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CHAPTER 1

1. INTRODUCTION & DEMONSTRATION

1.1 Identify various sizes of drawing boards, drawing sheets
as per BIS.

1.2 List the types of pencils, instruments, and scales (RF).
1.3 Demonstrate lying of drawing sheet, margin, standard
layout and title block as per BIS, folding principle of
drawings (blue prints, print outs etc).



1.1 INTRODUCTION & DEMONSTRATION

Engineering drawing 1s a two dimensional representation of
three dimensional objects. In general, it provides necessary
information about the shape, size, surface quality, material,
manufacturing process, etc. of the object. It is the graphic
language from which a trained person can visualize objects.

1.2 LIST OF INSTRUMENTS USED IN
DRAWING:-

The Instruments and other aids used in drafting work are
listed below:

Pencil

. Drawing board

. Setsquare

. Mini drafter

. Instrument box

. Protractor

. Measurement Scale

. Drawing sheet

. Drawing clips or Drawing pins



1. Pencils :
Pencils with leads of different degrees of hardness or grades
are available in the market. The hardness or softness of the
lead 1s indicated by 3H, 2H, H, HB, B, 2B, 3B, etc.
The grade HB denotes medium hardness of lead used for
general purpose.
The hardness increases as the value of the numeral before the
letter H increases.
The lead becomes softer, as the value of the numeral before B
increases.
1. HB Soft grade for Border lines, lettering and free
sketching
2. H Medium grade for Visible outlines, visible edges and
boundary lines
3. 2H Hard grade for construction lines, Dimension lines,
Leader lines, Extension lines, Centre lines, Hatching
lines and Hidden lines.

= Drawing Pencils are made in different grades, Pencil Lead Designation




2. Drawing Board :

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

One of the shorter edges of the drawing board is provided
with an “ebony edge” (hard wood) fitted perfectly straight.
Standard drawing boards are designated as follows in Table
1.1 as per IS: 1444-1989.

Designation Size (mm)
DO 1500 x 1000 x 25
D1 1000 x 700 x 25
D2 700 x 500 x 15
D3 500 X 350 X 15

/7 Edges

Working Surface




The working edge (ebony) must be straight. Now-a-days the

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

3. Set Square :

They are used to construct the most common angles (i.e. 300 ,
450 and 600 ) in technical drawings. The 450 x 450 and 300 x
600 triangles are the most commonly used for ordinary work.

i,



4. Mini-Drafter :

Mini-drafter consists of an angle formed by two arms with
scales marked and rigidly hinged to each other. It combines
the functions of T-square, set-squares, scales and protractor. It
is used for drawing horizontal, vertical and inclined lines,
parallel and perpendicular lines and for measuring lines and

angles.



5. Instrument Box:
Instrument box contains
1. Compasses,

11. Dividers

i11. Inking pens.

The important point is the position of the pencil lead with
respect to the tip of the compass. It should be at least 1 mm.
Because the tip goes into the board for grip by 1mm.

6. Protractor:

Protractors are used for constructing and measuring angles.
Protractors are generally semicircular in shape. The base
diameter of the semicircle serves as the straight edge. A
semicircular protractor can measure angles of any measure
between 00 to 1800 . Least count of the protractor is generally
10 . A square protractor is also made of transparent celluloid
or plastic material.
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7. Measurement Scale:

A number of kinds of scales are available for varied types of
engineering design. Scales with beveled edges graduated in
mm are usually used. Least count of such scales is generally 1
mm.

|||||I||||\||n|||||\||||I||||h||||||||\||||||||||||||I||||\|||||||||\||||I||||||||||||||\||||||||||
[ ||||‘|||||||||‘|||||||||‘

12 12 12
1

ahurtle s boch oo - 127H0AMN50

inch [ cm
(Rl b F'||E|l|i|||| IIF]If'l L]} Hilt LT ||| |||I~ HUHERE L I rl|i|l LELERRANL] &, r 'F TR 1|!.| L r |I|T§IH|H 1]} ] '-'
e | |4.r.l!4|1r:'.u-.t|1r|.a:l|r.l1un?\.z|1.a'r
Dirch 1 z 3 ! ] 5§ b i 3 ] 1 n



8. Drawing Sheet:

These are of two types: Hand-made paper Mill-made paper
Hand-made papers have rough surfaces, pale in colour and not
used for regular work, but meant for charts. Mill-made papers
are most commonly used for regular work, and are available
in different sizes and rolls. They are specified by their weight
in kg per ream or density in grams per square meter. Size of
drawing sheets (in mm): While working or handling, the
papers are liable to tear on the edges. So slightly large size
(untrimmed) sheets are preferred. They are trimmed
afterwards. IS: 10811:1983 lays down such as designation of
preferred trimmed and untrimmed sizes. The basic principle
involved in arriving at the sizes of the drawing paper is as
under. The area of the biggest size (A0) 1s Im2 and its length
and breadth are in the ratio 1:2 = (1/2). Designation of sheets :
The drawing sheets are designated by symbols such as AO,
Al, A2, A3, A4 and AS. A0 being the largest. Table 1.2 below
gives the length and breadth of the above sizes of sheets. For
class work use of A2 size drawing sheets 1s preferred.




9. Drawing Clips or Drawing Pins :

They are used to fix the drawing sheet firmly in position to the
drawing board as one constructs the drawing. Both drawing
clips and drawing pins serve the same purpose. They are
generally made up of steel or plastic.

J
4

1.3 SCALE (R.F):

Dimensions of large objects must be reduced to accommodate
on standard size drawing sheet. This reduction creates a scale
of that reduction ratio, which is generally a fraction & such a
scale 1s called Reducing Scale and the ratio is called
Representative Factor.

R. F. 1:50,000

Metres 1000 500

0 1 2 3
I — ——— | )

SCALE (R.F) :

RF = Dimension of drawing)\

Dimension of object

= Length of object in drawing\ Actual length



Note :

For computing R.F, the numerator and denominator should be
in same units. 1.4 STANDARD LAYOUT OF DRAWING
SHEET: The layout of a drawing sheet used on the shop floor

1.5 FOLDING PRINCIPLE OF DRAWINGS

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

When drawing sheets are in more numbers, they have to be
folded and kept in order to save the trace required for
preserving them .

Requirement While folding the drawings following care to be
taken.

1. It 1s required to fold the drawing sheets such that, they
should not get defaced or damaged.

2. Drawing sheet to be folded such that the title block i1s
easily visible to retrieve it .
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1.6 TITLE BLOCK :

The title block should lie within the drawing space at the
bottom right hand comer of the sheet.
The title block can have a maximum length of 185 mm and
width of 65 mm providing the following information.

e Title of the drawing.

e Drawing number.

e Scale.

e Symbol denoting the method of projection.

e Name of the firm,
e Initials of staff, who have designed, checked and
approved.




CHAPTER 2

TYPES OF LINES. LETTERING & DIMENSIONING

2.1 Demonstrate and explain the use of various types of lines.
2.2 Demonstrate the principle of single stroke, gothic
lettering & numerals as per BIS.



2.1 Demonstrate and explain the use of various
types of lines.

TYPES OF LINES,LETTERING &
DIMENSIONING

Line 1s one important aspect of technical drawing. Lines are
always used to construct

meaningful drawings. Various types of lines are used to
construct drawing, each line used in some

in a specific sense. Lines are drawn following standard
conventions mentioned in BIS (SP46:2003). A line may be
curved, straight, continuous, segmented. It may be drawn as
thin or thick.

Types of Lines
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Line Strokes

Line strokes refer to the directions of drawing straight and
curved lines. Vertical and inclined

lines are drawn from top to bottom, horizontal lines are drawn
from left to right. Curved lines are drawn from left to right or
top to bottom

—— o — — — —

2.2 Demonstrate the principle of single stroke, gothic
lettering & numerals as per BIS.

Single Stroke Letters

The word single-stroke should not be taken to mean that the lettering

should be made in

one stroke without lifting the pencil. It means that the thickness of the
letter should be uniform as if

it is obtained in one stroke of the pencil.

Single-stroke letters are of two types:

1. Vertical

it.Inclined. (Inclined letters lean to the right, the slope being 75° with

the horizontal)



According to the height of letters, they are classified as:

1.Lettering 'A'

i1.Lettering 'B'

In lettering 'A' type, the height of the capital letter is divided into 14
parts, while in lettering

'B' type 1s divided into 10 parts. The height of the letters and numerals
for engineering drawing

can be selected from 2.5, 3.5, 5, 7, 10, 14 and 20 mm according to the
size of drawing. The ratio

height to width varies but in most of the letters itis 6 : 5.
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Gothic letters:

Stems of single-stroke letters, if given more thickness, form
what are known as gothic

letters. The thickness of the stem may vary from 1/5 to 1/10 of
the height of the letters



Here stem thickness is taken as 1/7 imes height.

Dimensioning

Dimensioning is the process of specifying part™s information
by use of lines, numbers, symbols

and notes.

The general principle of dimensioning :

As far as possible, it should be placed outside the view.

It should be taken from a visible line rather than hidden lines.
Dimensioning of a centre line should be avoided except when
the centre line passes through the

centre of a-holes.

The dimension should be placed on the view or section which
1s most clear to the corresponding

features.

Each dimension should be dimensioned once on a drawing.
Each drawing should have the same dimensional unit.

More than one dimension should not be used for features of
the same parts.



Elements of Dimensioning

Dimension Line: Dimension line is a continuous thin line. It is
indicated by arrowheads, it is

drawn parallel to the surface whose length must be indicated.

2B
e -ai Dimension line

Projection or Extension Line :

A projection line or extension line, it is a thin line. It is drawn
perpendicular to the surface which is to be dimensioned. The
projection line slightly extends than the dimension line

Proisction Lins

~

h\—\\

Construction line: A construction line is a thin line drawn
to indicate the dimension line. The construction line is

extended slightly beyond the point intersection.



Arrowheads: Arrowheads are used to indicate the
dimension line. Usually, the arrowhead must have inclined
angles of a minimum of 15°. The Arrowhead may be open or
close or closed and filled.

= =

Open / Closed

Width of Arrow head
15%0 500

Lenght of

Arrow head

Closed and Filled /

Leader or Pointer Lines: These are thin continuous lines
drawn from a dimension figure to the feature to which it
refers. Leader line 1s drawn may be 30° or 60° to the bottom
of dimensions.

Dimension Figure: These are drawn may be vertical or
inclined to indicate the height of the dimension figure.

Units of Dimensions
The dimension unit is millimetre. The unit of the dimension is

omitted while writing the dimension fig.and a footnote stating
“ALL DIMENSIONS ARE IN MM” is written at the
prominent place on the drawing sheet.



Dimensioning common features

Dimensioning Radius :

Fia? 14

Dimensioning Arcs :




Dimensioning Chords :
It 1s a linear distance between any two points of an arc.

— = = _*_
£ — N\ !
= B _.-i' J — ¥
g il e
e ; 3
) = "- k- s
s N 1 e )
u.i_-_' Y 1
. d
Dil"l'lEI"‘ISiDI"‘IiﬁQ J":'l.l"'lg|ES h
a0°
" —15
b ““}J "
s 29 A=
v = |
‘4-'-""_-_ 1 \
I

Types of Dimensioning systems:
Aligned System :

In this type of dimensioning systems, Dimensions are placed above
the dimension lines which are drawn without any break and written
parallel to them.
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Unidirectional System:
Dimensions are inserts by breaking the dimension lines in the

middle.
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CHAPTER 3

SCALES

3.1 Significance of scales in drawing;
different scales.

3.2 Define and draw plain scale and
diagonal scale.



Introduction

A scale 1s defined as the ratio of the linear dimensions of the
object as represented in a drawing to the actual dimensions of
the same.

It 1s not always possible to make drawings of an object to its
actual size. If the actual linear dimensions of an object are
shown in its drawing, the scale used is said to be a full size
scale.

Wherever possible, it is desirable to make drawings to full
size.

Purpose of Scale

Scales are used for the following purposes :

1.To prepare a drawing on a reduced scale so that large object
can be accommodated on the limited size of drawing sheet.
¢.g. building, machine parts etc.

2.To prepare the drawing of very small objects.

e.g. parts of wrist watches, measuring instruments etc. on
enlarged scales in order to give better understanding and to
study the details of the minor parts of the objects.

3.To measure linear measurements of the object under
measurement directly without involving any

calculations.

4.To measure and set off dimensions as per scales decided
upon or given before starting the

drawing.



Types of scale :
3.3.1 Reducing Scale:

It is the scale in which the actual measurements of objects are
reduced and represented on the drawing sheet.

Generally the drawings are very big objects like buildings,
machine parts; town plans etc are prepared on a reduced scale.
The standard proportions are :

1:2, 1:5, 1:10, 1:20, 1:50, 1:100, 1:200, 1:500, 1:1000, 1:2000,
1:5000, 1:10000

for this scale, RF < 1

Example-If the actual size of the object 1s 100cm then using
R.F. of 1:10, the size of the

object would be 100 x (1/10)= 10cm in drawing.

3.3.2 Full Size Scale :

In this scale the actual measurements of the objects are

represented on the drawing. In this scale the usual proportion
is 1:1.For this scale R.F. =1

Example- If the actual size of the object is 150cm then using
R.F. of 1:1, the size of the object

would be 150 x (1/1 )= 150 cm in drawing.

3.3.3 Enlarging Scale :

It 1s the scale in which the actual measurements of the objects
are increased in some proportion to accommodate object
details on the drawing sheet.



Generally the drawings of very small objects like watches,
electronic devices, precision instruments etc. are prepared in
an enlarging scale. The standard enlarging scales are :

50:1, 20:1, 10:1, 5:1, 2:1 for this scale, R.F.>1

Example- If the actual size of the object is 2cm then using
R.F. of 50:1, the size of the object

would be 2 x (50/1)= 100cm in drawing.

Representative Fraction (R.F.)
The ratio of the dimension of the object shown on the drawing
to its actual size is called the
Representative Fraction (R.F.).

Mathematically S.F or R.F = Distance of the object on drawing Both in
Actual distance of the object same units
3.5

UNITS OF MEASUREMENTS

Metric measures :
1. Linear Measures

1 KILOMETRE = 10HECTOMETRES
1 HECTOMETRE = 10 DECAMETRES
1 DECAMETRE =10 METRES

1 METRE = 10 DECIMETRES

1 DECIMETRE = 10CENTIMETRES
1 CENTIMETRE = 10 MILIMETRES



Classification of Scales
The scales used in engineering drawing are classified as
follows:



i. Plain scale or simple scale
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v. Scale of chords

&S0~

scale of chords
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Plain Scale

This type of scale represents two units or a unit and it™s
subdivision.

Q. No. 1.

Draw a scale 1 cm = 1m to read decimeters, to measure
maximum distance of 6 m. Show on it adistance of 4 m and 6
dm

CONSTRUCTION :

a.Calculate R.F.= (DIMENSION OF DRAWING
/DIMENSION OF OBJECT)

R.F.=1cm/ 1m=1/100

Length of scale = R.F. X max. distance = (1/100) X 600 cm =
6 cm

b.Draw a line 6 cm long and divide it in 6 equal parts. Each
part will represent a larger division unit.

c.Sub-divide the first part which will represent the second unit
or fraction of the first unit.

d.Place (0) at the end of the first unit. Number the units on
right side of Zero and subdivisions on left

hand side of Zero. Take the height of scale 5 to 10 mm for
getting a look of scale.



e.After construction of scale, mention it*s RF and name of
scale as shown.
f.Show the distance 4 m 6 dm on it as shown Fig
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CHAPTER 4

CURVES

4.1 Explain Conic sections with illustration, Explain terms
like focus, vertex, directrix and eccentricity.

4.2 Draw conics sections by eccentricity method — Ellipse,
Parabola and Hyperbola.

4.3 Draw Ellipse by concentric circle method and arc of
circle method.

4.4 Draw parabola by Rectangle Method and Tangent Method.



4.1 Explain Conic sections with illustration, Explain
terms like focus, vertex, directrix and eccentricity

CONIC SECTIONS

Cone 1s formed when a right angled triangle with an apex and
angle 0 1s rotated about its altitude as the axis. The length or
height of the cone is equal to the altitude of the triangle and
the radius of the base of the cone is equal to the base of the
triangle. The apex angle of the cone is 20.

When a cone is cut by a plane, the curve formed along the
section is known as a conic section.

Right Cone

Fertex

Slant Height



Following are some important conic sections.
1.Circle

2.Ellipse

3.Parabola

4. Hyperbola

CIRCLE :

When a cone is cut by a section plane A-A making an angle
a=90° with the axis, the section obtained is a circle.

ELLIPSE :

When a cone is cut by a section plane B-B at an angle, amore
than half of the apex angle i.e., 0 and less than 90°, the curve

of the section is an ellipse. Its size depends on the

angle a and the distance of the section plane from the apex of
the cone.

PARABOLA :

If the angle a is equal to 0 1.eWhen the section plane C-C 1s
parallel to the slant side of the cone the curve at the section is
a parabola. This is not a closed figure like a circle or ellipse.
The size of the parabola depends upon the distance of the
section plane from the slant side of the cone.

HYPERBOLA:

If the angle a 1s less than O (section plane D-D), the curve at
the section is hyperbola.

The curve of intersection is hyperbola, even if o = 0, provided
the section plane is not passing through the apex of the cone.
However if the section plane passes through the apex, the



the section produced is an isosceles triangle.

Right Cone

Conic sections

Cles A "3

4.2 SOME IMPORTANT DEFINITIONS:

Major axis : It is the longest distance which passes through the
centre, at right angle to the fixed lines called the directrix. AB is the
major axis.

Minor axis : It is the maximum distance which bisects the major
axis at right angles. It will be parallel to the directrix. CD is the minor
axis.

Directrix: It is a straight line perpendicular to the major axis.



Focus: When an arc is drawn with C or D as centre and radius equal
to half of the major axis

i.e. AB/2 it is cut at two points F1 and F2 on the major axis. F1 and
F2 are the focal points of an

ellipse F1 or F2 is the focus. The sum of the distances from F1, F2 to
any point on the curve i.e.,

F1 P+ F2P is always constant and equal to the major axis.

Focal radii : The distances from point P on the curve to the focal
points F1 and F2 are called focal radii. Sum of the focal radii is equal
to the major axis.

Eccentricity: The ratio between the distances from the vertex to
focus and vertex to the a directrix is called eccentricity.

a.If e=1, it 1s parabola

b.If e>1, it is hyperbola

c.If e<l, it 1s an ellipse

Vertex : The end points of the major axis on the curve are called
vertex. (A, B)

Tangent and normal to an ellipse : Normal is the line
bisecting the angle F1 P F2 in Fig 4.

Tangent is a line at 90° to the normal and touching the ellipse.
Directrix, axis, focus, vertex and tangent are the elements common to
ellipse, parabola and

hyperbola.
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Q. No. 1.

To draw a parabola with the distance of the focus from the
directrix at 60mm (Eccentricity method)

Construction :

Draw the directrix AB and the axis CC* at right angles to it:
Mark the focus F on the axis at 60 mm.

Locate the vertex V on CC* such that CV = VF

Draw a line VB perpendicular to CC* such that VB = VF

Join C, B and extend. Now, VF / VC = 1, the eccentricity.
Locate number of points 1, 2, 3, ....., on VC* and erect
perpendiculars through them meeting

CB produced at 1',2',3".....

With F as a centre and radius equal to 1-1° cut two arcs on the
perpendicular through 1 to

locate P1 and P1%. Similarly with F as center and radius 2-2%,
3-3* etc cut arcs on the



corresponding perpendiculars to locate P2 and P2%, P3 and
P3* etc.

Draw a smooth curve passing through V,P1, P2,
P3....P3%,P2“ P1*.

To draw a normal and tangent through a point 40mm from the
directrix.

To draw a tangent and normal to the parabola. locate the point
P which is at 40 mm from the

directrix. Then join P to F and draw a line through F,
perpendicular to PF to meet the directrix at T.

The line joining T and P and extended is the tangent and a line
NN, through P and perpendicular to

TP is the normal to the curve




Q. No. 2.

To draw an ellipse with the distance of the focus from the
directrix at 50mm and eccentricity = 2/3

(Eccentricity method).

Construction :

1.Draw any vertical line AB as directrix and mark appoint C
on it.

2.Draw a horizontal line CD of any length from point C as
axis.

3.Mark a point F on line CD at 50mm from C.

4.Divide CF in 5 equal divisions.

5.Mark V on 2nd division from F.

6.Draw a perpendicular on V and mark a point E on it at a
distance equal to VF.

7.Join CE and extend it.

8.Mark points 1,2,3.....on CF beyond V at uniform distance
and draw perpendiculars on each of them

so as to intersect extended CE at 1°,2%,3
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Q. No. 3.

To draw a hyperbola with the distance of the focus from the
directrix at 50mm and e=3/2

(Eccentricity method).

Construction :

1.Draw the directrix AB and the axis CC*.

2.Mark the focus F on CC* and 50mm from C.

3.Divide CF into 5 equal divisions and mark V the vertex, on
the second division from C.



4.Draw a line BE perpendicular to CC* such that VE=VF.
Join C and E.

5.Mark any point 1 on the axis and through it, draw a
perpendicular to meet CE produced atl'.

6.With centre F and radius equal to 1-1', draw arcs
intersecting the perpendicular through 1 at P1 and

P1".

Similarly mark a number of points 2, 3 etc and obtain points
P2 and P2’ etc.




Q. No. 5.

The foci of an ellipse are 90 mm apart and its minor axis is 65 mm. Find major axis and consfruct

ellipse by arcs of circle method.

Construction :

(L
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Fig 4.9

All dimensions are in mm

1.

Draw a horizontal line. Mark Fl and F2 such that distance between F1 and F2 is 90 mm (Focal
distance). Mark midpoint of F1-F2 as ‘O".

Draw vertical line through ‘0" and mark MN (minor axis = 65mm) such that OM = ON = 32.5 mm.
We know MF1 = OW1 = OV2. Take distance in compass equal to MF1 and mark points V1 and V2
by taking center as ‘O'". V1-V2 is major axis.

Mark 4 to 5 points randomly between F1 and O. Name the points as 1, 2, 3, 4.

5. Take distance in compass equal to W1-1 and by taking center F1 mark arcs above and below the

major axis. With same distance and taking center F2 mark arcs above and below the major axis.
Take distance in compass equal to V2-1 and by taking center F1 mark arcs to cut previous arcs.
With same distance and taking center F2 mark arcs to cut previous arcs.

Repeat the procedure for all remaining points 2, 3, 4 and also for ‘O’

Draw a smooth curve passing through all points and end of major axis.



Q. No. 6.
Draw a parabolic arc with a span of 1000 mm and a rise of 800 mm. Use the rectangular method.
Construction :
1. Draw an enclosing rectangle ABCD with base AB = 1000 mm and height BC = 800 mm using &
suitable scale;
2. At its mid-point E. draw the axis EF at right angle to AB;
Divide AE and AD into the same of equal parts and label them, say 1, 2, 3and 1", 2, 3" etc;
4. Draw lines joining F with points 1, 2 and 3. Through 1', 2', and 3", draw perpendiculars to AE
intersecting F1, F2 and F3 at points Py, P; and P;respectively;
5. Draw a curve through A, P4, Pz etc. It will be a half parabola.
Repeat the same construction in the other half of the rectangle to complete the parabola. Or, locate
the points by drawing lines through the points Py, P; efc. parallel to the base and making each of them o
equal length on both the sides of EF, e.g. P4O = O Py. AB and EF are called the base and the axis
respectively of the parabola. See Fig. given below.
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Fig 4.10

All dimensions are in mm






