBUTION PANEL

ocs [1]2[2]4]s o]

EXPANDED METAL GATE DE

2'25m x 2' 25m

TRANSFORMER
AD [ZZ

1 O*CB ocB[,
2 5
6

=

2'25m x 2'256m

L.T. PANEL
3 4'5m x 2' 25m

D

D
Crrrrrrrrrr’

LAYOUT OF INDOOR SUB - STATION (2)

EDNEL171611

KEY DIAGRAM OF INDOOR SUB - STATION

Fig 2
o
/ ISOLATING SWITCH
H.T. SIDE
0.CB-1 <y 0.CB-1
BS B.S B
—~—0CB —~—0.CB
2| TRANSFORMER| 2
JA . ; VAN
O DELTA| DELTA T
TRANSFORMER | L TRANSFORMER
STAR STAR
L.T. SIDE
0.CB-1 0.CB-2
& rY B'S
0.CB
0.C.B-1 2 3X 3 4 5X 6X O.CB

EDNEL171612

EDNEL171613

FLOURESENT LAMP

Read and write

the Following (Fig 1,2&3)

1 Why key diagram is necessary?

2 How to make layout diagram for Indoor sub-station?

3 Whatis the purpose of distribution panel?

station?

4 Whatis the safety precaution required for indoor-sub-
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This offers the possibility of supplying three-phase, as well
as single-phase current, to users simultaneously. Supply
to buildings can be arranged as in the given example.

(Fig4)

Fig 4
&
g
[ ] [J roses
\JV\ SWITCH
A .2
LIGHT LIGHT
O 8
POWER LIGHT §
z
2

However, certain equipmentwhich needs single or two
phase supply can be connectedtotheindividual phases
so that the phases will be differently loaded, and this means
thatthere will be unbalanced loading of the phases of
the four-wire, three-phase network.

Balanced load in a star connection: In a star connec-
tion, each phase current is determined by the ratio of
phase voltage and load impedance "Z'. (Fig 5)

Fig 5

400V 400V

IUL 1y

Z=10Q

1
| I
N
[

o
<

230V 230V

Z=10Q Z=10Q

EDNEL171615

Schematic diagram of a typical portable 3-speed food

mixer (Fig 6)
Fig6 ARMATURE
N 9 SPEED CONTROL
“3 PUSH - BUTTONS
OVER- Q ({
LOAD -"\J\

RELAY

L

SCHEMATIC DIAGRAM OF A TYPICAL PORTABLE 3 - SPEED FOOD MIXER

EDNEL171616

Advantages of AC over DC:

1 AC voltages can be raised or lowered with ease. This

makes it ideal for transmission purposes.

2 Large amounts of power can be transmitted at high

voltage and low currents with minimum loss.

3 Becausethecurrentislow, smallertransmission wires
can be used to reduce installation and maintenance

costs.

Power transmission and distribution (Fig 7)

Fig 7

TRANSMISSION
LINES 11kV

GENERATING
STATION

TRANSFORMER
11kV/415V

DISTRIBUTION
LINE 415/ 240V

f——

TRANSMISSION AND DISTRIBUTION LINES FROM
GENERATING STATION TO RESIDENCES

EDNEL171617

Read and write the Following (Fig 4 to 7)
How the phase current is determined? (Fig 5)
Whatis load impedance? (Fig 5)

What is unbalanced load? (Fig 4)

What are the advantage of AC over DC?
What is the use of overload relay? (Fig 6)

O O~ W N -

(Fig 6)

7 How power is distributed from generation station to resi-

dence? (Fig7)
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What is the purpose of speed control panel button?




Two single phase transformer connected in parallel (Fig 8)

Fig 8

L St
a\‘V\c
213 \
8| g ! 300V
3| o ‘
&9 !
—0O a\c
N
Tr1 | | Tr2
250 /100 V | | 250/100V
1KVA } } 1KVA
\
L
>
8 0-150V
-~ ©
)
-0
TWO SINGLE PHASE TRANSFORMERS CONNECTED IN PARALLEL g
Conduit layout diagram of pump set (Fig 9) Floor plan (Fig 10)
Fig 9 Fig 10
3m v 25m . 25m .  25m v 1.5m
i i i i i ‘
3 1 |m
=== OVERHEAD DELIVERY -~
. L Pre : O O O
2 5HP 3HP THP 1HP
= w
PUMP SET K £
o —— 1)
(2}
= ] ] SUCTION b
——— PIPE S S
e &
z =
CONDUIT LAYOUT DIAGRAM OF PUMP SET 2 o
FLOOR PLAN z
w
Single line diagram of power wiring in workshop (Fig 11)
Fig 11
‘ [ | [ | [ | [ |
1G4 WAY \ \ \ \ \ \ \ \
ENERGY DISTRIBU 16a || A 16 || A 16a || DOt 16a || DOt
-TION ictp || STAR ictp || STAR icop ||STAR icop || STAR
METER BOARD -TER -TER -TER -TER
: I I I I
cren | man L] ] ] ]
SWITCH
1/2HP THP
14 14
7 7.

SINGLE LINE DIAGRAM OF POWER WIRING IN WORKSHOP

EDNEL17161B
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The simplified form of block diagram of frequency counter
is in Fig 12. It consists of a counter with its associated
display/decoder circuitry, clock oscillator, adividerand an
AND gate. The counter is usually made up of cascaded
Binary Coded Decimal(BCD) counters and the display/
decoder unit converts the BCD outputs into a decimal
display for easy monitoring.

Digital power factor meter:

The Fig 13 Shows the block diagram of digital power factor
meter.

INPUT SIGNAL OF

UNKNOWN FREQUENCY

VVV VL

DECODER/
DISPLAY UNIT

CLK [scHMITT
|——|ATTENUATOR
COUNTER [TRIGGER

GATE ENABLE SIGNAL

CLOCK
DIVIDER OSCILLATOR

BLOCK DIAGRAM OF FREQUENCY COUNTER

EDNEL17161C

Fig 13

7-SEGMENT
DISPLAY
SOURCE
240V A.C
VOLTAGE
WAVEFORM
— MAIN CIRCUIT
CURRENT
WAVEFORM Tx Rx MICRO CONTROLLER
OSCILLOSCOPE COMMUNICATION

LOAD BANK

C,C/2,C/A

CAPACITOR

BLOCK DIAGRAM OF APFC

RELAY CARD

EDNEL17161D

Read and write the Following (Fig 8 to 13)

1 How to connect single phase transformer in parallel?
(Fig 8)
2 Whatis the function of 1KVA transformer? (Fig 8)

How to make conduit layout diagram of pump set?
(Fig 9)
4 How microcontroller works? (Fig 13)

0w N O O

What is the use of suction pipe? (Fig 9)

How to make a single line diagram? (Fig 11)

What is the use of frequency counter? (Fig 12)

What is the function of relay card? (Fig 13)
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Rod and pipe electrodes (Fig 14): These electrodes
shall be made of metal rod or pipe having a clean surface
not covered by paint, enamel or other poorly conducting
material.

Fig 14
©6.3 mm MS ROD
CEMENT 0 Gl COVER HINGED
CONCRETE TO GI FRAME
(1:4:8) 10 |
! 9 GL.
< S
T 300sq. &k [ . %
FUNNEL =72 | WIREMESH [+ * 2
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16 - 125 8 ! - ———G.LNUTS
. ™ PR Y
g - ] .
gl YT Rt A e c
£ A 1. 42
= PP PEPIPPLA e L L_%\‘
E g 8
200 300 G.LWASHER
+ @19 mm G.IPIPE
©12.7 mm G.LPIPE
! 38X19 mm REDUCING
/SOCKET

CHARCOAL
LAYER

1 338 mm G.LPIPE
I~ SALT LAYER

e o
‘ 18
_ O 3
3 3 3 | e
E : D | & ]
£ o R 0
=3 T+ - ALTERNATE LAYER
] OF CHARCOAL OR
Q COKE AND SALT
HOLE, @12 mm
SECTION "XX'

NOTE: DIMENSIONS ARE IN mm UNLESS OTHERWISE SPECIFIED.
PIPE EARTHING
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Read and write the Following (Fig 14 to 15)
1 Whatis the length of pipe electrode?
2 Why charcoal layer is used?

3 Why plate earthing is necessary?

Plate electrodes (Fig 15): Plate electrodes,when made of
galvanised iron or steel,shall not be less than 6.3 mm in
thickness. Plate electrodes of copper shall be notless than
3.15 mm in thickness. Plate electrodes shall be of a size,
at least 60 cm by 60 cm.

Fig 15
6.30 mm MS ROD GI COVER HINGED
20 TO GI FRAME
125 .
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. 8 WIRE MESH
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|
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=
S I
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COPPER PLATE L e
I
‘ CHARCOAL
I /
— ‘ —
'\-‘ '/t%-'.'.l- :
I
.| 18 )
: -l gl s

NOTE:-

DIMENSIONS ARE INcm
UNLESS OTHERWISE SPECIFIED.

15

212.7mm Gl
PIPE
COPPER
OR GI WIRE

BOLT,NUT,CHECK
NUT AND WASHER
TO BE OF COPPER
FOR COPPER PLATE
AND GI FOR GIPLATE

ENLARGED DETAIL “A'
PLATE EARTHING

EDNEL17161F

4 Which material is used for plate electrodes?
5 Why cement concrete is used in pipe earthing?
6 Whatis the internal diameter of the pipe electrodes?

7 Differentiate pipe earthing and plate earthing?
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