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 FOREWORD

One of the integral aspectslof the world around us is design. As lchi,ldren we draw, paint and visualiserrourr own unique designs of homes, crreat,ures,
— their clothes and our make believe world. As we grow older, we gradually become aware of the existence of design vis a vis our room, furniture,
clothes, etc. We have also seen important historical buildings such as the Taj Mahal, India Gate, Qutub Minar, Red Fort etc. they all have a unique
design.

Today, in the age of globalization and consumerism, we are inundated with images of new cars, aeroplanes, space crafts and the like. Design is
crucial to each of the these unique things. Indeed, everything that we use and are surrounded with, has a unique and intrinsic design: be it the
house one lives in, the gadgets one uses, the design of the fabric that we use for our clothes, the cut or design of the clothes that we wear and
so on. Each of the above has been designed by a specialist — an architect, an engineer, a textile designer, a fashion designer and so on. In the making
of each of these engineering drawing is the medium.

Thus Engineering Drawing is the language of all engineers, architects, textile designers, fashion designers and many others. This is used right from
conceiving the design of any product, be it consumer or industrial, up to the mass production stage and beyond for renovation and redesign. The
subject of Engineering Drawing finds its use in Architecture, Engineering, Fashion Design, Interior Decoration, Textile Design, etc.

With the advent of computers in all spheres of knowledge, Engineering Drawing has also become compatible with computers. With the application
of CAD (Computer Aided Design), the subject is now known as Engineering Graphics. CAD enables a product to undergo design changes necessiated
by factors such as functionality, aesthetics, ease-of-handling, strength, obsolescence, etc. Using CAD, prototypes can be tested, design changes
examined and comparative study made in no time. Requirements such as the amount of material needed, its dimensions and costing are done
instantly. This has made Engineering Graphics indispensable.

The subject is taught at the Senior Secondary level as prescribed by the syllabus of the CBSE. Though many good books by Indian and foreign
authors are available, and recommended hither to, for the first time, the CBSE has undertaken the task of writing the textbook for class XI and
class XII customizing to the exact requirement of our prescribed syllabus, with the assistance of a team of experienced experts and teachers drawn
from its affiliated schools and Government technical institutions of repute. The books have been written with an interactive approach, evolving the
subject matter from known-to-unknown, relating it to everyday life situations, motivating children to learn the advanced aspects of the unit,
reinforcing the acquired knowledge by repacitulation, drilling exercise, etc.

In this textbook of Engineering Graphics for class XI, students will learn about Plane Geometry, Solid Geometry and Machine Drawing, which includes
Orthographic Projections, Isometric Projections and Development of Surfaces. All these units form the foundation of the subject.

| would like to place on record my deep appreciation for all the subject experts and practicing teachers who have put in their sincere efforts in
the development of this textbook. Appreciation is also due to Mrs. C. Gurumurthy, Director (Academics) and Dr. (Smt.) Srijata Das, Education Officer
for planning and execution of the work and bringing out this publication.

It is hoped that students and teachers will benefit by making the best use of this publication. Suggestions from the users for further improvement
of the textbook will be highly appreciated.

VINEET JOSHI
Chairman, CBSE
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- THE CONSTITUTION OF INDIA
Preamble '
~ We, The people of India, having solemnly resolved to constitute India into a' (Sovereign Socialist Secular democratic
republic) and to secure to all its citizens : : ' : ' '
Justice, Social, Economic and Political;
Liberty of thought, expression, belief, faith and worship;
Equality of status and of opportunity; and to promote among them all
Fraternity assuring the dignity of the individual and the? (unity and integrity of the Nation); In our Constitutent Assembly
this twenty-sixth day of November, 1949, do hereby adopt, enact and give to ourselves this constitution.
1. Subs. by the Constitution (Forty-second Amendment) Act, 1976, sec. 2, for "Sovereign Democratic Republic (w.e.f. 3.1.1977)"
2. Subs. by the Consitution (Forty-second Amendment) Act, 1976, sec. 2, for "Unity of the Nation (w.e.f. 3.1.1977)".

Chapter IV A

FUNDAMENTAL DUTIES

Article 51-A

Fundamental Duties-It shall be the duty of every citizen of India-

(@) to abide the Constitution and respect its ideals and institutions, the National Flag and the National Anthem;

(b) to cherish and follow the noble ideals which inspired our national struggle for freedom;

(c) to uphold and protect the sovereignty, unity and integrity of India;

(d) to defend the country and render national service when called upon to do so;

(e) to promote harmony and the spirit of common brotherhood amongst all the people of India transcending religious, linguistic
and regional or sectional diversities; to renounce practices derogatory to the dignity of women;

(f) to value and preserve the rich heritage of our composite culture;

(g) to protect and improve the rich natural environment including forests, lakes, rivers, wild life and to have compassion for living
creatures;

(h) to develop the specific temper, humanism and the spirit of inquiry and reform;

(i) to safeguard public property and to abjure voilence;

(j) to strive towards excellence in all spheres of individual and collective activity so that the nation constantly rises to higher levels
of endeavour and achievement.












Chapter 1
LINES ANGLES LETTERS DIMENSIONING AND RECTILINER FIGURES

1.1 INTRODUCTION

You are welcome to the subject of Engineering Graphics. Though it is a new subject for us still we have studied a bit in our previous
classes. Let us recall the simple geometrical constructions where we have drawn them without much caring about the thickness of
lines etc. and written the steps of construction also. At this level of study we shall study geometrical constructions again but here we
shall use proper lines to construct them and there is no need of writing steps of construction. We have studied systeme International
& units (S.1.Units). These units are used throughout the world. Similarly, many languages are spoken in the world and different dialects
are used for expression. We can understand few of them but not all of them. It will not be a surprising fact if we say that there is a
language which is understood by a class of persons, known as ‘Engineers’ who speak the same dialects and understand each other
very well. This is the universal language of Engineers known as ‘Engineering Graphics' In Engineering Graphics we use different lines,
symbols and conventions. Each line, symbol and convention has a definite purpose and sense to convey. Thus, we can say that
Engineering Graphics is the language of Engineers. It is a graphic representation of thinking, planning and a language of every
technical person who uses to communicate his ideas clearly to other technical persons. In the age of automation, Engineering
Graphics has greatly developed. Without the fundamental knowledge of Graphics a student cannot succeed in Industry. There are
many uses of Engineering Graphics in practical field, especially in modern industry. These Engineering Graphics are widely used in
Mechanical, Electrical, Electronics, Automobiles, Marine, Aeronautical, Chemical, Computer and instrumentation industry etc. In Civil
Engineering and Architecture, Graphics are used to draw top view and front view of buildings and structures.
In this chapter we shall learn about the basics of this universal language of Engineers. In Engineering Graphics we make extensive
use of various types of lines, symbols and conventions (standard symbols). We shall learn about the standard letters and Numerals.
These letters and Numerals are very necessary for writing notes, dimensions and the information needed on Graphics. Lastly, we
shall undertake some simple constructions on rectilinear figures such as angles, triangles, quadrilaterals and polygons. We will also
learn about dimensioning as it is an important aspect of our subject ‘Engineering Graphics. These methods dimensioning allows a
standard shape and size of the product to be.
ACTIVITY
Measure the size of your books, note books and files etc. Draw a rough sketch of these in your sketch book and write their sizes.
2.  Collect different types of cartons of consumer goods such as : Medicine cartons, Tea cartons, Chocolate cartons, Toothpaste
Cartons etc. Identify their shapes and note them in the sketch book.
3. Note down the different shapes of your rooms in your house, Measure their length, width and height. And write these
measurements in your sketch book.
4. Note different types of rectilinear figures in your study room such as note books, geometry box, pencil set, square etc.
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Lines, Angles, Letters, Diméhsibh’ing and'ﬁectilinekﬁFigures :

'121 LINES

First of all we shall study about the quallty and use ofdlfferent Ilnes, symbols and conventions WhICh we shall use at this stage
We shall come to know about different pencils used for this purpose.
These lines are black (Bold), medium and thin. In Engineering graphics we use the term ‘Thick’ ‘Extra wide’ and ‘wide' for these lines.
The General ratio of these lines is 4 : 2 : 1. For drawing these lines with pencil, we use ‘HB; ‘2H" and ‘4H’. These pencils are used with
equal pressure of hand. When we are confident and habitual with the quality of these lines, we can use a single pencﬂ of 0.3 mmor0.5
mm and get the same result by applying different pressure on the pencil.

It will be interesting to not that all lines should be sharp, distinct, and uniform in thickness and according to the type of line to be
used.

Now let us learn more about these lines.

1.  Continuous thick line : It is used as a boundary line of the drawing sheet and title block lines at the bottom of the drawing
sheet. For showing the end of threaded portion and visible out lines of the object, so that the form of the object is at once clear.
It is also known as object line.

2.  Thin continuous line: This line is used to show projection lines, dimension lines, extension lines etc. These are drawn continous
thin.

3. Given Line: It is drawn with medium thickness to show the given lines and angles.
(@) Construction lines : These lines are drawn for constructing drawings. These are continuous thin lines.

(b) Extension line : Extension lines are projected from the out lines at right angle to the boundary line to be dimensioned.
These lines extend at least 3 mm beyond the dimension line.

(c) Dimension line : This line is drawn thin and at a distance of 6 to 8 mm away from the boundary line and parallel to it.
Dimension line is terminated by the arrow heads on both sides touching projection line, extension line or centre line.

(d) Leader line: Leader line is an inclined line followed by a horizontal line. Numerals or notes are written on the horizontal
portion of the leader line.

4. Hidden Line : This line is used where outline is not visible at viewing surface. This line is represented by thick short dashes
evenly spaced. This line is a broken line, composed of short strokes of equal lengths (approximately 2 to 3 mm) and spaced at
equal distances (1 mm), must be used.
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'Enéinréé'rihg' Graphics

' CentrelaX|s line: Thls line is used to Iocate the center of arcles arcs and axis of cylmdncal objects This I|ne indicates the axis of'

symmetry like cyllndrlcal conical, spherical, circles, arcs and should be extended slightly beyond the views in which they are
applied. The centre line is drawn thin and is represented by long and short dashes evenly spaced approximately 1 mm apartin

a proportion from 6 : 1, to 8 : 1 or in other words long dashes are about 3 to 5 times longer than the shorter dashes, which are

taken about 2 mm long. Pitch circle lines are also shown by this type of line.

Short break line : This line is drawn thin with free hand for showing short breaks. It is thin curved (wavy) line. These are used to
show limits of partial or interrupted views and sections.

Long break line : This line is drawn thin and straight with evenly spaced free hand zigzags, is used for shortening of long parts,
which are same throughout or for showing long breaks.

Chain line: It is drawn with thin long dashes and dots (also with double dots) visible removed portions of the objects and with
thin long dashes and double dots in between to show the hidden (invisible) removed portions. These portions are generally
removed by cutting plane, in front of the viewing direction.

Cutting plane line: It is drawn thin and is similar to axis line but thick at ends and change of direction. This line indicates plane
of section and arrow indicates the direction of viewing.

Hatching lines : These lines are also called section lines. These lines are continuous thin lines drawn at an angle of 45° to the
main outlines of the sectioned portion. They are uniformly spaced and drawn 2 to 3 mm apart.

Refer Fig. 1.2 for reference on the next page
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Alloys (e.g. Brass, Gun metal).
Aluminum and its Alloys etc.

Lead, Zinc, white metal atc.
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1 7 ANGLES

If we Iook around in our school We will notice that our school playground is horlzontal and our school bU|Id|ng is standing vertlcal on

_ the ground. On some festivals you may have flown kites in the open sky. Have you observed that the thread attached to the kite is
neither horizontal nor vertical? It is inclined at some angle with respect to the ground and this angle changes with the magnltude of

the flying kite.

We have learnt in the previous classes that when two straight lines meet at a point they are said to form an angle We also know that

these angles are of different types. Let us revise what we have learnt in the previous classes.

1. An acute angle : The angle less than 90° is an acute angle.
(See Fig. 1.7.1)

2. Right angle : When one straight line stands on another straight line so as to make
the adjacent angles equal to each other, then we can say that one line
is perpendicular to the other and the adjacent angles are called right
angles.

(See Fig. 1.7.2)

10

ABC is an acute angle
Fig. 1.7.1

A N [

Angle ABC and Angle CBD are right angles
Fig. 1.7.2
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: 'Lihrers,iAVn'giés, VLettel"s; birhiéﬁsibh'ing and 'Récrti}inrekﬁFigtr)res' :
1.8 LETTERPRINTING

We have just learnt in our previous paragraphs about the lines. We have also learnt about their uses. Now, let us learn about the
letters. Like lines the letters and numerals are standardized, so that the words written in one country may be understood by the
people of the other country where the drawing is used for production, repair or for general maintenance.

It is aptly said that, “Small things make perfection, but perfection is no small thing”.
Letter writing is one of the “small things” which make or mar the appearance and perhaps the usefulness of a drawing.

The foremost step in an engineering graphics of course is a good practice in free hand lettering and dimensioning. Insistence upon
reasonable accuracy and conformity to the standard then set in all subsequent exercises soon engenders the right attitude to this
important branch of the work. Without neat conventional letters and figures a drawing is offensive to a trained eye.

We can divide the letters broadly in two types. first is ‘Upper Case Letters’ and secondly into ‘Lower Case Letters. We can also say
‘Capital’ and ‘Small letters.

Similarly, the ratio of height and width bears some ratio. Generally it is 7:4 or 5:4, except for some letters such as I} ‘j; ‘M; and ‘W,
which is 5:1, 5:3 and 5:5 and 5:5 (or 7:1,'7:3,7:5"and '7:5). It is not always necessary to adhere to these ratios. According to the space
available the letters can be expanded or compressed. The writing of these letters may also vary from person to person. The letters are
written either by free hand or with the help of ‘Stencils’ Thus, we can say that process of writing the capital alphabets (A, B, C, D, ....Z),
small alphabets (a, b, ¢, d, ....z) and the Numerals (0, 1, 2, 3, 4, ....9) is known as Letter Printing.

Now, we shall learn about the correct formation of letters as are printed on the Engineering Graphics. We shall also learn about the
correct ratio between height and width of these letters.

Now, let us learn about the ‘Capital’ and ‘Small letters’ along with the ‘Numerals' Before writing these letters we should be familiar
with the height, width and shape of these letters as used on the drawing. For main title we take height of main title as ‘6 mm);, for sub
title height may be ‘4 mm’and for any other title or dimension it can be 2 mm’.

Generally, we use single stroke letters. The word single stroke should not be taken to mean that the letter should be made in one
stroke without lifting the pencil. It actually means that the thickness of the line of the letter should be such as is obtained in one
stroke of the pencil. (See Fig. 1.8.2 & 1.8.3)

13
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It will be interesting to note that there are six fundamental strokes only. It is an l‘ &‘ ‘7 Q D

enough proof that single stroke gothic letters are very simple to write. These basic N

strokes are as given below : ' —~
MW RS
- - f \ )

Six Fundaméntal Stroke
Fig. 1.8.1

The vertical letters look beautiful and easy to read. Therefore, we shall learn more about these letters here, later you can go for
slanting letters also. Slanting letters are written in the same fashion as the vertical letters, the only difference is the angle of slant,
which is 72°. These slanting letters are also called italics letters.

For writing ‘Capital’ or ‘Upper Case Letters’ divide the height into two equal halves and then write the required letters keeping in mind
the ratio of width to the height.

Before printing these alphabets, it will be of much use if we draw guide lines. For printing capital letters mainly two guide lines are
drawn. The lower line is called ‘base line” and the upper line is called the ‘Cap line’ or ‘Capital line’ It will be much easier for us if a
‘middle line'is also drawn for our convenience.

Before writing letters we must know about the RULE OF STABILITY:

In the construction of letters, the well known optical illusion in which a horizontal line drawn across the middle of a rectangle appears
to be below the middle must be provided for. In order to give the appearance of stability, such letters as B, E, K, S, X, and Z and the
figures 3 and 8 must be drawn smaller at the top than the bottom. To see the effect of this illusion turn a printed page upside down
and notice the appearance of the letters mentioned.

It will be interesting to note that these strokes are drawn from top to bottom and from left to right. It is also very important to note
that the first requirement in lettering is to hold the pencil correctly. The pencil should be held comfortably with the thumb, forefinger
and second finger on alternate flat sides and third and fourth fingers on the paper. Vertical slanting and curved strokes are drawn
with a steady, even, finger movement; horizontal strokes are made similarly but with some pivoting of the hand at the wrist. Exert
pressure, which is firm and uniform but not so heavy as to cut grooves in the paper. To keep the point symmetrical, form the habit of
rotating the pencil after every few strokes.

14



~Lines, Angfes, Letters, Dimensioning andirﬁécﬁlihéizﬁgurés ——

Vertical strokes are made entirely by finger moments Horizontal strokes are made by pivoting the whole hand at the wrist; fingers
Fig. 1.8.2 move slightly to keep the stroke perfectly horizontal
Fig. 1.8.3

The following capital letters are arranged in family groups. Study the shape of each letter, with the order and direction of the strokes
forming it and practice it until its form and construction are familiar to you.

Let us first take ‘I; “H; and ‘T’ group : The letter I’ is the foundation stroke. We shall find it difficult to >
keep the stems strokes vertical. If so draw direction lines lightly. The ‘H’ is nearly rectangular and the 1 2
cross bar is just in centre. The top of ‘T’is drawn first to the full width and then the stem isdrawninthe [
middle vertically. (See Fig. 1.8.4)

N

Note the direction of fundamental
horizontal and vertical strokes

2 Fig. 1.8.4
Second group is of ‘L, ‘E’ and ‘F’ group : The letter ‘L’ is made in two strokes The first two
1 m’ " . . .
- 4 1 - strokes of ‘E’ are the same as for the letter ‘L’ and the third or upper stroke is slightly shorter
"' ! than the lowest stroke or may be drawn equal. The third stroke will be two third of the longest
3 : 3 stroke and drawn in the middle of the letter. The letter ‘F’ has the same proportions as for the
letter ‘E’ except the lowest line. (See Fig. 1.8.5)

Note the successive order of strokes
Fig. 1.8.5

15
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~ The th'ii:'d group of letters consist of ‘N Z, "X’and ‘Y’ : For drawing letter N

the parallel sides are drawn first and then the slanting line is drawn. For the

;
7

letter’Z'top and bottom horizontal lines are drawn first and then the slanting 3

/.

=3
LS

~ line is drawn. for drawing letter'X'for beginners it will be better if four points

y £

at the width of the boundary are marked and then joined diagonally. For

/

—
)
4

writing Y; draw half ‘X’ and the junction of the 'Y’ stroke is at the centre. (See

Fig. 1.8.6)

(=

#:

Note that Z and X are smaller at the top than at the bottom, in accordance
with the rule of stability.

The horizontal line of ‘A’ is one-third from the
bottom; the second and third strokes of ‘K’ are
perpendicular to each other.

Figure 1.8.7

The fourth group is of ‘M’ and ‘W’ : These two letters are the widest of all letters. ‘M’ may be
made in consecutive strokes or by drawing the two vertical strokes first, as with the ‘M, ‘W'is
formed of two narrow Vs, each two third in width of the letter. Note that with all the pointed
letters the width at the point is the width of the stroke. (See Fig. 1.8.8)

Fig. 1.8.6
\ \
K / A 1 BV The fourth group is of ‘V;, ‘A’and ‘K’: ‘V'is of the same width as ‘A’ The ‘A’ bridge is one third up
1 \ I 2 1/}\\2 from the bottom. The second stroke of ‘K’ strikes the stem one third up from the bottom, the
\w\fv ;l 3 \; | \\I third stroke branches from it in a direction starting from top of the stem. (See Fig. 1.8.7)
| SRS JHEL 88 4

‘M’ and ‘W’ are wider than the other letters by one unit.

Fig. 1.8.8
The sixth group is “O; ‘Q’" ‘C"and ‘G’ group : In this group letters are mde as full
P/??ﬂ P/??ﬂ A - circles. The‘O’is made in two strokes, the left side is a longer arc than the right,
— % Eg_éé B\& - =7 as the right side is harder to draw. Make the kern of the ‘Q’ straight. A large size
R =ZHR n ‘C’and‘G’can be made more accurately with an extra stroke at the top. Whereas,
in smaller letters the curve is made in one stroke. Note that the middle bar in‘G’

AllThese lofisrs are basad o the drils is halfway up and does not extend past the vertical stroke. (See Fig. 1.8.9)

Fig. 1.8.9

16



~Lines, Angles, Letters, Dim'éhsibﬁihg and 'Réctilineiéﬁgures :

2
The seventh group of letters is ‘D; ‘U’and Y’ is : The top and bottom strokes of ‘D’ must - ‘4 ]
~ be horizontal. Failure to observe this is a common fault with the beginners. Letter‘U’is ] 4] > Il
formed by two parallel strokes to which the bottom stroke is added, in smaller letters v v 3
it may be made in two strokes curved to meet at the bottom. ‘J’ has the same IENY
construction as ‘U’ with the first stroke omitted. (See Fig. 1.8.10) = , 5 ~, IR NwE
Lol Lol i These are made with combinations of straight and curved strokes
> Fig. 1.8.10
1 i ;\3 1 ;\3 3 ° The eighth group is ‘P ‘R” and ‘B’ group : With ‘P; ‘R’ and ‘B’ the number of strokes
4 > ¥ J —— depends upon the size of the letter. For capital letters the horizontal lines are drawn
+ 3 . 5 v p and the curves added, but for smaller letters only one stroke for each to be added.
— 6 The middle line of ‘P’and’R’are on the centre line. For ‘B’ observe the rule of stability.
| | (See Fig. 1.8.11)

Note the rule of stability with regard to R and B
Fig. 1.8.11

The ninth group consists of ’S; ‘8" and ‘3’ group : This
group is closely related in form. The rule of stability may ] 1
be observed carefully. For capital ‘S three strokes are 1 ;
used, for a smaller one, two strokes and for a very small > ),_
size one stroke only is best. The ‘8" and ‘S’ are similar in
construction. These letters are made in three strokes. Or | K

in “head and body” in four strokes. A perfect ‘3’ can be — v *ﬁ"
finished in ‘8’ (See Fig. 1.8.12) [ ||

A perfect S and 3 can be completed to a perfect 8.

=

p el 1

) VY
\
4

13 a\ i/‘
K
\

\co

-
oW

\ /2
P~

l Fig. 1.8.12
AR AN A
| . (K?, 1 2| The tenth group consist of ‘0; 6" and ‘9" : The numeral ‘O’ is five-sixth the width of the
A )1) O letter, is an ellipse. The backbones of ‘6" and ‘9" have the same curve as of ‘0’ and the
"/ -’ 4 Nt 4 lobes are slightly less than two-thirds the height of the letter. (See Fig. 1.8.13)
\ \

The width is bit lesser than the height
Fig. 1.8.13
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 The eieventh group consrsts of ’2’ ’5’and ‘7”&’4 1. The secret in makmg the 2 hes in gettlng the reverse curve to cross the centre of =

the space. The bottom of 2’ and the top of '5'and ‘7" should be horizontal ; straight lines. The second stroke of ‘7' terminates dlrectly ,
below the middle of the top stroke. Its stiffness is relieved by curving it slightly at the lower end. The ampersand (&) is made in three

strokes for large letters and two for smaller ones and must be carefully balanced. The numeral 4) will be wrltten by horlzontal B

vertical stroke and numeral 1 will be written by vertical and slant stroke. (See Flg 1.8.14)

\ 1] |
PRy ST 1 } 1 1 i 4
N AT > > ||
7 B — AREEY/ ( InEnY)
/ 2[q > Al | IRV,
N\ / 4 ’ 4 \d \4 1
4 d \ \'3 A 2
K ~ Js ] /2 g 33 4 ==
s f 2 \\ 4 NP4 b i1 1
! K pd |
Fig. 1.8.14
SOME EXAMPLES
VERTICAL ALPHABETS
12 — L = L = T Cap line
3
| — lI Middle line
3 3
— Base Line
1 2 3 S 12
|
v
1 —
1 1—> |
2IN4
I 1 1 /:
3! 1
3 \%' ] B B \1'3

Fig. 1.8.15
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234567890

Fig. 1.8.17

ITALICS ALPHABETS

CCCCCCC

Middle line|

« =~
gw
« N

Fig. 1.8.18

g A W R B

ﬂﬁﬁﬁﬂ@@@@

Fig. 1.8.19
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Fig. 1.8.21

goramco

2 T [ . ' .
s foehiikc Waist line Cap line
CE

. @ S

Y, y N 7 < \ ARS8 y H / H
N OP Qrs T UYVWX Y OI'YZ Base line Drop liney
= Basic forms form lowercase letters. For standard letters,
Lowercase Letters the waist-line height is two-thirds of capital height; capital
Fig. 1.8.22 Line and drop line are therefore one-third above and
one-third below the body of the letter.

Fig. 1.8.23

28 2,8 112 1 1 1
|l A]] /k\3 1] V- W X *y V4
= 4 =

The straight-line inclined lowercase letters. Note that the

P @ CIrld @l Qe

center lines of the letters follow the slope angle. The loop letters. Note the graceful combination
Fig. 1.8.24 of elliptical body, ascenders and descenders.
Fig. 1.8.25

Form of curved-stroke inclined capital. The hook letters. They are combinations
The basic shape is elliptical. of ellipses and straight lines.
Fig. 1.8.26 Fig. 1.8.27
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The ellipse letters. Their formation is basically elllptlcal.

Fig. 1 .8.28

~ ITALICS LOWERCASE LETTERS

gabcaefghnijKkimmmy

OPpP gIrSITUVWXVyZ

~ Fig. 1.829

@njul@xﬂ@/lg/zgam:lm

N QO qirs T GV WX S OF'Y 4

Fig. 1.8.31

Cap Line
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Italic Vertical Letters
Fig. 1.8.32
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1 9 FOR LEFTHANDERS ONLY

- The order and direction of strokes in the preceding alphabets were - [T
,r,deslgned forrighthanded persons.The prlnapal reasonthatlefthander [ Z
sometimes find lettering difficult is that whereas “the right hander ==

;@:
IS
o
| @;
o
ds)

progresses away from the body, the left hander progresses toward the =3

body” consequently, the pencil and hand partially hide the work done - - - CRTI

making it harder to join strokes and to preserve uniformity. /; 2\ T L) P . \tﬁ f& [ m 1T - f f
For the natural left hander, whose writing position is the same as a ll?\ ) LJ,31 =5/ E kj.:‘

right hander except reversed left for right, a change in the sequence 1 . - - 2

of strokes of some of the letters will obviate part of the difficulty 1 f f/ o \ T \ 1s - f = ')";p fs
caused by interference with the line of sight. For example for letter A\, /\\ \ o

\3/ \/v

—

1 i 2 ¢ TR
Ol dl C d&T] ¢ Mﬁl\ ARNNYNa2

NOP I s T UVWX Y OI'YZ

Fig. 1.9.1

T HANDERS ONLY

N LTI T )
LGl =1 & T/

T

R Fig. 1.9.4
LA b e Nf L) LD )
J N[ VI TV U [0 ‘E’the top bar is made before the bottom bar and ‘M’ is drawn from
o o left to right to avoid having strokes hidden by the pencil. Horizontal
;%) g /’ ”L//f 1/ /'//V //\r\\/ y portions of curves are easier to make from right to left, hence the
., P starting points for‘O;‘Q; ‘C, ‘G’ and ‘U’ differ from the standard right
47 ?2 2 3 54//4; 5 hand stroking. 'S’ is the perfect letter for the left hander and is best
L. made in single smooth stroke. The figures ‘6’and ‘9’ are difficult and
A 778 017 A require extra practice. In lower case letters ‘a, ‘d’‘g’and ‘qit is better
VN0 NeRv/ U 4 to draw the straight line before the curve, even though it makes
Fig. 1.9.2 spacing a little hurdle. (See Fig. 1.9.1. to 1.9.4)
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1.5.2 Essentlals of good Iettermg

1.

il

SV A WN =

il

24

Acquire a thorough knowledge of all types of Ietters the general shape proportlon and de5|gn and direction of the strokes
used to produce it.

Learn to compose letter in formatlon of words and see that spacing is proper and uniform.

Practice consistently and conscientiously.
Lettering for titles and sub-titles should be written in guided lines.

.5.3 Some important points which should be kept in mind while writing these letters and numerals :

These letters should be written by a single stroke of pencil and no sketching is done.

All letters should be uniform in shape, size, stroke, shade and spacing.

The shine and boldness of the letters and numerals should be the same.

The letters should be legible and uniform in height and width, except for the letters ‘I, J“M’and ‘W-.

The letters can be written in the expanded or compressed form according to the space available for writing.

The space between two letters must be kept uniform and a gap equal to twice the thickness of the letter may be kept between
two except when writing : LT, AV, PA, LY, AT, TV, etc. Similarly, no gap is to be given while writing : AWA, ATA, PAT, AVA, AYA etc.
The space between two words may be equal to the width of one letter.

The line thickness for small and cepital alphabets shall be the same.

The guide lines should be drawn with ‘4H’ (Thin lines) and unnecessary lines may be rubbed off.

ACTIVITY

Write in capital letters on your notebook the following things :
(@) Your name

(b) Class

() Roll No.

(d) Subject and

( Name of the School

Write the following paragraph in ‘Capital’ and ‘Small’ letters :

“Your application for a job is your ambassador. It reaches before you reach a firm for a job. It discloses everything about your
personality. Therefore, always write in a good hand.”
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-~ Lines, Angles, Letters, Diméhsibh’ihg and 'Réctilinekél-"igures :

- ~ TEST YOURSELF / ASSIGNMENT
How many types of ‘letters are there?
What do you,under'sta'n'd by ‘letter printing’?
Write the following sentence into Capital and small letters :
“Engineering Graphics is the language of Engineers”. 7
Write the following letters and numerals in the single strbke gdthic letters:
“The height of main title may be taken as 6 mm, subtitles as 4 mm and any other title or dimension in 2 mm".
Write the name of guide lines as used for capital letters and for small letters.
What points should be kept in mind while writing single stroke gothic letters?
How we can write beautiful and legible letters ?
What is the ratio of height and width in capital letters ?
What is the ratio between height and width of small letters? How we should divide the height for small letters ?
How much gap between two letters and two words may be given ?
Explain the rule of spacing between the letters.
Write in capital and small letters the following lines :

“The letters and numerals are written with a conical blunt pencil, these consist of horizontal, vertical, inclined and curved
strokes to give the required letters.”

25
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1 10 LIST OF DRAWING EQUIPMENTS AND MATERIALS

We have seen that mason uses different materials and tools to construct a house. A carpenter uses dlfferent types of wood and tools
to make furniture etc. Similarly, Engineers use different materials and tools for drawing Engg. graphics.

A person generatlng a drawing needs particular type of materials and equipments to draw drawing neatIy, convenlently and wnth
less labour. Thus, he saves a lot of energy and time. The quality of drawing produced is also of good quality.

These instruments and material may be purchased under the guidance of your Engineering Graphics teacher or from, a standard
stationery shop to ensure quality and usefulness.

List of Materials and Equipments required at this stage of learning.

b

o ts e Ml

11.
12.
13.
14.
IS5

16.

26

Drawing Board of half imperial size. (24" x 15”) or (615 mm x 39 mm)
Drawing sheets of imperial size and of good quality. These can be cut into half imperial size by thread or a paper cutter.
Ya Imperial size Sketch Book.

Pencils :'HB’,"2H"and ‘4H; (later a single mechanical pencil using leads of ‘0.3 mm’or‘0.5 mm’can be used, a pencil lead box filled
with leads is also needed).

A non-dust rubber of good quality. 5 (a) Erasing Shield

Scales of ‘150 mm’and ‘300 mm!

Two compasses with the facility of bending arms. One compass for holding ‘B’and other for ‘2H’ pencil leads.
One divider with needles at two ends.

Set squares having angles of 45°, 90° and 45° of 135 mm in length (length of hypotenuse) and 30°, 90° amd 60° of 175 mm in
length, made up of good quality cellouse.

Drawing board clamps, clips, pins or cello tape for fixing the drawing sheet.

One protector of semicircular shape of 50 mm radius made of plastic.

A piece of 0° sand paper or a fine file or emery paper for sharpening the pencil lead.
A pencil cutter, sharpener or pencil machine cutter.

A small paper knife or some stitching thread to cut the drawing sheets etc.

A handkerchief or clean duster or a clean hand Towel to clean the instruments or remove dust from the drawing sheet or for
removing the rubber dust .

Pencil leads of ‘B’and ‘2H’ for fixing in the compasses.
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17 Drawing file of half imperial size or a round plastic box or a shuttle cock box for keeping drawing sheets.
18. A small circle plate or circle master for drawing curves and small circles.
~ 19. Tee-Square, Roller drafter or a Mini-Drafter for using on a half imperial size drawing board.

1.11 DRAWING BOARD

Drawing board is a rectangular smooth surface made of some soft wood strips such as : Yellow Pine, white Pine, Oak, Linden, Red
Cedar, Kail or Basswood. These wooden strips are cleated at the bottom and two rectangular wooden battens are screwed to check
wrapping. A working edge made of ebony wood is provided on the left edge of the board. The T-square slides along this edge. For
more smoothness of the working surface of the drawing board may be laminated. (See Fig. 1.11.1 & 1.11.2 below)

FRONT SIDE EYW"M BACK SIDE

Fig. 1.11.1 Fig. 1.11.2

EDGE

(@) On the flat surface of the drawing board the drawing sheet is fixed.
(b) If mini drafter is used than it can be fitted on the upper left hand corner.

(c) The Tee-square can be used by tightly sliding butt against the left hand ebony edge of the drawing board and blade can be
used to support set-squares or for drawing horizontal lines.
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= These are used to draw the graphlcs on them GeneraHy a ha‘lf |mpenal size drawmg sheet is enough to be used at thIS stage The =

half |mper|al size of drawmg sheet is 420 mm x 594 mm in size. White sheets are used where the appearance is given more
consideration. The drawing sheet has two sides one is rough side and the other is smooth side. We generally use rough side so

~that pencil may give good impression. The drawing sheet should possess the uniform thlckness and of such a quality that the' =

erasing effect should not be there.
Uses:
(a): It is used to draw the final layout of the drawing.

(b) The prepared draWing Iey outs can be stored for future use.
1.12 QUARTER Y IMPERIAL SIZE SKETCH BOOK

This Sketch book may be used as rough note book for Engineering Graphics work. The class notes of Graphics may be made in this
Sketch Book. It will be much useful at the time of examination as we have not to look in other note books about the important
Graphics or notes etc. made previously. On the more, this note book keep a tab on what we have learnt in the class or elsewhere.

1.13 PENCILS/MICRO TIP PENCIL / MECHANICAL PENCIL OR CLUTCH PENCIL

Itis rightly said that a good quality pencil can produce a good quality drawing. It will be much better if all the pencils are of the same
manufacturer. We have noticed that at one end of the pencil HB, 2H or any other number is written. We should know that the numeral
denotes the degree of softness or hardness. ‘H’stands for hardness and ‘B’ for blackness. Thus ‘HB’ stands for hard black pencil. These
pencils are available from ‘OH’ to ‘7B’ grades. There are two medium grade pencil ‘HB and ‘F’ also available in the market. These pencils
are sharpened in the ‘Conical’ or ‘Chisel’ shape according to the necessity of the drawing. Then the use of mechanical penal/clutch
pencil would be introduced. (See Fig. 1.13.1 to 1.13.4)

Drafting Pencil
Fig. 1.13.2

(j W Common Pencil Points
pu— 5

Fig. 1.13.4

Sharpening and cleaning the lead of the Pencil
Fig. 1.13.1

Mechanical Pencil
Fig. 1.13.3

28



EXTRA INFORMATION ABOUT THE GRADES OF PENCIL _

Pencil/

Soft Grade

Medium Grade

Hard Grade

Grade

Artist Work

Drafting Work

Precise Work

9H
(Very Hard)

8H
(Very Hard)

7H
(Very Hard)

6 H
(Hard)

5H
(Hard)

4H
(Hard)

3H
(Medium Hard)

2H
(Medium Hard)

H
(Medium Hard)

F
(Faint)

H.B.
(Hard Black)

B
(Black)

‘®

2B
(Black)

(o

3B
(Medium Black)

4B
(Medium Black)

6B
(Very Black)

(®
o
RO
O

7B < >
(Very Black) ‘
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Rubbers or erasers are available in different types of hardness and abrasiveness.

 For us a good quality soft rubber will serve the purpose. (See Fig. 1.14.1 & 2)

Erasing Rubber Erasing the lines
Fig. 1.14.1 = Fig. 1.14.2

1.15 ERASING SHIELD

Erasing is done on an engineering drawing by placing any suitable opening in the erasing
shielf over the work to be erased and rubbing with an eraser. Excessive pressure should not
be applied to the eraser to prevent the damage of the drawing. Care should be taken to hold
the erasing shield tightly to prevent it from slipping. (See Fig. 1.15.1)

1.16 SCALES Erasing Shield
Fig. 1.15.1

Scales are good for drawing work. These are transparent and scales of 150 mm and 300 mm in length
are enough. These are used for measuring sizes, lengths as the relative dimensions of the object are
transferred to the drawing. (See Fig. 1.16.1 to 1.16.3)

ULV PEL AT ALV AL ALV IAL VL IALVIAL AL LALVIAL P TLLIALV IAL ALY AL A LAV AL IR I,

FULC Ll L L e L] ey

PR R SR S St B f f [
300 mm scale 150 mm scale/ Architect Scales
Fig. 1.16.1 Fig. 1.16.2 Fig. 1.16.3
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Needle Point

Lead Point

A. Point Lengths

B. Sharpen on outside

Sandpaper

C. Bevel Point

Use of Compass
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~ A protractor can be used for making and measuring

such angles which cannot be drawn with set-squares.
Itis semi circular in shape and made up of cellouse. Itis
a good choice to draw angles correct up to one degree.
A protractor can be read from both the ends. The
circumferential edge of a protractor is graduated to 4°
or 1° division, which is numbered at every 10 intervals.
(See Fig. 1.21.1)

85

Protactor =/8 s e 5

Drawing Angles

Fig. 1.21.1

1.22 SAND PAPER OF 0° OR EMERY PAPER

Pull and roll at the
some time

Fig. 1.22.1

An emery or sand paper of 0° is used to sharpen the pencil lead into a
conical or chisel shape. A precuation may be taken that the lead powder
does not fall on the drawing sheet and spoil the drawing. Similarly, lead
powder should be cleaned from hands also before commencing the
preparation of drawing sheet. These precautions are very necessary to be
kept in mind to save the drawing sheet from smudging. (See Fig. 1.22.1)
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Paper Cutting Knife i Clothes Stiching Thread
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Circle Stencil or Template 7




j \l'—working edge
Tt 7 Blade o |
/
; For hanging
Head

Transparent on nail
plastic/wood edge

~ Fig. 1.28.1

Given any line AB

Tri angle may
be used instead
of T-squre

-

(a) Move T-squre and Triangle to line up with AB

Fig. 1.28.5

Fig. 1.28.3

(b) Slide Triangle along T-square
Fig. 1.28.6

To draw a parallel line to a given line.

1.29 ROLLER

(c) Draw required line parallel to AB
Fig. 1.28.7

It is made of plastic or cellouse and available in 150 mm and 300
mm sizes. With its help parallel lines at any angle can be drawn
along with horizontal and vertical lines. It can be said that itis all in
one. It is very convenient to carry and use. Thus, it is gaining
popularity with Engineers and architects. (See Fig. 1.29.1)
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Roller
Fig. 1.29.1



Drawing Board

Drawing Board

' shde on these rlght angled scales for drawmg paraIIeI L
orinclined lines. It obwates the use of a separate = Bar Linkage

— f'squairé;'p{o[t?a"ct'o'r,'—s’ef-f uares and scale. Thus, savinga

Draftmg machme or mlm draﬁer = i s
e lot of energy and time in drawing good graphics.“Always

Protractor

Graduated

~ Drawing Sheet
7 — Fig1.30.2 -
~ keep in mind that the zero of the adjustable circular disc marking should coincide when its scales are in horizontal and vertical
~ position. The fixed end should tightly fit with the edge of the drawing board and should not move with the movements of the scales.
(See Fig. 1.30.1 & 2)

- 1.31 INSTRUMENTBOX

Instrument Box
Figure 1.30.1
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132 HOWTO KEEP DRAWING SHEET CLEAN

Always clean your hands and instruments before fixing the drawing sheet.

Hands should be fréquéhtly Wiped'With clean handkerchief or with a clean piece of cloth during the dfawingWOrk. —

The set squares may be lightly moved with the finger nails while using.

Clean pencil smudge with a clean cloth

The rubbed powdér of pencil is removed away from drawing sheet jUst to save the drawing from smudging.
Drawing sheet should be erased with a soft rubber only when it is very necessary to rub off the extra lines.
Remove rubber dust with a clean piece of cloth or with a clean handkerchief, never wipe them off with hands.
A clean piece of cloth or paper may be used as a hand rest, while printing or lettering.

Do not keep anything or article on the drawing sheet especially utencils or containers etc.

While not using the drawing sheet, may be covered with a cotton cloth or wide paper.

Avoid unnecessary rubbing of lines.

Do not touch drawing sheet with direct hand.

1.33 ACTIVITY

For getting good results from your drawing board, cover it with a drawing sheet or with a thick sheet of paper. Use cello tape or
drawing pins to fix it on the drawing board. By doing this we avoid the drawing pencil to move in the drawing board’s wooden
grooves and will give smooth lines.

Take a line AB=50 mm long. Now with the help of protractor draw angles of 72" at both the ends.
Construct a regular hexagon of 60 mm side with the help of set squares.

Divide a straight line AB = 100 mm into ten equal parts by measuring 10 mm in your compass. Try the same activity with the
help of a divider also.
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11.
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— — — - 134 TESTYOURSELF
Why drawing instruments are needed for drawing ?
’What' is a mini drafter? |
Write the important drawing instruments and their uses in drawing ?
What preéautions may be takén for drawiﬁg a clean and rneat drrawing?
What are the common grades of pencil available in the market? What do the letters on them indicate ?
What we mean by ‘H; HB or ‘B’ pencil ?
What angles can be drawn with a pair of set-squares?

What grade of pencil may be used in compass for a particular grade used for drawing straight line to get the same shine and
brightness?

How parallel lines can be drawn with a pair of set squares? Draw parallel lines at a distance of 25 mm.
Where a divider is used ?

Fill in the blanks with appropriate words :-

(instruments, horizontal, eraser, protractor, vertical-horizontal and inclined lines), (vertical, Parallel and inclined lines), (Compass),
(Divider), (Tee-square, Protractor and a scale)

(@) Toremove unnecessary lines we use ..........
(b) To make an accurate drawing we use ..........
(c) To measure angle/angles on a drawing we use .............

(d) We use Tee-square for drawing ............ lines
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1 35 DIMENSIONING

We aII wear cIothes These are either readymade or speC|aIIy stitched by a tailor for us. When we visit a tallor shop for gettlng our

-~ clothes stitched. The tailor measures our cloth with a measuring cloth tape and also takes our body measurements. After few days,he

delivers our stitched clothes, which are fully made according to our need and body measurements. Nowadays we also see that new
buildings are coming up but they are made up to a specific height. These buildings are made on an alloted piece of land. Rooms,
- shops furniture and engineering products are made according to some map, which is nothing but a blue print of a future structure
made accordlng to some measurements. Dimensioning i is a must for the technlaan who is making it. Similarly, all things are produced
by some measurements according to the need and purpose.

This measurement is done according to some system. In most of the countries the ‘Metric System’ of measurements is used. But in
some countries ‘FPS System’is followed. So, it becomes very necessary for us to know about the conversion of one unit in to another.
Here we will learn about the units of ‘Metric System’ and later we shall learn about the conversion of ‘FPS System’into the ‘Metric
System.

METRIC SYSTEM

10  Millimeters (mm) = 1 Centimeter (cm)

10 Centimeters (cm) = 1 Decimeter (dm)

10 Decimeters (dm) = 1 Meter (m)

10 Meters (m) = 1 Decameter (dam)

10 Decameters (dam) = 1 Hectometer (hm)

10 Hectometers (hm) = 1 Kilometer (km)

Also’1 km'=1000 m

CONVERSION

1 Inch = 25.40 mm
12 Inches = 1 Foot = 30.48 cm = 304.8 mm
36 Inches = 3 Feet = 1 Yard = 0.91 Meters
1760 Yards = 8 Furlongs = 1 Mile
1 Mile = 1.61 km

43

~ Lines, Angles, Letters, D/menSIomng and Rectiliner Figures



'Enéinréé'rihg' Graphics

~ After learning the units of measurement, we shall learn about the ways of dimensioning the objects. We know very well that when
we have to get anything made according to our need we have to give some specific dimensions to suit our need. Similarly, drawings
are exchanged from one country to another or we can say that sometime the drawing is made in one country and the product is
manufactured in another country. This makes it a necessity to specify the dimensions on the drewing. Thus we can say that dimensiong
is a numerical value expressed in appropriate units (here it is millimeters) of measurement and indicated graphically on technical
drawings with lines, symbols and notes.

1.36 ELEMENTS OF DIMENSIONING

Now, we shall learn about the elements of dimensioning. These include projection lines, Dimension lines, leader lines, dimension line
termination, the origin indication and the dimension itself.

(@) Dimension lines : These are thin continuous thin lines. These are terminated by arrowheads touching the outlines, extension
lines or centre lines.

(b) Leader lines: A leader or a pointer is a thin continuous line, connecting a note or a dimension figure with the feature to which
it applies. One end of the leader terminates either in an arrowhead or a dot. The arrowhead touches the outline, while the dot
is placed within the outline of the object. The other end of the leader line is terminated in a horizontal line at the bottom level
of the first or the last letter of the note. The leader is never drawn vertical or horizontal or curved. It is drawn at a convenient
angle of not less than 30° to a line to which it touches. When pointing to a circle or an arc it is drawn radially. Use of common
leader line for more than one feature should never be made.

(c) Extension lines/Projection lines : These lines are thin continous lines drawn in extension of an outline. These lines extend by
about 3 mm beyond the dimension line.

1.37 ARROW HEADS

An arrowhead is placed at each end of dimension line. There are various type of arrow heads. The pointed end of the arrowhead
should touch an outline or an extension line or a centre line. It is drawn free hand with two strokes made in the direction of its
pointed end.

Note : There are two types of dimensions one is size dimensions and another is location dimensions. It is shown in this figure.
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Closed

Oblique stroke
Open (90°)
Small open circle
Closed and filled
Open (20°)

A Good Arrow is closed and filled. its
ratio ie length /width is 3:1

To show radius of a circle or an arc

To show diameter of a circle

To show a square [] orsq.

To show a sphere The word SPHERE or 'S’ should precede ‘R’ or ‘@’ or
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-~ Lines, Angles, Letters, Dim'éhsibﬁihg and 'Réctilineiéﬁgures :

'I 413 METHOD OF SHOWING DIMENSlONS

First draw extension llnes at right angle to the boundary or outline of the object, so that these touch the outllne at the other end.

- These lines extend at least 3 mm beyond the dimension line. Then dimension line is drawn parallel to the outline to be dimensioned
which is terminated by arrow heads at the ends. The numerical value is written in the middle at right angle above the dimension line
with a dark pencil. Also the dimension lines or numerals should not be drawn for written too close. They can be staggered, if many
dimensions lie near to each other. The dimension for an inclined line may be written parallel to it, to make it legible. The dimensions
in some cases may be written at some angle to be more legible and readable. For clarity sake, a distance of 8 mm from the outline or
from another dimension may be maintained. Also a smaller dimension may be written first and a bigger dimension afterwards.

The following steps will be useful, while writing dimensioning :-

1. Divide the object into elementary parts.

Dimension each elementary part (size dimension), individually.
Determine locating axes, surfaces, centre lines etc. separately.
Locate the parts (location dimensions), individually.

Add the overall dimensions.

MRS il o)

Complete the dimensioning by adding the necessary notes.
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-~ Lines, Angles, Letters, Diméhsibh’ihg and'ﬁectilinekﬁFigures :

154 GENERAL PRINCIPLES OF DIMENSIOING

According to IS:SP 46-2003, the following principles of dimensioning are recommended :

1.

o

o M CH A

11.
12.
13
14.

15.
16.
17.
18.

Avoid the unnecessary dimensioning; every dimension should be given in one view only. Avoid repeating the same dimension

in another view.
Each feature is dimensioned and positioned, where its shape shows clearly.
Each feature is dimensioned and positioned once.

As far as possible all dimensions should be given outside the view. Only where it is not possible to show outside than and then
only a dimension may be shown inside the object.

All the necessary dimensions of the parts must be written on drawing sheet to show the correct functioning of each part.
Mutual crossing of dimension lines should be avoided; it should be placed in such a way that they do not cross each other.
Dimension should be given in the view which shows relative feature more clearly.

Dimensions should not be placed too close to each other.

A centre line should not be used as dimension line.

Dimensions lines are placed outside the view.

Each drawing shall use the same unit (mm) for all dimensions.

Avoid the crossing of dimension lines and extension lines.

The function dimension should be placed directly on drawing.

Dimensioning for narrow space may be shown by reverse arrows, dots or by an inclined line at the extreme of the dimension
line.

Avoid dimensioning to hidden lines wherever possible.
Production and inspection methods should not be specified on the drawing, unless they are essential.
Dimensioning to a centre line should be avoided except when the centre line passes through the centre of a hole.

Dimensioning should be done so completely that further calculations or assumptions of any dimension or a direct measurement
from the drawing is not necessary.
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REASON FOR INCORRECT

212x 1. Arrow head nt proportionate.
2. Hole dimension shown in the figure.
Leader line does not ends horizontally.
3. Dimension '40' is too close.
4, Placing dimension methods
mix Dimension '4¢* is according o
40 20 aligned method.
should be placed cutside view.

1. A key-way is shown with dotted line
whete the dimensions are placed.

2. Leader line for the shaft diameter is
drawn horizontal teuching the
boundary line.

25
Dim. should be marked from visible ouflines.

4 1. Dimensions are given from the mid line of
l Ei / /Rﬂ the object.
‘ éf 5 2 Di ions of holes are shown nside the

| fignre.
| a - 3. Dimensions are shown in vertical line.
4. Smaller di jons (25 mm) precedes the
40 larger dimensions (30 mm).
50 5. Fillit radius iz not shown.
Dimensions should be given from the outlines
(finished surfaces) or a centre lineof a hole.
15 20 1. Dimension lines are nsed as extension.
2. Dimensions are placed inside the view.
3. Dimension 27 and. 50not written according, |

io aligned system.

[I]

Section-lines overiap the dimension 21.

The outlines of the cbjectare used as
extension lines.

1. Smaler circle is designated with radius.

= 25@4 5 Convention 3 for diametet is placed
xR5 after dimension.
. Leader has arrew and It |s drawn
horizontal.

~ Fig. 155.1
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-~ Lines, Angles, Letters, Diméhsibh’ihg and'ﬁectilinekﬁFigures :

~ ASSIGNMENT

What is a leader line ?

Draw first angle projection symbol’?'

Dimension a circle, concentric circle and an arc of 50 mm radius.

Dimension an acute, obtuse and a right angled triangle.

Explain the necessity of dimensioning?

What is the difference between ‘Aligned’ and ‘Uni-directional’ system ?

What are two systems of dimensioning?

What system is adopted to dimension a drawing of large size such as a ship drawing?
How a narrow space is dimensioned?

How dimension is written for an oblique line ?

What type of extension and dimension line is? Show them on an equilateral triangle ?
Dimension a rectangle according to aligned system.

Dimension a rectangle according to the uni-directional system.

Fill in the blanks with suitable word/words :-

(@) Two recommended systems of placing a dimension on the drawing are......... and ..........
(b) Dimension lines should be drawn at least 8 mm away from the ........ and from ............
(c) The two main types of dimensions used on a drawing are...........ccc.e....

(d) Projection line, dimension line, leader line and dimension itself on a drawing are
called......... o

(e) The hatching lines are continuous .......... Lines, and are drawn at an ............ o= an
outline of the section.

(Aligned, Uni-directional)
(Outline, each other)

(location, size)

(Element, dimensioning)

(thin, angle, 45)
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: 'Enéirree'rihg}}' Graphics

A dlmensron isa numerlcal value expressed in approprlate unlts of measurement and

indicated graphlcally on a technical drawing Wlth ............. —— g , — (Line, symb('),l,' ndte

)
All dimensions on the smgle drawing should be expressed mthe o c.umits=— - = = {Same
All dlmen5|ons are shown from a common base line in............ drmensmnrng (Progressive or parallel drmensioning)
No dlmensron should be written twice on a drawmg untrl unless it is = , : (Unavoidable)
A dimension given for mformatron only is written as a ......ccce.... ' 7 ' (note)
Two principal requirements of engineering graphics are to specify ............. and ......... (Shape, size)
Dimension of cylinder should never be given as a ............... (R)
Generally we prefer a single unit of measurement is in ................. (Millimeter)
A leader line end on a dimension line without a ..ccoovcvevieeanee... (Arrowhead)
A leader line end on a surface of an object in an ......cccccvvivvicnrnnee. (Arrowhead)
A leader line end inside an object in @ ......cccvcoverveiicvennns (Dot)
AB— o should never be used as a dimension line. (Outline, axis)

When a number of parallel dimensions are to be shown near each other, the dimensions
shotldbe———— (Staggered)
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10.

11.

12.

60

— - — - ASSIGNMENT ON 'LINES"ANb ANGLES
Tb diyide a straighf Iinre AB=78 mrh into two equalr parts. 7
To rrdi\'/ide a s'rcraightrlin'e;AB:' 78 inté four éduél partg with com'paSSéé. =
On a line MN = 80 mm draw angles of (a) 72° (b) 36° & (c) 18° (without using protractor)
Draw a Iihe ‘MN’ parallel to a griven line ’OP;at a distance 6f 57 rﬁm, with the rhelp of (a) compassés (b) set squares.
To divide a straight line MN = 86 mm into six equal parts.
With the help of compasses draw the following angles :
(a) 60° (b) 30° (c) 15° (d) 90° (e) 45° (f) 75°,120° (g) 135° (h) 150°
Geometrically draw an angle equal to the difference of two given angles of 74° and 35°.
Geometrically draw an angle equal to the sum of two given angles of 74° and 35°.
To divide an angle of 70° into two equal parts with the help of compasses.

Two converging lines ‘MN’ and ‘OP; converging at an angle of 67°. Draw an angle bisector of these converging lines without
producing them to meet.

Two points O, P are given outside a line MN. Find a point ‘C’ on the line MN such that OC = PC.

A point ‘O’ is given outside the line ‘MN’ Draw a perpendicular line from it without producing the line ‘MN’.

LA ER RS E



~Lines, Angles, Letters, Dimensioning and Rectiliner Figures

1 56 RECTlLINEAR FIGURES

Let us Iook around and observe the shapes of the objects around us. We shall flnd that a large number of these obJects are the

~ combination of various geometrical figures. Again, most of them will be madeup of line segments. The common and simpler ones

will be triangular, rectangular square, rhombus, parallelogram pentagon, hexagon etc. in shape. A combination of all these will be
found in rangoli and murals. In this chapter, we are going to learn how to construct all these rectilinear figures, when their parameters
d|mensrons (data) are given to us. Some of them Wlll be very srmple and a few will be based on thelr geometrrcal truths

Can you hame any three ofthem 7

1.57 CONSTRUCTION OF TRIANGLES

VERTEX
SIDE SIDE Fa
=
=
5
E
Scalene Triande no A triangle is a plane figure bounded by three sides.
Equiateral Triangle ';gicse;fl;"g";’rl‘;igs sides o,ang,eg Triangles are classified into two categories according to
angles eq,_c,laL ' equal. equal. its sides and angles Fig. 1.57.1
o
Right Angled Acute angled Obtuse
Triangle one 90° Triangle all angled
ande angdles less Triangle one
then 80° angle greater
Triangles then 90°
Fig. 1.57.1
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~ Example 1.57.1  Construct an equilateral triangle given the length of the side=50mm [ ©
Solution : , : — , , = : \\\

| Methodl(Usiﬁg Compass) -

Step 1: Draw a line AB of 50 mm length (Refer Fig. 1.57.2)
Step 2: With centres A and B and radius équél to 50 mm draw arcs 'intersec'tin'g each other at C.
A
Step3: Draw lines joining C with A and B. ABC is the required equilateral triangle. 50
Fig. 1.57.2
Method Il (Using set squares)
C Step 1: Draw a line segment AB of 50 mm length (Refer Fig. 1.57.3)
Step 2: Draw a line through A, making 60° angle with AB
P . Step 3: Similarly through B, draw a line making the same angle with AB.
Q
S © Step 4: Intersecting point is C. ABC is the required triangle.
A 50 ! B
Fig. 1.57.3
Example 1.57.2 Construct a triangle given the altitude = 55 mm and two base angles = 40° and 65°.
Solution Let ZA and £B are the given base angles and CD be the attitude. E C
| !
STEPS INVOLVED (23 8/
(i) Draw a base line of any convenient length Fig. 1.57.4 ° X
(i) Drawa L atapointD N
(iii) Make CD equal to the given altitude = 55 mm o) &
(iv) Through C, draw a line EF || to AB. A ‘ D
(v) Make LECA =40°, £FCB = 65°. ABC is the required triangle. Fig. 1.57.4
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

Lines, Angles, Letters, Diméhsibh’ihg and'ﬁectilinekﬁFigures :

~ ASSIGNMENT ON TRIANGLES

To construct an isoceles triangle MNO such that its base angle is tW|ce the vertical angle ( ) with protractor (b) with compass (c)

by dividing a sem|c1rcle

To construct a right angle trlangle MNOQ, havmg its altitude, MO 45 mm and the vertical angle LMON 30°
To construct a right angle triangle MNO, having its base MN = 50 mm and its altitude MO = 55 mm

To construct a right angle triangle, MNO, having its altitude MO = 40 mm and its hypotenuse ON = 60 mm.

A median of triangle MNO is 50 mm and it makes an angle of 50° with its base, 55° with the side of the triangle.
Construct a right angle A MNO, having its base edge = 55 mm and the base angle ZMNO = 30°.

Construct a right angle A MNO, having its hypotenuse ON = 60 mm, and the distance of the hypotenuse from the right angle =
25 mm.

Construct a right angle A MNO, having its hypotenuse ON = 65 mm and the median from the angular point O, making the angle,
Z0ODN with the hypotenuse = 40°.

Construct a right angle A MNO, having its hypotenuse ON=70 mm and the difference of its hypotenuse and one side = 30 mm.
Construct an isoceles triangle MNO having its base MN = 40 mm and each of its sides = 60 mm.

Construct a right angle A MNO, having its hypotenus ON = 70 mm and the difference of the sides = 22 mm.

Construct a right angle A MNO, having its altitude ON = 47 mm and the sum of the hypotenuse and its base = 70 mm.
Construct an isoceles A MNO, having each of its sides = 60 mm and each of its base angle = 50°.

Construct a right angle triangle MNO, having hypotenuse, ON = 60 mm and the sum of its base and its altitude = 55 mm.
Construct an isoceles A MNO, having its altitude OD = 45 mm and each of its base angle = 50°.

Construct an isoceles A MNO, having its base MN = 40 mm and its altitude AD = 50 mm

Construct an isoceles A MNO, having its vertical angle = 40° and the base MN = 50 mm

Construct an isoceles A MNO, having its altitude OD = 45 mm, and its vertical angle = 45°

Construct an isoceles A MNO, having its side = 60 mm and its vertical angle = 1/3 of base angle.

63



'Enéinréé'rihg' Graphics

~20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
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Construct an isoceles A MNO, :ha'\’/i'r'i\g: its perimeter = 70 mm and its élrtitude OD=30mm

Construct an isoceles right angle A MNO, having its perimeter = 70 mm

Construct an isoceles :AMNO', ,haviné its base MN = 40 mm and each of its base angle Vtwrice' of the vertical angle.
Construct an isoceles right angle A MNO, having the sum of its hypotenuse and one side = 60 mm

Construct an isoceles A MNO, having its base MN = 50 mm and the sum of its altitude and one side = 60 mm
Construct a triangle MNO, having given its base MN = 70 mm altitude OM = 40 mm and side OD 55 mm
Construct a triangle MNO, having its base MN = 55 mm, side ON = 45 mm and side NM = 55 mm

Construct a triangle MNO, having its altitude OD = 40 mm, side ON = 50 mm and side OM =45 mm

Construct a A MNO, having its altitude OD = 40 mm, side ON = 50 mm and side OM = 45 mm

Construct a triangle MNO, having its base MN = 70 mm, the side ON = 45 mm and included angle = 60°
Construct a A MNO, having its base MN = 55 mm and its angle are in the ratio of 4:6: 8

Construct a A MNO, having its perimeter = 100 mm and its sides in theratioof 3:5:4

Construct a A MNO, having its base MN = 50 mm, the difference of the other two side = 15 mm and the base angle = 60°

Construct a A MNO having its perimeter = 70 mm and its angles in the ratioof 5:6 : 7
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-~ 158 CONSTRUCTION OF QUADRILATERIALS =
Recall that, we have drawn Square, Rectangle, Rhombus, & Trapezium in Previous Classes and we are familiar with there shapes.
= 'fA'équake has all the four sides equal and all the four ahglés ake,'righ’c'ahgles (90°). The driago'narl's are equél and bisect each other

at right angles.
- Arectangle has opposite sides equal and all the four angles of right angles.
_ Arhombus has all the 4 sides equal but none of them is 90° angles. |

— A trapezium has two opposite sides parallel.

Example 1.58.1 Construct a square ABCD with AB = 60 mm

Solution D c
STEPS INVOLVED
(i) Draw aline segment AB of 60 mm Fig. 1.58.1 °
3
(i) AtA, draw a perpendicular at B also.
(iii) With A as centre, 60 mm as radius draw an and to intersect the 1, to get the point D.
(iv) With B as centre, 60 mm as radius draw an arc to intersect the | through B, to get the point C. Aj hB
Example 1.58.2 Construct a rectangle PQRS when PQ = 70 mm, QR =50 mm Fig. 1.58.1
70 Solution
S R STEPS INVOLVED
(i) Draw a line segment PQ of 70 mm long. Fig. 1.58.2
s (ii) At P and Q erect perpendiculars.
© (iii) With P as centre, 50 mm as radius draw an arc, to cut the L at the point S.
(iv) With Q as centre, 50 mm as radius draw an arc, to cut the 1 at the point R.
P e (vy  JoinRwithS.
Fig. 1.58.2 PQRS is the required rectangle.
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- Example 1.58.3 Construct a rhombus ABCD, having its side equal to 40 mm and base angle at Bof 105°

Solutlon Let us use the propertles of rhombus here. ‘All S|des ofa rhombus are equal

45

66

 STEPS OF CONTRUCTION X
() Draw a line segment AB of 40 mm Iength (Refer Flg 1.58.3) = | 5 ///C
(i) At B, draw a line BX at an angle of 105° > ' /7
(iii) B as centre 40 mm as radius draw an arc to cut the line BX. Intersection point is C. /
(iv) With A and C as centres, 40 mm as radius draw arcs, intersecting point is D. 8///
(v) Join A with D and C with D \0/", //‘
ABCD is the required rhombus. ! — 4

A 50
Fig. 1.58.3

Example 1.58.4 Construct a rhombus PQRS with diagonals 46 mm and QS = 60
mm

Solution - We know that, the diagonals of a rhombus bisect each other at right
angles.

STEPS INVOLVED
(i) Draw a line segment QS of 60 mm length. (Refer Fig. 1.58.4)
(i) Draw a L bisector of QS which passes through the point O.

(iii) With O as centre, 1/2 PR (23 mm) as radius draw arcs above and below to
cut the 1 bisector. Intersection points are P &R.

(iv)  Drawlinesjoining Pwith Q &S, Rwith Q &S. PQRS is the required rhombus.
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' ’:'Example1 58.5 Constructa quadrllateraIWIth AB= 45 mm BC 557 mm CD 40 mm, AD 60 mm, AC 70 mm

Solution From our earller classes, we Iearnt that, to draw a quadrllateral minimum five dlmen5|ons are requwed Let us now draw

~ this quadrllateral
STEPS INVOLVED
i) Draw AB of 45 mm Iength

(
(
(
(
(
(

ABCD is the required quadrilateral.

ii) With B as centre 55 mm as radlus draw an arc. See fig.1 58 5

iii)  With A as centre, 70 mm as radius draw an arc to cut the previous arc at the point C.
iv)  With C as centre, 40 mm as radius draw an arc.

v) With A as centre, 60 mm as radius, cut the previous arc to get the intersection point D.

vi) Draw lines joining D with C and A.

40
D
C
A B
45
Fig. 1.58.5

Example 1.58.6 Construct a trapezium ABCD, having its sides AD = 30 mm, DC = 25 mm, CB = 35 mm and the difference of parallel

sides is 20 mm.

.25 _
D C
33
o o
o
A E B
20
Fig. 1.58.6

Solution
STEPS INVOLVED

(i) Draw a line segment AB of 45 mm, difference between parallel sides = 20 mm
(20 + 25 =45 mm)

ii) With A as centre and 30 mm as radius draw an arc. See fig.1.58.6

iii)  With E as centre 35 mm as radius draw an arc to cut the previous arc. [.". ED||BC]

(

(

(iv)  Intersecting point is D. D as centre 25 mm as radius draw an arc.

(v) With B as centre, 35 mm as radius cut the previous arc. Intersection point is C.
(

vi) Draw lines joining A with D, D with C and C with B.
ABCD is the required trapezium.

67



Engineering Graphies

68

~ TRYTHESE

Construct a square with side = 65 mm

Construct a rhombus whose driagonals are 55 mm and 70 mm.

Construct a quadrilateral MORE with MO = 60 mm, OR = 45 mm, /M =60°%, ZO = 105°and ZR=105°

Construct a parallelogram ABCD with AB=50 mm, BC=60 mm and £D = 85°

ASSIGNMENT ON QUADRILATERALS

Construct a rectangle MNOP, having its base MN = 60 mm and its sides NO = 40 mm

Construct a rectangle MNOP, having its diagonal MO = 70 mm and the difference of its sides = 25 mm.

Construct a parallelogram MNOP having its diagonal MO = 50 mm, and the diagonal NP = 40 mm and the included angle OON = 60°
Construct a rectangle MNOP having each of its diagonals = 70 mm and the included angle between them = 45°

Construct a rhombus MNOP having its one side = 50 mm and the included angle ZPMN = 60°

Construct a trapezium MNOP having MO, the difference of its diagonal = 30 mm.

Construct a trapezium MNOP, having its sides MP = 40 mm and side, PO = 30 mm and side ON =40 mm and the difference of the
parallel side = 25 mm.

LRSS RS2 2
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— '(iii)’ Wlth B as centre AB as radlus draw an arc i e arc AK
(iv) Draw a perpendlcular bisector of AB.
V) Mark the pomt of i mtersectlon of perpendlcular Wlth line AK as 4 and arc AKas

6
(vi) Mark a point 5 which is the midpoint of 4-6 obtained by bisecting it.
(vii) With 5 as centre and 5A as radius draw a circle. ' = 2 ' , E
(vi'ii) With B as centre and radius = AB draw an arc to cut the circle at C
(ix) Ina similar Way, set off the measurement of side along the C|rcle to get the

points D and E.
(x)  Draw lines joining B with C, C with D, D with E and E with A.

ABCDE is the required pentagon.
NOTE :

The same method can be used to draw any other regular polygon.

AL 40 | |B

[

If we have to draw a hexagon, the centre to be taken as the point ‘6’ which lies
on the arc AK.

Similarly ‘4’is the centre for drawing square

‘8’ would be the centre for drawing an Octagon and so on.

Fig. 1.60.1

1.61 CONSTRUCTION OF PENTAGON BY THE ALTERNATE METHOD

To construct a regular pentagon, given the length of its side as 40 mm.

Solution Theinteriorangle (©) in a polygon is calculated by using the formula © = (

in a polygon.

>

To construct a pentagon, © = ( ) 108° © = x 180°

70

) x 180° where n is the number of sides






Chapter 5

2.1 INTRODUCTION
As we know that wheel has been the most revolutionary invention for transport and industrial revolution. In engineering
many machine parts are circular in shape or uses part of a circle or some of their features. e.g. gears, pulleys, bearings etc. We shall be

required to construct circle and circular features in many drawings of Engineering Graphics. In this chapter let us learn how to draw
these and acquire the skill very well.

2.2 LETUSRECALL

You have already learnt about circle and its construction in variety of problems in your earlier classes. Let us recall. Study the
figure 2.1 and fill in the blanks with the choices given : (point of contact, Centre, Radius, Diameter, Chord, Tangent, Normal, Sector,
ZOPG|ZOPF, segments, O, OA, OC, OP, OB, radii, BC, P, arc, DE, twice, Semi circle.)

Q1. The fixed point ....... isthe ...

Q2. The constant distance from centre to any point on its circumference distances ........ = == e — aAre e,
Q3. The line passing through the centre having its extremities on the circumference of the circle is ................. and is called ................
Q4. The line touching the circle at a point .....ccccccvvvue. IS KNOWN a5 ..ocvvvrrirecesenines :

Q5. The line perpendicular to tangent and joining the centre is named ........cccccuuu.u.
Q6. Oneofthe ... is AC.

Q7. The portion of circle with arc BP and two corresponding radii is named................ -

Q8. The line segment ................ iS KNOWN a5 ...cvvrirernriennincinnns

Q9. The chord divides the circle in two parts called .................. =

Q10. The diameteris ... the radius.
Q11. Acircle can be drawn when its ......ccccccveuruneee. and —— are given.
Q12. A diameter divides the circle into to equal halves which are known as ...................... = \—/

Q13. The point P is named ....................
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2.3 CONSTRUCTIONS OF CIRCLES
SOLVED EXAMPLES

Examplel , , | |
To find the centre of a given circle which is drawn without using compass. Use any circular object
like glass tumbler, bottle cap etc. = = , = = :
Solution : Refer Fig. 2.2 (i) Draw AB and CD two chords of the circle at any angle (excépt parallel
chords) (ii) Find the perpendicular bisectors of both of them (iii) The point of intersection of the
right bisectors (point O) is the centre of the circle.

Example 2
To draw a circle passing through three non-collinear points A, B and C.

Solution : Refer fig. 2.3 (i) Take any three points A, B, and C. (ii) Join A with B and B with C. (iii) Find
the perpendicular bisectors of AB and BC. (iv) Name the point of intersection of these
perpendicular bisectors as O. (v)Now with O as centre and OA or OB or OC as radius, draw the
circle through A, B and C points.

Example 3
Given the arc PQ, complete the circle.

Solution : Refer Fig. 2.4 Take any circular arc PQ (ii) Take any point R on PQ (iii) Find the
perpendicular bisectors of PR and RQ (iv) Name the point of intersection of these as O. (v) Now
draw a circle with O as centre and OP as radius. Can you name the other two radii like OP ?

e i i T

Fig. 2.4
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s TANGENT OF A CIRCLE

The tangent is a line which touches the CIrcIe at a point. lee names of the point at Wthh the tangent touches a circle and the line

~ (OP) joining the centre with the point common on tangent and the circle. What is the angle made by tangent and this line (OP) 2 In

Engineering many machine parts use circle/arc of the circle and the tangents. Let us learn how to construct tangents in different

pOSItIOhS.

Example 4
To draw a tangent on the given circle of radius 25 mm at any given point P on it.

Solution : Refer Fig. 2.5 (i) Draw the circle of radius 25 mm. Name the centre O. (ii) Take any point
P on it. (iii) On OP at point O make a 90° angle by compass. (iv)The line SQ touching the circle at
point P is the required tangent. Can you tell how many tangents through P are possible ?

Example 5
To draw a tangent to a circle of radius 30 mm from a given point P, 65 mm from the centre.

Solution : Refer Fig. 2.6 (i)Draw a circle of radius 30 mm. Name the centre O (ii) Take any line
segment OP = 65 mm (iii) Draw a semicircle on OP (iv) Join the point of intersection of the circle
with the semicircle drawn i.e. Q with P. PQ line is the required tangent. Is it possible to draw this
tangent below line OP ? If so, draw it also. How many tangents to the given circle can be drawn
from point P ?

2.4.1 EXTERNAL AND INTERNAL TANGENT OF CIRCLES

R25

Fig. 2.5
/ - Q R30
X -
// / \“ ) \
/ ( \\ //'
\ © )
\ /
NS
65
Fig. 2.6

We have learnt in this chapter, under article 2.3, how to draw tangent to a circle at a given point on it and also from a point to it. Now,
we shall be learning how to draw tangent to two circles in different conditions. Can you guess? The two given circles may be touching,
intersecting and non-intersecting. Also their radii may be equal or unequal. Therefore, different cases arise.
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— TRY THESE

F|II in the blanks from the given optlons (sum di-fferencer fnultification diVision)

s (|),7 Iftwo C|rcles touch externally, the dlstance between their centres WI|| be = e

If two circles touch internally the distance between their centres Wil Be ................

(ii)

(Hint : Study the following examples and find the answers to above)

Example 6

Draw an external common tangent to two circles of equal radii of 20 mm each when their
centres are 45 mm apart.

Solution : Refer Fig. 2.7 (i) Draw two circles, each of radius R20 with their centres 45 mm
apart (ii) Construct a 90° angle at O and O,. The points P and Q are points of tangency. Join
P with Q to obtain the tangent. (Is it possible to draw another such tangent below also. If so,
please draw that as well. If not, then give the reason)

Note : An External tangent is also known as Exterior or Direct common tangent.
Example 7

Draw an external common tangent to two externally touching circles (i) with equal radii R
20 mm each, (ii) with unequal radii of R 20 mm and R 25 mm.

Solution : Refer Fig. 2.8 and Fig. 2.9 For case (i) : See the steps of construction in example 6
For case (ii) Draw the two touching circles with radius R25 mm and radius R 20 mm. (ii) Draw
a semi circle on OO, (iii) Draw a perpendicular on OO, at A, (point at which the given circles
touch externally) intersecting the semi circle drawn at point B (iv) Now with B as centre and
BA as radius, draw the circular arc to get P and Q on the two given circles. PQ is the required
common tangent.

Try This : Name another external common tangent and its point of tangency.

~ Circles, Semi Circles and Tangents

45
Fig. 2.7
P Q

Fig. 2.9

75



-

Draw an  external common tangent to two non- mtersectlng and unequal cwcles W|th
~ their radn as R25 mm and R15mm ‘when thelr centres are 60 mm apart.

Solution : Refer Fig. 2.10 (i) Draw the two circles with radius R25 mm and R15 mm

with their centres 60 mm apart (i) Now, draw another circle with O as centre and with
radius equal to the difference of the radii of the given circles i.e. (25 - 15 = 10) (iii) Then

draw a semi circle on OO, cutting the circle of radius 10 mm at point A (iv) Join O with
A and extend it to cut the circle of radius 25 mm at point P. (v)From point O, draw O, Q
parallel to OP giving us the point Q. (vi) Join PQ, which is the required tangent.

Example 9

Draw an external common tangent to two intersecting and unequal circles, with their
radii as R 25 and R 15 with their centres 35 mm apart.

Solution : Refer Fig. 2.11 (i) Draw the given two circles with radii 25 mm and 15 mm
with their centres 35 mm part (ii) Take OA at an angle on the (R25) circle (iii) Now draw
O, B parallel to OA. Join A with B and extend it to get point C on OO1 extended, (iv)
Draw a semi circle on OC to get point P on circle of radius R25. Join P with C. PC is the
required tangent.

Example 10

Draw an internal tangent to two circles, each of radius 20 mm when their centres are
60 mm apart.

Solution : Refer Fig. 2.12 (i) Draw the given two circles with their centres 60 mm apart
(i) Right bisect OO, to get M (Mid-point of OO ) (iii) Draw a semi circle on OM to get
point P. (iv) Draw O, Q parallel to OP. Join PQ, which is the required internal tangent.
(Note : The tangent passes through M).

76

@40




Draw an internal common tangent to two non mtersectlng and unequal C|rcles W|th

= thelr radu asR20 mm and R 15 mm and thelr centres 60 mm apart

Solutlon Refer Fig. 2.13 () Draw the two given circles with their centres 60 mm

- apart (ii) Draw a semicircle on 00.,. (iii) Draw O as centre and sum of the radii as

radius, draw a circular arc to cut the semi circle drawn at pomt A (iv) Join OA to get
point P on the circle having radius = 20 mm (v) From O, draw O, Q parallel to OP.The
required tangent is PQ.

2.5 INSCRIBING OF CIRCLES

e i i T

R5[

A
| R20 P
via o1
Q
\
. 60
Fig. 2.13

You have learnt in your study of the geometry in the previous classes that a circle drawn to passes through all the vertices of a given
rectilinear figure is called circumscribing circle. Can you guess what could be inscribing then? Yes your guess is correct that a circle
drawn inside to touch all the sides of the given rectilinear figure is inscribing circle. If this is so, then what is the distance of these

touching lines from the centre? Recall the distance of the centre from the point of
tangency.

In all these kind of problems we attempt to find out the centre and the radius is
obtained by drawing a perpendicular from centre to any one of the touching lines
of the given rectilinear figure.

Example 12
Draw the given equilateral triangle of side = 50 mm. Inscribe a circle in it.

Solution : Refer Fig. 2.14 (i) Draw the given equilateral triangle ABC with side = 50
mm (ii) Find the angle bisectors of angle B and angle C to meet at O (iii) From O draw
OD perpendicular to BC (iv) Now, O as centre and OD radius draw the circle to touch
all the sides of the triangle. (Note that the sides AB, BC and CA are tangents to the
circles drawn)

Fig. 2.14
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Draw a given square whose diagonal is 60 mm. Inscribe a circle in it.

: S&Iurtii"on:': Refer Flg 21 5(i) Draw 'a'isq'tij'are: whose di'égéhaliis 60 mr'n':(ii) Name the sqﬁéré ABCD

and the point of intersection of AC and BD as O (iii) From O drop a perpendicular (OE) from point

- Oonanyone side,(iv) Now with O as centre and radius = OE, drawa gircle—to touch all two sides

of the square.

Example 14
Draw a given rhombus whose each side = 55 mm and incribe a circle in it.

Solution : Refer Fig. 2.16 (i) Draw a rhombus whose each side = 55 mm. (ii) Obtain the centre O
by joining the two diagonals AC and BD (iii) From O draw a perpendicular on AB (iv) Now with O
as centre and OE radius draw the required circle.

Example 15
Inscribe a circle in a regular pentagon whose one side = 40 mm.

Solution : Refer Fig. 2.17 (i) Draw the regular pentagon whose one side = 40 mm. (ii) Find the
angle bisector of ZEAB and £ABC to intersect at O. (iii) From O draw a perpendicular (OF) to side
AB (iv) Now with O as centre and OF radius, draw a circle to touch all the sides of the pentagon.
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'Inscrlbe a crrcle in a regular hexagon whose dlagonal is grven as 60 mm. e 60 o
Solutron Refer Flg 2 18 () Draw the regular hexagon whose dlagonal AD 60 mm (||) J0|n E D
opposite corners to obtain the other two diagonals to cut at O (iii) From O drop a perpendicular
OG on side AB (iv) Now O as centre and OG radius draw the required:circle: — 0O
= = : - —— : F C
G
A B
Fig. 2.18
Example 17
Inscribe a circle in a regular Octagon whose one side = 30 mm. E E
Solution : Refer Fig. 2.19 (i) Draw the regular Octagon whose side = 30 mm (ii) Join any two s
opposite corners to obtain the two diagonals AE and BF which meet at O (iii) From O draw a D
perpendicular OK to AB. (iv) Now O as centre and OK radius draw the required circle. o
H c
K
A B
ASSIGNMENT Fio 219
Q1. Draw a circle of any convenient radius without using compass and find its centre.
Q2. Draw a triangle ABC with AB =40 mm, BC = 50 mm and CA = 60 mm. Draw a circle passing through A, B and C.
Q3. Draw any arc (without using compass) Now complete the circle of which this arc is a part.
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Qs.
Q6.
Q7.

Qs.
Q9.

Q10.

Q11.
Q12.
Q13.
Q14.
Q15.
Q16.
Q17.
Q18.
Q19.
Q20.
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Draw a circle of radius 20 mm and take a point P on it. Draw a tangent atP.

You are given a circle of radius 25 mm and a point P, 55 mm from the centre of this circle. Draw two tangents from this point

~on the circle. =

Two circles of each radii, each = 25 mm have their centres 65 mm apart. Draw two external common tangents to these

7 circles.

There are two circles which touch externally. Draw them by taking each radius = 30 mm and then draw two external common
tangents to these circles.

Draw two touching circles whose radii are 20 mm and 15 mm. Draw an external common tangent to these circles.
Two circles, R30 mm and R15 mm have their centres 70 mm apart. Draw an external common tangent to these circles.

There are two intersecting circles with their centres 30 mm apart and radii equal to 25 mm and 15 mm. Draw an external
common tangent to these circles.

Two equal circles of radii each = 30 mm have their centres 80 mm apart. Draw an internal common tangent to them.
Draw an internal common tangent to two circles whose radii are 25 mm and 20 mm and their centres are 70 mm apart.
Draw an equilateral triangle of height = 55 mm. Inscribe a circle in it.

Inscribe a circle in a given square of side = 40 mm.

Inscribe a circle in a rhombus whose diagonals arc 70 mm and 40 mm.

Draw a regular pentagon of side = 45 mm. Inscribe a circle in it.

In a regular hexagon of diagonal = 70 mm and inscribe a circle in it.

Draw a regular Octagon of side = 25 mm. Inscribe a circle in it.

Draw an angle ABC = 60° with AB = BC = 80 mm Now draw a circle of radius = 15 mm touching lines AB and BC.

Two pulleys of radii 30 mm and 20 mm have their centres 70 mm apart. Show the arrangment (i) Direct belt (two direct
common tangents) and (ii)cross -belt (two internal common tangents).



~ Chapter 3
~ SPECIAL CURVES

3.1 INTRODUCTION —
In several articles of daily use we notice that they have straight edges which may form various rectilinear figures such as triangle,

square, ronmbus, parallelogram, trapezium etc. Look around or recall from your past experience such articles and name them. Then
we also have articles/objects whose shape is circular, spherical, cylindrical, prisms and pyramids, conical etc.

You have studied about the various orbits of the planets of solar system. What is their shape, called as ? Oval objects are also quite
common. Name a few. In Engineering we shall come across many objects/ parts which are combination of these various shapes. We
are going to study about these special curves.

3.2 ELLIPSE

One the most common curve in Engineering will be the oval/an egg shape.
This we shall call as Ellipse. Let us know about the ellipse in details. Now

B
study the figure (3.1) shown and answer the simple questions by choosing
the correct option from the choices given. (Major Axis, Minor Axis, Centre,
Semi-Major Axis, Semi-minor axis, Focus. A A
= S = F' C F
Q1. The point Cis the ... of ellipse. /
Q2. Length A-A'is the ... of ellipse. =
Q3. Length B-B'is the ....ccceeeveuue. of ellipse.
Q4. Length CA=CA'andis called .........ccuuu..... of the ellipse. Fig. 3.1
Q5. Length CB=CB’and is called .......ccceeenuue. of the ellipse.
Q6. The points F and F’ each is known as ............ of the ellipse. We call them focii while refering to both.

In engineering we are required to draw the curve ellipse. We shall now learn how to contruct the ellipse by various methods.

3.2.1 CONSTRUCTIONS OF THE ELLIPSE BY VARIOUS METHODS

(i) By the concentric circles method :
Example : Draw an ellipse whose major axis = 80 mm and minor-axis = 50 mm by the concentric circles method.
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~ Solution : Refer Fig. 3.2 (i) Draw a circle of ¢ 80 mm and another circle of ¢ 50 mm. (i) Divide

both the circles in 12 equal parts either by 30° and 60° angles or by compass method of

constructing 60° angles. (iii) From divisions (1, 2 ........... ) of the outer circle draw vertical lines
~ as shown (iv) Similarly from the inner circle divisions draw horizonal to intersect the vertical

lines already drawn. (v) The point of intersection of these vertical and horizonal lines will
giveus (a, b, ¢ d .. ) points on ellipse (vi) Draw a smooth ellipse passing through these

points either by free hand or by French curves (It is better to practice free hand drawing of

curves.) In good drawing there should not be any kink or dip on the entire curve).

(ii) Intersecting arcs methods :

Example : Draw an ellipse whose semi major axis is 35 mm and semi-minor axis is 20 mm
by intersecting arcs method.

Solution : Refer Fig. 3.3 : (i) On a horizontal line mark centre C of the ellipse. Cut CA=CA'=
35 mm on this line (ii) Draw a perpendicular line through C on AA’ to obtain B and B’ such
that CB = CB’= 20 mm (iii) Now B as centre and radius = semi major axis = 35 mm obtain the
focii F and F’on the major axis A-A'’ (iv) Take random points 1, 2, 3, approximately, equidstant
between C and F on CA. Now take A'1, A2 and A3 as radii and centre as F’ draw arcs above
and below line CA (v) Now take A1, A2 and A3 as radii and F as F'as centre, cut the previous
arcs drawn to obtain points of intersection (1, 2, 3, 5, 6 & 7) (vi) Similarly the points are to be
obtained on the left. Draw a smooth ellipse through all these points of intersecting arcs.

(iii) Intersecting lines method :

Example : Draw an ellipse whose major axis = 60 mm and the minor axis = 40 mm by
intersecting lines method.

Solution : Refer Fig. 3.4 : (i) Draw a rectangle (60 x 40) such that AA’is the major axis and BB’
is the minor axis which are obtained by joining the mid-points of opposite sides of the
rectangle. Mark centre as C. (ii) Now divide both the semi-major axes into four equal parts
and name the points 1, 2 and 3 (iii) Similarly divide both the sides of rectangle parallel to
semi minor axes in four parts, naming them 1; 2'and 3’ (iv) Join these points on sides with
B and B’ as shown. Further Join1, 2 and 3 with B and B’ as shown (v) Extend these lines to
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~ obtain the points of intersections as shown. These points of intersection lie on ellipse. (vi) Similarly join the other points as well in the

remaining three quarters (vii) Through all these points draw a smooth curve, preferably by free hand or by French curve.
33 PARABOLA

You must have seen the reflectors of headlights of the automobiles and the antennas of the rador and satellite transmission or
reception. Can you gueses the shape of these? Yes your guess should be a “Parabola”. We shall now be understanding the various
parameters of the parabola. Try to fillin the blanks from the following options. (Axis, A, F, LR, ZZ, YY’) Refer Fig. 3.7 '

1. The line about which the parabola is symeterial is XX’ and is called........

z Y
2 The vertical conjugate axis is .......cccceee.. L/
3. The point....... of intersection with the axis is called ......... of the parabola.
4 The line through focus is ........... and is called Latus Rectum. A .

X - X

5. The Focus is point ........ccecueernenn. =
6. The directrix is the line left to the conjugate axis is .....c......... in the given figure.
Let us learn the various methods of drawing a parabola. R\

z' Y
Construction of Parabola

Fig. 3.7
(a) By Intersecting Lines : Draw the parabola whose width is 70 mm and the depth
(height) is 30 mm.
70

Solution : Refer Fig. 3.5 : (i) Draw a rectangle whose length = 70 mm and the height is
30 mm (ii) Draw the central line VC perpendicular to AB at point C - the centre of AB (iii) E
Divide the line segments DV, VE, AD and BE each into four equal parts (iv) Name the -,
points on the horizonal lines as 1, 2, 3 and 1, 2) 3’ on vertical lines (VE and EB) (v) Join 1/, o
2" and 3’ with V as shown on both sides (vi) From 1, 2 and 3 draw the vertical lines to ) - 2 s
intersect the lines drawn earlier (v) Match the corresponding points as shown. Mark : ¥
them as fine dots (vi) Through these points draw a smooth curve. This is the parabola A c B
required.
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- (b) By Intersectmg arcs : Draw the parabola when dlstance between a ﬂxed hne = —

(called directrix) and the focus F is given = 25 mm. = _ ve 4,/
Solutlon Refer Fig. 3.6 : (i) Draw any vertlcal line (ZZ') at any point A (preferebly in . Z"‘/

mrddle) This is known as directrix. (ii) On point Adrawa perpendicular line AB. (i) Z

Cut-off AF = 25 mm and bisect it to get point V. (V is called the vertex and F is 2

known as Focus). (iv) Take 1, 2, 3,4 and 5 points at random on AB, preferably at
increasing distances from V (v) Draw vertical lines, above and below of AB through
1,2,F 3,4 and 5 points. (vi) Now take distances A1, A2, AF, A3, A4 and A5 as radii for A v
arcs and “F as centre” and cut arcs on above and below the vertical lines drawn
through 1, 2, F, 3,4, and 5 points as shown to get pair of points (1'1, 2’2} 3’3, 4’4, 5’5’ X
and LR) (vii) Draw a smooth curve passing through all these points. This is Parabola. Q.X

Y et e

3.4 INVOLUTE - R%\

Involute of a circle : You know that the straight line is the shortest distance z 4'\
between two points. So the line can be considered as the movement of the point

Fig. 3.6

under some conditions. In the same way if a wheel is taken and is wound
tight with a non-elastic string or wire and given “One complete round”. R0
Let one end of the string or wire be “stuck” to the wheel while “the loose” b1 2 3 456 7 8 8 101112

end is wrapped round to meet the fixed end. Can you tell how much P E
should be the length of the string? Now unwind the string/wire while the (]

wheel is fixed, keeping also the loose end always tight. The loose (free) AN

end will now trace a curve, very typical and used in Engineering in the - e
teeth of the gears. We call this as Involute of a circle. Let us learn how to RN
draw it ?

3.4.1 DRAWING THE INVOLUTE OF A CIRCLE
Example : Draw the Involute of a circle whose diameter is 20 mm.

Solution : Refer Fig. 3.8 (i) Draw the circle of dia. 20 mm and divide it into
twelve equal parts. This is easily done either constructing 30° and 60° angles
by compass or by set square|protractor after drawing horizontal and

vertical diameters. (ii)Name these pointsas 1; 2, 3, 4" ....... 12" as shown in —

84



-~ Spec;al e

 the Flg (nl) Now on each pomt 1 x 3’ =t construct tangents (|v) On PE parallel to the Iast tangenthne on 12 mark off arcs of 1/1 =
of the perimeter = dlstance or between any two successive points on the cwcumsference) (v) Name these points 1,2, 3,4 ....... 12
on PE parallel to the tangent at 12 You will find the total length = PE, which is the circumference of the circle. (vi) On each of the
- tangentsat1,2...... 12’cut - off arcs oflncreasmg length (01, 02, 03,04........011,012) (vii) Draw by free hand a smooth curve to pass
through these pomts of intersection of the tangents with the arc length cut off as (01, 02, 03 ....... 011, 012). ..... This curve is the
Involute of the circle.

3.5 CYCLOID We are using wheels for means oftransport on road. Let us consider a wheel rotating about its centre W|thout slip”
on a plane straight road. If a feather of a bird get, stuck to the wheel on a certain point and remain stuck for some time. If we consider
one complete rotation of such a wheel the feather will trace the typlcal curve called as cycloid. This curve is used in the teeth of the
gears, especially straight gear called as rack in engineering.

3.5.1 CONSTRUCTION OF CYCLOID : Let us learn how to draw it.
Let us draw the cycloid of the circle whose diameter = 30 mm.

Refer Fig. 3.9 (i) Draw the circle of diameter = 30 mm and divide it into six equal parts by the compass method as explained in the
construction of the involute (ii) Through the point 0; 1] 2} 3'.....c.ccc..... 6’ marked on the circle draw horizontal lines parallel to each
other (iii) on the horizontal line through 0, mark 12 points (0, 1, 2, 3...... 12) each of 1/12 of circumference (0’1") (iv) Through these
points (1, 2, 3....11) draw vertical lines (v) Find the “corresponding points of intersection” of the horizontal and vertical lines (vi)
Through these points draw a smooth free hand curve known as Cycloid.

h 6 >
N
2 3
[\
2,
1
J 0~ — S
c 1 2 3 4 5 6 7 8 9 10 11 12

Fig. 3.9
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= 6 THE HELIX You must have heard about Screws Nuts and Bolts

‘Many of you must have used them in the making of some of the models

~ of cranes, cart, car etc. of Mechano sets. They are used to join two parts,
= 'temporarlly Did you ever study the spring like features of these parts,

‘especially the one W|nd|ng its way on the length? Some of you may be
able to name |t also. These are commonly known as ”threads”

'ACTIVITY Take a screw or a boIt insert the tlp of your penC|I inits

groove in the centre of the length of screw/bolt. Now hold the pencil

and turn the screw/bolt in either direction (i.e. clock wise/anticlockwise.

Give a few complete turns. Observe what happens to the pencil. You
will notice that it will move either in the forward/backward direction.
This is possible due to these typical grooves known as “threads”. The

shape of these threads is helical. The curve that is drawn in this way is

known as helix.

In Engineering we are required to join two parts. This can be done in
many ways. One of the way is a pair of Nut-bolt or a screw depending
on the requirement/situation. Thus they are very common in
Engineering.

3.6.1 CONSTRUCTION OF HELIX : Let us study the construction of
helix in detail (Refer Fig. 3.11)

(i) Draw the circle of given radius say 20 mm and divide it into six equal
parts (actually twelve, but the division points on the left and right are
symmertical so one side will suffice) (ii) Through these points marked
0, 1, 2, 3, .....6) draw the horizontal lines as shown (iii) Now mark the
distance “pitch” =45 mm (it is also given) and divide it into twelve equal
parts as shown and match the corresponding points as shown. Note
that the points are symmetrical about the vertical line through 6. (iv)
Join these points by free hand. Such a curve is called helix. This is
repeated all along the length of the threaded portion of the bolt/screw.
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~ You must have come across similar waves in the study of sound. Actually this is a continuous wave whose only one complete segment,
called cycle, is shown. Such a wave in electronics / electricity is known as sinusoidal wave. Many radio waves also resemble this

shape.

ASSIGNMENT

Q1. Construct the ellipse whose major axis = 70 mm and the minor axis = 40 mm by concentric circle method.

Q2. Draw an ellipse by intersecting arcs method, given the semi-major axis 40 mm and the semi-minor axis 25 mm.

Q3. Given the major-axis = 60 mm and the minor-axis = 40 mm. Draw the ellipse by intersecting lines method.

Q4. A parabola has a width = 60 mm and the depth = 25 mm. Draw this parabola by intersecting lines method.

Q5. Draw the parabola, given the distance between the directrix and the focus = 20 mm.

Q6. Draw an involute of a circle whose radius is 15 mm.

Q7. Adcircle is given whose radius = 20 mm. Draw the cycloid of this circle.

Q8. Draw a helix of a circle whose diameter = 40 mm and the pitch = 36 mm.

Q9. Given a circle with ¢ =40 mm. Draw a sine - curve for it, assuming a suitable scale for degree divisions on the x-axis.

Q10. When a cone is cut in a particular way we may obtain a circle or an ellipse or a parabola as a cut surface. Fill in the blanks with a
suitable alternatives given below :
(Cut parallel to base, cut at an angle to the height, cut parallel to the slant height, cut parallel to the height, cut along the height)
(@) To get a circular surface ......cccccovurne
(b) To obtain an elliptical surface ...........cc........
(c) To get a triangular surface .......ccceireverans
(d) To obtain a parabola ........cccccurerernne.

Q11. Name three machine parts used in Engineering which are (i) Circular (ii) Elliptical (iii) Parabolic.

Q12. Find out from the library /Internet where the following curves find their application in
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Engineering : (i) Involute (ii) Cycloid (iii) Helix (iv) Sine - curve.



- = Chapter 4
- |  ORTHOGRAPHIC PROJECTION
41  INTRODUCTION ' = ' '
We, the human beings are gifted with power to think. The thoughts are to be shared. You will appreciate that different ways and
means are available to us. Can you name some? We communicate by signs/gestures/body language/talking/singing and dancing

etc. In order to explain our ideas/thoughts both the listener and speaker must understand the language spoken. All our ideas originate
in our mind, some are creative/innovative.

What is being imagined in our mind is to be given a reality. In Engineering, we notice that all the objects around us are three dimensional
solids. This is to be explained in two dimensions i.e. on the paper/a drawing sheet. We employ a unique method to achieve this. This
is called as orthographic method of projection.

This method has certain rules which are universal. This method employs the drawing consisting of straight lines, rectilinear figures,
arcs and circles. Such a skill can be easily acquired. This is essential, as the Engineering Graphics is for masses.

An object is represented by drawing the boundaries of all the surfaces of the object. The boundary of a surface may be made up of
straight lines or curved lines or both. As each curved or straight line is made up of a number of points, the theory of orthographic
projection is logically started with the projection of points. Then we study about projection of lines, planes and solids.

In this unit, we aim to introduce some basic concepts of solid geometry. To begin the solid geometry, let us first understand the solids
in detail.

4.1.1 INTRODUCTION TO SOLIDS

Whenever we look around, we see many objects which are three dimensional like cube (dice), cuboid (match box, lunch box, note-
book etc.), prism (packaging box), cylinders (water bottle, gas cylinder etc.), cone (softy, tent etc.) sphere (ball). Let us now study
about these solids and its projections.

4.1.1.1 SOLIDS

A solid is a three dimensional object, i.e. it has three dimensions, viz; length, breadth and height or thickness. It is bounded by plane
or curved surfaces. Atleast 2 orthographic views are required to represent a solid on a flat surface. Sometimes, additional views
become necessary to describe a solid completely.
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f'Frg 4, 1 shows a trrangular prlsm a square prlsm' a pentagonal prrsm a hexagonal prlsm and a rectangular prrsm at I, || m '|v and v’ f:' =

= ff:?respectrvely Fig. 4.2 shows a triangular pyramid, a square pyramid, a —

= pentagonal pyramld and a hexagonal pyramrd at| i, ii, and iv respectrvely

: v We observe thata prlsm is bounded by rectangularsurfaces onthesides, which
~ joinend surfaces that are polygons Similary, a pyramldrs bound by trranguIarr

surfaces on the sides, which meet at a point known as the apex at one end

— and ata polygon at the. other end The polygonal end surfaces are known as'f

the bases of these solids.

CUBE
Thei |mag|nary IrneJomrng the centre pornts of the end surfaces (ie. bases) of
a prrsm is known as the axis of the prism. Similarly, such a line joining the
centre point of the base to the apex of the pyramid is known as the axis of the
pyramrd
4.1.1.3 CUBE OR HEXAHEDRON
A cube has six equal faces, each a square Fig. 4.3 Fig. 4.3
DO YOU KNOW ?
TETRAHEDRON

TETRAHEDRON

Tetrahedron is a kind of polyhedron. A tetrahedron has four equal faces
and each face is an equilateral triangle see Fig. 4.4.

We can say that a tetrahedron is a triangular pyramid having its base and all
the faces as equilateral triangles - for example, in chemistry the structure of
methane is given in the shape of tetrahedron.

Fig. 4.4
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(i) CYLINDER (i) CONE iii) SPHERE




{i) Frustum of a
SQUARE PYRAMID (i) Frustum of a CONE

OBLIQUE PRISM OBLIQUE CYLINDER OBLIQUE PYRAMID CBLIQUE CONE




 Suppose an object, a cube,

~ asshowninFig.4.8isplaced
~ in front of a screen and light

is thrown on it (assuming the

~light rays which are coming
~ from infinite source to be

parallel to each other and
~ perpendicular to the

~ screen), then a true shadow

of the object is obtained on
the screen. This shadow is

the projection of the object

on the plane of screen,
showing the contour lines or
edges of the object.

Thus a view of an object is
technically known as
projection. Every drawing of
an object will have four
imaginary things viz.

1.“Object”, 2.“Projectors’,

4.2.1 PROJECTION - TERMS

SCREEN

IMAGE OR PROJECTION

PRCJECTOR LINE /
LINE OF SIGHT

N

OBJECT (CUBE) .

TORCH
{Source of Light)

PROJECTION OF CUBE

*  Projection - view of an object

Fig. 4.8

3."Plane of projection”and 4. “Observer’s eye or station point”

*  Plane of projection or picture plane - The plane on which the projection is taken like Vertical Plane, Horizontal Plane etc.

*  Station point or centre of projection - The point from which the observer is assumed to view the object.

*  Reference/Ground Line - The line of intersection of the vertical plane and the horizontal plane is called the reference/ground

line (XY)

94




_ Orthographic Projection

— a3 2 CLASSIFICATION OF PROJECTIONS

The prOJectlon or drawing upon a plane, is produced by plercmg the pomts of prOJectlons in the plane of prOJectlon
- The prOJectlons are cla55|f|ed according to the method of taklng the pro;ectlons on the pIane

A classification of projection is shown below as a flowchart.

PROJECTIONS
I ]
Perspective or Parallel
centralI projection Projection
I 1 1 I I

Linear Aerial Oblique  Axonometric Orthographic

perspective perspective peojection  Projection or multiview
I | Projection
| | | I I I
One Point Two Point Three point Isometric Dimetric  Trimetric
Perspective Perspective perspective projection
I 1 1 1
I angle llangle lllangle [V angle

Projection

DO YOU KNOW ?
PERSPECTIVE PROJECTION

A perspective projection is a drawing of an object as it appears to the human eye. It is similar to the photograph of an object.

4.3 ORTHOGRAPHIC PROJECTION
We have studied the meaning of the word projection in the earlier topic. We now study the orthographic projection in detail.

Orthographic projection is the method of representing the exact shape of an object in two or more views, on planes always “at right
angles to each other” by extending perpendiculars from the object to the planes. Orthographic projection is universally used in
engineering drawing. The word orthographic means to draw at right angles.
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D|fferent V|ews of an object are obtalned to descnbelt clearly W|th aII dlmen5|ons in orthograph|c pro;ect|on Two planes are reqmred =

ftorobtaln the vrews in thls project|on (') the vertlcal plane (VP);'(IV ) the horrzontal plane H P)'at rlght angles to each other {Frg 4, 9).
These planes are called Prtncrpal planes or reference planes or co- ordmate planes of prOJectlon.T hey make four quadrants or dlhedral =
= 'angles = : — ' — , : : — : :

= ,{:The posmon of an obJect can be flxed by these quadrants (dlhedral angles) as follows =
1. Infirst quadrant above H.P. and in front ofVP

= 2 ',f;ln second quadrant above H P and behmd VP

3. ln th|rd quadrant - below
' H.P. and behind V.P.

4 fourth quadrant —helov:

H.P. and in front of V.P.
IO QUADRANT I QUADRANT

i
>

IIT QUADRANT IV QUADRANT

The line on which the two
planes meet each other is called
reference line (XY) or axis of the
planes. The H.P. is turned/
rotated in clockwise direction to
bring it in vertical plane. We call
this process of making 3D space
into 2D as rabatment. The views
of an object when it is placed in
| quadrant can be assumed now
in one plane (2D) and can be
drawn on the sheet. Two views
of an object are obtained on
these two planes vizH.P.and V.P. @
A third view can also be
obtained by a side plane/an
auxiliary vertical plane, A.V.P.

Fig. 4.9
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Fig. 4.11

The principle of projection in an Octant is same as the principle of projection in a quadrant.

98




— V,the front is known as Front V|ew front elevatlon or elevatlon = '

= = :Vlew in dlrectlonT that lsthe view from above is knownf”ri

: ;—f ": 'f,Vlew in du’ecttonS that is, V|ew from the Ieft is known'_'j

~ Inthe above flg 4.12, V|ew |n direction F that i is, view from |

~as top view, top pIan or plan..

as left side view or left end view or left side elevatlonf '
or Ieft end elevation.

- 'Vlew in direction S that is view from nght is known as
right side view or ng ht end view or right side elevation
or right end elevation.

In the light of the above visualisation, we can again say that

*  The projection of an object, viewing from the front side,
on the V.P. is called Front View/Front elevation.

*  The projection of an object, viewing from the top side,
on the H.P. is called Top View/plan.

*  The projection of an object, viewing from the side, on 81/1
A.V.P. is called side view/side elevation, end view/end
elevation.

™F

(In common practice, while drawing, only two views
From front side and top side are drawn.)

Fig. 4.12 : An Object with Direction of Views

NOTE :

Orthographic projection is classified into 4 categories according to the orientation of the object. But only | angle and lll angle projection
are used in Engineering Drawing.
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™

STATION POINT / CBSERVER

PICTORIAL VIEW OF THE OBJECT KEFPT IN T QUADRANT
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Fig. 4.13 : Pictorial view of the object kept in | quadrant




AVP2 R. SIDE VIEW

FRONT VIEW

L. SIDE VIEW AVP 1

I ANGLE PRGJECTION




;PrOJectlon Symbol =

= TRY THESE The p|ctor|al view of dlfferent types of objects are shown m F|g 4. 16 Sketch Iooklng from the dlrectlon of arrow ' Vf; =
= Front VIeW Top VleW and snde view usmgl angle method of projectlon. - - = - =

Fig. 4.16
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AVP2 L.SIDEVIEW

FRONT VIEW

R. SIDE VIEW




~ Theidentifying graphical symbol of lll angle projection is showninfig.419 [ _»_

as recommended by B.1.S. SP : 46 : 2003 codes (revision of SP : 48 - 1988 codes).

NOTE : (i) Dimensions shlown are for o,nlyidrawing' the symrbo,I.These dimensions need not l /\ 11
”beshoWn.j = = - ' ‘CD S - |§
(i) Orthographic projection with | angle method of projection is used throughout this book, kJ !

Orthographlc Prolectron

Fig. 4.19 : Third Angle Projection Symbol

We conclude this section with a few remarks on the difference between | angle and Ill angle projection. See table 4.1

First Angle Projection Method

Third Angle Projection Method

(i)
(iii)

(iv)
(v)

The identifying graphical symbol is

! A
2 8
Q &‘

A

First Angle Projection Symbol

The object is assumed to be placed in the | quadrant
The object is placed in between the observer and the
projection plane.

The projection plane is opaque.

In this method, the topview/plan is placed below the XY
line, and the Front View/front elevation is placed above the
XY line and the right side view is drawn on the left side of
the Front View, the left side view is drawn on the right

side view of the Front View/front elevation.

(if)
(iii)

The identifying graphical symbol is

20

Third Angle Projection Symbol

The object is assumed to be placed in the Ill quadrant
Here the projection plane is in between the observer
and the object.

The projection plane is transparent.

In this method, the Top View or plan is placed above
the XY line, Front View or front elevation is placed
below the XY line and the right side view is drawn on
the right side of the Front View/elevation, the left
side view is drawn on the left side of the Front View/
front elevation.

Table 4.1 : Difference between First angle projection method and Third angle projection method.
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~ THINK, DISCUSS AND WRITE
Keep the same object in Il quadrant and IV quadrant in the glass box arrangement. Turn/Rotate the H.P. in clockwise dlrectlon
~and open up the box. Then project the views. Discuss your observation with your partner. What do you find out ? ' =

Assignment 4.1

1. Fill in the blanks

i = projection, the .............. are perpendicular to the plane of projection.
(i) Inlangle projection, the ......c.......... comes between the .......... and - -
(i) In Il angle projection, the ............... comes between the ............. and —
2. Explain briefly how the reference line represents both the principal planes of projection.
> Sketch neatly the symbols used for indicating the method of projection adopted in a drawing.

4*  Why second and fourth quadrants are not used in practice ?
*(Not to be asked in the exam)
4.4 PROJECTION OF POINTS

So far, you have understood the principles of orthographic projection. Now, let us study about the projections of points in different
possible positions.

Recall that there are two major reference planes viz. V.P. and H.P. in the principles of orthographic projection. With respect to these
two reference planes, the position of a point would be described. A point may be situated in

(i) any one of the four quadrants
(ii) any one of the two planes

(iii) both the planes (i.e.) on the XY-line.
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rthographic Projection

= /jtn thls book we foIIow the conventlons recommended by the SP :
= 45 2003 codes (reVI5|on of SP: 46 1988 codes) =

- Accordlng to thlS code of practlce actual pomts ends of ||nes cornersf
= of plane surfaces, corners of solids etc in space are denoted by capital ~
*p;i’,letters A, B,C etc. Theerop Views are marked by correspondlng small,j,
 letters a, b, ¢, etc. and the Front Views by small letter with dashes a. b,
C etc.. We draw prOJectors and constructlon lines with contlnuous
= thln Ilnes '

4.4.2 PROJECTION OF A POINT SITUATED IN I-QUADRANT
Recall that, the space above H.P. and in front ofVP is caIIed first

quadrant.

Let us consider a pomt A, situated in | quadrant as shown in Fig. 4.20

d=15 mm h =10 mm

PROJECTION OF POINT ‘A’

Fig. 4.21 Projection of Point A

Suppose the distance of
point A from H.P. is 'h PICTORIAL VIEW OF POINT ‘A’

say h=10 mm and IN I QUADRANT
distance away from V.P. Fig. 4.20 : Pictorial view of point in | quadrant
is ‘d’, say 15 mm the

orthographic projection of point A is obtained as follows (Fig. 4.21)

Here, the line (which is also called a projector) intersects XY at right angles at a point g.
You can understand from the pictorial view that, a'g = Aa

So, distance of Front View from XY = distance of the point from H.P.

Similarly ag = Aa’

So, distance of Top View from XY = distance of the point from V.P. We always denote the
distance of point from H.P. as ‘h"and from V.P. as d"

In the light of the discussions above and visualisations, we can again say that

For | angle projection Front View lies above XY line and Top View lies below XY
line. And distance from H.P. comes for Front View and the distance from V.P. comes
for Top View.
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'Solutlon

We 'know that therspace abev

Vconclu5|on we also know that accordlng to 1 angle prOJectlon the Front V|ew1s placed'above XY;

- V,and Top Vlew be{ow XY. See flg 4 22

— Step 1: Draw aline XY.

Step 2 : Through any pomt g in it, draw a perpendlcular =

~ Step 3: On the perpendicular, mark the point p'above XY such that pg 30 mm. Slmllarly mark a 7' !

~ point p below XY on the perpendlcular such that pg = 20 mm

p'and p are required projections of the point P.

4.4.3 PROJECTION OF POINT SITUATED IN SECOND QUADRANT

You have now studied, how to obtain the projection of pointin | quadrant,
in the earlier section.

In a similar way, we are going to do all the other positions of points one
by one.

Consider a point B, situated in |l quadrant as shown in Fig. 4.23
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Fig. 4.22
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X ~F

PICTORIAL VIEW OF POINT 'B’
INII QUADRANT

Fig. 4.23
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- PICTORIAL VIEW OF POINT 'C’ _
- - IN III QUADRANT -







PICTORIAL VIEW OF POINT E
IN IV QUADRANT




V.P,H.P.

PROJECTION OF POINT E’




_ Engineering Graphics

~ Positions of a point and its projections in different quadrants are given intable 42

Dihedral Angle or Quadrant P,osit’iion of the given point | Position in Front View Position in Top View
- . . = =

VSecornd = - VAbo,ve H.P, in behind of V‘,P‘ “Above XY” = - : “Above XY”

Third 7 ' Below H.P,in behind of V.P. 7 “Below XY” 7 “Above XY” 7

Fourth Below H.P, in front of \/.P. - “Below XY” “Below XY"

Table 4.2 Positions of a point and its projections

THINK, DISCUSS AND WRITE

Can you guess what is the similarity between the | and Ill angle projections & Il and IV angle projections ?

TRY THESE

State the quadrants in which the following points are situated.
(i) A point, its Top View is 40 mm above XY, Front View is 20 mm below the Top View.

(ii) A point Q, its projections coincide with each other 40 mm below XY.
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446 PROJCTIONOFPOINTLESONHP.

= V’ConSIder a pomt M, which lles on H P (| e) dlstance
- away from H.P. becomes zero, = :

- 50 h=01in this case (Fig. 4.32)

PICTORIAL VIEW OF POINT M

Fig. 4.32
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PROJECTION OF POINT 'M'

 Consider a poin t N, which I es on V.P. (¢

e) d=0 in this case,

= 'PICTOerALVIEW OF POINT'M' 1 1 r r -
| el | ' = = | V




H.P.

PICTORIAL VIEW OF POINT 'G’




H.P.

PROJECTION OF POINT G
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Example 4.5 : Draw the projections of the following points

~ Orthographic Projection

WHAT WE HAVE LEARNT

The line j Jomlng the Front View and the Top View of a p0|nt is always perpendlcular to XY line and is called a prOJector

' lestance of a point from H.P.i is for Front View seen in V P, and the dlstance from V.P. is for Top View, seen inHeE —

When a point lies in “| quadrant Front View is above XY, Top View below XY.”
When a pomt lies in Il quadrant both Front View & Top Vlew are above XY.
When a point lies in “lll quad, Front View is below XY and Top View is above XY.”

When a point lies in IV quad, both Front View and Top View lie below XY.

When a point lies on H.P., Front View is on XY.

When a point lies on V.P, Top View is on XY.
When a point lies on both V.P. and H.P, both views are on XY.

on the same reference line,
(i) A, inthe H.P.and 20 mm in front the V.P. () (i) (iii)
(i) C, intheV.P.and 30 mm above H.P.
(iii) B, in both V.P and H.P. c'
Solution : refer fig. 4.38 A
Step1: Draw a XY line. 2
Step2: Throughany pointa’init, draw a perpendicular. X a' I ¢ (b,b")
Step 3: Sincethe pointliesin H.P.and in front of V.P, the A
Front View lies on XY and Top View below XY. So &
mark a point a’at XY, mark another point ‘a’such Y
that a'a =20 mm a
a’and a are required projections of A
Part (ii) and (iii) are self explanatory =

119



'Enoinééring}}' Graphics

~ ASSIGNMENT
LA pornt Dis 25 mm from H P.and 30 mm from V.P. Draw its pro;ectlons con5|der|ng it |n f|rst and third quadrants

> 7A point Pis15mm above the H. P and 20 mm is front of theVP Another point Q is 25 mm behlnd theVP and 40 mm below the
H.P. Draw the projections.

3. Draw the projections of the following points on the same XY,
B, 20 mm above H.P. and 25 mm in front of V.P.
D, 25 mm below the H.P. and 15 mm behind the \V.P.
E, 15 mm above the H.P. and 10 mm behind the V.P.

F 20 mm below the H.P. and 25 mm in front of .P.

4.5 PROJECTION OF LINES

You are already familiar with the concept of straight line from class VI. Let us just recall it. A straight line is the shortest distance
between two points. In solid Geometry, the projections of lines play a vital role.

The projections of a straight line are nothing but the straight lines by joining the projections of end points. In this section, we are
going to study about the various positions and its respective projections of a straight line with respect to two reference planes.
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PICTORIAL VIEW OF PQ’

PROJECTION OF PQ




PROJECTION OF MN

PICTORIAL VIEW OF MN_




PICTORIAL VIEW OF 'AB’

~ Fig. 448 Pictorial

TR

PROJECTION




FORESHORTENED

™

TRUE LENGTH

PICTORIAL VIEW OF ‘AB’ PROJECTION OF 'AB’

Fig. 4.45 Pictorial view Fig. 4.46 Projection of AB

Suppose line AB (see fig. 4.45) is inclined to V.P. with an angle ¢, its projections are shown in Fig. 4.46.
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TRUE LENGTH

FORESHORTENED

PROJECTION OF AB

4.48 Projection of AB

PICTORIAL VIEW CF 'AB’




F

PICTORIAL VIEW OF 'CD’

“TRUELENGTH

126

Fig. 4.49 Pictorial view of CD

dl
cl
c d
FORESHORTENED

PROJECTION OF 'CD’

Fig. 4.50 Projection of CD




PICTORIAL VIEW OF 'EF’

PROJECTION OF 'EF’

 Fig. 4.51 Pictorial view of EF




{ 'beeand W|th VP be 4)
b bt ,
q q
a s pro;ectlons are drawn as follows =
(Flg 454) =— =
X Y | Step1:Firstassumethatthelineisinclined
toH.P.atBand || toV.P, drawits projectlons =
a b as learnt in section 453 ,
Q
) PICTORIAL VIEW OF 'AB’
p P =
b b2 Fig. 4.53
Fig. 4.54

Step 2: Now assume that the end A is not changed (i.e) without changing the inclination to H.P, change the end B, such that it is
inclined to V.P. So change the Top View ab, to ab, with angle ¢.

Step 3: Project its corresponding Front View a’b’. a'b’and ab are the required Front View and Top View.

IMPORTANT

From this illustration, we observe that when a line is inclined to both the reference planes, its true length and true inclinations
can neither be shown in Top View nor in Front View. Both Front View and Top View are inclined lines.
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— ':'A'br'i'effs'qmrha'r:y ofprOJectlon oi"lrines?’l'ri;differr'eh:t posntlons is listed in the fQIlo'v:vi'rigltabl"er?l—.?{

S.No. | Position of Line , = : ' Front View ' Top View
= Line parallel to both VP & H.P. i - : fHdrizo,ntaI'Iirhej parallel tofXYrr - Hori'z,ont'alilirje' parallel to XY =
2. Line perpendicular to H.P. and parallel to V.P. Vertical line Point
3. | Line perpendicular to V.P. and paralleltoHP. | Point | Vertical Line
4. Line parallel to H.P. and inclined to V.P. at ¢ Line parallel to XY with Inclined line with true
foreshortened length length
5. Line parallel to the V.P. and inclined to H.P. at 6 Inclined line with true length Line parallel to XY with
foreshortened length
Table 4.3
Let us now solve some examples q'
Example 4.6 : Draw the projection of a line PQ, 25 mm long, in the following
positions.
(i)  Perpendiculartothe H.P, 20 mm in front of V.P.and its one end 15 mm above T)
the H.P. N
(if)  Perpendicular to the V.P, 25 mm above the H.P. and its end in the V.P.
Solution : p'
(i)  We understand that the given line lies in the | quadrant and perpendicular
to the H.P. T)
As the line is perpendicular to H.P, its Front View is a line perpendicular to h
XY and Top View is a point. (see Fig. 4.55) X Y
Step1: Drawaline XY.
Step2: Drawtheendp;, 15 mm above XY and complete the line p'q’such that o
p'q’ = 25 and perpendicular to XY. ™
Step3: Project the Front View down to get a point. This is the required Top
View pg. . pq
p'q’and pq are the required Front View and Top View respectively.

Fig. 4.55
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”:"’:i'(n) This question belongs to the ¢ case ofa hne perpendlcular toVP we knowthe fact that’f:'”' e E—
‘when a line is perpendlcular to \.P, its Front View is a point and Top View is a line Pq
- perpendlcular to XY and of true Iength refer Flg 4 56 :

= Step 1: Drawaline XY = , = =
Step2: DrawtheendponXYand draw a Iine pg =25 and pependicular to XY
 Step3: Project the Top View above XY to get Front View, a p0|nt p q ‘at a distance of 25

from XY. , - , , , , — —— , X Y

25

p'q'and pq are the required Front View and Top View respectively. p
Example 4.7 : Draw the projection of a 30 mm long AB, Straight line in the following o
positions. N
(i)  Parallel to both H.P. and V.P. and 25 mm above H.P. and 20 mm in front of V.P.
(ii)  Parallel to and 30 mm above H.P. and in the V.P. | q
Solution : Fig. 4.56
(i)  From the earlier section 4.5.2 we learnt the fact that when a line is parallel to both
the planes, its Front View and Top View are lines parallel to XY and of true length a' b'

Step1: Drawa XY line. A
Step2: Marka pointa), 25 mm above XY Draw a line a’b’ of 20 mm parallel to XY. &
Step 3: Project down the ends a’and b’ below XY to get a and b respectively. |
Step4: Joinawithbtogetaline paralleltoXY. a’b’and ab are the required projections.

a' b' '

Fig. 4.57

(i) Since the line is parallel to H.P. and in the V.P, the
Front View lies above XY and parallel to it, the Top
View lies on XY. Fig.

30

Y Follow the steps as shown in the previous part of
the question.

Fig. 4.58
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FORESHORTENED

FIG 4.58 FIG 4.60 FIG 4.61 FIG 4.62
I QUADRANT II QUADRANT T QUADRANT IV QUADRANT




TRUE LENGTH

FORESHORTENED

FIG 4.63 FIG 4.64 FIG 4.65 FIG 4.66
I QUADRANT II QUADRANT IIT QUADRANT IV QUADRANT




= iOrthbg'r':a:bhl:c Pibjrecfionx =

 ASSIGNMENT
Draw thg projections of the lines in the fqllowing positiohs, assuming eachi one to be of 40lmm length.
(é){ 7Lirne CD is’rrinr\'/.R,7|| fo HP ahdrénd C is 30 mh é'boile thé HP 7 - : -
(b) LineEFis||toand 25 mmin ernt of \P. and is in the H.P.”
() Line GHis in both H.P.and V.P.
(d) Line JKis 1 to H.P.and 20 mm in front of V.P. The nearest point from the H.P.is J, which is 15 mm above H.P.

(f)  Line UVis L to the VP. with the farthest end V from VP at 65 mm in front of VP and 20 mm above H.P.

ADDITIONAL ASSIGNMENT
*(@) Line AB || to the H.P. as well as the V.P, 25 mm behind VP and 30 mm below H.P.
*(b) Line LM is 30 mm behind VP and 1 to H.P. the nearest point from the H.P. is L, which is 10 mm above the H.P.
*(c) Line NP is 30 mm below the H.P. and 1 to V.P. the nearest point from the V. P. is P, which is 10 mm is front of V.P.
*(d) Line QR is 10 mm below the H.P. and L to V.P. the farthest point from V.P. is Q, 65 mm behind the V.P.
*(e) Line STis 1 to the H.P. and behind the V.P. The nearest point from H.P. is S, which is 20 mm from V.P. & 15 mm below H.P.

* Question not to be asked in the exam.
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4.6 PROJECTION OF PLANEFIGURES

Right from the earlier classes, you have been solvmg problems related to the plane figures (2D figures) like square, rectangle, trlangle

~ circle, semi circle, quadrilaterals etc. We may recall that construction of these plane figures has also been done. In this section, we WIII” —

introduce you to the projections of regular plane figures.

4.6.1 TYPES OF PLANES

Plane can be divided into two main categories viz (i) perpendicular planes (ii) Oblique planes

4.6.2 PERPENDICULAR PLANES

Planes which are perpendicular to one of the principal planes of projection and inclined or parallel to the other are called perpendicular
planes. We are going to study the following positions and its projections.

(a) Planes perpendicular to V.P. and || to H.P.

(b) Planes perpendicular to H.P. and || to V.P.

(€ Planes perpendicular to both V.P.and H.P.

(d) Planes perpendicular to V.P. and inclined to H.P.

(e) Planes perpendicular to H.P. and inclined to V.P.

4.6.3 PROJECTIONS OF PERPENDICULAR PLANES

Similar to the sutdy of projections of points and lines in the earlier section, we are now going to study about the projection of plane
figures in different positions.

Let us now see in detail the projections one by one.
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- Fig. 467 Pictorial view =

——Fig: 4—.’68'Projection"' = = =
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PICTORIAL VIEW

a O

PROJECTION

~ Fig. 4.70 Pictorial view

~ Fig. 4.71 Projection







PROJECTION

- Fig. 4.74 Projection

PICTORIAL VIEW

Fig. 4.73 Pictorial view

139



PICTORIAL VIEW




DO THIS

fTake a drawmg sheet fromy your sketch book can you guess the shape of this Iam|na7 Now keep the drawmg - on the ik | -
~ | suchthatthe table acts as H.Pand the waII actsasV.P. Then study t the pro;ectlons ofthe drawmg sheet in the foIIowmg p05|t|ons =
; _jrfas shown below - - : = :

(1) (ii) (i)

Fig. 4.77
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Fig. 4.79




 Orthoguphic proecton

'Flg 4 78 Shows the p|ctor|al view of a ,
square lamina, which is inclined to H.P. e

~atan anglee andJ_toVP - f'd/

- The prOJectlon in thls case is done mr =
two stages. First, assume that the .
surface is || to H.P. and draw the Top ac
View which is a square of true size, . .- , . .
then project its corresponding Front b ac fd' e b
View which is a line [ to XY line. X Y

Secondly, change the Front View to a f a f
the required inclined line at an i
angle 6 with XY line. Then project
down its Top View which is a

rectangle. b

¥

Y
o

Example 4.13 : A thin horizontal plate
of 15 mm sides is inclined at 45° to the
H.P. and L to V.P. two of its parallel
edges is parallel to V.P. the plate is 10
mm above H.P.and 15 mm in front of
V.P. Draw the projections of the plate.

Solution : refer fig. 4.80 ( FIRST ANGLE PROJECTION )
Step1: Drawa XY line.

¥

c d c d

Step2: Assume that the plate is || Fig. 4.80

to H.P, then draw its Top
View which is a true hexagon.

Step3: Project the topview to get the Front View which is a line || to XY.
Step4: Change the Front View now to the angle 45° with XY. This view is an inclined line with true length.
Step 5: Project the required Top View from the previous views. This Top View is compressed hexagon.
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~ WHAT WE HAVE DISCUSSED 7 7
- In th|s section, we have studied about the pro;ectlons of plane flgures in different posmons
| PROJECTION OF PLANES PARALLEL TO ONE OF THE REFERENCE PLANES - -

The plane will show its true shape on the reference plane “to which it is parallel”. The true shape of the plane in that reference plane
to which it is parallel is drawn first” and the other view which will be a line is projected from it. ,

PROJECTION OF PLANES INCLINED TO ONE REFERENCE PLANE AND PERPENDICULAR TO THE OTHER

Projection of such plane is carried out in two stages. In first stage, “the plane is assumed to be parallel to that reference plane to which
it is inclined”. In the second stage the “ Plane is tilted to the required inclination to that reference plane”

DO YOU KNOW?
PROJECTIONS OF OBLIQUE PLANES

When the plane is inclined to both the ref. planes, its projections are drawn in three stages.
- In the first stage, the plane is assumed to be || to H.P.

- Inthellstage, it s titled so as to make the required angle with the H.P. Its Front View in this position will be a line while its
topview will be smaller in size. (compressed)

— In the lll stage the plane is turned to the required inclination with the V.P, only the position of the Top View will alter. Its
shape and size will not be affected.

The projections are then completed and the corresponding distances of all the corners from XY will remain the same as in the Front
View.

Let’s solve one example to understand it clearly.

Draw the projections of a regular hexagon of 20 mm side, having one of its sides in the H.P. and inclined at 45° to the V.P; and its
surface making an angle of 30° with the H.P.
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WHAT WE HAVE LEARNT

~ S.No. | Position of Plane Surface = = NUmbékdetep’s"

Parallel to the V.P, perpendicular to the H.P. One
Parallel to the H.P, perpendicular to the V.P. '

Perpendicular to the H.P, inclined to the V.P. Two
Perpendicular to the V.P, inclined to the H.P.

Inclined to the H.P, inclined to the V.P. Three

Q1.

Q2.

Q3.

Q4.

Q5.

Qé.
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ASSIGNMENT

A thin pentagonal plate of 35 mm sides is inclined at 30° to the HP and perpendicular to the V.P. One of the edges of the plate is
1 to V.P. 20 mm above the H.P. and its one end, which is nearer to the V.P, is 30 mm in front of the later. Draw the projections of
the plate.

Draw the projections of a triangular lamina of 30 mm sides, having one of its sides AB in the VP and with its surface inclined at
60° to the V.P.

A square plate with 35 mm sides is inclined at 45° to the V.P. and L to the H.P. Draw the projections of the plate if one of its
corners is in the V.P. and the two sides containing that corner are equally inclined to the V.P.

A hexagonal plate of 30 mm sides is resting on the ground on one of its sides which is parallel to the V.P. and surface of the
lamina is inclined at 45 degrees to H.P. Draw its projections.

A rectangular lamina measuring 25 mm x 20 mm is parallel to and 15 mm above H.P. Draw the projections of the lamina when
one of its longer edges makes an angle of 30° to V.P.

Draw the projections of a circle of 30 mm diameter, having its plane vertical and inclined at 30° to the V.P. Its centre is 25 mm
above the H.P.and 20 mm in front of V.P.



can now proceed to the projection of solids. Solids are kept in

4. 77'1 PROJECTION OF SOLIDS WHEN ITS AXIS PERPENDICULAR‘TO ONE REF PLANE AN-D II TO THE OTHER

~ Casel(i) Axnsperpendlcualrto the H P &Parallelff B —— =
— .Suppose a cone rests on H P. Wlth ltS base (Flg 4, 85) and axis perpendlcular toH.P, the prOJectlons are done as s'hown in Flg 4. 86‘ —

N
!
ﬁ
\
i

PICTORIAL VIEW
Fig. 4.85

Fig. 4.86

Since the Top View shows more detail of the object, the Top View should be drawn first and then the Front View is to be projected

from it.
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: "{V'Example 4.16: A cube of 40 mm Iong edge rests onH. Prand its vertlcal faces are — 'Wa.: — b'd' — c —
‘equally inclined to V.P. Draw the prOJectlons of the solid.

Solutlon refer flg 488

40

Steps () Start with the Top View

Construct a square on a line ‘ad’40 mm long and inclined at 45° to XY line.

(i) Project the pr View above XY to get the Front View which comprises 2 :
rectangles.

Example 4.17 : A triangular pyramid
with 30 mm edge at its base and 35 mm
Q long axis resting on its base with an edge
of the base near the VP, parallel to and
20 mm from the V.P. Draw the projections
Vv of the pyramid, if the base is 20 mm

‘ a' s b’ above the H.P.
& Solution :
X I Y Given Data
—  Triangular pyramid, 30 x 35 mm
=]
o —  Baseonground, .. axis perpendicular to HP and base || to the HP. We recall the fact
Y [a b that, the projections of vertical solids to be started with the Top View.
Steps
o (V) (i) Draw an equilateral triangle.
) (i)  Name its corners and mark its centre O.
(iii) Complete the Top View by drawing lines joining the Centre with the corners.
¢ (iv) Now, project the Front View as shown in the fig. 4.89
Fig. 4.89
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PICTORIAL VIEW vV |

Fig. 4.92 Fig. 4.93

154



 Here Front VIEW shows more detalls of the object so the Front Vlew should be drawn f|rst'f [

Orthographlc Projection

40

and then the Top View is to be projected from it. o B B b
s Example 4.20 : Draw the frontwew and topwew of a square pyramld of base edge40 mm
and axis 50 mm Iong, which is perpendlcular to V.P, and the vertex is in front. o'
Solution refer Fig. 4.94 ‘
GIVEN DATA " \ o
-  Square pyramid \
- axis LtoV.P. ‘
= d n b
- Vertexin front ald) }o (c)“
(i)  Since axis perpendicular to V.P, start with the Front View, which is a square with four \
triangular faces, in it. i o
(ii) Project down the Front View to get the Top View. Top View is a triangle showing one of w o
the triangular face of the pyramid. ‘
€)) | Y
b‘ (2I) o o I
|
(1' ) L‘ Fig. 4.94
a/ | o | L
A i d'(4) Example 4.21 : A hexagonal prism, base 20 mm side and axis 40 mm long is lying on one of
g | A~ its rectangular faces. Its axis is perpendicular to V.P. and 25 mm above the ground. The nearer
N | f (6} (5 v end is 20 mm in front of V.P. Draw its projections.
‘ Solution refer Fig. 4.95
1 21 | 3 4 GIVEN DATA
i 6 | 5
! - hexagonal prism
g ‘ = axis L toV.P.
‘ Since the axis is perpendicular to V.P, Front View to be drawn first.
¥ | ()  Front View is a hexagon

a b{fy o ce) d

Fig. 4.95

(i)  Front View is projected down to get the Top View which comprises 3 rectangles.
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'Ortho'g'r:arbhl:c Projection

~ ASSIGNMENT

Q1. Project the Front View and topview of a hollow cylinder (Plpe) havmg outer dlameter = 50 mm, inner dlameter = 40 mm and
~length = 50 mm, resting on the H.P, with its axis L to V.P. : s :

Q2. Atriangular pyramid, of 50 mm base and 50 mm axis, is resting on its base corner on the H.P, so that the upper edge, of the base
is horizontal. The base of the pyramid is on the rear and || toV.P. Draw its projections. '

Q3. Project the frontview and topview of a pentagonal prism of 30 mm base edges and 60 mm long edges which are 1 to V.P, and
its rectangular face on top is parallel to H.P.

Q4. The frustum of a square pyramid of 40 mm base edges and 20 mm cut face (top) edges is resting on H.P. on a base edge with its
50 mm long axis horizontal and at right angles to V.P. the cut face is in front. Draw its projections.

Q5. A hexagonal prism, of 25mm base and 60 mm axis, is resting on one of the its base edges on the H.P. and its axis is perpendicular
to V.P. Project its Front View and Top View.

Q6. Project the frontview and Top View of a cylinder, with base diameter = 50 mm and height = 70 mm, resting on H.P, with its axis
perpendicular to V.P.

Q7. Draw the Front View and topview of a cone of base diameter = 30 mm and axis = 65 mm, with its axis perpendicular to V.P,
keeping the vertex in front.

Q8. A square prism, base 40 mm side and axis 70 mm long is lying on one of its rectangular faces. Its axis is perpendicular to V.P.
Draw its Front View and Top View.

Q9. The frustum of a triangular pyramid of 50 m base edge and 20 mm top edge, rests on H.P. With its base edge on it and the 60 mm
long axis parallel to H.P. and at right angles to V.P. The cut face is in front. Project its frontview and topview.

Q10. A right regular pentagonal pyramid of base edge = 25 mm and height = 60 mm, having its axis perpendicular to V.P, with its
base parallel to V.P. Draw its projections.
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PICTORIAL VIEW

Fig. 4.97
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: ":TSuppose atnanguiar prism is p]aced inl quadrant in such a way thatthe a axis  FRONTVEW SDEVIEW
is parallel to both V.P. and H.P. (Flg 4.90) its projections are done as shown in
7 Flg 4, 98 == : ,

In th|s posmon of the SO|ld the Front V|ew does not reveal about the base of | | —t—
the solid, even Top View does not show it. We have to take the side view X Y
projected on A.V.P. So, side view must be drawn flrst then Front Vlew and Top
View are projected fromit. : :

TOP VIEW
Y Fig. 4.98
SIDE VIEW FRONT VIEW
Example 4.23 : A pentagonal prism having a 20 mm edge of its
base and an axis of 50 mm length is resting on one of its rectengular
(d")d" J . faces with the axis perpendicular to the side plane. Draw the
! d projections of the prism.
{c")e” | che'—— - G Solution refer Fig. 4.99
c!
bl b GIVEN DATA
Y - pentagonal prism
—  axis perpendicular profile planed side plane
—  rectangular face parallel to V.P.
¢
b: g Steps :
di d (i) Draw a XY line
a a (i) Here, Axis perpendicular to P.P/side plane means the axis is
e 6 parallel to both V.P. & H.P.
So start with the side view which is a triangle with true shape
Y, TOP VIEW and size.
(iii) Then, project the corrosponding Front View and Top View,
Fig. 4.99 which are rectangles.
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= A,trianguiar {pyramid base 25 mm;SIde,ams 50 mmrlong,—
~ both the pianes Draw its prOJectlons —

~ Drawits projections.

4 ~ The frustum ofa hexagonal pyramld of 20 mm base edges and 10 mm cut face top edges is restmg on H Pona base edge W|th — —

: ffiltS 50 mm Iong aX|s horlzontal and parallel to V 23 The cut top face is in front Draw |Ispr01ect|ons

4.7.3 PROJECTION OF SOLIDS WHEN ITS AXIS PARALLEL

TO REFERENCE PLANE & INCLINED TO THE OTHER

~ CASE () WHEN THE AXIS INCLINEDTOH.P.&
PARALLEL TO V.P.

Fig. 4.1 02 shows pictorially a squarepyraf:hid with its axis J_ to the
H.P.and || to the V.P.in the first step and having its axis inclined at 6
to the H.P.

This kind of two steps are required, when the axis of a solid inclined
to any one of the reference principal plane.

3 A cyhnder base 40 mm dlameter aXIS 60 mm Iong, is Iylng on the ground on |ts generators Wlth the aXIs || to both V P. and H P

Fig. 4.102
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its projections are done as follows. Fig. 4103

(i) Initially, the solid is assumed to have its axis perpendlcular to H.P.
— rr;Then views are drawn for thlS S|mple position. =

(ii) Thenin the second step, the soI|d is tilted to the given |ncI|nat|on

with H.P. Then redraw to Front Vlew in the prewous step tothe

'requlred inclination.

(iii) Required Top View will be projected from the Front View.

Example 4.26 : A pentagonal prism having 20 mm edges at its base and
axis of 70 mm length is resting on one of the edges of its base with its
axis parallel to the V.P. and inclined at 30° to the H.P.

GIVEN DATA

- Pentagonal prism 20 mm X 70 mm

- axis || to VP and inclined to H.P. at 30°

Steps 1:

Steps 2:
Steps 3:

Steps 4:

Steps 5:
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Assume, the axis is perpendicular to H.P. start drawing with
the Top View, which is a pentagon i.e., true shape of the base
Fig. 4.104

Project the Front View above XY

Then redraw this Front View with axis inclined at 30° to the XY
line.

Draw vertical projectors from each of the redrawn points in
the Front View and horizontal lines from corosponding points
in the topview drawn in step |.

Note the corrosponding points of intersection and join them
to obtain projections of all the surface boundaries.

| Y
; ) e
| s
| o
X | i Y
i |
T
VA R T [ B
|
STEP I STEP I
Fig. 4.103
bh(a') \ } c'i(e'r) d d
‘ ¢y 9'1)
\ v
oL
| Loy o
| .
‘ Y (&)
‘ . -
o'~
b'(a) i cley |a rGround 7{/
X o b'l(a) \\ Y
e (e) 4
a al .~
ai(a) J(d) T d
>d1 d
bi{b) b B
ci{e) Ci
STEPI STEP O
Fig. 4.104




= 'Example 4.27: Draw the pro;ectlons of a hexagonal pyramid base 20 mm;
side and axis 45 mm Iong, has an edge of its base on the ground Its axis is

_inclined at 60°to the ground and parallel to the VP

Solutlon see F|g 4105

(i)

Assuming the axis to be L to the ground, draw the Top View abcdef
below XY. ,
Project the Front View as shown in F|g 4105

Now tilt the pyramid about the edge. On tilting, the axis will become
inclined to the ground but will remain || toV.P. The axis makes 30° angle

with XY.

Now from this Front View project all the points downwards and draw
horizontal lines from first Top View.

Reproduce the new Top View by joining the apex with the corners of
the base and also draw lines for the edges of the base as shown in the
fig. 4.105.

Hidden portion of the pyramid is shown by dashed (dotted) lines.

Example 4.28 : The frustum of a cone of 45 mm base dia, 25 mm cut face
diameter and 50 mm axis, rests on H.P. so that its axis is || to V.P. and inclined
at 30° towards the right. Draw its projections, when the cut-face is one top.

Solution Fig. 4.106

Stepsl: (i)

Steps Il : (iii)

The frustum is assumed to be in the simple position is axis L
to H.P. So Draw its Top View first which are concentric circle
® 25 and ¢ 45

(i) Project the Top View above XY to get the Front View.

Tilt the Front View to the required inclination is axis makes
30° with XY line.

(iv) Project down this Front View and project horizontally from
the previous Top View, to draw the required Top View,
matching the corrosponding points.

Note : The titled circular ends are seen as ellipses in the topview, i.e.
compressed (foreshortened) circle is ellipse.

-

o' 0
&\ “dg>er
x clb! dlal elf clbl
a ai
b f by fi
Q | p1
1 :\\§
¢ e c e
d i
STEPI STEPII
Fig. 4.105
&
! g
| 7
] ! L i
| o~ \:@ i
— w
H |
— \\ /‘:\\\\L
. | o
8 - - F——— §)
uy |
\IL// \I/
7
STEPI STEPII
Fig. 4.106
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 ASSIGNMENT

A triangular prism with 25 mm edges at its base and the axis 60 mm long is restlng on one of the edges of its base with aX|s || to
V.P.and inclined at 30° to the H.P. Draw the projections of the prism. - ' : '

A pentagonal pyramid of 25 mm edges of its base and axis 50 mm, has its axis perpendicular to the V.P. and 50 mm above the
H.P. Draw the projections of the pyramid if one edge of its base is inclined at 30° to the H.P.

A frustum of square pyramid of 20 mm edges at the top, 40 mm edges at the bottom and 50 mm Iength of the axis has its side
surface (face) inclined at 45° to the H.P. with axis || to V.P. Draw the projections of the frustum.

The frustum of a cone, which is 90 mm base diameter and 30 mm top diameter. Draw the projections of the cone frustum when
its axis is parallel to the V.P. and inclined at (i) 30° to H.P. (ii) 60° to the H.P.

ACTIVITY

You will be studying about the development of surfaces in the later unit of this book. Using the knowledge of development of
surfaces, develop different types of solids like prisms, pyramids, cones etc. and study their projections in different possible
positions. Make sphere out of plasticine or clay. Cut the sphere into 2 halves to get himisphere.
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STEP1I

STEPII

Fig. 4.107

Fig. 4.108
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~ PROCEDURE FOR DRAWING PROJECTIONS OF SOLIDS HAVING AXIS PARALLEL TO THE H.P. & INCLINED AT¢ TOTHEVP

(i)

When the axis is inclined to VP assume it to be perpendlcular to VP and draw, the true shape of the base in Front Vlew and ,

— pro;ect the Top View from it.

Using proper conventional Irnes redraw the Top Vrew so that the axis is mclrned at the given angle d) to XY I|ne

Draw vertical projectors from various points of redrawn Top View and horizontal lines from the Front View in the | step. The

'rcorresporndrng points of intersection of these horlzontal and vertrcal lines locate the positions of the concerned points in the
Front View, in the Il step.

Complete the Front View of the solid by drawmg all the surface boundaries usrng outlines or short dashed (dotted) lines,

~ depending upon their visibility.

Example 4.29 : A hexagonal pyramid having 20 mm sides
atits base and an axis 70 mm long has one of the corners b il y_ ¢
of its base in the V.P. and its axis inclined at 45° to the V.P. , . . 7
and parallel to the H.P. a v d G 2 — d
Solution see Fig. 4.109 |
f L e f €

(i) First assume the axis to be perpendicular to V.P. . | 4

and draw the true shape of the base, is hexagon X . 0 Vi (: y ; Y

in Front View locate the axis and join it to the | (f;K G

corners of the hexagon. i A ‘)’

eryvd

(ii) To view in this simple position is drawn by |

projecting from the Front View. | ///
(iii) Then redraw the Top View in the | step, so that the ! Z

axis is inclined at 45° to XY line. y v
(iv) Draw vertical projectors from this Top View and

horizontal projectors from the Front View of

< = STEPI STEP I
(v) Complete the Front View of the solid by drawing

all the surface boundaries.

Fig. 4.109
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= 'Example 4.30: Draw the pro;ectlons ofa cylmder 30 mm dra and axis i"f' ',
50 mm long has its axis paraIIeI to H P and inclined at 45° to the VP

Solutlon see Fig. 4 1 10

i)

(ii)
(iii)

(iv)

(v)

Assume the axis perpendlcular to the VP and draw the Front

View which is a circle.

Project Vthe Top View, which is a rectanglé

Redraw the Top View, such that the axis is |ncI|ned at 45° to XY

- line

Project this Top View and the previous Front View to get the
required Front View.

Circular ends are shown by drawing ellipses.

Example 4.31 : The frustum of a square pyramid with the base edge
of 40 mm and top edge of 20 mm with axis 50 mm, kept in such a way
that its axis is parallel to H.P. and inclined to V.P. at 30°. The cut face is in

front.

Solution see Fig. 4.111

(i)

(i)
(iii)

In Step | Assume the axis perpendicular to V.P. and draw the
Front View which shows two square ends.

Draw the corrosponding Top View by projection.

In step (ii), redraw the previous Top View such that the axis is
inclined at 30°

Projectors should be drawn from this redrawn Top View and
the previous Front View to get the required Front View.

-

Y
STEPI STEP II
Fig. 4.110
- ——’—F— — =
v
i
|
|
|
i
STEPI STEP II

Fig. 4.111
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~ WHATWEHAVELEARNT

We now list some of the important conclusions for the projections of solid in the form of a table given below :

S.No. | PositionofSolid - ~ Hints for Drawihg t'heiProj : | Number of Sfeps

= When the axis perpendicular to H.P. Start with the Top View = ~ one
2. When the axis perpendicular to V.P. : Start with the Front View : one
3 When the axis perpendicular to PP. is axis Start with the side view one

parallel to both V.P. & H.P

4. Axis parallel to V.P. and inclined to H.P. at 6 (i)  Assume the axisis 1 to H.P. Two
(i)  Redraw the Front View as the
inclined view
5. Axis parallel to H.P. and inclined to V.P. at ¢ (i)  Assume the axisis 1 toV.P. Two
(ii)  Redraw the Top View as the
inclined view

Table 4.5 : Steps involved in projections of solids

ASSIGNMENT

Q1. Draw the projections of a pentagonal prism having 25 mm edge of its base and the axis 50 mm long when it is resting on its
base with an edge of its base inclined at 30° to the V.P.

Q2. A triangular pyramid of 50 mm edges of the base and axis 60 mm long has one of its corners of the base touching V.P. with axis
parallel to H.P. and inclined at 45° to the V.P. Draw the projections of the pyramid.

Q3. The frustum of a cone of 40 mm base diameter and 20 mm cutface diameter, rests on H.P, with its axis 50 mm long, parallel to
H.P. and inclined to V.P. at 30° towards right. Project the topview and Front View.
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Qs.
Qé.
Q7.

Q8.

= fOrthbg'r:a:bhl:c Projection

'iA::squaire dUCt'is ‘m{the fbrih ofa f’r'u'rs'trum' ofa qua’ré pyréirhi’d; The's;ides of tob and ,bbﬁttom:ér'e' 90immiand 60 mm res’péctiv'ély;' '

and the length is 110 mm. Itis situated in such a way that its axis is parallel to H.P. and inclined at 60° to V.P. Draw the projections

of the duct, assuming the thickness of the duct sheet to be negligible.

Draw the projections ofa square prism having 30 mm edge of its base and the axis 55 mm long when it is resting on its base
with its axis inclined at 30° to V.P.

Draw the projections of a hexagonal prism having 20 mm edge of its base and the axis 50 mm long when it is resting on its base,
with its axis parallel to H.P. and inclined at 40° to the V.P.

A triangular prism of 50 mm base edges of the base and axis 60 mm long, resting on its base and its axis inclined at 45° to the V.P.
Draw the projections of the prism.

A hexagonal pyramid of 25 mm edges of the base and 60 mm long axis, resting on its base, has its axis inclined to V.P. at 30°.
Draw its projections.

169



- lNTRODUCTION

We have studled about the:;
orthographlc projections in
‘which a 3 dimensional objectis
== ,detalled in 2- dlmensmn These';;
objects are simple.

~ In engineering most of the
machines are extremely
complicated. They have various
parts inside. And we have to
show the details of inside, so the
engineers adopt a technique
called ‘sectioning’ The objects/
machines are “imagined to be
cut” in a particular manner and
the interior becomes visible and
is shown by a sectional view.

Let us take the machine block as
shown in Fig. 5.1 Examine the
orthographic views of this
block. They have many hidden
lines (showing invisible
surfaces/edges) but don'tgive a TOP VIEW

;Ieta.rI idea about the inside PICTORIAL VIEW QORTHOGRAPHIC VIEWS
etails.

I I N ——

Fig. 5.1 Views of a Machine Block
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== the sectlon plane to show the rnterlor (|n5|de) detalls more cIearIy As can be seen ln Flg 5. 2

SECTION PLANE
OR
CUTTING PLANE

Hstching 4§|
{Saction Linas)
#———SECTION
A
SECTIONAL FRONT|VEW
® Y
re——T——r—-
Section Flane |
1O
J Le——r———-1 A
|
TOF VIEW

(b) ORTHOGRAPHIC VIEWS

—— SECTICN
—— HATCHING (SECTION LINES))

(a) PICTORIAL VIEWS

Fig. 5.2

; ;ff:’Tfhe \new (pro;ectron) of the remamrng cut portnon of the ob}ect IS known as the sectlonal view. Refer to 52 (a) The cut/exposed =
= surface known as the sectlon is represented by 1 thln equrdlstant |ncI|ned Ilnes (sectlon Imes) known as hatchlng (Frg 52(a )& (b)). =
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DO YOU KNOW ?

— "*’,;\/arii()lj:s sectioning syrhbols'afe used 'rf'oir: differénf,mja’c'errials,fas Sh’Owhf(FiQ; 54 =

Ly s
/// g // // g
g // e //
. // ey //
7 s
// ey // 7
L s . e ]

Cast Iron Steel Bronze, Brass, Copper White Metal, Zinc, Lead,
and Composition Babbitt & Alloys
U
— — — —
Aluminum Electrical Windings, Sound Insulation Cork, Felt, Rubber, Plastic,
Electromagnets, etc Leather & Fiber Electrical Insulation
Ve R iy L
.///'/-/ // g f ////////////////;; -
00 i 700000007 B
S / ) / 7 ‘ ‘ RN ot I ////////// - -
TTtanium and Concrete Thermal Insulation ~ Marble, Slate, Glass, ~ Water & Other Liquids
Refractory Material Porcelain. etc
Earth Rock Sand
Fig. 5.4
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Look around, can you identify some objects which look like a combination of simple cut-solids.
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(A) Pictorial view

Portion removed
Seaction

Seaction Plane

Closed
boundary of the
section

SECTIONAL TOP VIEW (AT A-A)

o(p)

(B) Crthographic views

Section lines
(Hatching)




VEnéirree'ririg}j Graphics

53 1 Sectlon Plane/Cuttmg Plane

As mentloned earlier, this plane |nd|cates Where thei |mag|nary cuttrng
, takes place or the path of cuttrng an object to make a section..

It can also be understood as the path your knife takes to cut through

the apple.

The cutting plane is shown in the orthographic view in Fig. 5.6 (B)

where it appears as an edge. This edge is represented as a combination
of “Chain Thin” lines as shown clearly in the Fig. 5.7.

The edges of the cutting plane line are terminated by “thick lines” with
arrowheads to indicate the direction of viewing the section. It is more
completely identified with reference (capital) letters (A-A, B-B etc.) at
the beginning and end of the plane. This becomes useful when the

(a) Parallel

(b} Inclined

Fig. 5.7

object is cut by more than one section plane (Combination of more than one section plane, though rare, is used sometimes to know

the details at different positions in a single sectional view).

Note : Section planes are not shown on sectional views.

5.2.2 Sectional view & Section

As mentioned earlier, this orthographic view shows the surface which has been imaginarily cut or exposed, i.e. the section and also
shows the remaining portion of the object. It can be identified with the pulp of the apple alongwith its seeds which is visible after it
is cut. Fig. 5.6 shows the pictorial as well as the sectional Top (orthographic) view of a square pyramid.

A sectional view generally replaces one of the regular views of the object. To make the cut surface/section seen clearly in the sectional
view, it is represented by thin parallel lines (section lines) which will be dealt with later (5.2.3). While drawing sectional views, the
following points should be noted :

E

The outline of the section is “continous thick line” and “never represented as hidden lines”

2. By and large continuous thick line is not shown within the section.

3. Hidden lines are not shown in the section unless they are needed to describe the object.

4. If a portion of the solid is removed by cutting, then it is represented by “dashed and double dotted lines” as shown below
(Fig. 5.8).

5. The portion is assumed to be removed only in the sectional view, so other views are full and complete.
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Several types of sections [

are available for use in
explaining the material
of the inside parts (fig.

5.9)

The engineer/technician
may select from among
them, that best describes
the shape

(a) Full section
(b) Half section

(c) Revolved / Rotated
section

(d) Removed section
(e) Local/ Partial section
(f) Offset section, etc.

Some of them will be
learnt in the next higher
class (XII).

DO YOU KNOW ?

(#) FULL SECTION

{t) HALF SECTION

S

2

(s} LOCAL / PARTIAL
SECTION
() (2
Al NS [T el N
B
| 2
%Z@
© 2 { ) /' (:} E
. "9 e
— 7 - : 5 ,
&1
{¢) REVOLVED/ROTATED (d) REMOVED {h OFFSET SECTION
SECTION SECTION
Fig. 5.9
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523 Sectionlines
‘As mentioned previously in (5.2.2), the sectional

~ surfaces are’hatched; i.e. continous thin parallel lines |
are drawn with equal spacing, (say 1-3 mm),
minimum being 0.7 mm as per BIS SP : 46 — 2003
(Revised) specification. These lines are called as
“section lines”. They are drawn at 45° to the
“principal outlines” or “lines of symmetry of the
sections’, as shown in the Fig. 5.10

> 0.7mm

While hatching the following points should be taken care of :

1. Hatching shall be interrupted when it is not possible to place inscriptions (i.e.
dimensions or text), outside the hatched areas as shown in the Fig. 5.11 below:

Fig. 5.11 No Hatching over text/dimensions

2. Separate areas of a section of the same component shall be hatched in an
identical manner. Various ways of hatching are shown in Fig. 5.12. Adopt the
correct method for a neat, precise and clear drawing.
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(a) (b) (c)
Fig. 5.10
. IRREGULAR
SPACING
CORRECT INCORRECT
LINES TOO LINES SHORT CR
THICK OVER-SHOOTING
\Q
&
INCORRECT INCORRECT

Fig. 5.12 Correct & Incorrect Methods of Hatching




~ ACTIVITY5.2

 atons i Sohs

Make clay/plasticine models (out of soap cakes) of 5|mple SO|IdS (prlsms pyramlds cyhnder etc) as Iearnt in prewons chapter Palnt

: themfrom out5|de

Cut them horizontally or vertically or at some angle. The section surface will be visible clearly. Try to sketch these sections.

(These models can be used to understand the examples which will be explained later in this chapter).

TRY THESE
l. What is sectioning ?
1. Give two examples, where sectioning is used.
. Fill in the blanks, from these alternatives (45°, 60°, sectional, cutting)

@ —dhe—— plane is shown as

(c) The Hatching lines are generally drawn inclined to the horizontal at an angle of

going to deal with sections of simple solids, (the ones studied in the previous chapter)

-

BE view, the portion of the object between section plane and the observer is assumed, to be removed.

Having learnt the basic concepts & techniques let us take up the drawing/construction of sectional views. In this chapter, we are

5.3 DRAWING TECHNIQUES FOR SECTIONAL VIEWS

Drawing of these views is an extension of projection of solids. Hence, the procedure explained in the previous chapter is followed
here also. To understand the basic technique, let us consider the example of a square pyramid which is cut by a horizontal section

plane as shown in Fig. 5.6.
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d'(a)
a

c'(b) d'(a)
b a

c'(b'y d'(@)
b a

c(p) d(@)
b a

c'{b) di{a)
b a

¢'(b')
b




~ (Note A :ﬁé,tﬂ’_fsrd:rface cut bya Aﬁpjliarne, =

~ gives a straight boundary

— ew

-

~drawing of the remaining portion with

~ continuous thick lines.
(Note : In case a portion of the solid is
removed and it lies outside the section,
then it is represented by “dashed and
double dotted line”) ' =

5.3.1 Types of Sectional Views

The sectional views so obtained can be
either of two types :

1. Sectional Front View

2. Sectional Top View

5.3.1.1 Sectional Front View

As the name suggests, the section is seen
in the Front View. This is possible when the
section plane is vertical/inclined to the
vertical i.e. perpendicular to HP and
parallel to VP or it is inclined to the vertical
plane (VP) as shown in Fig. 5.14.

~curved surface cut by a plane, givesa
~curved boundary in the sectional

VERTICAL
SECTION
PLANE

INCLINED
VERTICAL
SECTION
PLANE

3-D view of a cylinder
sectioned by plane parallel to V.P.

3-D view of a cylinder
sectioned by plane inclined to V.P.

Fig. 5.14
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- 5.3.2:Examples

~ Letus consider some examples

to understand construction of
sectional views, as well as

differences in developing them

according to different cases.

5.3.2.1 Section Plane Parallel
to HP & Perpendicular to VP.

As suggested in (5.3.1.2), the
section plane is represented as
a line in the “Front View” and
the sectional view is obtained
in the Top View.

Example 5.1 : A cube of 40 mm
side is cut by a horizontal
section plane, parallel to HP at
a distance of 15 mm from the
top end. Draw the sectional Top
View and the Front View.

182

~section plane is horizontal/
_inclined to the horizontal i.e.
perpendicular to VP and
~ parallel toHP oritisinclined to
~ the horizontal plane (HP) as
~ showninFig.515.

HORIZONTAL

SECTION
PLANE

INCLINED

HORIZONTAL

SECTION

PLANE
¢

3-D view of a cylinder
sectioned by a plane parallel to H.P.

3-D view of a cylinder
sectioned by a plane inclined to H.P.

Fig. 5.15
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Draw the Front Vlew and Top Vtew as shown in the glven posmon ,

. Inthe Front View, draw the sect:on pIane B-B ata distance of 20 mm from X Y Ime and parallei to |t =
~ Locate the POIs pt. 1’ cuttmg front edges a 'b’and the edges of the trlangular face at the back at 2% Srmtlarly 3' and 4

, Pro;ect these pts. on their corresponding edges in the Top Vlew as shown in Flg 5. 17 (a)

'_{Jom the pts 1 2 4 & 3 and hatch the area.. — — —

a

B B

1'2)/ | \3@® ‘
, J__ _+ ) i
X b' : c ¥

2 | la

i

B8
Y

a3 |

- 4

Fig. 5.17




~ Draw the Fronth|ew and Top View as shown in the given position. : : = =
~ In the Front’ View, draw the sectlon plane B-B passmg through the mid- -point of the axis 0'01 as shown =
'?Locate the POIs 2 3 4'- 5’ 6 cuttmg the edges 0'a, o'b; o'f; o’c; o'’ & o’d’ respectwely =
‘—Pl’Oject these pts. on their correspondlng edges in the Top Vlew = =
: Jom the pts. 1,3, 5, 6 4,210 form the outllne of the sectlon and hatch the area.

ol
i
|
gl I
1Y 122G & o
| ' i ®
%
|
|
X o B o) |d Y
f s
|
3 5
a ; ) 5 d
2 4
b 80 _ ¢

Fig. 5.18
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= }Solutlon Refer to flg 5 = 9

= 'Draw the Front Vlew and Top Vlew = shewn , = = = = — = =
As section plane is mclmed to HP draw line E- E in Front Vlew meetmg comers e and d’ maklng an angle 9 thh X Y hne (HP) F|nd —
~angle® — :
Locate the POIs 1’ 2’ 3 4’cuttmg edges/corners e f’ d & = respectlvely
Project these pts. inthe Top View. ,
Join these pts. to form the outline and hatch the area.

(b
i ¥y
4
/
2 .
/
J/ e
/
X 1 El, T2y h{(g}
()
2 4
I b ()
2
1 afe) ah)

Fig. 5.19




ise diameter 50 mm and height 70 mm is resting
to HP atan angle of 60°, passes through the a

= 'D'ra'W':'rcﬁefprrpj‘fe_c;tibns"éfth:e'"js:c)*l'id,ass'h'iown;" - - -
2. In the Front View, draw the section plane F-F making an angle of 60° with X-Y line and passing through the centre.
3. Locate the POIs 1; 2; 3/4’in Front View cutting the circular faces as shown pictorially in Fig. 520 (b).
4. Project these pts. on their corresponding edges in the Top View. = — =
6

. Join these points 1-2-4"-3'and hatch the area.

. Draw the remaining portion. In this case, some portion of the solid is removed and lies outside the section, so it is represented
by “dashed and double dotted lines” ' ' ' — '

}F
bl

R@)
. 1L
aj ¢

—

o o,
@
E| ]
X ; Y
)

bl

-

d
2_| 4

a 1 Hd)3 ¢

Fig. 5.20
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~ Sections of Solids

- - - - - -
Itis cut by a section plane inclined at 60° to HP and bisects the axis. The axis measures 80 mm. Draw the Front View and sectional Top

3
4

-
=k

Draw the Front View and Top View in the given position as shown.

‘Draw section plane F-F inclined at 60° to X-Y and meeting axis line o'e’at a,rdrirsta"ncre of 40'm7m7,(rhi'dway):fr0m X—Y'line. —
Locate the POIs 1, 2; 3, 4' 5’ & 6’ cutting the base edges a'e’ & a'b) the slant edges o'b; 0'e] o'c’ & 0'd’ respectively.

Project these pts. on their corresponding edges in the Top View. (But it can be seen that point 4’ can’t be projected vertically on
the edge o%¢’) = = : = —— — , =
So we have an extra step, i.e. draw a line parallel to the base from pt 4’in the Front View, meeting one of the other slant edges at
pt. 7. Then project pt. 7 in the Top View on the edge od. From pt. 7 in the Top View, draw a line parallel to the base meeting the
edge oe at the desired pt. 4.

Join the pts. 1, 2, 3, 5, 6, 4 and hatch the area.

Draw the remaining portion and complete the view.

Fig. 5.22
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— Eng,neenng G,:qphIVCS,’ —

— :Example 5.8 s A;‘cone of c]) 60 mm base and aX|s of length 80 'mmlis restmg on |ts"cnrcular face on H P lt is cut by a sectlon plane: —
~inclined at 60° to HP and meets the axis at a p0|nt 30 mm below its . apex Draw the sectlonal Front \few and Top Vlew

= ,,:;';';Solut|on Refer tO ﬁg 5. 23

=
2
3

Draw the Top View and Front Vlew as shown : : : :
Mark a point, 30 mm below apex o'in the Front View and draw a 60° |ncI|ned section plane D-D passing through it.
'Locate POIs 1'& 2; meeting generators o'a’ & o'b; in Front View and pro;ect them in the Top View on diameter a-o- b

~(Itcan be seen that they don't have edges & more points need to be located to get the shape of the section) |

o v

190

Hence, divide the section plane into equal parts say 4 pt. and draw lines parallel to the base passing through these p0|nts These

~ lines represent Circle A, B & C and their respective POIs with section plane are 3'-4,5-6'& 7'-8"
Find the width of the lines draw in the earlier step and taking them as diameters, draw circles A, B & C in the Top View

Project the POls in the Top View, meeting the circles A, B & C at points 4, 3; 6,5 & 8, 7 respectively.
Joinpts. 1,4,6,8,2,7,5, 3 as a curve. (As inthis case, the section plane is cutting a curved surface.) Section the area.

30

80

A

Ll
A
[ s _
*ﬁ%ﬁ%@%therh—%i~

N
LY

=)
\ =
N,

ST\
~Jor

Fig. 5.23



j:i'Example 5. 9 A

- ~ from O the centre. Draw the Front V|ew & sectlonal Top Vrew =

= };,Solutlon : Refer to Frg 524

—
2
=

Draw the prOJectlons ofthe glven sphere =

Draw the inclined section plane A-A in the Front View WhICh is tangentlal to a circle A’ of 8 mm radius.

‘Locate Pts. 1'& 2’meet|ng the outer circle as shown and project them in the Top View on the line 0- 01 WhICh represents the outera 7
~circle (circle D). It can be seen that some more points need to be located to get the shape of the section. Hence draw circles of

any radii between the inner-most (circle A’) and outermost (Circle D) at suitable dlstance ie. C|rcle B’ & C’ respectively. PrOJect

~ these circles as lines in the other view as shown. =
Locate POIs on these constructed C|rcles in the Front V|ew i.e. 3'4’ 5 6’ 7.8, 9’10’ =EC 12’ meetlng crrcles C’ B’and A'in Top View.

Project these POIs on the respective lines representing these circles in the Top View i.e. Pts. 1, 2 on circle D, pts. 3, 11,4 & 12 on
circle C and so on Join these pts. as a curve as a curved surface is cut a sectlon plane and draw section lines.
Draw the remaining portion of the solid.
ﬁ
Cirde C
Circle B

__— Circle A

.
Ry

‘ Clrcle A
| Circle B

rd Circle G

.3 i Clrele D
—\W

Circle D

>
N
yd 3
/ :
,{}Kw r
\.

Y

o
I

_

& Clrele C

| Circle B
| 240 -— Circle A

Fig. 5.24
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H‘ “

. Draw the projections. , = — =
~ Draw the section plane A- A ata dlstance of 10 mm from the centre o |n the Top View as shown = = =

~ Locate the POlS 1, 2in the Top Vlew 1ntersect1ng the circle. As only two pornts are not enough in case of sectlon of curved
~ surface. Hence iocate two more POIs 3 & 4 meeting the axis line. ' — = — =

- Project these POls in the Front View and draw a crrcle W|th centre o and dra 1'- Zrequal_to sectlon ,hne 17-2, in the,Top Vlew.,

— ',f;Draw section Ilnes to get the sectlonal Front Vlew = - - - - -

240
o

Fig. 5.26
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= _DrawTop Vtew and Front Vlew of the prlsm as shown = = = =
~ Inthe Top View, draw the section ptane D-D parallel to X-Y Iine and at a dtstance of TO mm away from the centre o
Locate POIs 1,2,&3,4in Top View intersecting edges, a-b, a1- b1, b-c & b1- c1 :

~ Project these POls on their correspondlng edges in Front View.

',fJom 1 2' 4 &3 and sectlon theatés: —

a 1'bd)3 ¢
f
2
X 1a'1 2' ba{d')|4' |cH
d(d
AN
C(01)
a(ar)
¥ 1(2%((3(4) 1




.,,—"DraW the Front View and Top View as shown. - - -
~ Draw the section plane A-A, parallel to X-Y line and 10 mm from pomt C — - -
':Locate the POIs1,2 mtersectmg the C|rcular base (We can see agaln as in case of Egs 5 8 & Eg 5 9 i. e curved surfaces we need
~to obtain more POIs) — : = = - = = — :
~ So draw some concentrlc circles, Clrcle A (mnermost) such that sectlon pIane is tangentlal toit, and another Clrcle B and prOJect
f '_}these circles as lines in Front View. , = , =
Locate points 3,4 and 5 cutting the CII’C|eS A & B and prOJect a1| the POIs in the Top \/ew

Join all the points 1} 3; 4, 5'and 2"as a curve and section the area.

Circle A
Circle B

Fig. 5.28
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= 'Example 5.14: A tnangular pyramld is restmg on Vits base on HP such thatr—:; r

one of its base edges at the rear is paraIIeI to VP. Its base edge measures 35

- mm and height 50 mm. A section plane inclined to VP at 45° and
' perpendlcularto HP cuts the slant edge of the pyramid in front, at a distance =

of 5 mm from the axis. Draw the sectional Front View and Top View.
Solution : Refer to Fig. 5.30 :
1. Draw the Top Vlew ‘and Front Vlew as shown.

2. InTop View, draw the section plane, inclined at 45° to VP at a distance
of 5 mm from the axis pt. ‘o(p)’

3. Locate POIs, 1, 2, 3 and 4 cutting the edges ac, oa, ob and be
respectively.

4. Project these pts. on the corresponding edges in the Front View. [But
it can be seen that pt. 3 can't be projected vertically on the edge o'b’as
similar to Example 5.7]

5. Similarly, we have an extra step, i.e. draw a line parallel to base from
pt. 3 in Top View such that it meets one of the slant edges ‘0a’ at point
5.Then project pt. 5 in the Front View on the edge o'a’ and then from
pt 5, draw a line parallel to base meeting the edge o’b’ at point 3.

6. Join the pts 1'-2’-3’-4" and hatch the area.

7. Join the remaining portion. (Here also, some portion of the solid is
removed & lies outside the section, so it is represented by dashed
double dotted lines.)

Example 5.15 : A cone, base diameter 30 mm and axis 60 mm is resting on
HP such that the axis is parallel to HP and perpendicular to VP. The apex is
nearer to the observer. A section plane perpendicular to HP and inclined at
60° to VP bisects the axis. Draw its sectional Front View and Top View.

=

5!

i

1I

4

\5041
S \3 /4/ m*
N\
b s
B

197



-

1

>

~ Solution:Refertofig.531
Draiwthe Front View:a nd Top View as $hown inthe give:n position.

In Top View, draw the section plianrie B-B. 'pass'ring through the mid

point of the axis 0-01 and making an angle of 60° with VP as
shown. ' = :

Locate the POIs 1, 2 & 3 cutting generator oa & base ac at two
points. In this case, we can see they don't have edges as learnt in
the previous chapter, so we divide the circle into equal parts
(atleast 8 parts) and project these pts. in the other view as end
points of generators.

We locate POIs 4, 5, 6 and 7 cutting generators “ ob, oh, od”and
“of” respectively.

Project all the POIs to pts 1) 2/, 3’ 4, 5/, 6’ and 7' on the
corresponding generators in Front View.

Join 1'-4’-6’-2'-3'-7"-5"as a curve, since here also, the section plane
is cutting a curved surface. Section the area.

Draw the remaining portion.

ADDITIONAL QUESTIONS

Example 5.16 : A pentagonal prism of base side 20 mm is resting on
its 35 mm long rectangular edge on the ground such that the axis is
parallel to HP and VP. A section plane inclined at 60° to HP and
perpendicular to VP bisects the axis. Draw its projections and the
sectional view.
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Fig. 5.34d

It can be seen in Fig. 5.34 (c) we may take help of the end (side) view (as in case of orthographic projection), to obtain the sectional/
view.

Note : It is not necessary when Front View and Top View can be obtained directly.

In Figs. 5.34(a), (b) & (d) the basic concept to draw sectional views remain same but only the orthographic projections of the solid
vary according to given conditions. Similarly in case of inclined solids (with axis inclined to VP/HP), the same procedure applies.

TRY THESE

1. InFig. 5.35 (a) & (b), some solids are projected orthographically. Section planes A-A and B-B cut them respectively. Draw
their respective sectional views.

2. Acylinder with 60 mm base diameter and 60 mm long axis, rests on its base on HP. It is cut by a section plane parallel to and
40 mm above HP. Draw its Front View and sectional Top View.

3. A pentagonal pyramid, side of base 30 mm and height 60 mm, rests on HP, with its axis vertical and an edge of base normal
to VP. A horizontal cutting plane cuts the solid at height of 20 mm from the base. Draw front and sectional Top View of the
pyramid.

4. Acubeof55mmside has an edge on HP and axis inclined at 60° to HP. A vertical section plane parallel to VP and perpendicular
to HP cuts the axis into two halves. Draw the projections and sectional view.
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- 54 TRUESHAPEOFASECTION

Similar, to what we have learnt about true

length in the previous chapter, here also we
talk about true shape when we cut/section
the object at some angle, i.e. the “section
plane/cutting plane is inclined to HP or VP.
Thus the sectional view of cut surface
obtained is not the actual shape and is called
as “apparent section”. To obtain the true
shape of the section, we project it on another
reference plane (auxiliary plane) parallel to
the section plane as shown in the Fig. 5.36.

The true shape of the section can be
obtained thus by viewing the object normal
to the cut surface and projecting it on that
“reference plane parallel to the section
plane”

— Fgssb

AUXILIARY
REF. PLANE
parallel to
Section plane

TRUE SHAPE OF
THE SECTION

Fig. 5.36 Pictorial view of obtaining true shape of section
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Fig. 5.37 Cut portions of different objects

2. Paint the cut surface visible/exposed to you.

3. Get some prints on a sheet of paper, by placing the painted surface firmly on the sheet. These prints will show the true shapes of
the cut surfaces.

Similarly, you can get true shape prints of the cut surfaces of soap cake models of solids made in the Activity 5.2
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- ;:Refer to F|g 538 (1) Drawthe prOJeCtlonS ofthe SO|Id mcludmg the sectlonai view as Iearnt carlier ln(5 3) -

2. Refer to Fig. 5.38(2) Draw a thin line X- Y, which represents the auxmary plane, parallel to the section plane (here, A A) ata

: ,convenlent dlstance Then draw pro;ectors (thin lines perpendlcular) to ¥ from the POIs (here pts 1,253 & 4) lntersectlng the* =

cutting plane.

3. Refer Fig. 5.38(3) Measure the distances of all these projected POlIs in the sectional view with respect to X-Y line and mark them
on their respective projectors from X- Y . Here distance ‘z'of pt. 2 in the Top View is marked on the projector (L line) with respect
to X- Y . And so on for other POIs.

4. Join all the projected POIs wrt X-Y with
continuous thick lines. (Here, they are

1, 2, 3, & 4). Section the area. This is the true
. 2'(b')
shape of the section.

[Fig. 5.38 Step-wise Procedure to obtain true
shape of a section]

80

Let us consider some other examples to
understand the drawing technique of true /’
shape better.

5.4.2 Examples X

 E| | A)

e'(f

Let us refer to the previous examples where the
section plane is inclined and obtain the true shape b(f)
of these sections.

Example 5.18 : A square prism of base side 50 mm
and height of axis 80 mm has its base on HP. It is
cut by a section plane perpendicular to VP and

inclined to HP such that it passes through the two afe}) d(h) 2
opposite corners of the rectangular face in front. 1 50 |3 %
Draw the sectional Top View and Front View and ~
true shape of the section. 1

Fig. 5.39
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1. Draw the Front View with the
~section plane and the sectional

- Top View, as learnt in example 5.4

previously.

2. Draw the reference (auxiliary)
~ plane x- ¥ , parallel to the section |

plane E-E as shown in the Fig.

3. From the POIs in Front View i.e.

1, 2, & 3, 4, draw projectors
perpendicular to the X- ¥ line.

4. Measure the perpendicular
distances of the pts 1, 2, 3,4 in Top
View wrt X - Y and mark then on
their corresponding projectors wrt

XV
5. Join the projected POls

1,2, 4 & 3 with continous thick

lines and hatch the area to obtain
true shape of the section.

Example 5.19 : A cylinder of base
diameter 50 mm and height 70 mm is
resting on its curved surface on HP such
that the axis is normal to VP. A section
plane inclined to HP at an angle of 60°,
passes through the axis and cuts the
solid into two halves. Draw the Front
View, sectional Top View and true shape
of the section.

-

@50

70

-

Fig. 5.40
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= Draw the auxn It ary plane [

X- ¥, parallel to section plane

~ and fromthe POIs 1,2, &3’in
- the FrontView, draw projectors

perpendicular to the X-¥
line.

3. Measure the perp’e’ndi'cularl

distances of pts 1, 2, 3 in the
Top View wrt X-Y and mark the
same on their corresponding

projectors wrt X-¥ .

4. Join the projected POls,

1,2 &3 and draw section

lines, to obtain the true shape
of the section.

Example 5.21 : A vertical
pentagonal pyramid is lying on its
base on HP with one of its 45 mm
long base edge at the rear parallel
to V.P. It is cut by a section plane
inclined at 60° to HP and bisects the
axis. The axis measures 80 mm. Draw
the Front View and sectional Top
View and draw the true shape of the
section.

Sol. : Refer to Fig. 5.42

1. Draw the Front View and
sectional Top View as shown.
(Refer to example 5.7)

-

- |

B |

o |

|

N
L |

Fig. 5.42
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~ 2. Draw reference plane, X-¥

line parallel to section plane

~ F-F and draw perpendicular
 lines (projectors) from the -

POIs 1, 2} 3, 4, 5' & 6" in the
Front View :

3. Measure the perpendicular

distance of their respective
POIs 1,2,3,4,5 &6 in the Top
View and mark the same on
the corresponding projectors
wrt X-¥ line.

and hatch the area to obtain
true shape of the section.

Example 5.22 : A cone of ¢ 60 mm
base and axis of length =80 mm is
resting on its circular face on H.P. It
is cut by a section plane inclined at
60° to HP and meets the axis at a
point 30 mm below its apex. Draw
the sectional Front View and Top
View. Draw the true shape of the
section.

Sol. : Refer to Fig. 5.43

1. Draw the Front View and
sectional Top View as shown
in the figure (Refer to example
5.8)

2. Draw the reference plane
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the POls in the Front View, i.e. 1'&3'4. 56, 7'8'& 2’

~ draw prOJectors perpendlcularto the X- — I|ne =

Measure the perpendlcular dlstances of pts. 1, 3
4,5,6,7,8&2inthe Top View from X - Y line and
mark the same on their correspondlng prOJectors

wrt X-v .

Join the projected POIs 1,3,5&8,2,7,6&4

as a curve and hatch the area. This is the true

shape of the section. (As it is curved surface, so
the pts are joined as a curve, both in section as
well as true shape)

Example 5.23 : A sphere of 32 mm diameter is cut by
a horizontal section plane inclined at 45° to the HP
and at a distance of 8 mm from O the centre. Draw the
Front View & sectional Top View, and true shape of the
section.

Sol.

1.

: Refer to Fig. 5.44
Draw the Front View and sectional Top View as
shown (Refer to Example 5.9)

Draw X-Y parallel to the section plane A-A at

a suitable distance, and project perpendicular
lines from the POIs in the Front View (1] 3' & 4,

5'&6,7'&8 9'&10,11'&12'and 2') tothe X-Y
reference line.

Mark their respective distances from X - Y line wrt
Top View, on their corresponding projectors wrt

X-Y.

-
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— ffi_'? ata Su'ifébTe: dista'n‘cie'p'a"r'alliéi to the ééc"tib'n;p'lahe B-B. Draw

perpendlcular projectors to the = llne from the POIs (1,2& 3

' 74) m the Top Vlew

Measure perpendlcular dlstance ofprOJected POlsin FrontV|eW (pts
1,2,4'&3") wrt X- Y line and mark them on their correspondlng

projectors wrt X- ¥ .

Jointhe pts. 1, 2,4 & 3 and hatch the area. This is the true shape

of the section.

Example 5.25 : A triangular pyramid is resting on its base on HP, such
that one of its base edges at the rear is parallel to VP. Its base edge
measures 25 mm and height 50 mm. A section plane inclined to VP at
45° and perpendicular to HP cuts the slant edge of the pyramid in front,
at a distance of 5 mm from the axis. Draw the sectional Front View and
Top View. Obtain the true shape of the section.

Sol.

e

: Refer to Fig. 5.46

Draw the Top View and sectional Front View as shown.

Draw the xX-¥ line parallel to section plane B-B, and draw
projectors (perpendicular lines) to it from the POIs (1, 2, 3 & 4)

Measure the distances of the projected POls in Front View (1), 2, 3' &
4") from X - Y and mark these distances on the corresponding

projectors wrt X- ¥ line.

Join the pts. (1, 4,3&2) and section the area. This is the true
shape of the section.

=

50

2|
V a ¢
X n TRy
°
B|
", 12 c
g 4 +
A
- / o
N e /4 *
/q' b \\
O
B
o a4,
Fig. 5.46
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~ Example 5.26 : A cone, base diameter [

30 mm and axis 60 mm is resting on HP — 230

_such that the axis is parallel to HP and

~ perpendicular to VP. The apex is nearer '

to the observer. A section plane b' :
perpendicular to HP and inclined at 60° .\ N ra

~ to VP bisects the axis. Draw its sectional o/ A
Front View and Top View. Draw the true a' 1Y 1"
shape of the section. .
Sol. : Refer Fig. 5.47 | ' 3

‘ , h~NL L PR

1. Draw the sectional Front View and X g / | B Y

Top View as shown (Refer to
example 5.15).

b(h) | c(g) d{f

o
"'R:\—:"‘-lll'

<

2. Draw line XxX-¥ and draw

projectors to it from POls in the Top %
View (pts. 1,4 &5,6 & 7,2 &3). o /

3. Measure their distances wrt X - Y
line from their projected pts in the
Front View (1,4, 5,6, 7, 2'&3’) and
mark these distances on the /1

60
|
W

30
M|

corresponding projectors wrt

O |

X—¥. i

4, Join the marked pts. o

|

section the area.

This is the desired true shape of the
section.

Xl

Fig. 5.47
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Join the projected POIs 1.3,35.7.6,4.2 with

continuous thick lines and hatch the area to

~ obtain the true shape of the section. (As itisa |
curved surface, hence the section as well as the

true shape is joined as a curve except 6- 7 which
is a straight edge) =

E){amp'le 5.28:A pentagonal pyram'id is resting onone
of its 20 mm long base edge on HP. Its 45 mm long axis

is perpendicular to VP. A section plane inclined at 30°

to VP cuts the axis, 20 mm away from the base. The
apex is in front. Draw the Top View, the sectional Front
View and its true -shape.

Solution : Refer to Fig. 5.49

1.

216

Draw the projections and the sectional view as
shown in the figure. (It can be noticed, pt. 3 could
not be projected directly, so a line parallel to base
meeting the slant edge at pt. 6 was constructed.
Then from the projected pt. 6, a line parallel to
base was drawn to obtain pt. 3’in the Front View.

Draw the line X- Y parallel to the section plane
B-B and draw projectorsto X-Y frompts.1,2,3,
4 &5 in the Top View.

Measure distances of the projected POls

1-2-3-4-5 wrt X-Y and mark them on their
corresponding projectors, taking the same

respective distances wrt X-Y .

Joinpts. 1-2-4-5-3 ,anddraw section lines.
This is the true shape of the sectioned surface.

Fig. 5.49




‘Example 5.29 : A cone, base 30 mm dia,

= ~ axis40 mm long is resting on HP such that

the axis is parallel to HP &VP. Itiscutbya
section plane perpendicular to VP and
~parallel to one of the generators and
passing through a point on the axis ata
distance of 15mm from the apex. Draw
the sectional Top View, Front View and
true shape of the section. '

Solution : Refer to Fig. 5.50

1. Drawthe FrontView with the section
plane and corresponding sectional
Top View with the helping end/side
view as shown.

(It can be noticed pts 6'& 7’ can'’t be
projected directly. So they were
projected on the end view as 6” & 7”
on the circle (i.e. base) From the side
view it was then projected on the
Top View as 6 & 7).

2. Draw the line X-Y parallel to the
section plane C-C and draw
projectors (perpendicular lines) to it
from the POIs 1, 2. 34,5/ 6'& 7'in
the Front View.

3. Mark the distances of the projected

-

 ADDITIONALQUESTONS [

Fig. 5.50
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- -

corresponding

- distances of the points
1,2,3,4,56&7from

X-Y in the Top View.

4. Complete the figure in
the shape of a parabola

and draw section lines

in it. This gives the

required true shape of
the section.

Example 5.30 : A hollow
square prism (25 mm base
side and 55 mm long axis
and thickness 5 mm) rests
on its base on HP with the
base sides equally inclined
to VP. A section plane
perpendicular to HP and
inclined to VP cuts the prism
into two halves. Draw Top
View, sectional Front View
and true shape of the
section.

Solution : Refer to Fig. 5.51

1. Draw the orthographic
projections of the solid
in the given position
along with its sectional
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 atons i Sohs

V|ew asShan'(As itis hollow, :only'fth:at part ofithé'sfoliid,fvivhi'ch is V'c’uf |s sectioned)

Draw the reference plane (auxiliary plane) X-Y parallel to the section plane D- D and draw prOJectors to it from pts 1, 2 3& 4,
5,6, 7 &8 in the Top View. - : , , =

Mark the distances from X- Y equal to the corresponding distances of the points 1, 2; 3'& 4, 5, 6, 7' & 8’ from X-Y line in the Front
View.

Jointhepts. 1,2,3 & 4and 5, 6,7, 8 , Section the required area to obtain the true shape of the section. (Remember spaces are
not hatched, only the cut portion of the solid is hatched and hatching should also be identical for the same solid.

Example 5.31 : A hexagonal frustum (top base side 20 mm, bottom base side = 30 mm and height = 70 mm) rests on one of its base
corners such that the bottom hexagonal face makes an angle of 30° with HP. A sectional plane, inclined at 60° to VP and perpendicular
to HP, bisects the axis. Draw the sectional Top View, Front View and true shape of the section.

Solution : Refer to Fig. 5.52

15

Draw the projections of the frustum of the horizontal pyramid in the given position as learnt in the previous chapter. Draw the
section plane and the respective sectional view in Front View as shown.

Draw the line X- Y parallel to the section plane E-E and draw projectors.

Mark the distances from X- Y equal to the corresponding distances of points 1, 2, 3,4, 5 & 6 from X-Y in the Top View.

Joinpts. 1,2, 3,4, 5,6 and draw section lines in it. This is the true shape.

TRY THESE
Fill in the blanks

(@) True shape can be obtained on a plane to the section plane

(b) The true shape of a section of a sphere which is cut by an inclined section plane at some distance from the axis is

(c) When a vertical pentagonal pyramid is cut by a horizontal section plane, the true shape will be
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A Front View of a regular hexagonal pyramld of base edge Iength 20 mm IS cut by a sectlon plane X- X as shown in Flg 5 53 (b)

Draw the Front View, Top View with section and its true shape.

A cylinder is shown resting on HP and cut by a sectlon plane P- P in Fig. 5.53 (c) Draw the given Front View, and the sectional Top
View. Obtain the true shape of the section. ' ' '

WHAT WE HAVE LEARNT

To show interior complicated details (spaces, materials etc.) and help in understanding, intrepretation of drawings, the method
of sectioning is adopted.

The solid is imagined to be cut (sectioned) by a plane called the section plane (cutting plane).
The arrowheads indicate the direction of viewing.

The surface obtained by cutting the object is called section. And it is represented by thin equidistant lines (section lines) usually
drawn (hatched) at 45°.

The portion of the solid which lies between the cutting plane and the observer is assumed to be removed as is represented as
lines.

The sectional views are extension of the orthographic projections and contain the section.
When section plane is parallel/inclined to HP

Sectional Top View is obtained.

When section plane is parallel/inclined to VP.

Sectional Front View is obtained.

Procedure to draw sectional views :

(i) Draw the projections of the solid in the required position.

(i) Mark cutting plane as specified and obtain points of intersection (POls) with the edges.
(iii) Project these points on the corresponding edges in the other view.
(
(

~— —

iv) Join these points and hatch the surface.
v) Draw the remaining projection.



10.
11.

12.
8.5

— cctions of Solide

In sectional views :

(i)  No section plane is shown

(i)  No hidden outline

(iii) Hidden lines if necessary

(iv) No visible lines inside the section

~—

When section plane is inclined to HP/VP, the section obtained is “apparent” ,
True shape of a section is obtained by projecting the section on an auxiliary reference plane parallel to cutting/section plane.

Procedure to draw true shape :

(i) Draw the projections alongwith the sectional view.

(i) Draw (an auxilary reference plane) line parallel to section plane.

(iii) Draw projectors to this plane from POls & (mark) transfer their respective distances from X-Y on these projectors wrt X"-Y".
(iv) Join the pts and hatch the surface.

If section plane is parallel to HP/VP, then their sectional views show the true shape.

A flat surface cut by a section plane gives straight boundary and a curved surface cut by a plane, gives a curved boundary.

ASSIGNMENTS
Choose the correct option :
(@) The projection of a cut portion of the solid on HP is called sectional.
(i) Top View (ii) Front View (iii) Left side view (iv) Right side view
(b) A vertical cone is cut by a horizontal section plane, the resulting cut solid is
(i) cone (ii) cylinder (iii) frustum (iv) hemisphere.

(c) Under what conditions, the ‘sectional Top View’and true shape of the section will be idential.
(i) When the cutting plane is parallel to HP & perpendicular to VP
(ii) When the cutting plane is perpendicular to HP & parallel to VP
(iii) When the cutting plane is parallel to both HP & VP
(iv) When the cutting plane is perpendicular to both HP & VP
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o

(if)

(iii)

(iv)

(i) Circle (i) EIIiprse, (i) Square (iv) Rectangle. :

A cylinder of height equal to |ts base radius, is cut by a plane ’péfallei to its axis and pas’s'ingithroiugh the axis, the section
surface will be ' ' ' ' '

Which of the following object gives a circular section, when it is cut completely by a section plane (irrespective of the angle
of section plane)

(i) Cylinder (ii) Sphere (iii) Cone (iv) Circular Lamina

Shape of the section obtained when a cone is cut by a plane passing through the apex and center of the base of the cone
is

(i) Parabola (ii) Circle (iii) Ellipse (iv) Triangle
When a regular hexagonal prism is cut by a plane parallel to the axis at some distance from it, the shape of the section is
(i) Regular hexagon (ii) Irregular hexagon (iii) Octagon (iv) Rectangle

A hexagonal pyramid of 30 mm side and length of axis = 50 mm rests on HP, with one of its base edges parallel to V.P. A
cutting plane parallel to VP cuts the solid 10 mm in front of the vertical axis. Draw the sectional Front View and Top View of
the pyramid.

A right regular square pyramid, side of base 55 mm and height 70 mm, lies on one of its triangular faces upon ground, such
that it axis is parallel to VP. A section plane parallel to HP cuts the axis at its midpoint. Draw its Front View and sectional Top
View.

A pentagonal pyramid, side of base 30 mm and height 50 mm is resting on HP, keeping the axis vertical and a base edge
perpendicular to VP. A horizontal cutting plane cuts the solid at a height of 25 mm from the base. Draw Front View and
sectional Top View of the pyramid.

A pentagonal prism with a 25 mm base side and 65 mm height is resting on its base on HP with a side of base inclined at 30°
to VP. A section plane inclined at 60° to HP and passing through the midpoint of the axis cuts the prism. Draw Front View,
sectional Top View and true shape of the section.

A hexagonal prism with a base side of 24 mm and an axis of 55 mm, in resting on an edge of the base on HP with the axis
inclined at 60° to HP and parallel to VP. A section plane inclined at 45° to VP and passing through a point on the axis at a
distance of 25 mm from the top end cuts the prism. Draw the sectional Top View, Front View and true shape of the section.



— cctions of Solide

(vi) A cone, base 50 mm diameter 'ain:dra}(is 607m'rh’lrofng has its axisr'pairallelrtro\'/P Vandirrid:ined at45°to I—ilP.j Itis cutbya hbjrirzoh"t:al' '
- section plane passing through the mid-point of the axis. Draw Front View, sectional Top View and true shape of the section.

(vii) A cylinder is resting on its base on HP. It is cut by a plane inclined at 60° to HP, cutting the axis at a point 20 mm from the top.
If the diameter of the cylinder = 40 mm and length 65 mm, draw their projections (Front View and sectional plan) and true
shape of section.

(viii) A sphere of ¢ 50 mm rests on HP A section plane perpendicular to HP, inclined at 45°to VP and at a distance of 10 mm from
its centre cuts the sphere. Draw the Top View, sectional Front View and true shape of the section.

(ix) A triangular pyramid with 45 mm base side and 70 mm stant height, hs its base on HP and a side of base perpendicular to
VP. It is cut by a section plane inclined at 60° to VP and intersecting the axis at 35 mm from its base. Draw Front View,
sectional Top View and the true shape of the section.

(x) A cone of base dia 42 mm and axis 54 mm long is resting on its base on HP. It is cut by a vertical section plane, inclined at an
angle of 60° with the X-Y line and is 10 mm away from the Top View of the axis. Draw Top View, sectional Front View and
true-shape of the section.

ANSWERS
52. Pg.4lli(a) : (b) sectional; (c) 45°
53 Pg. 19 1(a) parallel, (b) Circle; (c) Pentagon
ASSIGNMENTS Pg. 21 i (a) ii (b) iii (c) (d) ii (e) ii (f) iv (g) i

225



= 'ORTHOGRAPHIC PROJE' 'TIONS OF SIMPLE MACHINE, BLOCKS |

61 lNTRODUCTION

z,,,;:'lWe have aiready made you aware of many srmple geometrlcal shapes (Iamlnae) prOJected on such planes (vertlcal plane horlzontalc"’ -

~ plane and other auxmary planes) while pro;ectlng the various views of5|mple regular geometrrcal solids. S}mllarfy itis necessaryto -

understand any machine block as = =

~combination of the geometrlcal solids by

'addmg solids together or removing
geometrical solids out of a single solid. For

_ example, a hexagonal nut is formed out ofa
hexagonal prism by removing a small
cylinder and cutting internal helical groove
(internal threads). Reverse of it is square bolt
in which square prism and small cylinder is
one integral solid with external helical

groove (external threads) cut on it.

In figure 6.1 a cube of 15 mm is removed out
from a single solid i.e. a rectangular prism.

An orthographic projection is one position
drawing. It takes several drawings to show
and understand all the machine block form.
The views are placed relative to each other
according to either of two schemes. FIRST
ANGLE PROJECTION METHOD OR THIRD
ANGLE PROJECTION METHOD.

T
Note : However we are following only first S ISOMETRIC VIEW EGTING
angle method of projection in all the pRoJ
exercises (According to CBSE prescribed
syllabus) Fig. 6.1
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FRONT VIEW SIDE VIEW (L)
| 40 |
TOP VIEW
ISOMETRIC VIEW
ORTHCGRAPHIC VIEWS
FIG.6.2 DO IT YOURSELF
(i No. of Vertical Faces..............
(i)  No. of Horizontal Faces...........
(iii)  Give the dimension of Face'H1' ..................
(iv) Give the dimension of Face N
(v)  No. of side Faces .....................
V = Vertical Face, H = Horizontal Face, | = Inclined Face, F = Front, S = Side and T = Top
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FRONT VIEW SIDE VIEW (L)

10 15

/ 18 "
S TOP VIEW

ISOMETRIC VIEW ORTHOGRAPHIC VIEWS
FIG.6.3 DO IT YOURSELF
(i No. of Vertical faces..............
(i)  No. of Horizontal faces...........
(iii)  Give the dimension of face V" ...
(iv) Give the dimension of face H
(v)  No. of side faces ....................

V = Vertical Face, H = Horizontal Face, | = Inclined Face, F = Front, S = Side and T = Top
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SIDE VIEW (R)

FRONT VIEW

Note : This inclined face is seen in Top View and in Front View

ISOMETRIC VIEW TOP VIEW ORTHOGRAPHIC VIEWS |
FIG.6.4 DO IT YOURSELF
(i)  No. of Vertical faces..............
(i)  No. of Horizontal faces...........
(iii)  No. of Inclined faces.............
(iv)  Give the dimension of face I in Top View .........ccouuue...

V = Vertical Face, H = Horizontal Face, | = Inclined Face, F = Front, S = Side and T = Top

229




FRONT VIEW

SIDE VIEW (L)

ORTHOGRAPHIC VIEWS|

ISOMETRIC VIEW TOP VIEW

FIG. 6.5 DO IT YOURSELF

(i) No. of Vertical faces..............

(i) No. of Horizontal faces...........

(iii)  No. of Inclined faces.............

(iv) Give the dimension of face I in Side View ..................

Note : This inclined face is seen in Top View and in Front View

V = Vertical Face, H = Horizontal Face, | = Inclined Face, F = Front, S = Side and T = Top
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_plane of pro;ectlon)

| foreshortening.

= ,:{'?IMPORTANT OBSERVATIONS .

— f the surface/face of an ob;ect is elther parallel te the vertlcal plane or horrzontal plane (Prrncrpal Planes) they appear to be in |
| TRUE SHAPE in one of the three views and appear as a ”Ilne only in other two vrews (as these faces are perpendrcular to the']f

— _",}When a surface/face is rnchned or maklng an angle with two planes at the same tlme that surface/face is not seen in its TRUE, =5 =
| SHAPE in the plane to which it is inclined. It is seen in the plane to which it is inclined as a plane of reduced size due to

63 LETUSFIND

2

S

4
\ s
5
[,
s1
SIDE VIEW (R)
T

7 ~

ISOMETRIC VIEWS

F

FRONT VIEW

TOP VIEW

Fill in the blanks by the corresponding line (as |nd|cated)/True

shape by observing the following views.

Pictorial View Orthographic View 7
Surfaces Indicated As
Front View Top View Side View
(I H 1 True Shape 2
(i) H,
(iiiy V
(iv) S
(v) S

Fig. 6.6
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Fig. 6.7
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- ISOMETRIC VIEW ORTHOGRAPHIC VIEWS
: = — = = = Fig. 6.9 '_ 7
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ORTHOGRAPHIC VIEWS




ORTHCGGRAFPHIC VIEWS

ISOMETRIC VIEW

Fig. 6.11
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ORTHOGRAPHIC VIEWS

F

ISOMETRIC VIEW

Fig. 6.12

237



238

ORTHOGRAPHIC VIEWS

ISOMETRIC VIEW

Fig. 6.13




ORTHOGRAPHIC VIEWS

ISOMETRIC VIEW

Fig. 6.14
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- SIDE VIEW (R)

FRONT VIEW

ISOMETRIC VIEW ORTHOGRAPHIC VIEWS

TOP VIEW

Fig. 6.15



FRONT VIEW SIDE VIEW (L)

TOP VIEW

ORTHOGRAPHIC VIEWS S

ISOMETRIC VIEW

= = = ~ Fig. 6.16 :




FRONT VIEW SIDE VIEW (L) T

TOP VIEW
CRTHOGRAPHIC VIEWE

= = = ~ Fig. 6.17 = = —= '
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FRONT VIEW

TOP VIEW

ORTHOGRAPHIC VIEWS

F
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= T lNTRODUCTION —

' fglve us the feelmg of solld 3 dlmenS|ons) :

= Letus take the example of small boxes e. g Chalk box whlch are kept in

front of us. If we keep the box in such a manner that its two vertical

~ faces and one horizontal base will be visible to us in the eqmangular

: p05|tlon atone corner then it give us feelmg of solid.

So we can say that if a solid is placed in such a position that its three
edges are equally inclined at an angle of 120°, then the solid is placed,

said to, in isometric position and this view is called ISOMETRIC :

PROJECTION.

Let us recall that the Orthographic Projection as one of the best way,

to represent the details of any object, i.e. by principal planes of
projection (HP & VP) held mutually at right angles to each other. We
know that a simple machine block in standard views like Front view,
Top view and Side view will look like as shown in Fig. 7.2(a).

But these views can be interpreted only by experienced persons with
technical knowledge. So in an easier way, any object can be represented
by a single view/drawing that shows all the faces of the object, as they
appear to the observer and give us feeling of 3-D view. The solid
considered above will look like Fig. 7.2(b) in single plane method.

Thus ISOMETRIC PROJECTION is yet another method to represent the
details of any object in simplest way. Let us find out ! How?
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= Have you ever nottced that every corner of the class room, bed room, n
drawing room has three mutually perpendlcular I|nes These three Ilnes"

Fig. 7.1




TOP VIEW

FRONT VIEW SIDE VIEW

/ \ FRONT VIEW
5IDE VIEW

Fig. 7.2(a) = = Fig. 7.2(b)

TOP VIEW

7.2 ISOMETRIC PROJECTION

The isometric projection of an object is a typical pictorial projection, drawn, with the object, So placed with respect to the planes of
projection that all the three axes of the object are equally inclined to each other. Let us consider a cube [Fig 7.3(a)], for example, and
draw its orthographic projections as in Fig. 7.3(b).

Now turn the cube so that all the faces are equally inclined i.e. 45° to V.P. and draw its views as shown in Fig. 7.4. Here are the Front
View and Side View, both show two surfaces of the cube, parallel to the plane of projection. We can see the “Body Diagonal”in its Side
View, which is the longest straight line that can be drawn in a cube.

Now raise the cube up, from rear base corner of the cube, upto that level, where the Body Diagonal becomes horizontal. Let us draw
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FRONT VIEW SIDE VIEW

- ;popularly known as ISOMETRIC PROJECTION.

= fDirectJon ~of 2 V|ew1ng for the object WI” be

= marked as shown andithasim porta nce to verlfy
 the position of the observer with respect toV.P.
= VandHP = — — ISDEVIEW /

I MEWNG| | ToPVEW
—Ffg.r30- - — — ——— Fig 73

BODY DIAGONAL

AN

AVP1 AVP1

N

3_fn1 &

FRONT VIEW SIDE VIEW \
FRONT VIEW
DIRECTION OF
VIEWING

SIDE VIEW

TOP VIEW TOP VIEW
Fig. 7.4 Fig. 7.5 (a & b)
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~Isometric Projection

| Projection.

~ DOYOUKNOW?

{ The ciubﬁe is first t,urn:ed,at 45° from \'(.P.fand in secon:d stage it is rotated exéctly,at 35°, 16’ With, H.P to get the I,som:etr,ic

7.3  ISOMETRIC SCALE

In section 7.2, we observed that

isometric projection is drawn after
keeping the object at specified angle to
V.P.&H.P.and when the object is inclined
to both the planes then the edges drawn
in the isometric projection will be
foreshortened with refrence to true
length. As in isometric projection the
three principal axes form equal angles
of 120° to each other, so only one scale
is needed for measurement along each
of the axes. The scale used to measure
isometric length is called ISOMETRIC
SCALE. To find out the ratio of
foreshortening, Let us consider the Front
View (Isometric Projection) in Fig. 7.5(a),

A0 ISOMETRIC SCALE

Fig. 7.6(a)

Fig. 7.6(b)
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VEnéineering}j Graphics

 where the top ( T) of the cube appears asa rhombus whrle in Flg 7.4the true shape of top (T) is square These two shapes reveaI that: =
all the four edges of the Top (T) are foreshortened in isometric projection. If we draw both the (T) top reIatlver one with the, other,
wecan conclude that rhombus edge is the |sometr|c length of the square edge as shown in Frg 7. 6( )

Geometrlcally isometric scale can be drawn as foIIows

Steps of Construction :

(i) Draw a horizontal line.
(i) From any point on horizontal line draw two lines inclined at 30° and 45° respectively.

(iii) Mark the divisions on 45° line of one mm upto first 10 mm from starting point and then mark divisions after every 10 mm of
required length, say 70 mm.

(iv) These divisions are transferred by vertical lines (i.e. at 90° to the horizontal line) upto the 30° inclined line.
(v) The scale projected on 30° line will give the isometric length.

Fig. 7.6 (b) shows the isometric scale.

DO YOU KNOW?

The value of isometric length can also be calculated mathematically w.r.t.

true length. Copy the 1/4 part of the Fig. 7.6(a) D
Consider the right angle AABC, AB _ cos30°= ﬁ
AC 2
. . AB 1 C
Consider the right angle AABD, — =cos45°= —
o AD 2
= AB/AD _ cos45° _ 1/\2 ﬁ
' AB/AC  c0s30° 3/2 T
=
Or, E — # == ﬁ = 0_8
AD J2 x \/§ NE) A B
Or, Isometric Length = 0.8 X True Length Fig. 7.6(c)
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- Chapter8
- - : DEVELOPMENT OF SURFACES; ?

81 INTRODUCTION

g,;;We brush our teeth daily but have you ever notrced the shape of packrng box of tooth paste Is |t srmllar to a square prrsm7 Let usf - ,

:' 'open the box from its joints and Iay downitona plane surface. What doyou observe?ltisa piece of hard paper, having a rectangular =

'shape with crease/folds on all bends. This shape is known as TRUE SHAPE of object/box and the process of unfold|ng of surfaces ofa
= solrd is called Development of Surfaces. - - * = * = * = * =

Can we take more examples7 Yes, every packrng box b|rthday cap etc can be opened up in the same way Steel alm|rahs buckets
storage vessels etc are bulky and complicated but these are also
made up of sheet metal or plates from the TRUE SHAPE of objects =

In this chapter, we are going to study about the development of
surfaces to find out the true shape of objects required to produce
the three dimensional object. The knowledge of development of
surfaces not only gives us the model of the object but also helps in
the estimation of costing and process of manufacturing i.e. blanking,
stamping, pressing, welding, riveting etc.

8.2 DEVELOPMENT OF SURFACES

If the surface of a solid is opened out and laid on a plane surface. The
true shape of the surface area of the solid is obtained. It is known as
the development of that solid.

The technique used in making a development from the orthographic
views of a given object, is to find out the true shape of the surfaces
and correct placement of one surface with respect to another
adjacent element. “A development is a plane surface, which
represents the unfolded surface of the object” Figure 8.1 explains
the unfolding process of a cube to get its development.

Fig. 8.1
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- -

- 83 METHODS T0 DRAW DEVELOPMENT OF SURFACES

'The group of developments, classified accordlng to the type of surface |nvolved to construct the development are as foIIows -
Parallel line developments , -
2.1 Radial line developments

8.3.1 PARALLEL LINE (RECTANGULAR) METHOD

In this method development of surfaces of prisms and cylmders is drawn W|th the heIp of parallel lines. In th|s method the lateral

surfaces of a solid are divided into a number of convenient rectangles. The true length of each of the side of the rectangles is found
out from the orthographic views of the solid. Using these true lengths the rectangles are drawn, sequentially, one besides the other.
Usually, as the height of the Front View and development is the same, the development is drawn in horizontal alignment with the
Front View. The addition of two end surfaces to the lateral surface gives the complete development of the solid.

Development of the cylinder is obtained by dividing the cylindrical surface into “equal” parts with the help of generators.

8.3.1.1 CUBE

The development of the surface of a cube
consists of six equal squares of side equal to 40
the edge of the cube.

Example 8.1 : Draw the development of
surface of a cube of side 40 mm.

Solution : Refer to fig. 8.2

Steps : X FRONT VIEW v
1. Drawthe FrontView and Top View of the
cube.
2. Draw the base line in horizontal
alignment to the Front View and on it 1= DEVELOPMENT
draw four faces (i.e. squares) of the
cube.
3. Drawtwofaces (squares) of the cube on TOP VIEW
the first and last face. Fig. 8.2
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 Engineering Graphics

= The ,d,evrelopment Qf,r
~cuboid consists of six
rectangles. Two rectangles

have height (length) and
~ width (breadth) as sides,

while two rectangles have

height (length) and
thickness as sides. Two

rectangles are drawn

above and below on the
first and third rectangle
having width and
thickness as sides. So there
are three sets of two
rectangles each.

Example 8.2 : Draw the
complete development
of a cuboid of sides 70 mm,
40 mm and 30 mm
(Ixbxt)

Solution : Refer to fig. 8.3

Steps:

AD)

70

A D)

FRONT VIEW

B(C)

B'(C)

D(D'}

30

A(A)

40

CCh

B(B)

TOP VIEW

A B c D A
A' Bl Cr D. A'
D' ¢

DEVELOPMENT

1.  Draw the Front View and Top View of the cuboid.

2. Draw a base line in horizontal alignment to the Front View and mark line segments equal to A'B; B'C, C'D’and D'A’on it.

3. Draw the vertical line on point A equal to the length AA’ (70 mm) in Front View now draw parallel lines from B, C, D’ A’and
complete the rectangle AA'A'A (140 x 70).

4. Complete the bases of the cuboid around two of its breadths.

288




°

TOP VIEW

DEVELOPMENT




RONT VIEY

35

TOF VIEW

DEVELOPMENT




DEVELOPMENT

TOP VIEW




ONT Vit

25

DEVELOPMENT




8.3.1.4 CYLINDER
Cylinder'do'es not have ahy face edgé sothe
development of cylinder is drawn by o
dividing the cylindrical (curved) surface into ©
no. of equal rectangles (approximately)
through generators. The most appropriate |
no. of equal rectangles are twelve. 21100 8 8 75 6 1 2 3 4 5 6 7 & 10 12
112 |3 4 5 ¢
Example 8.7 : Draw the development of a
cylinder of 40 mm diameter and 60 mm fFRONT VIEW
high X | Y
gn. o
1 a

Solution : Refer to fig. 8.8 11 7

> 1 X

6
\ >/,) DEVELOPMENT
3 4
@40
TOP VIEW

Steps : Fig. 8.8

1.  Draw the Front View and Top View of the cylinder.

2. Divide the circle in Top View into twelve equal parts at 30° and 60°. Project these points to the Front View to locate and draw the
generators.

3. Draw the development in horizontal alignment of the Front View along with the generators. The distance between generators
is taken equal to the chord length (1-2).

4. Draw two circles above and below on any two generators, Touching the rectangle as shown.
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METHOD , : , , 0 ©
~ Development of surfaces of pyramids is drawn
by this method. According to this method, the
surface is developed with the help of isosceles
triangles, whose isosceles sides are equal to true
~length of slant edge and the third side is equal
to base side. To draw the isosceles sides of all
these triangles adacent to each other we take the
arc of radius equal to the true length of slant.
edge. The centre of that arc becomes the vertex |
of triangle. The base edges are marked on the AC)
arc. The base of triangle is drawn on any one of FRONT VIEW B
the base edge. The true lengths of base edge and
slant edge are taken from the Front View and Top X c A
View of that solid.

8.3.2.1 PYRAMIDS---SLANT (FACE) EDGE
PARALLEL TO V.P.

When solid is kept in such a position that one of
the slant edge is drawn parallel to the V.P. Then I
slant edge drawn in Front View will be its true A
length. Let us draw some examples. TOP VIEW

832 RADIALLINE(TRIANGULATION) [

65
=Y

o B DEVELOPMENT

35

Example 8.8 : Draw the development of a Fig. 8.9
Triangular pyramid of base edge 35 mm and 65

mm high.

Solution : Refer to fig. 8.9

Steps:

Draw the Front View and Top View of the given pyramid, keeping one of slant edge parallel to V.P. (O-B)
Take the length of the slant edge (O-B), from Front View, which is parallel to V.P. as radius and draw an arc.
Cut this arc at three points with a radius equal to base edge of the pyramid.

Join all these points with O as well as every point on arc with its adjacent point on arc.

Draw the equilateral triangle on any one of the base edge drawn on the arc adding the base.

bl il one (o
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TOP VIEW




TOP VIEW

DEVELOPMENT
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 Engineering Graphics

5322 PYRAMIDS-SLANT(FACE)EDGEISNOTPARALLELTOVR

’When solid i'Sjkept in a

~ position that none of the
~slant edge is parallel to the

V.P. Then true length of the

~ slant edge is not shown in
~ Front View. To find out its

true length we turn the slant
(face) edge in the Top View,

parallel to the VP. or XY and

then project it in the Front
View. Let us draw some
examples :-

Example 8.12 : Draw the
development of a triangular
pyramid of base edge 30
mm and height of 60 mm.

Solution : Refer to fig. 8.13

Steps :

TN TR Ny

298

O

60
1)

A c BlN
FRONT VIE

N

B1

30
TOP VIEW

O
(b
B\
A
DEVELOPMENT

Draw the Front View and Top View of given pyramid.
Turn the slant (face) edge of Top View O-B parallel to the V.P. or XY, by taking radius equal to OB and O as center.
Project the point B, to the Front View and join OB,, OB, is the true length of slant edge.

Take the length of the slant edge OB, from Front View as radius and draw an arc.
Cut this arc at three points with a distance equal to base edge of the pyramid.
Join all these points with O; and every point on arc with its adjacent point on arc.

Draw an equilateral triangle on any one of the base edge drawn on the arc, i.e. adding the base.

Fig. 8.13




c

40
TOP VIEW

DEVELOPMENT




s

7 ’Cones are also 'ha\/ing curved
~surface as in cylinders so the
development of cone is also
drawn by dividing the curved
, * o
~ surface into no. of equal ©
triangles (approximately)
through generators. The most
appropriate no. of equal
triangles are twelve. : |
Example 8.14 : Draw the 12 111 120 g i 6
development of a cone of -
diameter 40 mm and height of X f RONT VIE Y
the 60 mm. 19
Solution : Refer to fig. 8.15 p :
1 / >
o
<t 12f - - s DEVELOPMENT
SN
1 | >5
N
3
TOP VIEW
Fig. 8.15

Steps:

1. Draw the Front View and Top View of Cone.
2. Divide the circle in Top View into twelve equal parts at 30° and 60°. Project these points to the Front View to locate and draw the
generators.

Take the slant height as radius and draw an arc.

Cut this arc in twelve points with the distance equal to the chord length 1-2 (from Top View).

Join the starting (O) and ending (12) point of the arc with O, and then draw the generators with thin lines.

Draw one circle on any one of the generator touching the arc. i.e. adding the base (dia = 40 mm).

Gy o
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= iVE'''Dréve’rlo'p'nr:)"ern1‘7 of Surfaces

 WHAT WE HAVE LEARNT

We have learnt that every object is made up of surfaces and by the method of development of surfaces we can find out the true
~ shape of the plane surface required to make, manufacture the object, which helps in to decide the steps involved, costing and
estimation etc. of the object.

SHORT QUESTIONS

1. In drawing the development of objects, true lengths are used. (True/False)

2. True length of slant edge need not be known to draw a radial development. (True/False)

3. Everyline on a development must be equal to the true length of that line on the actual surface (True/False)

4. Name the methods of development of right solids.

5. Todevelop the surfaces of pyramids, it is necessary to find of the slant edges when they are not parallel to reference
plane.

ASSIGNMENTS
1. Draw the development of a cube of side 50 mm.
Draw the development of a Triangular pyramid of base edge 30 mm and height of 60 mm.

Draw the development of a square prism of base side 35 mm and axes of 50 mm long.

R

A hexagonal prism of base side 30 mm and height of 60 mm is resting on its base with its axis perpendicular to the H.P. Develop
its surface.

A cylinder having diameter of 40 mm and 65 mm high is kept on its base. Develop its surface.
Draw the development of a pentagonal prism of base side 30 mm and height of 55 mm.
Draw the development of a triangular pyramid of base side 35 mm and axis of 60 mm.

A pentagonal pyramid of base side 25 mm and height of 50 mm is kept on its base. Develop its surface.

SOOI

Draw the development of a pentagonal pyramid of base edge 30 mm and 60 mm height.

10. Develop the surface of a cone of base diameter 50 mm and 60 mm axis.
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