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Preface

Engineering Graphics is the language for ication
and documentation of engineering design. With the amival
of computers, the usage of this Ianguage hm mivam:ed into

.

I drawings are well explained in Module C,
starting with projections of points and then straight lines
located in all the four quadrants. Projections of plane lamina,

the arecas of ing, and

mamwname since all Ih:s: funclmns are well executed
t aided drafting (CAD) and three-

] solids and of them are also described in
detail in the same module, Module D deals with the surfaces
of solids, such as imersection of surfaces and their

d}mznsmnal modelling. Based on lhesc developments, itis  developments,

highly rec ded for the d entering  the meings of pictorial views of solids and objects are
engineering field to study the fund Is of this L ill d in Module E. These mc]udc |sum|:l.m. pmjm,lu:n
in their first year of th ineering course. Ad dtopics  oblique projection and perspective proj The
in Engineering Graphics are covered in the following years  perspective view drawing presented in first angle itsell
according to their respective branches of study. Three-  avoids disconti in study,ns. d to other availabl,

dimensimal objects located in space h mverted and books in the market. Fund: Is of machine d

4 Pt

donat g sheet or monitor
sx.n:cn using the IS0 Standard coding system. To fully
understand the techniques used in this process, the student
should develop good visualization capacity.

Even lhnugh lh,ere are a number of textbooks available
for g, the of the subject is still
found 1o be dlfru.u]l rcsr an average student. This book is an
effort to overcome or reduce this difficulry.

The content of the textbook Engi ing Graphics for

are covered in Module F in four chapters. The last Module G
mm)dul.:s wmpul:r aided d.ral'tmg (CAD) for pmdul.mg

fmm various D1p]nmn Examination quesuon pnpcrs and
theirsolutions Iso given. Thi i
I Ives for Diploma E:
I am highly grateful to the eminent professors,
|enchers and earnest stud of various engineering
fortheirenc Theircreative criticism

Diploma is divided into seven modulcs A mpu.‘ is first
lnlmduccd in each chapter of a module, with brief
and v pictorial views, and then mastered
gmdually through a number of worked-out examples. The
examples are explained using a step-by-step procedure and
illustrating drawings. All the drawings are prepared in First
Angle Projection and strictly follow the ISO/BIS formar.
Module A—Preliminaries, covers the fundamentals of
manual  drafting, lettering, freehand  skewching  and
dm:ensmmng of views. Module B describes wo-
| drawings like g
curves and d

ical constr

ing of scales. Three-

conics,

and suggestions helped me to prepare this book in its current
form. Textend my heantfelt thanks to PHI Learning for taking
interest and the effort to publish this iextbook at international
standards.

Acknowledgement is also due to the Bureau of Indian
Standards, whose work has been consulted for the
preparation of this book. T would also like 1o express my
gratitude to various Boards of Technical Education in India,
for permitting me to include their examination questions as
worked-out examples,

K.C. John
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Introduction to
Engineering Graphics

E:g'tneer’mg graphics is the principal method of
ommunication in the field of engineering and science.

C H A P T E R

related to working drawings, in order to become
professionally efficient.

The graphics off g design and ion is one
among thc most 1rnportanl courses of all studies for

g. The i reason why graphics is so 1.2 TRADITIONAL DRAFTING
im’punanl is that, it is the 1 used by the di E

technician and engineer, to communicate, design and
construct details to others.

1.1 THE GRAFHIC LANGUAGE

Engmemng drawing |s the graphic language used by
and 4 globally. The graphic
languagc may be defined as the graphic rep ion of

ing drawings are made up of straight and curved
Imeq 1o represent the surfaces, edges and centres of objects,
Symbaols, dimensional values and word-notes are added to
these lines so that lh:,y collectively make the complete
description. The tradi Id g is the preparation of
these drawings Iy, by freet d sketchi or with the
he]p of drawing instruments.

Fi ing is done by sk the lines without

physical objects and their relationships. Like other
spoken and written languages, this graphic language had
also been developed through centuries. The 1 of

other than pencil and eraser. They are much used
commercially as preliminary designs. Preparation of
drawings to scale, using various drawing instruments is the

graphics is written in the form of drawings using straight and
curved lines which represent the shape, size and
specifications ol physical objects, The language is read by
interpreting the drawings so that the physical objects can be

d exactly ived by the desi Like every
language, the graphic language also has its own rules of
grammar. These rules are governed by certain code of
practice. An englnaer‘ should have pmper understandmg of

dard drafting method. After the
preparation of the scaled drawings, they are traced using
instruments and ink pens to the tracing paper or tracing film
for taking prints.

convy

1.3 COMPUTER-AIDED DRAFTING (CAD)

In Computer-Aided Drafting (CAD) the drawings are
prepared with the help of computer and the prints of the

the theory of proj g and con

d size are taken, using the output devices. CAD is
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defined us a process of producing drawings in which a
computer software and associated hardware are used.
Nowadays, microcomputers are widely employed for
automated drafting.

Ci d to traditional d g, CAD is faster as well
as efficient and the modifications can be brought out very
easily. Depending on the drafting wsk, the production of
drawings can be increased to about 2 to 10 times with a good
CAD system. In moderm industries the rraditional drafting is
being replaced by compul:r a.ldod drafting. This doesn"t

mean that traditi are totally
removed by computer and related output devices. The

puter (the hard and }is only astrong tool to
produce ings in the sh time. Trained

designers and drafters who know engineering graphics very
well are supposed to operate the CAD systems. This training
in drafting is s]\ren using traditional graphic i

Engineering Graphics for Diploma

[

T box long P
bow compass, small bow divider etc.

. Set-squares (45” and 30-60°) and protractor
Engineer's scale set and steel rule (30 cm)

. Drawing pencils (standard and clutch pencils)
Eraser

. Adhesive tape, drawing pins or clips

- Sandpaper pad

Blade, pocket knife or pencil sharpener

11. Handkerchief, duster or dusting brush

12, Letter stencils, french curves, erasing shield and
templates

spring

Somuot R

Drawing Board

Drawing board, made up of seasoned soft wood (pine, fir,
aak etc.) are used for traditional drafting. Fgure 1.1showsa

After und ineering graphics by traditional
drafiing methods, one carJ have the expertise in operating
CAD system to develop the skill and speed for excellent

performance.

1.4 GRAPHIC INSTRUMENTS AND THEIR USE

To prepare a neat and scaled pencil drawing, good drafting
instruments are to be used. A list of drawing instruments and
materials required for the same is given below:

1. Drawing board

2. Minidrafter or T-square

Pivel plate

Prolratlnf_:ﬁ_—

ing board with a minidrafter ¢l d in position. If a
T-square is used instead of minidrafter fordral‘img. astraight
waorking edge of hard wood (ebony) is also required on the
left edge of the board, Fgu.re 1 2 showsadrawmg board with
a T-square in d The dard sizes of
drawing boards as per Burtau of Indian standards are shown
in Table 1.1.

Minidrafter

Draﬁ.mg m&chmcs are used for pmfcssxmnl drafting of
les atright

5. [tmainly

Drowing sheat

ll;—Druwing board

M_Scale of minidrafter
Knob

Fig. 1.1 Drawing board with minidrafter clamped in position,
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Head ot
T-square

“Drailing adge of T—square

}

~—Drawing sheet
-
1 — Orawing board
L g

1
|~ Blode
i

Fig.1.2 Drafling board with T-square in drawing position.

Table 1.1 Dimensions of drawing boards

Toard Siae in'mm Sheet
Thesignation {width  length) size
Dy, 1500 % 1000 Ao
oy 1000 % 700 Ay
D, 700 500 Ay
] 500 350 Ax

angles which can do the function of T-square and protractor.
A simplified version of the drafting machine is called
minidrafter. Figure 1.1 shows a minidrafter fitted 10 a
drawing board. The unit has a clamping end which is fixed on
the board by a hand serew and two mutally perpendicular
suaka \-ﬂlh protractor head on the other end. The body of the

ini two of parallelog made of bars
pivoted to these ends.

side of the blade and the inner sliding slide of the stock ane
fitted with straight edges of hardwood.

A T-square is used for drafiing on a drawing board fitted
with straight working edge in the left hand side (see Fig. 1.2).
The stock of the T-square is kept perfectly touching on the
working edge and is moved forward and backward by left
hand, so that different honzontal positions of the drafting
edge are obtained for driwing.

Compared 10 minidrafter, T-square gives beuner
accuracy in large size drawings, but the speed of drafting is
low. For small size drawings as well as for study purpose the
use of minidrafter is recommended.

Instrument Box

The drafting instruments like compass, divider, etc. are
available in boxes called engineering drawing instrument

To use the minidrafter, first of all set the p head
at zero position and tighten the knob., Then clamp the drafter
1o the top edge of board as shown in Fig, 1.1 using the hand
screw so that the honizontal scale is parallel to the horizontal
edges of the board.

T-square

T-square is composed of a long strip called blade fixed
rigidly by screws at right angles to a shorter strip called head
(stock). Flgtm: 1.2 shn\-.h a T-square placed on a drawmg
board in its drawi T-sq are g y made
of wood or plastic. For wooden 'T -Squares the op dmwmg

box. A fard three bow-set instrument box contains the
following devices:

1. Largesize compass

2. Lengthening bar for large size compass

3. Small bow compass

4. Larpe size divider

5. Small bow divider

6. Small bow ink-pen

7. Inking pens.

‘The most useful types of compasses and dividers are
shown in Fig. 1.3. Inking-pens and bow ink-pen are used for
tracing of drawings with ink. The large size compass is used
todraw large size circles and arcs. A pointed needle is fined at
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el
|
e
- I P
N - — S )ﬂ‘\_
) . i 1]
Large (Big) divider S .fowd{iira:r)
) ‘""«::.‘r;..,__‘
o 7o, -
=7 er——e—- I T
2 grm=—== R e _p ”|‘ e
i ow {sma A
Large (Big) compass compare ‘//_//
_,\;\5" :

Fig. 1.3 Drawing board with T-square in drawing position.

one leg while a pencil lead is inserted in the other leg. Both the
legs arc provided with knee joints so that while drawing
circles orarcs of radius above 60 mm, they canbe benttokeep
the lead and the pointed needle almost perpendicular to the
surface of drawing sheet. See Fig. 1.4(a). For drawing arcs
and circles of radins 180 mm and above, the lengthening bar
is 1o be added to the leg, holding the lead. Circles and arcs of
radius less than 15 mm are drawn, using the small bow
compass. The lead tip of a compass has to be sharpened and
set as shown in Fig. 1.4(b). This shape of point is formed by
first sharpening the outside of the lead on the sandpaper pad
1o a long flat bevel approximately 6 mm long and then
finishing it with a slight rocking motion to reduce the width
of the point. A soft lead (HB) gives dark thick line which can
be used for drawing object boundenes, while a hard lead (H)

Fig. 1.4 Use of large (big) compass.

gives light coloured thin lines used for showing construction
lines.

The large size divider is used to divide curved lines or
straight lines into desired number of equal parts. They are
also used to transfer a length from the scale to the drawing
sheet or to transfer a length from drawing sheet to the scale
for measurement. Small bow divider is used as the large
divider for shorter lengths below 20 mm.

Inking pens and bow pens are also included in the
standard instrument box. They are used for tracing of
drawings with ink.

Set-squares and Protractor

Set-squares (triangles) and protractor are made of
transparent plastic material, See Fig. 1.5, Set-squares (45°

.\.
\
Ay
N,

O\
N\
N

30-60°

{a) Set—squares (b} Protractor

(c) Use of sel—square

Fig.1.5 Set-squares and protractor.
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and 30°-60%) are used to draw vertical as well as inclined
lines. They are also used for setting combination of angles of
15°, while using T-square. Along with minidrafier set-
squares are also used to draw inclined lines of 30°, 45° and
60° as shown in Fig. 1.5(c). Protractor of circular or
semicircular type is used to set up or measure angles. Since
the size of the p head of a minidrafter is small, the
use of a large size protractor is recommended for accurate
angle setup and measurements.

Engineers Scale Set and Steel Rule

A setof B scales designated from M1 to M8 are required 1o
take measurements for scaled drawings. They are made of’
either cardboard or plastic [see Fig. 1.6(a)]. A steel rule of 30
cm lengthis also recommended to draw inclined lines as well
to use as full size scale for measurements.

Drawing Pencils

For the preparation of drawings, two types of pencils are
generally used:

(n) Wooden drawing pencils, and

(b)  Clutch pencils.
Wooden drawing pencils of hexagonal cross section are the
traditional types used for engineering drawings. They are
designated us HB, H, 2H ete. Here, H stands for hardness and
B for the blackness and softness. They are sharpened as
shown in Fig. 1.6(b) to conical point or chisel point. Chisel
pointed pencil is used for finishing thick lines. The conical
and chisel points are shaped by grinding the cylindrcal lead
on the sandpaper pad.

(&) Pin, efip,

Mechanical clutch pencils of lead size 0.5 mm diameter
are now available for reasonable prices [see Fig. 1.6(d)].
They are preferred because they can give better uniform line
width and no sharpening is required. Lead grades of HB, H
and 2H are used in these pencils.

Eraser

Soft nawral rubber or nylon rubber is used as eraser to
remove unnecessary lines on the drawing sheet [sec
Fig. 1.6(c)].

Adhesive Tape, Drawing Pins or Clips

To fix the drawing sheet on the drawing board adhesive
tape is generally used [sec Fig. 1.6(e}]. Use of drawing pins
will spoil the surface of the board. Use of clips may not be
possible while using a shorter drawing sheet on a large size
drawing board.

Sandpaper Pad

This consists of a small wooden block on which fine grained
sandpaper is pasted about half of its length (see Fig. 1.6). The
sandpaper pad is used o shampen wooden pencil lead and
compass lead tip for correct line thickness.

Blade, Pocket Knife or Pencil Sharpener

These instruments are used for sharpening the wooden
pencil and cutting of drawing sheets to the required
size,

(1) Sandpoper pad

ond lope

Fig. 1.6 Drawing instruments
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{a) Latter stencil

(b} fmn_ch_ curve

Engineering Graphics for Diploma

(c) Erusing shield

/\QQW
:OC))OOCOO/—)

{d) Template for circles

Fig1.7

Handkerchief, Duster or Dusting Brush

Cleaning of board, and drawing sheet can be done using
duster or dusting brush. Handkerchiel can be used for this as
well as for wiping wet hands.

Letter Stencils, French Curves, Erasing Shield
and Templates

These items, made from transparent plastic sheets, are used to
improve the speed and finish of drawing (see Fig. 1.7). Letter
stencils are used to print letlers especially in tracing, Curved
rulers called French curves or irregular curves are used for
drawing curved lines other than constant radius arcs. They
are available in different forms and sizes in boxes. Erasing
shield is used to shield the required lines while erasing the
nearby unwanted lines. Templates are plastic sheets with the
standard shapes like circles, ellipses. symbols ete. cutin them
s0 that the drawing can be made fast and accurate. Templates
are widely used for tracing of drawings.

1.5 CODE OF PRACTICE FOR ENGINEERING
DRAWING

1 ional Standards O

{L.5.0.) Geneva,
formulated and issued international standards for
engincering drawings in 1982. India, approved the same and
accordingly maodified the Indian Standards 18: 696-1972 1o
15: 10714-1983. The Indian Standards I (ISI)

ficld of drawing standards, was brought out in March 1989,
This special publication is referred 1o as SP:46- 1988 titled
“Engineering Drawing Practice for students of schools and

colleges™,

Alltechnical i should have th plete setof
Indian dards ac ible to technical di 2 classes for
the benefit of the students.

1.6 LINES
One of the fund, Is of good draf hipis line work.

For general engineering drawings, various types of lines are
recommended by 1S:10714-1983. Each line has a specific
meaning and function,

Types of Lines

Different types of lines recommended are shown in
Table 1.2, Iflines of other types or thickness are to be used for
special fields like electrical or pipe work diagrams, orif lines
specified in the table are to be used forapplications other than
those mentioned, the convention adopted should be
explained by notes on the drawing itself.

An example of the use of various types of lines is shown
in Fig. L.8. The following are the types of lines used:

1. Type A

Thesetyy dare used to

of li i thick I

which is taking care of standards in India, has been renamed
as Burean of Indian Standards (B.1.5.). Engi

Drawing Committee (E.D.C.) of B.L5. has adopted the
1.5.0. standards since 1983. As per letter No: EDC 20:1/T-
57 dated 17th April 1984, I5: 696 -1972 has been withdrawn
by the B.LS. The new d Jards are now available in
19 different booklets. For the use of students, a special
publication containing all the relevant information in the

Al Visible out lines and
A2 Visibile edges.
Type A Lines are also used for the following
applications:
1. Thread ends,
2. Limits of useful Ihrc:ld lengths, and
graphs, chartsand

3. Mainreg indi

flow diagrams.
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Table 1.2 Types of lines

Line Drescriptlon
A Conti thick
B Conti thin
e Centinuous thin frechand
4 ¥ 4 v Conti thin with zig-zags
E Dashed thick
¥ Dashed thin
g — —"——-"—- Chain thin
H r_ B T | Chain thin, thick at ends and
changes of direction
[ — |
y — """ Chain thick
L - Chain thin double dashed

Il 4 Il -
" ¥ ¥

Fig. 1.8 Use of various types of lnes,

2. Type B

These types of lines are continuous thin lines and used to

represent:
B Imaginary lines
B2 Dimension lines

of intersection

B3 Projection lines
B4 Leader lines
BS Hatching (section ) lines
B6 Outline of revolved section in place and
B7 Short centre lines.
Type B lines are also used for the following applications:
Dingonal cross to represent flat surface
. Bentlines (as in the sheet metal works)
Boxing or encircling of details
. Representation of repeating details (as root circle of
gears)
5. Grain flow direction as in rolling
6. Direction of lay of layers (as transformer stamp-
ings) and
7. Grid lines

P

3. Type C

These types of lines are

and used 1o represent:
Cl Limits of partial views, interrupted views, and

sectional views (if limits are not chain thin lines).

s thin li
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4. Type D
These types of lines are continuous thin (straight or curved )
limes with zig-zags and are used 1o represent:

D1 Limits of partial views, intermupted views, and
sectional views (if limits are not chain thin lines).

5 Type E
These types of lines are dashed thick lines and are used to
represent:

E1 Hidden outlines and

E2 Hidden edges.

6. Type F
These type of lines are dashed thin lines and are used to
represent:

F1 Hidden outlines and

F2 Hidden edges.

7. Type G
These types of lines are chain thin lines and are used 1o
represent:
G1 Centre lines,
(32 Lines of symmetry and
G3 Trajectories.
Type G lines are also used for the following applications :
L. Pitch circle of gears,
2. Pitch circle diameter of holes and
3. Parting-off planes.

8. Type H
These types of Tlines are chain thin, thick atends and ch

Engineering Graphics for Diploma

1. Outline of selective details,
2. Finish forms of raw parts and
3. Encl of special fields/;

Thickness (width) of Lines and Their Spacing

The lines used in a drawing can be grouped into two types
based on their thicknesses (widths). They are:

1. Thick lines

2. Thin fines.
The ratio of the thick to the thin line should not be less than
2:1. The thickness of lines should be according to the size and
shape of the drawing and it can be selected from the following

0.1%,0.25,0.35,05.0.7, 1, 1.4, and 2 mm

It may be noted that the grading of these lines, is in 42
increments. The distance between parallel lines, including
hatching should be greater than twice the thickness of the
heaviest line.

Nore:

1. Thethickness (width) of lines for different views of
an object, should be the same. provided the scale
used is the same.

2. The line thickness of 0.18 mm may be avoided.

3. The minmimum distance between parallel lines
including hatching lines should be 0.7 mm.

4. Aline width of 0.5 mm for thick lines and 0.25 mm
fur thin lines are recommended for pencil

peof
direction. They are used to represent:
HI Cutting planes.

8. Type J
These types of lines are chain thick lines and are used 10
represent:

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

10. Type K
These types of lines are chain thin double dashed and are used
to represent:
K1 Outline of adjacent parts,
K2 Altemative and extreme position of movable parts,
K3 Centroidal lines,
K4 Initial out lines prior to forming and
K35 Parts situated in front of the cutting plane.
These types of lines are also used for the following
applications:

Order of Priority of Coinciding Lines

When two or more lines of different types shown in Fig. 1.8,
coincide, the following order of priority should be observed:
(a) Firstpriority for Tvpe A: visible outlines and visible
edges.
(b)Y Second priarity for Tvpe Eor F: hidden outlines and
hidden edges.
(c) Third priority for Type H: cutting planes
represented by chain thin lines thickened at ends.
(d) Farth priority for Type G: centee lines and lines of
symmetry and trajectories.
(e) Fifth priority for Type K: centroidal lines.
(f)  Sixth priority for Type B: projection lines.

Hidden Details

Interior details of an object, which are not visible from
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outside, are represented by hidden lines, Shont dashes having
an approximate length of 2 1o 3 mm and a distance of 1 1o
2mmbetween them, maybe used for hidden lines. The dashes
of the hidden lines should touch the visible outlines or hidden

Table 1.3 Scales for use on technical drawings (15:46-

lines, both at the starting and ending points. Superimposing
of hidden details is shown in Fig, 1.9.

Fig. 1.8 Superimposing of hidden details.

1.7 SCALES

Scales is the ratio of the linear dimensions of one element of
an object as represented in onginal drawing to the real linear
dimension of the same element of the object itself. Drawings
of small objects can be made of the same size as the object
itself, If the actual dimensions of the object are used to
prepare its drawing, the scale used is called fulf size scale. For

1

1988)
Calegory Recomended scales
b scales 50:1, 201, 10:0, 5:1, 220
Full size Il
Reduction scales B2, 155 1:10, 1:20, 1:50

1:100,1:200,1:500,1:1000
12000, 1:5000, 1: 10000

Various preferred sizes of drawing sheets are available in
the market. 1.5:10711-1983 recommends various choices of
the drawing sheets based on their sizes, The preferred sizes of
the drawing sheets are given in the Table 1.4,

Table 1.4 Preferred sizes of drawing sheets
Desig immed mm { width x length )
Ag B41x 1189
Ay 594841
Az 420% 594
An 297 <420
Ay 210x297

The ratio between the two adjacent sides of a drawing
sheet is 1:V2 (i.e.1:1.414). The surface area of the sheet
designated by Ay is one square metre. Two successive sizes of

full size scale, the ratiois 1:1. Inthe case of very lurge obj
the actual dimensions of the object cannot be used in the
preparation of its drawing. Henee, linear dimensions of the
object are 1o be reduced for the purpose of drawing, Now, the
scale is called reduction scale. For reduction scale, the ratio s
smaller than 1:1. In the case of very small objects, the
drawings are to be made larger than the object itself. The
scale wsed for this, is called enlargement scale. For
enlargement scale, the ratio is Jarger than 1:1.

The complete designation of scales can be indicated as
follows:

SCALE L1 for full size.

SCALE 1:X for reduced scale.

SCALE X:1 for enlargement scale.

Tf there is no chance for misunderstanding, the word
SCALE may be omitted. Scales recommended by BIS are
shown in Table 1.3

1.8 DRAWING SHEETS AND TITLE BLOCK

Drawing sheets are white papers of good quality used for the
preparation of pencil drawings. One of the surfaces of the
drawing sheet is usually smooth, This smooth surface is used
for drawing.

drawing sheet sbtained either by halving or doubling the
areas. For example, A, size drawing sheet is obtained by
halving Ag size sheet.

Selection of the size of the drawing sheet depends on the
size of the object to be drawn and the scale used. Drawing
sheets may be used with their longer sides placed either
horizontally or ventically.

General Features

General features of a drawing sheet is shown in Fig. 1.10.
Four centring marks given on the border facilitates the
I ing of the drawing when reproduced or microfilmed.
Grid reference permits  easy location of  details,
modifications, ete, The rectangular divisions of the gnd are
marked by capital letters and numerals. Length of the side of
the rectangle should not be less than 25 mmand not more than
75 mm. Exira margin may be provided on the left o facilitate
easy filing and binding.

Titla Block

Title block is to be placed within the drawing space at the
bottom right hand comer of the drawing sheet and it should
be visible when prints are folded. It should consist of one or
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Drawing spaca

Edge

“ __Border
Ve

Frama

Minimum width
1 (20 mm for Ay & A

o
Title block

I 2 1 1

P10 mm for Ay, Ay & Ay)

Grid o —  — — —
reference

Fig. 1.10  General features of a drewing sheet

more adjoining rectangles. These rectangles may be divided
further into boxes for inserting specific information. This
information is grouped into zones as follows;
1. [Identification zome and
2. One or more zones for additional information.
Tn the identification zone the following basic information is
entered (refer to Fig. 1.11):
(a) The registration or the identification number,
(b} The title of the drawing and
{c) The name of the legal owner of the drawing

bered that all the drawing prints larger than Ay size
should be folded to A, size. The title block should be seen
outside on the right bottom comer.

1.9 SUGGESTED PROCEDURE FOR DRAFTING

Engineering graphics is a subject to be studied not only by
reading the book but also by drafting. A student of graphics
should manually draw the figures following the correct

Folding of Drawing Prints

There are two methods of folding of drawing prints. First
method of folding is used for filing or binding. The second
method of folding is used for keeping the prints individually
in filing cabinet and is shown in Fig. 1.12. It should be

1 With more g he can not only get more
knowlodgc in the sub]:cl but also can develop speed,
dimensional accuracy and finish of drawing.

Step by Step Procedure for Drafting

1. Setthe minid Loits gl ition and fix
it on the left top comer of the dmwmg board such

f.f—w__/___““‘i (\//_'_“'“I Kw/ﬂ
| ® ® || ®
—e | ||e T
f ® ! @ @ @
|
170 _max 170 _max i 170 max
(a) (b) (e}

Fig. 1.11 Amangements of information in the title bolck.
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------------------ —trd AN
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| '\2(420 x 594) Y Title black
I !
| L 4m0__ _ A
| 210}
| - // \ |
g SN > /‘
S| - SN - 0
| 2 s [
| —] e
\ S (R
“_Title_block

A3 {297 x 420)

Fig.1.12 Folding of prints for storing in filling cabinet.

that the long blade (scale) is parallel 1o the top edge
of the board.

. Fix the drawing sheet using adhesive tape on the
drawing board such that the top edge of the sheet is
parallel to the edge of the long blade. Now the
students are advised to check whether the blades of
the minidrafter are reaching the areas where
drawings are to be prepared on the sheet.

. Based on the solutions prepared in lhe \\urkbook
select the | for the on
the drawing sheet giving sufficient space belween
drawings to accommodate details like question
number, dimensions, scales, subtitles, etc.

4.

Draw the required views in the space intended
for the solution of the first question using H
pencil. The views should be drawn in thin
lines. Erase the unnecessary length of lines, curves,
etc,

. Finish the drawing by converting the thin lines to

correct type of lines as recommended in Fig 1.8,
Place the dimensions as recommended in section
4.5 of Chapter four and
Check whether the solution is complete in all
respects except the entry of sub-titles.

In the similar way, draw the solutions to other
questions oneby one. After completing the drawing

the views
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of all solutions, write the sub-titles using capital
letters on each solution as required.

7. Finish the title block and margin lines (Thick
0.5 mm lines) using H pencil. Remove the drawing
sheet from the drawing board and fold it in a
manner that the title block is visible from outside
(see Fig. 1.12).

Layout of Drawing Sheet for Class Work

Although BIS recommends the layout of a standard drawing
sheet as given Fig. 1.10, it is difficult to follow exactly the
same proportions for the drawing sheet and title block for
class work., A modified as well as simplified layout for
drawing sheet 1s given in Fig. 1.13. Figure 1.14 gives the
layout suggested for title block.

/Ouaslion No: /.IO

Engineering Graphics for Diploma

Directions for Better Drawing Output

Drafting | and lal
1. Use only standard engineering drawing
instruments.

2. If aminidrafter is used, fix it in the proper Jocation
on the board tightly without slipping, but without
destroying the thread of the screw.

3. If the drawing board surface is not smooth
or damaged partially; use a thin plastic film of A
size below the drawing sheet. This gives better
drawing finish. (A waste X-ray film will do the
purpose).

4. Keep the compass ready for drafting, after fixing
the HB lead and grinding it on the sandpaper pad to
the chisel edge.

|t"!_
uorgin.,\\ !
A
Space for. T
selution \\,@__
i
|
20 ___/'-’
' |

10

/Margin

~Title block

G

Spaca for ~ I_Gf
Coption & szcole

Fig. 1.13 Layout of drawing sheet for class work.

IR Lake of TITLE OF DRAWING
IS DWG. NO: | SCALE:

= ROLL NO: GRADE:

EinE VALUED BY: E}

J- 1+ TN SRS - N MU |« M

Fig.1.14 Layout of the title block for class work.
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5.

Keep the textbook, sketch book and frequently
drawing instruments on the right top side of the
drawing board.

. Clutch peneils of 0.5 mm diameter with H and HB

lead are recommended for drafting and lettering
respectively. Different body colours will help easy
identification of H and HB pencils.

Adhesive tape is preferred for fixing the drawing
sheet on board. After finishing drafting. remove the
tape carefully from the drawing board as well as
from the sheet before folding to Ay size.

The drafting practice:

The knob of the protractor head of the minidrafier
should be lifted slightly by the left hand while
moving the drafter scales from one Tocation to
another.

Keep the two scales of minidrafier in horizontal—
vertical position as far as possible. For drawing
lines at standard angles (307, 45° and 60°) set-
squares may be placed over the horizontal scale
edge for easy location.

Todraw a horizontal thin straight line, place the top
side of the horizontal scale of minidrafter in
position by left hand. Then draw the line from left
to  right holding the cluch pencil (H)
approximately at 60 to the direction of the line and
applying slight pressure. Also rotate the pencil
slowly in the clockwise direction about i’s axis

Direction of )
pencil movemeant |

15

while drawing. To get a thick line, use the same H
pencil, change the angle of the pencil from 60° 1o
80" and draw the line applying moderate pressure.
The suggested directions of pencil for
drawing vertical and inclined lines are shown in
Fig. 1.15.

To draw an arc or circle, adjust the opening of the
leg of the compass to the required radius by
measuring the dimension from the steel rule. Then
hold the compass with right hand and place the
needle point to the paper and draw the are or circle
in the clockwise direction. While drawing, the
compass should be slightly inclined towards the
direction of its rotation.

For gerting dimensional accuracy in deafting. set-
off the distances on the drawing sheet using divider
and steel rule.

Use large diameter protractor, graduated upto 0.5,
for better accuracy. Never use the protractor of the
minidrafter for angular measurements because it
may bring error.

To get printing finish, letter stencils maybe used.
For printing of all running matters, captions and
titles block details, use capital letters of size 4 mm.
Use aletter size of 5 1o 10 mm (suitable to the space)
for the tutle of the drawing. The printing of
dimension numerals maybe done by frechand. But
the letters should be of uniform size 3 to 4 mm,
similar to the standard letters.

~Direction of
< pencil rotation

Fig. 115 Direction of drawing straight lines,
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EXERCISE e

TRV e e ML

1. Abeginner in drafiing has 1o draw the following types

of figures in order to know the use of varous drawing

P R e, T

Engineering Graphics for Diploma

L TS D

Draw the Figures 1.16 to 1.25 using the standard
linetypes as given. The given dimensional values are in
mm. Do not dimension the figures,

Fig.1.18

andhencetodevelopth einthe
line work.
A
8 -
C o —— :r ----- -,:
o 4 4 4 : 1
| |
£ ][]
Flommmmmmmm oo | ]
[} [}
G —e—— I |
| |
e — - — - — - — L
] — _ _ _ -
K v |
L 100 60
Fig.1.16 Fig.1.17
20
3
|
1
100 1
Fig.1.18 Flg.1.20
30 40
1 p B
g o g

100

Fig.1.22

]
b
=]
T&/
e

100

Fig.1.23
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Lettering

he shape of an object which can be clearly described by
graphic language is called drawing. Size description and
instructive specification should also be indicated in the
drawing for its They are in the form of
notes and dimensions. All the notes and dimensions in the
drawing should be lettered like printing and not as
ipt. Good | ing i the clarity and
appearance of the drawing.

B P

21 SINGLE STROKE LETTERS

Bureau of Indian standards (IS: 9609-1990) recommended
single stroke lemters for engineering drawing. The term single
stroke means that the letters and numerals should be made by
uniform thick lines produced by the line width obtained in
one stroke of the pencil or pen. This does not mean that the
entire letter should be written without lifting the pen or
pencil.

2.2 TYPES AND SIZES OF LETTERS

The single stroke letters recommended by BIS can be
classified into the following categories:
Classification by inclination:

(i) Vertical (0°)

(ii) Inclined (15 to right)

Classification by height (h) to line thickness (d) ratio:

(i) Lettering A (d=h14)

(ii) Lettering B (d = h/10)
The size of letters and numerals are designated by their
height. The height of the capital letters is taken as the base of
the dimensions. 10 mm letter means the height of the capital
letter is 10 mm. The range of standard height (h)

ded for letters and 1s is as given below.

[ 25, 35 7, 10, 14 and 20mm |

2.3 VERTICAL AND INCLINED LETTERS

The vertical letters have the stems perpendicular to the base
line of lettering. But for inclined letters, the stems arc
inclined at 157 to the right of the vertical drawn perpendi-
cular to the base line. Figures. 2.1 gives the two types of
vertical and inclined letters proportioned as per B.LS.

24 LETTERING A

In leuering A, the height (k) of the letter is divided into 14
equal parts. The thickness of the line is taken as d = 1/14h.
The various dimensions of lettering, are taken as per
Table 2.1. The location of the dimensional values is shown in
Fig. 2.2. Itis to be noted that the width of the letters is varying
from 1/4h. (for letter T) to 12/14h (for letter W), Figures 2.3
and 2.4 give specimen of ‘lettering A, vertical and inclined.
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J 1axE

hiheignt)

(8/14)h b= (810 e (6 /10
Vertical (Typa A} Inclined (Type A) Vertical (Type B) Inclined (Type B)
Fig.2.1 Lettersize and type.

Table 2.1 Recommended ratios for different

Characteristic Ratio Dimensions in mm
Lettering height theightof capitals) h 14/14h a5 50 7
Heightoflowercase letters {without stemaor tail c 1144 25 5 5
Spacing betweencharacters a 4k 05 07 1
Minimum spacing ofbase lines ] 20V14k 5 7 10
Minimum spacing between words. e 614k I5 11 3
Thickness of lines d 1144 0.25 0.35 05

150 81 )AM
Rf

h = Haight of copitals b = Minimum spocing belween lines
¢ = Height of lewer case letters & = Minimum spacing belween words
o = Spacing betweoen choracters o = Thickness of lines

Fig.2.2 Characteristics of fettering.

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopgrsfuvwxyz
[(17:,"-=+x-%&)] 0123456789 IV X

Fig.2.3 Specimen oflettering (A vertical).

ABCDEFGHIJKLMNOPQRSTUVWXYZ
abcdefghijklmnopgrstuvwxyz
[(17:;"-=+x:2%&)] 0123456789 IVX

Fig. 2.4 Specimen of lettering (A inciined).
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The system * A s
drawings of large size letters.

ded for pencil

25 LETTERING B

The proportions of ‘lettering B" are given in Table 2.2. Here,
the height of the letter /i is divided into 10 equal parts. The
line thick of the letters is tak d=1/10h. The lettering
B gives comparatively wide lenters having more line
thickness like bold style. For inking the drawings as well as
for small letters using pencil, the proportions of lettering B is
preferred more.

26 LETTERING PRACTICE

While printing the letter by using pencil, it is not easy to
maintain the exact shape, proportions and thickness of lines
of H ].:ucn ng as gw:n in the Tables 2.1 and 2.2, Anyhow, it
is I in an approxi width to height
proportion as well as shape for each of the letters and
numerals. The thickness of the stem of the letters should be
equal to that of produced by pencil point i.e. 0.5 mm. The
approximate width to height proportions of the lettering A
and lettering B is given in Table 2.3.

For pencil drawings, Type B lettering is recommended
up to 10 mm size, because of its larger width. Letter size
above 14 mm may be printed in lettering A style.

Engineering Graphics for Diploma

While printing the letters with pencil, certain order
and directions of strokes are followed for better results.
The general | | followed for | g are given
below:

1. First, draw the vertical portions of the letter in the
downward direction.

2. Draw the horizontal portions of the letter from the
left to right.

3. Draw the inclined line portions in the downward
directions, i.e. towards the right and then towards
the left.

4. For curved line portions, move the pencil tip from
top to bottom in the anticlockwise direction for the
left side portion and clockwise direction for the
right side portion of the letter.

The above-mentioned procedure are most suited for
large size letters. But for small size letters, variations may be
accepted.

For inking of drawing letter stencils are recommended.
The pen width is selected according to the height of the letters
as specified on the stencil. Stencils are also used for pencil
drawings in order to improve the finish. The areas like title
block, caption, etc. where large size letters are required, may
be printed using stencils. However, frechand lettering is
preferred in class work to mark dimensional values in order
to get fastness. The method of freehand Iettermg for class
work is described by the following

Table 2.2 Rec d ratios for di characteristics for d = /10 (Leuering B)

Characteristic Ratio - Dimensions in mm

Lettering height theightofcapitals) I 10010k 15 50 10 20
Heightof leteers {with tail) '] Tk 25 35 7 14 -
Spacing between characters a 2104 07 Lo 2 4
Minimum spacing of base lines b 14104 5.0 7.0 14 28
Minimum spacing between words € &10h 21 30 [ 12
Thicknessof lines d 110k 035 0.5 1 2

Table 2.3 Appropriate width to height ratio for lettering A and B, fi = height of the capital letters

Letters EDGHENOP CEF
w AMVXY &g QRSTUZ LI 1 1 Minimum
Type 23456789 —-—+= space
Lettering A 1214k 014k Tidh a4 34k 114k 24
1 wackth heaght ) |
Lewering B 910k T B0 S0k Aok 110k 210
( width/height !
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Example 2.1
Print the matter given below in frechand single stroke,
vertical fetters having 14 mm height. Follow type-A lettering

“ ENGINEERING ™

Refer to Fig. 2.5 and Fig. 2.6.

Draw two thin horizontal lines at 14 mm apart and mark
off vertical lines for width of the letters and interspaces as
given in Table 2.3. Here one unit is meaning 1/14 mm. Then
print the letters by drawing the vertical and horizontal line
portions using the minidrafter scales. The inclined lines may
be finished with the help of a straight edge while the

i portions by freehand drawing. Afier completing
the lettering, remove the unnecessary thin lines without
damaging the letters as given in Fig, 2.6

Example 2.2
Write the following in freehand. vertical, single stroke letters
of 10 mm size:

“Engineering Graphics™

21

Follow Type B lentering.
Refer o Fig. 2.7,

Draw four thin horizontal lines as shown (Fig. 2.7).
Then write the capitals having approximately 10 mm height
and lower case leters having 7 mm height. Give an
interspacing of 2 mm. Finish the drawing by removing
unnecessary lines.

Example 2.3
Write the following semience in 5 mm or 4 mm capitals, Use
Tvpe B vertical lettering.

“DRAWING IS THE LANGUAGE
OF ENGINEERS”

Refer to Fig. 2.8.

Draw two thin base lines horizontally at 7 mm apart and
5 mm letter height lines as shown in the figure, Then print the
letters with approximately 3 mm width and word spacing of
one letter.

\

G

Fig. 2.5 Letlering in progress.

NEERING

Fig.2.6 Finishedletters (TypeA).

dyEngineering Graphics

Fig.2.7 Letering (TypeB).

Fig.28 LeNering (TypeB).
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EXERCISES v

LR I

Print the matter given below in freehand, single stroke,
vertical letters having 14 mm height. Follow Type A
lettering.

“LETTERING”

Write the capital letters A to Z and numerals 0to9in 21
mm vertical, Type A style.

. Write capital letters A to Zand 0 to 9 in 5 mm vertical,

Type B letering.

AR T

Engineering Graphics for Diploma

TP R X R e [ e

EE T g PG

4, Print the following in lettering B vertical:
(i) “ENGINEERING DRAWING" (h = 10 mm)
(ii) “FIRST ANGLE PROJECTION" (h = 8 mm)
(iii) “Lettering should be done in a simple style”
(k=5 mm).
5. Write the following matter using lettering B, inclined:
(i) AwZand0to9(h=10mm).
(ii) “Good lettering gives better appearance™
(f =5 mm).
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Freehand Drafting

reehand drafting 1s the method cf prepanng drawings
without the use of ing instr
The straight or curved lines of a ﬁgummdﬂ\m by frechand
movement of the pencil or pen. Therefore, this kind of
drafting is also called as freehand sketching.

3.1 IMPORTANCE OF FREEHAND DRAFTING

The freehand drafting process is a quick and convenient
method of making shupe description. choc‘ itis very much
useful and theref I 10 eng; sndtechmnam
A freehand sketch in g may be considered as a
manuscript in literature prior to the printing . So they should
be prepared in a good readable form, obeying all conventions
and rules and without much variations in shape pl’ul])ﬂll'ﬂ'l\
Frechand sketching has applications in the following areas:

1. Wh:le deﬂgnlng new products, the designer makes

or i toexplain his ideas
1o others,

2. Assembly and working drawings are gencrally
prepared from the initial freehand sketches of the
Any change in the existing design or shape
sugpested by the designer is conveyed to the
draftsmen by the help of sketches.

pL}

Frasbinnd alratnk

4. In are
pm[:nmdmgn-e details about the part to be repaired
or modified, ete.

The full proficiency in freehand skecthing is obtained only
by mastering the graphic language as well as developing the
drawing skill with instruments. However, a student in
engineering has to stant the study of frechand sketching along
with the beginning of the graphics study. He has to prepare
solutions to various problems in graphics by sketching prior
to the final drafting. By developing the capacity of preparing
neat and proportional line sketches, an engineering student
can not only develop speed and finish in drafting, but he can
answer the questions asked in the examination containing
figures, in a very beautiful and impressive manner. Even
though freehand sketching does not permit the use of
instruments, sometimes a straight edge and compass are used
in order to draw lengthy lines and long size circles orarcs. In
such cases, the drawing is called as skerching.

3.2 TYPES OF SKETCHES

While studying engineering graphics, astudent has o prepare
freehand sketches of almost all the drawings prior 1o the
drafting. The of a scaled di 1g should be the
ransfer of its sketches from the sketchbook to the drawing
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sheet with the help of i :ns:mmenls These drawings can be
grouped into the following
1. Drawing of Iwo—dimcnsional figures and objects
like conics, 11 curves, templ 2L,

Engineering Graphics for Diploma

oblique projections can bcskctchnd easily with the helpofu)-
ordinate lines. For the p of i
paper with isometric oo-urdmalcs is used to get the three co—

2. Multiview (orthographic) projections of three-
dimensional solids and objects.

3. Pictorial views of three-dimensional objects like
machine parts, building, steel structures, etc. The
views maybe:

(a) Isometric projection
(b) Oblique projection, or
(c) Perspective projection

4. Schematic drawings of various types of welded
joints, circuit diagrams, etc.

5. Symbolic drawings like piping layouts, welded
joints, cucun diagrams, ete.

The above categ of ings are d 1 in detail in
the coming modules. In the present ch.aptc’r only the
| Is of freehand drafting are explai

3.3 MATERIALS FOR SKETCHING

Ereehand deafting (h

F ically permits only pencil, eraser
and the drawing paper. The pencil should be with soft lead of
H or HB. It can be a wooden pencil or a mechanical clutch
pencil. Depending on the type of figure and the purpose of
drawing, a variety of drawing papers are used for sketching:

1. Plain paper

2. Paper with rectangular co-ordinates

3. Paper with isometric co-ordinates

4. Tracing paper or film.

Plain paper is the most widely used paper for the
preparation of all kinds of freehand sketches, The principal
difficulty in using plain paper is that proportions and
projections must be estimated by the eyes. '[‘h:s canbesoivetl
by the use of paper with thin ruled as

shown in Fig. 3.1. Multiview (Orth “:- ——

Fig. 3.1 Rectangular coordinate paper.

di and proportions. Sketches are made on tracing
paper or film, in order to reproduce more copies by any of the
p y hods. The i lines on the paper
may some times reduce the clanity of the sketch if the ruled
lines are too much bright . In such a situation, the rear side of
the paper may be used to get light co-ordinate lines .

The use of coordinate paper speeds up the work
considerably and gives better proportions. However, only
plain paper is suggested for practising frechand drafting at
the beginning so that the student can develop a good sense of
proportions to the movement of the pencil tip.

TAYAYS \
FAYLY FAYAY AVAYAN )
Fig. 3.2 Isometric coordinate paper.

3.4 SKETCHING OF STRAIGHT LINES

Engineering drawings consist mainly of straight and curved
lines. The impornant points to be considered while sketching
a straight line are given below.

1. The pencil should rest on the middle finger and
should be held smoothly between the thumb and
first finger. The tip of the pencil may be about 25 to
35 mm projecting from the finger grip.

2. Sketch horizontal lines from left to right with an
easy arm motion.

3. Marking of the end points is advisable for long
lines.

4. Just before drawing a line make a few trial motions
of the pencil tip between the marked points.

5. Firstdraw a very light line (just visible line) in two
three sweeps (see Fig. 3.3).

6. Darken the line by moving the pencil over the light
line.

7. Itis helpful to tum the drawing paper to bring the
line toa convenient position (horizontal or vertical)
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- Start paint

End point-,

/ A

o Trial line

Fig.3.3 Sketching of horizontal line.

8. Shont vertical and inclined lines are drawn in a
downward direction as shown in Fig, 3.4,

Fig. 3.4 Sketching of vertical and inclined lins.

9. Long vertical and inclined lines may be drawn as
horizontal lines after rotating the paper to the
required direction.

10. While drawing horizontal and vertical lines,
reference should be constantly made to the edge of
the paper so that the lines are parallel to them.

Drawings made by sketching should obey the codes of

practices; hence, all the standard line types are 1o be used for
sketching also. Figure 3.5 gives the sketches of the line types
which are used most frequently.

A Thick fine

B Thin line

Continugus thin

o ) 4 entinuous
¥ ¥ with zig—zags
F o Dashad thin
G —— wme — — Chain thin
Fig.3.5 P line types for g

3.6 SKETCHING OF CIRCLES

The ci e of a circle is from its centre.
Hence, to get a good circle, mark off as many points as
possible at a distance of the radius [rom the centre. The

25

following points may help to sketch circles with reasonable
accuracy:
1. Small circles may be sketched by marking radial
distances on perpendicular cemre lines [see
Fig. 3.6(a)].
2. Large circles may be sketched with the help of
intermediate (diagonal) points [see Fig. 3.6(b)].
3. Very large circles may be sketched correctly by
marking the points on the circumference with the
help of a paper trammel as shown in Fig. 3.6(c).
4. Draw circles by ares from top to bottom direction
keeping the pencil on the concave side of the curve.

o

4

|
|

Fig. 3.6 Sketching of circles.

3.6 SKETCHING OF ARCS

Sketching of arcs is almost similar 1o that of circles, The
points of tangency should be carefully approximated as
shown in Fig. 3.7. While sketching an are, the position of the
peneil should be on the concave side of it, It should be noted
that the centre of the arc will always lie on the intersection
point of perpendiculars drawn at the points of tangeney. For
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3]

Fig.2.7 Sketchingofarcs. =R
PN
- o o8
lengthy arcs, paper trammel method may be adopted to get )
intermediate points. Fig.3.8 Sketching of ellipse.
3, Skerchthe arcs andcirel d then th ight lines

3.7 SKETCHING OF ELLIPSES |'F|g 3. 9(C)| considering the uml rmukmgs

Ellipse may be considered as a stretched circle, say in the 4. ESsary o ich
horizontal or venical direction so that the horizonial the boundary lines to finish the view [Fig. 3.9(d)).
diameter differs from that of the vertical. To draw an ellipse,
sketch a rectangle having sides equal to the major and minor
diameters and then mark off the two diameters as shown in
Fig. 3.8(a). Small ellipses can be completed by sketching a
smoath curve through the four diameter end points.

To sketch large ellipses intermediate points maybe
required. To locate the intermediate points, draw the
diagonals as shown in Fig. 3.8(b) and mark off a point P such
that A P = 0.4 times of AR approximately. Similarly, the
other intermediate points (, R and § are located and the
ellipse is completed by sketching a smooth curve passing
through these points.

3.8 METHOD OF SKETCHING VIEWS

Tosketch a view, firstof all study the given figure or object in
detail and then plan the views to be sketched. Start the
skerching of the view or views by following the rules of the
graphic language. The suggested procedures for the same are
given below.
1 Find the overall dimensions of the view and sketch
rectangles of required sizes to enclose the view as
shown in Fig. 3.9(a). The relationship between the

length and width can be maintained by marking unit {c) f;”
lengths on these rectangles. _ )
2. Insertthe centre lines for arcs and circles [Fig. 3.9(b)). Fig.3.9 Sketching ofaview.
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Sketching of various types of pictorial views are done in
the same manner as that of orthographic views. Here, the
initial rectangles are to be replaced by suitable construction
lines following the rules of projection. The dimensional
values and notes about the object are to be inserted only at the
end.

Example 3.1
Sketch two cireles of diameters 20 mm and 40 mm with
centres atadistance of 50 mm and mark the commaon extemal
tangents. Retain the construction lines and do not dimension
the figure.
Refer to Fig. 3.10.
1. Sketch a thin horizontal line AB and mark off 5
divisions on it. (units)
2. Draw ventical, horizomal and inclined lines as
shown in the figure. Mark off the radii of circles on
these lines from the centres A and B,

3. Skewch the two circles and then the two external
tangents to these circles using thick lines by
freehand.

Fig.3.10 Sketching of external tangents lo circles.
EXERCISES

1. Sketcharectangle of approximately 100 mmby 60 mm
and insent a square of side 50 mm at the centre, Fill the
square with section lines (hatching) inclined at 457 and
spaced by 3 mm. Use thick lines for the reciangle and
square while thin lines for the hatching.

13

Sketch the following three concentric circles:

(a)  Circle of diameter 80 mm with thick fine.

() Circle of diameter 60 mm with chain line.

(c) Circle of diameter 40 mm with short dashed lme.

27

Example 3.2
Copy Fig. 3.11(a) by tmeh:z.rld sketching. Retain all the
lines. Di g of the figure is not

required.
Refer o Fig. 3.11.
1. Construct a rectangle to enclose the ellipse and
insert the centre lines [see Fig. 3.11{(b)].

2. Find the four intermediate points of the ellipse by
drawing diagonals and marking the length 0.4 AB
as shown in Fig. 3.11.

Complete the ellipse. circles and ares.
Sketch the straight lines and finish the drawing.

Eal

(b} Freehand sketchi

Fig.3.41 Aflange.

3. Sketch an approximate ellipse of major axis 12 em and
minor axis 8 cm.

4. Sketch the geometrical shapes given in Fig. 3,12,
Retain all the construction lines and do not dimension
the figure.

5. Copy the view given in Fig. 3.13 by freehand drafling
and finish the sketches after removing all construction
lines. Write the caption and other instructions given.
The figure need not be dimensicned.

Downloaded from Ktunotes.in


http://ktunotes.in/

28

Engineering Graphics for Diploma

(d)} T-squore (e} Lock washer
Fig. 3.13 Geomaetrical shapes.
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Dimensioning

ﬁ- drawing describes the shape of an object. For complete

ils of an object, its size deseription is also required.
The information like distance between surfaces and edges
with tolerance, | of holes, hining symbols,
surface finish, type of material, quantity, etc. is indicated on
the drawing by means of lines, symbols, and notes. The
process of furnishing this information on a technical drawing
as pera code of practice is called dimensioning.

4.1 ELEMENTS OF DIMENSIONING
The following are the el of di

1. Projection line

2. Dimension line

2% 45" Leader line

\.\/mpe B line) No gop is Ieft hers

S
rd gt

i Y T 4 Prajection
line

A (Type B L
L (Type ne)

e
AN M
- _ N N ok ot b dimension
Dimension line  Terminafion Fesdiienitin
(Type 8 line) (Arrow hecd) 4
(Type A line)
Fig. 4.1 Elements of dimensioning.

3. Leader line
4. Termnation of dimension line
5. Dimensional text
These elements of dimensioning are shown in Fig, 4.1.

Projection Lines

These lines are drawn as continuous thin type B lines. They
should be drawn:

1. Extending shghtly beyond the respective
dimension line

2. Perpendicular to the feature to be dimensioned,

3. Notcrossing other lines as far as possible, and

4. May be drawn as extension of centre line or outline

of the object as shown in Fig. 4.2,

Fig.4.2 Centre lines and outiines replace projection lines.
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Dimension Lines

These lines are drawn as continuous thin type B lines. The
following points may be noted while drawing a dimension
line.
1. As far as possible, dimension line should not cross
other lines.
2. Acentre line or outlines of a part should not be used
as a dimension line.
3. Dimension lines are preferred (o be drawn from
visible outlines and not from hidden lines.
4. A broken feature should be marked by an unbroken
dimension line as shown in Fig. 4.3,

)T
4
it

Fig. 4.3 Dimensioning of a broken feature,

Leader Lines

Leader lines are the lines 2 10 a feature (di

object, outhne, ete.) drawn as continuous thin type B lines.
The tail end of the leader line should be terminated on a shorn
horizontal bar below the lettering of a note. The head end of
the leader line should be terminated in any one of the
following forms (see Fig. 4.4)

1. With adot within the outling of the object (surface).

2. With an arrow head on the outline of an object
(edge).

3. Withoutadot oran arrow head on a dimension line.

The following points may be noted while describing a
leader line:

I. Leader line should not be parallel 1w adjacent
dimension lines or projection lines, where
confusion might arise,

2. Leader lines may be drawn at an angle not less than
307 with the horizontal or vertical.

3. The use of common leaders may be avoided.

i
/
{a} (&) (e
Fig. 4.4 Termination of leader lines.

—
/

.1
)

Termination of Di ion Lines

Dimension lines should carry distinet terminations,
Terminations are indicated either by arrowheads or by
oblique strokes, The arrowheads are shown in Fig. 4.5(a).

Engineering Graphics for Diploma

The included angle berween short lines forming the arrow
head may be taken between 15° 1o 90°, The arrow head may
be apen, closed or closed and filled in. The oblique strokes
are drawn as short lines inclined at 45° to the dimension line
as shown in Fig. 4.5(b). While drawing arrow heads or
ablique strokes the following points may be noted:
1. The size of the termination of the dimension line
should be proportional to the size of the drawing on
which they are used.

Length of arrow heod
s

L

Opan
Oblique shroks

=
Closed
o r’_
ol

" Filled
(a} (o)
Fig. 4.5 Termination of dimension line.

2. Only one style of arrow head termination should
be used on a single drawing. The shape of arrow
head used in this book and that suggested for class
work is shown in Fig. 4.6,

15102

I

Fig. 4.6 Suggested arow hesad shape.

3. Amow heads may be shown within the limits of the
dimension line, if space is available. See the left
Ihand side dimension shown in Fig. 4.7,

o

48 8l 34 |4

Fig.4.7 Arrow heads within or cutside the limits of
dimension line.

4. Arrow head may be shown outside the intended
limits of the dimension line if space is not available.
See the marking of dimensional value 4 mm.
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5. Ifthe space between the projection lines is toosmall
for an wrrow head, dots or obligue strokes may be
used in the place of arrow heads as shown in
Fig. 4.5.

6. Only one arrow head termination is required to
indicate the radius of a circle or an arc.

[C)

L 32 12L [ 34
8/ “E

(&)
Fig. 4.8 Use of dot or cbligue stroke,

Dimensional Text

Dimension is a numerical value expressed in an appropriate
unit of measurement. The text size may be 3 mm o4 mmin
height depending on the drawin; . The location of the text
value relative 1o the dimension line is decided by the Method
of indicating them. While marking dimensional values in
millimetres, there is no need of indicating mm after a value.
But for the other units like cm. m or km, that should be
indicated. If all the dimensions are marked in the same unit
other than mm, it may be indicated as a note nearby the title
black to avoid writing unit after each value.

4.2 METHODS OF INDICATING DIMENSIONAL
VALUES

Two different methods of indicating dimensional values are
suggested by Burean of Indian Standards and are called
Method—I and Method-2. Only one method is o be used in a
drawing.

Method-1
In this method of dimensioning, the text should be placed
aligning to the dimension line, satisfying the following
conditions (see Fig. 4.9)
The dimensional values should be:

1. Placed parallel to the dimension line.

2. Placed above the dimension line.

3. Nottouching the dimension line.

4, Placed at the middle of the dimension line as far as

possible.

31

- Bl

40

Fig. 4.9 Indicating dimensional value (Method—1).

5. Placed in such a way that it can be read either from
the bottom or right hand side of the drawing.
6. Placed as indicated in Fig. 4.10 on inclined

features.
< i
\a 8 “3’,
b b iR
Ty e
20, =20,
= , A
- K - '\\ ) -
& gr L)
£ AR

Fig.4.10 Indicating dimensional values on oblique
dimension lines (Method-1).

7. Indicated as shown either in Fig. 4.11(a) or in
Fig. 4.11(b) for angular dimensioning. Here, the
second one is simple, hence suggested for class
work.

OO
{&}

Fig. 4.11 Indicating angular dimensional values (Mathod=1).
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Method-2
In this method of dimensioning. the text should be placed
vertical, satisfying the following conditions (see Fig. 4.12),

Fig. 4.12 Indicating dimensional values (Method-2).

The dimensional values should be:

1. Placed above the horizontal dimension lines and at
the middle as Far as possible, without interrupting
the dimension line.

2. Placed at the middle by interrupting the dimension
line, for non-horizontal {verical and inclined)
dimension lines.

3. Placed in such a way that it can be read from the
bottom side.

4. Placed as shown on Fig. 4.13 for angular
dimensioning.

J
BO°_ _|_ 60"

Fig. 4.13 Indicating angular dimensicnal values (Method—2).

4.3 ARRANGEMENT OF DIMENSION LINES

The dimensions of an object can be placed according to either
Method-1 or Method-2, but they are arranged in the
following ways. The selection of the type of amangement

depends on the design and construction requirements,
1. Chair dimensioning: Here the dimension lines are
drawn a5 a chain as shown in Fig. 4.14. This type of

Engineering Graphics for Diploma

20 0 34 |c|

Fig. 414 Chain dimensioning.

Fig. 4.15. This type of dimensioning is used only
where a number of dimensions of a part have a
common datum feature.

Fig. 4.15 Parallel dimensioning.

3. Combineddi z Here acombination chain
and paralle] dimensioning are applied as given in
Fig. 4.16, depending on the requirement.

The distance of dimension line from the object
boundary or nearby dimension line should be at

least 5 mm to 6 mm.

T

70

Fig. 416 Combined dimensioning.

4. Superimposed running di ing: This type of
dimensioning is a simple parallel dimensioning and
may be used where there are space limitations and
where no legibility problems will arse. Here,
origin is o be indicated appropriately and the
opposite end of each dimension line should be

dimensioning is used only where the possibl

1 of tol does not end the
functional requirements of the par.
Parallel dimensioning: Here the dimension

lines are drawn parallel to each other as shown in

2

termi d only with an arrow head. The
dimensional values may be entered as shown in
Fig. 4.17(a) or as shown in Fig. 4.17(b). This type
of dimensioning can alse be used to indicate
i ions int irections as shown in Fig. 4.18.
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[=1
Zt)rigi‘-r\;I (a) g
420 B0 100
7 (b}
LCIrigin ’
Fig.4.17 Superimposed running g in one
direction.

a3

. \
ol Q)
1]
14
g ] - ronpld
| 16
il
30 1
Ll \é{——’gﬁ
| N8 |
| L
— _..i.......i
2 % 3
Fig.4.18 imp running  di oni in two
direction.
m ]
10) 10
50130,
30] 70|
1q] 50

Fig. 4.18 Dimensioning by co-ordinates.

5. Di by 1 : This type of
dimensioning follows the principle of coordinate
system of identifying the points. Figure 4.19
shows three ways of representing the dimensional
values of each point under reference with respect to
the origin. Here, ¢ indicates the diameter of the
hole.

4.4 SHAPE INDICATION

While di ing an object, the shape of the feature is also
indicated along with the dimension value as far as possible.
This can improve the drawing interpretation. Burean af
Indian standards recommends the following indication
(symbols) which should precede the value for dimension.

¢ :diameter Sf: spherical diameter

R :radius SR : spherical radius

O :square.

Dimensloning of Geometrical Shapes

Circle
A circle shall be dimensioned by any one of the ways shown
in Fig. 4.20. Symbol ¢ maybe used 10 represent the diameter

& e
YIRS

Q £,
iejs

heldl
Fig. 4.20 Diameter or radius on circles.
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of a circle. This symbol maybe omitted in situations where
the circle can be identified without confusion.

Cylindrical diameter
Diameter of a cylindrical feature shall be indicated by any
one of the ways shown in Fig. 4.21. Symbol ¢ maybe used to
v the di; of a cylindrical feature. This symbol
maybe omitted in the situation where the cylindrical di
can be identified without confusion.
#30

EEkiEEi=g]
=| 1 S 3

| features.

Fig.4.21 Indi

Radius

Radius of an arc shall be dimensioned by any one of the ways
shown in Fig. 4.22. Symbol R shall be used to represent the
radius of an arc. Only one arrow head termination is used and
it may be located depending upon the size of the feature.
Generally, the arrow head is terminated on the feature
outline.

AAT T
o O

el x|
i\ /
}
Fig.4.22 Indicating radius on an arc.

Square

A square shall be dimensioned as shown in Fig. 4.23. Symbol
O may be used to represent a square. This symbol may even
be omitted in situations where the square can be identified
without confusion. Square ends may be indicated by
diagonals drawn as continuous thin lines.

Engineering Graphics for Diploma

Fig.4.23 Di ing on square fi

[

Spherical diameter and radius

Diameter and radius of a spherical feature shall be indicated
as shown in Fig. 4.24. Symbol §f shall be used to represent
the spherical diameter. Here, § stands for spherical and ¢
stands for diameter. Symbol SR shall be used to represent the
spherical radius. Here, R stands for radius.

Fig. 424 Di ioning on spherical fi

Chord and arc
Chord and arc shall be dimensioned as shown in Fig. 4.25.

54
{c;} Chc:rd r{x;) A'rc

Fig. 425 Dimensioning on chord and arc.

Di PY— of Mi 1 Feat

and
External chamfers shall be dimensioned as shown in
Fig. 4.26{a) and (b). Internal chamfers shall be dimensioned
as shown in Fig. 4.26(c). If the chamfer angle is 45°, the
indication may be simplified as shown in the figure.
C inks are di ioned by showing included angle
with diameter or depth as given in Fig. 4.27.

Chamf

4.6 SUGGESTED DIMENSIONING SYSTEM FOR
CLASS WORK

Bureau of Indian §i is permits two ds of placing
dimensional values (Method=1 and Method-2) and various
g for indicating di ions as explained above.
Among them the following i of di ioni
system is used throughout the textbook and the same is
suggested for class work.
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—— 4 x 45"

axas' 1|y

R )
\\\\\\\\\:R} - Y
3|8

\\ ({"

(a)

Fig. 427 Dimensioning on countersinks.

1. The hod of placing di | values
The Method-1, of placing the dimensional value is followed
throughout the textbook. This system of placing dimensional
values is almost similar to the old aligned system and gives
compact layout for dimensional values having more digits,
tolerance, etc.

2, The arrow head

Open type amow heads having included angle of about 15 is
recommended. The length of arrow head may be 3 to 4 mm
depending on the size of the pencil drawing. Use thick line
(0.5 mm) for arrow head while thin line (0.25 mm) for
dimension and projection lines. If the space between
projection lines is too small to insert arrow heads, filled dots
of about 1.5 mm is used.

3. The printing of dimensional values

The dimensional values are to be printed using letters and
numerals of uniform height of about 3 to 4 mm and 0.5 mm
line thickness is to be used for the purpose. They should be
placed as far as possible at the middle pontion, 0.5 10 1 mm
above the dimension line. HB pencil is recommended for
printing text using stencil,

4. Units for dimensioning

Millimetre is the umit recommended by BIS for all
engineering drawings, except for special requirements.
Hence, any value written as dimension will be normally

N

=

o,
N

A
4

&l
/
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considered as in millimetres, Therefore it is not allowed to
write “mm"” after a dimensional value and also is not
necessary to write All dimensions are in mm nearby the title
block. But, if any unit other than mm is used, then that should
be noted either after the dimensional value (as cm, m, ete.) or
as a general instruction.

5. Scale of drawing

Generally class work drawings are prepared in 1:1 scale. If a
different scale is used, it should be noted below the drawing
and in the space provided inside the title block. At the same
time, whatever may be the scale of drawing, the actual given
dimensions should be written on the dimension lines. For
example, 50 m length, drawn to a scale as 100 mm. should be
dimensioned as 50 mitself.

6. Answers and captions

Captions like the name of object. views ete., should be
written below the drawing using capitals only, of 3 to 5 mm
letters. The question number is written at the left top side of
the figure and may be enclosed by a circle of 10 mm diameter
to identify it.

4.6 RULES OF DIMENSIONING

1. Dimension lines, projection lines, extension lines, and
leader lines are drawn as continuous thin lines.
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2. Projection lines should extend slightly beyond the
dimension line (1 to 2 mm).

3. Extension and dimensioning lines should not cross
other lines unless that is unavoidable.

Engineering Graphics for Diploma

(Method 1 or 2) should be followed throughout a
particular drawing.
Example 4.1
Di ioned view of an L shaped plate is shown in

4.  Extension lines are drawn in a direction perp
to the feature to be dimensioned. They may be drawn
obliquely but parallel, to each other on special
reguirements.

5 Di i be given from visible outli
than from hidden lines.

6. Eachend of the dimension line should be defined by an
arrow head.

7. Adjacent arrows may be
dot or slash. .

8. If dimensioning inside a hatched portion is
unavoidable, the hatching lines should not cross the
dimensional text.

9. Twosystems of dimensioning should not be mixed up
in one drawing. Only one system of dimensioning

rather

placed by a clearly marked

Fig. 4.28(a). Copy the view and place the dimensions as per
parallel dimensioning of Method-1, taking the left hand
bottom comer as the reference paint.
Refer to Fig. 4.28(b).
1. Draw the given L shaped plate.
2. Place the dimensions correctly, following the

Method-1 and parallel di taking the left
hand bottom comer as the reference point.
Example 4.2

Read the dimensioned drawing of a lock plate shown in
Fig. 4.29(a). Redraw the figure to full size and dimension it
following Method ~1 of chain dimensioning as per Bureau of
Indian Standards.

Refer to Fig. 4.29(b).

]

|
|
.?’i

=4

20 ] [
SR

(b) Correct dimensioning

Fig. 4.28 L-plate (parallel dimensioning).
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{a) Wreng dimensioning
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—— 74
20 24
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24
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T
12+ 02

(o) Wrong dimensioning
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4 (s
/s W
el b
E | 220
12[8 74 20

(5) Correct dimensioning

Fig. 4.29 Lock plate {chain dimensioning).
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{a) Wrong dimensioning

Fig. 430 A templ

37

24 Dia—

180 M-dias
10 &0
BT

{a) Wrong dimensioning

Rad 4 mm

g40 R4

(b} Correct dimensicning

Fig. 4.31 A rod support (combined dimensicning).

Example 4.3

Figure 4.30(a} gives a template dimensioned wrongly. Copy
the figure toscale 1:1 and place the dimensional values as per
Method-I and combined dimensioning.

Refer to Fig. 4.30(b).

Example 4.4
Copy the drawing of a rod support given in Fig. 4.31(a) and
enter the di ions following Method-1 of combi

system of dimensioning.
Refer to Fig. 4.31(b).

Example 4.5

Figure 4.32(a) shows a wrongly dimensioned gland plate.

Redraw the figure and dimension it as per Method -1 of BIS.
Refer to Fig. 4.32(b).

Example 4.6
Draw the given Fig. 4.33(a) to a scale 2:1 after taking
measurements I'mm the fs,ure and dimension them
follow bined di ing system of Method-2.
The mcawrcmcnl:, are o be comected w1 omm
accuracy.

Refer to Fig. 4.33(b).

1. Measure the dimensions of the figure and draw 1o

the double size of each dimension,
2. Mark the dimensional values as per Method-2.

Example 4.7
Copy the cylindrical machine part given in Fig. 4.34(i) using
1:1 scale and place di ional values ch ing from

Method-1 to Method-2.
Refer to Fig. 4.34(b).

Downloaded from Ktunotes.in


http://ktunotes.in/

38 Engineering Graphics for Diploma

{a) Wrang dimensianing {b) Corract dimensioning

Fig.4.32 A gland (Method—-2 dimensioning).

30 i 33

PN

@ 40 — W————ZI'D
1

-

-

18
t

15, a2
(a) 1.3/

(e} Seale 2:1
Fig. 433 Wedge plate (Method-2 dimensioning).

(*]

= Sy
L)
= o ay ! 51
@3——-—--- = = e 02‘11______
1
S e o [ @ ] " = 28 100 17 36 53 73 19
(o} Method=1 dimensioning (5) Mefthod—2 dimensioning
Fig.4.34 Acylindrical machine part.
EXERCISES mo
Method-1 dimensioning
1. The following figures give drawings of flat engineering {b) Lock washer (Fig. 4.36)
objects with wrong dimensioning. Copy them and insert (c) U-plate washer (Fig. 4.37)
he dimensional values as per combined dimensioning of (d) Template (Fig. 4.38)
Mer.hod‘—l: (e) Lock washer (Fig. 4.39)
(a) Guiding plate (Fig. 4.35) (f) Angle plate (Fig. 4.40)
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(=1

\/

Fig. 4.35 A guiding plate (Wrong dimensioning). Fig. 4.38 A template (Wrong dimensioning).

B Rod
e

Fig. 4.36 A lock washer (Wrong dimensioning).

Fig. 4.37 A U-plate washer (Wrong dimensioning).

Fig. 4.40 An angle plate (Wrong dimensioning).

Method-2 dimensioning

2. The following figures give drawings of objects with 3, Figure 4.43 shows drawing of an axle with cylindrical
wrong dlrn:nslonmg Copy th:m un:l mscrt the shape. Draw the figure to a scale 2:1 after wking
dimensional values as per ing of from it and dimension them ful!nmng
Method-2. Method -2 of BIS. The anetobe
(a) Lock washer (Fig. 4.39) 10 1 mm accuracy.
(b) Angle plate (Fig. 4.40) 4, Copy the drawing of a machine part given in Fig. 4,44
(c) Go-no-go gauge (Fig. 4.41) and enter the dimensions I'nilowtng Method-2 of
{d) A machine part (Fig. 4.42) bined system of di i 2
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Fig. 442 A part (Wrong ioni Fig. 4.44 A machine parnl (Wrong dimensioning).
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Module B
Two-Dimensional Drawings

Chapter5 Geometrical Constructions
Chapter8 Conic Sections

Chapter7 Miscellaneous Curves
Chapter8 Scales
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Geometrical
Constructions

A student of engineering graphics should be familiar with
simplified g ical i lained in the
chapter. The have been to suit the
drafting instruments, so that the time requirement will be
less. The knowledge of plane geometry is the only pre-

quisite for engi drawing. Hence, the math i
proofs are omitted intentionally.

ing al

51 GEOMETRICAL SHAPES

1. A straight line is a line joining between two given
points through the shortest path,

2. Anangle is formed by the two intersecting lines.

3. Any plane figure bounded by more than four straight
lines is a polygon. A polygon, having equal sides and
equal angles, is called a regular polvgon,

4. A cirele is generated by a point moving in a plane at a

fixed distance fromanother point called the centre, Pant
of acircle is called an are.
Various plane geometrical shapes formed by straight lines
and curved lines are given in Fig. 5.1. They include triangles,
quadrilaterals, regular polygons and circles.

5.2 REVISION OF SIMPLE GEOMETRICAL
CONSTRUCTIONS

A beginner in engineering graphics has to know the

43

C H APUTIFE R

e
S

following simple ical
rule and compass:
1. Tohiseet a straight line AB (see Fig. 5.2).

. Tobisect an are AB (see Fig. 5.3).

. Todrawa dicular to the given i
AB from a point P with in it (see Fig. 5.4).

. Todraw a perpendicular from a point P to a given
inclined line AB (see Fig. 5.5).

. To bisect an angle (see Fig. 5.6).

. To transfer an angle (see Fig, 5.7).

. Todraw atriangle, having given its three sides AB,
BC. & CD (see Fig. 5.8).

. To draw a square, having given one side, AB (see
Fig. 5.9).

ing only asteel

[

i line

~ o tn

6.3 DIVIDING A LINE INTO ANY NUMBER OF

EQUAL PARTS

A given straight line ean be divided into any number of equal
parts or into proportional parts. The following example
deseribes the procedure.

Example 5.1
A line AB has a length of 139 mm. Divide it graphically into
9 equal parts.
Refer to Fig. 5.10.
1. Draw ahorizontal line AB = 139 mm.
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AANVANANANN

1. Right 2. Eguilateral 3. 4. 5. Obluse scolene

(o)} Triangles

1. Square 2. Rectangle 3, Rombus 4. Romboid 5, Trapezoid 6. Tropezium
(b) Quadrilaterals

O O O O

1. Pantagen 2. Hexagen 3, Heplagen 4. Octogen
() Folygons

Chod Segment Inscribed cur;le Circumscribed l:m:le
Diameter .
“Radius

Tangent Secter

{d) Circlos

Fig. 51 Geometric shapes.

Fig.5.2 Tobisectaline, Fig.5.3 Tobisectanarc, Fig. 54 To draw perpendicular from a piont
on the line.
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(b} Tronsferred angle

(a) Given angle

Fig.5.7 Transferred angle.

3 .
f 155 ~
[ - S S S S N S
T 1 \ | [
A=l L VoL Vo
N Voo |
2 R T \
A TR TR TR
4T Voo
5 —4_
-
B

Fig.5.10 Dividing a line into nine equal parts.

2. Draw another thin line AC at any inclination (about
207 inclined to AB} as shown i figure, Using a
divider mark off 9 equal divisions (One division
length =1/9 of AB approximately) on AC. Join 9
and B, and draw parallel lines to the line 9-B from
points 1,2, 3, .. ete., to get the paints 17,2, 3, ..,
etc., on AB. Mini-drafter may be used for drawing
the parallel lines.

4. Points 1', 2, ¥, ... etc. divide the line AB into 9
equal parts.

5.4 DRAWING OF TANGENT ARCS TO LINES
AND CIRCLES

One of the most frequently used geometrical constructions is

Flp.5.8 Todraw atriangle.

45

R3I=AB

Fig.5.9 Todrawa square.

the drawing of tangent-arcs to circles and drawing of circles
or arcs tangent to straight lines or other circles. Some of the
most required tangent tions are described in the
following examples,

Example 5.2

A line AB is inclined to another ling BC, Draw an arc of
radius 25 mm tangentizl to the lines AB and BC when, angle
ABC = 60",

Refer to Fig. 5.11.
1. Draw lines AB and BC of approximate length of 60
mm making angle ABC = 60°,

2. Draw lines DO and EO parallel to and at a distance
of 25 mm from AB and BC respectively. Locate the
point of intersection O of the lines DO and EO.

Tangent orc
-

“‘C\l
f

Fig.5.11 Tangent arc to two straight lines.

[}
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3. Draw the lines OM and ON perpendicular to AB
and BC respectively.

4. With the centre O and radius equal to 25 mm, draw
the required tangent arc MN.

Example 5.3
Diraw an are of radius 20 mm tangential extermally to a circle
of radius 30 mm and to a horizontal line of 100 mm length
drawn at a distance of 50 mm from the centre of the circle.
Also mark the points of tangencies.
Refer to Fig. 5.12.
1. Draw the given circle of radius 30 mm and the line
PQ 100 mm long at the given distance of 50 mm as
shown in figure.

R{30+20)
Tangent arc

| a

Fig.512 Todrawtangenttoa line and a circle extemally.

=

With centre O, and radius (30 + 20) draw an are.

3. Draw a line paralle] to PQ and 20 mm towards the
centre of the given circle, to intersect the arc at Oy,

4. With O; as centre and radius 20 mm draw the
required arc, which will be tangential to both the
cirele and line.

5. Tomark the point of tangencies, join 0,0z o get T

and drop a perpendicular to the line PQ from Os to

get Ts.

Example 5.4
Draw an are of radius 30 mm, tangential interally to an arc
of acircle of radius 60 mm and to a horizontal line PQ 80 mm
length drawn at a distance of 40 mm from the centre of the
R60 circle. Also mark the points of tangency.
Refer to Fig. 5.13.
1. Draw the given circle and the line at a distance 40
mm from the centre of R60 circle.
2, With centre O and radius (60-30) mm draw an arc,

Engineering Graphics for Diploma

8o | @
y {
y Tangent arc

e
~

Fig.5.13 To draw an arc tangential to a line and a circle
internally.

3. Drawaline parallel to PQ at a distance of 30 mm to
intersect the arc at Oy

4. With centre Oy and radius 30 mm draw the re-
quired tangent arc.

5. Join0,0, itto meet the cirele at T, which
gives a point of tangency. Drop a normal from O to
the line PQto getthe second point of tangency at T,.

Example 5.6
Draw an arc of radius 40 mm tangential externally to two
circles having their centres 80 mm apart and radii 30 mm and
20 mm respectively. Also mark the points of tangency.
Refer to Fig. 5.14.
1. Draw the given circles R30 and R20 with a distance
of 80 mm between their centres.

Fig.5.14 Todrawan 1o two circl i

2. With centre O and radius (30 + 40) mm draw an
arc. With centre O, and radius (20 + 40) mm draw
the second arc fo intersect the first arc at Oy
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3, With O; as centre and radius 40 mm, draw the
required external tangent arc.

4. Join O and O3 to get the point T, and O and O; 1o
get the point Ty, The points of tangency are T; and

6.5 DRAWING OF TANGENTS TO CIRCLES

Similar to tangent arcs, drawing of straight line tangents to
circles or arcs are also frequently required in engineering
graphics. The following examples deseribe the method of
drawing tangents 1o one or Iwo circles,

Example 5.6
Draw two tang ircle of di 60 mm from a point
P, 90 mm away from the centre of circle. The line joining the
centre of circle and the point P is inclined at 15° to the
horizontal.
Refer to Fig. 5.15.
1. With centre Oy draw the circle R30.
2. Draw a line of length 90 mm so that O,P is 157
inclined to the horizontal.
3. Bisect the line O,P at O,.
4. With centre Q. and O, P as diameter draw an arc to
cut the cirele at two points T, and T
5. Join PT; and PT, and extend them to get the
required tangents,

Fig.5.15 Todrawtangentto a circle.

Example 5.7

Draw common external tangents 1o circles of diameters
60 mm and 32 mm whose centres are located 80 mm apart.
Refer to Fig. 5.16.
1. Draw circles of radii 30 mm and 16 mm with
centres Oy and O, respectively which are 80 mm
apart.

47

) /- External fangent
R30 P “-.  R40

|

Fig. 516 Extemal tangents fo circles.

2. Withcentre O and radius equal to 14 mm (30 - 16)
draw another circle.

3. With 0,0, as diameter draw a semicircle to cut the
circle of R14 mm at Py and join O,Py.

4. Join O;P; and produce it to cut at P.

5. Draw line PQ parallel to O-P,. Similarly, draw the
line ST. These lines arc the required external
tangents.

Example 5.8
Draw intemal tangents to circles of di
and 20 mm, whose centres are located 70 mm apan.
Refer o Fag. 5.17.
1. Draw circles of radii 20 mm and 10 mm with
centres () and O, respectively, which are 70 mm

40 mm

apart.
¢Internal tangent
P r
R20 e R3S
/).\ .

Fig.5.17 Internal tangents to circles.

2. Withcentre O and radius equal to 30 mm (20 + 10}
draw another circle.

3. With O, and O, a5 diameter draw a semi circle tocut
the circle of radius 30 mm at Py and join O4P).

4. Join O4P, to cut the circle R20 at P.

5. Draw PQ parallel to P,O,. Similarly, draw the
other tangent ST. They are the required internal
angents.
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5.6 CONSTRUCTION OF REGULAR POLYGONS
Regular polygons like pentagon, hexagon, heptagon and

igon are used frequently in g 2. Various
methods of constructing them using drawing instruments an:
lained in the following ol
Example 5.9

Construct a regular pentagon having side length equal to
40 mm.

Method-! (using angle 54° and a circle)
Refer 1o Fig, 5.18.
1. Draw the horizontal side AB = 40 mm.
2. Draw lines at 54° to get the isosceles triangle ABO.
3. With centre O and radius OA, draw a circle to pass
through AB.
4. With radius equal to AB, cut the circle successively
at C, D and E. Join these points by straight lines o
get the required pentagon ABCDE.
The above procedure may be followed to construct
hexagon, heptagon and octagon using the angles 60°, 64° and
67.5° respectively.

7

Fig. 518 Pentagon (Using angle 54* and a circle).

Method-ll (using two circles and an arc)
Refer to Fig. 5.19.

1. Draw the side AB = 40 mm

2. With AB as radius, draw two circles at the centres
Aand B, as well as one arc at the intersetting point C
of these circles,

3. Draw aline joining the intersecting points D to C as
the perpendicular bisector of AB, which cuts the are
atE.

4. Draw a line from F to E and extent it to meet the
second circle at K. Similarly, join GE and extend 10
L on the first eircle.

5. With K and L as centres and AB as radius draw arcs
to get the point M.

Engineering Graphics for Diploma

Clrcle 1-\ o Circle 2

Fig.5.19 Pentagon (Using two circles and one arc).

6. Join BK, KM, ML, and LA to get the required
pentagon.

Mathod-lll (using three arcs)
Refer wo Fig. 5.20.

1. Draw the side AB =40 mm.

2. With B as centre and radius equal to AB draw the
first arc and erect a perpendicular at B to cut the arc
atP.

3. Bisect AB at O and draw the second arc with O as
centre and OP as radius to cut the line AB produced
aQ.

3. With A as centre and AQ as radius draw the third are
to cut the first arc at C.

5. To get the point E, draw arcs with centres A and B
and radii equal to AB and AQ) respectively.

6. To get the point D, draw arcs with centres Cand E
and radius equal to AB.

7. Join ABCDE with straight lines to get the required
pentagon.

Fig.5.20 Pentagon (Using three arcs).
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Example 5.10
Construct a regular hexagon having length of a side equal 1o
30 mm.

Method-! (using 60° inclined lines)
Refer o Fig. 5.21.
1. Draw ahorizontal line AB = 30 mm.
2. Draw four 60° inclined lines from A and B as shown
in the figure.
3. Druw a line through O, parallel to AB, o meet the
remaining two 607 inclined lines at F and C.
4. Draw again 60° inclined lines at F and C 1o get the
points Eand D.
5. Join ABCDEF with straight lines to get the re-
quired hexagon.

Fig. 5.21 Hexagon (Using 60-30 set square).
Method-ll (using a compass)
Refer to Fig. 5.22.
1. Draw acircle with any point O as centre and radius
equal to 30 mm.

Fig. 5.22 Hexagon (Using a compass).

2. Draw the digmeter line FOC horizontally.

3. Withradius equal to 30 mm cut the circle at Aand E
as well as B and D, taking centres at F and C

respectively.
4. Join ABCDEF to get the required hexagon.

49

Ivis to be noted that, to get a hexagon having one side AB
inclined at an angle, the diameter FC has (o be construcied at
that angle,

Example 5.11
Construet a polygon having n sides and length of side equal
s

Method-I {using n divisions of a semicircle)
Referto Fig. 5. 23 (Say n = 7 and 5 = 25 mm).
I. Draw ABequalto s(25 mm jand extend 1o P sothat
BP=AB.
2. With Bascentre and AB as radius draw a semicircle
on AP,

Fig. 523 |

{Using n divisions of a semicircle).

3. Divide the semicircle into n (7) equal divisions by
trial and error method. For this take a length
approximately equal to 177 of the semicircle
perimeter on 4 divider and successively mark it
along the circumference from P o A. If any excess
or less length to the last division occur, adjust the
divider to 1/7 of that difference and try again. By
repeating the same for 2 or 3 tumes, the equal
division points are oblained and mark the divisions
as 1,2, 3, ete.

4. Draw a line from B to the second division 2 1o get
the second side of the polygon. Then draw lines
from B to 3, 4, 5 and 6 and extent them as shown in
the figure,

5. Cut these hines by arcs having radius equal to AB
successively, taking centres at C, D, A and G o get
the sides of the required polygon ABCDEFG.

Method-ll (using perpendicular bisector, two arcs
and a circla)
Refer to Fig. 5.24. (say = 8 and 5 = 25 mm)
I. Draw line AB equal to 25 mm,
2. Construct a perpendicular bisector to AB at O,
3. With centre O and radius OA draw the arc A to the
point 4.
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Fig.5.24 Oclagon {Using perpendicular biseclor, two arcs
and a circle)

4. Withcentre B and radius AB draw a second arc Ao
a point 6.
. Find the midpoint of the distance 4 to 6 at 5.
6. Take the distance 4 to 5 in a divider and mark it on
the perpendicular bisector to get the centre points 7,
8.9, etc. at equal intervals.
7. With point 8 as centre and radius equal to 8 A draw
acircle.
& Mark off the eight sides of the octagon on the circle
by cutting arcs with radius equal to AB.
9. Join the sides to get the required octagon
ABCDEFGH.

Here , the points 4, 5, 6, 7, 8, etc. represent the centres of
the circles which pass through the comers of polygons having
side length equal to AB and number of sides equal o4, 5,6,7,
8, ete.

L

5.7 SCRIBING A CIRCLE IN OR ON ANY TRIANGLE

A circle drawn inside a triangle touching the three sides is
called the inscribed circle. Whereas, if the circle is drawn
passing through the three comers of a triangle, then itis called
the superseribed, circumscribed ot described circle about the
riangle. The following examples explain the methads of
inscribing or superscribing of circles,

Example 512
Construct a triangle ABC such that AB = 100 mm,
BC = 80 mm and CA = 70 mm. Inscribe & circle in this
triangle.
Refer to Fig. 5.25.
1. Construct the triangle ABC taking AB = 100 mm,
BC =80 mm and CA =70 mm.
2. Draw angular bisectors at angles A and B to
intersectat O,
3. Erect anormal from O to the side AB as ON.

Engineering Graphics for Diploma
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Fig. 525 Inscribed circle.

4. With centre O and radius equal to ON draw the
required circle touching the other two sides.

Example 513
Construct atriangle ABC such that AB = 70mm, BC=60mm
and CA = 50 mm. Superscribe a circle about this triangle.
Refer to Fig. 5.26.
1. Construct the given triangle ABC,
2. Draw perpendicular bisectors to AB and AC to
intersect at 0.
3. With centre O and radius equal to AOQ draw the
superscribing circle.

Fig. 5.26 Superseribed circla.

6.8 SCRIBING OF A REGULAR POLYGON IN
OR ON A CIRCLE

Seribing a regular polygon about a circle is actually the
construction of the polygon keeping the sides tangential to
the given circle. Itis called as superscribing, describing or
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circumscribing of the polygon on a circle. Whereas,
inscribing a regular polygon in a circle is the construction of
the Ia:gm polygon inside that eircle so that the corners are on
the ¢. The following examples explain the
procedure of superscribing or inseribing of regular polygons.

Example 5.14
Superscribe an octagon about a circle of diameter equal to
T0 mm.
Refer to Fig. 5.27
1. Draw a circle with centre O and diameter equal 1o
70 mm.
2. Draw 4 diametrical lines at 45° as shown in figure.,
3. Draw cight tngents at the ends of the diameters 1o
complete the required octagon 1, 2,3, ..., 8

Fig. 5.27 Superscribed octagon.

Example 515
Inscribe a regular pentagon inside the given circle of
diameter 80 mm.
Refer to Fig. 5.28.
1 Draw a circle with centre O and diameter equal
to 80 mm.

Inscribed pentagon.

Fig. 5.28

51

2. Draw rwo mumally perpendicular diameters as
shown in figure,

3. Bisect KO to get the point M. With centre M and
radius equal to MDD, draw an arc to cut the diameter
KLatN,

4. With centre D and radius equal to DN draw an are to
cut the circle at C and E.

5. With centres C and E and radius = DN draw arcs to
get points A and B,

6. Join the points A, B, C, D, and E with straight lines
1o complete the required pentagon.

Example 5.16
Inscribe a regular polygon of n sides in o given circle of
diameter o mm.
Refer to Fig. 5.29. (say a = 7 and d = 80 mm)
1 Draw a circle with centre O and diameter equal
to d (80 mm)
2. Draw a diameter AE and divide it into » (7) equal
number of divisions.

Fig. 5.29 Inscribed heptagon.

3. With centres A #nd E and radius AE, draw arcs to
intersect each other at P

4. Join P the point 2 and extend it to cut the circle at
B, sothat AB is one side of the polygon.

5. Taking AB as side length, mark off the sides of the
required polygon on the circle.

6. Join the points with straight lines 1o complete the
required polygon (heptagon).

Itis to be noted that the diameter AE has to be divided
inton equal divisions and the line PB has tobe drawn through
the second paint of the division to get the side length AB of
the regular polygon having n sides.
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5.9 CONSTRUCTION OF OGEE (REVERSE)
CURVES

Ogee or reverse curves are used 1o connect two straight lines
by two tangential eurves smoothly. The lines may be parallel
or inclined. The curves are drawn tangzntially such that one
arc curve will be in the reverse direction to the other. Ogee
curves are used to layout centre lines for rail, road tracks, pipe
lines, ete. The following examples explain the two types of
DZEE CUTVES.

Example 517
AB and CD are two horizontal lines, existing at a vertical
distance of 60 mm such that the point C is 70 mm away from
point B in the horizontal direction. Draw the lines and
construct an ogec curve to join the points B and C. Assume
that the curves reverse at the midpoint of the line BC,
Refer to Fig. 5.30.
1. Draw the given two lines, AB and CD.
Join BC and locate the midpoint M of the line BC.
Draw perpendicular bisector of MC 1o the
perpendicular drawn to CD at C and name the point
as O,
4. Join OM and extent to intersect the perpendicular to
AB, drawn at B and name the point as P,
5. With centres O and P and radius equal to OM, draw
two curves to complete the required ogee curve.
It is 10 be noted that the tangent point M may be at any
location on the line BC so that the radii of the curves are
changed accordingly.

Eadl o

70

60

"= Qges curve

Fig. 5.30 Ogee curve connecting two parallel lines.
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Example 518

AB is a 60° inclined line of length 60 mm, to a horizontal line

BC of length 130 mm. Dis a point on BC such that BD1is equal

to 86 mm. Construct an ogee curve to join the ends B and

D such that the radius of the curve touching the point B is

30 mm.

Refer to Fig. 5.31.

1. Draw the lines AB and BC at 60° angle and
mark the point D, 86 mm away from B as shown in
the figure,

2. Draw a perpendicular to AB at B and locate the
point O on it at a distance of 30 mm from B.

3. With centre O and radius equal to 30 mm, draw the
first tangent curve,

4. Erect a perpendicular to the line BD such that it
passed through point Oand intersects the first curve
ot E as shown in figure.

. Join ED o cut the curve at M.

. Draw a perpendicular DP to the line DC. Join OM
and produce it to meet the perpendicular DP drawn
atP,

7. With centre P and radius = DP draw the second

tangent curve to join the points M and D.
The curves BM and MD forms the required ogee

ot

curve.

Fig. 531 0Ogee curve to connect two nonparaliel lines,
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Geometrical Constructions

EXERCISES

SECTION A

2.

. Draw common

Aline AB has a length of 128 mm. Divide it graphically
into 7 equal parts.

Aline AB is inclined toanother line BC. Draw an arc of
radius 30 mm tangential to the lines AB and BC when
the angle ABC is equal to 70°,

. Draw an arc of radius 25 mm tangential extemally toa

circle of radins 35 mm and to a horizontal line of 80mm
length, drawn at a distance of 55 mm from the centre of
the circle. Also mark the points of angencies.

. Draw an arc of radius 25 mm tangential intemnally to an

arc of circle of radius S0 mm and to a horizontal line PQ'
70 mm long, drawn 35 mm away from the centre of the
circle. Also mark the points of tangency.

. Draw an arc of radius 60 mm tangential extemally to

two eireles having their centres 90 mm apart and radii
35 mm and 30 mm respectively. Also mark the points
of tangency.

. Draw two tangents to a circle of diameter 100 mm from

a point P, 100 mm away from the centre of circle. The
line joining the centre of circle and the point P 307 is
inclined to horizontal.

1 2 1 irel Of H

B0 mmand 50 mm whose centres are located of 120mm
apart.

. Draw common internal tangents to circles of diameter

50 mm and 30 mm, whose centres are located of 90 mm
apart.

. Construct pentagons having side length equal to 45 mm

by the following methods:

() Using angle 54° and a circle
(b) Using two circles and an arc
(¢} Using three arcs.

. Coenstruct regular hexagons having length of side equal

to 35 mm by the following methods,

(a)} Using 60° inclined lines.

(b} Using acircle and a diameter.

Construct a regular heptagon having length of sides
equal to 30 mm. Use division of semicircle method.
Construct a regular octagon having length of side equal
1o 30 mm. Use perpendicular bisector, two arcs and a
circle method.

Construct a triangle ABC such that AB = 110 mm,
BC =% mm and CA = 80 mm. Inscribe a circle in this
triangle.
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. Construct a triangle ABC such that AB = 80 mm,

BC =70 mm and CA = 60 mm. Superscribe 2 circle
about this tiangle,

. Superscribe an octagon about a circle of diameter equal

to 80 mm.

. Inscribe a regular pentagon inside the given circle of

diameter 90 mm.

Inseribe aregular heptagon in a given circle of diameter
90 mm.

. AB and CD are two horizontal lines existing at a

vertical distance of 70 mm, such that point C is 90 mm
away from point B in the horizontal direction, Draw the
Tines and construct an ogee curve 1o join the points B
and C. Assume that the curves reverse at the midpoint
of the line BC.

SECTION B

19.

20.

21.

23

24.

25.

26.

. Constructa

Aline has a length of 152 mm. Divide that into the ratio
4:6:5 and construct a triangle using the three lengths.
Also inseribe a circle in the triangle.

Centres of two circles of dizsmeter 40 mm and 20 mm
are located on a vertical line ata distance of 50 mm part,
Draw a third circle of radius 60 mm tangential 1o these
circles so that the smaller circle is outside while the
bigger circle is inside.

Two pulleys of diameter 70 mm and 40 mm are
connected by a flat belt in the crossed way, Draw the
line diag; ing zero for
the belt. The centres of the pulleys are located on a line
inclined 307 to the honzontal and the centre 1o centre
distance is 110 em. Use a suitable scale.

of the system hick

andat side

ona
of length 35 mm.

Construct a heptagon of side length equal to 40 mm and
inscribe a circle.

Draw a hexagon of side 20 mm and construct seven
circles of equal diameter. such that cach circle is
touching other three circles.

Draw three circles A, B and C with radii 35 mm, 25 mm
and 20 mm respectively, such that they are touching
each other and the line joining the centres of A and Cis
vertical.

Construct five circles of equal diameter, such that each
circle is tuching the other two and drow a
circumseribing circle of 110 mm diameter.
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27. Tworailway tracks which are parallel have theircentre 28, AB is the centre line of a pipe line inclined 70° to

lines at a distance 3.5 m apan. It is required to connect another horizontal pipe line BC. A point D s Jocated on
these tracks by an ogee curve such that the straight line the centre line BC such that BD is equal to 200 em.
distance from the curve starting point to the ending Construct an ogee curve tojoin the points B and D of the
point is 12 m and the direction changing point is 7 m pipe lines such that the radius of the curve touching the
from the starting point. Fit the curve and draw the track end B is 40 em.

rails. The distance between rails is 80 cm.
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Conic Sections

cone is a surface generated by totating a straight line
keeping one of its ends in contact with a fixed point and
the other in contact with a closed curve. The rotating straight
line is called generator, the fixed point is called apex or verex.
The closed curve is called base. The base of a circular solid
cone is a circle. The line joining the centre of the circle and
the apex is called the axis of the cone. If the axis of a circular
cone is perpendicular to its base, the cone is called night right
circular cone.
If a solid is cut by a lane, a section is obtained. The
sections obtained by cutting a right circular cone at different

C H A R

PLITERIE

the plane cuts all the generators, the section obtained
is called ellipse.

3. Parabola: When a right circular cone is cut by a
section plane CCCC, inclined to the axis of the cone
and parallel to one of the generators, the section
obtained is called parabola.

4. Hyperbola: When a right circular cone is cut by a
section plane DDDD, inclined tothe axis by an angle
smaller than that the generators make with the axis,
the conic section obtained is called hyperbola.

angles, are called conic sections. Conic surface is supposed
extend the infinity in both directions from the apex, giving
rise to a double cone. Each half of the double cone is called
nappe. A right circular double cone is shown in Fig. 6.1,

6.1 TYPES OF CONIC SECTIONS

The following are the types of conic sections obtained by
cutting a right circular cone by section plane AA, BB, CC,
DD, EE. and FF as shown in Fig. 6.1.

1. Cirele: When a right circular cone is cut by a
section plane AAAA, perpendicular 1o the axis of
the cone, the section obtained is called eircle.

2. Ellipse: Whenarightcircularcone is cut by asection
plane BBBB, inclined to the axis of the cone and if

55

5. Rectangular hyperbola: When a section plane
EEEE, cuts both parts of the double cone on the
same side of the axis and parallel to it, the section
obtained is called rectangular hyperbola.

6. Tsosceles triangle: When a right circular cone is cut
by a section plane through the apex of the cone, the
section obtained is called isosceles rriangfe.

For the pictorial view of the above sections see Figs. 6.2

(a) to (),

6.2 NOMENCLATURE

The concept of important terms used in conic can be betier
understood by cutting a right circular cone by a tangent plane
and a section plane. The section plane may be taken in five
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Bcs\e \F - Section_plane, EE
] !‘ (Rectangular hyperbala)
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o \ N
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Fig.6.2 Types of conic sections.
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Conic Sections

different ways as discussed in the above section. The
important terms used in conics are defined below:

Tangeni plane: If asphere is insenibed in a cone, the
sphere touches the cone in a circle. The plane
containing the circle is called rangent plane.
Tangent plane is perpendicular to the axis of the
cone.

. Focal sphere: The sphere inscribed in a cone

touching the section plane is called focal sphere.

. Focus of the conic: If n sphere is inscribed in a cone

to touch the section plane, the point of contact
between the sphere and the section plane is called
focus of the conic.

. Direetrix of the comic: Tangent plane and

section plane meet along a line which is called
directrix of the conic.

. Axisofthe conie: The line passing through the focus

and perpendiculartothe directrix is called axis of the
conic. Note that the axis of the cone is different from
the axis of the conic,

Vertex of the conic: The point ot which the conic
culs its axis is called verrex of the conic,

N
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7. Chord of a conic: A straight line joining two points
on a conic is called chord of a conie,
8. Focal chord: A chord which passes through the
focus is ealled focal chord.
9. Ordinate: The perpendicular from any point on a
conic to its axis is called ordinate.
10. Double ordinate: Alength twice that of the ordinate
is called double ordinare.
Ll. Latus rectwm: A double ordinate that passes
through the focus is called fames rectum.
12, Abscissa: The distance along the axis between the
vertex of the conic and the point where the ordinate
cuts the axis is called absefssa.

6.3 CONIC DEFINED AS LOCI

Apart from the definitions given in the above section, a conic
can be defined as the path of a point moving in a plane
satisfying certain conditions as described below.

A conic may be defined as the locus of a point which
moves in aplane such that the ratio of its distance from a fixed
point and a fixed straight line in the plane, is a constant. The
fixed points are called focus and the fixed straight line is
called directrix. (see Fig. 6.3).

Focus F°

Ellipse

A
J i M
\ Vertax of allipse,Vy ., e=P,F/P Q<1
Parabole, e=P,F/P.0,=1

s Hyperbole, e=PifF /P10:>1

Fig. 6.3 Conic curves defined as loci.
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Eccentricity of a conic is the ratio of the distance of the
point from the focus to it's perpendicular distance from the
directrix. It is constant for a conic and is usually denoted by e.

Let P be any point on a curve moving in such a way that
the ratio of its distance from a fixed point F and a fixed
straight line, DD is constant. PF is the distance of the moving
point P from the focus F and PQ is the distance of the moving
point P from the directrix.

L. Iftheratio P F/P)Q, <1, the curve obtained is called

ellipse.

2. Iftheratio PaF/PyQy=1, the curve obtained is called

parabola.

3. Ifthe ratio PyF/P;Qy> 1, the curve obtained is called

Iyperbola.

6.4 ELLIPSE

An ellipse may be defined as a curve traced out by a point
moving in a plane such that its distance from a fixed point
called focus is always less than its distance from a fixed line
called directriv. An ellipse can also be defined as a curve
traced out by a point moving ina plane such that the sum of its
distances from two fixed points is a constant. An ellipse has
two foci and two directrices (sce Fig. 6.4). Since the ellipse
cuts the axis of the conic at two points, it is called a central
conic.

Engineering Graphics for Diploma

The important terms associated with an ellipse are

defined below:

1. Major axis: I is the line which passes through the
foci and terminated by the ellipse.

2. Minor axis: It is the line which passes through the
geometrical centre of the ellipse and perpendicular
to the major axis and terminated by the ellipse.

3. Auxifiary circles: The circles described about the
major and minor axes as diameters are called
auxilfary circles.

4. Major diameter: The diameter of the circle
described on the major axis of the ellipse is called
major diameler.

5. Minor diameter: The diameter of the circle
described as the minor axis of the ellipse is called
minor diameter.

6. Tangent to an ellipse: It is a line which passes
through a point on the ellipse and bisects the extenor
angle formed by the focal lines at that point.
Tangents at the extremities of any diameter are
parallel.

7. Normal to an ellipse: Normal to an ellipse at any
point is the perpendicular to the tangent at that point.

8. Conjugate diameters: These are two lines

Double ordinate, EG

o, Diractrix, OO
I,/ Letus recium, RS

[ Vertax V

Chord, BC
I—

| Ellipse

Directrix, 0 D¢
Tangent. TT

Major
Axis, WV

A o
| T
‘\ Tangent, TT
Minor_axis, KL/ \_Focal_chord, o
Naormal, NN inat
. | M Crdinafe, MP o

Eccantricity, o = VF/VA < 1

Fig. 6.4 Terminology of ellipse.
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Conle Sections

intersecting each other at the centre of the ellipse
such that each is parallel to the tangents drawn at the
extremities of the other.

6.5 METHODS OF CONSTRUCTION OF ELLIPSE

Ellipse is the most commonly used mathematical curve. The
elliptical shapes are used for the arches of buildings, in
architecture, flanges of machine parts, elliptical gears,
drawing pipe end when joining to a plane, ete. There are
various methods of constructing an ellipse. A list of the
commonly used methods are given below.
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Example 6.1
Construct a conic when the distance of its focus from its
directrix is equal to 50 mm and its eccentricity is 2/3, Name
the curve, mark its major axis and minor axis. Draw a tangent
at any point P on the curve

Refer to Fig. 6.5.

1. As the eccentricity is less than 1, i.e. e = 2/3 <1, the
curve is ellipse. Draw one directrix DD and the axis
AA perpendicular to DD and mark the focus F such
that FA = 50 mm.

As the eccentricity is 2/3, divide FAimto 2 +3 =5
equal parts. By definition VE/VA = 2/3 and hence

=]

1. Eccentricity method locate the vertex V.

2. Concentric auxiliary circle method 3. Draw VE perpendicular to the axis such that

3. Rectangular oblong method VE = VF. Join AE and extend it as shown in

4. Parallelogram method Fig. 6.5. This is the eccentricity scale, which gives

5. Intersecting arc method the distance directly in the required ratio. In tiangle

6. Pin and thread method AVE, VE/VA = VEIVA=2/3.

7. Circle method. 4. Mark any point 1 on the axis and draw a

8. Approximate ellipse by four centres. perpendicular through it to intesect AE

The data required to construct an ellipse varies with the produced at 1. With centre F and radius equal 1o
method of ion. The following ples explain the 1-1 draw ares to intersect the perpendicular
first six methods of the above list. Procedure of drawing through 1 at Py, both above and below the axis of the
tangent and normal to the curve is also described with them. conics.

b .d'ii—fd Minor axis, GH .

Major axis, WV

Afe &
T
- Tangent, TT

4 L

!
b .
Normal, NP v

Fig.65 C of an elipse mathad).
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5. Similarly, mark points 2. 3, 4, etc. on the axis and
obtain points P2, Py, Py, ete. as deseribed above,
Draw a smooth curve passing through the points V,
P,. P2, P, Py ete. which is the required ellipse.

6. Mark the centre C of the ellipse and draw a
perpendicular GH to the axis. Also mark the other
focus F such that CF = CF.

7. Tangenmtatany point Ponthe ellipse can be drawn by
joining PF” and by drawing F'T perpendicular to
PF’, Join TP and extend. Draw NP perpendicular to
TP. Now, TPT and NPN are the required tangent
and normal at P respectively.

Example 6.2
Draw an ellipse by concentric circles or auxiliary circle
method. Given the major and minor axes as 120 mm and
80 mm respectively. Draw a tangent at any point on the
ellipse using auxiliary circles.

Refer to Fig. 6.6.

1. With diameters AB = 120 mm and CD = 80 mm,

draw rwo iccircles with O tre. Divide
the circle into any number of equal parts (say 12} as
shown in Fig. 6.6.

[E]

. Through 2 and 2°, draw paralicls 1o CD and AB
respectively to intersect them at P,
3. Similarly, obtain other points P, Ps, Py, etc. Point
P will be at A itself.
4. Draw a smooth curve passing through all these
points to get the required ellipse.

T_“
=
1

Fig.6.6 Construction of an ellipse (: ic or iliary

Engineering Graphics for Diploma

5. Tangentatany point P on the ellipse can be drawn by
first locating points E and F. For this, draw
horizontal and vertical lines through P to meet the
circles at E and F. Draw a radial line OEF. Draw a
tangent ET, at E to meet the minor diameter at T).

6. Similarly, draw another tangent FT; at F 1o meet the
major diameter at Ta.

7. Join T\ PT1and it is the required tangent. Draw NPN
perpendicular to T;PT to get the required normal,

Example 6.3

Draw an ellipse by rectangular method, given the major and

minoraxes as 130 mm and 90 mm respectively. Draw normal

and tangent at any point on the ellipse at a distance of 55 mm

from the geometrical centre of the ellipse.

Refer to Fig. 6.7.

1. Draw two axes AB = 150 mm and CD = 90 mm
bisecting each other at O and construct a
circumscribing rectangle EGKL as shown in
Fig. 6.7.

. Divide AO and AE into the same number of equal
pans (say 4) and name the dividing points. Join C
with the points on the side AE.

3. Draw lines from D through points on side AQ and
extend these lines to intersect the previously drawn
lines at Py and P;. Note that 1C intersects with 1D
produced at P, and so on,

4. Similarly, obtain points on the other side of the axis.

Draw a smooth curve passing through all these

points and the curve obtained is the required ellipse.

Mark any point P on the ellipse at a distance of

55 mm from the geometrical centre of the ellipse.

(5

K

|- S -

circle method).

Fig.67 C
method).

of an ellipse (rectangular or oblong
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Locate the foci F and F'. Join FP and F'P and
produce these lines to Q and R respectively.

6. Draw a line TPT bisecting the angle FTQ. Now,
TPT is the required tangent. Draw another line NPN
bisecting the angle RPQ. Here, NPN is the required
normal.

Example 6.4

Draw an ellipse by the parallelogrum method if the

conjugate diameters are 150 mm and 108 mm with an

included angle of 707, Also mark the minor axis of the curve.

Refer to Fig. 6.8,

1. Draw the given conjugate diameters AB = 150 mm
and CD = 108 mm with an included angle of 70°.
The conjugate diameters bisect at O as shown in Fig.
6.8, Draw the circumseribing parallelogram EFGH.

. Construet the ellipse by rectangular method as

shown.

3. Drawasemicircle with O as centre and ODas radius to
intersect the ellipse at K. Join CK. The line LM passing
through the centre Oand parallel to CK is the minor axis.

4. Drawaline NS perpendicularto LM. Here, NS is the
major axis,

r3

Example 6.5

The foci of an ellipse are 100 mm apart and the minor axis is
80 mm long. Measure the length of the major axis. Draw the
ellipse by using intersecting-are method,

Major oxis 4

Fig.6.8 C
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Alsodraw a tangent to the ellipse from any point outside the
ellipse.

Refer w Fig. 6.9,

1. Draw ahonzontal line and mark the foci Fand F' on

this line such that FF = 100 mm. Draw a

perpendicular bisector and mark points Cand D such

that CO = DO =40 mm.

Mark A on the horzontal line such  that

AO =CF. Similarly, obtain the point B. Now AB is

the major axis.

3. Mark some points on AQ equal to the number of
points desired to be plotted in each quadram of the
ellipse.

4. With centres F and F' and radii equal 1o 1A and 1B
respectively draw arcs tointersect st Py oneither side
of the major axis. Similarly with centres Fand F'and
radii equal to 1B and 1A respectively draw arcs to
intersect at points Py oo the right hand side of the
minor axis.

5. Repeat the procedure explained above and get the
corresponding points Ps, Py, etc.

6. Draw 2 smooth curve passing through all these
paints using french curves and the curve obtained is
the required ellipse.

7. Mark any point P owside the ellipse. With F as
centre and AB as radius draw an are GH. With P as
centre and PF as radius draw another are o intersect
the are GH at points G and H,

]

. Conjugate
 Oio., AB=

of an ellipse

thod—canj i geven).
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Fig.6.9 C

8. Join FG and FH, intersecting the ellipse at T and T
respectively. Join PT; and PT,. These are the
required tangents.

Example 6.6

The distance berween two coplanar fixed points is 100 mm.
Trace the complete path of a point P moving in the same plane
in such a way that the sum of the distances from the fixed
points is always 152 mm. Draw the curve.

Refer to Fig. 6.10.

1. Draw a horizontal line and mark the fixed points F
and F in such a way FF' = 100 mm.

2. Draw perpendicular bisector COD. Mark the point C
such that FC = F'C = 152/2 = 76 mm. Also mark the
points A and B such that AO = 0B = FC =
76 mm.

3. Mark a number of points on FO equal to the number
of points required to be plotted in that portion of the
ellipse. With F as centre and radius equal to Al draw
an arc to cut the arc drawn with F” as centre and
radius equal to B1. The point of i ion is

of an eflipse (int

P+ Py P o= 152 g

Fig.6.10  Caonstruction of an ellipse (given fixed points and
the sum of distances or pin and thread method).

moving in a plane such that its distance from a fixed point
called foeus is always equal to its distance from a fixed line
called directrix. A parabola has only one focus and one

marked as Pp.

4. Similarly obtain other points of intersection Py, Py,
ctc. [tmay be noted that P\ F+ PyF' =P,F+ P,F =....
=152 mm.

5. Draw a smooth curve passing through all these
points to get the required ellipse.

66 PARABOLA
A parabola may be defined as a curve traced out by a point

1 ix. The logy of p Jais shown in Fig. 6.11
and they are self explanatory.

Some of the important properties mentioned below will

be useful in the construction of a parabola.

1. Area of the parabola is two-third the area of the
circumscribing parallelogram.

2. Tangents PT and QT drawn from the extremities of
any focal chord PQ intersect at T on the directrix at
right angles.

3. Tangents drawn from the extremities of any chord
intersect on the diameter which bisects that chord.
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Letus rectum, LR

A

g Double ordinate, EG
e
- Focus, F
///
Fecal cherd, PO
-
L
- B
kY
\
Yaxls

7 Ordinate, MP

G
}\\ Eccantricity, e=VF/VA=1

Fig.6.11 Terminology of parabola,

4. Sub-tangent OM is bisected by the ventex of the
parzbola, V.

5. Sub-normal MN has 2 constant length and itis equal
to twice the distance between the vertex and the
focus.

Parubolic shapes are widely used in engineering practice.
Some examples are head lamp reflector of automobiles,
reflectors to concentrule solar power, bridge arches,
cantilever bodies, shapes of machine tools, etc. The
trajectory of missiles. the path of a jet of water, etc. are
parabolic in shape.

6.7 METHODS OF CONSTRUCTION OF
PARABOLA

A parabola can be constructed by various methods. A list of
commonly used methods are given below.

1. Eccentricity method

2, Tangent method

3. Rectangular method

4. Parallelogram method

5. Offset method,

The following examples explain the five methods of
construction of parabola and the drawing of tangent and
normal to the curve.

Example 6.7
Construct a conic, when the distance between its focus and

directrix is equal to 50 mm and its eccentricity is one. Name
the curve, Draw a tangent at any point on the cerve.
Referto Fig. 6.12.
1. Asthe cccentricity of the conie (g) = 1, the curve is a
parabola . Draw the directrix DD and the axis AB

Farabola Pas
D YWE |

D

Fig.6.42 C
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perpendicular to DD, Mark the focus F such that
AF =50 mm

By definition VF/VA = 1 and hence mark the point
V., the vertex at the midpoint of AF as shown in
Fig. 6.12.

Mark any number of points (say 4) on VB and draw
perpendiculars through these points. With F as
centre and and A-1 as radius draw an arc to cut the
perpendicular through point 1 at Py

Similarly, obtain points Py, Py, Pg, etc. Draw a
smooth curve passing through these points to obtain
the required parabola.

. Tangent atany point P on the parabola can be drawn

by joining FP and by drawing FT perpendicular to
FP and extend. Draw NP perpendicular to TP, Now,
TPT and NPN are the required tangent and normal at
B,

Example 6.8

Draw a parabola by tangent method. Given its double
ordinate = 120 mm and abscissa = 90 mm. Also locate the
focus and directrix of the parabola.

Refer to Fig. 6.13.

L.

2

Draw the double ordinate AB =120 mm and its
abscissa CV =90 mm.

Extend the axis CV to Esuch that CV = VE=90mm.
Join AE and BE and they are tangents to the parabola
at A and B respectively.

o
Tangent 7-7°

Tangent, AL/
A

Directriz, DD~ D

a0
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Divide AE and BE into the same number of equal
parts (say 8). Join 1-1', 2-2', ete.

Draw the curve tangential to all these line. This
curve is the required parabola.

Draw a line B parallel to EC. Locate the line BF
suchthatangle JBE=angle EBF. Now, Fis the focus
of the parabola.

With centre V and radius =VF draw a semicirele to
cut ECat G.

Draw a line DD perpendicular to EC through the
point G. Now DD represents the directrix.

Example 6.9
Draw a parabolic arc with a span of 1000 mm and a rise of
300 mm, Use rectangle method. Draw a tangent and normal
ot any point P on the curve.

Refer to Fig. 6.14.

1.

Draw an enclosing rectangle ABCD with base
AB = 1000 mm and height BC = 800 mm using a
suitable scale.

Mark the axis VH of the parabola, where V is the
vertex and midpoint of line CD.

Divide DV and AD into the same number of equal
parts (say 4).

Draw a vertical line through the point 1’ lying on the
line DV. Join V with 1 lying on the line AD. These
lines intersect at point Py as shown in Fig. 6.14.
Similarly obtain other points Py, Ps, etc.

Draw asmooth curve passing through these points to
obtuin the required parabola.

Fig.6.43 C

ofa

{tangent
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Fig.6.14 C

6.

From point P draw the ordinate PE. With V as centre
and VE as radius draw a semicirele to cut the axis
produced ot G.

7. Join GP and extend it to T. Draw NP perpendicular
to TP. Now, TPT and NPN arc the required tangent
and normal at P.
Example €.10

Construct a parabola in a parallelogram of side 100 mm
{chord) by 60 mm and with an included angle of 1107, Find
the axis, focus and directrix.

Refer to Fig. 6.15.

2
3

Draw the parallelogram KLMN as shown in
Fig. 6.15.

Join the midpoint O and P of the sides KN and ML,
Divide the side KL and KO into equal number of
divisions and join them as did in the Example 6.9 10
get the poimts on the parabola,

. Repeatthe same on the other hali and draw a smooth

curve through the points to complate the parabola.

. Draw MQ normal to OF and draw the perpendicular

bisector AB to the line MQ. AB is the axis of the
curve and V is the vertex.

Mark a point T such that VT = VE and join TM.
Draw the line MF such that £TMN = £ TMF, Point
F gives the focus of the curve.

Mark the point C on AB such that CV = VF. Draw
DD perpendicolar to AB through point C. DD is the
direction of the parabola,

Fig. 645 C !
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Example 6.11
Draw a parabola by offset method, given its base and axis as
160 mm and 96 mm respectively. Also draw tangents from
any point Q outside the curve.

Refer to Fig. 6.16.

1.

2.
i

Draw a rectangle KLMN such that KL = 160 mm
and LM =96 mm as shown in Fig. 6.16.

Draw the perpendicular bisector AV of the line KL.
Divide the side NV into any number of equal pars
(saty 4) and the side KN into the squarc of that (47 = 16).
Draw horizontal lines from the divisions on the side
KN at points 1" = 1, 2" =4 and 3’ = 9. Also drop
verticals fromthe divisions 1, 2, and 3ofthe side NV
to offset the point on the herizontals drawn such that
(1%.1) gives point Py, (2%.2) gives Py and (3°.3)
gives Py on the required parabola,

Repeat the same on the right half and complete the
curve,

Draw the line EG such that BV = VG. Then find the
focus F by drawing the line EF keeping £GE3 =
ZGEF. Also locate the directrix DD by taking the
length FV = VC.

Let Q be the point outside the curve. To draw the
tangents from Q, join Q 1o F and construct an are
at @ with radius QF to cut the directrix at points H
and J.

Draw perpendiculars to DD at H and J, 1o cut the
parabola at Ty and T, Draw QT and QT to get the
required tangents,
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QNP
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K 160 L
Fig.6.16 C: ion of a parabola (offset method)
6.8 HYPERBOLA A hyperbaola has two branches, rwo foci and mwo directrices.

A hyperbola may be defined as a curve traced outby apoint  Each branch of the curve has the same eccentricity and hence
moving in a plane such that the difference between its hypcrbol:u_s also knqwnascmrral'rmic. The terminology of
distances from two fixed points called the foed, is a constant. hyperbola is shown in Fig. 6.17.

Diractrix Directrix
. .

Normal T 3, \N\\uz
A

angsnt--x:_}
[

\-'erisn—\\l_,f

Foous— F’\

Asymplola—,

Hyparbala -
“

Eccentricity e=VF/¥A > 1 Tronsverse oxis: V,V; Abscissa: VIG

Fig.6.17 Terminology of hyperbola.
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The important terms associated with a hyperbola are defined
below.

1. Transverse axis: [t is the portion of the axis which
lies between the two vertices V) and Vs of the
hyperbola,

2. Cemire: It is the midpoint O of the transverse axis
ViV

1. Conjugate axis: 1tis the line C,C, perpendicular to
the transverse axis and passing through the midpoint
O. The point Cacan be located by cutting an arc with
centre V, and radius equal to F,0, on the
perpendicular bisector of V,V,.

4. Auxiliary circle: Itisthe circle drawn with midpoint
O as centre and axis ViV as di

5. Asymptote: 1t is a tangent drawn at infinity to the
curve. Actually, asympote is a straight line which
approaches the hyperbola without touching them,
but it will touch the curves at infinity.

Asymptotes intersect the auxiliary circle on the directrix,
Here, D:1); and I Dy are the directrices. The product of the
distances of a point on a hyperbola from asymptote, one
measured parallel to one asymptotes and the other measured
parallel wo the other asymptote is a constant; ie. Q5 X QW =
constant.

T iy be noted that tangent at any point P oo the curve
bisectsthe angle F-PF, i.e. angle F-PT isequal toangle F PT.
Here, MN is the normal.

A rectangularor equilateral hyperbola may be defined as
the locus of a point moving in such a way thal the product of
its distances fromtwo fixed fines atright angle tocach ather is
constant. These fixed lines are the asymptotes to the
rectangular hyperbola,

6.9 METHODS OF CONSTRUCTION OF
HYPERBOLA

Similar to parabola. hyperbola also can be constructed by
various methods, A listof commonly used methods are given

1. Eccentricity (focus and directrix) method.

2. Foci and the ditference of the distances method.

3. Ordinate, abscissa and transverse axis method.

4. Asymptotes and a point on the curve method.
The following examples explain the four methods of
construction of hyperbola and the drawing of tangent and
normal to the curve.

Example 6.12
Construct a conic, when the distance of any point P between
the focus and the directnix is constant and is equal o 3/2.

67

Name the curve, Draw a wogent and nonmal at any point on
the curve. The focus is located 50 mm away from the
directrix.

Refer to Fig. 6,18,

1. Asthe cocentricity is greater than 1, e o= 3251,
the curve is a hyperbola, Draw one directrix DD and
the axis AB perpendicular 1o DD and mark the focus
F such that FA = 50 mm. As the eccentricaty is 3/2,
divide FA into 3 + 2 = 5 equal parts. By definition
VE/VA = 372 and hence locate the ventex V.

-

Fig.6.18 Construction of a hyperbola (given focus and
directrix).

3. Draw perpendicular to the axis such that VE = V.
Join AE and extend it as shown in Fig. 6.18. This is
the eccentricity scale, which gives the distances in
the required ratio. In triangle AVE, EF/VA = VI/
VA =372,

4. Mark any point lon the axis and proceed further as
explained in Example 6.7 to get the points Py, Po, P;,
cle. which is the required hy perbola.

5. Tangent and normal at any point P on the hyperbola
con be drawn as shown in the Fig. 6.18.
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Example 6.13
Two points Fy and Fs are located on a plane sheet 100 mm
apart, A point P on the curve moves such that the difference
of its distances from F; and F; always remains 50 m. Find the
locus of the point and name the curve. Mark asymptotes and
directrices.

Refer to Fig. 6.19.

1.

=]

A curve traced out by a point moving in the same
planein such a way that the difference of the distance
from two fixed points is constant, is called o
hyperbola. Draw a horizontal line and mak the fixed
points F; and F) in such a way that F,;F, =
100 mm.

Draw a perpendicular bisector C,0C; to F;F; as
shown in Fig. 6.19. Mark the points Vyand V', on the
horizontal fine such that ViV, = 50 mm and
V,0=V,0.

Direcirix

Hyparhola

Asymplate

Fig.6.19 Construction of a hyperbola (given fixed points and

w

the difference of the distances).

. With centre O and radius equal to F20 draw a circle.
. Draw tangents at V, and V, 10 intersect the above

circle at I, M. Kand L as shown.

. Draw a line joining JOL and produce it and this line

is one asymptote. The othe asymptote is the line
passing through KOM.

. Mark any number of points 2, 3, 4, ete. on the axis of

the hyperbola. With F; as centre and radius equal to
2V draw anare to cut the are drawn with Fy as centre
and radius equal to 2V, The point of intersection is

Engineering Graphics for Diploma

marked as P,. Similarly, obtain other points of
intersection Py, Py, ete.

. It may be noted that the differences PyF; - P3F)| =

P3Fs — PaFy = -+ = 50 mm. Draw a smooth curve
passing through the points V', Py, Py, Py, etc. which is
the required hyperbola. Also draw  another
hyperbola on the other side of teh axis, symmetrical
about C; and C; as shown in the Fig. 6.19.

Example 6.14
Draw a hyperbola, given the transverse axis = 80 mm. single
ordinate = 60 mm and abscissa = 48 mm.

Refer to Fig. 6.20.

1.

Fig.6.20

3.

Draw a horizontal line V,V, of length 80 mm to
represent the transverse axis and extent it to E such
that V,E is equal to 48 mm. V| E represents the
abscissa.

. Draw a double ordinate, BEC of length two times

that of the ordinate (i.e. 23 60 mm) perpendicular
1o the axis. Complete the rectangle ABCD. Divide
the sides DC and CE into the same number of equal
pans (say 4) as shown in Fig. 6.20.

"o 3
Hyper. o [/ “
yperbolo !
., b3

Transverse axis, V,V;

=8
=
—
S i
Abscissa, ViE iy AR\ "j
o / X
Ordinate, BE § \ ’
L\ le
Ao L 48

C: ion of a hyp {given
abscissa and fransverse axis).

Join ¥y with 1', 2"and 3", Also join Va with 1, 2Zand
3 to get the intersecting points Py, P; and Py
respectively.

. Similarly, get the intersecting points on the other

side of the axis. Draw a smooth curve passing
through all these points which gives the required
hyperbola.
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Example 6.15

The asymptotes of a hyperbola make 80° with each other. A
point P on the curve is at a distance of 30 mm from the
horizontal asymptote and 45 mm from the inclined

asympiote when

Ily. Plot the hyp

Draw tangent and normal at any point M on the curve.

Refer o Fig. 6.21.

1. Draw the asymptotes OX and OY making an angle
of B0° with each other as shown in Fig. 6.21. Mark
the given point P. Through point P draw line AB and
CD parallel 1o OX and OY respectively. Mark any
point 1 on the line PC and join O1 which intersects
the line APat 1",

3

C
)
A
|

-

Hyparbaola
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2. Through points 1 and 1" draw lines 1P, and I'P,
parallel to OX and OY respectively tointersectat Py.
Similarly, obtain points Ps, Py, Py, ete. after
marking peints 2, 3, 4, ete. on both lines PC and PB.

3. Draw a smooth curve passing through all these
points to give the required hyperbola.

4. Todraw atangent at any point M on the curve mark
point M and complete the parallelogram OLMEK.

5. Mark the poimt Ty on OY such that OT, =2x OLand

mark T ; on OX such that OT, =2 x OK.

Juin T and T; through the points M. Now, NMN is

the required normal at M.

o

B
As‘v mplote
Fig.6.21 Construction of a hyperbola (given asymptoles and a point on the curve),
EXERCISES
Ellipse
L. The focus of an ellipse is 50 mm away from its 3. Draw the largest possible ellipse in a rectangle of
directrix. If the eccentricity is 2/3, draw the curve and 120 > 80 mm and mark its focus and axes using the
measure its major and minor axes. A point P is located oblong method. A point P on the lower half of the curve
45 mm from the second vertex. Draw tangent and is at a distance of 20 mm from the left end of the major
normal to the curve at that point. axis. Mark the point and draw tangent to the curve at
2. The major and minor axes of an ellipse are 100 mm and that point.
70 mm respectively. Construct the curve using the 4. The conjugate diameters of the ellipse are 130 mm and
method of auxiliary circles. Draw a tangent and normal 90 mm with an included angle 657, Draw the ellipse by
ata point P on the curve located at 35 mm from the wop parallelogram method and determine its axes.
end of the minor axis, towards left. 5. The foci of an ellipse are 100 mm spart and the minor
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axis is TOmm long. Draw an ellipse by inersecting arc
method. A point P is located outside the curve at a
distance of 80 mm from the bottom end of the minor
axis and 20 mm from the right end of the major axis.
Draw tangents to the curve from the point P.

The di b two copl fixed points is 110
mm. Trace the complete path of 2 point Pmoving in the
same plane in such a way that the sum of the distances
from the fixed point is always 150 mm. Draw the curve
and a tangent at any point on the curve located at the
right top quarter.

Parabola

7.

Construct a conic when the distance between its focus
and dircetrix is equal v 40 mm and its eccentricity is
one. Draw a tangent at a point on the upper half of the
curve located 60 mm from the focus.

The double ordinate of a parabola is 110 mm and
abscissa is 80 mm. Draw the parabola and locate its
focus and directrix.

The span and rise of a parabola are 200 mm and 880
mm respectively. Using rectangle method, construct
the parabola and draw tangent and normal to the curve
at a point on it, located 30 mm from the vertex on the
right side,

Construct a parabola in a parallelogram of side 100 mm
(chord) » 60 mm and with an inclined angle of 120°.
Find the axis. focus and directrix of the curve.

Engineering Graphics for Diploma

By offset method, construct a parabola having base
equalto 120mm and axis 112 mm. Draw the tangents to
the curve from a point P outside the curve such that the
point Pis located 20 mm towards the left of the axis and
5 mm below the directrix.

Hyperbola

12,

Construct & conic when the eccentricity is 5/4 and the
distance between directrix and the focus is 54 mm.
Draw tangent and normal to the curve at a point on the
lower halfl of the curve measuring 45 mm from the
focus.

. The foci of the two branches of a hyperbola are located

at a distance of 80 mm. A point P on the curve moves
such that the difference of its distances from the foci
always remain 40 mm. Find the focus of the two
branches of the curve, mark the asymptotes and
measure the angle between them,

. Draw a hyperbola when the transverse axis is equal (o

90 mm., double ordinate = 144 mm and abscissa is equal
o 48 mm.

. The asympuotes of a hyperbola are at an angle of 75°,

A point P on the curve is 25 mm away from the
honzontal asymptote and 40 mm away from the
inclined when d hori Ny.
Construct the curve and draw tangent and normal at
point M on the curve, 50 mm above the horizontal
asympiote.
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In the preparation of certain engineering drawings, non-
circular curves may have to be drawn for representing
certain machine parts, arches, etc. These non-circular curves
may be of ¢closed or open type and cannot be constructed by
using a compass alone, These curves are generally drawn
after locating various mtermediate points and then joining
these points by using French curves,

‘The following types of curves come under this group:

1. Roulettes

2. Spiral curves

3. Helix.

71 ROULETTES

Roulettes are the curves generated by a fixed point on the
circumferences of a rolling curve which rolls without
slipping along 2 fixed straight line or a curve. The rolling
curve may be a rolling circle. The fixed swraight fine (fixed
circle) is called the directing line (direciing circle or base
circle). Figure 7.1 gives the general layout of different types

of ronlenes.
Roul are classified into the following types:
1. Cyeloid
2. Trochoids

(a) Superior trochoid
(b) Inferior trochoid

il

C H A P T E

s

Epicycloid

Epitrochoids

(a) Superior epitrochoid
{b) Inferior epitrochoid
Hypocycloid
Hypotrochoids

{a) Superior hypotrochoid
(b} Interior Hypotrochoid
. Involute

7.2 CYCLOID

Cycloid is a curve generated by a point on the circumference
of a circle which rolls without slipping along a fixed siriight
line. A eyeloidal curve is shown in Fig, 7.1. Cycloidal curves
are drawn to represent the profiles of gear teeth,

In the case of cycloidal curves, a normal at any point on
the cycloidal curve will pass through the point of contact
berween the directing line and rolling circle at that position.
A tangent at any point on the curve will always be
perpendicular to the normal at that point.

Example 7.1

Construct a cycloid having a generating cirele of 50 mm
diameter and draw tangent and normal atany point M on the
curve,
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RC&GC

-7
/

Re (a) Cycloid ~ AL (8) Superior frachord—W—

(d) Esicyeleid

RC

B GC
* /

7
@ g

() Inferior apitrocheoid

Ralling line
(Winding thread) =,

J.-'J . . = Rolling circle

e (i) Inferlor hypotrocheid GC = Genarating circle
BL = Bose line
BC = Base circle

(i} Involute to a circle

Fig.74  Typesof roulettes.

into any number of equal parts (say 12). Alsodivide
the line C,Cy,. which is the locus of the centre of the
rolling circle, into the same number of equal parts
and mark the poims as Cy, C;, C,, etc. as shown in

Refer to Fig. 7.2
1. Draw a honzontal line C,C;, of length equal to the
circumference of the rolling circle.

C,C, = 2 x radius of the rotling circle figure.
=2xx25 3. Draw a tangent AB of length equal to C,Cy 1o
represent the fixed line or base line.
= 50 tmm. 4. The required cycloid is the path of a point P on the
2. With centre C, and radius equal to 25 mm, draw the periphery of the rolling circle when it rolls over AB.
initial position of the rolling circle. Divide the circle Let P, be the initial position of the point P When the
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¢ Rolling circle, R25 Cyfloid
N 6
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Tangent

Base line /

2&x 25

Fig.7.2 Cycloid.

rolling circle rolls once on AB, the final position of
the point P coincides with the point B and hence
mark it as Py,

5. Tolocate intermediate positions of the point P, such
as Py, P, P, etc.. draw horizontals through points 1,
2,3, 4, ete. To get one of the intermediate positions
of the point P (say Py), with centre Cy draw an arc of
radius equal to 25 mm, to cut the horizontal through
the point 4 at Py. Similarly, obtain other
intermediate points like Py, P2, Py, ete, Draw a
smooth curve passing through all these points to get
the required cycloid.

6. Todraw atangent at any point M on the curve, with
centre M draw an are of radius equal to 35 mm to cut

Raliing circle, #25
!

Superier frocheid
;

the line C,Chat 5. From point S, draw a perpendicular
to AB to meet it at N. Join NM. which is the required
normal to the curve, Draw aline TMT perpendicular
ta NM. Now, TMT 1s the required tangent at M.

7.3 TROCHOIDS

Trochoid is a curve generated by a point fixed to a generating
circle in such a way that, the point is lying inside or outside
the circumference of the rolling circle. When the rolling
circle rolls along a straight line without slipping, the point
outside the circle a superior trochofd. My hil
the point inside the rolling circle generates an inferior
trochaid [see Fig. 7.1(c)].

Tangent
® I /

Base line/

2aw 25

N MNarmal

Generafing circle, R35

Fig. 7.3 Superior trochoid.
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Example 7.2

Construct a superior trochoid for a point siteated 10 mm
outside a rolling circle 50 mm diameter. Also draw a tangent
at any point M on the curve.

Refer o Fig. 7.3,

1. Draw a honzontal line C;Cy of length equal to the
circumference of the rolling circle. With centre C,
and radius equal to 25 mm, draw the initial position
of the rolling circle. Also draw the generating circle
with centre C, and radivs equal to (25 + 10 = 35
mmy}. Divide this circle into any number of equal
parts (say 12).

2. Alsodivide the line C,Cy, which is the locus of the
centre of the rolling circle, into same number of
equal parts and mark the points as Cy, Cy, Cj, etc. as
shown in Fl_g, 7.3

3. The 1curve hoid) is the path of
a point Ponthe penphery of the generating circle of
radius equal to 35 mm. Let Py be the initial position
of the point P, When the rolling cirele rolls once, the
puint P will be on the vertical line through Cp, and
mark it as P,

4. To locate the intermediate positions of the point P
i.e. Py, Po, P, ete. draw horizontal lines through
points 1, 2, 3, ete.

5. Togetone of the intermediate positions of the point
P (say Py), with centre C, draw an arc of radios 35
mm o cut the horizontal line through the point 4 at
Py . Similarly obtain other intermediate points Py,
P3, Py, etc. Draw a smooth curve passing through all
these points to get the required superior trochoid.

6. Todraw atangent at any point M on the curve, with
centre M draw an are of radius 35 mm to cut the line
C,Cyat S, From point $ draw a perpendicular to AB
o meetitat N. Join NM which is the required normal

Ralling circle, R2S

Inferior trochoid
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to the curve. Draw a line TMT perpendicular to NM.
Now, TMT is the required tangent at M.

Example 7.3

Construct an inferior trocheid for a point situated 7 mm

inside a rolling circle of 50 mm diameter. Draw tangent and

normal at any point M on the curve,
Refcr o Fig. 74.

. Draw a horizontal line C,Cy, of length 50m mm and
draw a circle with centre C; and radius equal to 25
mm.

. Divide C,Cy, into 12 equal parts as explained in
example 7.2.

3. Draw the generating circle with centre C, and radivs
equal to 18 mm (i.e. 25 - 7) and divide this circle
into 12 equal pans. Let Py be the initial position of
the point P on the periphery of this circle.

4. The positions of point P such as Py, P,, etc. can be
located as shown in Fig. 7.4. The curve passing
through all these points is the required inferior
trochoid.

5. The construction of the normal NM and the langem
TMT 15 also shown in the figure.

[E]

7.4 EPICYCLOID

Epicyloid is the curve generated by a point on the
circumference of a circle which rolls without slipping, around
the outside of a fixed circle. An epicycloid is shown in
Fig. 7.4.

Example 7.4

Draw an epicycloid having a generating circle of diameter
50 mm and a directing curve of radius 100 mm. Also dmw
normal and tangent at any point M on the curve.,

Tangent

Fe Base line

225 ——

Ger;erclriﬂg circle, RIB

Fig.7.4

Inferior trochid.
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Refer to Fig. 7.5
1. LetABbetheci fe ofthe g ingeircle
of radius r= 23 mm. Let 6be the angle subtended at
the centre of the directing thase) circle of radius =
100 mm by the arc AB.
Then,
ZAOB _ (Arc AB)
360 Circumference of directing circle
8 _ 2nr
360  2nR
25
~ 100

_ 25 % 360°

100

= 0p°

2. Drawthe arc AB withcentre O and radius = 100 mm
in such a way that ZAOB =90°,

3. Join OA and extend it to C, such that AC, is equal to
the radius of the rolling circle. With-centre C; and
tadius = 25 mm draw the rolling circle.

4. Draw an are C,Cy with centre O and radius =0C_, o
intersect the line OB produced at Cy, Here, C,C),
represents the locus of the centre of the rolling
circle.

ie

@

Epicycloid Py

Ralling eirele

Fig.7.5 Epicycioid.
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. Divide the rolling circle into any number of equal

parts (say 12), Alsodivide the are C Cyinto the same
number of equal parts and mark the points

. The required curve (epicycloid) is the path of the

point P on the circumference of the rolling
circle which rolls over the basic cire. Let Py be the
initial position of the point P and it coincides with
the point A, When the rolling circle rolls once on arc
AB, the point P will coincide with B and mark it as
P,.

. Tolocate the intermediate positions of the point P

such as Py, P, Py, Py, ete, draw a arcs through points
1.2, 3, etc. To get one of the intermediate positions
of the point P (say P,), with centre C; draw an arc of
radius equal 10 25 mm, to cut the arc through the
point 4 at Py, Similarly, obtain other intermediate
points Py, Py, Py, ete. Draw a smooth curve passing
through all these poimts 1o get the required
epicycloid.

. To draw a tangent at any point M on the curve,

with centre M draw an arc of radius equal to 25 mm,
to cut the arc C,Cy, at 5. From points 8, draw a
normal to AB to meet it at N, Join NM, which is the

required normal to the curve. Draw a ling TMT
perpendicular to NM. Now, TMT is the required
tangent at M.
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7.5 EPITROCHOIDS

Epitrochoid is a curve generated by a point fixed to a
generating circle in such a way that the point is lying inside or
outside the circumference of the rolling circle. When the
rolling circle rolls without slipping along the outside surface
of directing (base) circle, the point outside the circle
generates asuperior epitrochoid. Meanwhile, the point inside
the rolling circle gcnerate.s an uu"erwr epitrochoid,

The method employed for d g trochoids can be used
for drawing epitrochoids by treating AB as an arc instead asa
straight line [see Fig. 7.1{e) and ()].

7.6 HYPOCYCLOID

Hypocycloid is a curve generated by a point on the
circumference of a circle which rolls without slipping along
the inside surface of a fixed (base) circle. This is shown in
Fig. 7.1{g).

It is to be noted that if the radius of the rolling circle is
cqual to half the radius of the directing circle, then the
hypocycloid become a straight line.

Example 7.5
Draw a hypoeycloid having a rolling cirele of diameter
50 mm and directing circle of radius 100 mm. Also draw
normal and tangent at any point M on the curve.

Refer o Fig, 7.6,

The construction of a hypoeyeloid is almost the same
as that of an epicycloid. Here, the centre of the generating

Ralling circle, RZ5
¢

Base circle

Hypoeyelald K

Tanéeni o

Engineering Graphics for Diploma

circle Cis inside the directing circle. The tangent and normal
drawn at the point M on the hypocycloid are shown in the
figure.

7.7 HYPOTROCHOIDS

Hypotrochoid is a curve generated by a point fixed to a
generating cirele in such a way that the pointis lying inside or
outside the circumference of the rolling circle. When the
rolling circle rolls without slipping along the inside surface
of directing (base) circle, the point outside the circle
generates a superior hypotrochoid. Meanwhile, the pclml
inside the rolling circle g an inferior hyp

The method employed for drawing trochoids can be used
for drawing hypotrochoids treating AB as an arc instead as a
straight line. See Fig. 7.1(h) and (i).

7.8 INVOLUTES

Involute is a curve traced out by a point on a taut inextensible
string which is being wound around a circle or polygon . It is
alsoacurve traced out by a point on a straight line which rolls
around a circle or a polygon, without slipping.

Gear teeth profiles are based on the involute of a circle.
Tnvolute of a circle is shown in Fig. 7.1(7).

Example 7.6
Draw an involute of a circle of diameter 40 mm. Also draw
normal and tangent at any point M on the curve.

8= (25/100)x 360
- 8o

Flg.7.6 Hypocychoid.
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Involute

Fig.7.7

Referto Fig. 7.7.

(X

Draw a base circle with centre O and diameter equal
to 40 mm. Draw a tangent AB of [ength = px 40 mm
at a point A on the circumference.

. Divide the circle and the line AB into the same

number of equal parts (say 12) as shown in figure.

. The required curve is the path of a point P lying on a

string wound round on the base circle. Let A be the
initial position of the point P on the string. When the
string is unwound from A by one turn, the paint P
will coincide with B. To locate the intermediate
positions of the point P such as Py, Ps, Py, Py, etc.,
draw tangents at points 1, 2, 3, ete.

. To getone of the intermediate positions of the point

P (say Py}, with centre 4, draw an arc of radins equal
1o Ad” 1o cut the tangent through the point 4 at Py,
Similarly, obtain other intermediate points Py, P,,
Py, etc.

. Draw a smooth curve passing through all these

points to get the required involute of a circle.

. Todraw a normal at any point M on the curve, join

MO and draw a semicircle on this line tocut the base
circle at N in the direction of the involute as shown.
Join NM which is the required normal to the curve.
Draw a line TMT perpendicular to NM. Now, TMT
15 the required tangent at M.

77
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Invalules of a circles.

Example 7.7
Draw involutes of (i) an equilateral triangle of side 20 mm
and (ii) a square of side 15 mm.
Also draw tangent and normal at any point on the curve.
Refer to Fig. 7.8(a) and (b).
The reqmled involutes can be drawn by following the
lained in le 7.6. Itis to be noted that each
'{egrnenl nl‘lhe involutes is drawn by arcs as shown in figure.

7.9 SPIRAL CURVES

1f a point moves continuously along a line from one end to the
other and ar the same time if the line rotates in a plane about
one of its ends, then the locus of the moving point is called a
spival. The point about which the line rotates is called the pole
or axis of the spiral and the part of the line between the
moving pointand the pole is called the radius vector, The two
important types of spirals discussed here are:

1. Aschimedian spiral and

2. Logarithmic spiral,

The general layout of these spirals are shown in Fig. 7.9.

Archimedian Spiral

Archimedian spiral is the curve traced out by a point moving
along a line while the it rotates with uniform angular velocity
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{a) Archimedian spiral
(One convolution)

(b) Logarithmic spiral
{One convolution)

Fig. 7.9 Involutes of polygons.

about the pole in such a way that its linear displacement
towards or away from the pole is constant for each equal
angular displacement of the line. Note that the point traces
one convolution when the line rotates once.

Itis widely used in mechanical engi
cam design, seroll of self centring chuck, volute casing of
centrifugal pumps, ete.

P

ing h

Example 7.8
Construct an archimedian spiral for one convolution. The
greatest and the least radii are 80 mm and 20 mm
respectively. Alsodraw normal and tangent at any point M on
the spiral.
Refer to Fig. 7.10.
1. Draw a horizontal line OB of length 80 mm to
represent the greatest radius. Mark a point A on OB
such that OA =20 mm to represent the least radius.

. With centre O and radius equal to 80 mm, draw a
cirele, Divide the circle into any number of equal
parts (say 12) and also divide AB into the same
number of equal parts,

. The required curve is the path of point P moving
from A to B along a radius vector while AB rolates
one time about the pole O, To get one of the
intermediate positions of the points P (say Py}, with
centre O and radius equal to O4” draw an arc to cut
the radial line O4 at Py

Similarly, obtain other intermediate points P,.

P, Py, ete. Draw a smooth curve passing through

all these poims (o get one convolution of the

spiral.

To draw a normal at any point M on the curve.

locate the point M and calculate the constant of the

curve.
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C

OM
(80 -20)/2x

9.6 mm

Fig. 7.10  Archi

Constant of the curve,

Radial distance moved by the point P
Corresponding angular measure for the movement
_ OB-0A
b 4
80-20
i q

= 9.6 mm

6. Join MO and draw ON perpendicular to OM such
that ON = the constant C of the curve. It may be
noted that ON is marked in the direction in which the
length of the radial vector is increasing. Join NM
which is the required normal to the curve. Draw a
line TMT perpendicular to NM. Now, TMT is the
required angent at M.

Example 7.9

A lever 100 mm long, swings about a point from its vertical
position to its right side through an angle of 30°. Then it
swings to the opposite direction through an angle of 607 and
refurns o its initial position. During this peniod a particle
travels from top to the bottom along the lever ot uniform

speed. Trace the locus of the panticle assuming uniform
angular velocity of the lever.
Refer 1o Fig. 7.11.

1.

Draw a vertical line OA of 100 mm length. Also
draw OB and OC m1 30° angle to this line. Then insert
the angular bisector of AOB and AOC.

. Theleverend A swings from A to B, B to Cand then

back to A, Mark this path by 8 poims as 1,2, 3,....8.

7.0

Fig.7.41 Lociofapoint,
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3. Divide OB alsointothe same number of 8 partsas 1°,
2', ... .cte. and draw § arcs through these points with
centre 0.

. The intersection of radial vector 1 and arc 1’ gives
the first point Py. Similarly locate points Py, Py, ...,
ctc. and join them by a smooth curve to get the locus
of the particle P,

Logarithmic Spiral

Logarithmic spiral is the curve traced out by a point moving
along a line such that for equal angular displacements of the
line the ratio of the lengths of consecutive radial vectors is
constant. In logarithmic spiral, vectorial angles increase by
equal amounts and they are in arithmetic progression and the
corresponding radial vectors are in geometric progression.
Noe that the point P traces one convolution when the line
rotates once. A tangent at any point M on the curve makes a
constant angle with the radius vector passing thmugh

Engineering Graphics for Diploma

Draw 12 radial vectors with 30° angle through the
pole O.

. Construct a supplementary figure to get the various

radial lengths [Fig. 7.12(b)]. For, this draw AB =
AC = 108 mm, the greatest radial vectors at 30°
angles, Mark AD = 5/6 of AB. Join CD.

With A as centre and AD as radius, draw an arc tocut
AC at E . Through E, draw a line parallel to CD to cut
ABat 11. Repeat the process to get the paint, 10,9...
and 1.

. Transfer the distance Al on OF to get the point Py.

Similarly, set off points Py, Py, etc. on the respective
radial lines such that OP» = A2, OP; = Ad ete. Draw
a smooth curve to get the logarithmic spiral.

. The tangent at any point on a logarithmic spiral

always makes a constant angle a with the radius
drawn at that point. The value of a depends on the
ratic of the two succeeding radii and the angle
between them. This can be calculated by the given

the point M. Hence, the curve is also called e
spiral,

Example 7.10
Diraw a logarithmic spiral for one convolution such that the
angle between two conseeative radii is 30°. The ratio of
succeeding radii is 6:5 and the greatest radii being 108 mm.
Draw tangent and normal at any point on the curve .

Refer 1o Fig. 7.12.

1. Draw a horizontal line OP of length equal to 108

mm, the greatest radial vector.

T Tangent
/

FR
I

Lagarithmic
-

loge
tan =8| Top 7y
8=30°
-
~ 6 radians
e=2718
6

- s

spiral

Final radius vector

[ \
Initial radius 'fecior_(f\__ | \ [ A

5/6 of 108
108
(&)

PR

Fig.7.12 1

ic spiral (one
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x log2.718
tan &= — x —————
0 Ologr

=2.871

=tan"' 2871
=70.8°

710 HELIX

Helix is defined as a space curve generated by a poimt which
moves on the surface of a cylinder or cone in a
circumferential direction at a constant angularspeed and with
a sirmul axial ad at a uniform rate.

Helix can also be defined as a space curve generated by a
point which moves uniformly about another line called axis.
If this straight line revolves parallel to the axis, it will
ling curve g by
the point is called eylindrical helix. If this st.r:ughr. line
revolves intersecting the axis at one point, it will generate a
cone and the corresp 12 curve ! by the point is
called conie helix or conical helix. 1f the straight line revolves
intersecting the axis at right angles at one point, the curve
generated by the point will be an archimedian spiral.

acylinder and the

Cylindrical Helix

Cylindrical helix may be defined as a space curve generated
by a point which moves on the surface of a cylinder in a
circumferential direction ata constant angularspeed and with
asimultaneous axial advancement at a uniformrate. The term
helix is commonly used to represent a cylindrical helix. A
helix may be either right handed or left handed as shown in
Fig. 7.13(a) and (b) respectively.

T N
=T T T
o el 1| RH. Helix | DEWE
a E ™ ._:': __L.H. Hellx
& I {
I\Ek-} TR
R | 1/8 lacd]

/ -)\l i f
Y ‘_:’\J

(a) Lett hana (b} Right hand
Fig.7.43 Cylindrical helix.

The axial movement of the point during one complete
revolution of the cylinder is called lead. For a single stant
helix, the axial movement is called pitch. For multistart
helices,

X Lead
Piich = Number of starts

Conical Helix

Conical helix is defined as a space curve generated by a point
which moves on the surface of 2 cone in a circumferential
direction at a constant angular speed and with a simultaneous
axial advancement at a uniform rate (see Fig. 7.14).

A

H =y

Conicol hellx
grronr viaw)

/B lsad

Leod

+ ICGﬂiCDi halix
(Top view)

Fig.7.44 Conical helix (right hand).

The axial movement of a point during cne revolution of
the cone is called pitch. It is measured paralle] to the axis of
the cone. The surface of the cone is seen completely in the top
view and hence the helix on the cone will also be seen in the
op view,

Example 7.1
Draw a right hand single start helix of one convolution. Take
pitch = 56 mm and the cylinder diameter = 40 mm.

Refer to Fig. 7.15.

Fig.7.15 Construction of helix.
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1

. For one convolution, the height of the cylinder is

equal to pitch = 56 mm. Draw the top view and front
view of the cylinder.

Divide top view into any number of equal pants (say
8). Also divide the height of the cylinder into the
same number of equal parts and name the points as

36

Piteh

Fig.7.16 Open coil helical spring.

Engineering Graphics for Diploma

. Let Py be the initial position of the point P on the

helix. As it moves around the circumference
of the cylinder in the anticlockwise wise direction
through an angle as indicated by 0 to 1 in the top
view (i.e. 1/8th of one rotation), it gets an axial
advancement from 0 to 1 in the front view (i.c.
1/8 of the pitch of the helix) simultaneously.
This position of the point P is represented by
the point Py. This is the point of intersection of
the vertical line through 1 in the top view and
the horizontal line through the point 1 in the front
view.

. Similarly obtain other points Py, Py, etc. The portion

of the curve from Py to Py is on the rear side of the
cylinder and hence it is shown by short dashes. The
curve passing through Py, Py, Py, ete. is the required
helix of one convolution.

Example 7.12
Draw two complete turns of an open coil helical spring of
wite diameter 10 mm . The mean diameter of the spring is
50 mm and the pitch is 36 mm .

Refer to Fig. 7.16.

L

Draw a circle of diameter 50 mm to represent the
top view of the mean diameter of the spring. Divide
the circle into 12 radial divisions and mark them as
0,1,2.3, .. e1c.

Draw ventical lines through these points and
mark off the pitch 36 mm, two times as shown in
figure,

Divide one pitch into 12 parts and draw horizontals
through 1, 2, 3, ... ete.

. Locate the intersection points Py, Py, Py, eic. as

explained in example 7.11 and draw a helix by

joining the points using a smooth curve to get the

centre line of the spring.

With Py. Py, Py, etc. as centres and dinmeter equal to

100 mm draw circles. Draw two curves running
ullat‘k‘r‘.h“ s dae of the eipel

shown in figure to show the wire.
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EXERCISES

Cycloidal curves

1.

A circular wheel of diameter 56 mm rolis without
slipping along a straight line. Draw the curve traced by
a point P on its rim for one revolution of the wheel.
Draw tangent and norma to the curve at a point located
40 mm away from the line.

A carriage wheel having a diameter of 48 cm s rolled
on a rail, The wheel has a flange of 60 cm diamerer,
Draw the path of a point on the {lange for one complete
rotation of the wheel. Also draw tangent and normal at
a point located 46 cm high above the rail top. Use
suitable scale.

A circular dise of 52 mm diameter rolls without
shpping along a line. Draw the locus of a point which
lies ata distance of 16 mm from the centre of the dise,
for one revolution. Also draw tangent and normal at
any point on the first half of the curve.

A circle of diameter 46 mm rolls over the
cireumference of another circle of diameter 180 mm.
Assuming no slip, tace the locus of a point on the
circumierence of the rolling circle for one complete
revolution. Show tangent and normal at any point on
the second quaner of the curve.

. A circle of 44 mm diameter rolls along the inside

of another circle of 200 mm diameter. Draw the
path described by a point on the cireumference of the
rolling circle for one complete revolution. Draw
tangent and normal at a point on the third quarter of the
curve.

Involutes

6.

Draw the involute of a circle having diameter 40 mm.

83

Draw tangent and normal at a point on the curve located
at a radial distance of 100 mm.
Draw involutes o the following shapes and mark the
tangent and normal at the midpoint of the third segment
of each curve,

1. Equilateral triangle of side 30 mm,

2, Square of side 25 mm.

Spiral curves

8

Draw an archimedian spiral for one convolution.
The initial and final radial vectors are 30 mm and
90 mm long respectively. Draw tangent and nommal o
the spiral at a point 45 mm away from the pole.

A rod OP of length 120 mm oscillates through 80°
about the centre O with a uniform angular velocity.
Dunng one oscillation a point K moves from the point
O to the end P with 2 uniform velocity. Trace the path
of the point K.

Draw a logarithmic spiral for one convolution, the ratio
of successive radii is 7:6, the final radial vector is 112
mm long and the angle between successive radii s 30°.
Draw normal and tangent at a point on the curve, 60
mm away from the pole.

Hellx

12

Plot two turns of a eylindrical right hand
helix of 50 mm diameter and 48 mm pitch.

Draw two complete coils of a helical spring
with a circular section of diameter 12 mm, The
outside diameter of the spring is 62 mm and pitch is
48 mm.
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1l the engineering d d to scale.

The type of scale used I'nr i drawmg should be
mentioned. For the clarity of a drawing, the scale adopted
should be the largest possible. If a drawing is made of the
same size as the object, the view obtained will have the same
size as the object. The drawing thus obtained is called a full
size drawing and the scale used is called full size scale.

If an object is larger in size, like a building ora motor car,
its drawing is made smaller than the object. The scale used for
this drawing is called a rediced scale. If an object Lssm:l.'ll in
size, like watch parts orelectronic comp its d g is

3. Vernierscale

4. Comparative scale

5. Isometric scale

6. Scale of chords

The comparative scales are basically plain scales or
diagonal scales drawn in pairs. having the same
representative fraction fnrlhe 'purpme.nfmmpansnn Oneof
the scales of the ive scale is grad 1 to read
different units from the other scale so that the same drawing
can be read in both units simultaneously.

I ic scale is used in the preparation of isometric

made larger than the object. The scale used here is call:d an
enlarged scale. Thus ascale is used to prepare a reduced oran
enlarged size drawing. It can also be used either to measure
distances or to set off dimensions.

Standard scales used in engineering practice are readily
available in sets of 8 scales or 12 scales. Th dard sets of

projection of objects. The method of constructing an
isometric scale is explained in Chapter 16. Scale of chords is
used either to measure or to mark off angles if a protractor of

ient size is not available. This scale is constructed by
using the length of chords of d:l‘l‘er:nr angles, measured on

scnlcsmcallcddmﬁer "sscales. Wheneverascale other than
dard one is to be used for the p ton of ads

such a scale should be constructed alung with the dmwmg,

8.1 CLASSIFICATION OF SCALES

Types of scales used in engineering practice are classified as
below:

1. Plainscale

2. Diagonalscale

arc. Among the ab types of scales, only plain,
diagonal and vernier scales are explained in the following
sections.

8.2 REPRESENTATIVE FRACTION

Representative fraction is the ratio of the distance between
any two points on the object (length of the object) in the
drawing to the actual distance between the same points on the
object (i.e. the actual length of the object). The representative
fraction is usually abbreviated as R.F.

Downloaded from Ktunotes.in


http://ktunotes.in/

Scales

- 3 m 7 dm ]
F F [+ I (=
o 11 |» ] -
-1 M M — 4‘
Y i{ | E I ]
16 =T .'I i ',_'Lo_ Y\ \ 2 W3 4\
e Ty S \ \ \
ST Y
5 \‘-1._\|| | Th— ' A '
=L T Y Y
Decimelres o RF = 1/40 TN Metres Y
T
5
Fig. 8.4 Plain scale for metras and d
For example, if an actual length of 4 m of an object is  adi on the scale 3.7 metres.

represented as an object 20 mm length in the drawing, then

Length of the object in the drawing
Actual length of the object

R.F.=

20 mm
4m

20 mm

(4 » 1000) mm
_ 1
" 200

R.F. = 1:200

This represents a reduced scale.

8.3 PLAIN SCALE

A plain scale is the simplest scale in which a line is used 10
represent dimensions. Thus the line 1s divided into a suitable
number of equal parts or units and the first division is
subdivided into equal number of smaller pans or sub units,
Thus a plain scale represents cither two units or a single unit
and its subdivisions are as shown in Fig. 8.1.

For the construction of a plain scale the following data
are required;

1. Representative fraction (R.F.) of the scale,

2. Units and subdivisions to be represented, and

3. The largest dimension to be measured.

The method of construction and the practice of labelling
various informations can be better understood with the help
of the following example.

Example 8.1
Construct a plain seale of R.F. = 1 : 40 1o show metres and
decimetres and long enough to measure up to 5 metres. Mark

Refer to Fig, 8.1
1. Representative fraction,

1
RF.= T

1
Length of scale = [E)(S * 1000)

=125 mm.

2. Draw aline AB = 125 mm long, and divide the line
into 5 equal parts as shown in the figure. Each part
represents one metre, Subdivide the first pant AE
mto 10 equal subdivisions. Each i
represents one decimetre.

3. Thescale is shown in the form of a rectangle ABCD
of convenient width (say 10 mm). Todistinguish the
divisions, draw thick horizontal lines in the alternate
divisions representing both metres and decimetres.
Write down the units and R.F, as shown in the figure.

4. The required dimension of PQ = 3.7 m, i.e. 3 m
T dm, is also marked in the figure,

B4 DIAGONAL SCALE

Diagonal scale reg 1h i has metres,
decimetres and centimetres simultaneously. In a diagonal
seale, a line is divided into suitable number of equal parts or
units and the first di n is subdivided into smaller pans or
units diagonally. adiagonalscale re itherthree
units or a unit and its subdivisions o the second place of
decimal point as shown in Fig. 8.2.

Example 8.2

Construct a diagonal scale of R.F. 3:90 10 show metres,
deci and ¢ and 10 uptod m. Show a
distance of 2 m, 3 dm and 5 cm on the scale.
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Zm, 3dm, 5cm
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Fig. 8.2 Diagonal scale for measuring m, dm, and cm.

Refer to Fig. 8.2.

1.

(K]

Representative fraction

RF ==

g~ 8w

Length of scale = (%] * (4 x 1000)

=133 mm (Approx.)
Draw a line AB = 133 mm long and divide the line
into 4 equal parts as shown in figure. Each part
ane metre, Subdividea the first part info 10
equnl number of small parts. Each subdivision
represents one decimetre.

. Draw perpendiculars AD and BC of convenient

length {say 40 mm) at the points A and B
pectively and complete the ghe ABCD as
shown.

. Divide the line AD into 10 equal divisions and name

the points from 0 to 10. Draw horizontal lines
through these points, Also ransfer the subdivisions
from line AE to the line DF. Join the ninth
subdivision on AE with D.

. Draw lines parallel to 9D through points 8, 7, etc. on

AE as shown in the figure. These parallel but
lined lines are called di ! lines.

. Inthe figure, length GF represents 1 decimetre. The

diagonal line GE of the right angled triangle GEF
progressively increases from 0 to Eto | dm at GE.
The required dimension of 2 m, 2dm and 5 cm is
marked as the distance between the points Mand N.

8.5 VERNIER SCALES

Vemier scales are modified forms of diagonal scales and are
used to measure very small units with great accuracy. A
vernier scale consists of a primary long scale similarto a plain
scale called main scale and a secondary short scale called
vernier scale. Vernier scale slides on the main scale and they
are combinedy used 1o measure small divisions up to three
different units as in diagonal scale.

To represent the third unit in a vernier scale, a line is
divided into suitable number of equal parts or units. As itis
difficult to further subdivide these small pans, so a vernier
scaleis used.

Vemier scales are of two types:

1. Backward or Retrograde vemier,

2. Forward or Direct vernier.

Backward Vernier

In a backward (retrograde) vernier, the length of (n + 1)
divisions on the main scale is divided into n numbers, so that
each division on vernier scale is (1 + 1)/n i.e. L/n times larger
than one division on the main scu]c (see Fg 8.3). Msu the
vemnier divisions are bered in the opp di as
those on the main scale. The increase of 1/n times of each
division provides the facility to measure one more
subdivision of the unit of main scale division and that
subdivision is called the least count of the verier.

Forward Vernier

Ina forward (direct) verier, the length of (n — 1) divisions on
the main scale is divided into n divisions, So that each
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Fig. 8.4 Forward or direct vemier scale,

division on vemnier scale is (n — 1)fn i.e. 1/n times smaller
than one division on the main scale (see Fig. 8.4). Here the
vernier divisions are numbered in the same direction as that
of the main scale. The decrease of 1/n times of each division
enables (o measure one more subdivision of the unit of main
scale division and that subdivision is called the least count of
the vemier.

The following examples give the method of construction
of backward us well as forward vemniers in detail.

Example 8.3

Construct a backward vernier scale of R.F. 1/30 10 show
metres, decimetres and centimetres. The scale is to be used
for reading 4 mlength. Mark adistance of 3m, 3dmand 5cm
on the scale.

Refer 1o Fig, 8.3,
1. Representative fraction,
RF. =130
Length of scale = (1/30) % (4 x 1000}
= 133 mm (Approx.}

2. Draw a line AB 133 mm long and divide it into
4 equal parts. Then each part represents one metre.
Subdivide each metre into 10 subdivisions. Each of
these subdivisions represents one decimetre as
shown in the figure.

3. Drawaline CD having the length of 11 subdivisions
and divide it into 10 equal pans as shown. Each of
the subdivisions on the vernier scale represents

11/10=1.1dm
=11lem.
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4. To mark the required le nglh PQ=13. 35 m tnke 2
main divisions rep 2m,
the main scale representing 8 dm and 5 dmslons on
the vemnier representing 55 cm.
Length of PQ=2m+8dm+ 11 x5¢cm
=2m+08m+055m
=335m.

Example 8.4
Construet a forward vernier of R.F. 1/30 to show metres,
decimetres, and centimetres. The scale is to be used for
reading 4 m. Mark a distance of 3 m, 3 dm and 5 cm on the
scale.

Refer to Fig. 8.4.

1. Representative fraction,

R.F. = 1/30
Length of scale = (1/30) x (4 x 1000)
=133 mm (Approx.)

2. Draw aline AB 133 mm long and divide it into 4
equal parts. Then each part represents one meire.
Subdivide each metre into 10 subdivisions. Each of
these subdivisions represents one decimetre as
shown i the figure.

3. Draw line CD having the length of 9 divisions and
divide it to 10 equal parts as shown. Each of the
subdivisions on the vemier scale represents

910 = 0.9 dm

=9cm

A—90

(e} Construction

Engineering Graphics for Diploma

4. To mark the required length PQ = 3.35 m, take 2
main divisions representing 2 m, 9 subdivisions on
the main scale representing 9 dm and 5 divisions on
the vernier scale representing 4 cm.

Lengthof PQ=2m+9dm+9x5cm
=2m+09m+045m
=335m

8.6 SCALE OF CHORDS

The scale of chords is a linear scale constructed to measure
angles. It is based on the length of chords of different angles
measured on the same are. The method of its construction of
the scale of chords and its use to set-out angles are explained
in the following examples.

Example 8.5
Construct a scale of chords having 5° divisions and with s
aid, set off angles 35° and 105°,
Refer to Figs. 8.5(a) and (b).
1. Draw line AB of any length (say 100 mm) and erect
the perpendicular BC.
2. With centre B and radius AB, draw the arc AC. The
chord of are AC subtends 907 angle at the centre B,
3. Divide the arc AC into 18 equal parts so that, each
part subtends an angle of 5°at B,
4. Tum down the division points to the line AB and
complete the scale as shown in figure.

A=t

(5} Marking of angle

Fig.8.5 Scale of chords.
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EXERCISES =

5. To mark the required angles, draw any line DE and
construct an arc of radius equal of the scale of chords
(AB = 100 mm) taking centre at any point O on DE.

6. To set-out 35, cut an arc with centre A and radius
equal to the length A-357, taken from the scale of

Plain scale

L.

Draw a plain scale to show decimetres and centimetres,
Show a length of 8.2 dm if the R.F. of the scale is 1:7.
The maximum length of the scale should be 12 dm.

. The distance between two cities is 250 km and is

represented by a line of length 50 mmon a map. Whatis
its R.F? Draw a plain scale showing upto 10 km and
indicate a distance of 530 km on it.

Diagonal scale
3. Construct a diagonal scale of R.F. 1/40 to show metres

and long enough to measure upto 6 metres. Mark the
following distances on the scale:

(i) 3.37m
(ii) 4.79m

4.

6.

89

chords. This gives point F on the arc. Join O and F
and angle DOF is the required angle 35°.

7. To set-out 1057, first mark 90° and then 15° as

explained earlier. Angle DOH gives angle 105°,

An area of 50 sq.km of a field is represented by an area
of 150 sq.cm on a map. Determine the R.F. of the scale
used in the map. Al uctadi Iscale toshow
kil h and  di The
maximum length to be indicated on the scale is 10km.
Show a distance of 6.48 km on the scale.

Vernier scale
5.

Draw a backward vernier scale with R.F. = 1/40, to read
metres and eapable of reading in steps of 5 cm. Mark a
distance of 3.85 m on the vernier scale.
Draw a forward vernier scale to read upto the second
decimal place of a di ion in metres and mark a
distance of 2.75 mon it if R.F. = 1/25.
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ngineers, design and develop machines or structures and
irect their construction. For this purpose, each and
every information about the shape and size of the whole
machine or structure, has to be noted in detail. Graphics is the
fundamental method used to document as well as
communicate them to the manufacturing group. The task of
recording shapes and sizes of three-dimensional objects on
two-dimension drawing sheets is done using the method of
projection.

Projection is the representation of the image of an object
on a plane surface, as it is observed by a viewer. The word,
projection is of Latin origin and means to throw forward.
Thus, a projection is an image of an object thrown upon a
picture plane by means of straight lines or visual rays,

8.1 SYSTEMS OF PROJECTION

The shape of a three-di ional object is described on the
picture plane, that is druwing sheet, by means of projection.
The methods of projection vary according to the direction in
which the rays of sight are taken to the picture plane. If the
rays are converging to a particular station point as in a
camera, the result is a perspeciive projection. When the rays
are parallel but at an angle to the picture plane, the projection
is called oblique prajection, If the rays are parallel as well as
perpendicular to the picture plane, the method is called

93

orthographic  projection. The different systems  of
projections can be classified as given below:

Pictorial views are obtained in all the above types of
projections, expect in the multiview. In multiview
{orthographic) projection, the object shape is represented by
two or more views taken at right angles 1o each other.

Perspective projection is described in Chapter 18 and
oblique projection in Chapter 18. Isometric projection is
comes under the principle of orthographic projection and is
explained in Chapter 16.

9.2 MULTIVIEW PROJECTION

Mulii b "

proj isan graphic proj in which
the exact shape of an object is represented by two or more
sepanate views projected on planes that are perpendicular 1o
each other, Each view shows the shape of the object for a
particular view direction and these views altogether describe
the object completely. Because of these reasons, this method
of projection is the most widely used for preparing
engineering drawings. The term erthographic projection is
also used o represent multiview projection,

Planes of Projection
The plane surfaces. which are used 1o project the views of an
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SESTEMS OF PROJECTION
— Persy T Farallel (! point}
{Canmverging Angular 12 point)
prof ique persp point)
} { bl ive (3 poi
—0Oblique Cavalier
(Parallel projectors E Cabinet
inclined to picture General
plane)
—Or A etric i
(Parallel projectors —E Dimetric
perpendicular o “Trimetric
picture plane)
Mul First angle
I— Third angle projection
object in multivi yjection are cali:d ’pfﬂ'ﬂnm For this anticlockwise system, the front, top and left sides are

reference planes. Outofth
one plane is horizontal and it is called flr:n.mlmfpu'fmr (HP).

‘The other plane is vertical and it is called vertical plane (VP).

A third vertical plane which is perpendicular to both HP and
VP is also added in order to get the side or end view of the
object projected. ‘I1u= plane is calle:l Profile Plane (FP).

These three i planes
produce eight compnmmnls in the space called ocranis (see
Fig. 9.1). Here, the intersection point of the three planes is
considered as the origin O and the quadrants are counted in
the anticlockwise direction, when viewed from the lefi side.

planes,

~ Profile
Vartical {frontal) \ plane (PP}

Flane (VF)

Anticlockwise |

s >

L9 B
J}- _&s "
\et L Horizontal plone (HP)

Fig.9.1 Three planes of projection forming elght spaces-
octants (anticlockwise systam).

as shown.

For easy understanding of the projection method, the
right part of the octants containing four compartments (right
side) may be eliminated. Then the left part forms the four
quadrants as shown in Fig. 9.2, These imaginary reference
planes are assumed as transparent and these planes I‘orm the
basis to obtain views for describing objects in
problems.

The multiview projection method is classified into two
types, such as First angle prajection and Third angle
projection,

Profile
/ slane (PP)

Vertical {frantal)
Flane (VF)

Anficlogkwise NI 45 Yo
s
.
A e Sp
. -
47 a® /
N {Horizontal plane [HF)

Fig.8.2 The four drants for ic proj
slde view (anticlockwise syslem}
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First Angle Projection

In first angle projection the abject (say, a vertical cylinder) is
assumed to be placed in the first angle (quadrant) as shown in
Fig.9.3. Then the object is wew::d fmm the front side as well
a5 top side in a direction perp {orthogonal) 1o VP

and HP respectively. The views are projected on VP and HP

Elavation —,
(frant view)

LN

..n; }\

Plan {ten view)

y Rabohing
- diraction fer HP

Fig.9.3 Principal planes with an object in the first quadrant
(first angle projection).

in lmier tn,s,cl the front v:ew (elevation) and top view (plan)

P ely. After proj g the views, the horizontal
plane, HP is rotated (rabatted) abuul the reference line ox as
indicated by the arrows, sothat the horizontal plane coincides
with the vertical plane VP. Now the two views are seen in a
single vertical plane, i.e., in the plane of the drawing sheer. as
shown in Fig. 9.4.

Third Angle Projection

In the third angle projection, the object (cylinder) is assumed
tobe placed in the third quadrant and is viewed from the same
front, top sides orthogonally (see Fig. 9.5). Note that, the
front and top views are seen through the transparent planes.
The two views are projected on VP and HP. After rotating
{rabatting) the planes as done in the previous case, the front

95

E evahﬁn
(front view)

Plan
(top view)

Fig.9.4 Firstangle projections of a vertical cylinder.

T Rabatting
| dirgetion for HP

— Elzvation

{front view)

Fig.8.5 Principal planes with an cbject in the third quadrant
{third angle projection}.

and wp views of the cylinder are obtained as shown in
Fig. 9.6. It is to be noted that the views are the same as that of
first angle projection but the location of views are
interchanged in the third angle projection,

ISO Symbol to Indicate the Angle of Projection
While drawing orthograph ¢ sheet, the

ic views onad
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Flan
(tep view)

I
| Elevetion i
(front view)

Fig.9.6 Third angle projections of a vertical cylinder.

method of projection (First angle or third angle) should be
indicated using symbaols inside the title block. The symbol
recommended by ISO as well as Bureau of Indian Si

Engineering Graphics for Diploma

because the top and front views get superimposed, when the
horizontal plane is rotated in the clockwise direction.
However, projections of points and lines are drawn atier
placing them in all the four quadrants. Hence, an engineering
student must study and practice the projections of points and
lines placed in all the four quadrants.

9.3 THE PRINCIPLE OF ORTHOGRAPHIC
PROJECTIONS OF A POINT ON HP AND VP

Conversion of a Solid to a Point

A solid (say a vertical cylinder) is formed by three-
dimensions measured i in the three mutually perpendicular
lirections. If one of the d (sny he.lghl] |sr|mde zero,
the abject i ted i ] plane

lamina). Out of the two remaining dimensions, if one more
dimension is reduced to zer0, the plane is cha:ngedmtoa line.

for the first angle projection is shown in Fig. 9.7. The symbol
shows two views of a frustum of a cone lying in the first
quadrant keeping its axis horizontal.

=€)

(b} Symbol (151 angle)

Frant

Lelt side
(a) Pictorial view
Fig. 8.7 Symbal for first angle projection.

In third angle projection the same frustum of cone is
placed horizontal in the third quadrant and the views are
obtained as shown in Fig. 9.8. Here, the end view as circles
are obtained on the left side of the front view.

Fig.9.8 Symbcl iurh‘nrd-angbeprupdlun

Bureau of Indian Standards has recommended first angle
projection method for the preparation of engineering
drawings of objects. USSR and other East European
countries coming under ISO, follow first angle projection
method, while USA follows third angle projection. In UK,
both the methods of projection are used.

It may be noted that both the second angle and fourth
angle methods of projection are not in use for objects,

Lastly,ifthe ini isal luced to zero, the
- line is shortened mtozcmlcngth and forms a point. Hence, a
point in three-di 1 v may be idered as

the smallest, dimension-less form nfn solid, which can be
suual:d any wh:r: in the  space. In orthographic pmjecnom

i bjectisspecified by its locati with
respect to the three principal planes VP, HP and PP. The
point may be situated in any of the four quadrants (angles) or
may lie in the principal planes.

Drawing of a Point

A point-object is represented by a dot in a drawing. Assume
that a point-object Pis placed in the first quadrant (above HP
and in front of VP ) as shown in Fig. 9.9. For simplicity, the

= F

Fig. 8.8 Principal planes with point P in the 1st quadrant.
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prefile plane PP is not considered here, View the point P
from the front and top sides onthogonally. Project the views
to the VP and HP respectively by dropping projectors
perpendicular (o the reference planes. The point of
intersection of the projector with the surface of plane is the
projection of the point on that plane. Here, the front view on
VP is named as p", and the top view on HP is named as p.

After marking the views and the projectors mp“and mp
on the planes, the HP is rabatted (rotated) clockwise about the
reference line xy to bring it in the same plane of VP. Now the
projection planes will be seen as in Fig. 9.10. The line xy
represents the intersection of HP and VP. The rectangles
representing the planes are not shown in the final projection
form. Figure 9.11 shows the final form of projections of
point P situated in the first quadrant.

VP Front view
“

-

|8
|
(]
* rr]l 1 ¥
0
Top " | ™
view 5 |
pN

HP

Fig. 9.10 Principal planes with the projected images of paint F.

9.4 CONVENTIONAL REPRESENTATION
OF VIEWS

In order to distinguish between the projected points, lines,
objects, projection lines, ete. of views, certain conventional
ions are foll 1 in orthographi p:u]ccuons ul'
s:ollds similar to that of 2 1 These [
ions are obeyed inter Iy and a
\ull be treated as a spelling or gmmm:n' mistake m the
hics” | The con
relevant o the projections of points, are given hcl:}w

1. The gctual point is represented by the capital letters
as seen in the pictorial view (Fig. 9.9).

2. Thetop view poinis are represented by small (lower
case) letters such as a, b, ¢, ete. The front view
points are represented by small letters with single
primes (dashes) as o, &, ¢, ete. while the side view
points are represented hy small letters with double
primes (dashes) as o, b”, ¢”, etc.

97

3. The planes of projection are assumed to be
transparent as well as endless; so that their
boundaries are not shown in projections. But the
intersection line of HP and VP is shown in
geometrical drawings as the reference line xy. Thin
line and lower case letters are used for this.

4. The projectors are usually shown in orthographic
projections of solids. Thin continuous (Type B)
limes are used to draw them. Projection lines arc
drawn always perpendicular to the reference fine
xy, because it is orthographic projection.

5. The object is drawn using thick (Type A) lines
while all the remaining lines are drawn as thin. For
the representation of a point-object. a thick dot
(say, 1 mm) may be used (see Fig. 9.11).

~Front view

L,
verficm\nf—l—
Dra]ectaf'\. @
we | | .
T IR ¥

|/
. # * Halerence
Horizentol=" | 5§ oo xy

projector
pot
~Top view

Fig.9.11 Projections of point P in the 15t quadrant.

9.5 VISUALIZATION OF THE REFERENCE PLANES

To locate the projections of points and lines in the front and
top views with respect to the reference line xv, a student may
visualize the VP and HP in the following manner.

Refer Fig. 9.12{a). To mark the front view, assume that
you are looking at the reference planes from the front side F.
Now HP coincides with xv line so that, any thing above the xy
line means above HP and that below the xv line means below
HP. To get a physical concept, HP (xv line) may be
interpreted as a floor with o tree growing above (up wards)
and the root growing below (downwards) [see Fig. 9.12(b)].
Similarly, if you are looking from the top side T, the VP
coincides with xy line. so that anything in front of VP is in
front of xy line and that befiind VP means behind xy line.
Here, the VP (xy line) may be interpreted as a wall with a jet
plane getting ready to wkeoff [see Fig. 9.12(c)]). The
Jet moves forward from the VP {wall} while the exhaust
gas maves backward. 11 the two views are combined.
Fig. 9.12(d} is obtained.
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Behind VP
(behind wall)
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= Above HP
(abava flacr)

abe

"%ﬂ

f'&

¥
- Below HFP
({below floor)

{b) Front view

Behind VP

In front of VP
(in front of wall)

HP

x-‘“—

——
¥

THF‘

Below HP In front of VP

(c) Top view

(d} Front and lop views

Fig.9.12 Visualization of principal planes.

It is to be noted that the same xy line is representing the
HP (floor) in the front view and VP {wall) in the top view.
This makes a litle confusi abegi Ti this,

will be above the xy line and the top view will be below the xv
line. Refer to Figs. 9.9 and 9.11. The following example

think about a tree standing on the floor (HP) while
considering front view and mark the above as well as below
distances from HP (xy line), the floor. Similarly think about
the jet staying in front of the wall (VP) while considering the
top view and mark the front well as behind distances from VP
{xy ling), the wall.

lains the method of solution.

Example 9.1
A point ‘A’ is 36 mm above HP and 30 mm in front of VP.
Draw its projections.
Refer to Fig. 9.13.
1. Draw a horizontal thin line to represent the

Meaning of xy line in projection

For all front views, xy line represents the elevarion of HP.
(floar) so thar, above xy line means above HP and below xy
line means below HP. For all top views, xy line represenis
the plan af VP (wall) so thar, in front of xy line means
infront of VP and behind xy line means behind VP,

9.6 PROJECTIONS OF A POINT IN THE
FIRST QUADRANT

When a point is situated in the first quadrant, its front view

fe planes and mark xy at the ends.

2. To locate the front view of A, assume that xy
line represents the elevation of HP (floor). Then
draw the vertical projector ma’ using a thin
continuous line and mark off 36 mm above xy.
as above HP. Here, a is the front view of the
point A,

. To get the top view, assume that xy line represents
the plan of VP (wall). Extend the vertical projector
from m 1o a using thin line, so that ma is 30 mm in
front of xy line, i.e., in front of VP. Here, ais the top
view of point A,
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(o) Pictorial view
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o

Fronl view-" |

i C R
s
Al
x ) HE
L
Top wiew-— 1}—
e,
a

(b} Orthogrophic projections

Fig. 9.13 Projections of a point in the 1st quadrant.

4. Place thick dots at o and o. Write the given
dimensions as shown in figure to complete the
drawing,

9.7 PROJECTIONS OF A POINT IN THE THIRD
QUADRANT

In engincenng graphics, points and lines have the freedom to
occupy any quadrant irrespective of the angle of projection.
The location of a point B in the third quadrant is shown in
Fig. 9.14(a). The onthographic projections are given in
Fig. 9.14{b). Here, the point B 15 situmed below HP, so the
front view & is located below the xy line. Similarly, the point
is behind VP, therefore the plan view b is behind the xy line.

(a) Pictarial view

Example 9.2
A point B is located 32 mm behind VP and 22 mm below HP.
Draw its onthographic projections.
Refer to Fig. 9.14,
1. Draw a horizontal thin line to represent the

reference planes and name it xy.
Tolocate the front view of B, assume that the xy line
represents the elevation of HP (floor). Draw the
vertical projector mb’, 22 mm below xy Le., below
HP. Locate the front view of point B as b"using a
thick dot.
. Tolocate the top view of B, assume that the xy line

represents the plan of VP (wall). Extent the

projector from m 1o b so that, mb is 32 mmbehind xy

2.

(&) Orthagraphic

projections

Fig.9.14 A pointin the third quadrant.

Downloaded from Ktunotes.in


http://ktunotes.in/

100

line i.e., behind VP. The line mb represents the
horizontal projector. Locate the top view of point B
as b by a thick dot, Write the given dimensions as
shown in the figure in order to complete drawing.

9.8 PROJECTIONS OF POINTS IN ALL THE
FOUR QUADRANTS

If an object is placed in the second or fourth quadrant, the
orthographic projections of them will be overlapping. This
happens due to the rabation of the HP about xy line in the
clockwise direction to align with the VP. Hence, the second
and fourth angle (quadrant) projection is not applicable to
objects. However, for points and lines, this limitation is not
considered. Fig. 9.15(a) shows the pictorial view of a point
C, placed in the second quadrant. When the HP is rabaned,
the two projections will come to the same side of xy line. The
final view will be as shown in Fig. 9.15(b). Similarly, for a
point D located in the forth quadrant, the projections will be
os seen in the Fig. 9.16(a) and will be falling below the xy line
as shown in Fig. 9.16(b). The following examples give the
projections of points, si d in the four quad

B
"o

(b} Orthographic projection
Fig.8.16 A point inthe second quadrant.

Engineering Graphics for Diploma

R

o' e—

{b) Orthographic prejection

Fig.8.16 A pointinthe fourth quadrant.

Example 9.3
A point Cis sitwated 35 mm behind VP and 25 mm above HP.
Draw its projections.

Refer to Fig. 9.15.

1. Draw the xy line.

2. Tolocate the front view of C, assume that the xy line
represents the elevation of HP (floor). Draw the
vertical projector me’ equal to 25 mm above xy line
i.e. above HP.

3. Tolocate the top view of C, assume that the xy line
represents the plan of VP (wall). Draw the
projectors me, equal to 35 mm behind xy i.e. behind
the VP as shown in figure,

4. Mark ¢ and ¢ with thick dots and place the given
dimensions. It is scen that points ¢ and ¢ lic on the
same side of the xy line, because the point Cis in the
second quadrant.

Example 9.4
A point I is situated 40 mm below HF and 20 mm in front of
VP. Draw its projections.
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Refer wo Fig. 9.16.

1. Draw the xy line.

2. Draw the projector md’ equal to 40 mm below xy
line i.e., below HP (floor).

3. Locate the plan view as d on the projector, so that
mel is 20 mm in front of xy line i.e., in front of VP
{wall).

4. Mark d and & with thick dots and place the
dimensions. Here, the views d and o lie on the same
side ofthe xy line, because the point is situated in the
fourth quadrant.

Example 9.5
The following four points PQRS are situated in the four
quad Draw the orthographic ions of them about
a single reference line, assuming that their projectors are
spaced 30 mm apart horizontally.
{a) Pis 30 mm above HP and 40 mm in from of VP.
(b) Qis 25 mm above HP and 35 mm behind VP.
{¢) Ris 32 mm below HP and 38 mm behind VP.
{d) §is 36 mm below HP and 15 mm in front of VP.
Refer o Fig. 9.12.
1. Draw the xy line,
2. Draw projectors 30 mm apart, perpeadicular to the
reference line, on the xy line as shown in the figure,
Locate the front view and top view of the points
PORS located in quadrants I, II, ITT and IV,
3. Mark the location of the points with thick dots and

di ion them t plete the d g
q'_l' T
Py a |
a el =
R oa _”\ iz
r
I
* 30 30
Iy
[=] Ly
= i
|
ret
Pt

Fig. 9.17 Projections of points in the four quadrants.

9.9 INTERPRETATION OF PROJECTIONS
OF POINTS

A student in engineering graphics should develop the
capacity 1o interpret (read) the views and understand the
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information contained in them. This is a reverse process of
what was explained in the previous examples.

Example 9.6
Figure 9.18 gives the projections of points M, N, O and P.
Interpret them and determine the positions of the points with
respect to the principal planes,
Print the answer using capital letters as given below:
1. Point mis 30 mm above HP and 20 mm in front of

2. Point nis 35 mm below HP and 15 mm in front of
VP.

3. Point o is in the HP and 26 mm behind VP.

4. Point p is in both HP and VP.

Fig. 9,18 Projections of points in the four quadrants.

9.10 PROJECTIONS OF POINTS ON HF,
VP AND PP

A point is fully located in the space, when the distance from
the profile plane is also marked in addition to that from HP
and VP. Figure 9.19 shows pictorial view of point P located
in the first quadrant. Here, @ is the intersection point of the
three planes called the origin. The intersection line of VP and
HP is marked as ex, that of PP and HP is marked as oy and the
inter section line of PP and VP is marked as oz. To get the
projection of P on profile plane, the point is viewed from the
left side and projected perpendicular to PP. The view on PPis
named as p”. To bring the three planes aligned to VP, the HP
is rabatted about xo line and PP is rabatted about zo line
resulting the opening of the first quadrant to a single plane.
The pictorial view is shown in Fig. 9.20 and the front view in
Fig. 9.21. Here, note that the three planes overlap each other,
The final view of the projections is shown in Fig. 9.22. Since
the distance from the PP is not given, the front and top views
may be placed at any convenient distance from oz line.

Note that the horizontal line xo 18 extended to y and the
vertical line zo is extended to y; to represent the intersection
of the three planes. Here, lines oy and oy, are the split form of
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Fig.8.19 Three principal planes with point P in the 1st
quadrant {pictorial view).

Fig.9.20 Three principal lanes with projected views of paint P
{pictonial view—after rabation).

[ ——

1l pr i

Fig.9.21 Three principal planes with projected views of point

P (arthagraphic view).
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P& VP view
Arao forH &\‘Pvli\ns Z _ Areq for PP view

aN B
3 7
! o |

T 5"_4

Any disfance_
¥1

Fig.8.22 Three orthographic views of point P in the 1st
quadrant.

the intersection line oy marked on the pictorial view of planes
in Fig. 9.22. Tt is to be noted that if a profile view is not
required, xoy line is reduced as xv line and the zoy, line is

liminated for simplicity of i

Example 9.7
Drawthree views of a point P located in the first quadrant and
dimension them as per BIS. The point P is 25 mm above HP
and 30 mm in front of VP.

Refer to Fig. 9.22.

1. Draw the xoy line horizontal and the zov, line
vertical through the origin o as shown.

2. Mark front and top views p” and p of point P, after
drawing the projectors at a convenient distance
from zoy; line.

3. Draw horizontal projector through p to meet line
oy and rotate it anticlockwise about o 1o ov. Then
project the line upwards to meet the horizontal
projector drawn from p’, to get the point p” in the
first quadrant.

4. Dimension the views as per BIS.

Example 9.8

Point A is located in the third quadrant. The distance from HP
is 30 mm and that from VP is 20 mm. Draw projections of the
point on HP, VP and PP.

Refer to Fig. 9.23.

1. Draw the xoy line horizontal and the zoy; line
vertical through the origin o as shown.

2. Mark frontand top views @’ and @, after drawing the
projectors at a conventent distance from the zoy;
line.

3. Draw horizontal projector through a to meet the
line oz and rotate it anticlockwise about @ to ox,
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Then project the line downwards to meet the
horizontal projector drawn from a’, to get the point
«” in the third quadrant.

4. Dimension the views and complete the drawing.

VP 2
1l A 1
=9, _—
v = 7 =
-_Jv 8 HP-,
U S SR S W ==
k] = ¥
T
b= 2|
a'y - - .
" a™ | 1
Any distance
¥i
Fig.8.23 Three orhographic views of point A in the 3rd
quadrant,
Example 8.9

Point B is located in the second quadrant. The distances from

HP and VP are 28 mm and 18 mm respectively, Similarly

point C is located in the founth quadrant. The distances from

HP and VP are 30 mm and 15 mm respectively, Draw

projections of the points on HP, VP and PP. The distance

between points along xy line may be taken as 20 mm.
Refer to Fig. 9.24.

1. Draw the xoy line horizontal and the zoy; line

vertical through the origin o as shown.

2. Mark frontandtop views & and b . after drawing the
projectors at a convenient distance from the zoy;
line.

Draw horizontal projector through & 1o meet the
line oz and rotate it anticlockwise about o 1o ox.
Then project the line upwards to meet the

kel

¥

Fig.9.24 Three crthographic views of point A in the 3rd
quadrant.
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horizontal projector drawn from b, o get the point

£”in the second quadrant.
4. Similarly. mark the front and top views ¢"and ¢,
afterd g the proj atadi of 20 mm

from projection line bb"as shown in the figure.

5. Draw honizontal projector through ¢ to meet the
line oy and rotate it anticlockwise about o to oy.
Then project the line downwards to meet the
horizontal projector drawn from ¢, to get the point
" in the fourth quadrant.

6. Dimension the views and complete the drawing.

Example 5.10
A point D is located in the first quadrant. The shortest radial
distance line drawn from the point Do the intersection of HP
and VP has 40 mm length and is inclined at 60° to HP. Draw
front and top views of the point D.

Refer to Fig, 9.25.

1. Draw the xoy line honzontal and the zoy, line
vertical through the origin o as shown.

2. Mark the left side view 4" on PP, after drawing a
60° inclined radial line of length 40 mm from
origin o, in the first quadrant as shown in the figure.

3. Drawavertical projector (d'd)ata convenient distance
from the zay, line. Then draw a honzontal projector
through o o meet the vertical projector at o,

4. Draw vertical projector through " 1o meet the line
oy and rotate it clockwise sbout o to oy, Then
project from the point horizontally 10 meet the
vertical projector drawn from &, to get the point d.

5. Dimension the views and complete the drawing.

Example .11

The shortest distance of a point E to the intersection line of

HP and VP is 36 mm and the poini is 20 mm above HP. Draw

the front and top views, if the point is in the second quadrant.
Refer o Fig. 9.26.

1. Draw the xoy line horizontal and the zoy, line
vertical through the origin o as shown.

2. Mark the left side view ¢ on PP, after drawing a
horizontal line at a distance of 20 mm above HP and
cutting an arc of radius 36 mm from origin o, in the
second quadrant as shown in the figure.

3. Draw a vertical projector at a convenient distance
from the zery, line. Then draw a horizontal projector
through ¢ to meet the vertical projector at ¢,

4. Draw vertical projector through ¢ to meet the line
ax and rotate it clockwise about o 1o meet oz. Then
project from the point horizontally to meet the
vertical projector drawn from ', to get the point e.

5. Dimension the views and complete the drawing.
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Fig.8.25 Three orthographic views of point D in the 1st
quadrant.
EXERCISES Ry
Projections on HP and VP
1. A point K is 35 mm above HP and 25 mm in front of
VP. Draw the orthographic projections.
2. A poimt L is located 30 mm below HP and 36 mm
behind VP, Draw the projections of point L.
3. PoimMis situated 32 mmbehind VP and 22 mm above
HP. Draw its projections and dimension them.
4. A point N is situated 20 mm below HP and 40 mm in
front of VP. Draw the projections.
5. Draw the projections of the following points. Take the
distance between the projectors as 25 mm:
{1} Point A is 20 mm above HP and 42 mm in front of
VP.
(i1} Point B is 35 mm below HP and 20 mm in front of
VP
(iii) Point C is 20 mm above HP and 36 mm behind VP,
(iv) Point D is 42 mm below HP and 235 nun behind
VP.
Dimension the figures as per BIS.
6. Figure 9.27 gives the onhographic projections of

certain points. Interpret them and write the positions of

o d
ne o i
Al q| | A
Ef i 3 {
% - 13 T Ty
| o ®i
g A g
iy ©
Fig.8.27
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_+~—Shaorlest distonce

| Any distance

Ly

Fig.9.26 Three orthographic views of point E in the 2nd

7.

8.

quadrant,

the points with respect to VP and HP using 4 mm

capitals.

Draw projections of the following points and show the

dimensions as per BIS. The distance between the

projectors is 30 mm.

(2) Point P is in the VP and 34 mm below HP.

(b) Point Q15 in the HP and 32 mm behind VP.

{c) Point R is in both the HF and VP.

(d) Point § is in the third quadrant and 35 mm away
from both HP and VP.

The orthographic projections of certain points are

shown in Fig. 19.28. Determine their positions with

respect to the reference planes and print them using 4

mm letters,

B

q r
x q i ¥
g |
+5. 5
»

Fig.9.28

Projections on HP, VP and PP

9.

10.

Draw three views of a point Q located in the first
quadrantand dimension them as per BIS. The point Qis
35 mm above HP and 20 mm in front of VP.

Point E is located in the third quadrant. The distance
from HP is 32 mm and that from VP is 26 mm. Draw
projections of the point on HP, VP and PP,
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Point Fis located in the second quadrant, The distances
from HP and VP are 38 mmand 28 mm respectively.
Similarly, point G is located in the fourth quadrant.
The distances from HP and VP are 40 mm and 25 mm
respectively. Draw projections of the points on HP, VP
and PP. The distance between points along xy line may
be taken as 30 mm.

. A point H is located in the first quadrant. The shonest

radial distance line drawn from the point H to the
intersection of HP and VP has 50 mm length and is

105

inclined at 30° to HP. Draw front and 1op views of the
point H.

The shortest distance of a point J o the intersection line
of HP and VP is 46 mm and the point is 25 mm above
HP. Draw the front and top views, if the point is in the
second quadrant.

A point M is lying in the first quadrant, The shortest
distance of the point from xy line is 55 mm. If the point
is 30 mm above HF, draw its projections.
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Projections of
Straight Lines

straight line may be defined as the locus of a point

which moves along the shortest path joining two given
points. It may also be defined as the locus of a point which
maoves linearly. A line in this chapter is considered to be a
straight line unless the shape is specified.

The shape of an object is formed by different surfaces. A
geometrical surface is formed by rotating or moving a
straight line in different forms. Various machine pars,
concrete structures, eic,, are formed by such geometrical
shapes. Hence, clear grasping of projections of lines is a
necessary for engi h d the three-
di etc. and solve the related

I shapes, p
problems.

10.1 CLASSIFICATION OF LINE POSITIONS

A line may be placed in infinite number of positions with
reference to the vertical and horizontal and profile planes.
These positions may be classified according to the inclination
of the line to the reference planes and the quadrants in which
itis placed. The classification based on incli is givenin
Fig. 10.1. They are:

(a) Line parallel to both the reference planes

(b) Line perpendicular to one of the refe

(c) Line inclined to HP but parallel to VP

planes
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e

(d) Line inclined to VP but parallel to HP

(e) Line inclined to both HP and VF (obligue line)

(f) Oblique line parallel to PP

The classification of lines, based on the quadrants in
which they are placed is:

(a) Line placed in one of the four quadrants

(b) Line contained in one of the planes

(c) Line placed in two quadrants

(d) Line placed in three quadrants

Figure 10.2 gives the pictorial view of the above classes
of lines and their orthographic projections.

As per ISO as well as Bureau of Indian Standards, first
angle projection has to be followed for all engineering
drawings. But as mentioned earlier, points and lines are free
from this rule. A student of Engincering Graphics has to
study the projections of lines, placed anywhere in the four
quadrants.

10.2 LINE PARALLEL TO BOTH THE
REFERENCE PLANES

Figure 10.3(a) gives the pictorial view of a line AB placed
parallel to both the reference planes. If the points A and B are

projected to the vertical and horizontal planes, the front view
(elevation) a’'h” and top view (plan) ab are obtained on the

Downloaded from Ktunotes.in


http://ktunotes.in/

Projections of Straight Lines

(a) Line porallel to both the planes

(d) Line Inclined o VP

(b} Line perpendiculor

(2) Lire inclined fo both the planes

107

(f) Line contained in FP

Fig. 10.1 Line positions by inclination.

respective planes. Afier rotating the HP, the view will
occupy a position shown in Fig. 10.3(b). Here xy line
represents the intersection of HP and VP. The wwo
projections of the line can be visualised as did for the
projection of the points. Figure 10.3(c) shows the projected
views of the line to be presented by a student in his drawing.
The following important points may be noted from the
views.

1. The line AB is parallel to both the planes, hence the
projections a’®” and ab will be having the true
length of AB.

2. Since the line is parallel to both the planes, the
projections will be parallel to xy line.

3. The lines a'F’ and ab represents the projections of
the given object, hence they are drawn by using
Type A thick (0.5 mm) continuous lines. All the
remaining lines are drawn using Type B thin
(0.25 mm) continuous lines.

4. The projectors connecting front and top views will
be always perpendicular to xy line and are
represented by Type B thin (0.25 mm) lines.

Meaning of xy line in projection

For all front views, xy line represents the elevation of HP
(floor) so that, above xy line means above HP and below xy
line means below HP. For all top views, xy line represents
the plan of VP (wall) so thar, in front of xy line means
infront af VP and behind xy line means behind VP.

Example 10.1

A line AB 50 mm long is parallel to both HP and VP. The
point A is 20 mm above HF and the point B is 40 mmiin front
of VP. Draw its projections.

Rcfcl to Fig. 10.3(c).

Diraw the xy line.

2. The line AB is in the first quadrant. Since the line is
parallel to HP and VP, the projections of the line
will be parallel to xy. Draw the line o'’ as front
view, 20 mm above xy line (HP) and line ab as top
view, 40 mm in front of xv line (VP).

3. The line AB is parallel to both the planes, hence the
wo projections will have the true length 50 mm.
Draw the end projectors perpendicular to xy line.
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{e) Line in two guedrants (1st and 4ih)

{b) Line contgined in

Engineering Graphics for Diploma

one plone (HP)

{d) Line in three quadrants (1, 3 and 4)

Fig.10.2 Line positions by quadrant.

4. Finish the views by converting them into thick
lines. Name the points and print the given
dimensions as shown in Figure 10.3(c).

10.3 LINE PERPENDICULAR TO ONE OF THE
REFERENCE PLANES

When aline is perpendicular to one of the reference planes, it
will be automatically parallel to the other plane. Figure
10.4{a) shows the pictorial view of a line AB perpendicular to
VF. Since the line is | dicular to VP, its projection of
end points " and & coincide to form a single point. The line is
parallel to HP, so, its projection on HP has the true length.
After rabatting the planes, the view will occupy a position as
shown in Fig. 10.4(b).

Example 10.2
A 40 mm long line AB is positioned in such a way that it is

perpendicular to VP and the end B is 10 mm in front of VP
and 30 mm sbove HP. Draw its projections, keeping the line
in the first quadrant.

Refer to Fig. 10.4.

1. Draw the xy line.

2. The line is perpendicular to VP, hence it is parallel
1w HP. In the VP, ends @’ and b coincide to form a
point. Tt draw a line perpendicular to xy
line. Locate the front view as a thick point (e'b) ata
height of 30 mm above HP (above xy line).

3. Unless and otherwise stated. a line is assumed 1o be
in the first quadrant. So, mark ab = 40 mm (true
length) on the perpendicular drawn to xy line, such
that point & is 10 mm in front of VP (in front of xy
line)

4. Convert ab tothick line to represent the plan of AB
and note the given dimensions as shown in figure to
complete the views.
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Fig.10.3 Line parallel to both the planes.
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Fig.10.4 Line perpendiculario VP
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Example 10.3
Line CD, 36 mm long is in the first quadrant, End D is 12 mm
above HP and 24 mm in front of VP. If the line is
perpendicular o HP draw its projections.
Refer to Fig. 10.5,
1. Draw the xy line.
2. Asthe line CD is vertical, the top view of the points
C and D will coincide. Hence, mark a point ¢, d as
top view, 24 mm in front of xy line (VP).
3. The lineis vertical means it is parallel to VP and the
projection on VP will show the true length.
Therefore, draw a p from ¢ d, perpendi
cular to xy line and mark the point &, 12 mm above
xy line (HP) and line ¢’d” = 36 mm.
4. Giveappropriate thick to the lines and place th
given dimensions to complete the projections as
shown in the figure.

Y, d
Fig.10.5 Line perpendicularto VP,

10.4 INCLINED LINE PLACED IN FIRST
QUADRANT

When a line is parallel to one of the reference planes and
inclined to the other, may be called as inclined line. lis
projection on the plane to which it is parallel will have the
true fength (TL) and true inclination {8 or ¢). Figure 10.6(a)
shows the pictorial view of a line inclined at & to HP. The
projection a’b” on VP has the true length of AB and the true
inelination &, But the top view ab is parallel w xy and has an
apparent length (plan length = PL) less than the true length,
Similarly, when a line is ¢° inclined to VP but parallel to HP,
the projection on HP has the true length (TL) and true
inclination ¢° as shown in Fig. 10.7(a). Here the line is
contained in the HP. The front view is on xy line and has an
apparent length (elevation length = EL) less the wue length.
From the above two figures the following properties of
projections of an inclined line may be noted.

Engineering Graphics for Diploma

(b} Projectians

Fig. 10.8 Lineinclined to HP (line in 1st quadrant).

1. The projection on the plane to which the line is
parallel will have the true length TL and true
inclination & or ¢.

2. The projection on the plane to which the line is
inclined will have a reduced apparent length PL or
EL.

3. [Ifaline is contained in a plane, its projection on the
other plane will be on the xy line itself.

Example 10.4
Aline AB, 60 mm long is parallel to VP and inclined at 30° w
HP. The end A is 20 mm above HP and 40 mm in front of VP.
Draw the projections.

Refer to Fig. 10.6.
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1. Draw the xy line.

2. Mark points a" and a, 20 mm above HP (xy line) and
40 mm in front of VP (xy ling).

3. Draw the 307 inclined line «'b” having a true length
60 mm and place the end projector b'b
perpendicular to the xy line.

4. Draw ab parallel to xy to represent the top view.

5. Finish the drawing by giving proper line thickness
and print the given dimensions.

Example 10.5
Line CD is inclined at 45° to VP and is comained in HP. The
end C is 16 mm in front of VP, Draw the projections of the
line, if the true length of line CD is 50 mm.
Refer to Fig. 10.7.
1. Draw the v line.

Front view -

d
()] Prujc.;norbv

Fig.10.7 Lineinclined to VP (line in 15t quadrant).

ta

Laocate point ¢ on xy line (HP) and point ¢, 16 mm

in front of xy line (VP).

3. Draw CD =50 mm. the true length, at45° 1o VP (xv
line} and insen end projector dd” perpendicular o
ay.

4. Draw thick line 1o represent elevation ¢'d”, on xy.

3. Finish the drawing by giving proper line thickness

and print the given dimensions,

INCLINED LINE PLACED IN ANY ONE OF
THE FOUR QUADRANTS

Line inchined 1o one of the reference planes may be placed in
any one of the four quadrants. Such a line can be drawn by
marking the end points as is done in the previous problems.
The following les explain the p 1

10.5

Example 10.6

Aline MN, has end M 20 mm below and 307 inclined o HP.

If the line is 30 mm behind and paralle]l w VP, draw

projections and find its true length. The distance between the

end projectors is 60 mm and the ling is in the third quadrant.
Refer to Fig. 10.8.

1. Draw the xy line.

2. Locate point m’, 20 mm below HP and m, 30 mm
behind VP.

3. Draw m'n’at 30° 1o HP (xy line) to intersect the
vertical projector drawn at 60 mm distance from the
projector s’

4. Draw line mn (PL) paralle] to xy to mark the plan.

5. Measure the true length (TL) of line m’n’ and print
the answer below the drawing.

6. Finish the drawing by giving proper line thickness
and print the given dimensions.

m PL n

Answar e )
TL = 89.3 mm ™~

Fig. 10.8 Line inclined to HP {line in 3rd quadrant).
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Example 10.7

A line PQ, has end F 26 min behind VP and on HP. If the line

has 80 mm length and parallel to VP, draw projections and

find its true inclination and plan length. The end Q is 60 mm

above HP and the line is in the second quadrant.

Refer ta Fig. 10.9

Draw the xy line,

Locate point p, 26 mm behind VP and p’ on HP.

. Draw a line i'A’, 60 mm above xy (HP) and cut an
are of radius 80 mm from p” to locate g’ on line A4,
Now p'’ is the elevation of the line.

4. Draw line pq (PL) parallel to xy to get the plan.

5. Finish the drawing by giving proper line thickness

and print the given dimensions.

6. Measure the plan length PL of line pg and the

inclination 8 of line p'q’ to xy. Print the values as
answer, below the drawing.

=

q
g o c@gj
L]
x . ¥
p\/ ] |
/ 8 = 49 =

Answer
FL = 5Z2.9mm

Fig.10.8 Line inclined to HP (line in 2nd quadrant).

Example 10.8 '
Line RS of length 84 mm is placed in the founh quadrant so

Engineering Graphics for Diploma

&
|

A

Answer

4= 17
EL=B0.2mm
Fig.10.10 Line inchined to VP (line in 4th quadrant).

4 E

5. Measure theelevation length EL and the inclination
¢with VP (the xy line) and print the values.

10.6 TRACE OF AN INCLINED LINE PLACED IN
ONE QUADRANT

The point at which a line or the produced line meets the
reference plane is called the rrace of the line on that plane. If
a ling is perpendicular or inclined to a plane, the line will
penetrate that plane to form a trace when itis produced. Butif
the line is parallel to a plane, it will not meet that plane and
hence there will be no trace on that plane. Figure 10.11(a)
shows the pictorial view of a line inclined to HP but parallel
to VP. Here, the produced line meets the HP to form a trace
called Horizontal Trace (HT). The front view of the point HT
will be on the xy line and is marked as h’. Similarly Fig.
10.12{a) shows the pictorial view of a line inclined to VP but
parallel to HP. Here, the meeting point of the produced line
on VP is called the Verrical Trace (VT). The top view of the
trace VT will be also on the xy line and is marked as v.

that it is paraliel to HP and the ends are 60 mm below. If the
end R is 40 mm and end § is 15 mm in front of VP, draw the
projections and find the elevation length and inclination of
the line with VP.
Refer to Fig. 10.10
1. Draw the xy-line. Locate the top view of the end rat
adistance of 40 mm and s at a distance of 15 mmin
front of VP (xy line). The point 5 is obtained afier
drawing the vv line at 15 mm distance and cutting an
arc of radius 84 mm from ronit.
. Draw vertical projectors through points r and 5.
3. Draw ahorizontal line #'s”, 60 mm below the xy line
(HP) to represent the elevation.
4. Finish the drawing and print the given dimensions
as shown in the figure.

(=]

The onth hic projections of these Tines are shown in
Figs. 10.11(b) and 1(.12(b).

Example 10.9
Aline AB of length 60 mm is paraflel to VP and 30 mm in
front of it. If the point A is 16 mm above and the point B is 50
mm above HP. Draw its projections and find the horizontal
trace.
Refer to Fig. 10.11.
1. Draw the front view as o'b" and top view as ab of the
given line AB as shown in the Fig. 10.11.
2. Extend ba’ to meet the xy line at '
3. Draw aprojector through A’ to intersect the line ba,
extended at the point HT.
4. Finish the drawing with proper line thickness and
print the given dimensions.
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Front view

Tep view

Horizental iroce 3

{a) Pictaricl view

113

FL
a b
(b) Projections

Fig. 10.11 Horizontal trace of an inclined line (line in 1st quadrant).

Properties of traces

1. Traceofaline onapl ists, if the line is inclined
or perpendicular to that plane.

2. The HT of a line will be on the top view, or the top
view produced. Similarly VT of a line will be on the
front view or front view produced.

3. The point &* will be on the xy line as well as on the
front view or front view produced. Similarly, the
point v will be on the xy line as well as on the top view:
or top view produced.

4. The line joining HT and &’ is a projector, hence it
will be perpendicular to xy line. Similarly the line
joining VT and vis a projector, perpendicular to the
xy line.

Fronl view

Top wiew

(o) Pictorial view

Example 10.10
The end C of a line CD is 20 mm in front of VP while the end
D is 32 mm above HP. The line is parallel to HP and 45°
inclined to VP. Draw its projections and mark its vertical
trace, if the length of the line is 50 mm.
Refer to Fig. 10.12.
1. Draw the top view cd and then the front view ¢'d’ of
the line CD as shown in figure.
2. Extend dc to meet the xy line at v,
3. Draw a projector through v to intersect the line d'c”
extended at the point VT.
4. Finish the drawing with proper line thickness and
print the given dimensions.

(B) Projectians

Fig. 10.12 Vertical trace of an inclined line (line in 1st quadrant}.
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10.7 TRACE OF AN INCLINED LINE PLACED IN
TWO QUADRANTS

When an inclined line is placed in two quadrants it will be
penetrating one of the reference planes. The point of
penetration will be its trace. Since the line is parallel to one of
the planes, it will be having only one trace and that is the
penetration point. Figure 10.13 shows the vertical trace of an
inclined line placed in 1st and 2nd quadrants. Similarly,
Fig. 10.14 shows the horizontal trace of an inclined line
placed in 2nd and 3rd quadrants.

Example 10.11
A line PQ, 70 mm long is parallel to HP. Tis one end P is
20 mm in front of VP and Q is 30 mm behind VP. If the line
is 40 mm above HP, draw the projections, locate the traces
and find its inclination to VP.
Refer to Fig. 10.13.
1. Draw the xy-line. Locate the top view of the point p
at a distance of 20 mm in front of the VP (xy line).
2, Draw aline vwof any length to represent the path of
the top view of the point Q, parallel to and at a
distance of 30 mm behind the xy line. Now, the top
view of the point Q lies on vv and the length of the
top view i.e. pg = 70 mm. With centre P and
radius = 70 mm, draw an arc to cut the line vv at g.
3. Draw projectors through points p and g. Also draw
ahorizontal line p’g” at a height of 40 mm above the
VP (xy line), to get the elevation.
4. Theinclination of the top view with the xy line is the

inclination of the line PQ with VP.
5. Locate v at the intersecting point of plan pg on xy
d draw a proj aty the elevation p’y’ at
VT.

6. Finish the drawing, measure angle ¢ and print the
given dimensions as well as the answer.

F PL E
| v lq
. 1
oSy 5
\TL )
_;_x ¥
EJ\"'_" Answer
¢ = 40.8"

Fig-10.13 Trace of a line inclined to VP (ine in two
quadrants).
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Example 10.12

The front view of a line RS is 80 mm long and it makes an
angle of 45° to.xy line. The midpoint m” of the line r's” is 8 mm
below the xy line and the end R is in the second quadrant. 1f
the line is 16 mm behind and parallel to VP, draw its
projections and mark the traces.

Refer to Fig. 10.14.

1. Draw the xy line.

2. In the given position, the end R is in the 2nd
quadrant and the end § is in the 3rd quadrant.
Locate the mid point as m” and m, 8 mm below and
16 mm behind the xy line.

3. Draw the front view r's” 80 mm long. inclined at45°
to.xy line, through the midpoint m’ so that m's” is 40
mm and the end R is situated above HP (xy line).

4. Draw the end projectors through r and 5* and
construct the line rs, 16 mm behind and parallel o
VP (xy line) to get the top view of RS.

5. Draw projector m'm, measure the top view length
PL and print the value as the answer.

6. Tolocate the HT, mark &' at the crossing pointof 's”
on the xy line and draw projector through ' to
intersect the top view at HT,

7. Finish the drawing with proper line thickness and
print the given dimensions.

Answer
FL = 56.6 mm

Fig.10.14 Trace of a line inclined 1o HP {line in two
quadrants).

10.8 THREE VIEWS AND TRACES OF AN
INCLINED LINE

The left side view on the profile plane PP is considered as the
third principal view added to the usual front and top views,
The method of getting profile plane view of a point is already
explained in Chapter 9 (Refer Figs. 9.21 and 9.22.) The
same procedure is followed for straight lines also.
Figure 10.15 shows three views of an inclined line parallel to
VP, placed in the first quadrant.
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For easy understanding of the projections of planes,
the left side portion of the projection may be considered
on the space for usual front and top views and the right
side portion for the end view of HP and VP, forming the
four quadrams. These two portions may have any
distance, since the distance of the line from PP is not
usually specified. Here, the points on profile view are
identified by adding double prime 1o lowercase letters as
shown. The view of HT on profile plane is &” and is obtained
on end view of HP (xoy), where the profile view a”b" or its
exiension intersects.

A line inclined to VP and parallel to HP is shown in
Fig. 10.16. The line 15 in the third quadrant. Here the
side view is a horizontal line d”c”. The view of VT on
profile plane is v and is obtuned on end view of
VP (zoy,), where the profile view ¢”d” or its extension
intersects.

Example 10.13

Line AB is parallel to VP and has a plan length 48 mm
in the top view. If the end A is 40 mm above HP, and 24 mm
in front of VP while the end B is 10 mm above HP, draw the
front, top and side views of the line. Also mark its traces on
the three views. What is the true length and inclination of the
line?

Refer to Fig. 10.15.

1. Draw the xoy line horizomtal and the zoy; line
vertical through the arigin o as shown.

2. Mark frontand top views " and a of the end A, after
drawing vertical projector at any convenient
distance from zoy, line.

3. Draw ab, the top view of length 48 mm parallel to
xy and locate ° 10 mm above HP, after drawing a
vertical projector through b, Join b 10 get the
front view.

p
A pnamer

= 56.6 mm
= 3

Fig.10.18 Three orthographic views of a line in the 1st
quadrant.

4. Draw horizontal projector through points a and bto
meet ay; line, rotate it anticlockwise about the
onigin ¢ to meet xoy (direction opposite to rabation)
and then project upwards. [nsert horizontal
prajectors through & and & o intersect this line at
points a” and b, which gives the side view,

5. Extend 'b tointersect xy line at i’ and mark HT by
drawing vertical projector, The side view of HT is
marked as &” and is obtained on the end view of HP
(xoy line), where the profile view a”b” or is
CXIENSION INIETSeCts.

6. Measure o'’ as true length and its inclination to HP
as H. Print the given dimensions and the answer.

Example 10.14

Aline CDis paralle] to HP and has a length 60 mm., If the end

Ci5 20 mm below HP, and 10'mm behind VP while theend D

is 36 mm behind VI, draw the front, top and side views of the

line, Mark its traces in the three views. Also find the elevation

length and inclination of the line to VP by graphical methods.
Refer to Fig. 10.16.

1. Draw the xov line horizontal and the zov; line
vertical through the origin o as shown.

2. Mark front and top views of the line CD as ¢/ and
el as shown in the figure. Note that the line is in the
3rd quadrant.

3. Draw horizomal projectors from ¢ and & o meet
line oz (side view of VP) and rotate them
anticlockwise about the origin o (direction opposite
10 rabation) to the line oxy (side view of HP).
Project downwards from there to meet the
horizontal projector drawn from ", o0 get the
required side view ¢”d”.

4. Extend cd to intersect the xy line at v and project
downwards to meet the line ¢'d” produced at VT,

5, The side view v of VT is on the line oy, (side view
of VP) and is obtained by extending o”'c”.

6. Measure ¢’d’ as elevation length and the inclination
to VP as ¢ Print the given dimensions and the
answer.

10.8 LINE INCLINED TO BOTH THE HP AND

VP (OBLIQUE LINE)
View of a Line In Oblique Position
Figure 10.17 gives the pictorial view of an inclined line

moving to obligue position (inclined to both the HP and VP).
Here, line AB, is parallel to VPand inclined & to HP. The top
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VT ¢ d d* < PL = 54.1 mm
n ¢= 25
Fig.10.16 Trace cfali VP (line in

Front view.

Fig. 10.17 Line inclined to both the planes.

view aby, the projector B b, and the line AB, forms a right-
angled triangle like a set-sq As the set-sq ining
the line AB; moves from its parallel position (parallel to VP)
to the inclined position AB, the line becomes ¢° inclined to
VP also. This is the oblique | of the line (inclined to

The following points may be remembered while solving
a problems of obligue lines.

Properties of oblique line
1. Ifaline is inclined to both the planes (oblique line),
its projections will have shorter lengths (EL and PL)
than the true length (TL).
2. The projections of oblique line will make apparent
angles cand ffto the xy line and these angles will be
larger than their true angles #and ¢.

The Conical Movement of Line from Parallel to
Oblique Position

The method of solving problems of oblique lines can be
illustrated by the pictorial views given in Figs. 10.18 and
10.19. A lime position, which is inclined to both the planes,
may be rep by a g (straight line on the
conical surface) of a semi-cone with vertical axis. Refer
to Fig. 10.18(a). The generator AB of the semi-cone is
parallel to VP and inclined at & (true angle) to HP in the
initial position. As the end B, is moving along the base of the
cone, keeping the angle & constant and end A fixed, the wp
view of B; moves along arc b, b and the front view moves
along the horizontal line (locus line &'k") from by to . Let B

HP and VP). As the line moves to oblique position, the

projector moves from &, to ', Note that this will increase the

true angle & to the apparent angle @ in the front view.
When the line AB; moves to the AB position, the top

view aby al s making an angle of fwith
ay line. Here, 3 is the inclination of top view to the xy line,
which is the app | ding to the true angle ¢.

Angle b will be larger than the true angle . Note that the true
angle (6 or @) of an oblique line is measured along a plane,
which is containing the line and kept perpendicular to the
reference plane.

beanyi point along the path. In this position, the
front view a’b’ makes an angle o with xy line, which is larger
than &°. The length of the front view (EL) is less than the true
length a'by” (TL). The required oblique position of the line
will be anywhere between the starting point By and the mid
position By, In the top view, the point by moves along the arc
byb with centre a and radius PL. Orthographic view of this
line position is given in Fig. 10.18(b).

Consider a second semi-cone having a horizontal axis as
given in Fig. 10.19(a}, so that the oblique line is a generator
of that cone also. Assume that the straight line is initially
parallel to HP and is ¢ inclined to VP (line AB.). Now its top
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(b} Projections

Fig.1018 Line moving from position paraliel 1o VP to the
inclined posttion.

view aby will show the true length and inclination. But, if the
line is revolving about the fixed point A, keeping the
inclination ¢ to VP a constant, it will form the horizontal
cone as shown in the figure. As the end B, moves along the
base of the semi-cone, the top view of it moves along the
locus line v from B to b, which is parallel to xy line. The
point by" of the front view moves along an arc with centre a”
and radius EL. In this position, the top view ab makes an

17

N

v

LN

-5
(b} Projections

Fig.10.19 Line moving from position parallel to HP 1o the
inclined position,

apparentangle §°, which is larger than ¢" and the length of ab
(PL) is less than the true length AB. Orthographic views of
this line position is given in Fig. 10.19(b).

Principle of Getting the Projections

Now, ifthe required true inclinations of the line to HP and VP
are & and ¢, that position can be obtained by ¢ ing the
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(e} The combined form of views
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b
True inclination fo HP
Apporant inclination of fromf view
True inclination ta WP
Appareni inclinotion of fop view

=% Q@

{b) The final form af views

Fig.10.20 A Line inclined to both the reference planas.

Figs. 10.18(b) and 10.19(b) as given in 10.20(a). [t may be
concluded that the required position of the point satisfying
the two inclinations is the intersection of the circular path of
band linear path of &) at " in the front view. The line joining
o and B is the required front view of the line AB.
Similarly, in the wop view, the intersection of the circular
path of b, and linear path of b, at b gives the position of the
end point, satisfying the two inclinations. The line joining a
and b is the required top view of the line AB. The apparent
angles ¢ and fi. are larger than 6 and ¢ respectively. The
projector joining b and b will be perpendicular to xy line.
This property can be used as a check for the accuracy of the
drawing.

Inthe Fig. 10.20(a), there is the possibility of obtaining a
second position of point B as a mirror image (b, and by, ),
satisfying the given conditions. If the mirror image is
climinated the final form is as given in Fig. 10.20(b). Here,
K is the locus of B in the front view and wv is the locus of B
in the top view.

Properties of Projecti of an Oblique Line

1. The elevation length EL and the plan length PL of
an oblique fine are always Jess than the true length
TL.

2. Theapparent angle a of the front view with xy line is
always larger than &, the true inclination with HP.
Similarly, the apparent angle fof the top view with

xy line is always larger than ¢, the true inclination
with VP.

3. The locus line k4 is the path of end of an oblique
line in from view, while it moves from paralle] to
oblique position. Similarly, the locus line v is the
path of end of the oblique line in top view, while it
moves from parallel to oblique position.

4. The locus lines &'’ and vw are always parallel to the
xy line and they may be positioned on both sides or
on one side of the xy line, depending on the position
of the oblique line.

5. Since a visible object is to be presented using thick
line in projections as per BIS, all the views of the
given line are to be converted into thick (Type A)
line while finishing the drawing.

Example 10.16
A line AB, 60 mm long has its end A in the HP and 20 mm in
front of VP. If the line is 45% inclined to HP and 30° inclined
to VP, draw its projections.
Refer 1o Fig. 10.21.
1. Draw the xy line.
2. Locate pointa’ onxy line and pointa 20 mmin front
of xy line.
3. Draw line a’b’; = 60 mm (TL) long, at the angle 45
to xy line and project to get the plan view ab, (PL).
4, Draw aline aby=60mm (TL) long, at the angle 30°
to xy line and project to get the front view a’6% (EL).
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(b} Projections

Fig.10.21 Obligue ling in first quadrant,

5. Drawlinei'h’, the locus of ) and aline vy, the locus
of b, parallel to xy line.

6. Draw the locus of b by drawing an arc with centre
a and radius = &'l (EL) to intersect the line &4 at
b’ Join b’ to get the required front view.

7. Draw the locus of by by drawing the arc with centre
a and radius = aly (PL), to intersect the line vv at b,
Join ab to get the required top view,

8. Drop a perpendicular from point & to xv line and
extend it so that the projector will pass through
point b.

9. Give proper line thickness and print the given
dimensions as shown in Fig. 10.21(b) to complete
the drawing.

Example 10.16

A line PQ), 64 mm long has one of its extremities 20 mm in

front of VP and the other 50 mm above HP. The line is

inclined ar 40° to HP and 25° to VP. Draw its top and front
views.
Refer o Fig. 10.22,

1. Draw the xy line and locate the end P at 20 mm in
front of VP and assume it on HP as p and p}. Draw
the locus line A°h° of end Q, 50 mm above HP.

. Draw the line pg, = 64 mm (TL) at an angle 257 to
VP and project to get the elevation length pg
(EL}.

3. Draw another line p) > = 64 mm at an angle 407 10

VP and project to get the plan length pg; (PL).

[E]

4.

5.

With centre p and radius pgs (PL), draw arc o
intersect the Iocus line v atg. Join pg to get the top view:,
Draw a projector through g to intersect the locus
line it A} at gy Join g% to p' to get the front view.
Since | isan assumed position of the pointand 45 is
to be at 50 mm above HP, lift the front view (g3 p})
to the position g, without changing the angle .
This gives the required fromt view p'y".

. The same can be directly obtained by drawing an

arc with centre ¢ and radius = the elevation length
ELtocutthe projector drawn through patp’. Join p’
o to get the required front view.

Give proper line thickness and print the given
dimensions to complete the drawing as given in
Fig. 10.22(b).

ple 10.17

One end M of the line MN, 80 mm long is 10 mm below HP

and 15 mm behind VP. The line is inclined at 40° 1o HP and
the top view makes 50° with VP, Draw projections, if the line
is in the third quadrant.
Refer to Fig. 10,23,
1. Draw the xy line and Tocate the end M at 15mm
behind VP and 10 mm below HP.
2. Keep the line parallel to VP and inclined 40° 1o HP
and then draw the locus line f7" of the end 1’y
3. Project from the paralle] line end and find the plan

length (PL) mmry. Draw the plan view mn of length
equal to PL and inclined 50 to xy line.
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{b) Projections

Fig.10.22 Oblique line in first quadrant.
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Fig.10.23 Obligue line in the third quadrant.

4. Project vertically from r to intersect A'h" line at n’
so that, by drawing line m'n’ the front view is
obtained.

5. Give proper line thickness and print the given

INg.

Example 10.18
Line CD is in the second quadrant and has 25° inclination
with HP, while the front view has 30° inclination with xy line

and 60 mm length. If the end C is 12 mm above HP and the
end D is 60 mm behind VP, draw its projections.
Refer to Fig. 10.24.

1. Draw the xyline and locate the end C, 12 mm above
HPand draw the front view ’dof length 60 mmand
inclination 30° to xv line.

2. Mark the locus line A" through & and draw the true
length line ¢'dy at 25° with HP. Project vertically
from d to get the plan e,d) on xy line.

3. Draw the vv line at 60 mm behind VP and drop a
projector through & to locate d. Cut an arc of radius
equal to PL from d to get point ¢ on the projector
through ¢, so that cd is the required top view.

4. Give proper line thickness and print the given

o plete the d £

Fig. 10.24 Oblique line in the second quadrant.
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Example 10.19
A 100 mm long line EF has 70 mm length in the top view and
84 mm length in the front view, If the line end E is in HP and
Fisin VP, draw its projections, keeping the line in the fourth
quadrant,
Refer o Figs. 10.25.
1. Draw the xy line and locate the end E on HP as well
ason VP by e"and e,

\\,"’

i

A

A
Fig.10.25 Oblique line in the fourth quadrant.
Mark ef, as the plan length 70 mm on xv line and

drop a vertical projector through f. Cut an arc with

centre ¢ and radius equal to the true length 100 mm
to cut the projector drawn at f7.

T
g

ps
Tony

{a} Pictorial view
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3. Draw the locus line h'h through /% and cut the
elevation length 84 mmon that line to get f*. Join f”
us the front view.

4. Sinceend Fison VP, the top view fwill be on xy line

and is Jocated on the vertical projector drawn from

w

. To getthe top view of the line cut an are with centre
f and radius equal 1o plan length 70 mm on the
projector drawn through ¢’ The line ef gives the
required top view.

6. Give proper line thickness and primt the given
dimensions to complete the drawing.
10,10 TRACES OF AN OBLIQUE LINE

If a line is inclined 10 both HP and VP {obligue). the line or
the line produced will penetrate the two planes forming
Hoth the horzontal trace (HT) and the vertical trace (VT) [see
Fig. 10.26(a)]. The properties of the traces are the same as
that explained for inclined lines, but are combined together
or superimposed. From the proj [Fig.10. 26(b)], the
following features may be noted:

1. The points p’, 4", &" and VT lie on a straight line
inclined & and A’ is located on the xy line.

2. The points p, g, v and HT lie on a straight line
mclined # and v is located on the xy line.

3. The horizontal trace HT and its front view k' lie on
a vertical projector.

4. The vertical trace VT and its top view v lie on

another vertical projector.

b

ot

v
=
*

Pt
VT HT “:'«-.._‘
Vertical = y
froce Lorizental s
Trace

{b} Projections

Fig. 10.26 Traces of an obligue line placed in 1st quadrant.
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In order to locate the HT of a line, extend the front view
tocross xy line at & and drop a vertical line through the point
to intersect on the top view or top view produced. This
intersection point gives HT. Similarly, to locate VT of a line,
extend the top view tocross xy line at vand drop a vertical line
through the point 1o mtersect on the front view or front view
produced. This intersection point gives VT. Note that i and v
are located always on the xy line.

Example 10.20
Anend Pofaline PQis 16 mm above HP and 20 mm in front
of VP while the end Q is 60 mm above HP and 50 mm in front
of VP. If the end projectors are at a distance of 70 mm, draw
the top and front views of the line and mark its traces.

Refer to Fig. 10.26.

1. Draw the xy line and locate the points p, p’, g and g
at the given dimensions and draw the top view and
front view of the line PQ as shown in figure.
Extend g° p" 10 cross xy line at b, Similarly, extend
gp to cross xy line atv.

3. Drop vertical lines through & and v to intersect the
lines gp and ¢'p’ produced tointersectat HT and VT
respectively.

[

Engineering Graphics for Diploma

1. Draw the xy line and locate the points @” 10 mm
below HP.

2. Draw the elevation a'b of 60 mm length and of
inclination 407 1o xy line.

3. Locatethe end b, 12 mm behind VP on the projector
through & and draw the plan ab at 35° inclination.

4. Extend the elevation '’ to get b on xy line and
draw projector through A 10 intersect the plan
extended at HT.

5. Extend the plan ab to get v on xy line and draw
projector through v to interseet the elevation
extended at VT.

6. Give proper line thickness and print the dimensions
to complete the drawing.

10.11 TRUE LENGTH AND TRUE INCLINATIONS

OF AN OBLIQUE LINE

The true length and true inclination of a line is seen in o
projection when the line is paralle! to that plane of projection.
This principle is followed to determine the true length and
inclination of a line inclined to both the reference planes.

4. Give properline thick d print
to complete the drawing.

Example 10.21
The projections of a line AB has 35° inclination in top view
and 40° inclination in the front view with an elevation length
of 60 mn. If the end A is 10 mm below HP and B is 12 mm
behind VP, draw the projections and locate the races keeping
the line in the third quadrant.

Refer w Fig. 10.27.

HT

¥T

Fig. 10.27 Tracas of an oblique line placed in 3rd quadrant.

Two methods are suggested here for finding them.

Parallel Line Method

In this method, each view of the line is made parallel to the xy
line (i.e. elevation EL and plan PL are rotated so that they are
parallel to the reference planes) and is projected to get the
parallel view from it. This is a reversal of the process

plained for drawing the proj of an oblique line.
When the line is parallel to a plane, it will show its true length
TL and true inclination & or ¢° on that plane. This method of
finding the true length and inclinations is explained in
Example 10.22(a).

Plane Rotation Method

In this method, the triangular plane containing the projected
view of the line, the trace on it, and the original line is rotated
about the projected view to coincide with the plane of
projection . This can be made clear by the pictorial view, as
shown in Figure 10.28, Here, the triangular plane containing
plan ab, the trace HT, and the original line AD is rotated
about the plan ab (o fall on HP. This trangle gives the true
angle & at HT and the true length AB. Similarly, the
triangular plane containing «'b’, VT and AB can be rotated
abouta’b’ to fall on the VP to get the true angle ¢° and the true
length AB. This method of finding the true length and
inclinations is explained in Example 10.22(b).
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Fig.10.28 True length and inclinations (Plane rotation
methad).

(a} Parallal line mathed

(&) Plane rotation mathod

[E]
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Example 10.22
Anend Aofaline AB is 16 mm above HP and 20 mm in front
of VP, while the end B is 60 mm above HP and 50 mm in front
of VP. If the end profectors are at a distance of 70 mm, find
the true length and true inclination of the line to the reference
planes by the following methods:

(a) Parallel line method.

(b) Plane rotation method.

(a) Parailel line method
Referto Fig. 10.29(a),
1.

Drraw the xy line and mark the end points a”, B, aand
b as per given dimensions and complete the front
and top views.

Draw the locus lines &'k and vv through & and &
respectively,

Rotate ab about a o bring it parallel to xy and
praject vertically to meet 55" at by’ Join «”and &) to
get the true length (TL) and true inclination & with
HF (xy line}.

. Similarly rotate &5 about «” to bring it parallel o xy

line and project vertically to meet v at ba. Join ab,y
B2

Fig. 10.29 True length and inclinations (oblique line in the first quadrant).
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to get the true length (TL) of same value and the
true inclination ¢° with VP (xy line) .

Measure the values and print them below the views
a5 answer.

Give proper ling thickness and print the dimensions
1o complete the drawing.

(b} Plane rotation method
Refer to Fig. 10.29(b).

L.

2.

k]

Draw xy line and complete the projections of the
line as per the given dimensions.,

Extend the lines a’5" and ab, and mark HT and VT
as shown in figure.

Draw perpendiculars at b and b” and mark elevation
distance of & from xy line (60 mm) at b and the plan
distance of b from.xy line (30 mm) at ', to get poinis
B and B; respectively. Join HT to By and VT to B,
Alsodrop perpendiculars at a and a” to get points A,
and A; as shown in the figure. Now AB| = A,B,=
the true length TL of line AB.

The angle between plan (PL) and true length line
(TL) is = 8= the true inclination to HP. Similarly,
the angle between elevation (EL) and true length
line (TL) is = ¢ = the true inclination to VP,
Measure the values and print them below the view
as the answer.

. Give proper line thickness and print the dimensions

o complete the drawing.

Answar

@
(o) Pictorial view

TL = &0.8 mm
g =173
= 29.7

Engineering Graphics for Diploma

Example 10.23

Thetop view ofaline CD has points cand d, 10mmand 50mm

below the xy line and the front view has points ¢ and &, 40

mm and 16 mm above the xv line respectively. Determine:
(i) the true length and inclinations of the line with HP

and VP, and
(ii) HT and VT of the line,
Take the di b the end proj as 66 mm.

Rcl'cr to Fig. 10.30 (Plane rotation method )
. Draw xy line and complete the projections of the
line as per the given dimensions.

2. Extendthe lines¢’d” and ed, and mark HT and VT as
shown in figure,

3. Draw perpendiculars at ¢ and & and mark elevation
distance of ¢ fromxy line (40 mm) at ¢ and the plan
distance of d from xy line (50 mm) at o, to get points
C, and Dy respectively. Join HTto Cy and VT o D;.

4. Alsodropperpendiculars atd and ¢’ to get points D,
and C; as shown in the figure. Now C\D, = C;D, =
the true length TL of line CD.

5. Angle berween plan PL and true length line TL= 8=
the true inclination to HP. Similarly, angle between
elevation EL and true length line TL = ¢ = the true
inclination 1o VP.

6. Measure the values and print them below the view
a5 ANSWET,

7. Give proper line thick and print the
to complete the drawing.

o]

\\ {
T
(b} Projections

Fig. 10.30 True length and Inclinations (plane rotation method).

Downloaded from Ktunotes.in


http://ktunotes.in/

Projections of Straight Lines

EXERCISES

(# Problems similar to the worked out examples)

Line parallel to both or perpedicular to the
reference planes

A line PQ 70 mm long is parallel to both HP and VP,
The point P is 30 mm above HP and the point Q 15 50
mm in front of VP. Draw its projections. (#}

. AS50mmlong line CD is positioned in such a way that it

is perpendicular to VP and the end D is 15 mm in front
of VP and 40 mm above HP. Draw its projections,
keeping the line in the first quadrant. (#)

Line EF, 36 mm long is in the first quadrant. The end F
is 12 mm above HP and 24 mm in front of VP. If the
line is perpendicular to HP draw its projections. (#)

. Draw projections of a line PQ 70 mm long, when it is

placed in the third quadrant and parallel to both HP and
VP. The end P is 60 mm below HP, and 50 mm behind
VP,

. Draw projections of a line MN, 60 mm long. placed

perpendicular to HP in the third quadrant. The line is 40
mm behind VP and the upper end of the line is 20 mm
below HP.

Line Inclined to one of the reference planes

6.

A line PQ, 80 mm long is parallel to VP and inclined at
4510 HP. The end Pis 10 mm above HP and 35 mmin
front of VP. Draw the projections, (#)

Line GHis inclined at 30° to VP and is contained in HP.
The end G is 20 mm in front of VP. Draw the
projections of the line, if the true length of line GHis 70
mm. (i)

A ling EF , has end E 15 mm below and 45 inclined to
HP. If the line is 40 mm behind and parallelto VP, draw
projections and find its true length. The distance
between the end projectors is 65 mm and the line is in
the third quadrant. (#)

. Aline KL, has end K 16 mm behind VP and on HP. If

the ]me has 90 mm length and parallel to VP, draw

ions and find its true inclination and plan length.
T'h: end L is 56 mm above HP and the line is in the
second quadrant. (#)

. Line AB of length 90 mm is placed in the fourth

quadrant so that it is parallel to HP and the ends are 70
mmbelow. Ifthe end A is 10 mm and end B is 50 mmin
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front of VP, draw the projections and find the elevation
length and inclination of the line with VP. (#)

. The top view of a line AB measures 60 mm. The line is

parallel to VP and inclined at 30° to HP. Its end A is 12
mm below HP and 24 mm behind VP. Draw the
projections of the line and determine its true length,
assuming that the line is in the third quadrant.

. A linc RS, 80 mm long is parallel to HP. Its end R is

30 mm in front of VP and the end S is 20 mm behind
VP. If the line is 36 mm above HP, draw the projections
of the line and find the inclination of the line with VP.

Trace of an inclined lina

13

18.

Aline PQof length 80 mm is parallel to VP and 35 mm
in frontof it. If the point P is 60 mm above and the point
Qis 15 mmabove HP. Draw its projections and find the
traces. (#)

. Theend B of a line AB is 10 mm in front of VP while

the end A is 40 mm above HP, The line is parallel to HP
and 30° inclined to VP. Draw its projections and mark
its traces, if the length of the line is 60 mm. (#)

Aline ST, 80 mm long is parallel 1o HP. Its one end S is
25 mmin front of VP and T is 40 mm behind VP, If the
line is 50 mm above HP, draw the projections, locate
the traces and find its inclination to VP, (#)

The front view of a line EF is 90 mm long and it makes
anangle of 45°to xvline. The midpointm’ of the line £
15 10 mm below the xy line and the end F is in the second
quadrant. If the line is 15 mm behind and parallel to
VP, draw its projections and mark the traces. (#)

A 75 mm long line BC has end B in the first quadram
and the other end C is in the second quadrant. If B is 35
mm in frent of VP and Cis 15 mm behind VP, draw its
projections and mark its VT. The line BC is paralle] to
and 25 mm above HP. Also determine the elevation
length of the line.

Aninclined pipe line is running along a vertical wall of
a building, so thot one end is touching the floor of the
ground floor, while the other end is touching the rool ol
the first floor. If the distance between the pipe ends
measured horizontally is 7 m, while that measured
vertically is 8 m., If the roof height of the first floor is
3 m, find graphically the length of the pipe. it's
inclination tothe ground and the point at which the pipe
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penetrates the first floor. Draw the views to a suitable
seale, neglecting the thickness of the slabs.,

Three views and trace of an inclined line

19, Line PQis parallelto VP and has a plan length 50 mmin
the wop view. If the end P is 12 mm above HP, and 30
mm in front of VP while the end Q is 60 mm above HP,
draw the front, top and side views of the line. Also mark
its traces on the three views, What is the true length and
inclination of the line(#)

20. A line EF is paralle] o HP and has a length 70 mm, If
the end E is 25 mm below HP, and 40 mm behind VP
while the end Fis 12 mmbehind VP, draw the front, top
and side views of the line. Mark its traces in the three
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CisinHPand D is in VP, draw its projections, keeping
the line in the fourth quadrant. (#)

Traces of oblique line

27, Anend Aofaline ABis 50 mmabove HP and 60 mmin
front of VP while the end B is 20 mm above HP and 15
mm in front of VP, If the end projectors are at a distance
of 65 mm, draw the top and front views of the line and
mark its traces. (#)

28. The projections of a line CD has 457 inclination in top
view and 40° inclination in the front view with an
elevation length of 70 mm. If the end C is 15 mmbelow
HP and D is 20 mm behind VP, draw the projections
and locate the traces keeping the line in the third

Juiad #)

views. Also find the elevation length and incli of
the line to VP by graphical methods. (#)

21. LineCDis parallelto HP and has an elevation length 40
mm. If the end C is 35 mm above HP, and 50 mm in
front of VP while the end I is 10 mm in front of VP,
draw the front, top and side views of the line. Also mark
its trace on the three views. What is the true length and
inclination of the line?

Projections of oblique line

22. A line PQ, 80 mm long has its end P in the HP and
30 mm in front of VP. If the line is 30" inclined to HP
and 45" inclined to VP, draw ils projections. (#)

23. Aline AB, 70 mm long has one of its extremities 30 mm
in front of VP and the other 70 mm above HP. The line
is inclined at 45° to HP and 30° to VP. Draw its top and
front views. (#)

24, One end I of the line JK, 90 mm long is 10 mm below
HP and 20 mm behind VP, The line is inclined at 35" to
HP and the top view makes 45" with VP. Draw
projections, if the line is in the third quadrant. (#)

25. Line RS s in the second quadrant and has
30" inclination with HP, while the front view has
40" inclination with xy line and 70 mm length. If the
end R is 15 mm above HP and the end S is 80 mm
behind VP, draw its projections. (#)

26. A 110 mm long line CD has 75 mm length in the top
view and 85 mm length in the front view. If the line end

True length and inclinations of oblique line

20. AnendPofaline PQis 15 mm above HP and 25 mmin
front of VP, while the end Q is 60 mm above HP and 50
mm in frontof VP, Ifthe end projectors are at a distance
of 65 mm, find the true length and true inclination of the
line to the reference planes by the following methods:
(a) Parallel line method.

(b} Plane rotation method. (#)

30. Thetop view of a line EF has points ¢ and f, 12 mm and
60 mm below the xy line and the front view has points ¢
and/", 50 mm and 15 mmabaove the xy line respectively.
Determine: (i} the true length and inclinations of the
line with HP and VP, and (i) HT and VT of the
line. Take the di by the end p as
70 mm. (#)

31. Line CD has 80 mm length in the front view and 70 mm
Iength in the top view, The end C is 50 mm below HP
and 40 mm behind VP, while the end D is 10 mm below
HP. Draw the projections of the line, locate the traces
and determine the true length and inclinations of the
line with the reference planes. (#)

32. Aline MN has end the M on HP and 50 mm in front of
VP while the end N is on VP and 40 mm above HP. If
the inclination of the top view is 35° to the xv line, draw
the projections, locate the traces and find the true length
as well as the true inclinations of the line with the
reference planes.
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Projections of
Plane Figures

lane figures or surfaces (laminae) are two-dimensional

entities enclosed by straight lines or curves or both, A
plane figure has only twodi ionsi.e, length dth and
it has no thickness. A plane surface is obtained from a three-
i ional object by eliminating one of the three-di i

111 TYPES OF PLANE FIGURES

A plane figure or lamina may be bounded by straight lines,
curves or both. If the sides of a plane figure are equal, it is
called a regular plane figure. If the sides are not equal, it is
called as an irregular plane figure. The plane figures used
here for projection are triangle, square, rectangle, thombus,
pentagon, hexagon, circle, ellipse, etc. as shown in Fig. 11.1.

/\

Triangle

Square Rectangle Rhombus

OQuOQ -

Pentagon
Fig. 111

Hexogon Circle

Geometrical plane figures.

Ellipse
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Construction of Pentagon and Hexagon

Construction of pentagon and hexagon is frequently required

in projections of planes and solids. Two easy methods for the

same are explained below:

1. Pentagon

(a) Using protractor: [Refer w Fig. 11.2(a)]

Draw the side ab of edge length E and insert a

perpendicular at the middle m. At the end a draw

547 inclined line to ab using protractor in order to

get the centre . With centre o and radius oa, draw a

cirele to pass through a, b and d as shown in the

figure. Cut the edge length E on the circle from

these points to get the remaining comers ¢ and ¢ to

complete the pentagon abede,

Using calculated lengths: [Refer to Fig. 11.2(b)]

Draw the side ab of edge length E and insert a

perpendicular at the middle m for length = 1.54E.

Locate @ on that line so that mo = 0.69E. Draw arcs.

of radius equal tothe edge length Eat points a, band

d to get the remaining corners ¢ and ¢ of the

pentagon abede.

Hexagon

(a) Using 60-30 set squares: [Refer to Fig. 11.3{a)]
Draw the side ab of edge length E and insent 60°
inclined lines at the ends a and b using set square in
order to get the centre ‘o” of the hexagon. Extend

(b
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i 1.54E |
{2} Using Protractor  {b) Using cofculoted lengths
Fig.11.2 Construction of pentagon.

these lines so that od = oe = E. Drow o parallel to ab
through o such that oc = of = E as shown in figure.
‘The lines joining abedef give the hexagon.
Using compass: [Refer w Fig. 11.3(b)]
Draw the side ab of edge length E and scribe arcs of
radius = E at the ends a and b to get the centre o of
the hexagon. With centre o and radius oa, draw a
circle to pass through the ends @ and b, cutting the
ares at ¢ and fas shown. Cutthe edge length Eon the
circle from points ¢ and f to get the remaining
comers d and e in order 1o complete the hexagon
abedef.
Any ofthe above method nien d
used 10 t a pentagon or hexagon. The
lines need nut be removed.

(b

may be

cn

(o) Using 0-30 set square (b} Using compass
Fig.11.3 Constructicn of hexagon,

11.2 POSITIONS OF PLANE FIGURES

With respect to the reference planes (HP and VP), the
position of plane figures can be classified as follows:
1. Plane figures perpendicular to both the reference
planes.
2. Plane figures perpendicular to one of the reference
planes and parallel to the other.
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3. Plane figures inclined to one of the reference planes
and perpendicular to the other.

4. Plane figures inclined to both the reference planes,
but perpendicular to the profile plane.

5. Plane figures inclined to both the reference planes
as well as to the profile plane.

11.3 PLANE FIGURES PARALLEL TO ONE OF
THE REFERENCE PLANES

When a plane figure or lamina is kept parallel to a reference
plane, its projection on that plane will show its true shape and
size. The projection on the other plane 1o which the lamina is
perpendicular, will be a straight line. See Fig. 11.4.

a d b =3
T
El
* i o ¥
"-55 b =
a
c
-
~
NTE
e

(b} Orthographic views
Fig.11.4 Square lamina parallel to HP.
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Projections of Plane Figures

Example 11.1
A square lamina ABCD of 40 mm edge length is kept parallel
to HP so that the edge AB is 30° inclined to VP and the nearest
comer Bis 15 mm in front of it. If the lamina is 30 mm above
HP draw its projections.

Refer o Fig. 11.4.

1. Thelaminais parallel to HP. hence the top view will
show its true shape and inclination. Draw xy line
and scribe a 30° inclined line to xy. Mark point & on
that line at a distance 15 mm from xyv line (VP).

2. Using the mini drafter construct the square abed of
40 mm side on point b so that the edge ab is 307
inclined to xy line.

3. Project upwards from abed and draw a honizontal
line at a height of 30 mm to represent the front view
a'b'c’d’ of the lamina.

4. Convert the edges of the object into thick line and
mark off the given dimensions to complete the
drawing.

Example 11.2
A pentagonal lamina of 40 mm edge length is kept parallel to
VF so that one edge is perpendicular to HP and the lamina is
20 mm in front of VP. If the centre of the lamina is 45 mm
above HP, draw its projections.

Referto Fig. 11.5.

1. The lamina is parallel to VP, hence the front view
will show its true shape and size. Draw xy line and
seribe a horizontal thin line 45 mm above HP.

2. Construct the pentagon abede of 40 mm side on
point m 5o that the edge ab is perpendicular to xy
line and m is the mid point of edge ab.

3. Project downwards from abede and draw a
horizontal line at a distance of 20 mm from xy line
torepresent the top view a'b'c’d’e” of the lamina.

d €, @0 b, a
Flg. 1.5 Pentagonal lamina parallel to VP.
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4. Convert the edges of the object into thick line and
mark off the given dimensions to complete the
drawing.

Example 11.3
Ahexagonal plate of 30 mmedge length is kept parallel to HP
so that one edge is parallel to and 20 mm in front of VP, If the
plate is 24 mm above HP, draw its projections.

Refer to Fig. 11.6.

1. Thelamina is parallel to HP, hence the top view will
show its true shape. Draw xy line and construct the
hexagon 20 mm in from of VP such that the edge ab
is parallel to the reference line.

Project upwards from abedefand draw a horizontal

line at a distance of 24 mm from xy line to represent

the front view o'5'c’d’e’f o the lamina,

3. Convert the edges of the object into thick line and
mark off the given dimensions 1o complete the
drawing.

12

x

Fig. 11.6 Hexagonal laming parallel to HP.

Example 11.4
A square lamina of 40 mm edge length has a square hole of
24 mmside, cutat the centre and parallel with its outer edges.
Ttis kept parallel to VP 5o that the edges are equally inclined
10 and the centre is 40 mm sbove HP. If the surface of the
lamina is 28 mm in front of VP, draw its projections.
Referto Fig. 11.7.
1. The lamina is parallel to VP, hence the front view
will show its true shape. Draw xy line and locate the
centre of the lamina o at a height of 40 mm.
2. Since the edges are equally inclined w HP, the
inclimation of edges will be 45° tary line. To get the
front view, draw a 45% inclined line through o and
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a q d.t rnsbe

Fig. 11,7 Squarfelamina parallel to VP.

mark off n" and m” at 12 mm and 20 mm lengths
respectively on that line from o’. C the
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edges, parallel to HP, will have the true lengths, but the other
edges will be foreshonened. The projection on VP will be a
line, because the lamina is perpendicular to that plane.

To get the projections of the lamina in the required
position, first the lamina is kept parallel to HP and the two
views (Set-1) are drawn, Then the front view is tilted about
an edge (line for tilting LT), parallel to the line of sight for
front view, so that the required inclination to HP is obtained.
Copy the tilted front view on the same xy line. Draw
projectors  vertically from the new front view and
horizontally from the previous top view to get the points of
intersection for the required top view. This method of
projection may be called as change of position method and is
shown in Fig. 11.8(b). Set-2 gives the required projections.

A similar condition exists when the lamina is inclined to
VP but perpendlcu]arlo HP. Figure 11.9 shows the method
of p gonal lamina inclined to VP but

lamina through these points using the mini-drafter.
3. Project downwards from the front view and draw a
horizontal line at a distance of 28 mm from xy line

wHP The same change of position method is
follwad for the solution. The lamina is initially kept parailel
to VP and the views are drawn as Set-1. Then the top view is
tilted about an edge parallel to the line of sight for top view
(LT), so that the required inclination to VP is obtained. Draw
projectors vertically upwards from the top view and

1o represent the top view.

4. Conven the edges ol’the nbject into thick line and
mark off the given d [ plete the
drawing.

11.4 PLANE FIGURES INCLINED TO ONE OF
THE REFERENCE PLANES

Figure 11.8 shows a square plane figure inclined to HP and

perpendicular to VP. Since the square lamina is inclined to

HP, its projection on HP will not give the true shape. The two

hori 1y from the previous front view to get the poimts of
intersection for the required front view of Set-2.

Traces

If a plane is it will 1 the two

planes (HP and VP) along two different lines, unless the
plane is parallel to either of the reference planes. These lines
of intersection are called traces of the plane. The line of
intersection of the plane with HP is called the horizontal

{e) Plctarlal view

Fig. 11.8 Square lamina inclned o HP.

d. ¢
i
d. o a', by \‘Cn
kY \ '
T
B Q..v
c
i by o
B
nE a d
) (SET-2)

(b) Projections
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Projections of Plane Figures

trace. Horizontal trace is abbreviated as HT. The line of
intersection of the plane with VP is called the vertical trace,
and is abbreviated as VT, See Fig. 11.8.

Example 11.5

A square lamina ABCD of 50 mm side has its plane

perpendicular to VP and inclined by 457 o HP. The edge AB

is 16 mm above HP and the comer B is 10 mm in front of VP,

Draw the projections of the square lamina and show its iraces.
Refer to Fig. 11.8,

1. Draw the top view abed and the front view a'b'c’'d”
of the square lamina ABCD keeping it parallel to
HP and perpendicular to VP, so that the edge ab
(line for tilting-LT) is perpendicular to xy. This
gives the Sei-1 of the views.

2. Copy the front view of Set-1 after tilting the view
about the edge a'b’ (LT). so that the lamina is 45°
inclined to HP and mark a'b'c'd".

3. Draw vertical projectors from all the paints a'h'c’d”
of the new front view. Also draw horizontal lines
from all the points abed of the top view of Set-1, so
that they intersect to get the final top view of Set-2.
Also mark the HT and VT of the lamina as shown in
figure.

4. Finishthe views by giving proper line thickness and
enter the given dimensions to complete the
drawing.

Example 11.6

A plane figure ABCDEF of the shape of a hexagon of 30 mm

side has its one edge parallel to VP and is 16 mmin front of it

1f the plane is 407 inclined o VP, draw its projections and

mark its traces. keeping the lowest comer 12 mm above HP,
Referto Fig. 11.9.

1. Draw the front view a'b'c'd"e’f” and the top view
abedef of the lamina, keeping it paralle] to VP and
an edge o' (line for tilting, LT) perpendicular to
HP. This gives the Set-1 of the views.

2. Copy the top view after tilting it about the edge af
(LT). so that the lamina is 40° inclined to VP.

3. Draw projectors vertically from all the points of the
new top view. Also draw horizontal lines from all
the points of the front view of Set-1, so that they
intersect to get the final front view of Set-2 in the
required position. Also mark the traces of the
lammina.

4. Finishthe views by giving proper line thickness and
print the given dimensions to complete the
drawing.
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LT = Line for fiiting

{(3E7=1)

[SET—?}X
c,

Fig.11.9 Hexagonal lamina inclined to VP,

Example 11.7
A circular lamina of 60 mm diameter is kept 307 inciined to
HP and perpendicularto VP, so that the centre of the lamina is
40 mmin front of VI and the lowestof the circular edge is 14
mm above HP. Draw projections of the lamina,

Reterto Fig. 11.10.

1. Draw the top view and front view of the lamina
keeping it parallel to HP so that the centre o is
40 mm in front of VP and the surface is 14 mm
above HP.

Divide the circle radially imo 12 equal parts and
name them clockwise as shown in figure. Note that
the horizontal and vertical centre lines should be

(£

} WTmling far fahing (SET=2}

Fig. 11.10  Circular lamina inclined to HP.

Downloaded from Ktunotes.in


http://ktunotes.in/

132

drawn using chain (Type G) lines and may be
named as abed, Praject upwands from all points and
mark the divisions on the front view.
. Copy the front view and the points on them after
tilting the view 30° to HP about the line for tilting
(LT). Notethat LT is kept perpendicular toxy in the
true shape drawing.
Project vertically downwards from the 2nd front
view and horizentally from the st top view to get
the 12 points of intersection and name them. Draw a
smooth cure through these points resulting an
ellipse. Freechand drawing is enough but use of a
suitable french curve gives better finish,
. Finish the views by giving proper line thickness and
print the given dimensions.

11.5 PLANE FIGURES INCLINED TO THE TWO
REFERENCE PLANES

If a plane figure is inclined 1o HP and VP, the projections on
these planes will not show its true size and shape, at the same
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time will be a squeezed or distorted. The final views
are usually obtained by drawing three sets of views
(see Fig. 11.1), the projections of a rectangular lamina.
Here, the lamina is kept initially parallel to HP, such that the
line for tilting (L.T) is positioned perpendicular to the xy line
as well as the true shape is seen. Draw the projections to get
the Set-1 views (Parallel position). Now, the front view is
tilted about LT so that the required true inclination (6°) to
HP is obtained. Here, ab is the edge for tilting. Copy the
front view after tilting and project vertically downwards
from all the comer points. Similarly project horizontally
from the top view of (Set-1) to get the points of intersection
as the second top view (Inclined position). Now, copy this
second top view of Set-2, after urning the edge ab about b
(the point for wrning PT) so that the angle seen in the
top view () is inclined 60° to xy line (= ¢* = 60°, because
the edge is on HP). This gives the third top view.
Project vertically upwards from the third top view and
horizontally from the second front view to get the points of
intersection of the third front view. Set-3 gives the required
projections.

4%
Znd view .
_\a‘. b 5
15t view "
&th
& b 2nd view @ view
. e 9By a’ K
o
* \ (SET— 50 | | \g‘;] 4
|
-1t LT
A ¥ I/; [ '/b_ [ PT_\J-\\\?
1st viaw—\ 1 &
(a) Pictorial view o :it:wl
LT = Line for tilling | L
PT = Poin! for turning P 3 a
a a
(b) Orthogrophic view (SET=1) (se1-2) (SET-3 S1h

g vie

Fig.11.11 Rectangular lamina inclined to HP and VP.
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Projections of Plane Figures

Planning the Three Sets of Views and the
Order of Drafting

1. Visualize the oblique position of the lamina (Set-3)
in the given problem by considering the two
inclinations.

. Select the point for tuming PT in a view of Set-3
such that, if the inclination seen in the view
(apparent angle « or §) is wmed back, the lamina
changes from oblique position to the inclined
position (Set-2). Here, the related view is seenas a
straight line. Also the line for tilting LT becomes
perpendicular to the xy line.

. Tiltback the straight line view about LT to the other

given angle (8 or ¢) to get the parallel position of

lamina so that the true shape is visible in the related
view.

After planning the three sets of views, startdrawing

the true shape of the lamina (15t view), keeping LT

perpendi to.xy fine and the two views
of Set-1.

. Copy the line view (2nd view) after tilting it about
LT to the first inclination (8 or ¢), so that the 3rd
view is formed. Project from the 3rd and 15t views
to get the 4th view, completing the Set-2.

. Copy the 4th view after turning it about PT to the
apparent angle {& or f) so that the 5th view is
formed. Project from the Sth and 4th views to get
the 6th view and thus to complete the Set-3.

The six views can be reduced to four views if the
anxiliary-plane method of projection is used. This method is
discussed at the end of the chapter.

t!

Example 11.8
Acrectangular lamina ABCD of 3050 i d
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inclined to HP and the nearest comer to VP is at a distance of

24 mm. If the edge on which it rests is inclined at 60° 1o VP,

draw the projections.

Referwo Fig. 11.11.

1. Place the lamina on HP in horizontal position and
the edge AB perpendicular to and 24 mm in front of
VP. Draw the top view and then the front view to
complete the Set-1. Here, the line ab is the line for
tilting (LT).

- Copy the front view as the 3nd view, after tilting it
about LT in order to make the surface inclined 53°
o HP.

. Draw proj ically is from the 3rd
view and draw horizontal projectors from the first
top view. Join the intersecting points by straight
lines to get the sccond top view {4th view),

. Copy the second top view (4th view) after rotating
it about the point of turning PT, so that the edge ab
is seen inclined at 607 1o VP in the top view (Here,
fi= ¢° =60°, because the edge is on HP).

. Draw ventical projectors upwards from the third wop
view (5th view) and horizontal projectors from the
second front view (3nd view), so that the
intersecting points give the third front view (6th
view). Join the points using straight lines and thus
complete the Set-3.

Finish the drawing by giving proper line thickness

and print the given dimensions,

[

Example 11.9

A hexagonal lamina of 30 mm side stands with one of its
edges parallel to and 16 mm in front of VP, such that the
surface is 40° inclined to VP. If the edge paralle] to VP is

of its shorer edges AB on HP such that the surface is 537
15t :

lined at 507 to HP, draw the projections of the lamina.
Refer to Fig. 11.12.

vigw—,

i
Al view—,

g

LT = f] J} o
| /

[ < o,

x i ]

|
P11

!

1

|

a

al % b

'—Znd view
LT
FT
[3ET=1)

Srd view e

L\.e\
Line for filling Jiaw |
Point for tuming Gin_siew— d

L\

(seT-2) {SET-3

Fig. 1112 Hexagonal lamina inclined to HP and VP.
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1. Place the lamina parallel to VP and 16 mm in front
of it, such that one edgea’f"(LT) is perpendicular o
HP. Draw the front view and then the top view o
complete the Set-1.

2. Copy the top view as the 3rd view, after tilting it
about LT in order to make it 40° to VP,

3. Draw projectors vertically upwards from the 3rd
view and draw horizontal lines from the first front
view, Join the intersecting points by straight lines to
get the second front view (Hh view).

4. Copy the second front view (4th view) after
rotating it about the point of turning PT, o that the
edge a’f’is seen inclined at 50° to HP in the front view
(Here. &= 8=50°, because the edge is parallel to VP).

5. Draw vertical projectors downwards from the third
front view (5th view) and horizontal lines from the
second top view (3rd view), so that the intersecting
points give the third top view (6th view). Join the
points using straight lines and thus complete the
Set-3.

Example 11.10

A pentagonal lamina ABCDE of 40 mm side is resting upon
its edge AE on HP, so that the surface is inclined at 45° to HP.
Its diameter joining the vertex to the midpoint F of the edge
AE is inclined at 30° to VP, Draw the projections of the
lamina keeping the vertex C nearer 1o VP.

Engineering Graphics for Diploma

Refer to Fig. 11.13.

L

Draw the projections of the lamina keeping on HP
and the edge ae of the top view (LT) perpendicular
to VP Join the midpoint f of ae to ¢ as the di

Thus complete the Set-1.

. Tilt the front view by 457 (about LT) and copy it as

the second front view. Draw vertical projectors
from the second front view and horizontal
projectors from the first top view to get the points of
intersection for the second top view. Join the points
and complete the Set-2.

Since the diameter FC is inclined 457 1o HP and 307
to VP, the angle scen in top view will be i, whichis
greater than 30°. The angle Fcan be determined by
a ion. Draw the di FC of the first
top view as the true length fo; (TL) atan angle 30°
to horizontal. Mark the v line through ¢ and cut
the plan length (PL) on vv. The line fc gives
apparent inclination b.

. Copy the second top view after tuming toan angle 8

about PT 1o complete the third top view.

Project vertically upwards from the third top view
and horizontally from the second front view to get
the intersection points. By joining the points as
shown in Fig. 11.13, the third front view is also
completed.

e, o a8 e g i

-/
Ny

(SET—1} [SET-2)

Construction fo find

LT=Line for filling
(SET—3) PT=Faint for turning

Fig. 11.13 Pentagonal lamina inclined to HP and VP.
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Projections of Plane Figures

Example 11.11

A circular lamina of 80 mm diameter rests above HP on a

point A on its circumference. If its plane is inclined at 45° 1o 3.

HP and the top view of the diameter AC makes an angle of

407 with the xy line, draw the projections of the lamina.
Refertwo Fig. 11.14.

1. Draw the top view and front view of the circular

lamina keeping it parallel to HP. Divide the circle

radially into 12 equal parts. Mark the points 1, 2, 3,

... 12, on the circumference of top and friend views

as shown. Locate the diameter ac parallel to VP and

bd perpendicular to it using chain line. This 4.

completes Set-1.
2. Tiltthe front view of the lamina about LT by an
angle 45° and copy it as the second front view.
Project from the second front view and from the

first top view to get the points of intersection. Join 5.

the 12 points using a smooth curve to get the second
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top view. This is an ellipse with minor diameter
equal to the plan length (PL) of a'¢’.

Since the top view of diameter AC makes 40° (§)
with xy line, copy the second top view afier
tumning it by 40° about PT. For this draw ac at 40°
as the minor axis and bd perpendicular to it as the
major axis. Copy the horizontal lines through
points | to 12 on this major axis using a bow
divider in order to get the points on ellipse and
complete the figure. This gives the third top view in
position.

Project from the third 1op view and from the second
front view to get the intersection points. Join these
points to form the final front view which is another
ellipse. The Set-3 gives the required solution for the
problem.

Finish the drawing by giving proper line thickness
and print the given dimensions.

e e .

d N t1al ]
LT=Line for jilting -
(SET=1) PT=Peint for turning (SET-2)

Fig. 11.14  Circular lamina inclined to HP and VP,
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EXERCISES

(# Problems similar to the worked-out examples)

1.

A square lamina PQRS of 50 mm edge length is kept
parallel to HP so that the edge PQ is 20° inclined to VP
and the nearest comer Q is 20 mm in front of it. If the
lamina is 35 mm above HP draw its projections. (#)

A pentagonal lamina of 40 mm edge length is
kept parallel to VP so that one edge is parallel to HP
and the lamina is 30 mm in front of VP. If the centre
of the lamina is 60 mm above HP, draw its pro-
Jections. (#)

A hexagonal plate of 30 dge length is kept parallel
to HP so that one edge is perpendicular to VP, If the
plate is 24 mm above HP and 20 mm in front of VP,
draw its projections. (#)

A square lamina of 60 mmedge length has asquare hole
of 30 mm side, cut at the centre and paralle] with its
outer edges. [tis kept parallel to VP so that the edges are
equally inclined to and th is60 bove HP. If
the surface of the lamina is 30 mm in front of VP, draw
its projections. (#)

A sguare lamina KLMN of 60 mm side has its plane
perpendicular to VP and inclined by 60° to HP. The
edge KL is 20 mm above HP and the comer L is 15 mm
in front of VP, Draw the projections of the square
lamina and show its traces. (#)

. A plane figure with the shape of a hexagon of 35 mm

side has its one edge parallel 1o VP and is 20 mmin front
of it. If the plane is 45" inclined to VP, draw its

10.
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projections and mark its traces, keeping the lowest
comer L5 mm above HP. (#)

. A circular lamina of 80 mm diameter is kept 45°

lined to HP and perpendicular to VP, so that the
centre of the lamina is 60 mm in front of VP and the
Towest point of the circular edge is 20 mm above HP.
Draw projections of the lamina. (#)

. Arectangular lamina PQRS of 40 x 70 mm size stands

on one of its shorter edges PQ on HP such that the
surface is 60 inclined to HP and the nearest comer to
VP is at a distance of 25 mm. If the edge on which it
rests is inclined at 55° to VP, draw the projections. (#)

. A hexagonal lamina of 35 mm side stands with one of

its edges parallel to and 20 mm in front of VP, such that
the surface is 45° inclined to VP. If the edge parallel to
VPis inclined at 60° to HP, draw the projections of the
lamina. (#)

A pentagonal lamina JKLMN of 40 mm side is resting
upon its edge JN on HP, so that the surface is inclined at
50 to HP. Tts diameter joining the vertex L to the
midpoint P of the edge JN is inclined at 25% o VP.
Draw the projections of the lamina keeping the vertex L.
nearer to VP, (#)

Acircular 80 di rests above HP on
apoint A onits ci fi Ifits plane is inclined at
40°toHP and th view of the di AC mal

angle of 45° with m;xyline.dmw the projections of the
lamina, (#)
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Projections of
Solids

ﬁ solid may be defined as an object having three
imensions such as length, breadth and thickness,
measured along the three mutually perpendicular axes. This
chapter discusses the method of drawing of orthographic
views of geometrical solids.

Forthe purpose of d g, asolid may be as
acombination of points, lines and planes, flat or curved. The
method nf projection of pmn(s, lines and planes was already
di: d in the previ I Here, the procedure and
conventions wlnch were discussed in the previous chapters
have to be combined and applied togetk

t o d

121 CLASSIFICATION OF SOLIDS

The solids generally used for the study of Engineering
Graphics may be classified as:

1. Polyhedra

2. Solids of revolution.
Solids may also be classified ns:

1. Right solids, and

2. Oblique solids,

If the axis of a solid is perpendicular to its base or end
faces, that solid is called a right solid. Further, if all the edges
of the base or of the end faces of a right solid are of equal
lengths and they form a plane figure, that right solid is called
a right regular solid, See Fig. 12.1.
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If the axis of a solid is inclined to its base or end faces,
that solid is called an oblique solid, Further, if all the edges of
the base or of the end faces of an oblique solid are of equal
lengths and they form a plane figure, that oblique solid is
called an obligue regular solid. Figure 12.2 gives the
pictorial views of oblique solids.

A polyhedron is defined as a solid bounded by planes
called faces, Platonic solids, prismsand |
the solids coming under this group.

A solid ef revolutionis defined as asolid g iby the
revolution of a plane figure about a line called axis,
Cylinders, cones and spheres are some of the solids coming
under this group.

ids are some of

Regular Polyhedra

A regular polyhedron is defined as a solid bounded by regular
planes called faces, whose edges are equal in length and the
angles between the adjacent faces are equal. The following
are thc five regular polyhedra called platenic solids.
Tetrahedron: [t consists of four equal equilateral
trangular faces.

Hexat (cube): It

ists of six equal square
faces.

. Octahedron: [t consists of eight equal equilateral
triangular faces.
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Vs
<O
é

Tetrahedron Cube or hexahedronOctohedron Dodecahedron Icosahedron
{a) Reguler polyhedro (Platonic solids)

£
At

N
W
=

S

Triangular Square Raclanguler Fantagoenal Hexogonal
(b} Prisms
Triangular Square Rectongulor Pentagenal Hexagonal

(c) Pyramids

0

>

O
5

SR

Cylinder Cone Sphere Cane Pyramid
{d) Solids of revelution
Fig.12.1 Ritht regular solids,

(a) Frustums

4. Dodecahedron: It consists of twelve equal
pentagonal faces.

. Icosahedron: It consists of twenty equal
equilateral triangular faces.

Prisms

A prism is a polyhedron having two equal and similar end
Erism Pyramid faces pnralleltneachothe.mndjm.uedbysﬂe faces which are
either or parallel Prisms are named
according to the sh:zpe of the end faces such as triangular,
square, rec Il ete. A
pmll:lumpcdlh aprism havmg parallclngmms as end faces,
Inanght prism, its axis is perpendicular to its base; but in
an oblique prism, its axis is inclined 1o its base. Axis of a
prismis an imaginary line joining the centres of the end faces.
Nomenclature of a square prism is shown in Fig. 12.3 and itis
Fig. 122 Oblique solids. self explanatory.

&
=

Y
N

Cylinder Cone
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Projections of Solids

+End face or
top, ABCD

C

Side 1ace, ADHE—,

(lateral face)

o~ Corner, G

[

~,
“End foce or
Bose, EFGH

/H
Edge of base, EH
Fig.12.3 Prism.

Pyramids

A py 4 15 a polyhedron having a polygon as base and
isosceles triangular faces equal to the number of sides of the
polygon, as the lateral faces. They all meet at a point called
apex or vertex. Pyramids are named nccordm,gto the shnpcof
its base, such as tn square, pentags gonal, etc.
N 1 of asg id is shown in Fig. 12.4
and it is self explanatory. Axis of a pyramid is an imaginary
line, Jmmng lhe veriex to the centre of its base. The
I b the vertes and the base of the
pvmmd is called the altitude or height of the prism. In the
figure, the distance OP is the height. In a right pyramid, its
axis is perpendicular toits base; but in an oblique pyramid, its
axis is inclined to its base.

Corner edge, OA “—Apex or verfex, 0

i,

Sland surface. 400 - Axis, OF

- Loteral edge

e Carner, C
A
Stani height, 05 —7

P

5%

Base, ABCD—"

L'!Eugn ar side of base, DT
Fig.12.4 Pyramid.

o

Solids of Revolution

A solid of revolution is defined as a solid generated by the
revolution of a plane figure about a line called avis.
Cylinders, cones and spheres are some of the solids coming
under this group.

Cylinder

A solid generated by the revolution of a rectangle about one

139

of its sides fixed, is called a right circular cylinder. A right
circular eylinder is shown in Fig. 12.5. It is generated hy the
revolution of the rectangle ABOP about OP.

End face.
Axis, OF
A
~ Generator
~End lace
B - or base

f/Edge of bose
Fig.12.5 Cylinder.

Cone

A solid generated by the revolution of a right angled tiangle
about one of its sides, that which remains fixed and contains
the right angle, is called right circular cone. A nght circular
cone is shown in Fig. 12.6. It is generated by the revolution of
the right angled triangle OFA about OP,

TBenerator. T4

A 0

e Apex or
vertex, 0

~hxis, OF

Edge of base’s

Fig.12.6 Cone.

Sphere

A solid generated by the revolution of a semicircle about jts
dinmeter which remains fixed, is called a sphere.

Frustums

If a cone or pyramid is cut by a section plane, parallel to its
base, and the portion containing the apex or vertex is
removed. then the remaining portion is called frustum of the
cone or pyramid.
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12.2 POSITION OF A SOLID WITH RESPECT
TO THE REFERENCE PLANES

The solids under discussion are generally placed in any one of
the following ways, based on the inclination of its axes with
the reference planes.
1. Simple position
(a) Axis perpendicular to HP.
(b)  Axis perpendicular to VP.
(c) Axis parallel to HP and VP (i.e. perpendicu-
lar 1o PP).
2. Axis inclined to one of the reference planes.
(a) Axis parallel to HP but inclined 10 VP,
(b) Axis parallel to VP but inclined to HP.
2. Axis inclined to both the reference planes.
The position of solids with reference to the reference
planes can also be grouped as:
1. Solid resting on its base.
2. Solid resting on any one of its faces, edges of faces,
edges of base, generators, slant edges, ete.
3. Solid suspended freely from ove of its comers,
edges, etc.

12.3 METHOD OF DRAWING ORTHOGRAPHIC
PROJECTIONS OF SOLIDS

The method of drawing orthographic views is similar to that
of plane figures, Here, the third dimension i.e. thickness or

{a) Piclorial view
Fig. 127 A square pyramid in parallel position.

Engineering Graphics for Diploma

height of that object is also considered for drawing. The
object is assumed to be placed, unless otherwise specified, in
the first quad b first angle projection method is
foll 1. G 11y, the on the two principal
planes are sufficient to describe the object. To fulfil some
special requirements, the projection on the profile plane (side
view) is also added. Figure 12.7 gives the pictorial view of a
Square p id and its p ions on the principal planes.
By referring the projections, the following points may be
noted:

Rules and Conventions

1. All the rules of projections for points, lines and
plane figures are applicable for solids also.

2. Unless otherwise specified, the object is assumed to
be contained in the first quadrant, since first angle
projection method is followed.

3. If the distance from HP and VP are not given, any

ient di may be d. Similarly, if
the direction of the inclination of axis, like towards
left or right, towards or away from the observer
ete., is not given, any convenient simple position
may be selected for drawing.

4. Unless otherwise specified, the views may be dra
by following either change of position of view
method or auxiliary projection method,

booe |

i .
A Axis

H Hidden edge

B
k3
x
Front via\n‘\‘ Pt
a
x
a

P eront
FRONT
(b)] Orihogrephic view
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Projections of Solids

Types

of Lines Used and the Order of Priority

Type A line {continuous-Thick) is used to represent
the outline and visible edges of solids.

Type Eor F lines { Dashed- thick or thin) are used to
represent hidden outlines or edges.

Type G lines {chain-thin) are used to represent the
axis, lines of symmetry and trajectories.

Type B line {continuous-thin) is used for all the
remaining portions of the drawing like xy line,
projectors, dimension lines, leader lines,
construction lines, ete. Type B line has the least
importance compared (o the other types of lines.
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Hence it maybe broken or removed partially, for
the clarity of the drawing.

. As mentioned in the Chapter 1, when two or more

lines of different types coincide, the order of
priority should be:

First Type A (continuous- thick)

Second Type E or F (short dashes)

Third  Type G (chain-thin)

Fourth  Type K (chain-thin double dashed)
Fifth Type B (continuous-thin)

Figure 12.8 shows onthographic views of solids in simple

Triangular Square

Reclangular
{z} Prisms

|
|
e ¥
A

Hexagonal

Pentoganal

Triangular Square

Reclangular
(&) Pyramids

Pentagonal Hexagonal

AN

c

(¢) Solids of rovolution

AV

(d} Platonic sofids

Fig. 12.8 Orthographic views of solids in simple position.
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Naming of Corners and Dimensioning

The name of comers and axis of the solid are not usually
given in questions. But for drawing purpose, it is a good
practice to name them systematically. In this text book, the
first set of names for comers is given as ABCD, ete. and the
second set is given as QRST, etc. These names are given
clockwise only for uniformity. The axis is named OP giving
O for apex or top end.

The given dimensions should be marked in the views.
For this, the view showing the true shape has 10 be selected.
Usually the dimensions of the solid are marked in first set
(views in simple position) and the inclinations are shown at
the point of its application.

Identification of Hidden Edges

While drawing the views of solids, generally some of the
edges are not visible in a view of a solid. These hidden edges
will be behind the visible portion and are represented by short
dashes.
1. Inaview, the outermost lines will be always visible
and they form a closed figure of lines or curves i.e.
short dashes will not come as outlines but they will
be inside only.
2. Tfasolid has two parallel faces and if one of them is
visible, the other parallel face will be hidden.
3. Forcones and pyramids, if the apex is pointing to
the observer, the base will be hidden.
4. Inaprojected view, if two lines representing the
edges of a solid cross each other, one of the lines
will be hidden gither completely or partly.

() Pictorial view

Engineering Graphics for Diploma

While viewing a solid, the edges or faces nearby the
observer are always visible but the edges or faces behind the
solid are hidden. To identify these edges, the orthographic
views may be reviewed from top and front sides as shown in
Fig. 12.7(b).

12.4 SOLIDS IN SIMPLE POSITION

If a solid is placed in the first quadrant with its axis
perpendicular to HP, VP or PP, the position of the solid is
considered as in simple position, since the true shape of base
and true length of axis are seen in the views. Normally, one
set of views will be sufficient to get the answer. The views
showing the true shape of the base is drawn first and then
projected to the other planes to get the related views. If the
axis of the solid is paralle] to HP and VP, the true shape of the
base is obtained in the end view on PP.

Example 12.1
A square prism of 40 mm side and 60 mm height is resting on
HP with one of its rectangular faces inclined at 60° o VP. If
the nearest vertical edge is 20 mm in front of VP, draw its
projections.

Refer o Fig. 12.9.

1. Draw the xy line. Construct a square of 40 mm side
with one side 60° inclined to and the nearest edge
20 mm away from the xy line, as the top view of the
prism.

2. Mark the axis position by drawing a cross mark in
the direction of the diagonals of the square. Then
name the top face comers as abed, the base corners
as grst and axis as op.

a” ‘atht =

\ d, t
(b) Drihegraphic views

Fig. 128 Projections of a square prism (axis perpendicular o HP).
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Projections of Solids

3. Draw vertical projectors up to 60 mm height above
the xv line to represent the front view. Name the
comers comesponding to the names given in the top
view, Finish the outline of the elevation using thick
lines. The edge dr is visible in the front view, hence
convertd'r' to continuous thick line, while the edge
br is hidden, and so conven b+ to short dashes.
Draw the axis o'p” using chain line.

4. Finish the view and print the given dimensions to
complete the projections.

Example 12.2
A pentagonal pyramid of 30 mm side and axis 60 nun long is
resting upon its base on HP such that one of the base edges is
perpendicular to VP, If the axis of the pyramid is paralle] to
and 40 mm away from VP, draw its projections.

Refer to Fig. 12.10.

1. Draw a vertical line ab of 30 mm length and
construct a pentagon on it by any method (54°and a
circle method is preferred). Mark the comners as
abede and join them to the centre ap, o complete
the top view,

2. Draw the xy line at 50 mm distance from op and
praject from all the points of the top view to get the
points &', &, ¢, &, &', and p" on the xy line.

3. Extend the pp’ line to o’ so that op’ = 60 mm, to

the axis of the pyramid. Join the points o',
o and " 1o o, to complete the front view. Itis to be
noted that hidden edges b0 and ¢'o” are coinciding

with the visible edges.
4, Flmsh lh: vl:w. name the comners and primt the
givend to complete the drawi

Fig. 1210 Projecti

of a pyramid (axis

dicular to HP).
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Example 12 3

Al pyramid of b ide 26 mmand height 64 mmis
pInced on VP, }.uch that the axis is perpendicular 1o and the
vertex is touching the VP ata height of 40 mm from HP. Draw
its projections, if one edge of the base is making 157 1o HP,

Refer to Fig. 12.11.

1. Draw xv line and locate the front view of the axis
o'p at 40 mm height from it.

2. Draw a circle of 26 mm radius at o'p’ mark the
diameter &'¢” through that pointat anangle of 15% w0
horizental. Construet a regular hexagon of side
26 mm on that diameter.

3. Name the comners and drop projectors downwards.
Complete the top view keeping the vertex o on xy line.

4. Draw the hidden edges using shon dashes and the
axis using chain line as shown in figure.

5. Finishthe view, name all the comer points and print
the given dimensions.

e
i
ry

o

b oo

2pf odoa

Fig.12.11 Projections of a pyramid (axas perpendicular o VP).

Example 12.4
An equilateral tiangular prism of side 40 mm and length
G0 mum has its axis parallel to both HP and VP. Draw its front
view, top view and side view on profile plane.
Refer to Fig. 12.12.
1. Draw the vy line horizontally and vz ventically as
shown in the figure.
2. Since the prism is paralle] to HP and VP, the true
shape of the prism is obtained in the profile plane
pp. Hence, draw an equilateral triangle of 40 mm
side a5 the end view and mark its centre o”p” for the
axis position.
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{a) Pictorial view
Fig. 1212 Projections of a trlangular prism (axis perpendicular to PP).

3. Project from the end view to get the elevation and
plan of the prism as given in figure.

4. Mark the axis in the two views and name the
corners.

5. Finish the drawing and enter the given dimensions.

Example 12.6
A frustum of a cone of base diameter 50 mm, top diameter
30 mm and height 44 mm, is placed in the first quadrant such
thiat its axis is parallel to both HP and VP. If the axis is 35 mm
above HP, and the base is on the right hand side of the
observer, draw its projections.

Refer to Fig. 1213,

"

Fig.12.13 Frustum of a cone.
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b

a

!
bl =
¢ 60 =

(b) Orthagrophic views

1. Draw the xy and v,z lines. Construct two concentric
circles of diameters 50 mm and 30 mm ata height of
35 mm to represent the end view of the frustum of
the cone as shown in Fig. 12.13.

2. Project from the end view and draw the top and
fromt views.

3. Mark the axis using chain lines, finish the drawing
and print the given dimensions.

12,56 AXIS INCLINED TO ONE OF THE
REFERENCE PLANES

The drawing of orthographic views of solids with the axis
inclined to one of the reference planes and parallel to the
other, is similar to that explained for plane figures in
Chapter 11. Here, the height of the solid (the third
dimension) is also considered. Figure 12.14 gives the views
of a square pyramid resting on one of its base edges with the
axis inclined to HP.

As explained in the projection of plane figures, the solid
is initially kept in simple position, suitable to get the required
tilted position, and the first set of views is drawn. In the given
example, the solid has to be tilted about a base edge, hence
that edge is placed perpendicular to the xy line (may be called
as the line for rifting LT ). Then the front view is tilted and
drawn. Project vertically from the new front view and
horizontally from the previous top view to get the points of
intersection for the required top view. This method of
projection may be termed as change of position method. The
second set of views gives the required projections.
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Example 12.6
A square pyramid of 50 mm base and 70 mm height is resting
onone of its base edpes on HP, If the axis is parallel o VP and
inclined 45° to HP, draw its projections.

Referto Fig. 12.14,

1. Draw the ry line and construct a square of 50 mmat
a convenient distance from it to get the top view.
Here the base edge cd is kept perpendicular to xy
line and it is used as the line for tlting LT.

2. Project upwards from the top view and complete
the front view as the 2nd.

3. Copy the front view keeping the edge o'd” on xy line
and the base making 45° so that, the axis is inclined
45° 1o HP. This is the 3rd view.

4. Project vertically downwards from the 3rd view
and horizontally from the lst view to get the
intersection points of the 4th view,

5. Convert the outermost lines and the edges
representing the top tnangular surface into visible
edges. But the crossing line ¢, which is below, is

converted as hidden edge.
6. Finish the views, name all the comers and print the
given di ions to complete the drawi

050

[~
15k

iset=1) ¢ *

Fig. 12.14 Square pyramid {axis inclined to HP).

Example 12.7
A hexagonal prism of base side 26 mm and height 60 mm
rests with one of its rectangular faces on HP. If the axis is
inclined at 30° 10 VP, draw i1s projections.
Refer to Fig. 12.15.
1. Draw the xy line, Place the prism in the simple
horizontal position keeping one rectangular face on
HP. The final required inclined position is obtained
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~alh

(Sel=2)

Fig. 12.15 Drawing board with minidrafler clamped

by tilting the solid about the line for tilt LT. Draw
the front view and then the top view as the 2nd.

2, Copy the wp view after rotating, so that the axis
makes 307 with VP. This 1s the 3rd view.

3. Project upwards from the 3rd view and project
horizontally from the Ist view, so that their
intersection points give the final 4th view.,

4. Convert the owtermost edges of 4th view to thick
lines. Look to the top view ( 3rd) from the front side
and identify the visible face abede. Convert this
{ace as visible one in the elevation (dth), while the
parallel face as hidden. Also note that in the view,
the line 'd” is representing a hidden edge. Since the
visible edge ¢"a’ is coinciding with the hidden edge
from ¢ toa’, only the line a’d” is to be drawn in short

dashes.
5. Finish the views, name all the comers and print the
given di o lete the drawing.
Example 12.8

A regular pentagonal pyramid has an altitude of 60 mm and

base side 30 mm. The pyramid rests with one of its sides of the

base on HP such that the inangular face containing that side is

perpendicular to both HP and VP. Draw its projections.
Refer to Fig. 12.16.

1. Since one of the triangular slant surfaces of the
pyramid is to be perpendicular to HP, the pyramid
has to be kept initially in simple vertical position,
and one of the base edges cd perpendicular to VP.
Draw the top and front views.

. Redraw the front view, keeping the face o'd’c’
perpendicular to.xy line. For this, first draw the line

[E]
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15t=" B
(Set-1) (Set-2)
Fig.12.16 Pentagonal pyramid (slant furface perpendicular
toHP).
o'd’. perpendicular to xy and the triangle

a'd’o’ on that line. Then complete the 3rd view.

3. Project horizontally from the first view and
vertically from 3rd view so that the intersections of
the lines locate the comers of the 4th view. [tistobe
noted that, the triangular face ode is perpendicul

Engineering Graphics for Diploma
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Fig.1247 Cone (A generator on HF),

that, in this position all the edges are visible in all
the views.
5. Finish the drawing and print the given dimensions.

Example 12.10

to both HP and VP,
4. Finish the view, name the comers and print the
given dimensions.

Example 12.9
A cone of base 50 mm diameter and axis 60 mm long has one
of its generators on HP. If the axis is parallel to VP, draw s
projections.

Referw Fig. 12.17

1. Draw the projections of the cone, keeping the base
on HP.

2. Divide the top view, which is a circle, radially into
12 equal parts and mark its diameter as ac and bd in
top view and in front view.

3. Copy the front view, so that the generator o'c” is on
the xy line. For this, mark the distance o'c’ on xy line
and construct the triangle o"a’c” on it. Draw the axis
a'p’ and mark the gencrators on the 3rd view.

4. Project horizontally from the first view and
vertically from the 3rd view, to get the various
points of the 4th view, Here, the circular base is seen
as an ellipse. Draw the ellipse by joining the points
using french curves or by frechand drawing. Then
draw two tangents from the apex o to the ellipse to

the Itis 1o be noted

A cylindrical disc of 60 mm diameter and 40 mm length is
resting upon one of its generators on HP. If the axis of the
cylinder makes 60° to VP, draw its projections.

Refer to Fig. 12.18.

1. Draw front and top views of the eylinder, keeping
one of the generators on HP and the axis
perpendicular to VP,

2. Divide the front view, which is a circle, radially
into 12 equal parts and name them clockwise.
Also name the horizontal and vertical diameters
asa’c’, g'd, 'y, etc. in front view and the same in
top view,

3. Copy the top view and generators after rotating it,
so that the axis makes 60° with the xy line.

4. Project horizontally from the first front view and
vertically from the 3rd view, so that the points of
intersection of lines form the 4th view.

5. In the 4th view the front face abed of the disc is
visible ellipse, while the rear face grst is hidden.
The edge 'y’r is visible because it is the outermost
edge. but the edge r's'r is hidden. hence it should be
represented by short dashes, Join the points by
drawing smooth curves either using suitable french
curves or frechand.

6. Finish the view, name the comners and print the
dimensions.
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FAFERT]

Fig.12.18 Cylindrical disc (axis inclined to VP).

Example 12.11
A triangular pyramid of base side 40 mm and axis 56 mm
long is freely suspended from one of the comers of its base.
Draw its projections, if the axis is parallel to VP,
Refer to Fig. 12.19.
1. Draw the top and front views of the pyramid,
keeping the base on HP and one of the base edges
(say be) perpendicular to the xy line. This position
brangs the line joining the point of suspension and
the centre of gravity ag parallel to VP.

Faint for

i
‘aln ‘

helght
|

2. Forall pyramids and cones the centre of gravity is
Tocated at 1/4 th the height from the base. Therefore
mark the centre of gravity of the solid in the front
viewas g".

3. Join the comer a’ to g”. If the pyramid is suspended
from the comer o', the line a'z’ will be
perpendicular to the xy line in the front view.
Hence, copy the first front view, keeping the line
a’g’ vertical. For this, draw a line perpendicular to
xyv and mark the distance o'z’ on it. Construct the
triangle 4’0’y on that line and then the triangle
a'o’b', 1o complete the 3rd view.

4. Project horizontally from the first top view and
vertically from the 3rd view, to get the points of the
4th view. Here, all the edges are visible,

5. Finish the view, name the corners and print the
dimensions.

E le 12,12

Fig.1219 Suspended triangul
taHP).

id (axis inclined

A frustum of a square pyramid of base side 32 mm, top side
16 mm and height 40 mm is resting on one of its base comers,
such that the base is 457 inclined 1o HP. Draw the projections.
Refer o Fig. 12.20.

1. Sincetheb Jg tobe ateq)
HP, the solid has to be kept initially in the simple
position, so that the sides are at equal inclinations te
the projector e¢” (LT). Draw the top view and then

the front view.
2. Copy the front view after tilting the view about the
comert ¢’ sothat the base makes 43° inclination with

lincli o
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Flg.12.20 Frustum of a pyramid (axis inchned to HP).

the xy line. This can be done by drawing 0" at 45°

and copying the front view on it

. Project horizontally from the first top view and

vertically from the 3rd view to get the points of
intersection which represents the corners of the 4th

view.

Tdentify the hidden lines and join the edges with

proper lines.

Finish the view, name the comers and print the

Engineering Graphics for Diploma

12,6 AXIS INCLINED TO BOTH THE REFERENCE
PLANES

When the axis of a solid is inclined to both the reference
planes, its projected views are usually obtained in three stages
of projection, following the change of position method. This
isane ion of the p dure followed in the previ
sections. The three sets of views o be completed are:

Ser-1 The axis of the object is kept in simple position
{i.c. perpendicular to one of the reference plancs), suitable to
reach the final required position, and the first set of views {1t
and 2nd) are drawn.

Ser-2 The object is tilted to bring the axis inclined one of the
reference planes and parallel to the other. Then the second set
of views (3rd and 4th) are drawn.

Ser-3 The object is further tilted to bring the axis inclined to
both the reference planes. The third set of views (5th and 6th)
are drawn now to get the answer.

The change of position method is similar to the one
explained in projections of plane figures. Here, a total of six
views are generally drawn to satisfy the required conditions.
Figure 12.21 gives the p of a square pyramid with
axis inclined to both the reference planes. 1f the direction of
inclination is not specified in the question, the tilting of the
solid can be in the opposite direction also, Similarly, the apex
of the pyramid may be directing towards or away from the
VP. This will result in three more different solutions.
Figure 12.22 shows these three possible (Set-3) solutions. It

given dimensions. isto be noted that, as the direction of tilting is different for the
S -
—2nd 3rd A
o a'b '\;{/
2 - " x_
iEva
P
_- . a
x b P e ; dho ¥
L
i /,r'_ 3]
b &
1st— 18 3 ——— LJ
™~ |
=Y . T
S x ; ;
3 d . a & e
(Set=1) (Set-2) (Sat-3)

Fig. 12.21 A square pyramid (axis in oblique position—apex pointing tawards right and away fram VP).

Downloaded from Ktunotes.in


http://ktunotes.in/

Projections of Solids

(Set=31
{8) Apex polnting towards left
and nearer to V8

{a) apex pointing towards left
ond away from VP
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(Set-3)

(c) Apax peinting lowards right
and negrer to VP

Fig. 12.22 A square pyramid—the three different solutions,

same angle of mclmauon the visible and hidden edges are
1 The foll les explain the procedure
of d.mwmg vanous solids in oblique positions.

Example 12.13
A square pyramid has its axis inclined at 45° to HP and one
edge of its base is inclined at 60° to VP, If the length of the
edge of its base is 36 mm and the height is 30 mm, draw the
projections of the object, keeping one of the edges of its base
on HP.

Referto Fig. 12.21.

1. Draw the projections of the p id. keeping the
base on HP and one of the base edges {LT)
perpendicular to VP.

2. Copy the front view after tilting the axis by 45° to
the xy line. Project horizontally from the top (1st)
view and vertically from the second front {3rd)
view to get the second top (4th) view.

3. Produce the second twp view, keeping the
edge ed inclined at 607 to the xy line (tum the
top view about paint c. the point of wraing PT)
ta get the third top (5th) view. Project | Iy

5. Finish the three sets of views, name the comers and
print the given dimensions.

Figure 12.22 gives three more solutions (final set of

views) to the same question. Nnre that the hidden edges are

h d as the direction of i hanges. It can be
idemified by looking from the front side of the top view. As
the apex points the observer the base cannot be seen.

Example 12.14

A square prism of base side 30 mm and height 50 mm has is

axis inclined at 35% 10 VP and has a base edge on VP, inclined

at 45 w HP. Draw its projections.
Refer o Fig. 12.23.

1. Draw the projections of the square prism, keeping
the axis perpendicular to VP and one edge of hase
on VP, perpendicular to v line (LT).

. Copy the top view (2nd), after tilting the axis 10
make 357 to the xv line. The edge st of the buse is
placed on VP. Project horizontally from the from
{1st} view and vertically from the second top (3rd)
view o get the second front (41h) view,

3. Reproduce the second front (4th) view, keeping the

[F]

from the second front view (4th) and \erllcally
from all the points on the thind op view (Sth)
to locate the comers of the third front (Gth)
view.

4. Join the points of intersection using continuous
thick lines for visible edges and short dashes for
hidden edges. The method for identification of
visible and hidden edges are the same as that
explained in article 12.3 of this chapter.

P
edge 5’ inclined a1 457 1o the xv line, to get the thind
front (5th) view. Project horizontally from the
second top (3rd) view and vertically from the third
front (5th) view, to get the third top (6th) view.

4. Join the points of 1 1on using inuou
thick lines for visible edges and shon dashes for
hidden edges as explained in Section 12,3,

5. Finish the three sets of views, name the comers and
print the given dimensions.
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2. Copy the front (2nd) view, keeping the generator
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Fig. 12.23 A square prism (axis in oblique pesition).
Example 12.15
Acone, of base di S0 mmand 60 height, has one of

its generators on HP. If the axis of the cone is seen as 45°
inclined toxy line in the lop view and the apex is nearer to VP,
draw the projections of the cone.

Refer to Fig. 12.24.

1. Keeping the base on HP, draw the projections of the
cone in simple position. Divide the base circle
radially into 12 equal pamts and name these
generators as given in figure,

o'c’ on the xy line. Project horizontally from the top
view and vertically from the second front view 1o
get the second top (4th) view as explained in
Example 12.9.

3. Reproduce the second top (4th) view, so that the

axis of the view is 457 inclined to the xy line and the
apex is nearertoit. Here, the ellipse has to be copied
by measuring and marking the major and minor
axes as well as the intermediate line lengths

Fig. 12.24 A cone (axls in oblique position).
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connecting the 12 points perpendicular to the major
axis. This gives the third top (Sth) view.

Project horizontally from the second top (3rd) view
and vertically from the third top (5th} view to form
the third front (6th) view. Tt is to be noted that for
cones, the outer most generator has to be drawn in
allthese views. Toobtain the ¢ £

draw tangents from the apex to the ellipse, which
represents the base of the cone.

Finish the three sets of views, name the points and
print the given dimensions.

Example 1216
Draw projections of a pentagonal pyramid 30 mm side
and axis 60 mm long, when it is resting on one of its
base edges with

(a) the axis making an angle of 30° with HP and the top

view of the axis making 457 with VP, and

{b) the axis making an angle of 30° with HP and 45°

with VP,

Refer to Fig. 12.25.

L.

Here, the first two sets of views are the same for the
two given (aand b) conditions. Therefore, draw the
first set of projections of the pyramid, keeping the
base on HP and one of the base edges (LT)
perpendicular to VP,

TL=ED

2.

I51

Copy the front view keeping the axis inclined at 307
to the xy line. Project horizontally from the top
view and vertically from the second front view to
ger the second top view.

Solution to (a) part

3.

As per the given conditions in part (a), the axis of
the top view makes 45° 1o the xy line. This means
the angle given is the apparent angle fand equal to
457, Hence, reproduce the second top view keeping
the axis of the view 43° inclined to the xv line, to get
the third top view. Project horizontally from the
second front view and vertically from the third top
view to get the third front view.

Solution to (b} part
4.

In this part the angle of inclination of the axis is 457
with VP. This means the given angle is the true
inclination ¢ and not the apparent angle. Hence to
proceed, the apparent angle f(the angle seen in the
projection, which is always larger than the true
angle), has to be determined graphically. To find
the apparent angle f. do the geometrical
construction near by the view. Draw a line po, =the
true length TL of the axis, at the true angle 45° to
VP and mark the locus line v parallel o xv line,
passing through 0. With centre p, cut an are of

(Set-1)

to fimd 8

Fig. 12.25 A penlagonal pyramid (axis inclined 1o both the reference planes).
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T

radius equal to the plan length PL of the axis (op of
the second top view) on the locus line v, The
inclination of line pe gives the angle B to the
horizontal.

. Reproduce the second top view at this angle fSto the

ay ling in order 1o get the fourth top view.

Project horizontally from the second front view and
vertically from the fourth top view, to get the fourth
front view, This set of views is marked as Set-3b. It
is to be noted that the third and fourth front views
are almost similar but not exactly the same.

Finish the four sets of views with proper lines and
print the given dimensions.

While solving a problem of solid in obligue position, the
student has to identify from the question, whether the given
second angle of inclination is the true angle or the apparent
angle. If it is the true angle the apparent angle has 1o be
determined.

Example 12,17

56

Engineering Graphics for Diploma

line in the top view, draw the projections of the suspended
pyramid.
Refer to Fig. 12.26.

1.

(=]

Draw the projections of the square pyramid keeping
the base on HP. Let the point of suspension is the
comer a of the base on left side. The centre of gravity
£ of the pyramid is on the axis ar 1/4th height from
the base. The line joining a and g in the first wop
view should be kept parallel to the xy line initially.
Hence, place the base edges of square pyramid
equally inclined (45°) 1o the line for tilting LT.
Draw the first front view and mark the centre of
gravity g" of the pyramid at 1/4th height from the
base. Join & to g". If the solid is suspended from
corner ', the line a’g’ will be seen perpendicular to
the xy line in the second front view. Hence, copy the
first front view, keeping the line a’g” vertical. The
copy can be made on a”g; by considering the view as
a binati of triangles as explained in
Example 12.11.

A square pyramid of base side 32 mm, axis Sﬁ.mm long, is 3. Project horizontally from the top view and
suspended frecly from one of the comers of its base. If a vertically from the second front view to gel the
vertical plane containing the axis is seen 607 inclined to the xy second top view.
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Fig.12.26 A suspended square pyramid.
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4. Since the axis is lying in a vertical plane, inclined at
G607 1o VP, the apparent angle of the axis to the x
line also 60°. So, redraw the second top view,
keeping the axis inclined at 60 to the a1y ling, 1o get
the third top view.

5. Projecthorizontally from the second front view and
vertically from the third top view, to get the third
front view,

6. Finish the views, name the corners and print the
given dimensions.

Example 12.18
Draw front, top and side views of a square pyramid of base
side 34 mim and axis 40 mm long such that the axis is inclined
40° 10 VP and 50° to HP. One base edge is on HP and the apex
of the pyramid is kept near by VP than the base.
Referto Fig. 12.27.
1. The total of the true inclinations of the axis
(40 + 50) is 90 That means the axis is parallel 1o PP
and hence the true angles and TL will be seen in the

153

side view. If the usual procedure is followed. first
draw the plan and elevation of the pyramid in
simple position  keeping one  base edge
perpendicular VP.

. Tilt solid to 507 in the elevation and get the second
top view by projecting downwards,

3. Copy this second plan (4th) after turning 90°
anticlockwise about PT. Project upwards from the
third plan (3th) and draw horizontal lines from the
second elevation to get the third (6th) front view.

4. Now the pyramid is in the required position. Draw
zyy line perpendicular to xy line and get the side
view on the profile plane as shown in the figure.

5. Finish the views and print the given dimensions.

1f the student can visualise the p of the pyramid in
the side view without confusion, that view {7th) can be drawn
directly on PP using the given rrue angles and lengths. Then
the required elevation and plan can be obtained by projecting
hackwards to VP and HP. Thus the solution is completed in
three views instead of seven.

(=

{Set-13})

Fig. 12.27 Three views of a square pyramid in obligue position.
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EXERCISES

(# Problems similar to the worked-out examples)

Solids in simple position
1. A square prism of 50 mm side and 70 mm height is
resting on HP with one of its rectangular faces inclined

at 65° to VP, If the nearest ventical edge is 25 mm in
front of VP, draw its projections. (#)

2. A pentagonal pyramid of 40 mm side and axis 75 mm
long is resting upon its base on HP such that one of the
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Axis
T

base edges is perpendicular to VP, If the axis of the
pyramid is parallel to and 60 mm away from VP, draw
its projections. (#)

. Ahexagonalp i of base side 30 mm and height 70

mmis placed on VP, such that the axis is perpendicular
1o and the vertex is touching the VP at a height of 50
mm from HP. Draw its projections, if one edge of the
base is making 10° 1o HP, (#)

An equilateral trizngular prism of side 45 mm and
length 70 mm has its axis parallel to both HP and VP.
Draw its front view, top view and side view on profile
planc. (#)

. A frustum of a cone of base diameter 46 mm, top

diameter 26 mum and height 40 mm, is placed in the first
quadrant such that its axis is parallel to both HP and VP.
If the axis is 36 mm above HP, and the base is on the
right hand side of the observer, draw its projections. (#)

. A frustum of a square pyramid of base side 40 mm, 25

mm top side and height 50 mm is placed in the first
quadrant such that its axis is paralle]l o both the
reference planes. If the axis is 36 mm above HP, and the
base is on the right hand side of the observer, keeping
the base edges at equal inclination 1o VP, draw the
projections.
inclined to one of the reference planes
A square pyramid of 40 mm base and 60 mm height is
resting on one of its base edges on HP. If the axis is
paralle] to VP and inclined 30° to HP, draw its
projections. (#)
A pentagonal prism of base side 30 mm and height 70
mm rests with one of its rectangular faces on HP. If the
axis is inclined at 307 to VP, draw its projections. (#)
A regular hexagonal pyramid has an altitude of 60 mm
and base side 26 mm. The pyramid rests with one of its
sides of the base on HP such that the triangular face
that side is perpendicular to both HP and
VP. Draw its projections. ()

. A cone of base 60 mm diameter and axis 70 mm long

has one of its generators on HP. 1M the axis is parallel o
VP, draw its projections. (#)

. Acylindrical dise of 64 mmdi and 40 mm length

is resting upon one of its generators on HP. If the axis of
the cylinder makes 45° to VP, draw its projections. (#)
A mangular pyramid of base side 50 mm and axis 60
mm long is freely suspended from one of the comers of

Engineering Graphics for Diploma

its base. Draw its projections, if the axis is parallel to
VP. (#)

13. A frustum of a square pyramid of base side 40 mm, top
side 20 mm and height 50 mm is resting on one of its
base comers, such that the base is 307 inclined to HP.
Draw the projections. (#)

14. A cone of base 50 mm diameter and axis 60 mm long
has one of its generators on VP. If the axis is parallel 1o
HP, and pointing left side, draw its projections.

15. A pentagonal prismof base side 30 mm and axis 60 mm
long is freely suspended from one of the comers of its
base. Draw its projections, if the axis is parallel to VP.

Axis inclined to both the reference planes

16. A square pyramid has its axis inclined at 30° to HP and
oneedge of its base is inclined ar 45° 1o VP. Tfthe length
of the edge of its base is 40 mm and the height is 60 mm,
draw the projections of the object, keeping one edge of
its base on HP. (#)

17. A wiangular prism of base side 40 mm and height
50 mm has its axis inclined at 407 1o VP and has a
base edge on VP, inclined at 50° to HP. Draw its
projections. (#)

18.  Acone. of base diameter 52 mm and 64 mm height, has
one of its generators on HP. If the axis of the cone is
seen as 307 inclined to xy line in the top view and the
base is nearer to VP, draw the projections of the cone.
(#)

19, Draw proj of a hexag pyramid 26 mm side
and axis 60 mm long. when it is resting on one of its
base edges with,

(a) the axis making an angle of 357 with HP and the
top view of the axis making 407 with VP, and

(b) the axis making an angle of 35% with HP and 40°
with VP. (#)

20. A square pyramid of base side 36 mm, axis 60 mmlong,
is suspended freely from one of the comers of its base.
If a vertical plane containing the axis is seen 50°
inclined to the xy line in the top view, draw the
projections of the suspended pyramid keeping the apex
away from VP than its base. (#)

21. Draw front, top and side views of a pentagonal
pyramid of base side 30 mm and axis 50 mm long such
that the axis is inclined 35° to VP and 55° to HP. One
base edge is on HF and the apex of the pyramid is kept
nearby VP than the base. (#)
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Sections of Solids

he internal details of an ohject can be made visible by

cutting the object using an imaginary plane and
removing that portion of the object which is between the
imaginary plane and the observer. This imaginary plane is
called cutring plane or section plane. The surface seen on the
object, while cutting it by the section plane, is called the
section. The projection of the sectioned surface, along with
the remaining portion of the object, on to the reference plane
is called sectional view. Very often, the term section is used to
mention a sectional view.

13.1 REPRESENTATION OF THE SECTION PLANE
AND THE SURFACE FORMED BY CUTTING

Section plane or cutting plane is an imaginary plane used to
cut the solid, so that by removing a portion of the solid the
shape of the cut surface as well as the hidden details are
exposed. Figure 13.1(a) shows the pictorial view of a
pyramid, cut by a section plane parallel to HP. The portion
between the cutting plane and the observer is assumed to be
removed for the sectional view., This shows the cut surface,
which is represented by section lines. Onthographic views of
the pyramid are shown in Fig.13.1(b). Here the top view is
the sectional view of the pyramid. It is to be noted that the
front view is not affected by the section. Only the trace of the
section plane is 1o be marked over it

155

A section plane is represented by its trace, drawn in
thin chain lines thickened at ends (type H lines). The
direction of viewing is shown by arrows and designated by
capital letters. Figure 13.2 shows the representation of the
traces of section planes. When several cutting planes are
joined together to bring out the section details at different
angles or different offset layers, then the plane is represented
by thin chain line. thickened at the ends and at the changes of
direction,

The 1 surface is indi 1by aclosed b Y
using thick line (Type A line) and is filled with section lines.
The section lines are drawn using thin line (Type B line) of
equal spacing from boundary 1o boundary. The spacing can
be 1 to 3 mm, depending on the size of the drawing. The
preferred angle is 457 (towards left or right) to the reference
line (see Fig. 13.3). If the major portion of the boundary of
sectioned surface become almost parallel or perpendicular to
the section lines, the inclination maybe changed toan angle of
45° 1o the longitudinal axis of the d surface. The
section lines should be interrupted at the places of text, The
process of drawing section lines is called hatching.

13.2 TRUE AND APPARENT SHAPES OF SECTION

If a solid is sectioned by a plane and it 1s projected to a plane
parallel toit, the shape of the section obtained will be exactly
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o Seclion plane
: (Type H line)
Verfical troce |
Porfion removed V-L_ JR, 4 - 3’4 _.LT
Section I Front view
Section plane , (completa object)
a"b’ o e"
% I Y
Partion romond\ Sectional
(Type K lina) fop view
Closed boundry]
. AR J o] Section lines
Tong (Type & line) . (Type B lines)

a

A) Pictorial view

d
(b) Orthographic views

Fig.13.1 Sectional top view of a pyramid,

(b} Inclined

(c) Several planas

Fig. 13.2 Traces of section planes.

the section exposed by the cutting plane. This shape is called
the true shape of section. If the cutting plane is inclined to the
plane of p the shape obtained will not be the true
shape. Such a shape is called the apparent shape of section.
Figure 13.4 gives an example to the true shape of section and

FE L. f i btained whil i J‘Ilb)'
an inclined cutting plane. 1.

13.3 SUGGESTED PROCEDURE FOR DRAWING

A SECTIONAL VIEW
Drawing of sectional views |sm: axmnn of pmju:uans of
solids. Hence, tt d dinpre plersis 3.
10 be followed here also,
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{u) Prefarred hatching angle

(b) Mo hatehing
over laxt

Fig.13.3 Hatching.

(¢) Hatching of
odjocent components

Draw the projections of the complete solid in the
required position using thin lines.

. Mark the given section plane (i.e. the trace of the

section plane using Type H line) in the appropriate
view, sothatthe otherrelated view can be converted
into the required sectional view.

Then project from all the points of intersection of
the section plane and the view boundaries, to the
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4Dpcrenr shape of section™

True shape of
section

7

Fig.13.4 True and apparent shape of section.

otherside of the reference line. This gives the points
for the boundary of the sectioned surface.
Assuming that the portion between the section
plane and the observer is removed, complete the
drawing of the remaining portion in the sectioned
view. Draw the boundary of the sectioned surface
and the view of the remaining portion by thick
lines.

Finish the other view in which the trace of the
section plane is marked using proper line types.
Print the given dimensions and details.

Hatch the sectioned surface using Type B lines at
equal spacing of 1 to 3 mm.

. In a sectional view, if the portion of the solid

remaoved by the section plane is to be shown, it can

/\
N4

(a) Farollel fo HP

78
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be represented by Type K line (chain-thin double-
dashed).

The following points have to be considered while drawing
the sectional views.

L.

The section plane has to be shown using Type H
line. The direction of viewing should be marked by
two short arrows and the name of trace should be
marked as HT or VT.

. The removal of the portion between the section

plane and the observer is applicable only to the
sectional view. The other view on which the section
plane is marked is not affected by the sectioning.

. The boundary of the sectioned arca should always

be thick line and a closed one, There should be no
thick continuous line inside the boundary of the
sectioned area.

A flat surface cut by a plane, gives a straight
boundary while a curved surface cut by a plane
gives a curved boundary in the sectional view.

. The sectioned surface is represented by hatching

lines of approximately equal spacing (1 to 3 mm).
Thin lines are to be drawn from boundary to
boundary, preferably at large spacing and inclined
at 457 1o the reference line.

Asfarasy le, the text insid, tioned surface
should be avoided. In idabl the
hatching lines are to be drawn without crossing the
text.

. The hatching lines are to be drawn at the end of a

drawing, i.e. only after finishing the drawing and
printing the text.

AN ACA,

>, ® P, &

¥
(b) Parallel to VP (¢} Inclinedto HP  (d) Inclined to VP

(a) Several cutling planes

Fig. 135 Types of section planes and sectional views.
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If a section plane cuis a solid having flar surfaces, the
numberof siraight edges formed by cutting is = the number
of points of intersection = the the number of surfaces cur.
Also the figure will be a closed one.

13.4 CLASSIFICATION OF SECTION PLANES

A section plane is considered as an imaginary plane
perpendicular to one of the reference planes. Hence, the
projection of the section plane to which it is perpendicular
will be a line representing its trace. Figure 13.5 gives the
example for five different types of section planes and the
sectional views obtained by cutting a square pyramid.
The classification of the section planes are:
1. Section plane parallel to HP.
2. Section plane parallel to VP.
3. Section plane inclined 1o HP.
4. Section plane inclined to VP.
5. Combination of several section planes.

13.56 SECTION PLANE PARALLEL TO HP

A section plane parallel to HP and perpendicular to VP gives
asectional top view. As the section plane is parallel o HP, the
projection of the section on the HP is of tue shape and size.
Figure 13.6 gives an example for sectioning a prism lying on
HP by a cutting plane parallel to HP.

Example 13.1
A night regular pentagonal prism, side of base 32 mm and
height 60 mm, is lying on one of its rectangular faces upon

HP. the axis perpendicular to VP. A section plane
w
a’.
E
- i
| N7k
B :
| VN
a el bpdd e
Fig.13.6  Sectional tap view of a prism (section planae paralle|

toHP).
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parallel to HP cuts the solid at a height of 40 mm above the
resting surface. Draw the front and sectional top views of the
prism.

Refer to Fig. 13.6.

1. Draw the front and top views of the pentagonal
prism using thin lines and name the corners.

2. Name the trace VT of the cutting plane at the given
height above the xy-line in the front view.

3. Name the points of intersection of the cutting plane
with the surfaces one by one in the clockwise
direetion, as 1%, 2, 3', and 4', since the plane cuts
four surfaces.

4. Draw projectors from these points to get the
corresponding points in the top view. Join 1,2,3,
and 4 by thick lines to get the cut surface.

5. Convert the thin lines to the proper line types and
print the given dimensions. Hatch the cut surface
formed by points 1, 2, 3 and 4 using thin lines
(Type B line), drawn at 45° 10 the xy line.

13.6 SECTION PLANE PARALLEL TO VP

The method of taking sectional view of a solid by a cutting
plane parallel to VP is similar to that when it is parallel to HP.
Since the section plane is parallel to VP, the sectional view
obtained on VP will be of the true shape and size.

Example 13.2

A right regular triangular pyramid, edge of base 60 mm and
height 70 mm, is resting on HP on its base with one edge of its
base parallel to and closer to VP. A cutting plane, parallel to
and passing through a point 16 mm in front of the top view of
the axis, cuts the solid. Draw the sectional front view of the
pyramid.

Referto Fig. 13.7.

1. Draw the top and front views of the pyramid in the
given position using thin lines and name the
comers.

2. Mark the HT of the section plane on the top view
and locate the intersection points 1, 2, and 3 on the
three surfaces of the pyramid.

3. Project from 1 and 3 to the front view and mark the
points 1° and 3’ on the base edges. The point 2’ lies
on a vertical line in the front view, so the projector
from point 2 will not intersect but coinside the
edges o'c”. In a similar situation, construct the true
length line o, by rotating the top view of the edge
oc to ocy position and projecting upwards as shown
in figure. Then the distance from o to 2 is
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Fig.13.7 Sectional frontview.

rransferred to the true length line by drawing an arc
and a projector to get the poml 2 on it. A horizontal
th hat point theedge o'c’
g:vmgthcpman Join 1,2, and 3’ by thick lines to
get the boundary of the section.
. Finish the top and front views, print the given
dimensions and hatch the sectioned surface
complete the drawing.

.

13.7 SECTION PLANE INCLINED TO HP

If the cutting plane is inclined to HP and perpendicular o VP,
the top view gives the section of the solid.

Example 13.7
A square pyramid of side 50 mm and height 70 mm s kept on
HP so that the sides are equally inclined 1o VP. A cutting
plane perpendicular to VP, but inclined 60° 1o HP cuts and
remaoves the apex portion so that the plane passes through the
mid-point of the axis in the front view, Draw front view,
sectional top view and the true shape of section,
Refer to Fig. 13.5,
1. Draw the top and front views of the pyramid
keeping the square base 45° inclined w VP,
2. Mark the section plane VT in the front view so that
it makes 607 to the xy line and passing through the
mid point of the axis.

159

3. Name the points of inersection of cutting
plane with edges as 17, 2, ... 5" in order o get a
sectional top view marked clockwise. Here, five
surfaces are cut hence, five points of intersection
are obtained.

4. Project from points 17, 27, ... 5" to the top view and
mark the same at the intersection points on the
comesponding edges. Join these points by straight
lines to get the apparent shope of section,

5. The apparent shape of the section is symmetrical
about the line jk drawn through o'p’, parallel to
xy line . To get the true shape of section, draw a line
of symmetry jik; at any position parallel to the
section plane VT and draw projeetors from points
17,2, 3, ... etc., perpendicular to the line jik; as
shown in figure. Measure the distances of points 1,
2, ... 5 from jk line, in the top view and mark
them symmetrically along  comesponding
projectors on both sides about the line fiky. Join the
points by straight lines, to get the true shape of
section.

6. Finish the views, enter the given dimensions and
hatch the apparent as well as the true shape of
section by drawing section lines at 437 inclination
to the line of symmetry.

wTrue shope /

shape

Fig.13.8 Sectional lop view (section plane inclined to HP).
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EXERCISES

(# Problem similar to the worked-out examples)

A right regular pentagonal prism, side of base 30 mm
and height 66 mm., is lying on one of its rectangular
faces upon HP, keeping the axis perpendicular to VP.
A section plane parallel to HP cuts the solid at a height
of 34 mm above the resting surface. Draw the front and
sectional top views of the prism. #

A pentagonal pyramid, side of base 32 mm and
height 65 mm, is resting on HP keeping the axis vertical
and an edge of base perpendicular to VP. A hori I
curing plane cuts the solid at a height of 25 mm from
the base. Draw front and sectional top view of the
pyramid, #

A right regular square pyramid, side of base 55 mm and
height 66 mm, lies on one of its triangular faces upon
ground such that its 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 35 mm and height
66 mm, lies on one of its triangular faces upon ground
such that its 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 square pyramid, edge of base 50 mm and height 70
mm, is resting upon HE on its base, keeping the base

cdges equally inclined to VP. A cutting plane, paralle]
to VP and passing through a point located 10 mm in

Engineering Graphics for Diploma
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frontof the top view of the axis, cuts the solid. Draw the
sectional front view of the pyramid. #

. Ahexagonal pyramid of 32 mm side and height 66 mm

rests on HP keeping one of its base edges parallel o V.
A cutting plane paraliel to VI cuts the solid 12 mm in
front of the vertical axis. Draw sectional front view and
top view of the pyramid. #

. Apentagonal pyramid of side 36 mm and height 80 mm

is kept on HP so that one side is perpendicularto VP, A
cutting plane pery lar to VP, but inclined 65° to
HP cuts and removes the apex portion so that the plane
passes through the mid point of the axis in the front
view. Draw front view, sectional top view and the true
shape of section, #

. Acylinder is resting on its base upon 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 is
50 mm and length is 70 mm, draw the projections of the
sectioned cylinder and the true shape of section. #

. Ahexagonal pyramid, base 32 mm side and axis 70 mm

long, is lying on one of its triangular faces on the
ground with the axis parallel to VP. A vertical section
plane. whose HT passes through the mid point of the
axis of pyramid in the given positi } angle of
25% with the reference line and cuts the pyramid
removing a portion of the base. Draw the top view,
sectional front view and the true shape of section.
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Module D

Drawing of Surfaces

Chapter14 Intersectionof Surfaces
Chapter 15 Developmentof Surfaces
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Intersection of
Surfaces

he term ‘intersection of surfaces’ refers to the lines that

occur when geometrical surfaces such as planes,
cylinders, cones, etc. i one her. The line of
intersection will be common to the surfaces of the
intersecting solids. The line of intersection may be straight or
curved. based on the shape of the intersecting surfaces and
can be drawn by determining a number of points in order.
When a solid penetrates another solid, the line of intersection
of the surfaces may be called lines or curves of intersecrion.

14.1 CLASSIFICATION OF INTERSECTING
SURFACES

Intersecting surfaces can be classified into three categories:

1. Intersection of two plane surfaces

The intersection of two plane surfaces is a straight line. I‘nsm
and prism, prism and p Py
intersect each other I'm-mmg straight lines as curves of
intersection.

d or pyramid and

2. Intersection of two curved surfaces

‘The intersection of two curved surfaces is a curve. Cylinder
and eylinder, cone and cone or cylinder and cone intersect
each other along in a curve.

163
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3. Intersection of one plane surface and a
curved surface

The intersection of a plane surface and a curved surface is a

curve. Prism and eylinder, pyramid and cylinder, prism and

cone or pyramid and cone intersect each other in a curve.

14.2 METHODS USED TO DRAW THE LINE OF
INTERSECTION

The following are the methods used to draw the line of
intersection.

1. Line method or plercing point method
In this method & number of straight lines are drawn on one of
the solid surfaces and the lines of intersection are drawn.

2. Cutting plane method

In this method, the two solids are assumed to be cut by planes
parallel, perpendicular or inclined and the lines of
intersection are drawn.

14.3 LINE OF INTERSECTION OF PRISMS

Prisms have only plane surfaces. Therefore, when one pism
penetrates another prism, the intersection of surfaces results
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in straight lines only. Each intersection line stans and ends at
points where edges of one prismmeet a plane surface oredges
of another prism. Alse the intersection lines form a closed
polygon.

Example 141

A square prism, base 50 mum side and B0 mm long, is resting
vertically on HP. Itis d by atri prism of 44
mm side and 100 mm length, so that their axes intersect each
other at right angles. If the faces of the square prism are
equally inclined to VP and one of the rectangular faces of the
triangular prism is paralleled to HP, draw the projections of
the solids showing the lines of i i

Refer to Fig. 14.1.

1. Draw the top, front and side views of the vertical
square prism, with sides 45° to VP. Name the
comers p, q, rand s as sown in figure. Also draw the
side, front and top views of the triangular prism
keeping its axis horizontal and intersecting the axis
of the square prism at the centre. For this, locate the

Engineering Graphics for Diploma

centre A at the middle of axis of the side view,
construct 60° lines and draw the horizontal base of
] al triangle. C the side view and
then the other two views overlapping the vertical
prism.
Here the two solids have plane surfaces o intersect
and their axes are meeting at the centre. Henee, the
lines of intersection are straight lines and they form
two closed straight line figures symmetrical about
the vertical axis in the front and top views. The left
side points of intersection may be called a,, a,. ete.
and the right side &, by, etc. In the side view, they
are coinciding, so only ay, as, ..., are marked. The
number of intersecting plane surfaces of the prisms
inthe piven position are four, so there are four points
of intersection and hence, four straight lines. The
points may be named clockwise asa’, a¥, ayand af.
In the top view the three edges of the triangular
prism intersect on the left faces of square prism at
four points a;, ay, @3, and ay. Similarly, on the right

p s'.g’ r | g [ "
100 i
_________ by |z | o
! 1
| n h* S
-9 ]
o by 103 g ar 1\@;‘ o} a
[ s la r 9 [iad Lt 5"
% / ¥
q
1 ail” N by ! 44 f
|
ay by |
2 9 /o i r by _,.z/
T o 2z
3 o | S by 3 -
5 )‘1
Fig. 14.4  Intersection of prism in prism,

Downloaded from Ktunotes.in


http://ktunotes.in/

Intersection of Surfaces

faces, the four points of intersection are by, b, by
and by. Convert the edges of the triangular prism
coming inside the square prism as hidden lines.
Draw the projectors through the points of
intersection from both side view as well as top view
and obtain the corresponding points in the front
view. For example point ay will be the point of
intersection of vertical projector from as and
horizontal projector a3 Similarly, obtain the
remaining points. Join a'aha’ya’y in order by using
thick straight lines to complete the line of
intersection on the left side.

. Following the same method get 565658 which
are the points of intersection on right side. They
form a mirror image of left side shape. It may be
noted that in the front view, the lines of intersection
on front and back of the prisms overlap and thus
forms the closed figure. The portions of triangular
prism hidden in front view are shown using short
dashes and the edges of square prism p

d are

165

6. Finish the views and print the given dimensions 1o

complete the drawing.

Example 14.2

A vertical hexagonal prism. side of base 40 mm and 80 mm
long, is completely penetrated by a horizontal square prism
of 36 mm side and 120 mm lenpth. The axis of the horizontal
prism is parallel to VP and 6 mm in front of the axis of the
hexagonal prism. If one rectangular face of the hexagonal
prism is parallel to VP and all the faces of the square prism are

equally inclined to HP, draw the projections of the prisms

the lines of i

5

Refer w Fig. 14.2.

Draw the three views of the two prisms in the given
position as well as overlapping each other and name
the comers.

. Here the two solids have plane surfaces and their

axes are at o distance of 6 mm. The lines of
intersection are straight lines. The number of

shown using Type K line,

ing plane surfaces of the prisms in the
given position are six. o there are six points of

4 S

S I by
u| 40 |t

120

Fig. 14.2 Intersection of prism in prism.
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mtersection and hence, six straight lines, The points
may be named clockwise as aff, a3, ..., a; a5 in the
side view.

3. In the top view the four edges of the square
prism intersect on the left faces of hexagonal
prism al six points, namely ay. as. ..., ag. Similarly,
on the right faces the six points of intersection are
by, by, s bge

4. Draw the projectors through the points of
intersection from both side view as well as top view
and obtain the corresponding points in the front
view as done in Example 14.1. Join a}, a5, ..., agin
order by using visible or hidden lines to complete
the line of intersection on the left side.

5. Following the same method get b7, b%, ..., b5 which
are the points of intersection on right side. They
form a mirror image of left side shape. It may be
noted that, in the front view, the lines of
intersection on front and back of the prisms are not
overlapping and they form closed figures, parly
visible and partly hidden. The portions of square
prism hidden, are shown using short dashes and the
edges of hexagonal prism penetrated by the other
are represented by Type K line.

6. Finish the views using proper line types and print
the given dimensions.

14.4 LINES OF INTERSECTION OF CYLINDERS

Cylinders huve curved lateral surfoces. Therefore, when they
intersect, the line of intersection will be a closed curve. Since
eylinders have no edges like prisms, to draw the intersection
curve, culting plane method is used. Figure 14.3 shows the
pictorial view of intersection of cylinders cut by an
imaginary cutting plane C1-2. Here, the section of vertical
eyvlinder is a circle while that of a borizontal cylinder is a

Fig. 14.3 Cwlinder in cylinder {cutting plane method).

Engineering Graphics for Diploma

rectangle. The intersection points of the circle with rectangle
gives the required points of intersection. Similarly, by
assuming different cutting planes, the required number of
points on the i jon curve can be d ined

Example 14.3

A vertical cylinder of 72 mm diameter and 80 mm length is
penetrated by another horizontal cylinder, 56 mm diameter
and 100 mm long. The axis of the horizontal cylinder is
parallel to VP and 6 mm in front of the axis of the vertical
cylinder. Draw the projections showing the curves of
intersection.

Refer to Fig. 14.4.

1. Draw the three views of the two cylinders in the
given position as well as overlapping each other.

2, Divide the circle representing the horizontal
cylinder in the side view, radially into 8 equal parts.
Name them as 17, 27, ..., 8" and mark the cutling
planes 3.4, €).5. and ¢g, 5 a5 shown. Note that these
cutting planes passes through the 8 points marked.
Draw lines to represent the edges formed by these
imaginary cutting planes in the top and front views
and name them. The crossing points of these
imaginary edges on the circle representing the
vertical cylinder in top view gives the points of
intersection on the left and right sides as a;, @z, ...,
ag and by, by, ..., byrespectively.

3. Draw projectors through the points of intersection
from both side view as well as top view and obtain
the corresponding meeting points in the front view
a5 did in Example 14.1. Join &, . ..., a}, in order
by using visible or hidden curved lines to complete
the line of intersection on the left side of front view.
Repeat the same to get points by, 55, ..., by whichare
the points of intersection on right side. They form a
mirror image of left side shape.

4. Finish the views using proper line types and print
the given dimensions.

Example 14.4
A vertical eylinder of 72 mm diameter and 100 mm length is
penetrated by another cylinder, 48 mm diameter and 120 mm
long. The axis of the penctrating cylinder is inclined at 25° 1o
HP and parallel to VP, Draw the projections showing the line
of intersection, if the two axes of the cylinders intersect at
their mid points,
Refer to Fig. 14.5.
1. Draw the top and front views of the given cylinders
with their axes intersecting at an angle of 25°. Here
the end view of the inclined cylinder can be
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Fig.14.5 Cylinder in cylinder (line method).

Downloaded from Ktunotes.in


http://ktunotes.in/

replaced by a circle of its diameter drawn on its axis
in the front view as shown.

. Divide the circle into 8 equal parts radially and
name them. Follow the cuiting plane method
Explained in Example 14.3 and get the curved lines.
of intersection in the front view. Note that the

(¥
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cone are used. Figure 14,6 gives an example for a similar
solution.

Example 14.5

A vertical cone, 84 mm of base diameter and axis of 100 mm
high is completely penetrated by a horizontal eylinder, of 50
mm diameter and 102 mm length. If the axis of the cylinder

hidden i lines are coinciding with the
visible ones, since the axes are i ing each
other.

3. Finish the views using proper line types and print
the given dimensions.

14,5 LINES OF INTERSECTION OF CYLINDER
AND CONE

When a eylinder penetrates a cone, the lines of intersection
will be a closed curve because they have curved lateral
surfaces. Cutting plane method is used to determine the
curves of intersection. If the axis of eylinder is right angled to
that of the cone, cutting planes perpendiculartothe axis of the

the axis of the cone at height of 30 mm from the
base and is parallel to VP. Draw the projections of the solid,
showing the curves of intersection,

Refer to Fig. 14.6.

1. Draw the three views of the cone and cylinder with
their axes intersecting at right angles as well as
overlapping cach other.

2. Divide the circle representing the horizontal
cylinder in the side view, radially into 12 equal
parts. Name them as 1, 27, ... 12" and mark the
cutting planes 3.5, €18, ..., €1).9 15 shown, Note that
these cutting planes passes through the 12 points
marked. Draw lines to represent the edges formed

o
|
1
]

N

/ G | B

Fig.14.6 Cylinder in cone (cutting plane mathed).
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by these imaginary cutting planes in the top and
front views and name them.

. To mark the intersection points a; and a; in the top
view, measure the radius of the cone along the
cutting plane ¢3¢ as ry5 and draw an arc of that
radius with centre o in the top view, The arc cuts the
lines 3-3 and 5-5 marking a; and as. Similarly,
mark the remaining points using the cone radii
along different cutting planes. Join them using
smooth curves of visible and hidden lines on left
and right sides as shown in top view.

Draw projectors through the points of intersection
from both side view as well a5 top view and obtain
the corresponding meeting points in the front view
as did in Example 14.1. Note that the hidden
i ion lines are coinciding with the visible
ones, since the axes are intersecting each other.

. Finish the views using proper line types and print
the given dimensions.

169

Example 14.6
A cone, 84 mm diameter and 100 mm length, is resting on its
base upon HP and it is penetrated by a horizomal cylinder, 50
mm diameter and 102 mm long. The axis of the horizontal
cylinder is 30 mm above the base of the cone and parallel to
VP. If the axis of the cone is 10 mm behind the axis of the
cylinder, draw the projections of the solids showing the
curves of intersections.

Refer to Fig. 14.7.

1. Draw the three views of the cone and cylinder with
their axes ot a distance of 10 mm as well as
overlapping each other.

2. Divide the circle representing the horizontal
cylinder in the side view, radially into 8 equal parts.
Name them as 17, 27, ..., 8" and mark the cutting
planes ¢3.4, €45, and € ¢ as shown. Draw lines to
represent the edges formed by these imaginary
cutting planes in the top and front views and name
them. Also mark the points n”™ and ™ representing

Fig. 14.7 Cylinder in cone (culting plane methed).
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EXERCISES s i s 5o

the cylinder protruding points from the outermost
generator of the cone.

3. Mark the intersection points in the top view and
then in the front view as done in Example 14.5.
Here, note that the left and right eurves join to form
asingle one at points # and m in the top view and at

(# Problems similar to the worked-out examples)

=]

A square prism, base 54 mm side and 90 mm length, is
resting vertically on HP. It is penetrated by a triangular
prism of 50 mm side and 110 mm length, so that their
axes intersect each other at right angles. If the faces of
the square prism are equally inclined to VP and one of
the rectangular faces of the triangular prism is
paralleled to HP, draw the projections of the solids
showing the lines of intersection. (#)

A vertical hexagonal prism, side of base 42 mm and
80 mm length, is completely penetrated by a
horizontal square prism of 36 mm side and
120 mm length. The axis of the horizontal prism is
parallel to VP and 8 mm in front of the axis of the
hexagonal prism. If one rectangular face of the
hexagonal prism is parallel to VP and all the faces of the
square prism are equally inclined to HP, draw the
prajections of the prisms showing the lines of
intersection. {#)

. A ventical cylinder of 76 mm diameter and 90 mm

length is | d by another t | cylinder, 54
mm diameter and 110 mm length. The axis of the
horizontal cylinder is parallel to VP and 9 mm in front

. A vertical cone of base 90 mm diameter and axis

Engineering Graphics for Diploma

n' and m” in the front view. This is because the
cylinder surface is partially outside the outermost
generator of the cone.

4. Finish the views using proper line types and print

the given dimensions.

LN

of the axis of the vertical eylinder. Draw the projections
howing the curves of i iomn. (#)

. A vertical cylinder of 76 mm diameter and 120 mm

length is penetrated by another cylinder, 60 mm
diameter and 120 mm length. The axis of the
penetrating cylinder is inclined at 20° 1o HP and
parailel to VP. Draw the projections showing the line of
intersection, if the two axes of the cylinders intersect at
their mid points, (#)

110 mum high is P d by ak

linder of 50 mm di and 110 mm length. If the
axis of the cylinder intersects the axis of the cone at
height of 32 mm from the base and is parallel to VP,
Draw the projections of the solid, showing the curves of
intersection, (#)

. Acone, 90 mm diameter and 100 mm height, is resting

on its base upon HP and it is penetrated by a horizontal
eylinder, S0 mm diameterand 110 mm length. The axis
of the horizontal cylinder is 32 mm above the base of
the cone and parallel to VP. If theaxis of theconeis 12 mm
behind the axis of the cylinder, draw the projections of
the solids showing the curves of i ions. (#)
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Development of
Surfaces

he process of opening out all the surfaces of a three-
dimensional body onto a flat plane is called development
af surfaces and the resulting shape is called the pastern, The
surface so laid out is termed as its development. The process

of I C faces of the
objectand every line on the development should have the true
length.

16.1 THE PRINCIPLE OF DEVELOPMENT OF
SURFACES

The surfaces of most solids which are used in engineering
design work can however be opened out into a flat plane by
the process of development, The serting out of a pattern
forms the basis for the fi of fabri 1 sheet metal

Inside patlern

~ Insids
! pattern

¢ H AIPEEEEIR
[N '

or plate components. After the development has been cut out,
it is bent or rolled into the required shape. The objects
produced by develop and fabri include pipes,
duets, pans, bins , buckets, tanks, ete.

‘The development of surfaces of the most common solids
is shown in the Fig. 15.1. The patterns of prism and pyramid
are nearly the side and end faces unfolded into a plane
surface, while the patterns for cylinder and cone are simply
the curved surfaces and ends rolled or unfolded into a plane
surface. [t may be noted that the development of a surface is
usually drawn showing the inside pattern and the true length
dimensions are marked on it accordingly.

The solids bound by plane surfaces are polyhedra. Their
development can be obtained by wming the object so as to
unroll the imaginary enclosing surface upon a plane. Since

Inside patterns

/-mslae pattern
-Seam/
g I.'"

-Saam

Fold line—
~—Seam
(a) Prism (b) Cylinder (¢) Pyramid (d) Cone
Fig. 151 Development of surfaces of solids.
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cones and cylind solidst iby curved their
developments can be obtained easily by unrolling the
imaginary enclosing surface upon a plane. Solids bound by
double curved surfaces or wrapped surfaces are spheres,
paraboloid, ete. Their d cannot be ot d by

Engineering Graphics for Diploma

the of the solid ated by a line, one end
of which remains stationary while the other end traces
out any path. Pyramids and cones can be drawn by this
method.

just unrolling them. A double curved surface is a surface
generated by revolving a curved edge about a straight line.

Tomake objects using sheet metal, paper cardboard, etc.
allowances for the lap and seams are to be added to the inside
pattern, obtained by the develog Here, for avoiding
confusion in the beginning, that part is not included in the
worked-out examples. Any how, students are advised to
make models of the solids after drawing the patterns with
sufficient overlaps for cut and paste. This will help to
understand the shapes of various solids, and their
developments clearly.

15.2 METHODS FOR DRAWING THE
DEVELOPMENT OF SURFACES

The lowing are the p

development of surfaces.

1. Parallel line development: This method is used when
the surfaces of the solid are generated by a line which
moves parallel to the axis of the solid. Development of
prisms and cylinders can be drawn by this method i.e.
by drawing stretch outline or girth line. Stretch out line
gives the perimeter of the object.

2. Radial line development: This method is used when

O [ Siretch out

/
\-Seam

Fald line

used for

N

OO

{a) Porallel line developmant
~Seam

) QL

(c} Triongulation development

Fig. 15.2 of

3. Triangulation develop This method is used
when the surfaces of the solid can be imagined o
consist of a number of triangles. Transition pieces are
developed using this method.

4. Approximate development: This method is used in
the development of surfaces of solids bound by double
curved surfaces. Development of a sphere is obtained
by using this method.

Figure 15.2 shows general form of the four methods of
developing surfaces. The development of surfaces may also
be grouped according to the shape of the solid as polyhedra,

cylinder, cone, d solids, i g solids,
transition pieces, objects, spheres, etc.
Notes:

1. Development of a surface is drawn using the true

lengths only.

2. The inside pattern is drawn as a development, so
that by folding or rolling it the shape of the surface
is

3. Usually the development is prepared by referring
the front view.

4. The outline of the developed surface is represented
by thick lines and the folding by thin lines.

5. Usually capital letters are used to name the comers.
of the development.

Vertex
[ I ;Sanm
% -Fold line

(b) Radial line developmen!

iLuna

(d) Approximate development
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Development of Surfaces

6. Parallel line method is used to develop solids
having uniform eross-section about its axis.

7. Radial line method is used to develop solids having
uniformly varying cross-section along the axis.

8. Triangulation method is applied for transition
pieces which are having a single curved surface.

9. For doub!e curved surfoces like sphcms. only

lop can be obtai

1563 DEVELOPMENT OF POLYHEDRA

Development of prisms, pyramids and platonic solids can be
done using either parallel line development or radial line

173

Example 15.1

Draw the development of the surface of a rectangular prism,
base 24 mm x 30 mm sides and axis 40 mm long, having a
longer edge of the base parallel to VP.

R:fcr o Fig. 15.4.

Draw the top and front views of the prism.
Locate the left corner of the top view as the seam
(joint} and name the corers clockwise from this
comer.

Diraw the stretch out lines 5 to 5 and 11o 1 as shown
in figure. Mark the lines 5-6 and 7-8 of length 24
mm, and 6-7 and 8-5 of length 30 mm to represent
the true lengths of sides at the base. Mark the
Is 5-1,6-2,ete. of length 40 mm o represent

3

development method. Figure 15.3(a) shows the ¢ I
development of various prisms using parallel line
development method, Radial line development methoed is
used for developing pyramids. The varieties are shown in
Figure 15.3(b). For platonic solids, the cube may be treated
as a prism. Tetrahedron and octahedron may be developed by
drawing the triangular faces with one touching to the other.
Figure 15.3(c) shows the development of platonic solids, The
following examples explain the step by step procedure to
develop polyhedra.

Il

V

H
0 0

(i) (i)

the true height of the edges and the fold lines. Also
draw the two rectangles 5.6,7.8 and 1,2.34 1o
represent the true size of the base and top of the
rectangular prism.

3. Convert the outling of the development to thick ling
and keep the foldings as thin line. Print the given
dimensions on hoth the projections as well as on the
development.

[I] |

(iii} {iv}

1]
O

{e) Prisms

’é’

(i}

(i

A
v
A
X{

‘! M

(i)

{c) Platonic salids

Flg. 153 Development of polyhedra.
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Fig. 154 Development of a rectangular prism.

Example 15.2
Develop the full size pattern of a right regular p

3. Addapentagon of true size to one of the base lines,

I to the first edge.

pyramid, base 24 mm and height 50 mm.
Refer o Fig. 15.5.

1. Draw the top and front views of the pentagonal
pyramid keeping one sloping edge parallel to VP in
order to get the true length (TL) directly from the
front view. Locate oa as the seam (joint) of the
development on left side and name the corners
clockwise starting from this corner.

. Measure the true length (TL) of the sloping edge
from the elevation and use it to draw the lateral
surface of the pyramid as shown in figure, An arc
with radius equal to TL may be drawn first. Then
mark the true length of the base edge of the pyramid
on the arc.

[E]

Fald line-__

Inside
pattarn

Fig. 155 Development of a pyramid.

4. Finish the drawing, thicken the outline and print
the given dimensions to complete.

Example 16.3

Draw the development of the lateral surface of a right regular

hexagonal prism of 24 mm base edge and 56 mm height.

An ant moves on its surface from a corner on the base to

the diametrically opposite comer on the top face, by the

shortest route along the front side. Sketch the path in the
elevation.
Refer to Fig. 15.6.

1. Draw the top and fromt views of the hexagonal
prism. Locate comer a as the scam (joint) of the
development on left side and name the comers
clockwise starting from this corner.

Draw the stretch out line AA of length 6 x 24 mm

and complete the development of the prism as

shown in figure.

3. Assume that the ant moves from a’ w & in the
elevation along the front side. Join AD in the
developed surface, which is the shonest distance
between A and D. This line cuts the fold lines Eand
Fat N and M respectively. Draw horizontals to cut
the respective edges at n” and m” in the elevation.
Join &', 0", " and & to represent the shortest path
along front side in the e!evanon

]

4. Theanteanalsoh h halong the rear
side of the prism. This has to 'bc bhl.l\lfl'l in short
dashes.

5. Finish the views using proper line types ami print
the given di ions to complete the d 2.
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Fig. 156 Lateral

156.4 DEVELOPMENT OF CYLINDER AND CONE

Development of the lateral surface of a cylinder is a rectangle
having width equal 1o length of the cylinder and the
stretchout length = p » diameter of the base. For showing
details on the lateral surface, the cylinder may be assumed as
a prism having 12 sides (generators).

Develop of the lateral surf: facone isasectorof
a circle having radius equal to the length of the generator
(slantheight of the cone). The angle at the centre of the sector
depends on the circumference of the base of the cone and the
length of generator.

The sector angle &= 360 r/R

where
r=radius of hase circle and
R = slant height (generator) of cone (TL)

/ Stretch out length, Bx 24 = 14

Fald linn

surface of a prism.

For showing details on the lateral surface, the cone may be
assumed as a pyramid having 12 number of sides. Parallel
line de is applicable to the develoy of

cylinders while radial line development is used for the
development of cones.

Example 15.4
A right cireular vertical cylinder of 44 mm diameter and
height 60 mm rotates uniformly. A plotter pen-tip moves
vertically at uniform speed on the surface of the cylinder
from the bottom to the top, so it moves 60 mm while the
eylinder completes one rotation. Draw the line marked on the
eylinder in the front view and measure the true length of it.
Refer to Fig, 15.7.
1. Draw the top and front views of the eylinder.
2. Draw the development of the cylinder after
marking the stretch out length = mx 44,

1 o, 4 i 12 3 4 5 & 7 19 11 12
T T
L=
@ el ' g
=T | i
/
Y
t 1
14 ] | i
A
Secm\.
3 1 Answer

Langth AN = 153.7 mm

Fig. 15.7 Lateral surface of a cylinder.
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3

As the plotier pen moves axially, the cylinder
rotates once, marking a helix on the surface of the
cylinder in the front view. To draw the helix, divide
the base circle of the top view into 12 parts radially
and the stretch cut length into the same number of
divisions. Locate the seam (joint) of the
development on left side and name the 12
generators clockwise starting from this point.

. The helix seen in the front view is the diagonal to

the rectangular pattern. Hence, draw the diagonal
AM and mark the intermediate points. Mark the 12
generators on the front view and draw horizontal
lines from A, B, C, D, ... Mtogeta', b, ', ...,
on these generators, which forms the helix.

Join the points @', &', ¢/, ..., m” by a smooth curve
of thick line for the visible portion and short dashes
for the hidden portion of the helix. Also measure
the length AM and print it against the answer.

Example 15.5
A right circular cone has 50 mm diameter and 50 mm height.
Draw the complete development of the cone showing the
twelve generators.

Refer to Fig. 15.8.

1.

2.

Draw the top and front views of the cone and mark
the 12 generators on them. Locate the seam (joint)
on the left side of top view and name the generators
clockwise starting from this point. Also measure
the generater length, TL.

To draw the development of the cone, calculate the

50

Secm .. I

/

Fig. 158 C
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sector angle 6 =360 « RITL= 1617, where Ris the
radius of the cone. Draw an arc with radius = TL to
get the sector of angle #. which forms the
development of the lateral surface of cone,

3. Tomark the 12 generators on the sector, divide the
angle @ into half by drawing the angular bisector
O-7 using a compass. Similarly, redivide them by
drawing lines O-4 and 0-10 as shown using
compass. Further divide the 1/4th sector into three
equal parts by trial and eror method using a bow
divider. For this take 1/12th of the circumference of
the base circle on the bow divider and mark italong
the circular portion of the sector successively. If the
third leg is not coinciding with the end point of the
arc, adjust 1/3rd of this difference on the divider
and repeat the same from the beginning. By onc or
two trials the required divisions are obtained with
reasonable accuracy.

4. Draw radial lines from O to the divisions to
represent the 12 generators and name them. Add a
circle of base diameter of cone to any one (say to the
Tth) of the generators and divide that also into 12

parts radially.
5. Finish the views using proper line types and print
the given di ions to plete the drawing.
Example 156.6

Draw the development of a right circular cone of base
diameter 60 mm and height 64 mm resting upon HP on its
base. An insect moves from a point on the base edge (o the
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digmetrically opposite point on the same edge through a
shortest path along the curved surface on front side, Mark the
shortest path in the front and top views of the cone.

Refer to Fig. 15.9.

1. Draw the top and front views of the cone and mark
the 12 generators on them. Locate the seam (joint)
onthe left side of top view and name the generators
clockwise starting from this point. Also measure
the generator leagth, TL.

2. Todraw the development of the cone, calculate the
sector angle =360 * RfTL = 15257

Drraw am are with redius = TLto get the sectorof
angle &and complete the development of the cone.

3. To find the path of the IHV:C‘L divide the sector
radially into 12 as explained in le 15.5 and

177

smooth curve to obtain the shortest path in the front
view,

5. Project vertically downwards from the points ', ',
¢ ete. o get the corresponding points on the
generators drawn in the top view as a. b, ¢, etc. Join
the points by a smooth curve to get the top view of
the shortest path.

6. Finish the views using proper line types and
print the given dimensions to complete the
drawing.

16,6 DEVELOPMENT OF TRUNCATED SOLIDS
1f a solid is cut by a plane inclined to its base, the portion

name them.

4. Let the shonest path of the insect be from 7 1o 1,
along the curved surface on front side. In the
pattern, draw a straight line AG from point Tio 1,
crossing the generators at B,C, D, ete. to represent
the shortest path. Measure the radial distance OB,
OC, 0D, ete. and mark as 0", o'd”, ete. on the true
length line TL in the front view. Here, TL is the
outermost generator of the cone. Draw horizontal
lines from &, ¢ and " 1o interscct their respective
generators, Join the points &', &, ', etc,, by a

Path of Insact

btained after removing the top is a truncated solid.

If solids with uniform cross-section are truncated, their
development can be obtained by parallel line development
method. If the solids are of uniformly varying
CTUS! tion, the develop of sectioned solids of that
group are drawn using radial line development method.
In both cases, the projections of the complete solids are
drawn first and the scction plane is marked. The true
lengths of the intermediate points formed by cutting are
measured from the two views and marked them on the
foldings or generators o get the final shape of the
development.

= 360 x 30/70.7
= 152

Fig. 15.9 Lateral surface of a cone.
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Example 15.7
A right regular hexagonal prism of base edge 20 mm and
height 50 mm rests on its base with one of its base edges
perpendicular to VP, A section plane inclined 45° to HP cuts
its axis at its middle. Draw the complete development of the
truncated prism incloding the sectioned surface.

Refer to Fig. 15.10.

1. Draw the top front views of the prism in the
position given. Mark th ion plane atan angle of
45" to HP, cutting the axis at the middle. Also locate
the seam at the left comer of the top view and name
the comers clockwise.

2, Draw the stretch-out line 1-1 of length 6 3 20 mm
and mark the fold lines 1, 2, 3, ete. onit. The section
plane cuts the six edges of prism, so mark these six
points as #¢'r's’('w’ on the front view. Then get the
true shape of sectioned surface,

3. Draw a horizontal lines from points p’, ', /', &', 7
and w1 intersect the fold lines at P, Q, R, 5, T, and
U, respectively. Join the points by straight lines to
obtain the development of the lateral surface. Adda
hexagon of true size of base to the first fold in order
to complete the full develop

4. Finish the views using proper line types and print
the given di ions ¢ nplete the drawing

Example 15.8
A right regular pentagonal pyramid, side of base, 36 mm and
height 64 mm., rests on its base upon the ground with one of its

Engineering Graphics for Diploma

base sides parallel 1o V. A section plane perpendicularto VP
and inclined at 307 to HP cuts the pyramid, bisecting its axis.
Draw the development of the truncated pyramid.
Refer to Fig. 15.11.
1. Draw the top and front views of the pyramid and

2

3

mark the section plane at 30° on the front view,
Also locate the seam at the left comer of the top
view and name the corers clockwise.

To draw the development of the pyramid, get the
true length line of the sloping edge as o'v” in the
front view by rotating the line 0, as shown in the
figure. With radius equal to the tue length of
sloping edge (TL) draw an arc, mark the five sides
on it and complete the development of lateral
surface of the pyramid.

To mark the points P, Q, R, §, T on the
development, the true distances of these points
from the apex O have to be determined. For this,
draw horizontal lines from p', 4", ', 5" and ¢ to the
true length line o'u’ and get the points p”, ", r, 5"
and 1. Then the distances o'p”, o'g”, ete. are
marked as OP, O4), ete. on the comesponding
sloping edges, to get the points PQRS and T on the
development. Join them by straight lines to get the
final form of the lateral surface of the truncated
pyramid.

. Finish the views using proper line types and

print the given dimensions to complete the
drawing.

Siretch out length, 20 = 6 = 120

2 3 4 5 [] 1

[ Bl

50

= Lateral surlace

N
Botterm surface

j‘ Saecticned surfoce

Fig. 1510 Comp

it of a 1 prism.
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[~ Cutting plans
| inclined 1o left

{a) CuMing plane inctinec fo left
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2 2y
Vinside pattern 1 Llnside pattern

(b) Cutting plane incziined to right

Fig. 15.11 Lateral surface of a truncated pyramid.

Example 156.9

Draw the development of the lateral surface of the truncated
right circular eylinder of diameter 44 mm and height 70 mm.
The tube is placed on HP. A section plane, passing through
the geometrical centre of the top face of the twbe,
perpendicularto VP and inclined at 45° to HP, cuts off the top
portion of the tube. A similar sectional plane making an angle
of 307 1o HP in the opposite direction, cuts the axis at a height
of 14 mm from the base.

Refer to Fig. 15.12.

1. Draw the top and front views of the cylinder and
mark the section planes.

2. Divide the base circle into 12 equal parts. Draw
vertical projectors through the 12 points and obtain
the corresponding points in the front view. Also
locate the seam at the left side of the top view and
name the generators clockwise.

3. Draw the stretch out line and mark the 12 generators
on it. Point A on the development is the point of

S & 7 8 9 10 11 12 1

iy T
Ne 4 i

]

Streteh ouf, &d =

Fig. 15.12 Latersl surcace of a truncated cylinder.
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intersection of the horizontal line through «” and the
vertical line through point 5. Similarly, obtain the
other points B, C, Dand E and poims P, Q, R, 8, T,
ete. as shown in the figure. Complete the
development by drawing smooth eurves through
these points,

4, Finish the views using proper line rypes and print
the given di ions t plete the drawing.
Example 15.10

A right circular cone, 70 mm base and 70 mm height, rests on

its base on the ground plane. A section plane perpendicularto

VP and inclined at 307 to HP cuts the cone, bisecting its axis.

Draw the development of the lateral surface of the cone.
Refer to Fig. 15.13.

2.

Draw the top and front views of the cone and mark
the section plane at an angle of 30° to HP.
Measure the true length TL of the outermost
generator and calculate the sector angle,

8=360 * R/TL = 161°

Using TL. and &, draw the sector to get the
development of the cone.

. Divide the top view into 12 equal divisions and

&' - Culling plane ~ 1
\\iﬂclined fo rigm“?

3 6= 360 x 35/78.3
= 161°
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draw the corresponding generators in the front
view as well as in the pattern as explained in
Example 15.5. Also locate the seam at the left
side of the top view and name the generators
clockwise.

Let the sectional plane cut the generators in the
front view at points &”, ¥, ¢, etc. Draw horizontal
lines from these points to get their true lengths.
Mark OA =¢'a”, OB =o'b" and so on in the patiem
to get the points A, B, C, etc. on generators 1,2, 3,
etc. Join the points A, B, C, ete. to get the first half
of the curve, Since the section is symmetrical about
the generator Oy, copy the first half of the curve to
the remaining portion as a mirror image by drawing
arcs. This completes the drawing of the lateral
surface of the truncated cone as shown in
Fig. 15.13(b).

If the direction of inclination of cutting plane is
changed, the development of the cone is seen as in
Fig. 15.13(c). Note that both developments are the
same and only the seam is different relative to the
direction of inclination.

Finish the views using proper line types and print
the given di ions to complete the drawing.

(a) Culting plane inclined o right (&) Culting plane inclived to laft

Fig. 15.13 Lateral surface of a truncated cone,
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15,6 DEVELOPMENT OF SOLIDS HAVING HOLE
OR CUT

‘The development of the lateral surface of solids having holes
or cut, can be drawn by following the methods explained for
Ir 1solids. The orth phic views and develop of
the lateral surface of the full solid are drawn first. The hole or
cutting is marked in the front view showing the true shape,
and sufficient number of generators are drawn over itin order
1o get points of intersection. Then these points of interseetion
are transferred o the pattern, after finding the true lengths
either by following the parallel development method or
radial line development method, which ever is applicable.

Example 15.11

A square prism of 40 mm side length and 60 mm height rests

on its base upon HP, such that the vertical faces are equally

inclined to VP. A horizontal hole, 40 mm diameter is drilled

through the geometrical centre of the prism with the axis

perpendicularto VP, Develop the lateral surface of the prism.
Refer to Fig. 15.14.

1. Draw the top and front views of the prism in the
given positi d draw acircle of di 40mm
at the centre of the axis to represent the hole.

Draw the development of the lateral surface of the

prism. Also locate the seam at the left side of the top

view.

3. Divide the circular hole in the front view radially
into 12 divisions and transfer the points of
intersection 1, 2°, and ', to the top view as shown.

=]

The true distance of point 1* from the edge &' is the
distance of point 1’ from edge b in the top view. Let
this true distance = L. Similarly, the true distances
of points 2 and 3 can be marked as Ly, Ly in the top
view,

4. To draw the development of the hole, insen
horizontal lines through points 1%, 2°, 3" and 4
towards the pattern. Mark L, Ls, and Ly, the true
distances along these lines from fold line B to get
the points 1, 2, and 3 on the lett side of the line B.
Take a mirror image of these points on right side of
the line B and join them by a smooth curve 1o get the
ellipse as shown.

5. Repeat the same about the fold line D also to get the
second ellipse on the development.

6. Finish the views using proper line types and print
the given dimensions to complete the drawing.

Example 16.12
A vertical eylinder of diameter 60 mm has a central
horizontal square through hole of side 40 mm. The centre of
the hole is coinciding with the centre of the axis of cylinder
and the sides are equally inclined to HP. Draw development
of the lateral surface of the cylinder with hole,

Refer to Fig. 15.15.

1. Draw the top and front views of the eylinder in the
given position and construct the square hole. For
this draw aline Fm'n” of length 40 mm at an angle of
45°, keeping the mid point m’ at the middle of the

Siratch oub, 4 x 40 = 180

Fig. 15.14 Lateral surface of a prism with a hole.
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3,14 x 60

Fig. 15.15 Lateral surfaca of a cylinder with a hole.

ans. C thereq by drawing lines
parallel and perpendicular o Ihls line.

. Draw the development of the lateral surface of the

eylinder and locate the seam at the left side of the
top view. Also mark the lines B, C, and D to
represent the quadrants of the cylinder on the
pattern.

. Mark ¢" and ¢ at the corners of the hole and two

intermediate points ¢’ and s* between them so that,
the generators through these points locate 1, 2, and
3inthe top view at almost equal distances along the
perimeter.

. Using abow divider measure the distance from bto

Lin the top view and mark it to locate the generator
1 on left side of line B in the development.
Similarly, measure distances from 1 to 2as wellas 2
to 3 and locate the 2nd and 3rd generators on left
side of B as shown. Draw horizontal lines through
', ¥, 5 and ¢ to intersect the generators drawn at 3,
2. 1 and B on the pattern, giving points Q, R, § and
T respectively. Join them by curves to get one side
of the hole. Take a mirror image of the curves to get
the full hole.

Repeat the same about the fold line D also to get the
second hole on the development.

Finish the v\ews using proper line l)l'pI:S and print
the given d ions to

E ple 1513

A cone of base diameter 80 mm and height 80 mm is resting
upon HP on its base. A horizontal square through hole of
40 mm side is cut in the cone in such & way that the axis of the
hole intersects the axis of the cone at a height of 16 mm from
the base. If he four sides of the hole are cqually inclined to
HP, draw the development of the lateral surface of the cone.

Refer to Fig. 15.16.

1. Draw the top and front views of the cone and mark
the square hole in the given position. For this draw a
line 'm’n" of length 40 mm at an angle of 45°,
keeping the mid point m” as the centre of hole on the
axis. Construct the required square by drawing lines
parallel and perpendicular to this line. Also locate
the seam at the left side of the top view.

2. After measuring the true length of the generator TL
and calculating the angle 8= 360 * R/TL = 161°,
draw the development of the uncut cone. Mark the
four quadrant generators abod in the top view,
a't¥'e’d” in the front view and the corresponding
ABCD in the development as shown in figure.

3. The square hole is symmetrical about the line 05",
Todraw the left half of the development of the hole,
mark the generators 1%, 2" and 3" as shown in the
front view and project to the top view to get the
same points as 1, 2 and 3. To mark these generators
in the pattern, measure the chordal distances b1o 1,
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#= 380 x 40/71
= 185"

Fig. 15.16 Lateral surface of a cone with a square cut.

1to2and 2 to 3, using a bow divider and mark the
same on the lefi side of the line OB. (This kind of
marking on small distances may result a shortening
of o small % in length, This error is negligible.)

4. In the front view, name the intersecting poinis of
generators 1, 2 and 3 with the left side edges of the
hole as ', r, &, ete, and draw horizontal lines
through the points in order to get 4™, #', 5", etc. on
the true length line TL.

5. To locate a point, say §, measure the true distance
o's" from the front view and mark it as OS along the
generator O3 n the pattern. Similarly, mark the
remaining points and join them by a smooth curve
as shown in the figure. Repeat the same on the nght
side of OB to complete one hole. Copy the same
hole about the generator OD (o complete the
development of the cone.

6. Finish the views using proper line types and print
the given dimensions to complete the drawing.

Example 15.14

Development of a cone is a semicircle with radius 60 mm. A
circle of maximum diameter is inscribed on the development
and then it is rolled back to the cone. Draw front and top
views of that cone showing the circle.

Refer o Fig. 15.17.

Downloaded from

Draw a semicircle of radius 60 mm as the
development of the cone and inscribe the largest
circle (diameter 60 mm) at the middle of it as
shown.

Divide the development radially into 12 equal parts
and name the intersection points on the circle as
PQRSTU.

Caleulate the di of the cone corresponding Lo
the semicircular development (cone diameter = 60
mm) and draw the top and front views of the cone.
Mark the 12 generators on the views.

Locate the points p”, g”, r”, ewc. on the true
length line TL corresponding to the distances OP,
0Q. OR, ctc. marked from the apex o', Draw
harizontal lines from these points to get o', ¢, r',
ete. on the respective generators. Join them by a
smooth curve to obtain the front view of the
inscribed circle,

Project from these points downwards (o intersect on
the respective generators on the top view, locating
points g, q, r, cte. Join them by a smooth curve 1o
complete the tap view.

Mark the seam and finish the views using proper
line types.

Ktunotes.in
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Fig. 4547 A cone made of a semicircular lamina with a circular hole.

15.7 DEVELOPMENT OF TRANSITION PIECES

Transition piece is a part of a component whose surface
transforms from one shape 1o another. A transformer is called
a rectilinear transformer, if its surface is bound by straight
lines. A rectilinear transformer is shown in Fig. 15.18(c).

{a} Projections

(e} Piclarial view

Fig. 1518 Transith

The exact development of the rectilinear transfonmer is
It hod of riangulation, This s the p f
dividing the surface of an object into a number of triangles.
However, the surface of the object is curved, triangulation
will introduce some error.

ihle by th
vy

{d} Develeprmant

ing to circle) (Trianguiation method),

piece
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Example 15.15 5.
Draw the development of a transition piece connecting a
44 em diameter pipe and a 72 em % 60 em rectangular pipe.
Height of transition piece s 44 cm. The centre lines of both
the circular pipe and the rectangular pipe are vertical and are
in alignment.
Refer wo Fig. 15.18.
1. Draw the topand front views of the transition piece,
keeping the rectangular buse on HP.
2. Transition pieces are developed by triangulation 6.
method. Hence, the top and front views are
converted into triangles by dividing the circle into
any number of equal parts (say 12) as shown in
figure. Ttis to be noted that by dividing the surface
as shown in figure, the object is converted into four

3. To determine the true length of the sides of the 7.
triangles, a true length diagram is drawn. Letx,, x;,
xy and xy be the plan lengths of the edges of
triangles. Construct right angled triangles having

185

Tostart the develog draw i hori Hine 7TE
s the midline of the pattern and a perpendicular o
it (FD) of length 720 mm. such that E is the mid
pointof FI. Locate point 7 by cutting arcs of length
L, fromF and D. With centre 7 and radius r = length
of arc 1-2 in the top view (r= * 44(0/12), draw an
arc to intersect another arc drawn with centre F and
radius = Ly at point 8. Similarly, obtain the points 9
and 10 as given in the figure.

Locate the point H so that FH is 600 mm and 10-H
18 length L, by drawing arcs. Proceed as before and
locate the remaining points 11, 12, and 1. Find
point A such that HA = 360 mm and 1-A = 7-E.
Similarly, draw the lower half’ developed as a
mirror image of the upper half, Join points 1, 2, 3, ete,
by asmooth wtain the required develog
Finish the pattern using proper line types and prim
the given dimensions 10 complete the drawing of
transition piece.

vertical side = the height of the transition pieceand ~ Example 15.16

horizontal side = the plan length 1), 5o that the  Atransition piece connects a 36 em square pipe at the topand

hypotenuse gives the true lengths as L. Similarly  a 70 cm cireular pipe at the bottom, I the centre line of the

find Ly, Lyand L. circular pipe coincides with the geometrical centre of the
4. To save space and to get the development  square pipe in the top view and the height of the transition

symmetrical about a horizontal line, assume thatthe  piece is 38 cm, draw its development.

piece is opened along A-1 which forms the seam. Refer to Fig. 15.19,

{b} Trus length ciegram

Seam?

{a) Projections

(2] Fictarial view

r = X006

{4} Davalopmant

Fig. 15.19 Transition piece (circle ing to square) (friangulation methad).

Downloaded from

Ktunotes.in


http://ktunotes.in/

Development of Surfaces

Piace=3

187

Seam~3

Throat

Radius=200 —=
Seam=1 9

Cantra Lne
Radius = 400 =~_|

~Pinca-1

8= 90f(n + 1)

2.5 n= 3

Fig. 15.21 Develcpment of a three piece pipe and (layout of the three pieces for zero waste)

Example 15.18

Develop lateral surface of a three piece pipe bend of

90°, The pipe has a diameter of 400 mm. The heel radius

is 600 mm and the throat radius is 200 mm resulting a

centre ling radius of 400 mm. Layout the developed pieces in

order to cut them from a minimum size of sheet without
waste.
Refer to Fig. 15.21.

1. Draw the front view of the 90° bend as given in the
figure. Here angle 6 is equal to 904(3+1) and the
c:nu-:]memd.musw()m The piece 1 and 3 are

icalinsize and the piece 2 is of doubl than
the athers. Also note the seam positions marked on
the pieces.

. Construct a semicircle on the vertical pipe end 10
represent half of plan view of pipe piece 1. Divide
this semicircle radially into 6 equal divisions in
order to get the 12 generator positions on the
vertical pipe. These generators may be extended 1o
the other pieces by drawing them parallel to their
centre lines.

. The vertical piece may be developed by following
the method explained in Example 15.9. The angle
of cutting on the cylinder is &°.

. After developing piece 1, the piece 2 and 3 can be
drawn by transferring the poims A, B, C, ... G,
correspondingly as Q. R §, ... W, marking
symmetrically about the centre line KJK as shown
in the figure. Here note that the length ¢'&"=k'g" =
QK = KA. Similarly, wj’ = j'a’ = W] = JG. The
piece 3 is a mirror image of piece 1 about the centre
line KIK. By arranging the three pieces as shown,
there will be zero wasting of sheet, while cetting
them from a rectangle.

5. Finish the pnm:m using proper ling types und print
the given di ions to complete the

g,

Example 15.19

Draw the development of the sheet metal tray shown in

Fig. 15.22(a) and show the given dimensions on the pattern.
Refer o Fig. 15.19.

1. Draw the front and top views of the tray.

2. Assume that the joints at the four slant edges of the
tray are removed and the four sides are brought to
the HP by rotating about the four base edges. The
outline of the tray in this position gives the required
development.

In order to mark the comer B, rotate a’b” in the front
vlr.W about @' to the horizontal position and project
! 1 the line db dedat B. Toget
point By, draw an arc with centre A and radius =
AB, 1o imersect the projector &b at By, so that
AB = AB,. Similarly, find CD, CD; and the
TEMmaining two cormers.
Finish the pattzm using proper line types and print
the given di to complete the drawi

16,9 DEVELOPMENT OF SPHERES

Spheres have double curved surfaces. Hence, while bringing
the surface to a plane by development, only an approximate
pattern is obtained. A spherical surface can be developed by
the following two methods,

Lune Method

In this method the sphere is assumed 1o be cut by verical
planes passing through the vertical axis, so that the whole
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Fig. 15.22 A rectangular tray.

sphere is convented into 12 or 16 lunes of equal size as shown

in Fig. 15.23. The curting planes resemble the meridian

planes passing through the poles of earth. Each picce is then

ascumed as a part of a horizontal cylinder ha\'mg the same
afthe sphere and is developed ac gly. B

of this kind of approximation, hme methed is also known as
palyeylindric method or gore method,

Fig. 15.23 Lunes of a sphere.

Zone Method

In this method, the sphere is i to be cut by hori 1
planes to form a series zones of equal width as shown in
Fig. 15.24. Here, each zome is then assumed as a frustum of a
right circular cone and it is developed accordingly. Because
of this kind of approximation, zone method is also known as
polyconic method.

Bzones

Fig. 15.24 Zones of sphere,

In the lune or zone method the development obtained is
an approximate one. [f the lunes or zones are inscribed within
the sphere, the result ¥ | surface will be slightly less
than lhc actual. At the same time, if it is superscribed the
sphere, it will Tth‘llll ina s[lghtly larger one. For a reasonably
accurate one, an i has to be selected
Also, if the number of divisions i are increased 10 16 or more,
better accuracy and smoathness of surface is obtained.

Example 15.20
Draw twelve picce development of the surface of a sphere of
diameter 92 mm. Use Lune method.
Refer to Fig. 15.25,
1. Draw the top and front views of the given sphere.
2. The circle in the top view is divided into 12 lunes,
The included angle between the cutting planes is
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— Cylindrical surfoce
circumscribed aboul the sphere

Development of a lune

12 off
o C
1 = A
4 +‘;_ - 5_3%0
i - .
] c B i
|
®xR = 144.5 -

Fig. 15.25 Development (12 piece) of a sphere {Lune method).

360°712 = 307 and these planes are keptat 157
symmetrical about the horizontal centre line.

. To get intermediate points on the lune, divide the

right semicircle portion of the tront view into any
number of equal parts (say 8}, Name them as 1°, 2,
¥, ete. and project downwards to obtain the
corresponding points on the top view as 1,2, 3, ete.
Note that this lune is half of a cylinder
circumscnibed about the sphere,

. Toget the development of the lune, mark aa, bb, ce
and def on the plan of the lune such that, they are the
i ion points of proj drawn through 1,
2, 3 ete. on the two edges of the lune. Drow the
horizontal stretch-line PQ of length &+ 92/2, as an
extension of centre line passing through o, p, q.
Divide PQrinto 8 equal parts and insert vertical son.
lines. Draw horizontal lines through points a, b, ¢
and d to intersect these vertical lines at A, B, C and
D respectively. Draw two smooth curves passing
through these points to get the developments of one
lune as shown.

. Tocomplete the sphere, 12 such lunes are required.

Hence, that may be written on the drawing as 12
of ™. Tt may be noted that the development obtained
by this method is circumscribed about the sphere.

Example 15.21
Draw eight picce development of surface of 2 sphere of
diameter 60 mm. Use Zone method.

Refer to Fig. 15.26.

1.
2

Draw the front view of the sphere.

Divide the top half of the sphere into 4 zones of
equal width, The zones A, B, C, and D have a width
equalto p'y’ =g’ =5'0y. Assume that each zone is a
frustum of a cone inscribed within the sphere,
except the zone D which is a full cone of small
altitude.

. The development of the zones can be drawn after

locating the apex of the cones as oy, 03, 03 and oy
and calculating the sector angles 8, &, 8 and 6.
For example, to develop the zone B, draw the are
Q0 with centre Oy and radius = 0,0" considering
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Fig. 15.26 Development (4 x 2 = 8 piecas) of a sphere (Zone method).

the subtended angle 6;. The same way draw another
arc RR of radius a7 with the same centre as shown
in the figure. Now, QQRR represents the
development of the zone B. Similarly, obtain the
development of the zones A and C. Development of
zone D is similar to the development of a right

circular cone with sector angle 8‘

of one hemisphere. Hence. each piece should be
marked 2 off to get the full sphere. It may be noted
that the development obtained by this method is
inseribed with in the sphere.

Example 15.22
A dish antenna made up of sheet metal has a diameter of 144
cm and the spherical radius is 90 cm. If the number of lunes
forming the dish is 12, draw the development of one lune so
as to get SR90 cm inside the dish.

Refer to Fig. 15.27.

2.

Draw the front view and the op view of the dish

antenna as shown in figure.

The circle in the top view is divided into 12 lunes.

The included angle between the cutting planes is

360°/12 = 30° and these plmas are kept at 15°
I about the | 1 centre line.

. To get intermediate points on the lune, divide the

p'q inthe front view into 4 equal parts. Name them
as 1°, 2", 3" and project downwards to obtain the
corresponding points on the top view as 1,2, 3.

. To get the development of the lune, mark aa, bb, cc

and dd on the plan of the lune such that, they are the

points of proj drawn through 1,

2, 3, on the two edges of the lune. me lhe.
horizontal stretch-line PQof length of arc p'g’,
extension of centre line passing through o, p, g.
This can be marked as 4 times the distance p’1” with
abow divider. Draw horizontal lines through points
a, b, ¢ and d to intersect these vertical lines at A, B,
C and D respectively. Draw two smooth curves
passing through these points to get the
developments of one lune as shown.

. To complete the dish, 12 such lunes are required.

Hence, that may written on the drawing as “12 off™.

Tools to solve n‘wﬂopmmt pmbmns

1.

. The sh path is

Devel ing only the true lengths
on the surface of object.
The inside pattern is drawn as a development, so
that by folding the shape is obtained.
The seam is usually marked on the left side of
plan view and the intermediate points in the
clockwise direction.
For cones and pyramids, the distances should be
rransferred through the true length line only, to a
development or backwards from it.

btained by drawing a
straight line between the points marked on the
development.
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Cylindrical surface circumscribed
ohout the sphere

r—Development of a lune 12 off

Al dimansions are in cm

Fig. 16.27 Dish antenna (12 pieces) by lune method,

EXERCISES

SECTION A
(# Problems similar to workedout examples)

1. Draw the development of the surface of a rectangular
prism, base 26 mm x 32 mm sides and axis 50 mm long,
having a shorter edge of the base parallel 1o VP. (#)

Develop the full size pattern of a right regular
hexagonal pyramid, base 24 mm and height 50 mm. (#)
Draw the development of the lateral surface of a nght
regular hexagonal prism of 26 mm base edge and 60
mm height. An ant moves on its surface from a comer
on the base to the diametrically opposite comer on the
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top face, by the shortest route élong the front side.
Sketch the path in the elevation. (#)

A right circular vertical cylinder of 46 mm diameter
and height 50 mm rotates uniformly. A plotter pen-tip
maoves vertically at uniform speed on the surface of the
cylinder from the bottom to the top, so it moves 50 mm
while the cylind I one Draw the
line marked on the cylinder in the front view and
measure the true length of it. (#)

A night circular cone has 60 mm diameter and 70 mm
height. Draw the complete development of the cone

h g the twelve ge (#)

Draw the development of a right circular cone of base
diameter 70 mm and height 72 mm resting upon HP on
its base. An insect moves from a point on the base edge
1o the diametrically opposite point on the same edge
through a shortest path along the curved surface on
front side. Mark the shortest path in the front and wp
views of the cone. (#)

A right regular hexagonal prism of base edge 22 mm
and height 60 mm rests on its base with one of its base
edges perpendicular to VP, A section plane inclined
407 to HP cuts its axis at its middle, Draw the complete
develo of the d prism including the
sectioned surface. (#)
A right regular pentagonal pyramid, side of base, 36
mmand height 64 mm, rests on its base upon the ground
n'ithuncol’itshuscsid:spumll:ltn\fl’ A section plane

ficular 1o VP and inclined at 35° 1o HP cuts the
pymrrud bisecting its axis. Draw the development of
the truncated pyramid. ()

Draw the development of the lateral surface of the
truncated right circular cylinder of diameter 50 mm
and height 80 mm. The tube is placed on HP. A section
plane. passing through the geometrical centre of the top
face of the tube, perpendicular to VP and inclined at
40% 10 HP, cuts off the wop portion of the tube., A similar
sectional plane making an angle of 35° to HP in the
opposite direction, cuts the axis at a height of 16 mm
from the base. (#)

A right circular cone, 80 mm base and 80 mm height,
Tests on its base on the ground plane. A section plane
perpendicular to VP and inclined at 45° to HP cuts the
cone, bisecting its axis. Draw the development of the
lateral surface of the cone. (#)

A square prism of 50 mm side length and 70 mm height
rests on its base upon HP, such that the vertical faces are
equally inclined to VP. A horizontal hole, 50 mm

20.

21.

Engineering Graphics for Diploma

di is drilled through the g ical centre of
the prism with the axis perpendicular to VP. Develop
the lateral surface of the prism. (#)

A vertical cylinder of diameter 70 mm has a central
horizontal square through hole of side 48 mm. The
centre of the hole is comﬂdmg with the centre of the
axisofcy and th Ily inclined to HP,
Draw d:v:lupm:nlofth: lateral surf:me of the eylinder
with hole. (#)

. A cone of base diameter 76 mm and height 76 mm is

resting upon HP on its base. A horizontal square
through hole of 36 mm side is cut in the cone in such a
way that the axis of the hole intersects the axis of the
cone at a height of 14 mm from the base. If the four
sides of the hole are equally inclined to HP, draw the
development of the lateral surface of the cone. (#)

. Development of a cone is a semicircle with radius 70

mm. A hole of maximum diameter is cut on the
development and then it is rolled back to the cone.
Draw front and top views of that cone showing the
cutting of the hole. (#)

. Draw the development of a transition piece connecting

a 50 cm diameter pipe and a B0 em x 64 cm rectangular
pipe. Height of transition piece is 48 cm. The centre
lines of both the circular pipe and the rectangular pipe
are vertical and are in alignment. (#)

A transition piece connects a 40 cm square pipe at the
top and a B0 cm circular pipe at the bottom. If the centre
line of the circular pipe coincides with the geometrical
centre of the square pipe in the top view and the height
of the transition piece is 40 cm, draw its development.
(#)

Develop the lateral surface of a 90° pipe elbow. Each
pipe has a diameter of 500 mm. The maximum length
of one leg of the elbow is 700 mm. (#)

Develop lateral surface of a three piece pipe bend of
90°, The pipe has a diameter of 500 mm. The heel
radius is 750 mm and the throat radius is 250 mm
resulting a centre line radius of 500 mm. (#)

Draw the development of the sheet metal tray shown in
Fig. 15.28 and show the given dimensions on the
pattern. Layout the developed pieces in order to cut
them from a minimum size of sheet. (#)

Draw twelve piece development of the surface of a
sphere of diameter 100 mm. Use Lune method. (#)
Draw eight piece development of surface of a sphere of
digmeter 70 mm. Use Zone method. (#)
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23,

Fig. 1528 Atray

A dish antina made up of sheet metal has a diameter of
150 e¢m and the spherical radivs is 100 cm. If the
number of lunes forming the dish is 12, draw the
development of one lune so as to get SR100 em inside
the dish. (#)

Figure 15.29 gives the pictorial view of a waste basket.

Diraw the development of the complete surfaces of the
basket.

Fig. 15.29 A waste basket.

A cone of base diameter 80 mm and height 80 mm is
resting upon HP on its base, A riangular horizontal
through hole of 50 mm side is cut in the cone in such a
way that the axis of the hole intersects the axis of the

193

cone at a height of 25 mm from the base and the bottom
side of the hole is parallel to HP, Draw the development
of the lateral surface of the cone.

SECTION B

25,

26,

27

0.

A frustum of a hexagonal pyramid has its base 30 mm
side, top 16 mm side and height 40 mmand is resting on
HP with a base edge parallel to VP. Find the length of a
line drawn on the lateral surface from one top corner to
the diametrically opposite bottom comer of the
pyramid through the shortest path. Also mark the line
in the top and front views,

Draw the development of an oblique pentagonal prism,
the base and top sides are parallel and are regular
pentagons of 24 mm side. The top pentagonal face is 60
mm above the bottom one and the axis is inclined at 60°
to the base.

A pentagonal pyramid of base edge 25 mm and height
50 mm rests on a pentagonal prsm of side 25 mm and
height 20 mm symmetrically with the comers of the
pyramid and prism coinciding. The combined object is
cut hy an mcilnad plane making 457 o the horizontal
and p. hthe centre of the | | faces of
contact ol‘the uby:cta Draw the development of the
surface on one side of the section plane, where the apex
is existing.

A hexagonal pyramid of 30 mm side and 80 mm height
rests with its base on HP and one edge of base 207
inclined to VP. A point P, initially situated at the
extreme right end of the base, moves around the surface
of the pyramid and finally comes back to the stanting
point. Find the length of the shortest path of the point
and show the path in the top and front views.

. Apentagonal pyramid with base side 25 mm and height

S0 mmis sitting on one of the base comers such that the
axis is inclined at 30° to HP. In this position, the
pyramid is cut by an inclined plane making an angle of
40° with the axis and bisecting it. Draw the projections
of the d pyramid and the develog of the
bottom half of the truncated pyramid.

Aright regular square pyramid, 40 mm base and 70 mm
height, rests on its base upon the ground, such that the
vertical faces are equally inclined 1o VP, A horizontal
hole of radius 15 mm is drilled through one of the
ventical faces, The axis of the hole is perpendicular to
VP and 20 mmabove HP. Develop the tateral surface of
the pyramid.
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40. Figure 15.34 shows the elevation of a funnel. Draw the 42,

complete development of the funnel.

$200

Fig. 15.34

41. Draw the development of the square hood given in
Fig. 15.35.
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Fig. 15.35

Figure 15.36 shows the front view of a square pipe 1o
connect two square pipe lines offset for 200 mm from
centre to centre. Draw the development of the
connecting pipe.
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Fig. 15.36

A cylindrical water wank of 2 m diameter has a
hemisphencal bottom. If the height of the cylindrical
portion is 1 m, draw the development of the tank. Use
lune method to develop the spherical battom side.

. Adishantenna made up of sheet metal has adi of

24 m. The spherical surface has a radius of 16 m. If the
dish has 16 lunes, draw the development of one of the
lunes,

A cylindrical tank has a hemispherical top of diameter
4 m. If the top is made up of four zones, draw the
devel of the hemisph
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Isometric Projection

sometric projection is a pictorial projection of an object in
which a three-dimensional view of an object is shown on a
two-dimensional drawing sheet. This projection shows view
of three faces of the object equally and hence, it is helpful
even to a layman for the proper understanding of the shape of
object. It 15 used by construction for the

shown in Fig. 16.1. Here, the third clevation o'b’c’d"e’f gl is
the isometric projection of the cube. The front view of the
cube is resting on one of its corners (g") on the ground with a
solid diagonal ¢’c” perpendicular to VP. This view (front
\-'lcw}show': the nght top and left square faces of the cube as
“Isometric”. Itis tobe noted that

preparation of pictorial views at the work site as well as by
design engineers in the design and development of new or
complicated parts, wh:u the shape is d.lfhcn]l o undemnnd
from the multiview projection. Three-d I piping

k can be casily rep 1 by isometric projection.
Isometric projection is found more suitable for genting
pictorial views of comparatively small objects, because the
perspective effect is not considered here.

16.1 PRINCIPLE OF ISOMETRIC PROJECTION

Tsometric projection is one of the axonometric projections as
explained in Section 9.1 of Chapter 9. It is a pictorial
orthographic projection of an object in which a transparcnt
cube containing the object is tilted until one of the solid
di Is of the cube b perpendicular to the vertical
(picture) plane and the three axes of the cube are equally
inclined (35°16°) to this vertical plane.

Tsometric projection of a cube can be theoretically
obtained by employing the change of position method and 15

199

h

the three faces to form a regular with inclined
edges at 30° to horizontal, The isometric projection of the
cube is alone reproduced in Fig. 16.2. In order to distinguish
the isometric projection from the usual front view, capital
letters are used in this book.

When the three axes (the three mutually perpendicular
edges ’a’, 'f, and k" of the cube in the front view of
Fig. 16.1) are equally inclined 357 16" to the vertical (picture)
plane, the edges ¢'f"and g'h’ are seen 30° inclined to the
reference line, while the g'e’ is scen vertical. Since the edges
are equally inclined to VP, they are equally foreshortened to
avalue of cosine of 35°16° (approx. 82%). The pictorial view
formed by isometric projection can be drawn directly from
the projections of the solid in simple position, Figures 16.3
and 16.4 show the method applied o a cube and a rectangular
prism. Here, the x and v direction measurements are marked
at 30° to the horizontal wowards right and left respectively,
while the z direction vertical upwards as shown. The edge
lengths are marked along these axes after foreshortening to
82%.
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, d i b

T X
\,/d.h n d 6= 3518 i

P True length Tap
- Isometric Laf Right
fengih (B2%)
. % % ¥
Foi 8 P

¥ \
T\yx Front
H
Base line B * '
Mulliview projection Isemelric projection

Fig. 16.3 A cube.

Fig. 16.2 proj from ortho-
graphic projections.,

16.2 ISOMETRIC SCALE

In the isometric projection of a cube shown in Fig. 16.2, the %
top face ABCD is sloping away from the observer and hence
the edges of the top face will appear foreshortened. The true
shape of the triangle DAB is represented by the triangle DPB. vi
The extent of reduction of an isometric line can be easily
found by constructing a diagram called isomerric scale. For €\ —
Py

this, reproduce the triangle DPA as shown in Fig, 16.5. Mark X
the division of true length on DP. Through these divisions Multlview projechion lsometrle prefection
draw vertical lines to get the corresponding points on DA’ Fig. 16.4 A rectangular prism.
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Fig. 16.5 Construction of isometric scale.

The divisions of the line DA give the dimensions to isometric
scale.

From the triangles ADO and FDO, the ratio of the
isometric length to the true length.
DA/DP = cos 45%cos 30°

=816 (cosine of 35°16")
The isometric axes are reduced in the ratio
1: 0,816, i.e. 82% approximately.

The isometric scale can be drawn in asimple form as shown in
Fig. 16.6. The true length is marked as AB. A line AC is
drawn at 157 to AB to intersect another line inclined ar 45° 1o

i.e.

Tfuel tengih
Fig. 16.6 Simplified isometric scale.

Isametric
transparent :u

p,r.L..

Front view
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horizontal and drawn from B. Then 45 inclined lines are
drawn from the divisions on the true length scale AB, so that
the correspondi ic lengths are obtained on the line
AC. Even 'I.huugh itis easy to caleulate the isometric lengths
(B2%) with the help of a calculator, it is a custom to show
isometric scale nearby the isometric projection (on 1op or
right side) for identification.

16.3 PROCEDURE FOR DRAWING ISOMETRIC
PROJECTION

Even though the isometric projection of an object can be
drawn by ordinary change of position of view method or
auxiliary projection method, they are time consuming and
tedious. With the help of the top and front views in simple
position, the isometric projection of an object can be directly
drawn by using any one or a combination of the two
following methods:

1. Box method

2. Coordinate or offset method.

Box Method

In this method, the object is assumed 1o be enclosed in a
transparent rectangular box of size just to fit the object, at the
same time the sides of the box are parallel 10 the three
reference planes . This rransparent box is drawn first, over the
top and front views using thin lines.

The zero position of the x, y and : axes of measurements
and their +ve directions are marked in the top vicw as givenin
Fig. 17.7(a). Let the zero position be at the corner a (the

tn
worie ¥ g

o

i Top view [
Cngm

Origin
{a) Multiview
Fig. 16.7

se

fuJ lsomuelric box

Isometric projection (box method).

A
Fronr™ ,\‘4/< Frani™

{2) lsomelric projection
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‘origin’). The circle with *+' mark may be assumed the
upward direction from the plane of paper.

After drawing an isometric scale, the isometric drawing
can be started. From the orthographic views, take the
dimensions in the x, y. z directions from the ‘origin’ a,
convert them into isometric lengths (either by using
isometric scale or by using calculator) and draw the
transparent box [Fig. 16.7(b}]. For this, draw a horizontal
reference line of short length and mark point A (origin) at the
middle of it. Draw two 30° inclined lines and a vertical line
through the point A to locate the three isometric axes AB,
AC, and AD respectively to the 1l

Engineering Graphics for Diploma

the isometric drawing by coordinate method. After drawing
the top and front views and the mnmetnc scale, the
construction of the isometric proj d by d

the base of the object. As is done in the box method, the
horizontal reference line of short length is drawn and the zero
position of the axes (point A) is marked at the middle of it.
Now, the 30° lines are drawn to locate the isometric x and y
axcs. The basc of the object is now completed in the x and y
directions giving the isometric rectangle. The vertical height
points are then marked by measuring the : values from the
fromt view and conventing them to the isometric lengths. For

perpendicular edges of the box in isometric projection.

After completing the box, the object is constructed
inside, relative to the edges of the box (see Fig. 16.8(c)). On
the isometric box the line PP can be marked by locating
distance *x" multiplied by 0.82 from the end face of box.
Sirmnilarly, the line QQ can be marked from top face at *z’
distance ini ic length. By ing various points in the
respective xyz directions using isometric lengths and
converting the thin lines representing the object lothc visible
and hidden edges, the i ic drawing is c il

Coordinate or Offset Method

In this method, one of the three isometric planes (top, left or
right) is taken as the reference plane and the end points of the
edges of the object are marked along an axis perpendicular to
this reference plane. Figure 16.8 shows the construction of

ple, to get point p, the height z is marked at x distance
along the x axis. After marking all the required points and
ing the thin lines ref ing the object to the visible

and hidden edges, the isometric drawing is completed.
Coordinate or offset method is best suited for objects
containing a large number of non-isometric lines and planes.
For certain shapes, a of the two methods may
have to be applied to get the drawing in a shorter time. It is o
be noted that, in isometric projection all the measurements
are taken in the x, ¥, z directions only and they are marked
along the respective isometric axes after multiplying by the

isometric scale factor 0.82.

Hidden Lines

The hidden edges of the isometric projections are
by short dashes (Type E or F) and the rules for drﬂwmg them
are the same as followed for multiview projection. Hidden

. \cf‘§

L/;'

T . =

Front view ¥

Isametric scale

3

Coordinate

-]
[
. = .
2 <4 &
e b
4’_‘ x P / :-(
. lew Origin
> % Top v.e Franr‘\‘ ¥ : 3 F!om\\\
Orlgin
(o) Multiview (b) lsomelric raclengle (¢} Isemstric projection
Fig. 16.8 | i proj di methad).
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lines are pencrally omitted in isometric projection of objects
having a number of hidden edges, because drawing of these
lines will reduce the clarity. But simple objects as well as
objects requiring the drawing of hidden details, are provided
with the invisible informations of the shape.

Selection of Isometric Axes

The isometric axes may be placed inany desired position with
respect 10 the objects, Generally, the axes are determined by
the position from which the object is usually viewed orby the
position which describes the shape of object maore clearly.
Figure 16.9 shows the result of varying the origin of the axes
and their directions. Here. the second isometric view,
showing the top side and keeping the origin at B, gives a
beuter clarity w the shape. To show the bottom side of the
ohject, the third or fourth position may be selected.

o €

{a) Cngr‘ atl A,
top iz wisibla fop

N
s

. [
{b) Origin af 3,
is visible

at A, {d) Crigin ol B,

ba"o't iz visible batterm (s visible
Fig. 16.8 Isometric projection of various axis positions and
directions.

Dimensioning

The general rules for the dimensioning of multiview
projection is applicable for isometric projection also. except
the following.

1. All the extension lines and dimension lines should
be parallel to the isometric axes and they should hie
on any of the isometne planes,

2. The text should be placed ar the middle of the
dimension line, after breaking it for a short length.

3. The dimensional values in x direction should be
readable from the right side, while those in ¥
:hn.ctum shun]d be rc:ul.:hh_ from the left side. The

hi should be readable

Ivaluesimzd
horizontally from the right side.

203

4. The numerals placed along the three axes should
be aligned with the direction of the axes.
Figure 16.10 shows the recommended dimensioning
layout for isometric drawing by B.LS,

Fig. 16.40 Dimensioning of (sometric draving

16.4 ISOMETRIC PROJECTION AND

ISOMETRIC VIEW

As discussed earlier, isometric projection of an object is the
front view of the object placed in the isometric position.
Isometric projection is the actual projection of the object on
VP, Here, as the edges of the transparent cube are inclined
35716 1o VP. their projection on VP will have a length of
about 82% of the true length, when measured in the isometric
pusition,

Toavod the difficulty in determining the foreshonened
lengths, the foreshorniening of the axes may be ignored.
Hence, isometric projection can be deawn directly, using the
true length of the edges of the cube along the isometric axes.
As aresull, the projection obtained 15 larger in size than the
actual. This projection is called isomerric view or isometric
drawing. Thus in short, as the length of the edge of the cube,
which are inclhined to VP, are taken as equal to the true length
of the object itself, the view obtained will be larger than the
isometric projection. This enlargement will be to the wne of
170816 (i.e, 22.5% larger).

An isometric projection and an isometric view of a cube
are shown in Fig, 16,11,

Frojection,

View

{a) Multiview {
fion

=omairic projection {e} lzemetric view
{Eriorged iz

praj

Fig. 16.11 C b i ic p
isomelric view.

Downloaded from Ktunotes.in


http://ktunotes.in/

204

Naotes:

1. An isometric projection of the x, ¥, 2 axes are
equally inclined to the vertical plane, hence the
edges of the object which are parallel 1o them are
foreshortened (to about 82%).

. The three isometric axes form the three isometric

planes namely left, right and top.

3. Allthe dimensions are measured and marked along
the isometric axes only.

4. Isometric projection is the actual size of the
pictorial view after foreshortening the true length
to about 82%. The isometric scale is drawn nearby
the figure o identify the isometric projection.

5. Aline orplane which is not parallel tothe three axes
or the three planes, is called a non-isometric line or
plane.

6. The location of the ongm of axes may be suitably

| d tw show details clearly.
Generally the front side may be taken towards left
or towards right, suitable to the object.

7. Drawing of the isometric projection or view may be
done using box method, coordinate (offset) method
or a combination of the rwo.

8. The hidden edges are shown usually for simple

(5]
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i
1o 1end
e ¢ \st“em 3/@—4
_— i
T4 4 3 _gggo < §’ % N
| 3
| C
L] c
‘ 30'5 o 30'

1 2
H} o, 2¢ [b \&/x Frur:?"-
Faad

(o) Mulfiview (&) lsemetric

Fig. 1612 A pentagonal lamina,

the isometric scale. To mark point A, measure the distance in
the top view from 1 to a, convert that to isometric length and
mark it along the isometric x-axis. Similarly, locate the
remaining points BCDE on the isometric rectangle. Join the
points by thick line to complete the isometric projection on
the top plane.

Circular Lamina

Figure 16.14 shows isomeltric views of a circular lamina of 50
di seenon lefi, mpandnghtplanmsselhpsa&h

objects only or for indi cernain i
hidden details.

9. The edge of isometric projection or view are named
using capital letters.

10. 1 icdrawings are di ioned along the th
axes only.

11. The dimensional value is entered at the middle of
the dimension line, after breaking it for a short
length. The text should be entered along the
directions of x and y. For z direction it should be
readable from right side.

P

16.5 PLANE FIGURES

Isometric projection or view of plane figures are generally
drawn on any one of the isometric planes such as top, right or
left.

Pentagonal Lamina

Figure 16.12 shows isometric projection of a pentagonal
lamina. Here the lamina is kept parallel to HP so that the top
isometric plane is seen. To get the projection, the top view of
lamina is enclosed in a rectangle 1234 and the origin is
marked. Draw a reference line and mark point 1 at the middle
ofit. C the i gle 1234, parallel to the
isometric axes x and v, after converting the side length as per

get the views, enclose the given circle in a square 1234,

Sharier
dlaganal—
b

Y =
Left plane r‘\.ﬂ/x

(b} Isometric view

-_Rig'ﬁl. plane

Fig. 1643 A circular lamina (four-centre construction).
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Construct three isometric squares {thombus) of 50 mm side
for the left. top, and right faces as shown in figure. Since the
isometric view (not the projection) is required, there is no
need of drawing the isometric scale and foreshosten the
lengths. In an isometric view, a circle is seen as an isometric
circle, i.e. ellipse.

The isometric circle (ellipse) may be constructed
approximately by arcs using the four centre method. To
locate the fourcentres and the ends of arcs, join the mid points
A, D to the comer 3 and B, C 1o the comer 1 of the shorter
diagonal in the top isometric plane. The intersection points
O, and O, are the centres for short arcs, while the comers 1
and 3 are the centres for long arcs. Draw the short arcs AB
and DC with centres O; and O, respectively. Similarly, draw
long arcs BC and DA with centres | and 3 respecrively to
complete the approximate ellipse. The same is repeated on
the other two faces to get the isocircles.

16.6 SOLIDS

Isometric projection or view of a solid can be drawn by
following the box method or coordinate method explained
earlier. The isometric circles may be easily drawn by using
the four centre method. The following examples explain the
procedure of drawing.

Example 16.1

Draw the isometric p of a rec prism of side

of base 36 mm % 20 mm and height 48 mm, resting upon its

base on HP and the 36 mm long edges are parallel to VP.
Refer o Fig. 16.14.

1. Draw multi-view projection of the prism in the
given position and name the corners. Locate the
origin of axes on the left side of top view in order 1o
get the front view on the right isometric plane.

2. Construct the isometric scale as explained earlier
(Fig. 16.6) on the top or right side of the area
provided for the isometric projection.

3. Draw ashor horizontal thin line and mark the mid
point of it as the origin (comer E) of the isometric
axes xyz. Fromthe origin draw 30° inclined line EH
towards right to represent x direction and another
307 line EF towards left to represent v direction.
‘The vertical line EA upwards represents the 2 axis.
A symbol for isometric axes may also be marked
below this origin as shown in figure for identifying
the directions without mistakes.

4. From the top view take the distance eh along x
direction , multiply it by 0.82 and mark italong the
x isometric axis as EH. Again from the top view

205

Fig. 16.14 [sometric projection.

take the distance ef along v direction, multiply it by
.82 and mark it along the y isometric axis as EF.
Similarly, from the front view take the distance ¢'a”
along z direction . multiply it by 0.82 and mark it
along the z isometric axis as EA. Repeat the same
forall edges along xyz directions to get the isometric
projection, drawn in thin lines.

5. Tolocate the vertical axis OP, measure the xand v
distances of o, p from the top view, multiply it by
0.82 and mark it along the x and ¥ isometric axes
from the comer Eat the bottom. as well as from A at
the top corner of the isometric box. Join OP by
chain line along the z axis to indicate the axis.

6. Convertthe thin lines to visible and hidden edges as
done for projections of solids. Name the corners
and axis using capitals, and print the given
dimensions as permitted for pictorial views (Refer
Fig. 16.10) to complete the drawing.

Example 16.2
Draw isometric view of a hexagonal prism of 50 mm height
and side 20 mm long, lying on HF with the axis perpendicular
to VP. Select the origin of the isometric axes suitable to get
the front view on the left isometric plane.

Referto Fig. 16.15.

1. Draw the multiview projection of the prism in the
given position.

2. Enclose the front view ina box 1'2'3'4’ and locate
the origin of the isometric axes on the right comer
of the top view in order to get the front view on the
left (yz) isometric plane as shown.
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Convert the thin lines to visible and hidden edges as
done for projections of solids. Name the comers
and axis using capitals, and print the given
dimensions as permitted for pictorial views (Refer
Fig. 16.10) to complete the drawing.

Example 16.3

Draw isometric view of a cylinder of 50 mm height and
diameter 40 mm, lying on one of its genzgrators on HP with
the axis perpendicular to VP. Select the origin of the
isometric axes suitable to get the front view on the left

o ]

]
.8 di = JJ
yomant e

Fig. 16.15 [sometric view (bex method).

3. Draw a short horizontal thin line and mark the mid

point of it as the origin (4) of the isometric axes xyz.
From the origin (4) draw 30° inclined thin lines
towards right and lefi directions to represent x and y
isometric axes respectively and a vertical thin line
for z axis, The symbol for isometric axes may also
be marked below this origin.

. Draw the isometric view of the box 1234 using the
lengths measured along xyz directions from the
front and top views as explained in Example 16.1.
Here, the lengths are not foreshorened, because
requircment is not an isometric projection but &
view.

. Construct the isometric hexagon ABCDEF on the
left isometric plane (1234) of the box. To mark the
corner F, take the distance 4'f"using a bow divider
and mark it along the same (v) direction from 4 to F
on the isometric box. Similarly to mark the comer
E. ke the distance 4¢” using a bow divider and
mark it along the same (z) direction from 4 to Eon
the isometric box. Following the same method
mark the remaining comers of the hexagon at the
relative positions to the box corners 1234 along the
x, y and z directions. Repeat the same for the back
hexagonal face of the prism. Complete the view by
joining the front and back comers with thin lines
along the x direction.

. Toloeate the horizontal axis OP, join BE. and mark
O the mid point as one end of axis. Similarly, on the
back face locate P and join OP by chain line 1o
indicate the axis.

plane.

Refer to Fig, 16.16.

L

2.

Draw the multiview projection of the cylinder in
the given position.

Enclose the front view in a square box 1°2°3'4" and
locate the origin of the isometric axes on the right
comer of the top view in order to get the front view
on the left (yz} isometric plane as shown.

Draw a short horizontal thin line and mark the mid
point of it as the origin (4) of the isometric axes xyz.
From the origin (4) draw 307 inclined thin lines
towards right and left directions to represent xand ¥
isometric axes respectively and a vertical thin line
for z axis. The symbol for isometric axes may also
be marked below this origin.

Draw the isometric view of the box 1234 using the
lengths measured along xyz directions from the
front and top views. Here, the lengths are not
i is not an

v )
isometric projection but a view.

Fig. 16.16 Isometric view (box method).
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5.

Construet the isometric circle (four-centered
ellipse) on the left isometric plane (1234} of the box
as explained in Fig 16.13. Repeat the same for the
back end face of the box. Complete the view by
drawing tangents to the front and back ellipses with
thick lines along the x direction.

. Tolocate the horizontal axis OP, join AC, and mark

0, the mid-point as one end of axis. Similarly, on
the back face locate P and join OP by chain line to
indicate the axis.

. Convertthe hidden edge of the cylinder (half of the

back side) 1o short dashes. Name the axis using
capitals, and print the given dimensions as
permitted for pictorial views (Refer 1o Fig. 16.10)
to complete the drawing.

Example 16.4
Draw the isometric projection of a pentagonal prism of side
of base 30 mm and height 60 mm, resting upon its base on HP
and a rectangular face is parallel to VP.

Rcl'cr w Fig. 16.17.

1

Draw the multiview projections of the pentagonal

prism in the given position.

Enclose the object into a rectangular box and name

the cormners.

. Construct the isometric scale and draw the
isometric projection of the box using isometric
lengths. Also add the symbol for isometric axes.

. Construct the isometric pentagon in the boitom

Fig. 16.17 Isometnic projection (box method).
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isometric plane, using the top view lengths
converted into the isometric lengths,

Draw the paralle] isometric pentagon on the top
isometric plane following the same procedure and
Jjoin the corners by vertical lines. Also indicate the
axis OF as done in Example 16.1.

Convert the hidden edges to short dashes, finish the
view and enter the dimensions as per BIS w
complete the drawing.

Example 16.5

A hexagonal pyramid of height 30 mm and side 24 mm is

resting on HP, keeping its axis vertical and one edge of the

base parallel to VP, Draw isometric view of the solid.
Referto Fig. 16.18.

Fig. 16.18

Draw the top and front views of the hexagonal
pyramid in the given position and enclose the top
view of in a rectangle.

Construct the isometric view of the rectangle
and draw the isometric base of the hexagonal
pyramid in side. Also add the symbal for isometric
axes.

. Locate the centre of the isometric hexagon and

draw the vertical axis OP of given length. Then join
the apex O to the six base corners to complete the
pyramid.

. Finish the view using proper line types, indicate the

hidden portion pyramid and dimension the figure as
per BIS to complete the drawing.

thod)
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Example 16.6
A cone of height 50 mm and diameter 48 mm is resting on
HP, keeping its axis vertical. Draw isometric view of the
solid.
Refer to Fig. 16.19.
1. Draw the top and front views of the cone and
enclose the top view of in a square.

dd
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2. Constructthei icview of 1k
the isometric circle (ellipse) of the cone in side
(Refer to Fig. 16.13). Also add the symbol for
isometric axes.

3. Locate the centre of the isometric square and draw
the vertical axis OP of given length. Then draw the
outermost generators of cone by drawing tangents
from O to the base {ellipse).

4. Finishthe view using proper line types, indicate the

hidden portion of the ellipse and di ion the
figure as per BIS to complete the drawing.

Fig. 16.19 Isomelric view of solids (coordinate method).

Example 16.7
A frustum of a cone of base diameter 50 mm, top diameter 30
mm, and height 45 mm is resting upon its base on HP. Draw
the isometric projection of the frustum,
Refer 1o Fig. 16.20.
1. Draw the top and front views of the frustum of
cone and enclose the circles of top view inside
squares.

E@nY,
NS

Fig. 16.20 Isomefric projection of a-frustum (coordinate

method).

. Construct the isometric scale and draw the

isometric square 1234 forthe base of the cone. Also
add the symbol for isometric axes.

. Construct the isometric circle (ellipse) ABCD

inside the isometric square 1234 (refer o Fig.
16.13) and draw the vertical axis OP at the centre of
it. Mark the height of the axis after conventing it to
the isometric length.

. To construct the top isometric circle about the

centre O, draw 30° inclined lines EG and FH
through O and mark the length equal to’ the
isometric radius of the top face of cone on them, i.¢.
OE = 0G = OF = OH. Draw the isometric square
5678 (thombus) parallel to these lines as given in
figure and construct the isocircle (ellipse) EFGH
inside.

Draw the outermost generators of the cone as
tangents to the two ellipses. Note that all the true
Tengths should be multiplied by the isometric scale
(82%) before marking, since an isometric
projection is the requirement.

Finish the view using proper line types, indicate the
hidden portion of the cllipse and dimension the
figure as per BIS to complete the drawing.

Example 16.8
A square pyramid, edge of base 40 mm and axis 60 mm long,
is lying on one of its triangular faces upon HP and its axis
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Fig. 16.21

parallel to VP, Draw the isometric view of the given pyramid
showing the base.
Refer to Fig. 16.21.

1. Draw the front and top views of the pyramid in the
given position and enclose it in a rectangular box,

2. Draw the isometric view of the box using the
lengths measured along xyz directions, Alsoadd the
symbol for isometric axes.

3. Mark the base points ABCD on the box corers and
edges and locate the apex Orat the middle of bottom
edge of the back face. Join these points using thin
lines to get the view.

4. Todraw the inclined axis OP, locate the end P by
marking the xyz distances obtained from the topand
front views as shown in the figure, Join OP by chain
line to indicate the axis. A short cross mark may be
shown at P for which the lines are drawn parallel to
the base edges.

5. Finish the view using proper line types to complete
the drawing.

16,7 SECTIONED SOLIDS

Isometric view of a solid, sectioned by a cutting plane, can be
drawn by box method or coordinate method. In box method,
after drawing the isometric view of the box, the cutting plane
is marked in it and the cur surface is drawn on that plane. But
in coordinate method, the sectioned surface is obtained by

king the coordi of the houndary points from an
isometric plane as reference. Figure 160.22 shows isometric
projection of a sectioned ventical pentagonal prism using
coordinate method. Similarly, Fig. 16.23 shows isometric

Isometric view of a square pyramid (box-method).

view of a sectioned horizontal hexagonal prism. Generally
coordinate method is found more easy 1o get the 1sometric
projection or view of a sectioned solid.

Example 16.9

A pentagonal prism of side of base 30 mm and height 60 mm

is resting on its base upan HP, keeping one base edge parallel

and nearer to VP, The prism is cut by a section plane, 30°

inclined to HP and passing through a point on the axis, 40 mm

above the base. Draw isometric projection of the prism

showing the sectioned surface.
Refer o Fig. 16.22.
1. Drawthe top and front views of the sectioned prism
in the given position and name the section as 12345,
Enclose the plan in a rectangle.

. Construct the isometric scale and draw  the
isometric projection of the rectangle to enclose the
base of the prism, Also add the symbaol forisometric
axes.

3. Mark the base points ABCDE on the isometric
rectangle and locate the axis end P at the middle of
base by ing the di along xy direction
and multiplying by 0.82. Join these points using
thin lines to get the isometric pentagon.

4. Todraw the sectioned prism, measure the distance
a'l’, multiply by 0.82 and mark it from the corner A
in the z direction to obtain the vertical edge AL
Similarly, mark the remaining four vertical edges
and the axis as shown in figure. Join the corners to
get the projection.

5. Finish the view using proper line types and hatch
the cut surface to complete the drawing.

ra
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Example 16.10

A hexagonal prismof side of base 20mm and length 50 mmis
resting on one of its rectangular faces upon HP. keeping the
base paraliel to VP. The prism is cut by a vertical section
plane 307 inclined to VP and passing through the mid point
on the axis. Draw isometric view of the prism showing the
sectioned surfoce.

Refer to Fig. 16,23,
1. Draw the front and top views of the sectioned
prism in the given position and name the
section as 123456, Enclose the elevation in a
reclangle.

50~

: __:1:.
y=—P:z

Fig. 16.23 Isometric view (coordinate methed).
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2. Draw the isometric view of the rectangle enclosing
the plan and then construct the isometric view of the
rectangle enclosing the elevation on it as shown in
figure, Also add the symbol for isometric axes.

3. Mark the base points ABCDEF on the vertical
isometric rectangle and locate the axis end P at the
middle of base by measuring the distances along v
and z directions. Join these points using thin lines 1o
get the isometric hexagon,

4. Todrawit i 1 prism,
1o 1, and mark it from the comer A in the x direction
to obtain the horizontal edge Al. Similarly, mark
the remaining five horizontal edges and the axis as
shown in the figure. Join the corners to get the view.

5. Finish the view using proper line types and draw
section lines on the cut surface to complete the
drawing.

e di

Example 16.11

A square pyramid of side of base 40 mm and height 60 mm is
resting on its base upon HP, keeping the base edges equally
inclined to VP. The pyramid is cut by a section plane, 30°
inclined to HP and passing through the midpoint of the axis.
Draw i ic view of pyramid showing the section.

Refer to Fig. 16.24.
I. Draw the top and front views of the sectioned
pyramid in the given position and name the
sectioned surface as 1234,

Fig. 16.24 Isometric view (coordinate method).
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2. Enclose the base abed in a square as shown in the
figure, Draw the isometric view of this square and
mark the base points ABCD on i

3. To locate the comers 1, 2, 3, and 4 of the cut-
surface, use the coordinate method. To obtain point
1, measure the coordinate values of the point in the
x, y and z directions from the top and front views
respectively and mark the same along the isometric
axes. Similarly locate 2, 3 and 4, and join them by
straight lines o get the cut-surface.

4. Join the points 1234 to the respective base comers
AB,C and Do get the base pontion of the pyramid.
Locate the axis position Pand draw the vertical axis
through the point.

5. Finish the view using proper line types, and hatch
the cut surface to complete the drawing.

Example 16.12
A cylinder of diameter 48 mm base and 60 mm height, is
resting upon its base on HP. A section plane of 45° inclination
to HP hisects the axis of the cylinder. Draw the isometric
view of the cylinder showing the sectioned surface.

Refer to Fig. 16.25.

1. Draw the top and front views of the cylinder and
mark the section plane at 45°, Enclose the base of
the cylinder in a square.

2. Construct the isometric view of the square and draw
an isometric circle (ellipse) inside to represent the
base of the cylinder.

3. Inthe top view, draw diagonals to the square and
mark the points 1,2, 3, ..., Bat the eight intersection

048 S

"I ~
7
Fig. 16.25

lsametric view (cocrdinale method),
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points of the diagonals on the circle. Mark these two
diagonals in the isometric view of the square and
Tocate the points 1, 2, 3, ..., § at the intersection of
isocirele in the same order.

4. To construct the isometric view of the sectioned
cylinder, join the points & and 2 in the top view, and
then produce to the front view to get point 2°8" on
the section line. This vertical line through 287 5 a
generator of the cylinder in the front view.
Similarly, mark generators through 37" and 4'8" on
the section line. Points 1° and 5" represent the
extreme points on the section line.

5. Measure the heights (z values) of these generators

from the base of cylinder to the points 1, 2.3, ., 8,

n the front view and mark them in the same order

on the isometric view as 1-1, 2-2, 3-3, ..., 8-8 in the

z direction as shown in the figure. Join #ll the top

points by a smooth curve to get the elliptical

sectioned surface 1, 2, 3, ..., 8. Also draw vertical
lines tangential to the two ellipses to represent the
outermost generators of the cylinder.,

Finish the view using proper line types, and hatch

the cut surface to complete the drawing.

6.

16.8 COMBINATION OF SOLIDS

Drawing procedure for the isometric projection of a
combination of two or more solids is similar o that of
individual solids. The point to be specizlly considered is the
relative position of them in the isometric view, Figure 16.26
shows the isometric view of a cone placed over a square slab.

Fig. 16,26 Isometric view {combination of solids).
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Here, the base of the cone is placed over the top face of the
slab, so that the axes are coinciding.

When a sphere is to be drawn in combination with the
another solid, care should be taken to avoid mistakes in
marking the centre of the sphere. The method of drawing the
isometric projection and view of a hemisphere resting on a
square slab, is given Fig. 16.27.

Example 16.13

A cone of diameter 32 mm base and 40 mm height is
surmounted over a square siab of 40 mm side and 25 mm
thickness on HP so that one edge of the square is parallel to

Engineering Graphics for Diploma

3. Mark the axis height OP for the cone and complete
the cone by drawing tangents to the ellipse.

4. Finish the view using proper line types, indicate the
hidden portions and dimension the figure as per BIS
to complete the drawing.

Isometric Projection of a Hemisphere Resting
on a Slab

1f a hemisphere with centre O and radius R is placed on a
square slab as shown in Fig. 16.24(a), the line joining the
centre of the sphere o to the point of contact of the spherical

VP. Draw i ic view of the it surface with the top of slab p” will be vertical in the front
Refer o Fig. 16.26. view. If the sphere is tilted and brought to the isometric

1. Draw the top and front views of the combination of  position, the vertical di "p" will be inclined 35°16” and
solids keeping the cone centrally over the square  hence it will get forest i to 82% app Iy as

slab. Enclose the base circle of the cone in a square,

. Construct the isometric view of the square slab and
mark point P at the middle of the diagonal of top
face of the slab, as the axis end of cone. Draw an
isometric square (rhombus) of 32 mm side
keeping the centre at P. Construct isometric circle
(ellipse) inside the thombus to represent the base of
the cone.

=]

explained earlier. Thus, in the isometric projection of a
hemisphere, the centre will be at a height of 82% of R from
the point of contact. Here, OP is the isometric distance of o'p’
and is equal 1o R; =82% of R [Fig. 16.27(b)]. However, the
radius of the outer surface of the hemisphere is same as SR
(because there is no difference in size if a sphere is tilted) and
is equal to half the major axis of the ellipse representing the
top circular plane.

2

{n) Mulliview projection

{b) Isometric prejection

30
30 = D.B2
R, = 30/0.82

=
Lo

sl ]

(2} Isometric view

Fig. 16.27 A hemisphere cn 8 square slab.
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Isometric View of a Hemisphere Resting on a Slab

In the preparation of isometric view of an object, the
foresk ing of the i ic axcs is ignored and the true
length of the edges of the object are used directly for drawing.
As a result, the isometric view obtained will be 22.5% larger
in size. Similarly, if the isometric view of the hemisphere is
drawn, the view obtained should be 22.5% larger than the
given sphere itsell [Fig. 16.27(c)]. So, the radius of the
hemisphere in the isometric view should be enlarged 10 225,
ie, SR, is equal to 1.225 x R, which is half the major axis of
the ellipse representing the top circular plane. As the
dimensions along the isometric axes are not foreshortened,
the line joining the centre of the hemisphere to the point of
contact of the spherical surface with the top of the slab o'p’ is
also not foreshontened, Hence, o'p’= 0P =R.
Hence, by the above explanations it is clear that:

1. For an isometric projection, all dimensions along
xyz directions are foreshortened to 82% but the
radius for the spherical surface should not be
reduced.

2. For an isometric view, all dimensions along xyz
directions are directly used but the radius for the
spherical surface should be enlarged 10 122.5%,

Example 16.14
A hemisphere of radius 30 mm is placed centrally on a square
slab of side 40 mm and thickness 32 mm so that the Nat
circular surface is on the top. Draw the isometric projection
and view of the solids in the given position.

Refer 1o Fig. 16.27.

1. Draw the multiview projection of the slab and
hemisphere in the given position and enclose the
circle in a square.

2. Construct the isometric scale and draw the
isometric projection of the slab using isometne
(82%) lengths.

3. Also dmaw the isometric view of the slab using the
given dimensions directly.

4. To drmw the isometric projection of the
hemisphere, (b) locate the centre P of the top face of
the isometric projection of the slab and draw a
vertical line O = R,, ie. the isometric length of o'p”
(30 = 0.82 mm). With centre O, draw the isometric
square (rhombus) and construct the isocircle
(ellipse) of radius R; inside as shown in the figure.
Construct a semicircle of radius equal to half the
major axis of the ellipse (SR) at centre O 10
represent the spherical surface of the hemi

213

5. Todraw the isometric view of the hemisphere, (¢)
locate the centre P of the top face of the isometnic
view of the slab and draw a vertical line OP = R, ie,
the length of o'p’ (30 mm). With centre O, draw the
isometric square (rhombus) and construct the
isocircle (ellipse) of radius R inside as shown in
figure. Construct a semicirele of radius equal to half
the major axis of the ellipse (SRe = 30/0.82) at
centre O to represent the spherical surface of the
hemisphere. Note that here also the circle is not
passing through the point P,

6. Finish the view and print the given dimensions o
complete the drawing.

Example 16.15
A sphere of 18 mm radiusis placed centrally overa hexagonal
slab of side Jength 24 mm and thickness 25 mm. Draw
isometric view of the combination.

Refer to Fig. 16.28.

1. Draw the multiview projection of the hexagonal
slab and sphere in the given position. Enclose the
hexagon in a square.

2. Construct the isometric view of the hexagonal slab
using the given dimensions direetly as shown.

3. Todraw the isometric view of the sphere, locate the
centre P of the top face of the isometric view of the
slab (centre of linel-4) and draw a vertical line
OP =R, i.e, the lengih of o'p’ (18 mm). Construct a
circle of radius SRe = 18/0.82 mm at centre O 10
represent the surface of the sphere.

4. Finish the view and print the given dimensions to
complete the drawing,

Note that the cirele is not passing through the
point P,

Sie

Fig. 16.28 Isomelric view _
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16.9 OBJECTS

Simple enginecring objects can be very clearly described by
isometric projection or view. Since the preparation of
isometric view is simpler, generally that is preferred for
engineering objects. The hidden lines are shown only if they
are necessary. The following examples describe the
procedure of drawing and they are self-explanatory. The
construction lines are retained in order to understand the
method of drawing. Since the problems are given as
multiview projection, the student has to develop the capacity
to read and visualize the shape of object, before stanting the
drawing. The location of the origin of the isometric axes has
to be fixed in such a way that it brings out maximum
information of the ohject.

Example 16.16
Draw the isometric view of the block shown in Fig. 16.2%a).
Refer 1o Fig. 16.29(b).

1. Locate the origin of the isometric axes on the left
bottom comer of the top view and draw the
isometric view of the box containing the block.

. Mark the comers of the block relative to the edges
of the box as shown in the figure.
3. Finish the view and print the given dimensions to
complete the drawing.

[

¥
241.:” 50

(b) Isometric view

{a) Multiview

Fig. 16.29 A block.

Example 16.17
Draw the isometric view of the bracket shown in
Fig. 16.30(a).

Engineering Graphics for Diploma
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*‘“ﬁa‘

(o) Multiview {b) lsomeliric view

Fig. 16.30 A bracket.

Refer to Fig. 16.30(b).

1. Locate the origin of the isometric axes on the
right bottom corner of the top view in order to
get clear view of the web on the right isometric
plane.

. Drawi ic view of the bracket considering itas
three slabs such as a square horizontal slab, a
rectangular vertical slab and a vertical triangular
slab joined together.

Finish the view and print the given dimensions to
complete the drawing.

b

el

Example 16.18
Draw the isometric view of the machine part shown in
Fig. 16.31(a).

Refer 1o Fig. 16.31(b).

Draw isometric view nfthe machine part considering it
asthree slabs suchasa hon I slab with aslot,
a rectangular vertical slab und a semicircular vertical slab
Jjoined together.

Example 16.18
Draw the isometric view of the block shown in Fig. 16.32(a)
and need not dimension.

Refer to Fig. 16.32(b).
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(&) lsameiric view

Fig. 16.31 A machine part.

&
E4oaar

(a) Mulfiview

(b) Isometric view

Fig. 16.32 A block.

(&1

. In isometric p

Tools to solve i: ic projection probl
Iy

The isometric axes in x and y directions are drawn at
30" inclination to horizontal and z axis in vertical
direction,

from multiview along xyz directions should be
foreshortened and marked in the comesponding
isometric axes.

Ini ic view, the di 1 from
multiview along xyz directions are marked directly
in the corresponding isometric axes.

. The radius of arc representing a spherical surface

should not be 1 1lin proj
whereas in isometric view it has to be enlarged to
122.5%.

. Box method or coordinate method can be used

interchangeably in isometric  drawings. For
pyramids, cones and sectioned solids coordinate
method is found more fast to reach solution whereas
the box method is better for solids in inclined
position or objects have intricate shapes.

.. Acircle is seen as ellipse and it can be drawn by four

centre method.

. Ifthe origin of axes is kept at the left bottom comer of

the top view: the front, top and left side views are
seen on right, top and left isometric planes
respectively. Similarly, If the origin of axes is keptat
the right bottom comer of the top view; the front, wp
and right side views are seen on left, top and rnight
isometric planes respectively.
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EXERCISES

SECTION A
{# Problems similar to workedout examples)
Solids

1.

=]

Draw the isometric projection of a rectangular prism of
side of base 40 mm % 24 mm and height 50 mm, resting
upon its base on HP and the 40 mm long edges are
parallel 1o VP. (#)

Draw isometric view of a pentagonal prism of 52 mm
height and side 26 mm long, lying on HP with the axis

Engineering Graphics for Diploma

2

point on the axis, 40 mm above the base. Draw
isometric projection of the prism showing the sectioned
surface. (#)

. A pentagonal prism of side of base 24 mm and length

64 mm is resting on one of its rectangular faces
upon HP, keeping the base parallel to VP. The prism is
cut by a vertical section plane 30° inclined to VP and
passing through the mid-point on the axis. Draw
isometric view of the prism showing the sectioned
surface. (#)

perpendicular to VP, Select the origin of the i
axes suitable to get the front view on the left isometric
plane. (#)

Draw isometric view of a cylinder of 60 mm height and
diameter 44 mm, lying on one of its generators on HP
with the axis perpendicular to VP, Select the origin of
the isvmetric axes suitable to get the front view on the
right isometric plane. (#)

. Draw the isometric projection of a hexagonal prism of

side of base 26 mm and height 64 mm, resting upon its
base on HP and a rectangular face is parallel to VP, (#)

. A pentagonal pyramid of height 60 mm and side 28 mm

is resting on HP, keeping its axis vertical and one edge
of the base parallel to VP. Draw isometric view of the
solid. (#)

A cone of height 70 mm and diameter 52 mm is resting
on HP, keeping its axis vertical. Draw isometric view
of the solid, (#)

A frustum of a cone of base diameter 56 mm, top
diameter 32 mm, and height 52 mm is resting upon its
base on HP. Draw the isometric projection of the
frustum. (#)

A square pyramid, edge of base 52 mm and axis 64 mm
Tong, is lying on one of its triangular faces upon HP and
its axis parallel to VP. Draw the isometric view of the
given pyramid showing the base. (#)

A pentagonal pyramid, edge of base 30 mm and axis
60 mm long, is lying on one of its triangular faces upon
HP and its axis parallel to VP. Draw the isometric view
of the given pyramid without showing the base surface.

Sectioned sollds

10.

A hexagonal prism of side of base 26 mm and height 64
mm is resting on its base upon HP, keeping one base
edge parallel and nearer to VP, The prism is cut by a
section plane, 30° inclined to HP and passing through a

. Al

. Acylind

gonal pyramid of side of base 26 mm and height
64 mmis resting on its base upon HP, keeping two base
edges parallel to VP, The pyramid is cut by a section
plane, 307 inclined to HP and passing through the
midpoint of the axis. Draw isometric view of pyramid
showing the section. (#)

56 mmbase and B0 mmheight is
resting upon its base on HP. A section plane of 45°
inclination to HP bisects the axis of the cylinder. Draw
the isometric view of the cylinder showing the
sectioned surface. (#)

Acylinderofdi 50 mm b d 70 mmheightis
resting upon its base on HP. A section plane of 60°
inclination to HP cuts the axis of the cylinder at a height
of 55 mm from the base. Draw the isometric view of the
eylinder showing the sectioned surface.

e
of

Combination of solids

15.

16.

A hexagonal pyramid of base edge 20 mm and height
50 mm is surmounted over a square slab of 50 mm side
and 30 mm thickness on HP so that one side of the
square and one base edge of the pyramid are parallel to
VP. Dmaw isometric view of the combination. (#)

A hemisphere of radius 32 mm is placed centrally ona
square slab of side 36 mm and thickness 30 mm so that
the flat circular surface is on the top. Draw the
isometric projection and view of the solids in the given
position. (#)

A sphere of 20 mm radius is placed centrally over a
pentagonal slab of side length 30 mm and thickness 36
mm. Draw i ic view of the combi (#)

Objects

18.

19.

Draw isometric view of the block shown in Fig. 16.33.
(#)

Orthographic views of a block are shown in Fig. 16.34.
Draw the isometric view. (#)
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47, Onhographic view of a V-block isshown in Fig. 16.45. 49, A rod support is shown in Fig. 16.47. Draw its

Draw the isometric view. isometric view.
- 10, 38
|t -
| r
i ]
22 |. 8
el e 10 1
T T I
m | :
i i & 80 [ 20
] ]
| i Fig. 16.47
56 - P ; ;
50. Muliiview projection of a crank is shown in
Fig. 16.45 Fig. 16.48. Draw the isometric view of the crank.

48, Acastironblock is shownin front and side views, Draw
its isometric view. Refer Fig. 16.46.

24 24

iy
1

N ' cmups

Fig. 16.48
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Oblique Projection

blique projection is a pictorial projection in which the
view of the object is obtained by using parallel
projection lines inclined to (not orthographic) the plane of
projection. This type of projection is idered as the

C R

H A SPRENNE:

17

In Fig. 17.1(b) also the prism is projected from its top
view orthographically as well as atan oblique angle 45° o VP
and & to HP. Here, the parallel rays are seen with apparent
incli of @and §to the xy line in the top and front

in

simplest type of pictorial projection in which the front face is
seen as the true shape i.e. just like the front view. Since it is
very simple to construct an oblique drawing from its front
view, this system of projection is commonly used to sketch
the pictorial views of machine components, assemblies etc.

171 PRINCIPLE OF OBLIQUE PROJECTION

In oblique proj parallel proj are taken from
points on the contour of the object to meet the plane of
projection (vertical plane) obliquely i.e. at an angle. The
angle between the parallel projectors and the picture plane
(ventical plane) is generally taken as 45°, while that with HP
15 taken to be any angle 8. The principle of oblique projection
is explained by Fig. 17.1.

views. This results an oblique projection showing the front,
right and top sides. Note that, here also the front side of the
oblique view is exactly the same as that of the elevation. The
apparent angle §1is generally taken as 30° or 45°. Although
oblique projection is a true parallel projection similar to the
orthographic projection, the view can be drawn very casily
by constructing the front view and extending the receding
edges at Jangle to one side. The following sections explain
the direct method of drawing oblique views without using the
standard projection methods.

17.2 RECEDING LINES AND THEIR ANGLES

In oblique projection, the front face is kept parallel to the
plane of projection and the receding axis {which is actually

InFig. 17.1(a), a t 1 prism is proj 1 from its
top view orthographically as well as at 45° to the VP. Here,
the parallel rays of projection are parallel to HP ie.
&= 0°. This results a kind of pictorial view of the prism,
which shows the front view and right side only. Note that the
front side has exactly the same size of the elevation.

21

perp to the plane of projection) is drawn at an
inclination §. The inclination of the receding axis may be
taken as 307 or 457 to the horizontal, The receding lines may
be drawn in the following ways.

1. Sloping upwards and to the left,

2. Sloping upwards and to the right,
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Pictorial view

~ Fronl view by
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Frani view by

by obligue projection—,

N £

o - e i

Parallel roys
parallel to HP and,
inclined to VP-—

{a) Dbligue projection showing
front and right sides @

/ orthagraphic proj

\ Top view

arfhographic  projection—,

Pictorial view -

by ablique )&7
projection L

-

B
Faralle] roys / \
inclined ta HP & vp/
Top view - \
(b} Oblique projecti showing
frant, right end lop sides °

Fig. 17.1 Principle of oblique porjection.

3. Sloping downwards and 1o the lefi,
4. Sloping downwards and fo the right.

vertical plane will be seen with its true size and shape. In the
first oblique view the x and z axes are perpendicular o each

Oblique views of a prism with the above e
are shown in Fig. 17.2. Here, the front side is seen as a square
inall the four views. Along with the front view, one of the left

other, while the y axis is inclined at 5° to the horizontal. In the
second view, v and z axes form the front view and receding
lines are along x axis. This change of axes depends on the

or right sides and one of the top or bottom sides are al
‘The receding lines are parallel, hence any detail pnm]lelmlhe

“ ]z b
a { x Y 2 B
T
(a) @ !
z Z
i X Y i
A Y

(e} p= 35 or 45 (&)
Fig. 17.2 Receding lines and their angles.

1 of the axis origin in the top view, as did for isometric
projection.

17.3 TYPES OF OBLIQUE PROJECTION

Obligue projection can be broadly classified into three types,
depending on the shortening of the receding axis.

1. Cavalier projection

2. Cabinet projection

3. General obligue projection

Cavalier Projection

In this type of projection, the angle between the lines of
projection and the plane of projection is 45° (i.e. 8= 45°).
Hence, the receding lines are drawn to their true lengths. The
most common receding angles are 30° and 45°, Cavalier
drawing of a cube is shown in Fig. 17.3(a). Here, the width,
the height and the depth axes are drawn to the full scale and
are marked as 1:1:1. The slope of the lines may be drawn
upwards and either to the left or to the right.
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{a) Cavalier. 1:121 (b} Cabined, 1:1:0.5
.~
P
-
- ,
Z X
¥ A
1 T

{c} General, 1:lir ( r» 1 or 0.5 }

Fig. 17.3 Types of oblique projections.

Cabinet Projection

In this type of projection, the angle between the lines
of projection and the plane of projection is 63° 267 (i.c.
8 = 637). Hence, the receding lines are drawn to half the full
size. The most common receding angles are 307 and 457,
Cabinet drawing of a cube is shown in Fig. 17.3(b). Here, the
width and height axes are drawn to full scale and the depth
axis is drawn to half full size and are marked as 1:1:0.5. The
slope of the lines may be drawn upwards or downwards, and
either to the left or to the right.

General Oblique

In this type of projection, the lines of projection makes an
angle other than 457 and 63° 26" with the plane of projection

223

(i.e. @should not be equal to cither 437 or 63°). Here, suitable
reduction in dimension may be taken along the depth axis,
depending upon the angle €. The most common receding
angle are 30” and 457, The general oblique drawing of a cube
is shown in Fig. 17.3(c). Here, the width and the height axes
are drawn 1o full scale and the depth axis is drawn 10 a scale
ather than full scale or half full scale and are marked as 1:1:r.
Here, ris net equal to 1 or 0.5, The slope of the lines may be
drawn upwards or downwards. and either to the left or to the
right.

17.4 METHOD OF DRAWING OBLIQUE
PROJECTION

Similar to isometric drawing, oblique drawings are also
prepared from orthographic views. The front and top views
are generally used for this. The various points on the oblique
view may be located by the box method or coordinate
method, as used in isometric projection. In the two methods,
the top view is enclosed in a rectangle as shown in
Fig. 17.4(a). The origin of axes is then fixed at the left or
right bottom comer of the rectangle in order to see the leftor
right side of the object in the pictorial view. Here, in
Fig. 17.4(a), the right botom corner is selected so that the
details on the right side shall become visible. The angle f§ of
the receding axis (x-axis) is then selected (say 30°). 17 the box
method of marking points 15 followed, the box which
contains the object is drawn from the origin, in the direction
of the axes, Figure 17.4(b) shows these details. The lengths of
receding lines are governed by the type of view required i.c.
cavalier, cabinet or general oblique. Note that, here the v and
zaxes are at right angles and they form the front plane which
gives the front view, After marking the various points by bax
method, the view can be finished. Forcoordinate method also
the same steps are 1o be followed. Afier removing the
construction lines, the final view is obtained as shown in
Fig. 17.4(c). Note that the details in the front plane has no

€D

¥
{a} tMultiview projaction

(b} Construction for drawing

N e

{c} Finished drawing

Fig. 17.4 Method of drawing on oblique view
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Fig. 17.8 Oblique projection of a pyramid (cavalier, 1:1:1).

17.6 OBLIQUE PROJECTION OF OBJECTS

The method of drawing oblique projection of objects is
similar to that of solids. The face containing more number of
circles and similar curved shapes is taken as the front plane
and hence they can be drawn without distortion. While
drawing oblique views, the object may be considered as a
box having parallel surfaces. The details on these parallel
surfaces are drawn and then they are joined by tangents or
comer lines. The principle of box method is generally
preferred here. The following ples explain the drawing
of oblique views.

Example 17.5
A front and side views of a V-block are shownin Fig. 17.9(a).

Engineering Graphics for Diploma

Draw the cavalier oblique drawing. Take the receding
axis at 45° to the horizontal, sloping upwards and to the

right.

Refer to Fig. 17.9(b).

1. Construct a rectangular block of width 80 mm.
height 60 mm and depth 50 mm taking the receding
axis ar 45° to the horizontal.

2. Draw the fromt view within the front face of the
rectangular block.

3. Draw receding lines at 45° to the horizontal and
with centre o draw an arc on the rear face. Note that
0,0, =50 mm.

4. Finish the drawing and print the dimensions.

Example 17.6

Orthographic views of a bracket are shown in Fig. 17.10(i).
Drraw its cabinet oblique drawing, keeping the receding axis
sloping upwards and to the left, at an angle of 30°.

Refer to Fig. 17.10.

L

3.

Fig. 17.8 A vee-block (cavalier, 1:1:1).

As the view required is a cabinet one, the depth of
the bracket is to be halved. Construct the base of the
bracket taking the width 76 mm, the height 12 mm
and the depth half of 60 mm i.e. 30 mm. Complete
the front view of the front face, With O as cenire,
draw to circles.

Receding lines may be drawn at an angle of 307 as
shown. Also mark the receding axis. Mark O, on
the receding axis such that 0,0, = 60/2 = 30 mm.
Alsomark O, on the receding axis such a way that,
0,0 = 12/2 = 6 mm. With centres Os and O, draw
arcs as shown (o obtain the required view,

Finish the view and print the given dimensions.

16 16
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Fig. 17.10 A bracket (cabinet, 1:1:0.4).

EXERCISES

Solids

13

A hexagonal prism of side of base 24 mm and axis 60
mm loag rests on one of its rectangular faces upon HP
and the axis perpendicular to VP. Draw the oblique
projection of the prism by cavalier method, with
receding axis inclined at45°.

A cylinder of 60 mm diameter and 80 mm long is lyving
on one of its generators upon HP and the axis
perpendicular to VP, If the eylinder has an axial square
hole of 20 mm side equally inclined o HP, draw the
oblique projection of the eylinder by cabinet method,
The receding axis is sloping 30° upwards and to the lefi.
A pentagonal prism of side of base 30 mm and axis 70
mm long rests with its base on HF and two of the
rectangular faces are equally inclined to VP and nearer
to it. Draw the oblique projection of the prism by
cabinet method, with the receding axis inclined ot 457,
Draw the general oblique projection of a hollow
cylinder of outside diameter 60 mm, inside diameter 40
mmand height 70 mm, keeping the axis of the cylinder
vertical. The receding axis is inclined at 45° in the
view, and it 15 fore-shortened to 0,75 of the tull length,
A pentagonal pyramid, side base of 32 mm and height
B0 mm, rests on its base upon HP such that one base

Objects
6. Atea-poy is made of a rectangular wooden plank of size

OO0 mm = 600 mm = 25 mm and four vertical legs of
section 30 mm < 600 mm. The total height of the table
is 400 mm. Draw its oblique projection following
cavalier method, with the receding axis inclined at 30°
10 the hozontal.

Elevation and plan of a U-clamp are shown in
Fig. 17.11. Draw the cabinet oblique drawing, taking
receding axis inclimed at 457, sloping downwards and
to the nght.

44

54

16

i 1

edge is perpendicular to VP, A section plane, inclined
at 307 to HP, biscets the axis of the pyramid. Draw the
oblique projection of the truncated pyramid by cavalier
method, when the receding axi slined an 457,

7 S

Fig. 1711 U-Clamp,
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12. Front and top views of a shaft support is shown in
Fig. 17.16. Draw the obligue projection by cabinet
method. The receding axis is inclined ar 30°,

A 450
e - _!EU__
|
W
©
|
| 01
i i
| =}
| 2
50 i
= ll 1
T o1 |
P 8lal
: 1 1
]
[ I J 1y

Fig. 17.16 Shafi-suppori.
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Perspective
Projection

Pelspeclive projection is a method of graphic
representotion of an object on a single plane called

Perspective projection is theoretically very similar to the
optical system in photography. It is extensively employed by

picture plane as seen by an observer latap

position relative to the object. As the object is placed behind
the picture plane and the observer is stationed in front of the
picture plane, visual rays from the eye of the observer to the
object are cut by the picture plane. The visual rays locate the
position of the object on the picture plane, This type of
projection is called perspective profection. Thisis also known
as seenographic projection or convergent projection.

18.1 PRINCIPLE OF PERSPECTIVE PROJECTION

In perspective projection, the projectors or visual rays
intersect at a common point known as starion paint. A
perspective projection of a street with posts holding lights, as
viewed by an observer from a station point, is shown in
Fig. 1B.1{u). The observer sees the object through a
transparent vertical plane called picture plane. The view
obtained on the picture plane is shown in Fig. 18.1(b). In this
view, the true shape and size of the street will not be seen as
such, since the object is viewed from a station point to which
the visual rays converge. On the picture plane the same size
objects become smalleras itis going away from the observer.
Finally, they become small as a point on the horizon and
vanish,

230

abuilding or by an artist-
of ill i of huge

machinery.

in the

18.2 NOMENCLATURE OF PERSPECTIVE
PROJECTION

The elemems of perspective projection are shown in

Fig. 18.2. The imp terms used in perspective proj
are defined below:
1. Ground Plane {GP): This is the plane on which the
object is assumed to be placed.

2. Anxiliary Ground Plane : This is any plane paralle]

to the ground plane (not shown),
. Station Poim (5P): This is the position of the
observer's eye, from where the object is viewed.

4. Picture Plane (PP} : This is the transparent vertical
plane positioned in between the station point and
the object to be viewed, Perspective view is formed
on this vertical plane.

5. Ground Line (GL) : This is the line of intersection

of the picture plane with the ground plane.
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Ficture plane

Herizan line
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Station point

Sy Visual rays

fa) Slide view

Picturs plane,.~

Ground line

Yonishing paint

Harizan line

{b] Perspeciive view

Fig. 18.1 View of a street

Auxiliary Ground Line: This is the line of
intersection of the picture plane with the auxiliary
ground plane (not shown).

Horizon Plane: This is an imaginary horizontal
plane perpendicular to the picture plane and passing
through the station point. This plane lies at the level
of the observer.

Heorizem Line (HL): This is the line of imersection
of the horizon plane with the picture plane. This
plane is parallel to the ground line.

Axix of Vision (AV): This is the line drawn
perpendicular to the picture plane and passing
through the station point. The axis of vision is also
called the line of sight or perpendicular axis.
Centre of Vision (CV): This is the point through
which the axis of vision pierces the picture plane.
This is alsa the point of intersection of the horizon
line with the axis of vision,

Central Plane (CP): This is an imaginary plane
perpendicular to both the ground plane and the

picture plane. It passes through the centre of vision
and the station point, while containing the axis of

vision.

12, Visuaf Ravs (VR). These are imaginary lines or
projectors, joining the station paint 1o the various
points on the object. These rays converge o a point,

18.3 CLASSIFICATION OF PERSPECTIVE VIEWS

Perspective views are classified into three categories.
1. Parallel perspective or single point perspective.
2. Angular perspective or two point perspective.
3. Obligue perspective or three point perspective.
The perspective views are based on the relative positions
of the object with respect 1o the picture plane. All the three
types of perspectives are shown in Fig. 18.3,

Parallel Perspective {Single Point)

If the principal face of the object viewed is parallel to the
picture plane, the perspective view formed is called paraflel
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Object

Visual ray (VR)
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Centre of wizion (CV)

Harizen plane

Ficture plane (FP)
bl LI

Parspective view /
Ground line (GL}/

Fig. 18.2

/
¢ Harizon line (HL)

4xis of vision (AV)

\
\\\Sfurlun uo.‘

(sy2)

(5P}

. Central plana (CF)

perspective. Such a perspective view is shownin Fig. 18.3(a).
In parallel perspective views, the horizontal lines receding
the object converge to a single pmm called mmsbmg pom.'
{VP). But the vertical and hori ] lines on the p

face and the faces parallel to it on the object do not mnverge
it these lines are parallel to the picture plane. Because the
lines on the faces parallel to the picture plane, do not
converge 1o a point and the horizontal lines receding the

object ge o a single vanishing point, the p
projection obtained is called pnra!’!e! or _ﬂngie point
perspecrive. Single point perspecti j is g 11

used 10 show the imterior details ufmnms interior fw:uramf
Various cOmponents, etc.

Angular Perspective (Two Point)}

If the two principal faces of the object viewed are inclined to
the picture plane, that perspective view formed is called
angular perspective. Such a perspective view is shown in
Fig. 18.3(b). In angular perspective views, all the horizontal
lines converge to two different points called vanishing point
left (VPL) and vanishing point right (VPR). But the vertical
lines remain vertical. Because the two principal faces are

lined to the picture pl dallthe h | lines on the
object converge o two diﬂ'crcnl vanishing points, the
pective view obtained is called angular or two point

pcrspemw Two point perspective projection is the most

~WYanishing
point—laft

Vanishing

Yanishin e
shing paint—right

paint

(o) Parallel {One paint) (b) Angular (Twe peint)
perspecilve perspective

Yanishing

Vanishing
Qt lefl point-right ~

|{/ /—\.umshin

point—hbattom

{c) Oblique (Three paint)
perspoctive

Fig. 18.3 Perspective projections.
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generally used one to present the pictorial views of long and
wide objects like buildings, structures, machines, ete.

Oblique Perspective (Three point)

If all the three mutually perpendicular principal faces of the
object viewed are inclined to the picture plane. the
perspective view formed is called oblique perspective, Sucha
perspective view is shown in Fig. 18.3{c). Tn oblique
perspective views, all the horizontal lines coverage to two
different points called vanishing point lefr (VPL) and
vanishing point right (VPR) and all the verical lines
converge (o a third vanishing point located either above or
below the horizon line. Because all the three principal faces
are inclined to the picture plane and all the horizontal and
vertical lines on the object converge to three different
vanishing points, the perspective view obtained is called
oblique ot three point perspective.

~Herizan line (HL)

Station

- =
point {SPY AN “\f Tar
T “eFront view
’ B
S ] E] 1= -
® r - F v
s
Perspective viaw £ Ground
lime {GL}
_ S
vision / L
i
/ ~Picture
f /-q.n //// plane (FP)

= Sfation
point {SF)

Fig. 18.4

Elements of perspective projection (visual ray
method-using front view).

Three point perspective projection may be used to draw
pictonal views of huge and tall objects like wll buildings,
towers, structures, etc. If the station point is nearby the
ground plane, the vertical lines will vanish at a point above
the horizon line. If the station point is located above the
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object, all the vertical lines will vanish to a point below the
horizon line.

18.4 METHODS OF DRAWING PERSPECTIVE
VIEWS

Perspective view of an object can be drawn by following any
one of the methods:
1. Visual ray method.
{a) Using top and front views.
(b) Using top and side views,

2. Vanishing point method,

To obtain a perspective view (parallel, angular or
obligue), by the visual ray or vanishing point method, there
are different approaches in practice. Here, one among the
simplest, which is obeying the first angle projection, is
explained.

Tostart the drawing of a

perspective view, the following
data are the basic requirements.

1. The top and front or side views of the object.

2. The location of the station point SP (the point of
sight orcamera position) in relation 1o the object, in
three dimensions,

3. The location of the picture plane PP in relation to
the object, in three dimensions.

In visual ray method, the points forming the perspective
view are obtained by drawing visual rays from the station
points (the point of sight) SP and SP” or SP” 1o the top and
fromt or side views respectively of the object.

In vanishing point method, the vanishing point or poinis
are (o be located initially. Vanishing points are the imaginary
points located at infinite distance from the observer and they
exist on the honzon line. The parallel edges, which are
perpendicular or inclined to the picture plane, will converge
to a point, if they are extended to infinity. Following the
principle, the parallel edges going away from the picture
plane are drawn converging to the vanishing point or points,
to get the perspective view.

18.5 VISUAL RAY METHOD, USING TOP AND
FRONT VIEWS

After obtaining or fixing the required data, the 1op and front
views of the object are drawn following the first angle
prujection theory as shown in Fig. 18,4, Here, the top view,
the picture plane PP, the plan of station point SP and the
visual rays are drawn initially below the ground (xv) line GL.
The front view, horizon line HL. elevation of the station
point SF and the visual rays are drawn next. This completes
the drawing of elements of perspective projection. In
Fig. 18.4, a square prism is lying on ground with the square
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face parallel to PP. To get the perspective view seen from SP,
draw vertical projectors through the erossing points of visual
rays on picture plane PP. The points of intersection of these
vertical projectors on the visual rays drawn in the front view
give the perspective view, For ple, comers A and E on
the perspective view are obtained by drawing vertical
projectors through a, and ¢; on PP, and extending them to
intersect on visual rays drawn to o’ and ¢’ respectively.

It is to be noted that the top and perspective views ane
finished using thick lines, while all the remaining lines are
left as thin. The comers of the perspective view may be
marked with capital letters, as did for other pictorial views.
Dimensions are nol usually marked on perspective views but
the elements used for perspective view drawing should be
dimensioned fully by a student without failure,

Parallel Perspective by Visual Ray Method

In paralle! perspective, the principal face of the object is kept
parallel to the picture plane (PP). If a face is kept touching the
PP, that face will be seen in its true size and shape. As the face
goes behind the PP, the view of it will be reduced in size, but
will keep the true shape i.e. a circle or square will retain its
shape, if the plane containing it is parallel 1o PP, Figure 18.5
shows the paratle] perspective of a square prism, Here, the
front face is slightly behind the PP, hence that face is seen to
be slightly reduced in size. but keeps the square shape.
Similarly, Fig. 18.6 shows the parallel perspective of a
honizontal pentagonal pnsm. Here the prism is touching the
PP hence, that face is seen as the true size and shape. The back
side face is also a regular pentagon but of smaller size because
it is paralle] to and behind the PP.

If there are curved or non-parallel edges on the object
and are not parallel to picture plane, the perspective of such
shapes can be drawn by enclosing themin rectangles orboxes
as did for other pictorial views. Fig. 18.7 shows the paralle]
perspective of a circle contained in HP. The intermediate
points are located in relation to the edges of the rectangle or
box.

Example 18.1

A square prism of 30 cmside and 50 cm length is lying on the
ground plane on one of its rectangular faces, in such a way
that one of its square faces is paraliel to and 10 cm behind the
picture plane. The station point is located 60 cm in front of
the picture plane and 40 c¢m above the ground plane. The
central plane is 50 cm away from the axis of the prism
towards the left. Draw the perspective view of the prism.

Referto Fig. 18.5,
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Fig. 18.5 Parallel perspective (visual ray method—using
front view).

L. Draw the xy {GL) line and construct the top and
front views of the prism in the given position
following the orhographic projection rules as
shown in figure.

. Mark the top view of the picture plane (PP) and the
front view of the horizon plane HL at a distance of
40 em above the xy line (GL). Locate the central
plane (CP) 50 cm away from the axis of the prism,
towards the left side. Locate the top view of the
station point {SP) at a distance of 60 cm in front of
the PP and on the CP. Also mark the front view of
the station point (SF) on the HL.

3. Draw visual rays from (SP) to the various comers
of the top view of the prism, piercing the PP at a).
by, €1, ete. Also draw the visual rays from (SP)’ to
all comers of the front view.

4. Draw vertical lines upwards from the points ay, by,
¢y, ete. to intersect the corresponding visual rays

[X]
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drawn trom a’, &', ¢', ete. Join the points to get the
required perspective ABCDEFGH.

5. Convert the topand perspective views 1o proper line
types and print the given dimensions.

Angular Perspective by Visual Ray Method

In angular perspective projection, two principal faces (front
face and one side face) of the object are kept at an angle,
usually 30° or G0°, to the PP. As is done in the parallel
perspective, the top view, front view and the perspective
elements are also drawn for the angular perspective. The
visual rays are drawn from (SP) to the top view corners and
from (5P} to the front view comers. The points on the
perspective view are obtained by insenting verticals from the
points of intersection of visual rays with PP, 1o meet the visual
rays drawn to the front view.

Example 18.2

Draw the perspective view of a rectangular prism of 80 cmx
48 cm » 36 em size, lying on its 80 cm % 48 em rectangular
face on the ground plane, with a venical edge touching the
picture plane and the end faces inclined at 607 with the piciure
plane. The station point is 80 cm in front of the picture plane,
64 cm above the ground plane and it lies in a central plane,
which passes through the centre of the prism.

Refer to Fig. 18.6.

1. Draw the top view, front view and the perspective

elements of the prism as per the given data.

2. Draw visual rays from (5P) to the comers of the top

view and from (5P} to the front view.

3. Insert verticals through the visual ray piercing
paints on PP, o meet the visual mys drawn to the
front view. For example, 1o get the point B on the
perspective view, join (SP) 1o b in the top view to
cross PP and at by, Insent a vertical line from &, to
meet the visual ray to 5'(SP) at B. Similarly obtain
A C et
Convert the top, side and perspective views to
proper line types and print the given dimensions.

=

18.9 ANGULAR PERSPECTIVE BY VANISHING

POINT METHOD

In vamishing point method, the vanishing point or points are
to be located on picture plane. Vanishing points are the
imaginary points located at infinite distance from the
observer. In perspective drawings, if a visual ray is drawn
from a station point 1o an infinite distant ohject, the point of
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&0

t i
All dimensicns are In em.

Fig. 186  Angular perspective (visual ray method-using

frant view).

piercing of that ray through the picture plane (PP) is referred
toas the vanishing point on the PP,

Three top views of a horizontal line PQ, inclined at &
degrees to the picture plane, located in three different
positions with respect to the station point, are shown in
Fig. 18.7. When the top view pg is in position (i), the length
of the line obtained on PP is pyg). As the top view moves
towards the left side, without changing the inclination &, the
length af the line obtained on PP reduces 1o paga and is shown
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Fig. 18.7 Vanishing point of a line indlined to the pictura
plane.

in position (ii). When it moves further towards the left, the
length of the line on PP gradually reduces and finally, it
becomes zero. Hence Pi coincides with g;. This point is
called the rap view af the vanishing point (VP) of the line PQ
on PP, for the given conditions. It may be noted that the
inclination of the visual rays, drawn (o the vanishing point,
has the same inclination as that of the line pg. The front view
of the vanishing point (VP)" lies on the horizon line (HL).
Hence, the point of intersection of the vertical line through
VP and the horizon line HL is (VFY'.

To draw the angular perspective of an object, the
top view and the clements of perspective are drawn first.
Then the vanishing points (VPL) and (VPR) are determined
by the above principle. By considering the height of the
object, rays are drawn to the two vanishing points, Vertical
lings are drawn from the visual ray-crossing points on
the PP toi these rays for the points on the p

view.

p v
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Example 18.3

A rectangular prism of dimensions 80 cmx 48 cmx 32 em s
lying on the ground in such a way that one of the largest faces
is on the ground. A vertical edge is 10 cm behind PP and
lomger face containing that edge makes 307 inclination with
PP. The station point is 80 em in front of the PP, 60 cm above
the ground and lies ina central plane which passes through the
centre of the prism. Draw the perspective view by vanishing
point method.

Refer to Fig. 18.8.

1. Draw the top view of picture plane PP, the top view
of the prism at the given position and mark the
station point (SP), as shown in the figure. Also
draw the ground line GL at any convenient distance
from PP and mark the horizon line HL.

2. Through (SP), draw lines parallel to the edges ad
and ab of the top view of the prism, to intersect PP
at (VPR) and (VPL) respectively. Draw vertical
lines from (VPR) and (VPL) to intersect HL at
(VPR)" and (VPL) respectively, which are the
fromt views of the vanishing points.

3. Since the edge aeis 10 cm behind the picture plane,
produce the face adeh to meet the PP at the point s,r.
Draw a vertical line from the point s, ¢ to intersect
the ground line GL at T. Since the edge sr is
touching on PP, it will have the true length in the
perspective view, Hence, mark 5T = 32 cm, (the
thickness of the prism) from the line GL as shown in
the figure.

4. loin points S and T to (VPRY and drop a vertical
line from point (a;, ;) to intersect these rays at A
and E. Draw rays from points A and E to (VPL)
and drop a vertical line from (b). f}) to intersect
these rays at B and F. Now ABFE is a face on the
perspective view. Similarly find out points C, D, G
and H and join these points to get the perspective
view.

5. Draw the visible edges with thick lines and convert
the hidden edges to short dashes, to complete the
required view,

6. Finish the view and print the given dimensions as
shown in the figure.
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Fig. 18.8 Angular perspective (vanishing point method).

EXERCISES wommnns

{# Problems similar to the workedout examples)

Visual ray method

i

. Drawthey

A square prism of 32 cm side and 54 cm length is lying
on the ground plane on one of its rectangular faces, in
such a way that one of its square faces is paralle] to and
12 ¢m behind the picture plane. The station point is
located 60 cm in front of the picture plane and 48 cm
above the ground plane, The central plane is 50 cm
away from the axis of the prism towards the left. Draw
the perspective view of the prism. (#)

ive view of ak 1 prism, 20 cm
side and 40 cm long, lying on one of its rectangular

. Draw the p

fuces on the ground plane. One of its pentagonal faces
touches the picture plane and the station point is 60 cm
in front of the picture plane, 28 em above the ground
plane and lies in the central plane, whichis 70 cmtothe
left of the centre of the prism. (#)

pective view of a prism of
T0em =44 cmx 32 cmsize, lying onits T0emx 44 cm
rectangular face on the ground plane, with a vertical
edge touching the picture plane and the end faces
inclined at 60° with the picture plane. The station point
is 80 cm in front of the picture plane, 70 cm above the
ground plane and it lies in a central plane, which passes
through the centre of the prism. (#)
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Vanishing point method

4.

A gular prism of di 75 emx 50 ¢m x
30 cm is lying on the ground in such a way that one of
the largest faces is on the ground, A ventical edge is 12
em behind PP and longer face containing that edge
makes 30° inclination with PP. The station point is 90
em in front of the PP, 64 cm above the ground and lies
inacentral plane which passes through the centre of the
prism. Draw the persp view by vani paint
method. (#)

A circular Jamina of 60 cm diameter is kept vertical on
the ground plane and is inclined 457 to the picture
plane. The station point is positioned 80 cm in front of
the picture plane and 82 ¢m above the ground plane.
The central plane containing the station point passes 40

. A vertical

Engineering Graphics for Diploma

cm away to the right of the centre of the circular lamina.
Draw the perspective view of the lamina, if its
periphery is in contact with the picture plane. Employ
vanishing point method. (#)

prism of di 60 cm %
50 cm x 30 em is standing on the ground on one of the
end faces such that the picture plane passes through the
prism. A vertical edge of 60 cm length is 12 cm infront
of PP and the 60 cm x 30 em face containing that edge
makes 30° inclination with PP. The station point is 140
cmin front of the PP, 90 cm above the ground and lies
in a central plane which passes through the comer
infront of PP. Draw the perspective view by vanishing
point method. (#)
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Profile plane (PP)

~

Figure 18.1 Planes of projection showing octants (anticlockwise system).

19.2 FIRST ANGLE PROJECTION AND THE
LOCATIONS OF THE THREE VIEWS

In first angle projection, the object is assumed 1o be
positioned in the first quadrant as shown in Figure 19.2.
Here, the object is placed in such a way that its main faces are
parallel to the principal planes and hence the pm_]ccnms nf
these faces on th 1 planes will have th
size.

The three views formed on the principal planes are
described below:

1. Front view: The view of the object formed on the vertical
plane (VP) or frontal plane, when looked orthogonally at the
object in the direction marked FRONT, is called fronr view.
Here, the VP is behind the object. Thus, the object is in
berween the plane of projection and the eye. This is indicated
by

EYE > OBJECT > PLANE
2. Top view: The view of the object formed on the
horizontal plane (HP) when looked orthogonally at the object
from the top in the direction marked TOP, is called top view,
Here, the horizontal plane is below the object. Thus, the
object is in between the plane of projection and the eye. This
is indicated by

EYE>OBJECT > PLANE

3. Left side view: The view of the object formed on the
profile plane (PP), when looked orthogonally at the object in
the direction marked LEFT-HAND SIDE, is called left side
view. Here, the profile plane is behind the object. Thus, the
object is in between the eye and the plane of projection. This
is also indicated by
EYE > OBJECT > PLANE

To bring the three views into a single plane, revolve the

coordinate planes through 90°, as indicated by the arrows.

The complete layout of the three views of the object, after
rabation, will be as shown in Figure 19.3.

19.3 THIRD ANGLE PROJECTION AND THE
LOCATIONS OF THE THREE VIEWS

In third angle projection, the object is assumed to be
positioned in the third quadrant. Here, the object is placed in
such a way that its main faces are parallel to the principal
planes and hence the projections of these faces on the
principal planes will have the true shape and size.

The complete layout of the three views of an object in
third angle projection is as shown in Figure 19.4.
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Figure 18.3 Layout of the principal views (first angle projection).
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Figure 19.4 Layout of the principal views (third angle projection).

19.4 TRANSPARENT BOX AND THE SIX
ORTHOGRAPHIC VIEWS

To describe the shape and size of a complicated object
completely on a sheet of paper, sometimes, more than
three views are required. In such cases, transparent box
method can be used to get six different views of the
object. Here, the object is assumed to be placed inside a
rransparent box, keeping its important face parallel to the
front side of the box (see Figure 19.5). The six sides of the
box are assumed to be six planes of projection. The observer
views the enclosed object from outside. Six views are
obtained on the six planes by drawing projectors from
various points on the object to these planes. These views are
called frons, top, right side, left side, bottom and rear views.
‘Totransfer these six views, the box is opened to one plane, the
plane of the drawing sheet. The six views canbe developed by
applying the principle of first and third angle projection
methods.

In first angle projection method, the object is placed
between the eye and the plane of projection. Hence, we
follow the EYE > OBJECT > PLANE principle.

Consider a transparent box ABCDEFGH containing an
object inside it, as shown in Figure 19.5. The following are
the views obtained on the six sides of the transparent box.

1. Front view: The view of the object formed on the rear side
ABCD of the box, when looked in the direction of the arrow
marked by FRONT, is called fronr view.

2. Top view: The view of the object formed on the bottom

side DCGH of the box, when looked in the direction of the
amow marked by TOP, is called rap view.

3. Left side view: The view of the object formed on the right
side BFGC of the box when looked in the direction of the
armow marked by LEFT SIDE, is called left side view.

4. Right side view: The view of the object formed on the left
side AEHD of the box, when looked in the direction of the
arrow marked by RIGHT SIDE, is called right side view.

5. Bottom view: The view of the object formed on the top side
ABFE of the box, when looked in the direction of the amow
marked by BOTTOM, is called bortom view.

6. Rear view: The view of the object formed on the front side
EFGH of the box, when looked in the direction of the arrow
marked by REAR, is called rear view.

Assume that the transparent box is formed by hinging the
sides of the box onto the edges of these sides. It may be noted
that all the sides of the transparent box except the front side
EFGH, are hinged to the four edges AB, BC, CD and DA of
the rear side ABCD. The front side EFGH is hinged 1o the
edge FC. There are two hinges on each side. Now to open the
box, rotate the sides of the box outwards about the respective
hinges as shown in Figure 19.6. All the sides of the box are
opened out in such a way that the front view occupics the central
position. Continue the process of the rotation until all sides of
the box lie in a single plane, the plane of the drawing sheet.

The layout of the six views in first angle projection
method is shown in Figure 19.7. The rear view may also be
placed to the lefi-hand side of the right side view.
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Flgure19.6 Opening of the transparent box (first angle Figure 19.7 Layout of the six views (first angle projection).
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“..Front
-

(o) Pictorial view

{b) First angle
projection

(e} Third angle
projection

Figure 18.8 Symbol for first angle pocjection,

19.5 INDICATION OF FIRST ANGLE PROJECTION

The method of projection used, must be indicated inside the
.spdq.c provided in the title block of the drawing sheet. A

ishing symbaol is ded by the Bureau of
Indian Standards for this purpose. The front and left side
views of a frustum of a cone lying with its axis horizontal, is
used for this. The symbol for first angle projection is shown
in Figure 19.8.

196 SELECTION OF MINIMUM NUMBER OF VIEWS

For describing the shape of an object completely by its
orthographic views, it is necessary to select the number of
views required, and combine.

The number of views required for describing an ohject
clearly and completely depends upon the extent of
complexity involved in it. Based upon the number of views
required, the drawings can be ¢lassified into the following
categories:

1. One-view drawing
2. Two-view drawing
3. Three-view drawing

It may be nului |hal only minimum numher of views,
that will descrit 1 pletely, should be
drawn.

Iy and

One-view Drawing

An object having cylindrical, square or hexagonal features
can be completely described by a single orthographic view.
Suchadrawing is called one-view drawing, Here, the leatures
are expressed by a note or an abbreviation.

In Figure 19.9, the cylindrical part is indicated by the
notation ¢ and the square part is mdu:amd by the notation |:|
The square part is identified by d g thi ddi
lines on the feature, Plate of any size s.an be da.n.nbed bya
single orthographic view. The thickness of the plate may be

expressed by 4 note.

o 20

1520 40 T

Figure 19.9 A pin (one view drawing).

Two-view Drawing

Objects which are symmetrical about two axes can be
represented clearly and completely by two views. Such a
drawing is called nvo-view drawing.

The largest face, showing most of the details and having
minimum number of hidden lines, is selected as the front
view. The second view may be the top or the side view.

Tt may be noted that any two views will not be sufficient
to describe an ohject letely. Proper cr of the
views should be selected. Isomeiric views of three prisms and
the plan of these prisms are shown in Figure 19.1(0{a). The
front and top views of these prisms shown in Figure 19.10(b)
are not sufficient to describe them completely. But, the front
and side views of these prisms describe the objects clearly and
completely. Side views of the prisms are shown in
Figure 19.10(c).
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Figure 18.10 Two-view drawing of prisms.,

Three-view Drawing

Mostofth [ y
by three views, Such a drawing is called three-view drawing.
The largest face showing most of the details is selected as the
front view, Here, the object is placed in its functional position
as far as possible and with the principal faces parallel w the
planes of projection. A three view drawing of a cast iron
block is shown in Figure 19.11.

bi 4 I

1scanbe

3 T learly and ¢

247

-

£

Frent view

&

Tap view
somatric view

Figure 18.11 Three view drawing of a cast iron block.

419.7 USE OF LINE TYPES AND DIMENSIONING
OF VIEWS

Orthographic views are drawn with proper line types as
allowed by BIS. Figure 19.12 shows three orthographic
views of an object drawn in first angle projection with proper
line types and dimensioning. The pictorial view is also given
for reference. The important points to be considered are
given below.

Line Types for Orthographic View
1. The visible edges and all the outermost edges and

urfaces are rep 1 by ce thick lines,
i.e. Type A lines.
LIl el By
—\ 7
!
! B
i |
-
Hight side view Elzvation

{a) Pictorial view

{b) Orthographic views

Figure 19.12 A machine part.
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19.8 SUGGESTED DRAFTING PROCEDURE

To develop speed and accuracy in drawing, it is better to
follow a certain order of drafting. All the instruments

1. They are rep i by short dashes
usms Type E or F lines. The method of rlmwm,g
hidden lines and the rules for suf posing them
are explained in Chapter 1.

Thin chain line (Type G) is used to represent centre
lines and lines of symmetry.

Orth hi of hine parts
gcncmlly have hulcs. circles, lines of symmetry,
etc. Hence, the fixing of the view location and the
further construction of shapes are progressed only
after drawing all the important centre lines of the
related views.

As a rule, a circular hale or projection should be
drawn with the centre lines in horizontal and
vertical directions. On a pitch circle, the hole centre
is represented by the pitch eircle drawn with chain
line, and an intersecting radial chain line is drawn
from the centre of the pitch circle.

. Thin continuous line (Type B) is used for sketching

views, section lines, construction lines and
dimension lines.

. Projection lines and reference lines are assumed to

be invisible in the orthographic views of objects,
even though they are compulsory for oﬂhugﬁphlc
views of solids. It has to be noted that proj

d for drawing should be placed at their proper
Il\utlunx in order to save time. The steps 1o be followed in
making orthographic views are suggested below:

1. Decide the directions of the principal view (front
view) and the combination of views such that it will
best describe the object. Prepare frechand sketches
of the required views and mark the overall
dimensions on these views.

2. Considering the number of views to be drawn, with
their overall dimensions and the size of the drawing
sheet being given, select a suitable scale. But in
industrial practice, the size of the drawing sheet is to
be selected according to the number of views,
overall dimensions and the scale of the drawing.
The scale should be selected without spoiling the
clarity of the drawing.

3. Draw the border line and outline of the title block.
Leave sufficient space in between the views and the
border line of the sheet. Care must be mkcn o
provide v space for printi
notes, ete. [see Figure 19.13(b)]. As far as possible,
provide equal space between the views for a better

lines are not drawn, but the views and their details
should lie in the exact alignment obeying the rules
of projection.

Dimensioning of Orthographic Views

Dimensioning of orthographic views of objects is
done by following Method-1, as described in
Chapter 4. Method-2 is also permitted by BIS.
Since Method-1 has centain advantages, it is

lly followed for machine d

. The dimension lines are drawn using thin

continuous (Type B) lines and the text is printed
using thick single stroke letters as explained in
Chaprer 2.

. The complete dimensional values have to be shown

on the related orthographic views. They may be
distributed in all the related views almost evenly.
Writing dimensional values on hidden details and
over the view should be avoided.

. There is no need of repeating adlmensmn d.uect]y

or indirectly. For the closing di
has to be avoided if the total length is given.

. For more details about dimensioning, refer to

Chapter 4.

4. Mark centre lines at appropriate places [see
Figure 19.13(c)].

5. As far as possible, draw the details simultaneously
in all the views. The following order of priority
may be preferred as:

1. Circles and arcs

2. Straight lines which form the major shape of
the object

3. Straight lines, curves for the minor details
like fillets, rounds, ete.

6. Draw all the details, except the hidden lines in all
the views.

7. FErase all the y lines, ion lines,
etc. Finish the drawing by thickening the
appropriate lines,

8. Draw the hidden lines (see Figure 19.13(f)].

9. Enter all the dimensional values, distributing them
appropriately in all the views.

10. Draw section lines, if any.

11. Name the views if necessary. Also enter other data
necessary for the completion of the drawing. Check
the drawing carefully and see whether there is any
missing dimension, details, etc.

12, Print the title block details.
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Figure 19,13 Dvawing procedure for orthographic views.

Unless and otherwise specified, follow first angle
projection method.

Symbol of the projection should be shown in the
title block of the drawing sheet.

If third angle projection method is used along with
first angle projection as a special requirement. it

should be shown below the drawing by symbol orin

writing.

Students are advised to name the onhographic
views below them, until they develop the capacity
to identify the views.

Projection lines and ion lines are not
shown in orthographic views of objects.

Every circle should has two centre lines intersecting
at the centre.

Axis of symmetry as well as axis of cylindrical
hales, ete. should be drawn with the centre lines.

. Choose a larger scale always for better clarity of

views.

. The hidden lines in a drawing should be minimised

by orienting the object properly. Unimportant

hidden details may be avoided, especially when the
drawing is 2 complicated one.

10. While orienting an object for orthographic
projection, the most important vertical face should
be selected for the front view.

11, Front view is assumed to be the primary view for
orthographic projection and all the remaining
views are oriented in relation to the front view.

12, All the views should be drawn in the correct
location with respect to front view as if there are
projection lines. Shifted position of a view is
assumed to be a spelling or grammar mistake,
which will lead to wrong meanings in the graphic
language.

19,9 FIRST ANGLE PROJECT OF OBJECTS
HAVING PLANE SURFACES

Objects having plane surfaces alone may have the surface
parallel to, inclined to or oblique to the reference planes.
Figure 19.14 shows simple examples to these type of
surfaces.
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(e)
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Figure 19.14 Objects having plane surfaces.

Parallel Surface

If a surface of an object is parallel to one of the reference
planes of projection, the projection of the surface on that
plane to which it is parallel will have its true size and shape.
The projection of a surface which is normal to the plane of
projection, is represented by a straight line.

Inclined Surface

If a surface of an object is perpendicular o one of the

principal planes and inclined to the other two principal

planes, the projections of the surface to which it is

perpendicular will be a siraight Ime lmlmedtomeuhmm
lines. The p i

planes to whlchltlr.mclmed will appear fnmshmtmed

Oblique Surface

If a surface of an object is inclined to the three refi
planes, the surface can be called as an obligue surface. If a
surfaceisan l)bllque one, its projection will show areas on the
fe be d only by areas which

three

“wiil not give |lstruc size and shape.
The following examples illustrate how orthographic

views are drawn from pictorial views of objects having the
above three types of plane surfaces.

Example 19.1

An isometric view of a parallel key is shown in Figure

19.15(a). Draw its front, top and left side views. The

direction of the arrow, F shows the front side of the key.
Refer Figure 19.15(b). Follow the procedure explained

in Section 1.8 to get the views.

Example 19.2
Draw the front, top and right side views of the angle-bracket
shown in Figure 19.16(a).

Refer Figure 19.16(b). Follow the procedure explained
in Section 19.8.

Example 19.3

Figure 19.17(a) shows an i ic view of a

block having an oblique surface. Draw the front view looking

in the direction of F. Add the top and the right side views.
Refer Figure 19.17(b). Follow the procedure explained

in Section 19.8.

&
3

1 4]

3 90 30

J’ Elevation Left side view
kel

o
e \F‘
‘b\i/ Plan o
{a) [1=3]
Figure 18.15 Parallel key.
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weak. The radius of a filler depends upon the thickness of the
metal and other design requirenwents,

A rounded extemnal corner on a casting is called round.
External comers or angles are rounded for the appearance
and comfort of persons who handle the casting.

Fillets and rounds actually prevent intersecting surfaces
as they eliminate abrupt change in direction, This leads to
certain problems in orthographic projections and the view
becomes confusing (see Figure 19.19). To avoid this, lines
are projected from approximate intersections.

-

Figure 19.19 Fillets and rounds.

Reound
!

Fillat
/

The radius of a fillet or round may sometimes be given
on the view itself or as a general instruction. If the radius is
not specified but the shape is shown in the given view, the

radius may be das3to6 il fing on the size of
the object.

Example 19.4

Draw the three principal views of a cylindrical block shown

in Figure 19.20(a).
Refer Figure 19.20(b).
Follow the procedure explained in Section 19.8.

Example 19.5
Isometric view of a shaft supportis shown in Figure 19.21(a).

Engineering Graphics for Diploma

Draw the front view, looking in the direction of the arrow F.
Also draw top and the side views. Use a suitable scale.
Refer Figure 19.21(b).
Follow the procedure explained in Section 19.8.

Example 19.6
Isometric view of an object is shown in Figure 19.22(a).
Draw the front view, looking in the direction of the armrow F.
Also draw top and the side views. Use a suitable scale.
Refer Figure 19.22(b).
Follow the procedure explained in Section 19.8,

19.11 THIRD ANGLE PROJECTION OF OBJECTS

In the third angle system of projection, the object is assumed
to be placed in the third quadrant and the views are obtained
in the same side of viewing as explained in the Section 19.3.
Except the change of position of views, there is no practical
difference between first angle projection and third angle
projection. In third angle projection, the top view is obrained
on the topside of front view, the right side view is obtained on
the right side of front view, and so on. This difference may be
noted in the following example.

Example 19.7
Draw the front, top and right side views of an adjustable rod
support shown in Figure 19.23(a). Use third angle projection
method.

Refer Figure 19.23(b).

Draw the views as shown in figure, following the
procedure explained above. Add an extra note “THIRD
ANGLE PROJECTION" below the views.

#50
o [ B ‘
1 IR a | Ll
| . 3
| | C e T
- _180_ - L_40 |
Elevation Right side view

Figure 19.20
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avation Left side view
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Flan

(&)

Figure 18.21  Shaft suppon.

view

Elevaiion

[ }

Plan

(e}

Figure 18.22 Bearing block,

Downloaded from Ktunotes.in


http://ktunotes.in/

254 Engineering Graphics for Diploma

Plan RiG
RB !
4016 20
| ¥ T
1 |E| HE ﬁ
R R A
b oo -Led &
Elevation Right side view
(@) Third angle projection ()
Figure 3.23 Adjustabie rod support.
EXERCISES
19.40. View the objects in the direction of arrow marked with

Draw the onthographic views of the engineering objects as
F. Name the view and dimension them as per BIS.

per the instructions given along with the Figures 19.24 1o

=]
|
e
i
=
1 "~
B - .
Uraw: Elavation ™wle" Drow: Elevation .~
Flan Plan
Left side view Left side view
Figure 19.25 Ablock.

Figure 19.24 Ablock.
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o~ Drow: Elevotion
Oraw: Elevation Tl Flan
Plan Laft sida wiew
reft e Ve Fil 19.27 Asl block.
Figure 18.26 Ablock. gure 19. spped black.

Crow: Elevation

Flan Craw: flevatioh Py -
Right side viaw Blan N P
Right side vi
Figure 19.28 Forkend. ight = view

Figure 19.289 Forkend.

" Draw: Elevefion

“F i Plan |~ Draw: Elevation
: N + T Fian
Rigat side view . R
Righi side view
Figure19.30 A castiron block.

Figure 19.31 Astopper.
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Draw: Elavation
tan

/r%\\_/

Figure 19.32 Ashaftsuppor.

Drow: Efavatian
Plan

Figure 19.24 Alaver,

L \..
Right side view |/

Right side viaw
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Flan
Righ! side view

Figure 19,33  Ablock.
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\I/T.__//nm».: Elavation

Plan
Right side view

Figure 19.35 Jawofavice.

A6

2 holes. ¢12
At ers 44
i P
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Draw: Elevation Draw EI:\:, lon
Flan . )
Right zida vie
Right side wiew 'l w
Figure 19.37 A bracket,

Flgure 19.36 Abearing.
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Aucxiliary View of
Objects

f the surface of an object is inclined to any of the planes of

projection, the view of the surface on that plane will not
show its true shape and size. In certain cases, it will be
difficult to read and draw such a view. To overcome this
difficulty, a view of the inclined surface is projected on an
imaginary plane, parallel to this inclined surface. This
imaginary plane is called auxiliary plane and the view
obtained on it is called auxiliary view.

20.1 PRINCIPLES OF AUXILIARY VIEWS
Auxiliary view is a projection obtained on the auxiliary plane
when viewed in a direction pery to the i
surface. Mormal view is another term used for this kind of
projection. The method of projecting the view of the inclined
surface of an object onto an auxiliary plane is similar to
orthographic projection.
An auxiliary view is generally a partial view of an object
ing only the inclined surfaces. A auxiliary
view, showing the entire object, is not shown usually as it
may result in a confused appearance of the view. The method
of laying out an auxiliary view using reference arrows is
shown in Fig. 20.1.

h

20.2 LOCATION OF AUXILIARY VIEWS
If a view cannot be placed in its corect position, as per the
angle of projection followed, Bureau of Indian Standards
permits the following ways to layout the views.

258

Special (full) Auxiliary Views: If the direction of viewing is
different from those for the six views, or if the view cannot be
placed in its correct position, reference arrows as shown in
Fig. 20.1 shall be used to indicate the view direction and the
views shall be placed on the same side. Such views are
grouped under the name special (full) auxiliary views.

A

Full (special)
Auxiliary view

/— Inclined surfoce

Elevation

@

Plan

Fig.20.1 Ausdliaryview.

Partial Auxiliary Views: These views may be used where a
complete view would not improve the information to be
given. Partial view shall be cut off by continuous thin
freehand line or straight lines with zig-zag.

Local Auxiliary Views: For symmetrical items, it is
permitted to give a local auxiliary view instead of a complete
or partial view, Local auxiliary view should be drawn in third
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used for the

angle projecti gardless of the
general execution of the drawing.

A local view shall be drawn with continuous thick line
and shall be connected to the principal view by a centre line.

Auxiliary views, thus fall under any one of the following
types of views, namely special, full, partial or local auxiliary
views. As directed by BIS, the auxiliary views are placed
nearby the inclined face itself as given in Fig 20.1. This
follows the layout of auxiliary view in third angle projection,
An arrow mark and a name to indicate the direction of
viewing is also given.

20.3 THE NEED FOR DRAWING AUXILIARY
VIEWS

The basic need of an auxiliary view l.n a drawing is to show
the true shape and size of an inclined d the detail

it. The standard orthographic views of an inclined surface
show only foreshortened lengths and hence the resulting
shape will be a distorted one. For example, a circular hole on
an inclined surface will be an ellipse in a standard auxiliary
view. But at the same time, if the auxiliary view is drawn for
the complete object, the portion other than the inclined
surface will be seen distorted, since their edges and surfaces
are inclined to the auxiliary plane. To avoid this, in
commercial drawings auxiliary views are prepared for the
inclined surfaces, as in partial views. Fig. 20.2 shows the
partial and full auxiliary views of a clamp. Note that the full
auxiliary view is confusing and also difficult to read and
draw,

i Full (special)
s Auxiliory view

n A --— Partial
Auxiliory view
4]
] & ;=== Local
= \ ; f,- A Auxiliary view

Elevation

- |9

Plan
Fig. 20.2 Local, partial, and full auxiliary views.
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Another need for auxiliary view is to prepare the
standard view of objects, containing inclined portions. The
auxiliary view is initially drawn with true dimensions and itis
plU]ﬂ.lCd onto the required inclined plane, 1o get the

h d shapes. For ple, in Fig. 20.2 the right half
of the plan view can be easily prepared by projecting from the
partial suxiliary view.

Certain machine parts may contain surfaces inclined to
all the principal planes. Such oblique surfaces may also
contain certain details like holes, slots, projections, etc. An
auxiliary view, parallel to such an oblique surface, has to be
prepared to know the real shape and size of the details on the
faces,

20.4 CLASSIFICATION OF AUXILIARY VIEWS

Auxiliary views may be of infinite number of position in
relation to the three principal planes of projection. They can
be broadly grouped into two classes.

1. Primary auxiliary views: These are auxiliary views of
surfaces inclined to two of the prncipal planes but
perpendicular to the third one.

2. Secondary anvxiliary views: Certain machine parts maybe
having surfaces inclined to all the three principal planes.
Such plane surfaces are called oblique or skew surfaces and
the auxiliary views of them are called secondary auxiliary
views.

Primary Auxiliary Views

Primary auxiliary views are further classified into three
categories as given below:
1. Fromt anxiliary view: Here, the auxiliary view is projected
from the front view., The auxiliary plane is kept
perpendicular to the vertical plane and inclined to the
horizontal plane and there fore 1o the profile plane [see
Fig. 20.3(a)].
2. Top auxiliary view: Here, the auxiliary view is projected
from the top view. The p]ane of pmjeclirm is kept
dicular to the b I plane and inclined 1o both
vcrmal plane and profile plane [see Fig. 20.3(b)].

3. Side auxiliary view: Here, the auxiliary view is projected
from the side view. The projection plane is kept
perpendicular to the profile plane and inclined to both
vertical and horizontal planes [see Fig. 20.3(¢)].

Auxiliary views can alsobe classified as symmetrical and
unsymmetncal auxiliary views.
1. Symmerrical auxiliary views: A symmetrical auxiliary
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To draw the front auxiliary view, a centre line ¢l is marked in
the plan view. The auxiliary view of ¢f is then marked as CL,
parallel to the inclined surface and at a convenient distance
fromit, Then projectors are drawn perpendicular to CT. from
various points of the inclined surface in the front view, To
mark a poant Pin the auxiliary view, measure the distance k of
the point p from ¢l and mark it from CL along the projector
drawn from p’. Similarly all the points on one side and their
mirror images on the other side ane marked o get the shape of
the view. These points are then joined by thick lines as in the
front view to complete the auxiliary view.

Reference Line Method

If the auxiliary view is not of symmetrical nature, then
reference line method is more suitable, Figure 20.5 explains
this method. To draw the front auxiliary view, a reference
line rl is drawn in the wp view. The auxiliary view of this
reference line RL is marked parallel to the inclined surface of
the front view at a convenient distance. The point Pis marked
by measuring the distance & from the top view as explainedin
centre line method. After marking all the points on one side
of the reference line RL, they are joined by thick continuous
lines as in the front view to complete the auxiliary view,

Same methods are applicable for top and side auxiliary
viewsalso.

20,6 SYMMETRICAL AUXILIARY VIEWS

As explained in the classification of auxiliary views. an
auxiliary view may be symmetrical about a centre line drawn

Pictoriol view

(a)
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parallel to the trace of the auxiliary plane. For such objects,
the view can be prepared by centre line method. The
following examples explain the procedure in detail.

Example 20.1
Pictorial view of a machine block is given in Fig. 20.6(a).
Diraw the fromt view, looking in the direction F and also the
front auxiliary view of the sloping surface. Need not
dimension the figure.

Refer Fig. 20.6(h).

1. DPraw the front view of the clamp.

2. Since the sloping side is symmetrical about the
centre ling, draw the centre line CL., parallel 1o the
inclined edge of front view.

3. Draw the front auxiliary view of the sloping surface
after marking dimensions from the centre line.

4. Finish the views using proper line types.

Example 20.2
Pictorial view of a jig angle is given in figure 20.T(a). Draw
the front view, in the direction F, side view and side auxiliary
view of the inclined surface. Need not dimension the figure.
Refer Fig. 20.7(h).
1. Draw the left side view and front view of the jig
angle without the holes,
2. Fromthe side view, draw the side auxiliary view by
centre line method.

3. Complete the side view of the holes and locate the
position of the holes in the front view by drawing
honzontal projectors,

4. Remove the projection lines, construction lines ete.
and finish the views,

Front
N Auxiliary_view

Plan

[CY

Fig.20.6 Amachine block (front awsliary view)
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3 _holes, @107

Pictorial view

(a)

"04/ P Elavation
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L

Side auxiliary view

Left side viaw

(b)

Fig.20.T Ajig angle (side auxiliary view).

20.7 UNSYMMETRICAL AUXILIARY VIEWS

When an auxiliary view is unsymmetrical, reference line
method may be used to prepare the auxiliary view. The
following examples explain the procedure in detail.

Example 20.3

Figure 20.8(a) shows the pictorial view of a machine part
with an arrow showing the front side. Draw the front and top
views of the machine part and add a top-auziliary view,
showing the true shape and size of the sloping surface. Need
not dimension the figure.

Pictorial view

(a)

Refer Fig. 20.8(b).

1.
2
3

Draw the front view and then the top view, without
details on the sloping surface.

Construct the front-auxiliary view after marking
the reference line RL.

Mark the reference line ri as shown in the top view
and transfer the dimensions from the auxiliary view
to the top view, and then to the front view by the
help of projectors.

Remove the construction lines and finish the

views.
4 (D r
Elevation
-
5
| Plan
A

Top auxlliary view

L s

Fig.20.8 Amachine part.
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EXERCISES

1. lsometric view of a wedge block is given in Fig. 20.9.
Draw the side auxiliary view of the sloping surface,
after drawing the front and side views. Take the amow
direction as the front side.

g Fo
Fig.20.11 Tee—block,

4. A pictorial view of a slotted block is shown in
Fig. 20.12. Draw the front view and an auxiliary view
of the inclined surface. The arrow mark with letter F
indicates the front side.

Fig.20.9 Wedgeblock.

2. Draw the front view, top view and a front auxiliary
view of the C-block given in Fig. 20.10, The arrow
mark with letter F shows the front side.

. Flg.20.12  Slotted block,
Fig.20.10 C-block. 5. The isometric view of a rod guide is given in
Fig. 20.13. Prepare the following views;
3. Figure 20.11 gives the pictorial view of an inverted (a) plan,
T-block with a sloping surface. Draw the front view in (b) front view in the direction of amow,
the arrow dircction. Add a partial auxiliary view of the (¢) side view and
sloping surface and a top view. (d) partial side auxiliary view.

Downloaded from Ktunotes.in


http://ktunotes.in/

264 Engineering Graphics for Diploma

Draw an auxiliary view of the inclined surface, after
ing any two orthographic views. An arrow mark

‘w'ui: letter F shows the front side.

Fig.20.13 Rod guide.

6. Figure 20.14 shows a bracker with a sloping surface. Fig.20.14 Abracket.
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Visualization of
Objects

he ability to read and write mhogmphm Ianguuge isa

basic req for all of
orthographic language is a mental process in which the shape
and details about objects are visualized for further
processing. The capacity for visualization develops with
experience and exercise.

211 PRINCIPLE OF VISUALIZATION OF OBJECTS

Visualization is the medium through which the details given
in a drawing is translated to the reader, resulting clear
understanding of the shape of the object. This ability of
visualization is mainly governed by a person’s knowledge of
the principles of orthographic projection.

Reading a drawing can be defined as “the process of
recognizing and applving the principles of orthographic
profections 1o interpret the shape of an object from the
arthographic views”,

The simplest method of visualizing shapes is illustrated
in Fig, 21.1. To understand the shape of the object, break an
object down into simple geometrical forms like prisms,
cylinders, cones, ete. These shapes may be additions in the
form of projections or subtractions in the form of cavities. By
assembling them mentally. the final shape is obtained. Here,
the rod support is formed by addition of three prisms and
subtraction of three cylinders.

265

C H A P T E R

21

While analysing an urlhoglaphu. view, il may not be
s0me times possibh furn g to und i whether a
part is an Aditi ion) or a sub ion (cavity) at a
glance. He has to renld. patiently and systematically all the
related views back and forth several times. At the same time.
the reader must imagine a three-dimensional object and not
two-dimensional flat projection. Thus by a mental exercise,
the three-dimensional shape of the object becomes clear to
the reader.

21.2 THE NEED FOR VISUALIZATION

Since reading and writing of unhograph:t language is a
common and imp affair in engi ion the
visualization process, which is the und:rslnmlmg part of the
reading of drawings, becomes the primary requisite for
technical literacy. An engineer has 1o develop the capacity of
visualizing objects for the following purposes.

I. For design ealculation, estimation and related

alfairs.

2. For material requisition, tooling, fabrication and
similar processes uf pmdm.lmn
3. For bli 2Ic.

The above functions are :KCI. uted by rtadmg differemt types
of views and if needed converting them into the required
form of views. During the design and drafting stage of an
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i Triangular
prizm

{a) Pictorial view 4,5, Cylinders

{lo be sublrocted)
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2. sauare prism 7|1 |
L]

Front wisw

o

Top view

{e)} Orthegraphic viaws

(b) Parts of the object
Fig. 211 A rod support (breaking down method).

object, visualization is fully utilized in the following ways:
1. Reading of the drawing available in pictorial forms
like isometric, oblique or perspective views to
prepare its orthographic views.
2. Reading of onthographic views to prepare its

pictorial views.

3. Reading of orthographic views to add extra views
for more details.

4. Reading of pictorial or ortl views 1o
prepare their sectional views,

5. Reading of orthographic views to prepare assembly
drawings.

6. Reading of assembly drawings to prepare their part
drawings or exploded views.

21.3 THE METHOD OF VISUALIZATION OF
THREE-DIMENSIONAL OBJECTS

A drawing is read by visualizing the shape details one at a
time. Similarly, each portion of the drawing is read and they
are combined to interpret the whole object finally. The
process of reading drawings can be grouped into two
sections, such as reading of pictorial views and reading of
orthographic views.

Pictorial Views

Reading a pictorial view is rather easy and fast compared to
orthographic drawings. But pictorial views cannot give full
dimensional details, true shapes and other parameters related
o geometry, especially when the object is complex. Hence in
engineering profession, pictorial views are used only to show
the overall shape of the assembly or that of an individual part.
Full details are marked generally on orthographic views.

However, for simple objects, the details can be drawn on
pictorial views also. The pictorial view may be isometric,
oblique or perspective projections, depending on the
requirement, The three surfaces (usually top, right and left)
and the details on them are read one by one to visualize the
object. Section 21.5 explains the procedure with examples.

Orthographic Views

Reading of orthographic views is primarily a reversal of the
process of making drawings. For a beginner, the reading of
orthographic views can be assumed as the formation of a
pictorial view from orthographic views. Figure 21.2 shows
an example to this kind of reading. From the orthographic
views, the pictorial view is shaped and sometimes sketched.
Simple objects can be visualized in pictorial form, but for
complex objects this is difficult.

(b) Pictoriol view

{a) Orthogrophic views
Fig. 21.2 \isualization of a plate by pictorial view,

Another method of reading is by recognising the
geometry of the solids forming the object. Figure 21.3 gives
one setof front view, side views and 4 different shapes of top
views. By reading the front and side views, the shape of the
object may be ised as a plate having a cut
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Front view

[ ;

Side view

LT\
e

Top views

Fig. 2.3 Different top views to sut a set of front and side views.

from the front side. The shape of the cut is fully understood
by reading the top view. The possible different forms of cuts
are shown as A, B, C and D, which are matching the front and
side views, Now the shape is finalized mentally by the three-
view combination. An experienced person reads the drawing
within shortest time by going through the three or more views
and analysing the y of each part sut iously. The
reader shifts his cyes rapidly back and forth from the front
view to the top view or side views and finalizes the shape in
his mind.

Ta visualize an object from orthographic views, the
reader must have reasonable knowledge about the punnmplcs
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4. Note the relationship between individual parts and
their way of joining. This is more relevamt for
assembly drawings.

5. Finally, read the details, specifications and similar
minute informations. The arcas which are found
completed in first sight are read once again to make
it clear and the reading process is completed.

21.4 MEANING OF LINES AND AREAS IN

ORTHOGRAPHIC DRAWINGS
Engmaenng drawings of three-dlmensmnal nhjecls are
letely on two-di ional drawing sheets by

d.rswmg Ilnes and areas. Hence, the meaning nr lines and
areas should be clearly known to understand the graphic
language.

Representation of a Line

A line on a drawing may ref the following directional
changes on an object:

1. Anedge view of a surface,

2. Anintersection of two surfaces,

3. Asurface limit.

An edge view of a surface is a line showing the edge
of asurface which is perpendicular to the plane of projection.
An intersection of two surfaces is a line. The intersecting
surfaces may be of plane, curved or spherical shape. A
surface limit is a line showing the reversal of direction of a
curved surface.

p of an Area

of orthographic projection. He must acquire a P
understanding of the meaning of various types of lines, areas,
etc. Then he has 1o exercise the metal process of interpreting
them. By reading different sets of orthographic views of
simple to complex objects, one can become an expert in
visualization.

4 h hi

An area in a drawi the proj 1 surface area of
an object. If a surfaue of an object is perpendicular to the
plane of projection, that surface area is represented by a line
in the view on that plane of projection. The meaning of an
area in a drawing can be understood only after analysing the

The general p views
contains the following steps.

1. Obtain a general idea about the overall shape of the
object and study the dominant features by referring
all the related views.

2. Startreading the simpler individual features as well
as lhedomnsungmﬁ memnec may begwen 10
familiar shap letely by noting

the extend of hole, thickness of nb. elc.
3. After reading all familiar and simple features, start

reading unfamiliar and complex features.

of reading grap

corresponding part in the other view or views,
The representation of an arca in orthographic views can
be divided in the following ways:
1. Area parallel or perpendicular to the planes of
prajection: This area is visible in its true form and
s:u on av:ew whichis taken para]leltmha: surface,
two views, the areai ight line
2. Area inclined 1o o planes of profection and
perpendicular to the other: Aninclined area will be
seen foreshortened in two views. Butin the third
view it will be a straight line.
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3. Areainclined 10 all the three planes of projection:
Anoblig isinclinedtoall pl
is seen in all the three views in foreshortened form.

4. A curved area, perpendicular to one of the plane of
projection: A curved area is seen as acurved line in
one view and is visible as foreshortened in the other
WO Views.

5. A hidden area: The representations of hidden areas
are similar to that of visible ones, but they are
shown by short dashes. These aress may be

i fusi the areas may
overlap or even coincide with each other.

it 1} el

toread

21.5 VISUALIZATION OF OBJECTS FROM
PICTORIAL VIEWS

A pictorial view shows three mutually perpendicular planes
(faces), generally the top, left and right sides. An object can
be fully understood by breaking down it into primary
geometrical shapes as mentioned in Section 21.1. Then the
three faces and their combinations for each part are identified
for recognising the visible and hidden surfaces. The
following examples explain the process clearly.

Example 21.1

Figure 21.4 shows the pictorial view of an object in which
various surfaces are marked by alphabets. Three
orthographic views are also given in which the surfaces are
marked by numerals. Tdentify all the surfaces marked by
alphabets with their comesponding numerals in the
orthographic views and present them in a tabular form.

Refer o Fig. 21.4,

16 15
17 -1
” S\ p
2 [ s
18 A
o
T4

3
o
1

Right side view Front view 12
/ 1
- 7 10
“Front 9
{a) Pictorial view 8 =
Top view . 11

(b) Orthographic views
Fig. 21.4 Visualization of a pictorial view.
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As the top surface A is horizontal, in the front view the
surface is represented by a horizomal line 3. In the top view,
this surface is represented by a rectangle marked 7 and in the
side view the same is represented by a horizontal line 15, As
the surface B is inclined to both the vertical and horizontal
planes, it will be seen as foreshortened rectangles 1 and 8 in
the front and top views respectively. But in the side view, this
surface is represented by a line marked 16. Similarly, all the
other surfaces can be identified and tabulated as shown in
Table 21.1.

Table 21.1 Solution to Example 21.1
Surface name No. on No.on No. on
on pictorial front view 1op view side view
view
A 3 7 15
B I 3 16
Lo 2 1 7
D 4 12 13
E 5 9 18
F 6 1] 14
Example 21.2

Figure 21.5 shows the pictorial view of an angle block in
which various surfaces are marked by alphabets. Ortho-
graphic views are given. Sketch the given orthographic views
and mark all the given alphabets on the surfaces of each view

after identifying them.

—

Front view

Top view

Fro:T‘\
(b) Orthographic views {a) Pictorial view

Fig. 21.5 \Visualization of an object from its pictorial view.
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Refer to Fig. 21.6.

A A
/
: / /
B
H\ =) H
a c / c
P | £
~Js G\ e
D ¥ !
Frant viaw Left side view
E A
FK‘ -
"
H -\
c ..
G
~

Tap wview ™ ¢

Fig. 21.6 Orthographic views of an object (with alphabets
on the surfaces).

Sketch the given orthographic views. All the surfaces,
expect E and C in the isometric view, can be identified as
explained in Example 21.1. As the surface E is a curved one,
it is reg 1by two foresh 1 rectangles in the top
and side views respectively. The triangular surface G is
seen as foreshortened triangles in the front, wp and left
side views respectively, because the surface G is oblique.
All the surfaces are thus identified and marked as shown in
Fig. 21.6.

21.6 VISUALIZATION OF OBJECTS FROM
ORTHOGRAPHIC VIEWS

The method of visnalization of objects from orthographic
views has been already explained in Section 21.3, The
reading process can be practised by doing the following types
of exercises.

L. Read the given orthographi
surfaces by locating them correctly on the given
pictorial view using identification letters.

2. Read the given orthographic views, visualize the
shape fully, sketch a pictonial view of the object and
mark the identification letters,

3. Read the given onhographic views, visualize the
shape fully and fill the missing lines in the given
orthographic views.

4. Read the given orthographic views. visualize the
shape fully and add orthographic views which are
not given.

5. Read the given orthographic views, visualize the
shape fully and draw sectional views,

views and i the
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6. Read the orthographic views, visualize the shape
fully and make a model of the object using soft
materials like thermocol, wood, clay etc.

Examples to the first four types of exercises are given

below for practice.

Example 21.3

Orthographic views of a block and its pictorial view are given
in Fig. 2L.7. Copy the given pictorial view. Read the
orthographic views and indicate the given identification
leters on the pictorial view after recognising the surfaces.

Refer to Fig. 21.8.

Copy the given pictorial view. Read the three views
and identify the surface on the front, top and left sides.
Mark the identification letters systematically on the
pictorial view. Since the object has one inclined surface, this
surface is seen in the top and front views resulting rwo letters for
identification. So mark them as C and F on the pictorial view.

F
A
3 ] c ]
Frant view Lett zide

wiew

Top view

(b} Crihographic views

{a) Pictorial view

Fig. 21.7 Visualization of an object from its orthographic
VIEWS,

~
Froni

Fig. 24.8 Pictarial view of an object (with alphabets marked
on the surface).

Example 21.4

Three orthographic views and an isometric view of a block
are given in Fig. 21.9. Sketch the pictorial view and mark the
corresponding surfaces from the given orthographic views.
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30 20

(L S
[
K o
N 1 A D g
"_’I L M e
60
Right side viaw Front view
£ =1
7 1
2
H
Gc
Tep view

Fig. 219 \isualization of an object from its orthographic view,

Refer to Fig. 21.10.

Sketch the given pictorial view and mark the surfaces as
given on the orthographic views. There is one inclined
surface and one oblique surface on the block. The remaining
surfaces are parallel or perp lar to the plane of

G

Frant
Fig. 21.10 Piclorial view of an object (with alphabets
marked on the surface).
Example 21.5

Figure 21.11 shows 3 views of a block. Visualize the object
and sketch an isometric view of the hlock Identify the

Engineering Graphics for Diploma

Refer o Fig. 21.12.
Sketch the Lsomemc view. Surfaces of the ohject are
identified by marking alphabets on the

8

Fig. 2112 Pictorial view of an object (with alphabets
marked on the surfaces).

Example 21.6

Figure 21.13 shows three orthographic views of a bracket

with either a line or lines missing in a view. Read the

drawing and copy the views after adding the missing line or

lines.

R1Z
RE
o
E!
| 60 i
Frant wiew Left side view
o I
/ |
1
0
Top view
Fig. 21.13 Orthographic views of a bracket (some lines are
missing).

Refer to Fig. 21.14.
Copy the views of the brackert after adding the missing

y h_y LT on the resp on lines as shown in the figure.
the pictorial view.
48
16 16, B
3
D E |H
A N c
_ ] |
= = - Front view Left slde view
Frant view Left sida view]
'
— 5 —
Top view Top view
Fig. 21.11 Visualization of an object from its orthographic Fig. 21.14 Orhographic views of a bracket (no line is
views. missing]).
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Example 21.7

Two orthographic views of a block are shown in Fig. 21,15,
Visualize the object, copy the given views and add a view on
the right side looking the object from left side.

B!

p127

Front view
5, 15

¢ E %

Top view

Fig. 2115 Two views of a block.

Refer to Fig. 2116,

Copy the given top and front views, visualize the object
and understand the meaning of each area and line. By
referring plan view, draw the side view as shown in the
figure. Finish the views after removing projection and
construction lines,

Frant view Laft side view
Top wview
Fig. 21.46 Three views of @ block.
EXERCISES

1. Isometric view of an angle stop is shown in Fig. 21.19
in which various surfaces are marked by alphabers.
‘Three orthographic views are also given in which the
same surfoces are marked by numerals, Identify the
surfaces marlued by the alphabets with their

Isin the phic views and

presem them in a table.
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Example 21.B

Two orthographic views of a simple bearing is shown in
Fig. 21.17. Copy the front view, visualize the object and
draw a side view looking from right side. Dimension the
views.

50
“Tep view

Fig. 21.17 A bearing (front and top views).

Refer o Fig. 21.18.

Copy the front view, visualize the object and understand
the meaning of lines and areas. Project hordzontally and mark
the widths by measuring from the top view. Complete the
view and print dimensions.

Right side wview Front view

Fig. 21.18 A bearing (front and slde views).

2. Figure 20.20 shows three views of a holder.
Visualize the object and sketch an isometric view of the
object. Identify the surfaces of the pictorial view drawn,

3. Orthographic views of a block are shown in Fig. 21.21.
Visualise the object and prepare an isometric d.rawlng
Mark the given alphat on the cor
surfaces.
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4. Three views of a fork are shown in Fig. 21.22.
Visualize the object and sketch the isometric view of
the object. Identify the surfaces by marking the given
alphabets on respective surfaces of the pictorial view.

o Right side view
7

12/

Top view

(b} Orthographic views

(a} Pictorial view

Flg. 2118 Angle stap.

L2020
— —
A B J
d— 7
| — ol &
c =i \
F'rogi view Vet side view
ﬁ] i} G
F %
£ H
Top view

Fig. 21.20 Halder.

5. Two orthog

Engineering Graphics for Diploma

are given in

phic views of a
Fig. 21.23. Visualize the object and draw its front and
op views.
15
1]
c
£ |
30 a0
Right side view Front view
30
A
]
Tep view
Fig. 21.21 A block.
i6
I
i ) aasa L
B
| -
| [ T
32
Fig. 21.22 Fork.
18
P
Sl Gk

32 |
Right sid

40 |

- -
wiew Fremt view

Fig. 21.23 Connector.

10,
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Sectional Views of
Objects

terior details of an object are not always clearly shown or
y to read on principal exterior views, cspccmlly wh:n
there are too many hidden lines. In such cases, an Y

the details of an object which are not seen from the outside. In
orderto avmdtoo many hidden lines and to make the drawing

cutting (sectioning) plane may be used to cut through the
object so that the portion in front of the plane can be imagined
to be removed so as to expose inner details. Drawings of

i hine pans, blies, ete. are p d along
with sectmnal VIEWS.

22,1 PRINCIPLE OF SECTIONAL VIEWS OF

more dable, the object is cut by an imaginary
cutting plane in such a way as to expose the required inner
details of the object, The cutting plane is also called section
plane. An object with asection plane is shown in Fig. 22.1(a).
Afier cutting the object by an imaginary plane A, the piece N
which is between the observer and the cutting plane is
removed. The remaining portion M is shown in Fig. 22.1(b).
The portion of the object cut by the cutting plane is made
clear by drawing hatching lines. Now the hidden details are

OBJECTS very ckar from the cut face. Orthographic projection of the

In orthographic proj hidden lines are used T g picce M of the object is called sectional view or
; 1 ! A P
Sactian plona B i i Z;';.";/ | ’/’///{//5
R R
i | A I e

{a) Pictorial wview

¥
(b) Back half of abject

Right side view

Hatching
(zoction |

Cufting plane
(secticn plane]

Tep wiow
(c) Orthographic views

Fig. 221 Principle of sectional view.
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sectional projection. Although the cutting planes are shown
in isometric view, only the cutting line is shown in practice to
locate the position of the plane. The cutting plane is also
called section plane, line of section or trace of the cutting
plane. The cutting plane is represented by chain thin lines-
thickened at the ends i.e. type H lines. The direction of
viewing is shown by arrows and designated by capital letters.
Figure 222 shows examples to the conventional
representation of cutting planes.

N (s
2]
-

.
| D
29

Fig. 22.2 Conventional representation of cutting planes.

While drawing sectional orth phic views, following
conventions may be noted by referring Fig. 22.1(c).
1. Thefront viewis a fully sectioned one while topand
side views are drawn completely, because the object
has not been actually cut.

The cut surface is indicated by section lines, with

=]

Engineering Graphics for Diploma

parallel and equally spaced inclined lines (also
called harching lines).

3. The cutting plane is shown by type H line.

4. Arrows show the direction in which the section is

viewed.

5. The cutting plane is identified by leners like AA,
BBetc.

6. The sectioned surface is enclosed in thick line
boundaries.

7. Visible lines beyond the cutting plane are shown as
in orthographic views.

8. Hidden lines beyond the cutting plane are not
generally shown.

22.2 CLASSIFICATION OF SECTIONAL VIEWS

Sectional views may be taken by cutting the object at any
angle and location. But in engineering practice, to serve the
purpose of drawing, a section is taken generally along the
centre line of the object. For exposing details at some odd
parts of the object, specml qetunnal vlewa are also prepared
The types of | views tn y used in engineering
may be displayed as follows.

1. Full sectional views: Here the entire object is
sectioned by the imaginary cutting plane. An
example is Fig. 22.3(a).

2. Half sectional views: Here, only one half of the
view is under section while the other half of the
view is without section [see Fig. 22.3(b)].

{c) Partial
(local or broken] secticn

(@) Full sectlon

(d) Hevolved section

E c
{e) Removed section

7 T

Te

-
00

(f) Cfizet section

Fig. 22.3 Types of sectional veiws.
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3. Partial (local) or broken section: In this type of
section, only a small portion of the component is
shown for the purpose of revealing details [see
Fig. 22.3(c)].

4. Revolved section: Here, the cutting plane, which is
perpendicular to the axis of the object, is revolved
to bring it into the plane of the axis. Outlines of the
revolved section are shown in continuous thin lines
[see Fig. 22.3(d)].

5. Removed section: When the above revolved section
is removed outside the object, then it is called
remaved section. The outline is shown with thick
continuous line [see Fig. 22.3(e)].

6. Offset section: To expose more details by a single
cutting, the section plane is offset through the
details as shown in Fig. 22.3(f). In the related view,
details of the offsetting should be shown by type H
curting line.

Among the above six types of sectional views, full
sectional and half sectional views are explained with
examples in this chapter.

22,3 FULL SECTIONAL VIEWS

For genting full sectional view, the entire object is sectioned
by an imaginary cutting plane and the portion between the
cutting plane and observer is removed. Orthographic view of
the remaining object is the fill sectional view.

Full sectional views may be classified as follows:
Full sectional front view (elevation)
Full sectional top view (plan)
Full sectiomal right side view (end view), and
Full sectional left side view (end view).

ol =

Section plene A |
N T
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Full sectional bottom and rear views are not generally
drawn. Thus, there are at least six different ways of drawing
full sectional views.

For obtaining all the above full sectional views, the
entire object 15 1o be sectioned by three imaginary cutting
planes which are parallel to the three co-ordinate planes.

For obtaining full sectional front view of an object, it is
cut by a section plane A, parallel to the vertical plane. This
plane divides the object into two pieces M and N. Picce M is
behind the section plane A and piece N is infront of the
section plane A, The front piece N isimagined to be removed.
This assumption is applicable only o this view; but other
views are not affected by this. Tt may be noted that piece N is
the portion of the object lying between the cutting plane and
observer. Front view of the remaining piece M of the object,
projected on the vertical plane, is called full sectional front
view, The trace of section plane A is indicated by the section
line A-A in the top view. Here, the direction of viewing is
indicated by two armow heads as shown in Fig. 22.4(c).

For obtaining full sectional left side view of an object, it
is first cut by a section plane B, parallel to the profile plane,
and then the object is viewed from the left side. This plane
divides the object into two pieces L and R. Picee L is on the
left and piece R is on the right side of the section plane B. The
piece L is imagined to be removed. It may be noted that piece
L is the portion of the object lying between the cutting plane
and the observer. The side view of the remaining piece R of
the object, projected on the profile plane, is called full
sectional lefi side view. The direction of viewing is shown in
the top view. Here, the trace of the section plane is indicated
by section line B-B in the top view. Full sectional left side
view is shown in Fig. 22.4 (¢). Full sectional right side view
can be obtained by removing the piece of the object lying 10
the right side of section plane B and viewing the portion L
from the right.

ull sectional
side view

By

(Section B8)

T Top vew (e)

Fig. 224 Full sectional views.
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Similarly, for obtaining the full sectional top view of an
object, it is first cut by a section plane parallel to the
horizontal plane. This plane divides the object into two
pieces, one above and the other below the section plane. The
piece above the section plane is imagined to be removed. Top
view of the remaining piece, lying below the section plane
and projected on the horizontal plane, is called full sectional
top view. Trace of this section plane can be indicated by a
scction line in the front view and two arrow heads arc dmwn
in the downward direction to indicate the direction of
viewing.

22.4 HALF SECTIONAL VIEWS

When an object is symmetrical about its centre line, one half
of a full section is needed to be drawn. Such a view is called
half sectional view.

For genting a half sectional view, the object is cut by two
imaginary cutting planes which are perpendicular to each
other. Now, one quarter of the object is imagined to be
removed and it is shown in Fig. 22.5(a). Orthographic view
of the remaining three fourth portion of the object is called
half sectional view. The sectional views obtained in this case
are called “front view, left halfin section™ and “left side view,
right half in section™, They are shown in Fig. 22.5(b). It may
be noted that the top view is not affected by sectioning.

Half sectional views may be classified as follows:

1. Top half sectional views:

(a) Front view, top half in section

(b) Top view, top half in section

(¢} Right side view, top half in section

(d) Leftside view, top half in section.
. Bottom half sectional views:

(a) Front view, bottom half in section

(b) Top view, bottom half in section

Section plane A
’ T Section
/’}\’ plane
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(c) Right side view, bottom half in section
{d) Left side view, bottom half in section.
Right half sectional views:

(a) Front view, right half in section

(b) Top view, right half in section

(c) Right side view, right half in section
(d) Left side view, right half in section.
Left half sectional views:

(a) Front view, left half in section

(b) Top view, left half in section

(c) Rightside view, left half in section
(d) Leftside view, left half in section.

Half: Ly di X
Thus, there are at least 24 different ways of drawing half sectional
views, including both half sectional bottom and rear views.

Figure 22.6 shows different outside views and sectional
views of a simple guide block. Students are advised to
identify and draw the remaining sectional views of this block
which are not shown.

22.6 CONVENTION FOR SECTIONING

Hatching is used to show the areas of section clearly.
Hatching is done by drawing continuous thin lines (Type B
lines) at a convenient angle. The preferred hatching angle is
45° for principal lines of sy v of the

(see Fig. 22.7). H. of adj 1p is done in
different directions or spacings (see Fig. 22.8). Hatching
may be interrupted for dimensioning, if it is not possible to
place the dimensions outside the hatching.

In the case of large areas, hatching may be limited to a
zone as shown in Fig. 22.9. If sections of the same component
in paralle] planes are to be shown side by side, the hatching
should be identical; but the hatching may be offset along the
dividing line between the sections.

Front view, lefi haolf
in secilan

Left side view
(Seclion AA)} Right half in section

A7

(b)

w
(=)

(Section BB}

£

"Tﬂ

Bt Top view

Fig. 225 Half sectional views.
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el fld
()
2

<) Full sectional views

=

EZ a7

(b) Quiside views

(d} Helt sectional views

Fig. 22.6 Different views of a guide block.

Fig. 229 Sactioning of large areas.

‘When a cutting plane passes longitudinally through the
centre of a rib or a web, the nib should not be sectioned (see
Fig. 22.10). But the rib is shown in section when the cutting
plane passes crosswise through the rib. Spokes or arms of
wheels or pulleys, shafts and fasteners like bolts, nuts rods,

rivets, keys, pins, cotters, etc. are not sectioned
longitudinally, Hence, they should not be hatched. They are
shown in section, if the cutting plane is at right angles 1o their
axis.

7 v

Fig. 22.10 Sectioning of an object with web,

22.6 CONVENTIONAL REPRESENTATION OF
MATERIALS

Different materials are shown symbolically in different
hatching patterns. BIS gives the conventional representations
of materials. The different hatching to be adopted

are shown in Table 22.1. Tt may be noted that different
materials should be indicated by notes on the drawings.

Example 22.1
Isometric view of a leveris shownin Fig. 22.11. Draw its full
sectional elevation and plan.
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{a} Front view, top half in section,
(b} Top view bottom half in section,

=T
Fig. 2241 Alever, .
g p_',"‘ X /. 17
Refer to Fig. 22,12, - 8 -
As perquestion, the section plane is to be taken parallel to Fig. 2213 Forked end of a machine part (orthographic
VP. Draw the top view firstand then the sectional front view. views).
Section lines should be avoided at the holes and key way,
As the cutting plane passes longitudinally through the Refer to Fig. 22,14,
centre of the weh, it need not be sectioned. Draw the elevation top half in section and plan bottom

half in section. Avoid hidden lines in the sectioned areas.

|
1 ! %jg 030 2
! e R

v i
L LA
il

L35l
sectional elevation (section AA)

7

L]
Plen -+
Fig. 2212 A lever (sectional view),
Re /S |
Example 22.2 F
Orthagraphic views of a forked end of a machine partare  Fig, 2214 Forked end of a machine part (half sectional
shown in Fig. 22,13, Draw the following views: views).
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o - T;illlczz.l Hatching patterns

s 77, Frrrrarrees

s A

Steel, cast iron, copper, oA | Marble -~ ATy

aluminium and its alloys oy x// //747 + PO e PR
I, Sl

Ty
e
Rubber, leather, cte. e e

| A

Lo L T

Lead, zine, tin, ete.,

EXERCISES
Draw sectional views of the machine pans given in
Figs. 22.15 to 22.19, taking section along their centre lines.

The views are specified along with the drawings. Take the
arrow mark with F as the direction for the front view.

Drow: Sectional alevation ™
Plan
Right side view

Left side view

Fig. 227 A bearing.
Fig. 2245 Cylindrical block. ig earing

~

~~" Draw: Sactional alevation
Flan

Left side view, .
(Right helf in section)

side wiew {right half in saction)

v g
Fig. 2216 A machine part. Fig. 22.18 Bearing block.
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o5, ¢22

raw: Seclionai elavation
Plan tep helf in secfion
Left side view, right helf in seclion

Fig. 22.19 A bearing block
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Computer
Aided Drafting

Chapter23 Introductionto CAD
Chapter 24 Starting to Use CAD Software
Chapter 25 Drafting of 2D Figures
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Introduction to
CAD

Campmer Aided Drafting (CAD) is defined as a process
of producing drawings in which, computer sofiware and
related hardware are used. The software stored in the disk

ides the p and the drafter gives the |
:md. data to the computer to perform the dmw:ng task. The
hard is the ph leq ordey d with
the computer.

The term CAD is ferred to as
aided design also. A computer aided deqtgn syslem can
perform | ing, design and analysis. For this,
more pnwcrful suflwnrm are required

Thek of is d to have

happened mwl')Sll The Whlrlwmdoompuncr at Massachusens
Institute of Technology (MIT) was installed and drawing of
simple figures was started in that year, When the

Inter 1 B Machine Corp. (IBM) started making

P itable for graphics in 1964, CAD became
ially avail A advance in

as well as software was made in tlm eighties. After o slow

start, th grewd Ily and became a

popular syslem for dmﬁmg by the beginning of the nineties.

231 HARDWARE FOR CAD

Hardware of a computer system includes all the physical
equipment or devices associated with it. A system for CAD
may contain different combinations of equipment or devices

C H A P T

(hardware) regardless of the system application. A specific
bination selected d Is largely on the needs of the
user. Generally, each plece of equipment is coming underany
one of the following groups.
1. Central processing unit (CPL)
2. Peripherals
(a) Input devices
(b) Secondary storage devices
(c) Display devices
(d) Outputdevices

Central Processing Unit (CPU)

The central pmu:sslnp, unit (CPUY is the most important part
ofay I (PC) hard . since it is the "brain’
and all the processing are done in this unit. This is an
integrated circuit (IC) and sometimes referred to as a
microprocessor. The CPU of a PC consists of the following
seetions.

1. Primary storage section

2. Arthmetic logic unit (ALL)
3. Computer section

RAM and ROM

The primary storage compeonent used in CPU is often
referred to a8 Random Access Memory (RAM) chip. Ina

283
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RAM, programmes can be stored, altered or retrieved. But
once the power supply is switched off, the data and
programmes are lost. But the control instructions that cause
the machine to operate should be available at any time as a
permanent storage, This permanent storage element is called

Engineering Graphics for Diploma

3. Finger wheels
4. Track ball

Secondary Storage Devices

Ina

Read Only Memory (ROM), which is also a I

(chip). ROM chips retain data when the power goes off. Butit
is a read only memory so that it cannot accept any input data
or instructions from the computer user,

Bit and Byte

The microprocessor of a digital computer works only with
the binary numbers (omes and zeros). The information is
converted into this form and processed inside the CPUL The
binary value, one or zero (1 or ) constitutes a bit. The CPU
handle the bits in the form of groups of 8, 16 or 32 and hence
this determines the classifications of the microprocessor.
Most of the CAD system have 16 or 32 bit microprocessors.
The group of 8 bits is called a byte and the memory of adevice
is measured and represented in bytes. RAM capacities of PC
may range from Mega bytes to 40 Giga bites or more.

Clock Speed

The speed with which an instruction is executed in CPU is
directly related to the computer built-in clock speed, which is
the number of pulses produced in each second. This clock
speed is measured in Mega Hertz (MHz ie., 10° times per
second). The present personal computers are having clock
speeds ranging o 2 Giga He,

Input Devises

Input device is a mechanism used to present data to the
processing unit in a readable form to the computer. Although
key board is a common input device, there are other devices
also in use. A list of the input devices generally used in the
CAD systems is given below:
1. Keyboard
2. Mouse
3. Graphic tahlet
4. Auwomalic scanners
5. Miscellaneous input scanners
In addition to the above, drives are also used as input
devices to read the information stored in the Floppy disks,
Hard disks, Compact disks and Magnetic tapes. The input
devices other than the above explained are:
1. Light pen
2. Joystick

puter there are two types of storage (memory).

1. Primary storage (inside CPU)

2. Secondary storage (inside peripherals)
The Jary storage I
primary storage in most 5. In p 1 comp
the secondary storage devices are generally fitted inside the
system cabinet itself as drivers. The classification of the
secondary storage devices is given below.,

the

Floppy Disks

The new member of the floppy disk family is the compact 3.5
inch size disk called microdisk. They are packed in a non-
bendable shirt pocket sized plastic case. The storage capacity
is 1.44 MB.

Hard Disk

Hard disks are rigid aluminium platens with a magnetic
coating similar to floppy disks, They spin inside an air tight
enclosure. The rotation may be as fast as 3600 rpm, so that
storage and retrieval are faster. In a hard disk pack, several
metallic disks are put together on a single shaft. There may be
10 recording surfaces on a six disk pack. The storage capacity
is in the onder of Giga (10”) bytes.

Hard disks are kept inside the system cabinet of a
personal computer. For a CAD station, hard disk of higher
storage capacity is preferred in order to keep large number
and size of drawing files as well as the softwares.

Compact Disk (CD)

The optical disks ( called CD ) used for storing data, are made
of transparent glass or plastic and has a reflective metal film
coating. An information is stored in the digital form by
focusing a laser beam at the desired location and thereby
creating a small hole (of one micron) or a pit in the film. The
#hsence of hole is another binary state (zero). These holes or
pits are read by a less powerful laser beam. A hole or pitin the
reflective film changes the amount of light reflected from
that spot, which is sensed by the reading head.

Optical pact disks are g | ilable as ‘read
only memory” incomputers and hence they are called as CD-
ROM. The storage density of CD-ROM is about 800 MB and
the diameter is 4.7 inches only. There are now optical disks
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EXERCISES T

1. Explain the following terms in
computer used for drafting:

=3

(a
(b)
()
(d)
(e)
n

2. What are the general features of a d

Central processing unit (CPU).
RAMand ROM

Input devices

Secondary stomge devices
Display devives

Output devices

. What are the

Engineering Graphics for Diploma

B T U A

. What is meant by menu in CAD software? Describe the

difference between master menu and suxilisry meno.
thods of getting drawing
and editing commands in AutoCAD software?

. Distinguish b the world i system and

the user coordinate system.

. Explain the terms Grid, Snap and Object Snap.
. Whatisalayerin CAD?How is the layer systemused in

drafting? Explain the ad ges of using layers in

process, using computer? Describe the following:

(a)
(b)
(€)
)

Draw commands
Edit commands
Display commands
Print commands.

drafting.

. How are different line types and colours incorporated

in layer system?

. What 1s meant by edit function in drafting? List down

commenly used 10 edit functions in computer aided
drafting.
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Starting to Use
CAD Software

he software explained in this book for the study of
Computer Aided Drafting is based on AutoCAD 2002,
The workstation ¢ i ini Juired for the use

C

H A 4PRSETREE 'R

Drawing Compartment™ has three pages. Page one is for
*Open Drawings", page two is for “Creating New Drawings™
and page three is for “Symbol Libraries™.

The ining two named “Bulleti

of the software and the methods of setting an
drawing sheet suitable 1o the drafting are explained in the
chapter.

24,1 SETTING OF WORKSTATION

A workstation, having AutoCAD2002 installed, is required a
clear understanding of the topic explained. For loading
AutoCAD2002, an IBM patible pentium P
havingat least 32MB RAM capacity, 150MB hard disk space
in windows 95 or above version is required. After installing
and configuring the software with the help of an expert, the
user can open the program.

Choose the programme AutoCAD2002 >

Enter.

The same can be opened by double clicking on the
AumoCAD2002 icon using the mouse. This opens the graphic
sereen afler displaying the start up dialogue box,

24,2 START UP DIALOGUE BOX

Start up dialogue box placed lapping the graphic screen,
contains three compartments (see Fig. 24.1) Here, “My

M

Board™ and “autodesk Point A” are related web facilities

hrough the sof A beg has to click, “Create
drawings” for setting up a new drawing sheet for drafting. To
open an existing drawing file, “Open drawing” has to be
clicked. The start up window is closed by clicking on the
button with x mark placed at the right hand top corner.

24.3 THE GRAPHIC SCREEN

Pull Down Menu Bar

Like many other Windows programmes, AutoCAD2002 has
the pull down menu bar having 12 titles shown on the top side
of the screen (see Fig. 24.2). When the pointer is brought to
each title, a list of menu can be opened for selection, The titles
cover the important menus for commands and functions of
AutoCAD.

The title “File” gives pull down menu for the
management of files like Opening, Saving. Exporting.
Printing. ete. Toexit from AwtoCAD, click on Exit. The pull
down menu file also shows previously opened four files for
fast selection. The menu under “Edit” covers the file editing
operations like Undo, Redo, Cut, Copy, Paste, ete. The title
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AutoCAD 2002 Today
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Fig. 241 Opening Menu.

“View" covers all about the views on the drawing screen like
Zoom, Redrawing, 3D views, Shading. Rendering, Display
of various items like World Coordinates, Tool bars, ete. The
title “Insen” covers mainly blocking and inserting of
drawings while the title “Format™ is used for settling various
features like Layers Colours Dimension Styles, Line types,
ete. Different tools used in AutoCAD like Drawing semtings,
User coordinates (UCS) Object Snap settings, etc. can be
selected or set by the pull down menu under *Tools™. The title
“Draw” gives all drawi dsfor2Dand 3Dd
while the title "Dlrm:nslon covers the different Dim
Commands. The pull down menu “Modify” opens the
drawing modification commands like Erase, Break. Copy.
Scale, Fillet, etc, “Image™ shows the overlay files and
window to make the screen for different tiled views. The
details about AutoCAD 2002 soft d the help topics are

ges, etc. The i i given to the computer
through keyboard is shown here. The user has to read and
follow the instructions. shmm at the command window and
has to give data accordingly. For a begi c d area
instructions are very much hglpl‘ul to proceed fast.

The status bar is given below the command window.
This gives information about the drawing at a glance, like
coordinates of the cursor (cross hair) position, Snap, Grid,
Ontho, Polar, Osnap, etc.

Tool Bars
In addition to the pull down menus, ﬁuh\CﬂD 2002 pnmdca
setsoft ked with icons forsel

directly. By elicking on a button, the command

explained under the utle “Help™.

Press the Esc (Escape) key in order to close a pull down
meni without selection. It has to be noted that Esc is the
commen key to cancel any action, command or selection
made in its midway. The student has to click on each pull
down menu bar and verify the details.

The Command Window and Status Bar

The rectangular horizontal window at lower side of the
screen is the command area (refer Fig. 24.2). Here,
AutoCALD displays the d selected, the input, the

comesponding to the icon is opened immediately at the
command window. This helps to improve the speed of
drawing. A group of such buttons is called a Tool bar.

Thcrc are 26 tool bars readily available and the most
fi ly required 4 bers are shown in the opening
dmwmg screen. They are:

1. Standard tool bar
2. Object properties ool bar
3. Draw tool bar and

4. Muodify 100l bar

These tool bars are checked (placed safely) to the margin
side of the drawing area. All the tool bars can be made visible
({opened) orclosed individually as perthe user’s requirement.
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simple 2D drawings, five layers are suggestad namely THK
(thick line), THI (Thin line), CEN (Centre line) HID
(Hidden line) and HAT (Hatching line). The method of
setting layers and assigning colours, line type and line weight
are given the following set up.

Set up 4 (Layers and line type)}

Format > Layer > New >

Type THK over “Layer-17, click on colour “White” 1o
get the colour box “Select Color™ and type 130 over “White”,
Then click on the square box on the right side of it to get the
colour selected and click OK. To select line weight, click on
“Default”, select 0.4 mm from the box for “Line weight” and
click OK. Following the same method create the required
five layers as given below.

Layer Nume Colour No. Lineweight
THK 130 040 mm
THI 40 0.20mm
CEN 200 0.20mm
HID 150 0.20mm
HAT 160 0.15mm

To assign the line type for centre line, click on
“Continuous™ of the CEN layer to open the box named
“Select line rype”. Here, the required types of lines, (Centre
line and Hidden line) are to be loaded first.

Load... > CENTER x 2> OK
Load...>HIDDEN x 2> OK

Engineering Graphics for Diploma

This makes text ‘Romand 2" of 2mm height. Similarly
5 mm text also can be set for title block of the sheel. Itis to be
noted that, the letter size at required places can be modified
by using “Change Properties™ icon of standard ool bar or
“Text Edit" icon.

Dimension Style

Dimensioning of a feature is done automatically in AutCAD
by clicking on the entity. Before this, the system of
dimensioning has to be set as required in Method | of BIS.
The following set up is suggested for orthographic views.

Set up 6 (Dimension Style)
Format > Dimension style...> New >
New style Name: BIS = Continue.
This opens the dialogue box “New Dimension Style
Copy of Standard™. Here, there are 6 pages and the settings
are required in the first four pages .

Set up 6A (Page-Lines and Arrows)

6A1 (Subsection - Dimension lines)
Color - By layer = Line weight bylayer >
Base line spacing - 5 mm.

6A2 (Subsection - Extension lincs)
Color - By layer >
Line weight - By layer>
Extension beyond line - 1 mm >

_ Offset from origin - Omm.
6A3 (Sub - Arrow heads)

After loading the ubove line types, select the approg
line type for the layers. By clicking OK of Layer Properties
Manager, the layer setting process is completed. Now the
layers can be seen on the ohject properties tool bar, Note that,
each layer can be made current, turned on or off, freeze or
thaw, lock or unlock, as required for the drafting.

After setting the layers, the same can be tested on the
electronic drawing sheet by drawing lines in different layers.

Text Style
Any type of text can be selected from the font library and used
on the drawing sheet. 2 mm size of “Romand.shx™ text is
suggested for captions and dimensioning, since its shape is
almaost the one suggested by BIS. The method of setting text
style is given below:
Set up 5 (Text Style)

Format > Text Style... > New >

Style Name “Romand2” OK >

Font Name: Romand. shx > height 2mm >

Apply > Close.

1st: Closed filled > 2nd: Closed filled >
Leader: Closed filled > Arrow size 2 mm.

6A4 (Subsection - Centre marks for circles)
Type: Mark > Size : 2 mm.

Set up 68 (Page-Text}
6B1 (Subsection Text appearance)
Text style: Romand2 >
Text color: By layer > Text height - 2 mm.
(Note that the Romand?2 text is ready by Serup 5)
6B2 (Subsection - Teat placement)
Vertical: Above > Horizontal: Centred >
Offset from Dim line : 1 mm.
6B3 (Subsection - Text Alignment)
Select: 150 standard.

Set up 6C (Page-Fit)
6C1 (Subsection - Fit Options)
Select: Either the text or the arrows.
6C2 (Subsection Text placement)
Select: Beside the dimension line.
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6C3 (Subsection - Scale for Di ion Features)

297

Select: Use overall Scale of 1.
6C4 (Subsection - Fine uning)
Select: Always draw Dim line between

ext lines.
Set up 6D (Primary Units)
6D1 {Subsection - Linear Di ions)
Unit Format: Dcumul>pru sion ¢ 0.
6D2 (Subsecti Scale)

Scale Factor: 2,
63 (Sul - Angular I
Unit for mat: Decimal Degrees >
Precision: O.
Clicking of OK of the dialogue box brings back the
“Dimension style Manager™. This shows the final di

licking on the button named “Maodify”. After checking the
dim style made, click on the button “Close™ to complete the
Setup 6.

24,6 SAVING THE BLANK SHEET

After creating the A4 size Electronic Blank Sheet as per the
B1S systemof dimensioning, save the file as Blenk Sheet-1in
your folder under User area. Now the blank sheet is ready to
use in your folder. Whenever you are bel.mnlng a new
drawing, call a copy of the blank sheet- 1, save it immediately
as the name of drawing and start drafting, This will keep the
Blank Sheet-1 as such and the new drawing with all the
»errmga made. Different drawing sheets such as Portrait and

set up oo the drawing shown in the page noting the changes
made as description. Maodifications can be further made by

EXERCISES

1. Explain how the software, AutoCAD is started, to

L ori of size Al, A2, A3, ete., having
margin .mdull: block of the user type can be made and stored
ready for drafting purpose.

4. How a blank drawing sheet is prepared, which is

begin drafting. Give the step by step | e
required for a particular version of the software,

2, Explain the general layout of the graphic screen of
AunCAD software. Also briefly show the following
terms related with the graphic screen:

{a) Command window and status bar
(b} Tool bars

¢y Cross hair and world coordinates
() Standard screen menu

3. Whatis meant by a function key? Give a listof function
keys used in drafting and their action.

itable to onhographic projection of objects?
Desenbe the steps.

5. Explain how the layers, line types and their colours are
set for a blank drawing sheet used for orthographic
drawings.,

6. What are the important points to be considered when a
dimension style is adopted for a drawing. Bricfly
explain the how the setup is made 1o get Method-1
dimensioning system as per IS0

7. Describe how a blank drawing sheet is saved in a
computer after making it for a specific drafting purpose
using AutcCAD.
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Drafting of
2D Figures

fter preparing the el icd g sheet called Blank

Sheet with all required settings as per BIS, the drawing
of 2D figures can be started. Here, in AutoCAD, 2D figures
mean the figures drawn on the xy plane of the screen. The

method of using important Draw and Modify Commands are

line, click on the icon named * Line”, This shows instructions
in the command window in the following order:

Command: Line specify first point: (Click a point on the
drawing screen using cursor)

Spec:fy next point or [Undo): (Click the end point of line

explained in this chapter. The ples and give
introduction to drafting of multiview projection and
isometric projection of simple objects. Printing of them is
also explained at the end of the chapter.

25,1 DRAW COMMANDS

quuenl]y used draw commands are:
Line
Circle
Arc
. Polygon
. Ellipse
Hatch
Text
These commands create the shapes and each one will be
an entity. After clicking on an icon specified for each
command, the data are fed one by one as asked in the
i window t the entity.

o b e b

cr

1. Line
A straight line is specified by its two end points. To draw a

298

Spmry ncxl point or [Close/Undo]: { Show a third point
to draw the second line).

Specify next point or [Close/Undo]. ( Press enter key ( )
ofkey board or right button of mouse toopen window for enter
key and press on it using left button of mouse ).

The above process creates two straight lines touching at
the ends as shown in Fig. 25.1.

(x2.¥2)

[E TS (%373}

Fig. 251 Drawing of two fines.

Nares:

. The end points of a line can be specified mmerby
typing the x, ¥ i values in the
widow or by clicking on the screen using the cross
hair.
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2. The cross hair position can be noted from the
coordinate values shown on the left hand bottom
corner of the screen.

3. After starting a line from a point, it stretches, like a
rubber band.

4, Press on the “Snap” button of status bar to make it
on (if itis in off position) so that. coordinate values
will be snapping without decimal values.

5. Pressonthe “Grid™ button of Status bartoswitch on
the grid. This can help to locate coordinate point
easily.

6. While drawing horizontal or vertical lines, “Orntho”
of Status barcan be switched on foreasy drafting of
orthogonal lines, To draw inclined lines, “Ortho™
should be switched off.

Todraw a line of specific length say, 40.3 mmand inclination
say 407 to horizontal, from point (xy, v,), type the following
at the command window, afier starting the line command.
Specify next point or [Undo]:
@303 <Al d
This creates the inclined line as shown in Fig. 25.2,

(typ)
Fig. 25.2 Drawing of inclined line,

Using the line command number of straight lines from

{e} Cantre-Radius (b} 3 Points

299

point t point can be drawn continuously from point to point.
Finally. to draw a line to the starting point. the Close option
can be selected. Similarly to Unde a step, the Undo option can
be used, The Ese key of the keyboard can be used to come out
al the middle of any commuand.

2. Circle

To draw a cirele, click on the icon “circle’. Then feed in the
command area as given below.

Command: circle specify centre point for cirele or [3p/2p/
Ttr {tan tan radius)]:

(Locate the centre point wsing cross hair )

Specify radius of the circle or [Diameter]:

(Using cross hair Locate a second point to specify radius or
npe the valwe, 1)

This completes the drawing of circle using centre point
and radius [see Fig. 25.3(a)].

Circles can be drawn using 3 points (3p), two points (2p)
or tangent 1o two lines or circles and radius (Tir). These
commands are to be typed in the command window for
getting the options. Figure 25.3 shows the four methods of
drawing a cirele. They can be selecied according to the use.

3. Arc
A three point arc, can be drawn using the icon Arc of the
Draw Tool bar,

Command: are. specify start point of arc or [center]:

(Click start point)

Specify second point of arc or [Centre /End]: {Click

second point)

Specify end point of arc: (Click end point ).

This completes the 3 point arc as given in Fig. 25.4.
Instead of clicking the first point, if “C™ is typed in the
command window, the arc can be drawn specifying the centre
of are, then start point and lastly end point or angle/chord
length. Thus, using the combinations of geometrical data

T

{d) Tan-Tan-Radius

{c} Z Feints

Fig. 25.3 Drawing of circles.
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Fig. 254 3 paint arc.

(Start point, Second point, End point, Centre of arc, Angle,
Chord length, Direction and Radius) the arc can be draw in 11
different ways. Note that the direction of generating arc is in
the anti-clockwise direction, similar to the measurement of
angle.

4. Polygon

A polygon of sides ranging from 3 to any number can be
drawn by clicking on the icon “Polygon™. Number of sides,
centre of polygon & radius of inseribing or circumscribing
circle have to be given in the command area. Instead of this,
feeding of the number of sides and the edge points can also
draw the polygon. Figure 25.5 shows a pentagon drawn by
the command. Note that this pentagon has five lines, but it is
treated as a single entity for Modify (Edit) commands.

Fig. 25.5 Polygon.

5. Ellipse

An ellipse is drawn by clicking on the icon “Ellipse” and
locating the two end points of one axis and one half length of
the second axis, Figure 25.6 shows the ellipse drawn using the

(a) Single

Engineering Graphics for Diploma

Fig. 256 Ellipse.

6. Hatch
Hatching of an enclosed area can be done very easily using
Hatch command. After drawing a figure, say acircle, click on
the icon “Hatch™. This opens the dialogue box named
“Boundary Hatch™. Here click on the button Pick Points and
then click inside the actual area to be hatched. Finally, click
Enter key to recall the dialogue box and by pressing OK
button compléte the hatching process [see Fig. 25.7(a)]. Note
that, to get the required pattern of hatching, its direction and
scale, the same should be set initially as given below.

In the page “Quick™ of the Boundary hatch, the
following points may be noted.

1. Hatching patterns of different types can be selected
by clicking on the button against patterns.

2. Angle of the pattern and the scale factor can be
selected from scroll bar of Angle: and Scale:
respectively.

3. “Pick points” button provides selection of the area
with closed boundary, for hatching.

4. “Select objects™ button provides selection of
hatching area by clicking on the entities forming the
boundary.

5. “Inherit Properties” button provides copying the
same type of hatching on another arcas.

6. “Preview" button provides preview of the hatching
sothat, changes of pattern, angle, scale, etc., can be
modified if required, before clicking OK.

™

(b) Different patlerns and directions

Fig. 267 Hatching,
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7. Text

Text can be written by clicking on the icon called “Multiline
text”, The area in which the text is to be written should be
located first on the screen using the cross hair, Completion of
this action shows the “Multi line text editor”, in which the
required text can be typed like a word processor. Here, the
font, size of letter, etc. can be modified as required. For

marking the degree, and di the following symbaols can
be used.

For diameter ({50}, F% 50

for Degrees (507), G d50

For more types of text edit icons, switch on “Text™ of “Tool
bars...." under pull down menu “View",

25.2 MODIFY COMMANDS
Frequently used Modify (Edit) commangds are:
Erase

Move
Rotate
. Copy object
Mirror
Break
Break at point
Trim
. Extend
Scale
Stretch
Array
Fillet

14. Explode

The above-mentioned powerful Modify commands
make the drafting fast and easy. To use most of the Modify
commands, the object has to be selected first. There are three
methods used to select objects. After clicking on an icon for
Mudify command. the cross hair is converted to a small pick
box. Now an entity or a group of them can be selected by any
combination of the following:
1. Pick hox: Bring the pick box on the entity and press the left
button of mouse. This selects the entity and is converted to
dotted line for identification of selection.

-
el = Rt ol ol o

2. Window: A group of entities can be selected by bringing
them fully inside a rubber band like window. To create the
window, click the left button of mouse, keeping the pick box
at one point and move diagonally to the opposite corner to
form the window, keeping the x direction positive. This

301

Fig. 25.8 Window for selection.

3. Crossing (Window): This option is similar 1w the
Window, but the direction of movement of mouse should be
in the negative direction of x. Here, a window of dotted line is
formed and all the entities inside and crossing the window are
selected (see Fig. 25.9).

*3¥s

Fig. 25.9 Cross window for selection.

1. Erase

Erase command is used to remove one or a group of entities
simultaneously. For this modification, press on the icon
“Erase”, select the objects, and press the right button of
mouse or Enter key of key board. The selected objects are
identified by the conversion to doted lines, before erasing.
The “Undo” button of standard tool bar can be uscd to cancel
a completed activity to go one step back, if required.

2. Move

To move one or a group of objects from one location to
another, press on the icon “Move”, select the objects and click
on the right button of mouse 1w end selection of objects.
Locate the base point from where the objects are displaced
and finally locate the d point of displ This
moves the object to the required location, Here, the base point
and the final destination should be comectly located.

3. Rotate

Similar tomove, “Rotation” command is also applied. but the
rotation is about the base point selected and the angle can be
typed at 1 prompt in degrees, measured from 3'0°

creates the window made of ¢ line and by ; 2
the left “button™ again, the entities enclosed fully inside the
window are selected (see Fig. 25.8).

clock position. The rotated position can also be located by the
movement of cross hair. The value of radial distance and
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angular rotations from the base point to the cross hair position
can be noted from the coordinate values as ‘Distance< angle”

4. Copy object

‘This command is applied similar to “Move” and gives a copy
of the object selected at the destination point, “Multiple
Copy™ option, is obtained by typing ‘M’ at command
prompt, before specifying the base point. This gives multiple
copy at each clicking of destination point . Pressing of right
button of mouse, Enter key or Esc key stops the action of the
Multiple copy.

5. Mirror

This command is applied to get a mirror image of the object.
Click on the icon “Mirror”, select objects, click on right
button of mouse and specify end points of the mirror line.
Now the command prompt asks, whether to delete the
original object or not. The default is < N > means not deleted
(see Fig. 25.10).

IO A
i Mirrer line.
L
|
|
i
i
|
x3rz
Fig. 2540 Mirror image of an object,

6. Break

To break an entity for a length, click on the icon named
“Break”, Click on the entity using pick box and click the
second point of brake, using the cross hair. This removes the
line from the first point to the second point. For a full circle,
this breaking length will be measured in the anti-clockwise
direction about the eentre of circle.

7. Break at point

This command selects an entity first and then breaks it into
two entities at the point clicked, without any gap. For a full
circle. this command will not work.

8. Trim

To remove the excess length of an entity from another entity,
the “Trim" can be used. Click on the icon *“Trim”, select the
cutting edge oredges by pick box and press the right button or
Enter key. Now click on the extra length of the objects o be
timmed one by one. Pressing of Enter key stops the
command (see Fig. 25.11).

Engineering Graphics for Diploma

Cutting edge

(o)} Befors (b) After
Fig, 2511 Trmming.

9. Extend
Extend command works similar to Trim, but adds length of
tity in the same direction up to the b laries specified.

Click on the “Extend”, select the boundary line using pick
box, and press right button of mouse or Enter key, Now, click
on the lines to be extended one by one. Pressing of Enter key
stops the command (see Fig. 25.12).

Baundary
A
§ / V) .
. \ N
. "; S
.t ————
)
A ~
P
~ =
A _
ey =
- -
(o) Batore (b aftar
Fig. 25.12 Extension.

10. Scale

The command scale is used to enlarge or reduce the size of a
drawing to the required ratio. Click on the icon “Scale”,
select the objects using pick box or window, click on right
button 1o end selection, specify base point of scaling using
cross hair, type the scale factor at command prompt and press
the Enter key to get the scaled view with reference 1o the base
point.

11. Stretch

Stretch command is used to stretch to enlarge or reduce a
portion of a figure containing one or more enlities
simultameously. Click on the icon “Stretch”, select the objects
to be stretched by cross window only, click on the right
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Example 25.2
Draw a circle of diameter 80 mm and inscribe the
largest isosceles triangle on the horizontal diameter AB
of the circle. Also inscribe the largest circle in the remaining
half.

Refer 1o Fig. 25.20.

Commands required:

Circle, Line, Text, and Dim commands.

Fig. 25.20 Geomelrical construction,

Example 25.3
Figure 25,21 shows a view of an object. Copy the same and
dimension as per BIS.

Refer to Fig. 25.21

Commands required:

Line, Ellipse, Circle, Polygon, Fillet, Trim, and Dim
commands.

100

140

Fig. 2521 Flange.

307

Example 25.4
Draw sectional elevation and end view of the bush given in
Fig. 25.22.

Refer to Fig. 25.22.

Commands required:

Line, Circle, Trim, Mirror, Polar aray, Fillet and
Hatch.

Toget Tine,

| elevation draw one halfup

take mirror image and then hatch. For side view, draw one
hole with the grove and take Polar array.

{a} Sectional eisvation () Side view

Fig. 25.22 Bush

Example 25.5
Draw isometric view of the block given in Fig. 25.23.

Refer to Fig. 25.23.

Commands required:

Line, Isocircle of ellipse.
Convert the drafting settings to isometric snap and draw the
left, nght and top faces of the block by changing the places
using Cirl-E or F5.

D7

Fig. 25.23 Block (isometric view).
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EXERCISES coaman s s T A TR S B S AR A

1. Draw the following views using CAD:

¢80
r '
[H—
2 i | | i
Se— 3
1
80
Fig. 25.24 Flg. 25.25 Fig, 25.26
44
Fig. 25.27 Axle. Fig. 25.28 Geometrical shapes. Fig. 2528 A block washer,
R2C *ﬁﬂ
g A
2
30 1L 63
a0 |
Fig. 25.30 A template. Fig. 25.31 Gland.

Downloaded from Ktunotes.in


http://ktunotes.in/

Drafting of 2D Figures 309

#1E 16
Rl
| i
EI : ! | ] | |
i ' i ' |
Right side view Elavation R10
f Y
| — T
s/l B —j
a4 |
Flan
Fig. 25.32 A machine part,
$50
| ‘ 1
=] 1 : 1 '
& | ! 1
1 1 1
O 2 SR S
. gl 11
(S - RE— I
Llevation Laft zide view
|_ /-T-h"‘"\
| wﬁa
{18 |
Plan

Fig. 25.33 A cylindrical block.
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A
o
24

SR

ZE

I_ ©m
100 40 ‘
Efavation Left side view
T — RE
1 1
[ S 1}
1
|® t
| —_ e —— - — 1
1 1
1 i
/A S i
1 1
! !
12_! 28 20 12
Pian

Flig. 25.34 Shaft support.

100

|
|
I

Full sectional elevetion {Seclion A4)

Fig. 25,35 A lever (sectional view).

Saction B-8

Fig. 25.38 Forked end of a machine part (half sectional
wviews).
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s W24
P Mosher W20 _bolt
30 1 e a—
M2O_nut Y R
44— — - ]
7 /\\x
BN—
r | 5 | | AN
(—
r— (a) Front view
- - s 1
i -7 -
W NN
' ¥ ¥
\ | L
S 1 — 90 |
(B) Tep view
Fig. 25.37 Hexagonal headed bolt Fig. 25.38 Assembly of hexagonal bolt, nut and a
washer,

N

829 PN
-

Fig. 25.39 C.I block Fig. 25.40 A block.
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CHAPTER 5: GEOMETRICAL CONSTRUCTIONS
Problem 1

Aline AB hasa length of 127 mm. Divide the line graphically
in the ratio 1:3:4.

Solution: See Fig. P3.1.

Help: Divide the line into 1 + 3+ 4=8 equal divisions and get
1,3 and 4 units.

" 127
r1U P SuU Q AU
= T 1
A ﬁhhhqﬁ | | B
e 1|
T _ Ii
+
~—— Ny
B
Fig. P51

Problem 2

Divide a line of length 131 mm into the ratio 3:5:4 and
construct a triangle using these line segments.

Solurion; See Fig. P5.2.

Help: Divide the line into 3 + 5+ 4 = 12 equal divisions, mark
off 3,5, and 4 units and construct the triangle.

.
- w AN
™,
N
A\
|
LA K L 8
| + | \
e S 3 Y i
; — " 1
T |
it \
d.-_h.,_hx-& .
127
Fig. P5.2
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Problem 3

Twolines AB and BC of any length have an included angle of
1107, Draw an are of radius 25 mm tangential to these lines.
Solution: See Fig. P5.3.

25

Fig. P5.3

Problem 4

Draw an arc of radius 80 mm such that two circles of radii
30 mm and 20 mm are touching this arc intemally. The
centres of circles are at o distance of 70 mm. Also mark the
points of tangency.

Selution: See Fig. P54,

RBO-30
.

Fig. P5.4
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Problem 5

Draw an arc of radius 70 mm tangential externally to a circle
of radius 20 mm and internally to another circle of radius
30 mm. The centres of the two circles are 60 mm apant, Also

mark the points of tangency.
Solution: See Fig. P3.5.

Fig. P5.5

Problem 6

Twao circles of equal radii 20 mm are located 96 mm apart.

Draw external and internal tangents to these circles.
Solution: Sec Fig. P5.6.

External tangent—

RZO =~ — Y N, T2

.‘ /”_.. : : N )[‘. / )

Tz w1

Ay
-
Internal tangent—" )K

[ — 98
Fig. P5.6
Problem 7

Two pulleys of diameter 20 cm and 40 cm are connected by a
flat belt in open system. Draw a line diagram of the system.
The distance between the centres is equal to 160 cm and the

line joining the centres is vertical,
Solution: See Fig. P5.7.

Problems and Solutions

Fig. P5.7

Problem 8
Construct the following regular polygons on an edge AB
equal to 40 mm.
(i) Square,

(1) Pentagon,

(iii) Hexagon,

(iv) Heptagon, and

{v) Octagon.
Solution: See Fig, P5.8.

Fig. P5.8
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Problem 9

Draw three circles K, L and M with radii 30 mm. 20 mm and
15 mm respectively, such that they are touching each other
and the line joining the centres of K and L is honzontal.
Selution: See Fig. P5.9.

R15

Fig. P5.9

Problem 10

Draw a circle of 100 mm diameter and construct four equal
cireles in it, each touching the given circle and two other
circles,

Solution: See Fig. P5.10.

Help: Divide the circle radially into four and complete the
triangle OAC, such that angle AOC equal to 360°/8 = 45°,
Draw the triangular bisector AP to get the point P, the centre
of the small circle and PC. the radius of the circle.

Fig. P5.10

Problem 11
Construct a pentagon of 20 mm side and draw five circles of

315

equal diameter. each totouch one side of the polygon and two
of the other cireles extemally.

Solurion: See Fig. P5.11.

Help: Construet the polygon and extent OA to P outside.
Draw the angular bisector of angle PAB to intersect the
perpendicular OM produced at Q. Point Q is the centre and
QM is the radius of one of the five circles.

Fig. P5.11

Problem 12

Centre lines of two metre-gauge railway tracks are at a
distance of 5 m. It is required to connect them by an ogee
curve starting from a point A on the first track to the point B
on the second track such that the straight line distance AB is
equal to 14 m. The point of tangency of the two curves is
located 6 m from A. Draw the centre line and the railway
tracks of the curve to a scale of 1:100. Rerain all the
construction lines,

Solution: See Fig. P5.12.

Fig. P5.12
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20

Senm/i

Fig. P15.3

Fig. P15.4

Problem 5

Draw the development of the lateral surfaces of a square
prism whose front view is shown in the Fig. P15.5(a). The
length of the base side is 30 mm and all the faces are equally
inclined to VP.

Solution: See Fig. P15.5(b)

Problem 6
Construct the pattern for a square to rectangle transformer,

side of top square is 200 mm and size of the rectangle is
440mm x 700 mm. The length is 400 mm. The transformeris
vertical and the centre line passing through the geometrical
centres of the square and the rectangle is also vertical. In the
top view, the diagonals of the square top are perpendicular to
the sides of the rectangle.

Solution: See Fig. P15.6.
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Fig. P15.6
Problem 7 Problem 9

Draw the development of the lateral surface of the cylinder
cut as shown in Fig. P15.7(a).
Solution: See Fig. P15.7(b).

Problem 8

Draw the develop of. with a portion of a square
hole on its surface shown in Fig. P15.8(a).

Solurion: See Fig. P15.8(b).

Draw the development of one half of the transition piece
about the line of symmetry, shown in Fig. P15.9(a).
Solurion: See Fig. P15.9(h).

Problem 10
Draw the de
Fig. P15.10{a).
Solucion: See Fig. P15.10(b).

Help: The complete pattern is formed by 12 triangles.

1 of the

piece, shown in
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0]

Fig. P15.10{b)
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-
3
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Fig. P15.12

¢384
e -

8 = 360 (o'p'/ae)™
o

Fig. P15.13(a) Fig. P15.13(b)

Problem 15
Develop the inside pattern of a 4 piece bent whose front is
given in Fig. P15.15(a). Layout the picces in order to cut
them to a minimum size of sheet.
Solution: See Fig. P15.15(b).

Problem 14

Figure P15.14(a) gives the pictonial view of a funnel. Draw
the complete development of it.
Solution: Sec Fig. P15.14(b).
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Problem 2

A cylindrical slab, 60 mm in diameter and 16 mm thick, is
surmounted by a cube of 30 mm side. On the wp of the cube
rests a square pyramid of altitude 30 mm and side of base
24 mm. The axes of the solids are in the same straight line.
Draw the i ie view of the of the solids.
Solution: See Fig. P16.2.

30

Problem 3

A hemisphere of diameter 60 mm is resting on the ground
with its flat surface facing upwards. A square pyramid,
having side of base 30 mm and axis 40 mm, is resting on its
base centrally on the top of the hemisphere. Draw the
isometric projection of the solids.

Solurion: See Fig. P16.3.

Problem 4

A hollow square prism, standing upright, has outside faces
measuring 50 mm x40 mm high. four inside faces measuring
40 mm * 40 mm high. A hemisphere of radius 26 mm is
resting with its curved surface on the prism and flat face

325

B

Fig. P16.3

horizomal.  Draw  the  isometric
combination.
Solution: See Fig. P16.4.

Help: Draw the front view of the combination and find the
height L. Draw the isometric projection using isometric
lengths and construct the circle for sphere using the true
radius = 26 mm.

projection  of  the

Fig. P16.4

Problem 5

A hollow cylinder of inside diameter 20 mm, outside
diameter 40 mm and 65 mm long is resting centrally with its
axis honzontal on a block, 65 mm square and 16 mm thick.
Draw an isometric projection of this setup. Use isometric
scalke.

Selution: See Fig, P16.5,
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Fig. P16.5

Problem 6

A waste paper basket is in the form of a frustum of a
hexagonal pyramid with base 90 mm side and top 150 mm
side. Draw the isometric view of the basket, if the height is
200 mm.

Solution: See Fig. P1o.6.

Fig. P16.6

Problems and Solutions

Problem 7

Figure Fig. P16.7(a) gives the multiview projection of a tray,
Draw the isometric view of the tray.
Solurion: See Fig. P16.7(b).

G40

AB0
3z0

Fig. P16.7(a)
P LN

Fig. P16.7(b)

Problem 8
Draw the isometric view of the steps given in Fig. P16.8(a).

. Need not dimension the figure.

Solution: Sce Fig. P16.8(b).

Problem 9

Draw the isometric view of the pin support shown in
Fig. P16.9(a).
Solution: See Fig. P16.9(b).

Problem 10

Orthographic view of a clamp is given Fig. P16.10(a). Draw
its isometric view. Need not dimension the figure.
Solution: See Fig. P16.1(0{b).

Downloaded from Ktunotes.in


http://ktunotes.in/

Problems and Solutions 327

wie0,_,
L
(=]

—t0 300

Fig. P16.8(a)

Fig. P16.10{a) Fig. P16.10(b)

Problem 11
A cone of base diameter 60 mmand height 70 mmiscutbya  Sofution: See Fig. P16.11.
plane inclined at 307 1o HP and bisecting the axis. Draw the

H N . Help : Draw the top and front views of the sectioned cone and
isometric view of the cone, showing the cut-surface.

construct the isometric view by box method.
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0 16,
L
=1
35 P ]
16
Fig. P16.13(a) Fig. P16.13({b)
e
I\/ T
= '
|
36 IR T—
1B
TN
Fig. P16.14{a) Fig. P16.14{b)
LR b
o
i
36 A —
Fig. P16.15(a) Fig. P16.15(b)
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Fig. P16.16(a) Fig. P16.16(b)

A A A 2_1-.2.1-.?‘-
] [ 7]
|
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CHAPTER 1%: MULTIVIEW PROJECTION OF
OBJECTS

Draw the orhtographic views of the engineering objects 10 P19.8. View the objects in the direction of arrow marked
as per the instructions given along with the Figs. PI9.]  with F. Name the views and dimension them as per B1S.

e ] 5
A

60

Draw: Elevelion =
Laft side view

Elevation Lett slde view

Fig. P19.1{a) A machine parl. Fig. P19.1{b) A machine part.

- - H i T
- L | ' |
"_,1""\5 - | : O i
| 1 T |
i i . H
& e i
| |

4 i

Left side viaw
" r -
=" Draw: Elevation .
an
Left side view Fian

Fig. P19.2(a) A machine part. Fig. P19.2(b) A machine part.

Downloaded from Ktunotes.in


http://ktunotes.in/

Problems and Solutions 333

Elavation Lefl side view
- I
» Draw: Elevation -1 o
. - Flan == - - |
. Left side view Flan
Fig. P19.5(a) A rod suppaort. Fig. P19.5{(b) A rod support.

A
o
1

h

Oraw: Elevation
Plan
Left sida view

Flan

Fig. P19.6(a} End bracket Fig. P18.6(b} End bracket.
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'y Y I
= i rryo
Elavation Left side view

o ! !

T )

i | I

Draw: Elevation (=3 ' |

Plan . . i
Laft side view Flan

Fig. P18.7{a) Rod support. Fig. P19.7(b) Rod suppor.

Elevation Left side view

T i | —
., Craw: Elevalion i
L g Plan 1 |
Plan

- Left side vlaw

Fig. P19.8(a) Bracket. Fig. P19.8(b) Bracket.
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Dimensioning

Question 1

Read the dimensioned drawing as shown inFig. 1(a). Redraw
the figure and dimension as per BIS. (1995)

25

80

Fig. 1(a)

Answer: See Fig. 1(b).

25

kRIS

Fig. 1(b)

Question 2
Read the dimensional drawing as shown in Fig. 2(a). Redraw
the figure and di ion as per Indian ]

(1995)

-

Fig. 2(a)
Answer: See Fig. 2{b).
85
¢E0
! | S
i ’
® 8 I 3 =
[ i
] ,
L '
11 |
b2 |
112 |
Fig. 2(b)
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Question 3 Answer: See Fig. 4(b).
Read the dimensioned drawing shown in the Fig. 3(a).

Redraw the figure to full size and dimension it as per Indian
Standards. (1995) 2
&
»
i
N E 1Y
40 60
140
Fig. 4{b)
Angwer: See Fig. 3(b). Question §
Read di ioned drawing sh in Fig. 5(a) and redraw the
same to full size and dimension it as per Indian Standards.
(1996)
Fig. 3(b)
Answer: See Fig. 5(b).
Question 4 .
Read the dimensioned drawing shown in the Fig. 4(a). ——-0—-|
Redraw the figure to full size and dimension it as per Indian } i _/ i
Standards. (1995) al 20 ¥
O Y

=)
a4
<
o
=l
la
]
30
~
{=]
&0

140

Fig. 4{a)
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Question 6
Read the dimensional drawing shown in Fig. 6(a) and redraw
b 1o full size and di 1on it as per Indian Standards.
(1997)
m,aszn
| @ N /
Fg L o&m i
ok o Fig.7
0 1B 20 ?
40 |F Question 8
;i Draw an arc of radius 30 mm tangential to a circle of radius
] d“vf‘ U"I 16 45 mm and passing through a point at a distance of 80 mm
A e 1L from the centre of the circle.
Fig. 6(a) Answer: See Fig. 8. (1998)

Answer: See Fig. 6(b).

~

| a

1

‘ 20 =1

o4
Ixalt
~ |
220 | Question 9
Tao | Find the approximate length of the circumfrence of a circle of
- radius 45 mm by geomeirical method.
Fig. 6(b) Answer: See Fig. 9. (2004)
G PR .
Question 7
Draw the layout of a octagonal garden yard on an available
open space of 6 m X 6 m.
Answer: See Fig .7, (1997)
AT ' sxa=1352 8
Answar:
Circumferance L=141.4
Fig.9
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Miscellaneous Curves

Question 10
Draw an involute of a pentagon of side 20 mm.

Answer; See Fig. 10, (1998)

Fig. 10

Question 11
Draw the involute of a heptagon of 15 mm side and draw a
tangent and a normal at any point P on the involute.
Answer: See Fig. 11.

(2003)

Tangent

Invalute

15%x7=105__

Fig. 11

Projections of Points

Question 12

Draw the projections of the following points:

Point A is 2 cm in front of VP and 4em below HP.
Point B is 3 cm behind VP and 5em below HP.
Point C is in the VP and 3 cm above HP.

Point D is in both HP and VP.

ol ol ol o

Selected Polytechnic Examination Questions and Answers

Answer: Sec Fig. 12, (1998)

Fig. 12

Projections of Straight Lines

Question 13
A line AB is 60 mm long, A is 30 mm above the HP and
10 mm in front of the VP. The line is inclined at 40° to the
HP. The plan is inclined at 25° to XY. Draw the plan and
elevation of the line and find its traces und inclination to the
VE.

(19935)
Answer: See Fig. 13.

e
*an
. al
ci | E
< -——-J— L
VT L= 245¢
Fig. 13

Queestion 14
The end C of the line CD (90 mm long) is 15 mm in front of
VPand 35 mmbelow HP. The end Dis also 35 mm below HP
but 40 mm behind VP.

1. Draw the projections of the line CD.

2. Mark the traces.

3. At what distance from the end C. the line CD

penetrates VP. (1995)

Answer: See Fig. 14.
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=
T
{
||\
- YU s
// 4
vi” |8 |
HTP/ i
T

Answer; ¢ =19
Fig. 14

Question 15
A line AB 70 mm long, has its end A in HP and end B in VP.
The line is inclined ar 45° to the HP and 407 to the VP. Draw
its projections when the line lies in first quadrant.

(1997)
Answer: See Fig. 15.

Fig. 15

Question 16
A straight line AB is inclined to both the reference planes,
point A is 15 mm behind VP and 20 mm below HP point B is

319

30 mm behind VP and 20 mm above HP. The projections of
A and B are 40 mm apart. Draw the top view and front views
of the line.

Answer: See Fig. 16, (1999)

Fig. 16

Question 17

Aline AB is 80 mm long. End A is in the HP and is 20 mm in
front of VP. The line is inclined at 457 to HP and 30° o VP.
Draw the projection and measure their inclinations with xy
line.

Answer: Similar to Fig. 17. (1999)

Answar: /
/
w = 55 S SR
\“‘rf
Fig. 17
Question 18

Aline AB is inclined to both reference planes. Point A is 10
mm behind VP and 20 mm below HP. Point B is 25 mm
behind VP and 40 mm below HP. The distance between A
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and B along xy is 50 mm. Determine the true length and true
inclinations of the line with reference planes.

Answer: Sec Fig. 18. (2000}

Answar:
8 = 18°
¢ =21
TL= 56
Fig. 18

Projections of Plane Figures

Question 19

Draw the projections of a regular hexagonal lamina of 25 mm
side. The lamina is resting on the vertical plane on one of its
sides and the lamina is parallel and at a distance of 25 mm
above HP,

Answer: See Fig. 19. (2000)

o b o

25

25
Fig. 19

Selected Polytechnic Examination Questions and Answers

Question 20

Draw the plan and elevation of an octagonal lamina of side
20 mm. The lamina is resting on HP with one of its comers at
a distance of 30 mm. from the VP and parallel to it.

Answer: See Fig. 20. (2000)
o
d i
\
¢ g
w/k\ )Rﬁ
/- vl
I P -
¢ pd o g
Fig. 20

Question 21

A regular pentagonal lamina of side 30 mm is resting on the
vertical plane, 30 mm above HP, on one of its side and is
parallel to HP. Draw its projections.

Answer: See Fig. 21. {2003)

a" b e, o

C]
Fig. 21

Projections of Solids

Question 22

A square pyramid having base 45 mm sides and axis 75 mm

long is lying on the ground at an inclination of 20° to the VP

on one of its faces. Draw its projections on the HP and VP.
(1995)

Answer: See Fig, 22,
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Question 26
A hexagonal prism of side 35 mm and height 75 mm axis
length, lics with one of its rectangular faces on the HP with its
axis inclined at 30° to the VP. A vertical section plane,
parallel to VP cuts the axis at a distance of 10 mm from the
end away from VP, Draw its plan and true shape of section.
(1997)
Answer: See Fig. 26.

Selected Polytechnic Examination Questions and Answers

Question 27

A pentagonal pyramid, side of base 30 mm and height 65 mm
rests on its base on the HP with one of its base edge
perpendicular to VP. An auxiliary inclined plane (AIP)
inclined to HP at angle of 45° cuts the pyramid bisecting its
axis, Draw the elevation, sectional plan and true shape of the
section.

Answer: See Fig. 27. (1998)

Y

Fig. 27

Question 28
Onthographic views of an object are given in Fig. 28(a).
Draw the following sectional views:

1. Sectional elevation, when the section plane passes

through “XX" (HT).
Oy
/)

Fig. 28(a)
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2. Sectional plan, when the section plane passes
through “YY™ (VT).
Answer: See Fig. 28(b). (2003)
Oy
yd

Flg. 28(b)

Development of Surfaces

Question 29

A cone of base diameter 60 mm and height 70 mm is resting
on its base on the ground. It is cut by a horizontal plane at a
distance of 15 mm from the vertex. [t is also cut by a plane
inclined at 40° to the base and meeting the axis at a point
15 mm above the base. Draw the development of the lateral
surface of the cut cone. (1996)
Answer: See Fig, 29,

Question 30

Develop the inside pattern of measuring can as shown in
Fig. 30(a). (1997)
Answer: See Fig. 30(b).

Question 31

A square pyramid of base side 40 mm and axis 75 mmrests on
the ground with two of its adgca perpendicular to VP. Itis cut
by a cutting plane perp larto VP and inclined at 60° to
the HP. The cutting plane passes through a point 30 mm
below the vertex on the axis. Draw the development of the
lateral surface of the pyramid below the cutting plane.
Answer: See Fig. 31. (1999)

343

Fig. 30(2)

Fig. 30(b)
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Fig. 33{a)
Answer: See Fig, 33(b).
Isometric Projection " g
Question 32 16 42 20
A square slabof 60 ide and 15 mmheight is d i
by another square slab of 45 mm side and 24 mm height. On !
its top a right circular cone of diameter 40 mm and height i
60mm is placed. The axis of the solids are in a same vertical e s ot LT i =
line. Draw the isometric view of the solids in position. T
Answer: See Fig. 32. (1995) a 9
100 1q
20
Fig. 33(b}
Question 34
Figure 34(a) shows the orthographic projections of an object.
Draw the isometric view to full scale.
(1996)
-
— 3
Fig. 32 9‘ I
Question 33 ] 1
Figure 33(a) shows the orthographic prajections of an object. 0 Lile]
Draw the isometric view to full scale. 1
(1995) 5!{
=0 50 i
Fig. 34{a)

Downloaded from Ktunotes.in


http://ktunotes.in/

Selected Polytechnic Examination Questions and Answers

Answer: Sce Fig. 34(b).

Fig. 34(b)
Question 35

Figure 35(a) shows the orthographic projection of an object.

Draw the isometric view to full size.

(1998)

) Sxg2l
| :-’2_&:: [ IH@;:
T
1 - I
GO}
[ -
Fig. 35{a)

Answer: See Fig. 35(b).

Fig. 35(b)

Question 36
Orthographic views of a block are

?

in Fig. 36(a). Draw its

isometric view. Dimensioning is not necessary.

Answer: See Fig. 36(b).
Question 37

(1999)

Figure 37(a) shows the orthographic projections of an object.
Draw its isometric view, to full scale.

(1999)

-

1300

X .___'_.,]

750

Fig. 36(a)

345

60

[1¢]

Fig. 37{a)
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Answer: See Fig. 37(b).

Fig. 37(b)
Question 38

Selected Polytechnic Examination Questions and Answers

Orthographic view of an object is shown in Fig. 38(a). Draw

the isometric view.

28,

50
)

2 —

i

Fig. 38(a)
Answer: See Fig. 38(b).

Fig. 33{b)

(2001)

Question 39
Figure 3%(a) shows the orthographic views. Draw the
isometric view. (2001}
20 76
:
7
I a0
1 i
] | 8|
H \
Fig. 38(a)
Answer: See Fig. 39(b).
Fig. 39(b}
Obligque Projection
Question 40

Orthographic views of an object are shown in Fig. 40(a).
Draw the cavalier oblique drawing, Take receding axis at45°
to the horizontal, sloping upwards to the right.

(1995)

150
100

130
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3holes ¢16

Fliu- 43(a)

Answer: See Fig. 43(b).

Fig. 43(b)

Question 44

Draw the cavalier oblique view of the hinge shown in

Fig. 44(a).
Answer: See Fig. 44(b).

(1998)

Fig. 44(b)

Question 45

Orthographic views of a block are shown in Fig. 45(a). Draw
the cavalier oblique view taking the receding axis inclined at
30° to the horizontal sloping upwards to the right

Dimensioning is not necessary. (1999)
Ri& E1t] 46

" 2 [
r30/ 01_ .......
alagl, 3o | | 40
Front view Lefl side view
Fig. 45(a)
Answer: See Fig. 45(b).
|
Fig. 45(b)
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Muitiview Projection of Objects

Question 46
Figure 46(a) shows a pictorial view of a cast iron machine
block. Draw its front and right side views.

(1996)

e

T
Fig. 46{a)

Lo
A '“‘::‘do.

Answer: See Fig. 46(b).

Fig. 46(b)

Question 47
The isometric view of a block is shown in Fig. 47{a). Draw
the following:

349

(a) Elevation looking in the direction of arrow X,
(b) Plan, and
(¢)  Side view looking from right side.

Answer: See Fig. 47(b). (1998)

Ny Ry
. _5 4_}_\’1'
Fig. 47{a)

M,
—

Fig. 47(b)

Question 48
Pictorial view of a wall bracket is shown in Fig. 48(a). Draw
the following views:

(a) Front view in the direction of F,

(b) Right side end view, and

(c) Top view.

Show the principal dimensions. (1998)
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Fig. 48(b)

Question 49
Pictorial view of an object is shown in Fig. 4%(a). Draw the
following views:
(a) Front view in the direction of F,
(b)  Left side end view, and
(c) Top view.
Show the principle dimensions.

Answer: See Fig. 49(b). (1998)

Selected Polytechnic Examination Questions and Answers

Question 50
Isometric drawing of a block is shown in Fig. 50(a). Draw:
(i) Front view in the direction F,
(i1) Top view and

(iii) Right side view. (1999)

Fig. 50{a)
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Annwer: See Fig. S0(b). Answer: See Fig, 51(b).

?

i

Fig. 50(b) L] | —

Fig. 51(b)

Question 51

Figure 51{a} shows the pictorial view of an engineering  Auxiliary View of Objects
component. Draw the following views to full size.

(a) Elevation from the arrow side. Q"‘S;"i““ 52_ . ) o
(b} Plan. The isometric view of a block is shown in Fig. 52(a). Draw
2 A vk the following:
Right side . 1999
(€) Rightside view ( ) (a) Elevation looking in the direction of arrow X,
(b) Plan, and
(¢)  Auxiliary view parallel 1o the inclined surface.

(1998)

Fig. s1¢a)

Fig. 52{a)
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Answer: See Fig. 52(b). Answer: See Fig. 53(b).
Bt
i
I = SECTION 88
. ! vl
A —— —— |T&
Hl
1 Fig. 53(b)
Question 54
Fig. 52(b) Figure 54(a) shows a set of orthographic views of an object.
g Draw to full size:
1. Sectional front view, and
Sectional Views of Objects 2. Side view from the left. (1997)
Question 53

Figure 53(a) shows a pictorial view of an object. Draw the

following views:
1. Sectional elevation ( section through AA).
2. Plan. * o
")
3. Sectional end view (section through BB). o
(1996) -~ 1 15
W
K]

F
Fig. 54(a)
Answer: See Fig. 54(b).
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Question 55 Answer: See Fig. 55(b).
Figure 55(a) shows a set of orthographic views of an object.
Draw to full size:

¢ Z
1. Sectional front view, and - ¢“¢L |
ide view e left. ﬂ/ / i | e
2 Side iew from he e 1999 w% o

Fig. 55(b)

L

Fig. 55{a}
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Dimensioning

Geometrical Constructions

Question 1 Question 3
Read the dimensioned slider plate drawing shown in Fig. 1. Construct a hepragon of side Tength 43 mm and inscribe ina
Redraw the figure and dimension as per LS. circle. (2005)
200 Question 4
6 - Draw a common internal tangent 1o two circles of diameter
70 mm and 30 mm whose centres are 90 mm apart.
— (2006)
450475 -
! N - Question 5
T = Inscabe a regular heptagon in a circle of 100 mm diameter.
8] ao0n)
L P Rl T Question 6
R 20 ! Draw the lay outof adrawing sheet for class work and the title
T | block as per standard dimensions. (2007)
| Q 7
112
Inscribe aregular pentagon in a circle where the length of one
Fig.1 side is equal to 25 mm. {2007)
Question 2 Question 8

Read the given dimensioned drawing (Fig. 2) and redraw it to
full size. Dimension the figure as per BIS.
(2008)

489 |

Ass

A circle of diameter 50 mm is drawn and inscribe a regular

pentagon with in the circle. (2007)

Question 9

Draw a regular heptagon of side 25 mm by general method.
(2008)

Conic Sections

Question H
A rhombus of side 80 mm is formed with major and minor
axes as diagonals. The eccentricity is (.6. Construct the
ellipse by intersecting arcs method.

(2005)
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Question 11
The transverse axis and distance between foci is 50 mm and
90 mmrespeetively. Draw one branch of hyperbola and mark
the directrix and asympiotes.

(2005)
Question 12
Construct an ellipse having major and minor axis in the ratio
of 3:2, when major axis is 135 mm, by concentric circles
method. (2006)
Question 13
A curve of eceentricity 2/3 has its focus at distance of 60 mm
from the directrix. Draw the curve and name it Also draw a
tangent and normal to the curve through any point on the
curve. (2008)

Miscellaneous Curves

Model Polytechnic Examination Questions

(iv) PointDis 15 mm below the HP and 35 mm in front
of the VP, (2006)
Question 19
Draw the projections of the following points:
(i) Point A is 25 mm in front of VP and 20 mm above
HP
(ii) Point B is 30 mm below HP and 40 mm behind VP
(iii) Point C is 10 mm above HP and 30 mm behind VP
(iv) Point D is 15 mm below HP and 20 mm in front of

\E'P
{v) Point E is in the HP and 25 mm in front of VP.
{2007)
Question 20

Orthographic projections of points PQRST are shown in
Fig. 3. Read the views and state their positions with respect to
HP and VP.

(2007)
Question 14
Draw the involute of a circle having diameter 50 mm. Draw #
tangent and normal to it 100 mm away from the centre of the
circle. (2005)
Question 15 e q
Draw a helix for one revolution on a cylinder of di 60 T p | v
mm, height 72 mm and pitch 72 mm.
(2006) 2 0|
Question 16
Draw an involute of a square of side 25 mm. P a'
(2008)
Fig. 3
Projections of Points Question 21
d Draw projections of the following points on a common xy
Question 17 line. Take the di t the as 25 mm.

Draw the projections of the following points:

1. Point*A’ is 20 mm below HP, 20 mmin frontof VP
2. Point ‘B" is 30 mm behind VP, 30 mm above HP
3. Point ‘C" is on VP, 20 mm below HP
4. Point ‘D’ is on reference line
5. Point "E" is on HP, 20 mm behind VP.
(2005)
Question 18

Draw the projections of the following points:
(i) Point A is 30 mm above the HP and 20 mm in front
of the VP
{ii) Point B is 30 mm below the HP and 30 mm behind
the VP
(iii) Point Cis 30 mm above the HP and 15 mm behind
the VP

(i) Point A 20 mm above HP and 40 mm in front of VP
{ii) Point B 35 mm below HP and 45 mm in front of VP
(iii) Point C 15 mm behind VP and 40 mm below HP
(iv) Point D 50 mm above HP and 20 mm behind V.
(¥} Point E 55 mm below HP on VP.
(2008)

Projections of Straight Lines
Question 22

The front view of a line MN has points m” and a” are 20 mm
and 60 mm above the xy line, the plan has points # and n, 50
mm & 20 mm below the xy line. The distance between the
projectors is 70 mm. Find the true length and true inclinations
of the line to reference planes. (2005)
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Question 23
An 80 mm long line AB is 20 mm above HP and parallel w
HP. The end A is in II quadrant and 25 mm behind VP. The
other end ‘B is in [ quadrant and 35mm in front of VP, Find
the vertical trace and draw the projections.
(2005)
Question 24
A line RS is 35 degrees inclined to HP and 45 degrees 1o VP
end R is in HP and 30 mm behind VP. If this 75 mm long line
is in IT quad) draw the projecti (2005)
Question 25
The length of elevation of a line PQ which is parailel to the
HP and inclined at 20 degrees to the VP is 60 mm. The end P
of the line is 20 mm in front of the VP and 25 mm above the
HP. Draw the projections of the line and find its true length.
(2006)

Question 26
The length of the top view of the line AB is parallel to the VP
and inclined at 45 degrees to the HP is 50 mm. One end of the
line is 12 mm above the HP and 25 mm in front of the VP.
Draw the projections of the line and determine its true length.
Also locate its traces, {2006)
Question 27
Aline CD is inclined at 45 degrees to VP and is contained in
HP. The end C is 16mm in front of VP. If the true length of
CD is 50 mm. draw the projections of the line.

(2007)
Question 28
A line AB measuring 70 mm has its end A 15 mm in front of
VP and 20 mm above HP. End B is 60 mm in front of VP and
50 mm above HP. Draw the projections of the line and find
the inclinations of the line with reference to both planes of
projections. (2007)
Question 29
The front view of a line PQ measures 55 mm. The line is
paralle] to HP and inclined at 307 to VP, The end P is 25 mm
in front of VP and 10mm below HP. Draw the projections of
the line and find its true length. (2008)
Question 30
The end M of a line MN is 20 mm above HP and 30 mm in
front of VP, while the other end N is 60 mm in front of VP.
The line is parallel to HP. Draw the projections of the line
MN and determine its true length and true inclination with
VP, The distance between projectors is 60 mm.

(2008)

Projections of Plane Figures

Question 31
A regular pentagonal lamina of 40 mm side has its plain

357

vertical and inclined at 30 degrees to the VP, Draw its
projections when one of its sides is perpendicular to the HP.
(2006)
Question 32
A regularhexagonal laming of side 30 mm s perpendicularto
HP and inclined at 30° to VP, The lower side of the lamina is
20 mm above HP and the nearest comner is 25 mm in front of
VP. Draw the projections of the lamina. {2008)

Development of Surfaces

Question 33

Developth plete surface of the frust f the cone with
base diameter 65 mm top diameter 30mm with height of
30 mm. (2005)
Question 34

Draw the development of 90 degrees two piece elbow with
pipe diameter 60 mm and edge height 70 mm.

{2005)
Question 35
Draw the complete development of a bucket shown in
Fig. 4. (2006)
_e240
30]
Fig. 4
Question 36
Draw the development of an elbow shown in Fig. 5.
(2006)
&0
2 A
-
B
] A4
al '\I\&
i .
.50 |
Fig. 5
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Question 37
Draw the complete development of an elbow shown in
Fig. 6. (2007)
an
i
A A
N
T
B
8| an
i 4._\
#50 ¢
Fig. 6
Question 38
Draw the development of the elbow shown in Fig. 7
(2008)
- S0
T T
-— g
b
2 1
let25 |
Fig. 7
Question 39
Druw development of a funnel shown in Fig. 8.
(2008)

e
Fig. 8
Isometric Projection

Question 40
Awaste basket in the form of a frustum of hexagonal pyramid

Model Polytechnic Examination Questions

with base 100 mm side and top 150 mm side. If the height is

200 mm, draw the isometric projection of the basket.
(2005)

Question 41

Orthographic views of an object is shown in Fig. 9. Draw the

isometric view and mark all dimensions.

(2006)
S P
b
i 45
|
sy _ 18l 15
Fig. 9
Question 42
Draw toi ic view of the onthographic projection shown
(2007)
40

.E }_L
!_]-;_I 6], 0

Fig. 10

Question 43
Draw isometric view of a cylinder of diameter 75 mm and

height 100 mm. (2008)
Question 44
Draw isometric view of the object shown in Fig. 11.

(2008)
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15 40
I
al
1
4]
m; _________
i
- 45 o - 45 -
[]
)
1
nl.
- Question 47
I Draw the oblique cavalier view from the orthographic views
© | in Fig. 14. (2007)
i
Fig. 11
Oblique Projection
Question 45
Draw the cavalier obligue projection of the object with the
given orthographic view as shown in Fig 12, Receding axis
inclination is 43 degrees. (2005)
| 44
1 P~
2
A 1
| ! [ T
20 32
s ol i
T 1 T = | I
i ) )
i i {
- ! : L &0 il
H [ |
] : i Fig. 14
AL
Multiview Projection of Objects
Fig. 12 Question 48
. Figure 15 shows the isometric view of an object. Draw the
Question 46 - somer ot L
Draw the oblique projection of the object shown in Fig. 13by following W‘hugmpﬁ"' views 'f“d “.mk the dimensions:
. T - R  t 1. Front looking from direction F
cavaliermethod with gaxis inclined at & .
(2006) 2. Top view
3. Leftside view. (2005)
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50
Figure 17 shows the isometric view of an object. Draw the
following views and mark all the dimensions:
1. Sectional elevation from direction F
2. Leftside view
3. Plan. (2005)

Fig. 15

Question 49
Figure 16 shows the isometric view of an object. Draw the
following views and mark all the dimensions:
1. Elevation from direction F Fig. 17
2. Leftside view
3. Plan. (2005)  Question 51
Figure 18 shows the pictorial view of an object. Draw the
following orthographic views and mark all dimensions:
(i) Font view looking from the direction F
(i) Top view and
(iii) Right side view. {2006)
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Abscissa, 51
Angularperspective, 215
Archimedian spiral, 29
Amow head shape, 30
Awuxiliary view
classification, 259
ofobjects, 238-262

B1S.8
Blank sheet for drawing, 295

Cabinet oblique projection, 223
CAD, 3=4

Cavalieroblique projection, 222
Clutchpencil, 7

Code of practice, IS0 and BIS, §
Command window, 292
Compass, &

Computer sided drafting, 283-307
‘Conic sections, 3560

Cycloid, 72-74

Development of objects, 156
Development of sectioned solids, 177
Developmentof solids withhole, 181
Development of spheres, LER
Developmentof surfaces, 171191
Development of transition pieces, 154
Diagonal scale, 83
DIM commands, 305
Dimensioning, 29=38
Dimensioaing

methiod- |, 31

method-2,33

rules, 35
Display commands, 303
Drafting practice, 15
Draw commands, 205
Drawing board. 4
Drawing pencils. 4

Index

Drawing sheel, folding, 11=14
Drawing sheetsize, L1

Edit functions, 289
Ellipse, 3862
Epicycloid, 74

Fillets, 25

First angle projection. 95, 243
Free hand dralting, 23-27
Full sectional views, 329
Function keys, 244

General oblique projection, 223
Geomedric shapes, 44
Geometrical constructions, 43=52
Graphic instruments, 4=
Graphic language, 3
Graphicscreen, 291

Halfsectional views, 276
Hardware for CAD, 284
Hatching, 156

Hatching patterns, 279
Helix, B1=82

Heptagon construction, 49
Hexagon construction, 49
Horizontal plane, 94
Hyperbola, 66-£9

150, 8

Instrument box. 3=0

Intersection of cylinderincone, 148
Intersection of cylinders, 166
Imersection of prisms, L6
Inersection ofsurfaces, Li3-169
Involutes, I6=T5

Isometricaxes, 203
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Tsometric circle (Ellipse), 204
Tsametric projection, 199=215
Tstumetric scule, 200
lsormetric view
box method, 201
woondinate method, 202
oluhjects. 214
ol sectioned solids, 210
ofsolids, 205

Lamina
hexagonal, 123
pemtagonal, 128
Layers, 280
Leadertine, 30
Letterstencil, &
Lettering, L18=21
Line thickness (Widih), 10
Linctypes, 8=11
Logarithmic spiral, 80
Lune method, 187

Meihod- | dimensioning, 31
Method-| dimensioning, 32
Minidrafter. 4-5
Miscelioncous curves, 71=81
Modify commands, 30]
Multiview projection, 9394
ofohects, 241-253
symbaols, 36

Ohject snap, A4
Obligue projection. 22 =227
ofobjects, 226
of solids, 224
Obligue line, projection, | 15-124
Octagon construction, 50
Oetants, 04, 222
Ogee(reverse)curves, 52
Ondinae, 51
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Onographicprojection, 34, 241

Parabola. 62-67

Parallel perspective, 234

Pentagonconstruction. 49, 128

Perspective projection, 231=2%7
classification, 231

Plainscale, 85

Printer plotting of drawings, 36

Polyhedra, 135

Profileplane, 94

Projections of lines, 106124

Projectians of plane figures, 127=115

Projections of points, 23-104
Projections of solids, [37-153

Cuiadrants, 94

Rouleties, 11

Reference planes, 34-96

Scaleof chords. 88

Scales, 11,8488

Section planes, L6

Sectional views
classification, 274
ofabjects, 273=279

Sections of solids, 155-1159

T-square, §

“Third angle projection, 95, 244
Titleblock. 11,14

Tool bars, 202
Tracesofaline, 112, 124

Trochoids, 73
True length and inclinations, [22
“True shape of section, 157

Usercoordinate system, 2B5

Vanishing point method, 235
Vemnierscale, 86

Vertical plane, 84

Visual ray method, 233
Visualization of objects, 265-271
Visualization of principal planes, 98

Warld coordinate system, 288

Zone methodof development, 188
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Engineering
Graphics sor

Diploma K.C. John

This book provides a detailed study of geometrical drawing through simple and well-explained worked-out
examples and exercises. This book is designed for students of first year Engineering Diploma course, irrespective
of their branches of study.

The book is divided into seven modules. Module A covers the fund. Is of manual drafting, | ing, freek
sketching and dimensioning of views. Module B describes two-dimensional drawings like geometrical
constructions, conics, miscellaneous curves and scales. Three-dimensional drawings, such as projections of points,
lines, plane lamina, geometrical solids and their different sections are well-explained in Module C. Module D deals
with intersection of surfaces and their developments. Drawing of pictorial views is illustrated in Module E, which
includes isometric projection, oblique projection and perspective projections. The fundamentals of machine
drawing are covered in Module F. Finally, in Module G, the book introduces computer-aided drafting (CAD) to
make the readers familiar with the state-of-the-art techniques of drafting.

KEY FEATURES

=+ Foliows the International Standard Organization (150) code of practice for drawing

=+ Includes a large number of dimensioned illustrations, worked-out examples, and Polytechnic questions and
answers.to explain the geometrical drawing process,

=+ Contains chapter-end exercises to help students develop their drawing skills

THE AUTHOR

K.C. John is Professor and Head, Department of Mechanical Engineering, Jyothi Eng ing College,
Cheruthuruthy, Thrissur, Kerala. He has more than 34 years of teaching experience in India and abroad. Professor
John is a fellow member of The Institution of Engineers {India) and Indian Society for Technical Education {ISTE)
He has authored several books, including Textbook of Machine Drawing and Engineering Grophics for Degree
both published by PHI Learning.
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