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DEPARTMENT VISION

Producing internationally competitive Mechanical Engineers with social responsibility &
sustainable employability through viable strategies as well as competent exposure oriented quality

education.
DEPARTMENT MISSION

Imparting high impact education by providing conductive teaching learning environment.
Fostering effective modes of continuous learning process with moral & ethical values.
Enhancing leadership qualities with social commitment, professional attitude, unity, team
spirit & communication skill.

Introducing the present scenario in research & development through collaborative efforts

blended with industry & institution.

PROGRAMME EDUCATIONAL OBJECTIVES

PEO1: Graduates shall have strong practical & technical exposures in the field of Mechanical
Engineering & will contribute to the society through innovation & enterprise.

PEO2: Graduates will have the demonstrated ability to analyze, formulate & solve design engineering
/ thermal engineering / materials & manufacturing / design issues & real life problems.

PEO3: Graduates will be capable of pursuing Mechanical Engineering profession with good
communication skills, leadership qualities, team spirit & communication skills.

PEO4: Graduates will sustain an appetite for continuous learning by pursuing higher education &
research in the allied areas of technology.

PROGRAM OUTCOMES (POS)
Engineering Graduates will be able to:

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamentals, and an engineering specialization to the solution of complex engineering
problems.

Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of
mathematics, natural sciences, and engineering sciences.

Design/development of solutions: Design solutions for complex engineering problems
and design system components or processes that meet the specified needs with appropriate
consideration for the public health and safety, and the cultural, societal, and environmental
considerations.

. Conduct investigations of complex problems: Use research-based knowledge and
research methods including design of experiments, analysis and interpretation of data, and
synthesis of the information to provide valid conclusions.
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Modern tool usage: Create, select, and apply appropriate techniques, resources, and
modern engineering and IT tools including prediction and modeling to complex
engineering activities with an understanding of the limitations.

. The engineer and society: Apply reasoning informed by the contextual knowledge to
assess societal, health, safety, legal and cultural issues and the consequent responsibilities
relevant to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional engineering
solutions in societal and environmental contexts, and demonstrate the knowledge of, and
need for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics and responsibilities
and norms of the engineering practice.

Individual and teamwork: Function effectively as an individual, and as a member or
leader in diverse teams, and in multidisciplinary settings.

. Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and
write effective reports and design documentation, make effective presentations, and give
and receive clear instructions.

.Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member
and leader in a team, to manage projects and in multidisciplinary environments.

. Life-long learning: Recognize the need for, and have the preparation and ability to
engage in independent and life-long learning in the broadest context of technological

change.

PROGRAM SPECIFIC OUTCOMES (PSO)

PSO1.: graduates able to apply principles of engineering, basic sciences & analytics including
multi variant calculus & higher order partial differential equations..

PSO2: Graduates able to perform modeling, analyzing, designing & simulating physical
systems, components & processes.

PSO3: Graduates able to work professionally on mechanical systems, thermal systems &
production systems.
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COURSE OUTCOMES

COo1

Able to prepare the orthographic projections of points and straight lines placed in various
quadrants.

CO2

Demonstrate the ability to draw orthographic projections of various solids.

CO3

Ability to draw and interpret the sectioned views & development of solids.

CO4

Obtain multiview projections and solid models of objects using CAD tools.

CO5

Will be confident in preparing the isometric and perspective views of various solids.

CO6

Ability to draw the projections of intersection of solids and perform free hand sketching

MAPPING OF COURSE OUTCOMES WITH PROGRAM OUTCOMES

Note: H-Highly correlated=3, M-Medium correlated=2, L-Less correlated=1
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SYLLABUS

Course No. Course Name L-T-P-Credits Year of Introduction

BE110 *ENGINEERING GRAPHICS 1-1-2-3 2015

%*
As this course is practical oriented, the evaluation is different from other lecture based courses.

Points to note:
(1) End semester examination will be for 50 marks and of 2 hour duration.
(2) End semester exam will include all modules except Module IV.
(3) 100 marks are allotted for internal evaluation: first internal exam 40 marks, second internal exam 40
marks and class exercises 20 marks.
(4) The first internal exam will be based on modules I and II and the second internal exam will be a

practical exam based on Module IV alone.

Course Objectives

To enable the student to be able to effectively communicate basic designs through graphical
representations as per standards.

Syllabus

Introduction to Engineering Graphics; Orthographic projections of lines and solids, Isometric
projection, Freehand sketching, Introduction to CAD, Sections of solids, Development of surfaces,
Perspective projection.

Expected outcome

Upon successful completion of this course, the student would have accomplished the following
abilities and skills:

1. Fundamental Engineering Drawing Standards.

2. Dimensioning and preparation of neat drawings and drawing sheets.

3. Interpretation of engineering drawings

4. The features of CADD software

References Books:

e Agrawal, B. and Agrawal, C. M., Engineering Drawing, Tata McGraw Hill Publishers

e Anilkumar, K. N., Engineering Graphics, Adhyuth Narayan Publishers

e Benjamin, J., Engineering Graphics, Pentex Publishers
Bhatt, N, D., Engineering Drawing, Charotar Publishing House Pvt Ltd.
Duff, J. M. and Ross, W. A., Engineering Design and Visualization, Cengage Learning,
2009
John, K. C., Engineering Graphics, Prentice Hall India Publishers
Kulkarni, D. M., Rastogi, A. P. and Sarkar, A. K., Engineering Graphics with AutoCAD,
PHI 2009
Luzadder, W. J. and Duff, J. M., Fundamentals of Engineering Drawing, PHI 1993
Parthasarathy, N. S., and Murali, V., Engineering Drawing, Oxford University Press
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e Varghese, P. I, Engineering Graphics, V I P Publishers

e Venugopal, K., Engineering Drawing & Graphics, New Age International Publishers

Course Plan

Module

Contents

Sem.
Exam
Marks

6 exercises

Introduction to Engineering Graphics: Need for engineering drawing.
Drawing instruments; BIS code of practice for general engineering
drawing.

Orthographic projections of points and lines:-Projections of points in
different quadrants; Projections of straight lines inclined to one of the
reference planes, straight lines inclined to both the planes; True length and
inclination of lines with reference planes; Traces of lines.

12 exercises

Orthographic projections of solids:-Projections of simple solids* in simple
positions, projections of solids with axis inclined to one of the reference
planes and axis inclined to both the reference planes.

FIRST INTERNAL EXAM

12 exercises

Isometric Projections:-Isometric projections and views of plane figures
simple* and truncated simple* solids in simple position including sphere
and hemisphere and their combinations.

Freehand sketching: Freehand sketching of real objects, conversion of
pictorial views into orthographic views and vice versa.

6 exercises

Introduction to Computer Aided Drafting - familiarizing various
coordinate systems and commands used in any standard drafting software
- drawing of lines, circle, polygon, arc, ellipse, etc. Creating 2D drawings.
Transformations: move, copy, rotate, scale, mirror, offset and array; trim,
extend, fillet, chamfer. Dimensioning and text editing. Exercises on basic
drafting principles, to create technical drawings. Create orthographic
views of simple solids from pictorial views. Create isometric views of
simple solids from orthographic views. Solid modelling and sectioning of
solids, extraction of 2D drawings from solid models. (For internal
examination only, not for University Examination).

Internal

SECOND INTERNAL EXAM

\%

9 exercises

| 10 | 20%
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Sections and developments of solids: - Sections of simple* solids in
simple vertical positions with section plane inclined to one of the
reference planes - True shapes of sections. Developments of surfaces of
these solids.

6 exercises
Intersection of surfaces: - Intersection of prism in prism and cylinder in
cylinder - axis bisecting at right angles only. Perspective projections: -

perspective projections of simple* solids.

*Triangular, square, pentagonal and hexagonal prisms, pyramids, cones and cylinders.
Note: First angle projection to be followed.
END SEMESTER EXAM
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QUESTION BANK
MODULE I

QUESTIONS

Draw the following points in a common Xy line.

Point A is 20mm above HP and 30mm in front of VVP.

Point B is 20mm above HP and 30mm behind VP.

Point C is 20mm below HP and 30 mm behind VP.

Point D is 20mm below HP and 30mm in front of VVP.

Point E is on HP and 25mm behind VP.

Point F is in both HP and VP.
Draw the projection of a line AB, 80mm long inclined at 30° to HP and
parallel to VP. The line is 25mmin front of VP and 20mm above HP.
The length of the front view of a line PQ which is parallel to HP and
inclined 35° to VP is 60mm. The end P of the line is 20mm above HP
and 25mm in front of \VP. Draw its projection and find its true length.
The end C of a line CD of length 90mm, is 15mm in front of VP and
35mm below HP. The end D is also 35mmbelow HP but 40mm behind
VP. Draw the projection of the line and find its inclination with VVP.
Draw the projection of a line AB 100 mm long is inclined at 30°to HP
and 45°to VP. The end A is 25mm above HP and 20mm in front of VP.
Find its inclination with HP and VP also locates its traces.
A line AB of 70mm long has its end A 20mm above HP and 15mm in
front of VP the other end B is 50mm above HP and 60mm in front of
VP. Draw its projection and find its inclination with HP and VP.

A line AB 90mm long is inclined 30°to HP. Its end A is 12mmabove HP
and 20mm in front of VP its front view measures 65mm. Draw its
projections and locate its traces.

The top view of a 75mm long line AB measures 65mm while the length
of its front view is 50mm. The end A is in the HP and 12mm in front of
\/P. Draw the projection and determine its inclination with H and VP.
The end A of a line AB is 20mm below HP and 10mm behind VVP. The
other end B is 40mm below HP and 25mm behind VVP. The distances
between end projectors is 50mm draw its projections and find its true
length and true inclinations, also locate its traces.

The end A of a line AB is on HP and 25mm behind VP while the other
end B is in VP and 50mm above HP. The end projector distance is
75mm. Draw its projection and find its true length and true inclinations,
also locate its traces.

The end R of a line RS is 25mm below HP and 40mm behind VP while
the other end S is 50mm above Hp and 20mm in front of VP. The
distance between the end projectors is 50mm. Draw its projections and
find its true length and true inclinations.

A line PQ has its end P 15mm above HP and 25mm in front of VP. The
line is inclined 20° to HP and its top view is 90mm. The end Q is in the
2" quadrant and is equidistant from both the reference planes. Draw the
projection of the line and find its inclination with VP.
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A line AB 70mm long is inclined 35° to HP and 55° to VP. The end A
is 10mm above HP and end B is 12mm in front of \VP. Draw its
projections.

Draw the projection of a line AB, 80mm long inclined at 30° to HP and
parallel to VP. The line is 25mmin front of VP and 20mm above HP.

MODULE II

A hexagonal prism of base side 26mm and height 60mm is resting on its
base on HP keeping its axis parallel to VVP. Draw its projection if one of
its base edge parallel to VP.

A hexagonal pyramid of base side26mm and axis 64mm long is resting
on its apex in VP keeping its axis parallel to HP. Draw its projections if
one of its base edge is parallel to HP.

A pentagonal pyramid of base side 30mm and height 60mm is resting
on one of its base edge on HP such that the slant face containing that
resting edge is perpendicular to HP. Draw its projections.

A square prism of base side 25mm and height 65mm is resting on one
of its base edge in VP keeping its axis inclined 30° to VP. Draw its
projections

A square pyramid of base edge 30mm and axis 60mm long is resting on
one of its base edge on HP. Its axis inclined 45° to HP and the resting
edge makes an angle 60° with VP. draw its projections

A hexagonal prism of base side 25mm and height 60 mm is resting on
one of its base edge on HP. Draw its projections if its axis is inclined 60°
to HP and the resting edge makes an angle of 40° with VP.

A cone of base diameter 40mm and height 70mm has one of its
generators on HP. Draw the projection if its axis is inclined 30° to VP.
A pentagonal pyramid of base side 25mm and axis 60mm long is resting
on one of its corner on HP in such a way that the slant edge containing
the resting corner makes an angle of 45° with HP and in the top view the
axis makes an angle of 30° with VP. Draw its projection.

A hexagonal pyramid of base side 25mm and axis 65mm long is resting
on one of its corner on HP. The axis of the pyramid is inclined 30° to HP
and 45° to VP. Draw its projections.

A square prism of base side 25mm and axis 60mm long has one of its
base edges in VP. The axis of the prism is inclined 30° to VP and the
resting edge makes an angle of 40° to HP. Draw its projections.

MODULE 111

A pentagonal prism of base edge 30mm and height 60mm is resting on
its base on HP, keeping one of its base edge parallel to VVP. Draw the
isometric view of the prism.
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A hexagonal pyramid of base edge 30mm and axis 65mm is resting on
its base upon HP keeping one of its base edge parallel to VP draw its
isometric projection.

A cone of base diameter 50mm and axis 60mm long is resting on its base
upon HP. Draw its isometric view.

Draw the isometric view of a pentagonal pyramid of base side 40mm
and height 80mm which is rests with its base centrally on a cylinder if
diameter 120mm and height 40mm. The pyramid is placed in such a way
that one of its base edges is parallel to VP,

A sphere of radius 18mm is placed centrally over hexagonal slab of side
24mm and thickness 25mm. The slab is placed in such a way that one of
its base edges is parallel to VP. Draw the isometric view of this
combination.

Draw the three views of the following objects.

; : |
40 HOLE.,24 DEEP Y
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MODULE IV

EXPERIMENT 1
BLOCK
A

DESIGN A BLOCK AS PER THE DIMENSIONS GIVEN IN THE FIGURE

P
80"~
N

100 MBS -
NG

Fig.20.22 lsometric view of a block

NEHRU COLLEGE OF ENGINEERING & RESEARCH CENTRE

EXPERIMENT 2
FORKED END
AIM

DESIGN A FORKED END AS PER. THE DIMENSIONS GIVEN IN THE FIGURE

¥ig.20.25 Isometric view of a forked end

NEHAU COLLEGE OF ENGINEERING & AESEARCH CENTRE

FXPERIMENT 3
SHAFT SUPPORT

A

DESIGN A SHAFT SUPPORI AS PER THE DIMENSIONS GIVEN IN THE FIGURE

“ (i) ISOMETRIC VIEW

NEHAU COLLEGE OF ENGINEERING & RESEARCH CENTRE

EXPERIMENT 4

SHAKL UND SUPPOR T

DESIGN A SUAIT LND SUPPORT AS PLR TI1L DIMENSIONS GIVIN IN THE FIGURL

(i) ISOMETRIC VIEW

NEHRU COLLEGE OF ENGINSERING & RESEASCH CENTRE

EXPERIMENT §
BEARING BLOCK
Ang

DESIGN A BEARING BLOCK AS PIR TILE DIVENSIO?

(right hal* in section)

Figure4.21 Bearing block

IR COLLEGE OF DNGINEERING & RESCARCH CENTRE

EXPERIMENT ¢
FORK END
A

'DLSIGN A FORK END AS PL. TILE DINENSIONS GIVEN IN THL FIGURE

Draw: Elevation
Plan
Right side view

Figure 3.65 Forkend.

NEH# COLLEGE DF ERGINCERING & RESSAHCH CEVIRE
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#15, THROUGH HOLE

Figure3.68 Astopper.

EXPERIMENT 9

&
Draw: Elevetion o™\ 5> S e
Plan F :
Rightizside view ) Figure3.77 Alever.

Figure 3.70 Asteeped block.

MODULE V

A hexagonal prism of base side 20mm and height 50mm rests on its base
upon HP, keeping one of its base edge perpendicular to VP. A section
plane inclined 45°to HP cuts its axis at its middle. Draw the complete
development of the sectioned prism including the sectioned surface.
Also complete the true shape of the section.

A cone of base diameter 70mm and height 70mm rests on its base upon
HP. A section plane inclined 30° to Hp cuts the solid bisecting its axis.
Draw the development of the lateral surface of the cone also the true
shape of the section.

A pentagonal pyramid of base edge 36mm and height 64mm is resting
on its base upon HP keeping one of its base edge parallel and nearer to
VP. A section plane inclined 30°to HP cuts the solid at its middle. Draw
the development of the pyramid also the true shape of the section.
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A cylinder of base diameter 50mm and height 60mm is resting on its
upon HP. A section plane inclined 30°to HP and passes through the
extreme left corner of the cylinder cuts and removes the top portion of
the cylinder. Draw the complete development of the truncated cylinder
also the true shape of the section.

MODULE VI

A square pyramid side of base 50mm, height 75mm stands on the ground
vertically with an edge of base parallel to & 20mm behind pp. the station
point is 50mm infront of pp & 75mm above the ground. The central
plane is located 40mm to the left of the axis of the solid. Draw the
perspective projection.

A rectangular block 32x22x16mm is lying on the ground on one of its
largest faces. One of its vertical edge is on the picture plane & longer
face containing that edge is inclined at 30° to picture plane. The station
point is 52mm infont of pp, 35mm above the ground plane passing
through the centre of the prism. Draw the perspective view of the block.
A cone of diameter 50mm, height 75mm stands on the ground vertically
on its base touching pp. the station point is 50mm infront of pp & 75mm
above the ground. The central plane is located 40mm to the right of the
axis of the solid. Draw the perspective projection.

A square prism 50mm side & 100mm height stands vertically with its
base on hp with its 2 rectangular faces equally inclined to vp. It has a
horizontal square hole 30mm side with its axis parallel to both hp & vp.
The flat faces of the hole are equally inclined to hp & vp. A square prism
of side 30mm & 100 long penetrates through this hole. Show the
projections showing the lines of intersection. Assume that axis of the
prisms bisect each other.

A pentagonal prism side of base 40mm height 80mm is resting on its
base upon hp with one of its base edges perpendicular to vp. It is
completely penetrated by a square prism of 20mm side 80mm long, the
axis of which is parallel to both the planes & 6mm in front of the axis of
the vertical prism. The faces of the horizontal prism are equally inclined
to vp. Draw the projections showing the lines of intersection.

A horizontal cylinder 50mm diameter penetrates a vertical cylinder
80mm diameter. The axis of the horizontal cylinder is parallel to vp &
10mm in front of the axis of the vertical cylinder. Length of the vertical
cylinder is 120mm & of horizontal is 100mm. draw the projections
showing the curves of intersection.
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Dimensioning

drawing descnibes the shape of an object. For complete

details of an object, its size descraption 1s also required.
The information like distance between surfaces and edges
with tolerance, location of holes, machining 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 per a code of practice is called dimensioning.

4.1 ELEMENTS OF DIMENSIONING
The following are the elements of dimensioning:
1. Projection line
2. Dimension line

2x45° Leader line
" {Type B line) Ne gap is left here
v‘.,,v'. s
\
it memmndiedl paa M ! Frajection
line
~(Type B Line)
23 &0

N

207
25l a0 o200

. e N Value aof the dimension
Terminafion

{Arrow hecd}
(Type A lina)

Dimension line
(Type B line)

(Type A line)

Fig. 41 Elements of dimensioning.
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3. Leaderline
4. Terminauon 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:

Extending slightly bevond
dimension line

Perpendicular to the feature to be dimensioned,
Not crossing other lines as far as possible, and
May be drawn as extension of centre line or outline
of the object as shown in Fig. 4.2,

the respective

il

50

Fig. 4.2 Centre lines and outlines 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.
I.  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.
1. 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 shownin Fig, 4.3,

Fig. 4.3 Dimensionsng of a broken feature.

Leader Lines

Leader lines are the lines refernng 1o a feature (dimensions,
object. outline, etc.) drawn as continuous thin type B lines.
The tail end of the leader line shoukd be terminated on a shor
horizontal bar below the lettering of a note. The head end of
ihe leader line should be terminated in any one of the
following forms (see Fig. 4.4)

1. Withadot within the outline of the object (surface).

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

A Without adot or an arrow head ona dimension line.

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

I. Leader line should not be parallel to adjacent
dimension lines or projection lines, where
confusion might anse.

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

3. The use of common leaders may be avoided.

Il-l....
(a) (&) (e)
Fig. 4.4 Termination of leader lines.
Termination of Dimension Lines
Dimension lines should carry distinet terminations.

Terminations are indicoted either by amrowheads or by
abligue strokes, The arrowheads are shown in Fig. 4.5(u).

Department of Mechanical Engineering, NCERC, Pambady

The included angle between short lines forming the arrow
head may be taken between 157 to 90°,. The armow head may
be apen, closed or closed and filled in. The obligue strokes
are drawn as short lines inclined at 45° to the dimension line
ps shown in Fig. 4.5(h). While drawing arrow heads or
ohlique strokes the following points may be nated:
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 head

S—
Opan
o~ Qblique shraks
R N =
Clagsed
Dot
 Filled
(a) ()

Fig. 4.5 Termination of dimension line.

Fad
H

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

Fig. 4.6 Suggested arow head shape.

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

48 18 _-5:*__..:’__*

Fig.4.7 Arrow heads within or outside 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. 1 the space between the projection hnes 15 toosmall
for an arrow head, dots or obligue strokes may be
used in the place of arrow heads as shown in
Fig. 4.8,

0. Only one arrow head termination is required 1o
indicate the radius of a circle or an arc.

L %2 lvell 3a |

6/ “ 6
(b)

Fig. 4.8 Use of dol or oblique 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 drawing size. 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 umits like cm., m or km, that should be
indicated. I all the dimensions are marked in the same unit
other than mm, it may be indicated as a note nearby the title
block to avoid writing unit after esch value,

4.2 METHODS OF INDICATING DIMENSIONAL
VALUES

Two difTerent methods of indicating dimensional values are
suggested by Burean of Indian Standards and are called
Method=I and Method=2. Only one method is 1 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:
Placed parallel io the dimension line.
Placed above the dimension line.
Not wuching the dimension line.
Placed at the middle of the dimension line as far s
possible.

o
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41

b}

L
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,
A ! s
o B &
W r
~s 3 1 { 4=
o -
i -y .
A s ¢
- o % Sy
Pt i g
- o
# %

Fig.4.10 Indicating dimansional values on obligue
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.
BO*
L] -
e
1 ] r Ty
Y £
f‘
-
" 3
(=1 -
% Vi
s &
.:"]"
Ty
- e
[ 1"1
i ‘ '.I _—
i I B
L ]
T /
&a RBO"

Fig. 4.11 Indicating angular dimensional values (Methaod=1).
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Projections of Points

ngineers, design and develop machines or structures and

direct their construction. For this purpose, each and
every information aboul 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 manufactuning group. The sk of
recording shapes and sizes of three-dimensional objects on
two-dimension drawing sheets 15 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-dimensional object is described on the
picture plone, that is drowing shect, 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 (o a particular station point as in a
camer, the result is a perspeciive projection. When the rays
are parallel but at an angle 1o the picture plane, the projection
is called obligue projecrion. If the rays are parallel as well as
perpendicular to the picture plane, the method is called

Department of Mechanical Engineering, NCERC, Pambady

arthographic  projection. The different  systems of
projections can be classified as given below:

Pictonal views are obtained in all the above types of
projections. expect in the mltivien. In multiview
{orthographic) projection, the object shape is represented by
two or more views tuken at nght angles 1o cach other.

Perspective projeciion is described in Chapier 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

Multiview projection is an orthographic projection in which
the exact shape of an object is represented by two or more
separate views projected on planes that are perpendicular to
each other, Each view shows the shape of the object for a
particular view direction and these views altogether descnbe
the object completely, Because of these reasons, this method
of projection is the most widely used for preparing
engineering drawings. The term arthographic prajection 1s
also used 1o represent muliiview projection,

Planes of Projection
The plane surfaces, which are used 1o project the views of an
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SYSTEMS OF EROJECTION

= Perspective Parallel perspective (I pomni}
(Ceonmverging Angular perspective (2 point)
profeciors) Oblique perspective (3 poing)
—=0blique Cavalier
{Pfarallel prajectors E Cabinet
inclined to picture Cieneral
plane)
— Dirthographic Axonometric Isomeinc
{Parallel projectors [Himetric
perpendicular to Trimetne
pHeture plane)
Multiview First angle projection
C Third anghe projection

object in multiview projection are called principal planes or
reference planes, Outof these mutually perpendicular planes,
one plane is horizontal and it is called horizonmal plare (HP).
The other plane is ventical and it is called verrical 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. This plane is called Profile Plane (PP).
These three mutually perpendicular coordinate planes
produce eight compariments in the space called octanis (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 left side.

~ Profile
Vartical {frontal) plene (FP)

Flane [WVF)

hnrf;l-c.;"nign’ ) ¥ '{_::""‘-
1
Y
e g
_;1".!': 1‘..5"' e !
# ¥, )
Ty £ Harizental plana (HP)

Fig.9.1 Three planes of projection forming elgh! spaces-

octants (anticlockwise system),
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Forthis anticlockwise system. the froat, top and lel sides are
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 form the
basis to obtain views for describing objects in engineering
problems.

The multiview projection method is classified into two
types, such as First angle projection and Third angle
projection.

Vertical (frantal)
Plane [(VP)

anliclockwise Nl 5
i

D

R -" 8
Ji.-(*_;ﬁ-
h"b

/
" L Harizontal plane [(HF)

Flg.9.2 The four quadrants for orthographic projection lafl
&lda view (anticlockwise syslem).
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First Angle Projection

In first angle projection the object (say, a vertical cylinder) is
assumed to be placed i the first angle (quadrant) as shown in
Fig. 9.3, Then the object is viewed from the front side as well
as top side in a direction perpendicular {(orthogonal) to VP
and HP respectively. The views are projected on VP and HP

Elavatinn —,
{frant view)

Plen {lop view)

- ,
= Rabahling
dirgction for HP

Fig.9.3 Principal planes with an object in the first quadrant
(first angle projection).

in order to get the front view (elevation) and wop view (plan)
respectively. After projecting the views, the horizontal
plane, HP is rotated (rabatted) about the reference line ox as
indicated by the arrows, sothal the homzontal plane coincides
with the vertucal plane VP, Now the two views are seen in a
single vertical plane, i.e., in the plane of the drawing sheet, as
shown in Fig. 9.4.

Third Angle Projection

In the third angle projection. the object {eylinder) is assumed
to be placed in the third quadrant and is viewed from the same
fromt, 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 VI and HP. After rotating
(rabatting ) the planes as done in the previous case, the front

Department of Mechanical Engineering, NCERC, Pambady

Elevation

Plan
(lop view)

Fig.9.4 First angle projections of a vertical cylinder.

r Fobaliting
| direction for HP

== Plan {(Top view)
|

g, N
— Elzvation
[tromt wiew)

Fig.8.5 Principal planes with an cbject in the third quadrant
{third angle projection),

and wop views of the cylinder are obtained as shown in
Fig. 9.6. [t 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 thind angle projection.

ISO Symbol to Indicate the Angle of Projection
While drawing onthographic views on a drawing sheel, the
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Flan
__ {lop view]
" |

|
| Elevatian
I (frenl view) |

Fig. 9.8 Third angle projections of a vertical cylinder,

method of projection (First angle or third angle) should be
indicated using symbols inside the title block. The symbaol
recommended by IS0 as well as Bureau of Indian Standards
for the first angle projection is shown in Fig. 9.7. The symbal
ghows two views of a frustum of a cone lying in the first
quadrant keeping its axis horizontal.

5O

(b} Symbel {131 angle)

Framt

Left side
(a) Pictorial view

Fig.9.7 Symbolfor 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 obtaimed on the left side of the front view.

Fig. 9.8 Symbol for third-angle projection.

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 [SO, 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,
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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 after
placing themin all the four quadrants. Hence, an enginesring
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 Solld to a Peint

A solid (say a wvertical eylinder) is formed by three-
dimensions measured in the three mutually perpendicular
directions. If one of the dimensions (say height) is made zero,
the object is converted into a two-dimeénsional plane (circular
lamina). Out of the two remaining dimensions, if one more
dimension is reduced to zero, the plane is changed into a line.
Lastly, if the emaining dimenzion is also reduced to zero, the
ling is shortened into zero length, and forms a point. Hence, a
point in three-dimensional geometry may be considerad as
the smallest, dimension-less form of 2 solid. which can be
situated any where in the space. In orthographic projection,
this dimensionless object is specified by its location only wath
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 P is placed in the first quadrant (above HP
and in front of VP ) as shown in Fig. 9.9. For simplicity, the

Fig. 8.8 Prncipal planes with point P in the 15t quadrant.
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profile plane PP is not considered here, View the point I'
from the front and top sides onhogonally. 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 nomed 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 VT 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 sitwated in the first quadrant,

WP o= Front view
n,
™,

.

I
| &
|
| ¥
¥ rri 1 i
W
T:cup \ | =
view !
ple—!
HP

Fig. 8.10 Fnncipal planes with the projected images of point P,

9.4 CONVENTIONAL REPRESENTATION
OF VIEWS

In order to distinguish between the projected points, lines,
objects, projection lines, ete. of views, cenain conventional
representations are followed in onhographic projections of
golids, similar to that of a language. These conventional
representations are obeyed intemationally and a vanation
will be treated as a spelling or grammar mistake in the
graphics’” language. The conventional representotions,
relevant to the projections of points, are given below:

1. The actual point is represented by the capital leters
as seen in the pictorial view (Fig. 9.9).

2. Thetop view points are represented by small (lower
case) letiers such as a, b, ¢, ete. The front view
points are represented by small letters with single
primes {dashes) as a”, &, ¢, ete. while the side view
points are represented by small letters with double

primes (dashes) as o™, b”, ", etc.
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3. The planes of projection are assumed 1o 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
geometncal drawings as the reference hine v, Thin
line and lower case letiers are used for this.

4. The projectors are usually shown in orthographic
projections of solids. Thin continuous (Type B)
lines are used to draw them. Projection lines are
drawn always perpendicular to the reference line
xy, because it is onthographic 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-ohject, a thick dot
{say, 1 mm) may be used (sec Fig. 9.11).

~Franl view

e
P
Vertical, d'—[

projectar,
1 N
R — | .
“wp m tf Y
il L Relerence

Horizentol=" |

lina, wy
projector

i
p T
~Tap vigw

Fig.9.11 Projections of point P in the 151 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 xyv, 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.
MNow HP coincides with xv line sothat, any thing 2above the xy
line means above H P and thot below the xv line means below
HP, To get a physical concept, HF (xv ling) may be
interpreted as a floor with a tree growing above (up wards)
and the root growing below (downwards) [see Fig. 9.12{h)].
Simularly, if you are looking from the op side T, the VP
coincides with xy line. so that anything in fronf of VP is in
front of xy line and that behind VP means behind xy line,
Here, the VP (xy line) may be interpreted as a wall with a jet
plane genting ready to takeoff [see Fig. 9.12(c)]. The
Jet moves forward from the VP (wall} while the exhaust
gas moves backward. 11 the two views are combined,
Fig. 9.12(d} is obtained.
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(o) Reference planes

.q,h VP L= Above HP
— I‘,__,f"‘ (above flaor)
%|

A ;

o Balow HE
(below floar)

—— e ]

{b) Front wiew

P Behind VP

Behind VP =
(bahind wall)

/

eedE Sz~

Above HF'-\

In frant af YP f
(in frent of wall)

HP

/i
Below HP " '

In front of VP

() Top view

{d} Froni ond fop views

Fig.8.12 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 alittle confusion o a beginner. Toovercome this,
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
(xv line), the wall.

Meaning of xy line in projection
Forall front views, xy line represents the elevation of HP
{floor) sothar, above xy line means above HP and below xy
line means below HP, Forall rtop views, xv line represenis
the I;J.i':m af VP {wall) 3o thar, in Sfront of xy line means
infront of VP and behind xy fine 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
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will be above the xv line and the top view will be below the @y
line. Refer to Figs. 9.9 and 9.11. The following example
explains 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,

l. Draw a horizontal thin line to represent the
reference planes and mark xy al the ends.
To locate the front view of A, assume that xy
line represents the elevation of HP (Mloor). 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 10 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.

2.
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(o) Pictorial view

A
Frent vigw< | -
EH .
! ‘:h-\.r"'l.x'
| Lve
e —dh
5 1 ¥ - HP
T
Tap viewe '
I.'l“-_-

() Orthogrophic projections

Fig. 8.13 Projections of a point in thi 15t quadrant

4, Place thick dots al " 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 engineenng 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 15 shown i
Fig. 9.14(a). The onhographic projections are given in
Fig. 9.14({b). Here, the point B 15 situnied below HP, so the
front view b’ is located below the xy line. Similarly, the poimt
is behind VP, therefore the plan view b is behind the 1y line,

(a) Pictorial view

Example 3.2
A point B is located 32 mm behind VP and 22 mm below HP.
Draw its orthographic projections.
Refer to Fig. 0.14.

1. Draw a horizontal thin line (o represent the
reference planes and name it xy.
To locate the front view of B, assume that the xv line
represents the elevation of HP (floor). Draw the
vertical projector mb’, 22 mm below sy i.e.. below
HP. Locate the front view of point B as b using a
thick dot.
To locate the top view of B, assume that the xy line
represents the plan of VP (wall). Extent the
projector from o tof sothat, mibis 32 mmbehind oy

-

n-—j- )
| Lot
¥y ™l

e
! I'\"P

u m| 1 ¥ __HP

‘ By T
> .

e

(b) Orthographic projections

Fig.9.14 A pointin the third quadrant
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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
ohjects. However, for points and lines, this limitation is not
considered. Fig. 9.15(a) shows the pictorial view of a point
. 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, fora
point D located in the forth quadrant, the projections will be
as 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, situated in the four quadrants.

{a) Pictarial view

=4 1-,.._ —
c'T—[ Fa
AL l%
|
| i
I I — Ly
& m ¥ HP
T
T_T"Jl—__-'

(b) Orihegraphic projection
Fig. 9.156 A point inthe second quadrani.
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/ﬁ Pictarial view&
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' Tr:-"F'
U TV Ty _HP
a1 hlﬂ
d 3 n
I
o' e———

(&) Orthographic prejeciion

Fig.9.16 A pointmnthe fourth quadrant.

Example 9.3
A point Cis situated 35 mm behind VP and 25 mm above HF,
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 HIY (floor). Draw the
vertical projector me’ equal to 25 mm above xv line
i.e. above HP,
To locate 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.
Mark ¢ and <’ with thick dots and place the given
dimensions. It is seen that points ¢ and ¢’ lic on the
same side of the xy line, because the point Cis in the
second quadrant.

Example 8.4
A point I is situated 40 mm below HF and 20 mm in front of
VP. Draw its projections,
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Refer 1o Fig. 9.16.

1. Draw the xy line,

2. Draw the projector md” equal to 40 mm below xy
line i.e., below HP (floar),

3. Locate the plan view as d on the projector, so that
med 15 20 mm in front of xy ling i.e., in front of VP
{wall).

4, Mark 4 and J& with thick dots and place the
dimensions. Here, the views d and o lie on the same
side of the xv ling, because the point is situated in the
fourth quadrant.

Example 9.5
The following four points PORS are siluated in the four
quadranis., Draw the orthographic projections of them about
a single reference line, assuming that their projectors are
spaced 30 mm apart horizontally.
(2) Pis 30 mm above HP and 40 mm in front of VP.
(hy Qis 25 mm above HF and 35 mm behind VP,
{cy Ris 32 mm below HP and 38 mm behind VP,
(d} 5 is 36 mm below HP and 15 mm in froat of VP,
Refer 1o Fig. 9.12.
1. Drawthe xy line,
2. Draw projeciors 30 mm apart, perpendicular 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, 11, [17 and IV,
3. Mark the location of the points with thick dows and
dimension them to complete the drawing.

e e ¥
Dy = |
e H
14 f=
| ¢
X 10 W o [ 1Y
5
! |
L i
Ph— : et

Fig. 9.17 Projections of points in the four quadrants.

9.9 INTERPRETATION OF PROJECTIONS
OF POINTS

A student in engineering gruphics should develop the
capacity 1o interpret (read) the views and undersiznd the
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information contained in them. This is & reverse process of
whiat 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 m is 30 mm above HP and 20 mm in front of
VP,
2. Poant ris 35 mm below HP and 15 mm in front of
VP.
3. Point o is in the HP and 26 rum behind VP,
4, Point p is in both HP and VP.

Oee
= llﬁ'

R e i A S o
A H ‘ "
Lim = n

L

Fig. 918 Projections of points in the four quadrants.

9.10 PROJECTIONS OF POINTS ON HP,
VP AND PP

A point is fully located in the space, when the distance from
the profile plane is also marked in addition w that from HP
and VP. Figure 9.19 shows pictorial view of point P located
in the first quadrant. Here, o is the intersection point of the
three planes called the origin. The intersection line of VP and
HP is marked as ax, 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 PP s
named as p”, To bring the three planes aligned to VP, the HP
is rabatied about xe line and PP is rabatted about ze 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 thai 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.

MNuote that the horizontal line xo 15 extended to v and the
vertical line o is extended 1o vy to represent the intersection
of the three planes. Here, lines oy and oy are the split form off
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Fig.219 Three principal planes with point P in the 1st
quadrant {pictonial view).

L
o
N

=

e

~

Fig-8.20 Three principal lanes with projected views of point P
{pictonal view—after rabation).

Fig-8.21 Three principal planes with projected views of point

P (orthographic view).
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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 15 to be noted that if a profile view is not
required, xoy line is reduced as xy line and the zov, line is
chminated for simplicity of presentation,

Example 9.7
Drraw three 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 o Fig. 9.22.

L. Draw the xov line horizontal and the sov; line
vertical through the origin o as shown,

2. Mark front and top views p” and p of point P, afier
drawing the projectors at a convenient distance
from zoyy line.

Y. Draw honzontal projector through p to meet ling
vy and rotate it anbiclockwise about o w ey, Then
project the line upwards to meet the honzontal
projector drawn from p’. 1o get the point p” in the
first quadrant.

4. Dimension the views as per BIS.

Example 9.8

Point A s Jocated 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 oy hoe honzontal and the zoy, line
vertical through the origin ¢ as shown.

2. Mark front and top views a’ and @, after drawing the
projectors at a convenient distance from the 2oy,
lime.

3. Draw horizonlal projector through a to meet the
line oz and motate it anticlockwise about o W ox.
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Then project the line downwards to meet the
horizontal projector drawn from a’, to get the point

a” in the third quadrant.
4. Dimension the views and complete the drawing,.

vp \ S
Il "
R
e Al = 4 HP-,
S N B N e
- x o ¥
I,
wie | &
u". —— -
i a* I

Any diglonca

——— e
¥

Fig.8.23 Three orthographic views of point A in thé 3id
quadrant,

Example 9.9

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 founh quadrant. The distances from
HF and VP are 30 mm and 15 mm respectively, Draw
projections of the points on HP, VP and PP. The distance
between points along v line may be taken as 20 mm.

Referto Fig. 9.24.

I. Draw the xoy line horizontal and the zoy, lineg
vertical through the origin o as shown.

2. Mark [ront and top views i and b, after drawing the
projectors at a convenient distance from the zov
line.

3. Dvaw horizontal projector through b 1o meet the
line oz and rotate it anticlockwise about o 1o ox.
Then project the line upwards (o meet the

bd - ‘tél' |

! .ir B I i 1
_l:;\\m.". T =1
Cpd = | B 7
B O R S
B L 201—"" 1 e _,.f] ¥
= ‘._L..._._ -

Fa— - =

o 11 IV

Ll

Fig.9.24 Three orthographic views ol point A in the 3rd
quadrant,
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horizomal projector drawn from b’ 10 get the point
b "in the second quadrant.

4. Similarly, mark the froni and top views ¢"and ¢,
after drawing the projectors at a distance of 20 mm
from projection line bb"as shown in the figure.

5. Draw horizontal projector through ¢ 1o meet the
line oy and rotate it anticlockwise about o o 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° 1o HP. Draw
front and top views of the point D,

Refer to Fig, 9.25.

l. Draw the xov line horizontal and the zov; line
vertical through the origin o as shown.

2, Mark the left side view 4 on PP, afier drawing a
60° inclined radial line of length 40 mm from
ongin o, in the first quadrant as shown in the figure.

3. Drawavertical projector (o'd) ataconvenient distance
fromthe zov) line. Then draw & honzontal projector
through & 1o meel the vertical projector al .

4. Draw vertical projector through o 1o meel the line
ay and rotate it clockwise sbout & 10 ovy. Then
project from the point horizontally 1o meet the
vertical projector drawn from o, 1o get the point d.

5. Dimension the views and complete the drawing.

Example 9.11

The shorest distance of a point E 1o the intersection linge of

HF and VP is 36 mm and the point is 20 mm above HP. Draw

the front and top views, i the poaint is in the second quadrant.
Refer 1o Fig. 9.26.

I. Draw the xov line honzontal and the zoy; line
vertical through the origin o as shown.

2. Mark the left side view ¢ on PP, after drawing a
hori zontal line et a distance of 20 mm above HP and
cutting an arc of radiug 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 2oy line. Then draw a honzontal projector
through ¢ 1o meet the vertical projector at ¢,

4. Draw vertical projector through ¢ 1o meet the line
ax and rotate it clockwise about o 1o meet oz, Then
project from the point horizomtally to meet the
vertical projector drawn from &, 1o get the point e,

5. Dimension the views and complete the drawing.
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Fig.9.25 Three othographic views of point O in tha 15t
quadrant.
EXERCISES S RS

Projections on HP and VP

1.

2

6.

A point K is 35 mm above HP and 25 mm in front of
VP, Diraw the onthographic projeciions.

. A poimt L is located 30 mm below HP and 36 mm

behind VP, Draw the projections of point L.

Point M is situated 32 mm behind VP and 22 mm above
HP. Draw iis projections and dimension them.

A point N is situated 20 mm below HF and 40 mum in
front of VP. Draw the projections.

Diraw the projections of the following points. Take the
distance betwean the projectors as 25 mm:

(1) Point A is 20 mm above HP and 42 mm in front of
VP.

Point B is 35 mm below HP and 20 mm in front of
VP.

Point C is 20 mm above HP and 36 mm behind VP,
Point I is 42 mm below HP and 25 nun behind
Y.

Dimension the figures as per BIS.
Figure 9.27 gives the onhographic projections of
certain points. Interpret them and write the positions of

(i)

(i)
(iv)

§ d"
Y e H
M A | A
R B | 2 i !

F ' | || b

i < B

9 il Ly

cal
| By}

Department of Mechanical Engineering, NCERC, Pambady

[SERRER AR e L FER R R R R it L T T R R T R

L—Shoriest dislonce

[ - -—--—-?T
ial * L/Yi

LN =

% | o
T I |
<+ | !
i Any distance I
|y,
Fig.9.26 Thres orthographic views of point E in the 2nd

quadrant,

the points with respect to VP and HP using 4 mm
capitals,

7. Draw projections of the following points and show the
dimensions as per BIS. The distance between the
projectors is 30 mm.

{a) Point P is in the VP and 34 mm below HP.

(b) Point Qs in the HP and 32 mm behind VP.

{¢) Point R is in both the HP and VP.

(d) Point 8 is in the third quadrant and 35 mm away
from both HP and VP.

8. The onhographic projections of certain paints are
shown in Fig. 19.28. Determine their positions with
respect Lo the reference planes and print them using 4
mm leters.

r'
Fig.9.28

Projections on HP, VP and PP

9, Draw three views of a point Q@ located in the first
quadrantand dimension them as per BIS. The point Qs
35 mm above HP and 20 mm in front of VP,
Point E 15 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, VI and PP,

10.
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12.

Point Fis located in the second guadrant, The distances
from HP and VP are 38 mm and 28 mm respectively.
Similarly, point G is located in the fourth guadrant.
The distances from HFP and VP are 40 mm and 25 mm
respectively. Diraw projections of the points on HP, VP
and PP. The distance between ponts along xv line may
be taken as 30 mm.

A point H is located in the first quadrant. The shonest
radial distance ling drown from the point H to the
intersection of HP and VP has 50 mm length and is

Department of Mechanical Engineering, NCERC, Pambady

13

14.

inclined at 30° 1o HP. Draw front and top views of the
point H.

The shonest distmce of a point J w the intersection ling
of HP and VP is 46 mum 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 lving in the first quadrant. The shortest
distance of the point from xy line i$ 535 mm. If the point
is 30 mm above HP, draw ils 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
moves 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
geometnical surface 15 formed by rotating or moving a
straight line in different forms, Various machine parts,
concrele structures, ele., are formed by such geometrical
shapes. Hence, clear grasping of projections of lines is a
necessary requirement for engineers to understand the three-
dimensional shapes, positions, etc. and solve the related
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 inclination is givenin
Fig. 10.1. They are:

{a) Line parallel to both the reference planes

(b} Line perpendicular to one of the reference planes

{c) Line inclined to HP but parallel to VP

Department of Mechanical Engineering, NCERC, Pambady
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(d) Line inclined to VP but parallel to HP

(e) Line inclined to both HP and VP (obligue line)

(f) Oblique line parallel to PP

The classification of lines. based on the quadrants in
which they are placed is:

{n} Line placed in one of the four quadranis

(b) Line contained in one of the planes

(e} Line placed in two quadrants

(d) Line placed in three quadranis

Figure 10.2 gives the pictorial view of the above classes
of lines and their orthographic projections.

As per [SO 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
REFEREMNCE 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 1o the vertical and honzontal planes, the front view
(elevation) a'bh” and top view {plan) ab are obtained on the
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{a) Line porallal te bolh the planes (b)) Line perpendicular

{d) Line Inclined 1o VP (@) Line imglined fo bolh the planas (1) Ling contained in PP
Fig. 10.1 Line positions by inclination,

respective planes. After rotating the HP, the view will
accupy a position shown in Fig. 10.3(b). Here xy line
represents the intersection of HP and VP. The two
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 1o be presented by a student in his drawing.
The following importanl points may be noted from the
views.

l.  The line AB is parallel toboth the planes, hence the
projections a'b’ and ab will be having the true
length of AB.

2. Since the line is parallel wo both the planes, the
projections will be parallel 1o xv line.

3. The lines a’h’ 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.

Department of Mechanical Engineering, NCERC, Pambady

Meaning of xy line in projection

For all front views, xy line represents the elevation of HP
{Moor) so that, abave 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 xv line means
infront of VP and behind xy line means behind VP.

Example 10.1
A line AB 50 mm long is parallel 1o both HP and VP, The
point A is 20 mm above HP and the point B is 40 mm in front
of VP, Draw its projections.

Refer to Fig. 10.3(c).

1.
-

Diraw the xy line.

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 a'b’" as front
view, 20 mm above 1y line (HP) and line ab as top
view, 40 mm in front of xv Line (VP).

The line AB is parallel 1o both the planes, hence the
two projections will have the true length 50 mm.
Draw the end projectors perpendicular to xy line.
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{e) Line in two guadranls (1st and

{b) Line contained in

gne plane (HP)

-

4th) (d) Line in threée 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 a line is perpendicular 1o one of the reference planes, it
will be automatically parallel 1o the other plane. Figure
10.4(a) shows the pictorial view of a line AB perpendicular to
VP, Since the line is perpendicular to VP, its projection of
end points a” and & coincide to form a single point. The line is
paralle]l to HP, 5o, its projection on HF has the true length.
Atter rabatting the planes, the view will occupy a position as
shown i Fig. 1004(b).

Example 10.2
A 40 mm long hne AB is positioned in such a way that it is

Department of Mechanical Engineering, NCERC, Pambady

perpendicular to VP and the end B is 10 mm in front of VP
and 30 mm above HP. Draw its projections, keeping the line
in the first quadrant.

Refer to Fig. 10.4.

1. Draw the xv line.

2. The line is perpendicular to VP, henee it 1s parallel
1o HP. In the VP, ends " and & coincide 1o form a
point. Therefore, draw a line perpendicular to xy
line. Locate the front view as a thick point (a'b’) ata
height of 30 mm above HP (above xy line).

J.  Unless and otherwise stated, a line is assumed 1o be
in the first quadrant. S0, mark ab = 40 mm (rue
length) on the perpendicular drawn o xy line, such
that point bis 10 mm in front of VP (in front of xv
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.

Page 32




'\-FI‘
| VP
( 5 ;- Front view '
& ﬂ‘ ’ b! i
; E. £ i
= ‘JD—.,_GI
- 2l

Frant view

.,."'f I:rrun‘: |¢ngrh]

l'_\_\-{.:i;_ﬂ
] =]
{ =
~lop viaw | |,
£ P 1!
HP a b i
{b) Frant ond fop views
a’ B o
> 7 2
Frant view —" 12 L--1 '
— - _._I o aL P
Tep view < | | .r__rur"
{true lenglh) | et
g v
Top view \ s0
(a) Pictarial view L i
]
fc) Projections
Fig. 10.3 Line paralle! to both the planes.
a”. b
Front view- ' Iﬁ-l'«::’]
= o o
{ L |1'-'|..-l
. ! [ ['JF"
W E 3 -_-l-_HFl
br—7 e
= =
Top view-, | ’
._\“*.;‘M. ‘\.\ g.;:!
._\_L "
r",ﬂm'
a
. -
Top wiew—

(trua length)

fo) Pictorial view (b} Projectians

Fig.10.4 Line perpendiculario VP
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Example 10.3
Line CD, 36 mm long is in the first quadrant, End Dis 12 mm
above HP and 24 mm in front of VP, If the line is
perpendicular 1o HP draw its projections.

Referto Fig. 10.5,

1. Draw the xy line.

2, Asithe line CDis ventical, the top view of the points
C and D will coincide. Hence, mark a point ¢,  as
top view, 24 mm in front of xv line (VP).

3. The line is vertical means it is parallel to VP and the
projection on VP will show the true length,
Therefore, draw a projector from ¢ 4, perpendi-
cular to ay ling and mark the point &, 12 mm above
xy line (HP) and line 'd" = 36 mm.

4. Giveappropriate thickness to the lines and place the
given dimensions to complete the projections as
shown in the figure.

T_\
LY
w \\Frc-nl wimw

Ll ;‘ﬁﬂd.
& h
- - — e YP
o ll ¥ HP
:34' ,..-""FT“P Wi W T‘l“
k - .,':l/l d

Fig.10.5 Lina perpendicularto VP

10.4 INCLINED LINE PLACED IN FIRST
QUADRANT

When a line is paralle] to one of the reference planes and
inclined to the other, may be called as inclined line. Iis
projection on the plane to which it is parallel will have the
true fength (TL) and true inclination (@ or &). Figure 10.6{a)
shows the pictonial view of a line inclined at & to HP. The
projection a’b’ on VP has the true length of AB and the true
inclination &, But the wp view abis parallel to xy and has an
apparent length (plan length = PL) less than the true length.
Similarly, when a line is ¢° inclined to VP but parallel 1o HP,
the projection on HP has the true length (TL.) and true
inclination &° as shown in Fig. 10.7(a). Here the line is
contaiped in the HP. The front view is on xy line and has an
apparent length {elevation length = EL) less the true length.
From the above two figures the following propenies of
projections of an inclined line may be noted.
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PL '_ |

{B)} Prejections

Fig. 10.8 Line inclined to HP [ling In 181 quadsant).

1. The projection on the plane to which the line is
parallel will have the tue length TL and true
inclination & or g.

2. The projection on the plane to which the line is
inclined will have a reduced apparent length PL or
EL .

Y. Ifaline is contained in a plane, its projection on the
other plane will be on the xy line isell.

Example 10.4
A line AB, 60 mm long is parallel to VP and inclined at 307 wo
HP. The end A is 20 mm above HF and 40 mm in front of VP,
Draw the projections.

Refer to Fig. 10.6.
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l. Drow the xv line.

Mark points a" and a, 20 mm above HP (xy line) and
40 mm in front of VP (x line).

3. Draw the 307 inclined line a'5" having a true length
60 mm and place the end projector H'D
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° 1o VP and is contained in HP. The
end C 15 16 mm in front of VP. Draw the projections of the
ling, if the true length of line CD is 50 mm.
Refer o Fig. 10.7.
1. Draw the xv line.

fn} Pictarial view

Ve = EL a°

HP

{‘\

\“;IG_
. \ d

{b) Projections w~

Fig. 10.7 Line inclned to VP (ine in 15t quadrant),
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Locate puint ¢ on xy line (HP) and point ¢, 16 mm
in front of xy line (VP).

3. Draw CD = 50 mm, the true length, a1 45° o VP (xv
line) and insert end projector dd” perpendicular o
X¥.

Diraw thick line to represent elevation ', on xy.

. Finish the drawing by giving proper line thickness
and print the given dimensions.,

w

INCLINED LINE PLACED IN ANY ONE OF
THE FOUR QUADRANTS

Line inclined to one of the reference planes may be placed in
any one of the four quadranis. Such a line can be drawn by
marking the end points as is done in the previous problems.
The following examples explain the procedure.

10.5

Example 10.6

A line MN, hoas end M 20 mm below and 30% inclined to HP.

If the line is 30 mm behind and parallel 1w VP, draw

projections and find its true lengih. The distance between the

end projectors is 60 mm and the line is in the third quadrant.
Refer to Fig. 10.8.

l. 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 (xv line) to intersect the
vertical projector drawn ot 60 mm distance from the
projecton m’.

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
- -\.'-
| = W
o
- &0 - “
Sl a W -I-

Answer
TL = &9.3 mm =

Fig. 10.8 Lin& inclined to HP (Iina in 3rd quadrant).
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Example 10.7
A line PQ, has end P 26 mm 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 to Fig. 10.9
Drraw the xy line.
Locate point p, 26 mm behind VP and p’ on HP,
Draw a line i'}', 60 mm above xy (HP) and cut an
arc of radius 80 mm from p’ to locate " on line A4’
MNow p'y’ is the elevation of the line.
Draw line pg (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.

=

e

._.._._ _.__..// 3
q
5 \“\/

Fig. 10.8 Line inclingd to HP (line in 2nd quadrant).

&

Answar Y ]
a& = 49 = =
FL = 52.9mm

Example 10.8 '
Line RS of length 84 mm is placed in the founth quadrant so
that it is parallel 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 o Fig. 10.10
1. Draw the xv-line. Locate the top view of the end rat
adistance of 40 mm and 5 a1 a distance of 15 mm in
front of VP {xy ling). The point 5 is obtained after
drawing the v line at 15 mm distance and cutting an
are of radius B4 mm from ron il
Draw vertical projectors through points rand s.
3. Draw ahonzontal 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,

]
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ANSwEr
#= 1
EL=B0.2mm

Fig. 10.10 Line inclined to VP (line in 4th quadrant).

5. Moeasure 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 prodeced line meets the
reference plane is called the frace of the line on that plane. IT
a line is perpendicular or inclined to a plane, the line will
penetrate that plane to form a trace when it is 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 ling inclined to HP but parallel
to VP, Here, the produced line meets the HP to form a trace
called Harizontal 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
om VP is called the Vertical Trace (VT). The top view of the
trace VT will be also on the xy line and is marked as v
The orthographic projections of these lines are shown in
Figs. 10.11(b) and 10.12(b).

Example 10.9
A line AB of length 60 mm is parallel to VP and 30 mm in
front of it If the point A is 16 mm above and the point B is 50
mim above HP, Draw its projections and find the horizontal
trace.
Refer to Fig. 10.11.
1. Draw the front view as a’b” and top view as ab of the
given line AB as shown in the Fig. 10.11.
2. Extend ba" 1o meet the xy line at &’
3. Draw a projector through &’ to intersect the linc ba.
extended at the point HT.
4. Finish the drawing with proper line thickness and
print the given dimensions.
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o Tep view

Horlzontal frace 2

(a) Pictarial view

HT— PL —
a b

() Projections

Fig. 10.11 Horizontal trace of an inclined line (line in 1st quadrant).

Properties of traces

1.

2,

joining VT and vis a projector, perpendicular to the

Trace of a line on a plane exists, 1f the line 1s inclined
or perpendicular to that plane.

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.

The point ii* will be on the xy line as well as on the
front view or front view produced. Similarly, the
point v will be onthe xy line as well as on the top view
or top view produced.

The line joming HT and A’ 15 a projector, hence it
will be perpendicular to xy line. Similarly the line

xy line.

J

L~ From! view
1

~Top view

Example 10.10

The end C of a line CD 1s 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.

2.
3.

{a) Pictericl view

Draw the top view ¢d and then the front view ¢’d” of
the line CD as shown in figure.

Extend dc to meet the xy line at v,

Draw a projector through v to intersect the line d'¢”
extended at the point VT.

Finish the drawing with proper line thickness and
pnnt the given dimensions.

(b) Projections N

Fig. 10.12 Vertical trace of an inclined line (kne in 1st quadrant).
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10.7 TRACE OF AN INCLINED LINE PLACED IN
TWO QUADRANTS

When an inclined lineg is placed in two quadrants it will be
pencirating one of the reference planes. The point of
penetration will be its triace. Since the line is paralle] 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 O is 30 mm behind VI, 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.
l. Draw the xy-line, Locate the top view of the point p
at a distance of 20 mm in front of the VI (xy line).
2. Draw aline vy of 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 1op
view of the point () lies on vw and the length of the
top view i.e. pg = 70 mm. With centre P and
radius = 70 mm, draw an arc 1o cut the line v at 4.
3. Draw projectors through points p and . Also draw
ahorizontal line p’q” at a height of 40 mm above the
WP (xy line), to get the elevation,
4. Theinclination of the top view with the xv line is the
inchnation of the line PQ with VP.
Locate v at the intersecting point of plan pg on xy
and draw a projectorat v to meet the elevation p’y” at
VT.
6. Finish the drawing, measure angle ¢ and print the
given dimensions as well as the answer.

A

Answer
¢ = 43.67

Fig.10.13 Trace of a line inclined to VP (line 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, If
the line is 16 mm behind and parallel 1o VP, draw its
projections and mark the traces.
Referto Fig. 10.14.
1. Braw the xy line.
2. In the given position, the end R is in the 2nd
guadrant and the end 8 is in the 3rd guadrant.
Locate the mid point as m” and m, 8 mm below and
16 mm behind the v line.
3. Draw the front view r's’ 80 mm long. inclined at 45°
to xy line, through the midpoint m’ so that m's" 15 40
mm and the end R is situated above HP (xy ling).
4. Draw the end projectors through 7 and 5" and
construct the line rs, 16 mum behind and paralle] 1o
VP (xy ling) to get the op view of RS,
3. Draw projector m'm, measure the top view length
PL. and print the value as the answer.
6. Tolocate the HT, mark k” at the crossing point of r's”
on the xy line and draw projector through A" 10
intersect the top view at HT,
7. Finish the drawing with proper line thickness and
print the given dimensions.

ANSweEr
PL = S&.68 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 wp 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 paralle] 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 ponion for the end view of HP and VP, forming the
four guadranis. These two portions may have any
distance. since the distance of the line from PP is naot
usoally specified. Here, the points on profile view are
identified by adding double prime (o lowercase leiters as
shown. The view of HT on profile plane is 4" and is obtained
on end view of HP (xov), where the profile view "5 or its
eXIETISION INfETseCts.

A line inclined 1o VI and parallel to HP is shown in
Fig. 10,16. The line is in the thind quadrant. Here the
side view is a horizontal line d”c”. The view of VT on
profile plane is v and is obtaned on end view of
VP (zov), where the profile view ”d™ or its extension
inlersects.

Example 10.13

Line AD 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
fromt, top and side views of the line. Also mark its traces on
the three views. What is the true length and inchimation of the
line?

Refer to Fig. 10.15.

1. Dwvaw the xov line honzontal and the zevy hine
vertical through the arigin e as shown.

2. Mark front and top views a” and a of the end A. after
drawing vertical projector at any convenient
distance from zay; line.

3. Draw ab, the top view of length 48 mm parallel to
ay and locate b 10 mm above HP, after drawing a
vertical projector through b, Join a'F° 10 get the
front view.

t‘!
S B g ="
Ly o L
- ____-’-";‘. A AW
HT 3 TL = 566 mm
g= 32

Fig.10.16 Thraa orhographic views of a line in the st
quadrant.
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4. Draw horizontal projector through points a and bto
meet oy, line, rotate it anticlockwise about the
origin o o meet xoy (direction opposite to rabation)
and then project uwpwards. Insent horizontal
projectors through o” and b 10 intersect this line at
poants a” and 57, which gives the side view.

5. Extend &'f tointersect xy line at i and mark HT by
drawing vertical projector. The side view of HT is
marked as i” and is obtained on the end view of HP
{xey ling), where the profile view a™b™ or s
EXlENSIon InleTsects.

6. Measure a’h’ as true length and its inclination to HP
as . Print the given dimensions and the answer.

Example 10.14

Aline CD is paralle] to HP and has a length 60mm. I[fthe end

Cis 20 mm below HP, and 10 mm behind VP while the end D

is 36 mm behind VI, draw the front, top and side views of the

lime:, Mark its traces inthe three views. Alsofind the elevation

length and inclination of the line to VP by graphical methods.
Refer to Fig. 10.16.

1. Draw the xov line horzontal and the zoyv; line
vertical through the origin e as shown.

2. Mark front and top views of the line CD as ¢’d” and
cal as shown in the figure. Note that the line is in the
3rd quadrant.

1. Draw horizomal projectors from ¢ and o 10 meet
line oz (side view of VP) and rotate them
anticlockwise about the ongin o (direction opposite
i0 rabation) o the line oxy (side view of HP).
Project downwards from there to meet the
horizontal projector drawn from ¢'d”, 1o get the
required side view ¢”d™.

4, Extend cd to intersect the xv line at v and project
downwards 1o meet the line ¢'d” produced at VT,

5. 'The side view v™ of VT is on the line ov; (side view
of VP)and is obtained by extending & ¢

6. Measure il a5 elevation length and the inclination
to VI as ¢ Priot 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 bath the HP and VP).
Here, line AR, is parallel to VP and inclined 8" to HP. The top
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Fig. 10.16 Trace of a line inclined to VP (line in two quadrants).

Fig. 10.17 Line inclined to both the planes.

view aby, the projector By b, and the line AB, forms a right-
angled triangle like a set-square. As the set-square containing
the line AB; moves from its parallel position (parallel to VP)
to the inchned posiion AB, the hine becomes ¢° inclined to
VP also. This is the oblique position of the line (inclined 1o
HP and VP). As the line moves to oblique position, the
projector moves from by 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 ab, also moves to ab position, making an angle of Swith
xy line. Here, [ 15 the inclination of top view to the xy line,
which is the apparent angle corresponding to the true angle ¢.
Angle bwill be larger than the true angle ¢. Note that the true
angle (8 or ¢) of an obligue line is measured along a plane,
which is containing the line and kept perpendicular to the
reference plane.
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The following points may be remembered while solving
a problems of obligue lines.

[ Properties of oblique line

1. Ifaline is inclined 1o both the planes (obligue ling),
its projections will have shoner lengths (EL and PL)
than the true length (TL).

2. The projections of oblique line will make apparent
angles arand fto the xy line and these angles will be
larger than their true angles Band ¢

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 line position, which is inclined to both the planes,
may be represented by a generator (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
cong, keeping the angle & constant and end A fixed, the wop
view of B, moves along arc byb and the front view moves
along the horizontal line (locus line i'k") from by"to &', Let B
be any intermediate point along the path. In this position, the
front view a'b’ makes an angle & withxy line, which is larger
than &, The length of the front view (EL) 15 less than the true
length a’ly” (TL). The required oblique position of the line
will be anywhere between the starting point By and the mid
position Bs. In the top view, the point by moves along the arc
by b 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 eone also. Assume that the straight line is initially
parallel to HP and is ¢" inelined 1o VP (line AB2). Now its top
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(b} Projections

Fig.10.18 Line moving from posilion paraliel 1o VP to the
inclined posiion.

view ab; will show the true length and inclination. But, if the
ling is revolving about the fixed pont 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 by 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 op view ab makes an
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{b) Projections

Fig.10.1% Line moving from position parallel to HP 1o the
inclined position,

apparentangle 3, 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

Mow, if the required true inclingtions of the line to HP and VI
are & and ¢7, that position can be obtained by combining the
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Fig.10.20 A Lina inclined to both the reference planes.

Figs. 10.18(b) and 10.19(b) as given m 10.20{a). It may be
concluded that the required position of the point satisfying
the two inclinations is the intersection of the circular path of
byand linear path of b at & in the front view. The line joining
a and B i1z the required front view of the line AB.
Similarly, in the top 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 ling AB. The apparent
angles & and B, are larger than 8 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 &, ),
satisfying the given conditions. If the mirror image is
eliminated 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 Projections of an Oblique Line

1. The elevation length EL and the plan length PL of
an obligue line are always less than the true lengzth
TL.

2. Theuapparentangle a of the front view with gy line is
always larger than &, the true inclination with HP.
Similarly, the apparent angle Jof the top view with
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xy line is always larger than ¢, the true inclination
with VP.

3. The locus line kA" is the path of end of an oblique
ling in front view, while it moves from parallz] to
oblique position. Similarly, the locus ling v is the
path of end of the oblique line in top view, while it
maoves from parallel to oblique position.

4. The locus lines K'A" and vy are always parallel to the
v line and they may be positioned on both sides or
on one side of the xy line, depending on the position
of the ohlique line.

5. Since avisible object is to be presented using thick
line in projections as per BIS, all the views of the
given ling are 10 be converted into thick (Type A)
line while finishing the drawing.

Example 10.156
A line AB, 00 mm long has its end A in the HP and 20 mmi in
front of VP. If the ling is 45" inclined to HP and 30° inclined
to VP, draw its projections.
Hefer o Fig. 10,21,
1. Draw the xy line.
2. Locate pointa” onxy ling and point a 20 mm in front
of xv line.
1. Drawline a’d’; = 60 mm (TL) long, at the angle 457
to xy line and project to get the plan view ab, (PL).
4, Draw aline aby =60 mm (TL) long, at the angle 30°
to xy line and project to get the front view a'b% (EL).
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Fig.10.21 Oblique lina in firsl quadrant,

5. Drawline iR, the locus of b and a line vy, the Jocus
of by, parallel to xy line.

6. Draw the locus of B3 by drmwing an are with centre
" and radius =a’b," (EL) 1o intersect the line 'k m
B, Join a’b' 1o get the reguired front view.

7. Draw the locus of by by drawing the arc with centre
a and radius = aby (PL), to intersect the line v at b,
Join ab to get the required 1op view,

B. Dwop a perpendicular from point & o 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° wo HP and 25" to VP. Druw its top and from
views.

Refer 1o Fig. 10.22,

1. Druw the xy line and locate the end P ot 20 mm in
front of VP and assume it on HP as p and p}. Draw
the locus line AL of end Q, 50 mm above HP,
Draw the line pg; = 64 mum (TL) at an angle 257 o
VP and project to get the elevation length pigy
{EL).

3. Diraw another line p) s = 648 mm at an angle 407 10
VP and project to get the plan length pg. (PL).

()
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4. With centre p and radius pgs (PL), draw are o
intersect the locus line v atg. Join pg to get the topview.

5. Draw a projector through ¢ to intersect the locus
line bk at g’y Join g to g to get the front view,

6. Sincep| is anassumed position of the point and g is
to be at 50 mm above HP, lift the front view (g5 p))
to the position g°, without changing the anple a.
This gives the required from view p'g’.

7. The same can be directly obtained by drawing an
arc with centre g and radius = the elevation length
EL tocut the projector drawn through pat p’, Join p’
o to get the required front view.

8. Give proper line thickness and print the given
dimensions o complete the drawing as given in
Fig. 10.22(b).

Example 10,17
One end M of the line MN, 80 mm long is 10 mm below HP
and 15 mum behind VP, The line is inclined at 40° 10 HP and
the top view makes S0° with VP, Draw projections, if the line
is in the third quadrant.
Kefer to Fig. 10,23,
1. Draw the xy line and locate 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 A'A" of the end n'y.
3. Project from the parallel line end and find the plan
length (PL) sy, Draw the plan view s of length
equal to PL and inclined 50° to xy line.
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(a) Pictoriol view

h* q h

TL = 64 mm

v g 9y w
(b)) Projections

Fig. 10.22 Oblique line in first quadranl

Fig.10.23 Obligue line in the third guadranl

4. Project vertically from » to intersect A'A line at n'
g0 that, by drawing line m's” the front view is
obtained.

. Give proper line thickness and print the given
dimensions to complete the drawing.

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 [ is 60 mm behind VP, draw its projections.

Department of Mechanical Engineering, NCERC, Pambady

Refer o Fig. 10,24,
1. Drawthe xyline and locate the end C, 12 mm above

HP and draw the front view ¢'d of length 60 mm and
inclination 30° to xv line.

. Mark the locus line &'A° through " and draw the true

length line ¢'dy at 25° with HP. Project vertically
[rom & to get the plan ey, on xy line,

. Draw the vv line at 60 mm behind VP and drop a

projector through 4 o Jocate o, Cut an arc of radius
equal to PL. from d to get point ¢ on the projéctor
through ¢”, so that cd is the required top view.

. Give proper line thickness and print the given

dimensions to complete the drawing,.

Fig- 10.24 Oblique line in the second quadrant.
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Example 10.18
A 100 mm long line EF has 70 mm length in the top view and
B4 mm length in the front view, If the line end Eis in HP and
Fis in VP, draw its projections, keeping the line in the founh
quadrant,
Refer to Figs. 10.25,
. Draw the xv line and locate the end E on HP as well
as on VP by ¢and &),

i
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Fig. 10.25 Oblique line in the fourth quadrant,

2. Mark e} 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 f.

(@) Pictorial view

3. Draw the locus line A& through 7, and cut the
elevation length 84 mm on that line to get ", Join &'f
as the front view,

4. Sinceend Fison VP, the topview fwill be on xy line

and is located on the vertical projector drawn from

I

To get the top view of the ling cut an arc with centre

Fand radius equal to plan length 70 mm on the

projecior drawn through . The line ¢f gives the

required top view,

6. Give proper line thickness and primt the given
dimensions o complete the drawing,

LA

10.10 TRACES OF AN OBLIQUE LINE

If a line is inclined 1o both HP and VP (obligue). the line or
the line produced will penetrate the two planes forming
both 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 ogether
or superimposed. From the projections [Fig. 10, 26(b)]. the
following features may be noted:
1. The points p', 4", &" and VT lie on a straight ling
inclined @ and A" is located on the xv line.
2. The points p, g, v and HT lie on a straight line
inclined 7 and v is located on the xv 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.

Fig. 10.26 Traces of an obliqua line placed in 18t quadrant.
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In order to locate the HT of a line, extend the front view
to eross v line at k' 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 v and drop a vertical line
through the point o mtersect on the front view or froat view
pro<duced. This intersection point gives VT, Note that & and v
are located always on the xy line,

Example 10.20
Anend I"of a line PQ is 16 mm above HI” and 20 mm in front
of VP while the end Q15 &0 mm above HP and 50 mm in front
ot 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 xv 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 PO) as shown in figure.

2. Extend ' p" 1o cross xy line at o', Similarly, exiend
g o cross xy line at v.

3. Drop vertical lines through & and v 1o intersect Lhe
lines gp and ¢'p’ produced to intersect at HT and VT
respectively,

4. Give proper line thickness and print the dimensions
1o complete the drawing.

Example 10.21
The projections of a line AB has 357 inclination in top view
and 40° inclination in the front view with an elevation length
of 60 mm. If the end A is 10 mm below HP and B is 12 mm
behind VP, draw the projections and locate the traces keeping
the line in the third quadrant.

Refer to Fig. 10.27.

HT
e
=
i
Y
Fig. 10.27 Traces of an oblique line placed in 3rd quadrant.
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l. Draw the xy line and locate the points @” 10 mm
below HP.

2. Draw the elevation a’d” of 60 mm length and of
inclination 40° 10 xy line,

3. Locwetheend b, 12 mm behind VP on the projector
through b° and draw the plan ab at 35% inclination.

4. Exiend the elevation a's’ to get & on xy line and
draw projector through b 1o intersect the plan
extended at HT.

5. Extend the plan ab 1o get v on xy line and draw
projector through v to imerseet 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 trug inclination of a ling 15 scen 1 a
projection when the line is paraliel vo that plane of projection.
This principle is followed to determine the true length and
inclination of a line inclined to boih the reference planes.
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
explained for drawing the projections of an obligue 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 trinngulm: plane containing the projected
view of the line, the trace on it, and the original line is motated
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 A is rotated
about the plan ab to fall on HP. This triangle gives the tree
angle & at HT and the true length AB. Similarly, the
triangular plane containing a’d’, VT and AB can be rotated
agbouta’h’ to fall on the VP to get the true angle ¢° and the troe
length AB. This method of finding the true length and
inclinations is explained in Example 10.22(b).
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1.
2,
i
Fig.10.28 True length and inclinations (Plane rotation
mathod), 4,

(&) Flane rotation mathod

Example 10.22
Anend Aol aline AR is 16 mm above HP and 20 mm in front
of VP, while the end B is 60 mm sbove HP and 50 mm in front
of VP, If the end profectars 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)
(b} Plane rotation method.

Parallel line method,

(a} Parallel line method
Refer to Fig. 10.2%a),

Draw the xy line and mark the end poimts a”, b°, aand
b as per given dimensions and complete the fromt
and top views,

Draw the locus lines AR and v through & and b
respectively,

Rowate ab about a 1o bring i parallel to xv and
project ventically to meet 50" at by, Join o’and B to
get ihe true lengih (TL.) and true inclinanon & with
HP (xv line).

Similarly rotate a'b" abour a” vo bring it parallel to yy
line and project vertically to meet vy at bs. Join aby

B2

Fig. 10.29 True length and inclinations (oblgue lne in the first guadrant).
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to get the true length (TL) of same value and the
true inclination ¢° with VP (xv line) .

Measure the values and prant them below the views
4% ANSwer.

Giive proper ling thickness and print the dimensions
1o complete the drawing.

{b} Plane rotation method
Refer to Fig. 10.29(b).

L.

-

3.
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Draw xy line and complete the projections of the
line as per the given dimensions.

Extend the lines a’b" 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 (50 mm) at &, to gel poinis
B and By respectively. Join HT to By and VT 10 B,.
Alsodrop perpendiculars ata and &’ (o get points A,
and A, as shown in the figure. Now A B; = A:B:=
the true length TL of line AB.

The angle between plan (PL) and true length ling
(TL) is = 8= the true inclination to HP, Similarly,

the angle between elevation (EL) and true length
line (TL) is = ¢ = the trus inclination to VP.
Meagure the values and print them below the view
as the answer.

. Give proper line thickness and print the dimensions
to complete the drawing,

f_l:] Piclorial wiew

Example 10.23

The top view of aline CD has points ¢ and d, 10 mrm and 50 mm

below the xv line and the front view has points ¢ and o, 40

mm and 16 mm above the xyv 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 distance between the end projectors as 66 mm.
Refer to Fig. 10.30 (Plane rotation method )

2,

3

Drraw xv line and complete the projections of the
line as per the given dimensions.

Extend the lines ¢’d” and cd, and mark HT and VT as
shown in figure.

Draw perpendiculars at ¢ and & and mark elevation
distance of ¢’ from xy line (40 mm) at ¢ and the plan
distance of d from xy line (50 mm) at 47, 10 get points
C, and D; respectively. Join HT 1o C, and VT w0 D,.
Also drop perpendiculars at d and ¢ 10 get points D,
and C, as shown in the figure. Now C\D = C;Ds =
the true length TL of line CD.

Angle between 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 to VP,

Measure the values and print them below the view
s Answer.

Giive proper line thickness and print the dimensions
to complete the drawing.

(b) Projections

Fig. 10.30 True length and Inclinations (plane rotation method).

Page 48




EXERCISES

(# Problems simalar 1o the worked out examples)
Line parailel to both or perpedicular to the

reference planes 1L

1. Aline PQ 70 mm long is parallel wo both HP and VP,
The point P 1s 30 mm above HP and the point © 15 50
mm in front of VP, Draw its projections. (#)

b

A S0 mm long line CD s positioned in such a way that it

is perpendiculer 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. (#)

3. Line EF, 36 mm long is in the first guadrant. The end F

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" o HP. s end Ais 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 line RS, 80 mm long is parallel to HP. Its end R is
30 mm in front of VP and the end 8 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.

is 12 mm above HP and 24 mm in front of VP. Ifthe  Trace of an inclined line

line is perpendicular to HP deaw its projections. (#) 11,

4. Draw projections of a line PQ 70 mm long. when it is
pleced in the third quadrant and parallel to both HP and
VP. The end P is 60 mm below HP, and 50 mm behind

VP. 4.

5. Draw projections of & line MN, 60 mm long. placed
perpendicular to HP inthe third quadrant. The line is 40
mm behind VP and the upper end of the line is 20 mm

below HP, 15.

Line Inclined to one of the reference planes

6. A line PQ, 80 mm long is parallel wo VP and inclined
45710 HP, The end Pis 10 mm above HP and 35 mmin

front of VP, Draw the projections. (#) 16.
7. Line GHis inclined at 30" to VP and is contained in HP,

The end G 15 20 mm in fromt of ¥P. Draw the

projections of the line, if the tmee length of ling GH is 7O

mim. (#) 17

8. Aline EF, has end E 15 mm below and 45 inclined 1o
HP. Il the line is 40 mm behind and parallel to VP, draw
projections and find its true length. The distance
betwesn the end projectons is 65 mm and the line is in
the third quadrant. (#)

9, Aline KL, hasend K 16 mm behind VP and on HPLIf 18,

the line has %0 mm length and parallel 1o VP, draw
projections and find its true inclination and plan length.
The end L is 56 mm above HP and the line is in the
second quadrant. (#)

10. Line AB of length 90 mm is placed in the fourth
guadrant <o that it is parallel 1o HP and the ends are 70
mm below, [T the end A 1s 10 mm and end B is 50 mm in

Department of Mechanical Engineering, NCERC, Pambady

Aline PQ of length 80 mm is parallel to VP and 35 mm
in frontof it, If the point P is 60 mm above and the point
Jis 15 mm above HP. Draw its projections and find the
traces. (#)

The end 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 307 inclined o VP, Diraw its projections and mark
its traces, if the length of the line is 60 mm. ()

Aline 5T, 80 mm long is parallel wo HP. Its one end 5 is
25 mm in front of VP and T is 40 mun 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" 1o xv line. The midpointm® of the ling ¢°f
15 10 mm below the xv line and the end Fis in the second
guadrant. 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 guadrant
and the other end C 14 in the second quadrant. If B s 35
mm in front of VP and C is 15 mm behind VP, draw its
projections and mark its VT. The line BC is parallel 1o
and 25 mm above HP. Also determine the elevation
length of the line.

An inclined pipe ling is running along a vertical wall of
a building, g0 thor one end iz touching the floor of the
ground floor, while the ather end is touching the rool of
the first floor. If the distance between the pipe ends
measured horizontally = 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 to the ground and the point at which the pipe
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penetrates the fiest floor. Draw the views to o suitable
scale, neglecting the thickness of the slabs,

Three views and trace of an inclined line

19,

21.

Line P(}is parallel to VP and has a plan length 50 mmin
the top view. If the end P is 12 mm above HP, and 30
mim in front of VP while the end (} is 60 mm above HP,
draw the front, top and side views of the line. Also mark
1t troces om the three views. What 1 the true length and
inclination of the line7(#)

A line EF is paralle]l 1w HP and has a length 70 mm. 1If
the end E is 25 mm below HI?, and 40 mm behind VP
while the end Fis 12 mm behind VP, 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 1o VP hy graphical methods. (#)

Line CDvis parallel 1o 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 I3 is 10 mm in front of VP,
draw the front, top and side views of the line. Also mork
its trgce on the three views, What is the true length and
inclination of the line?

Projections of oblique line

21,

23,

24,

26.

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 10 VP, draw its projections. (#)
Aline AB, 70 mm long has one of its extrernities 30 mm
in front of VI and the other 70 mm above HP. The line
is inclined at 4537 to HP and 307 to VP. Draw its top and
front views. (&)

Ome end J of the lina JK, 90 mm long is 10 mm below
HP and 20 mm behind VP. The line is inclined at 35" to
HFP and the top view makes 45" with VP. Draw
projections, if the line 15 in the third quadrant. (#)
Line RS 15 mn the second quadrant and has
MW" inclination with HP, while the front view has
40" inclination with xy line and 70 mm length. If the
end R is 15 mm sbove HP and the end 5 is B0 mm
behind VP, draw its projections. (#)

A 11D mm long line CD has 75 mm length in the (op
view and 85 mm length in the front view. If the line end
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Cisin HP and D is in VP, draw its projections, keeping
the line in the fourth quadrant, (#)

Traces of obligue line

27, Anend A ofaline AB is 50 mm above HP and 60 mm in
tront 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 CI has 457 inclination in top
view and 40° inclination in the front view with an
elevation length of 70mm. If the end Cis 1.5 mmbelow
HP and I» is 20 mm behind VP, draw the projections
and locate the traces keeping the line in the third
guadrant. {#)

True length and inclinations of oblique line

9. AnendPofaline PO is 15 mmabove HP and 25 mm in
fromt of VP, while the end Q) is 60 mm above HPF and 50
mmiin frontof VP, Ifthe end projectors are at a distance
of 65 mm., find the true length and true inclination of the
line 1o the reference planes by the following methods:
{a) Parallel line method.

(b) Plane rotation method. (#)

30. Thetop view of aline EF has points ¢ and f, 12 mm and
60 mrm below the xy line and the front view has points ¢
and ", 50 mm and 15 mmabove the xy 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 distance berween the end projectors as
70 mm. (#)

3l. Line CDhas 80 mm length in the front view and 70 mm
length in the top view. The end C is 530 mm below HP
and 40 mm behind VP, while the end [} is 10 mm below
HP. Draw the projections of the ling, locate the traces
and determine the true length and inclinations of the
linie with the reference planes. (#)

12, Aline MN hos 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 357 tothe 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
Solids

ﬁ- solid may be defined as an object having three
imensions such as length, breadth and thickness,
measured along the three mutwally perpendicular axes. This
chapter discusses the method of drawing of orthographic
views of geometrical solids.
Forthe purpose of drawing, a solid may be considered as
a combination of points, lines and planes, flat or curved. The
method of projeciion of points, lines and planes was already
discussed in the previous chapters. Here, the procedure and
conventions which were discussed in the previous chapters
have to be combined and applied together.

121 CLASSIFICATION OF SOLIDS

The solids generally used for the study of Engineering
Graphics may be classified as;

1. Polvhedra

2. Solids of revolution.
Solids may olso 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 Aght solid are of equal
lengths and ihey form a plane figure. that righi solid is called
a right regular solid, See Fig. 12.1.
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If the axis of a solid 15 inclined to its base or end faces,
that solid is called an obigue 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 obligue solid is
called an ebligue regular selid. Figure 12.2 gives the
pictorial views of obligue solids.

A polyhedron is defined as a solid bounded by planes
called faces, Platonicsolids, prisms and pyramids are some of
the solids coming under this group.

A solid of revolution is defined as a solid gencrated by the
revolution of a plane figure about a line called axis,
Cylinders. cones and spheres are some of the solids coming
under this group,

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 the five regular polyhedra called platonic solids.
1. Tetrahedron: It consists of four equal equilateral
riangular faces,
2. Hexahedron (cube): It consists of six equal square
faces.
31, Octahedron: [t consists of eight equal equilateral
triangular Faces.
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Fig. 12.2 Oblique solids.
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4. Dodecahedron: It consists of twelve cqual
pentagonal faces.
5. [lcosnhedrom: It consists of twenty equal
equilateral tiangular faces.
Prisms

A pnsm 15 a polyhedron having two equal and similar end
faces, parallel toeach other and joined by side faces which are
either rectangular or parallelograms. Prisms are named
according to the shape of the end faces such as triangular,
square, reclangular, pentagonal, hexagonal, ete. A
parallelopiped is a prism having parallelograms as end faces.

In aright prism, its axis is perpendicular toits base; but in
an oblique prism, its axis is inclined to 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 it is
self explanatory,
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bdge of basze, EM
Fig.12.3 Prism

Pyramids

A pyramid 15 a polyhedron having a polygon as base and
isoseeles triangular faces equal to the number of sides of the
polygon, as the laeral faces. They all meet at a point called

apex or vertex. Pyramids are named according to the shape of

its base, such as mangular, square, pentagonal, hexagonal, et

Nomenclature of a square pyramid is shown in Fig. 12.4
and it is self explanatory. Axis of a pyramid is an imaginary
line, joining the venex to the centre of its base. The
perpendicular distance between the vertex and the base of the
pyramid is called the alritude or height of the prism. In the
figure, the distance OF is the height. In a right pyramid, its
axis is perpendicular toats base; butin an oblique pyramid, its
axis is inclined 1o its base.

Cornar odge, OA Te—Apen of verlex, O

i

Sland surfoce. 400 -, ~ Axis, QP
L

- Leteral edge
'
__-=Curf1ur. C

Slant height, 05 -~ < -

Bose, ABCD-"
Fig.12.4 Pyramid.

r F
& Edge or side of basa, DC

Solids of Revolution

A solid of revolution is defined as o zolid 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
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of its sides fixed. is called a right circular cylinder. A night
circular eylinder is shown in Fig. 12.5, I is generated by the
revolution of the reclangle ABOP about OP.

Engd fac e,

Awig, OF

~ Ganeratar

| | ~End lace
“ orbase

ZEdge of base

Fig.12.5 Cylinder

Cone

A solid generated by the revolution of a right angled tnangle
about one of its sides, that which remains fixed and contains
the right angle, is called nght circular cone. A nght circalar
cone is shown in Fig. 12.6. [1is generated by the revolution of
the right angled triangle OPA about OP.

;Geﬂuraror. O

Bose Edee of base®
2

Fig. 128 Cone.

Sphere

A solid generated by the revolution of a semicircle about jis
diameter which remains fixed, 15 called a sphere.

Frustums

If & cone or pyramad is cut by a séction plane, parallel to its
base, and the portion containing the apex or verlex is
removed, then the remaining portion is called freestum of the
come or pyramid,
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12.2 POSITION OF A SOLID WITH RESPECT
TO THE REFERENCE PLANES

The solids under discusgion are generally placed in any one of
the following ways, based oo the inclination of its axes with
the reference planes.
1. Simple posiiion
(a) Axis perpendicular to HP.
(b) Axis perpendicular to VP.
(c) Axis parallel to HP and VP (i.e. perpendicu-
lar to PP).
2. Axis inclined ro one of the reference planes.
(a) Axis parallel to HP but inclined 1o VP.
(b) Axis parallel to VP but inclined 1o 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.
Y. Solid suspended freely from one of its comers,
edges, etc.

12.3 METHOD OF DRAWING ORTHOGRAPHIC
PROJECTIONS OF SOLIDS

The method of drawing orthegraphic views is similar to that
of plane figures, Here, the third dimension i.e. thickness or

{r:lll Ficlorial view

height of that object is also considered for drawing. The
object is assumed 1o be placed, unless otherwise specified, in
the first quadrant, because first angle projection method is
followed. Generally, the projections 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 pyramid and its projections on the principal planes.
By referring the projections, the following points may be
noted:

Rules and Conventlons

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
convenient distances may be assumed. Simularly, if
the direction of the inclination of axis, like towards
left or right, towards or away from the observer
elc., is not given, any convenient simple position
may be selected for drawing.

4. Unlessotherwisespecified, the views may be drawn
by following ecither change of position of view
method or auxiliary projection method.

U

h .
Oy hwis

! Hidden edge

i
i

]
L]

al @ |p e

._.._.
a

P ot
FRONT
(b) Orthogrophic view

Flg. 12.7 A square pyramid in paralisl position.
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Types of Lines Used and the Order of Priority

1.
2.

3.

Department of Mechanical Engineering, NCERC, Pambady

Type A line {continuows-Thick) is used to represent
the outhing and visible edges of solids,

Type Eor F lines { Dashed- thick or thin ) ane used to
represent hidden outlines or edges.

Type @ lines {chain-thin) are used to represent the
axis, lines of symmetry and trajectonies.

Tyvpe 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 to the other types of lines.

Hence it maybe broken or removed partially, for
the clanty of the drawing.

As mentioned in the Chapter 1, when two or more
hines of different types coincide, the onder 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 orthographic views of solids in simple

position.

Heclangular

{a) Prisms

1'

VTN

l\

——'--/
Peniogonal

! :
.I |
¥ -
T

Reclangular
() Pyramids

Pentagonal

>
&

{¢) Solids of revelution

(d) Platonic solids

Fig. 12.8 Orthographsc 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 wsually
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 OF giving
0 for apex or top end,

The given dimensions should be marked in the views.
For this, the view showing the true shape has 1o 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
edpes are pot 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 cutermost 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. Ifasolid has two parallel faces and if one of them is
visible, the other paralle] face will be hidden.
3. Forcones and pyramids, if the apex is pointing (o
the observer, the base will be hidden.
4. [Ina projected view, if two lines representing the
edges of a solid cross each other, one of ithe lines
will be hidden either completely or parly.

{a) Pictorial view

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
considersd as in simple position, since the true shape of base
and true length of axis are seén in the views. Normally, one
set of views will be sufficient to get the answer. The views
ghowing 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 parallel 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 reclangular faces inclined at 607 o VP. If
the nearest vertical edge 15 20 mm in front of VP, draw s
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 eross 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.

d, t

[b] Dﬂl'-r.:grqphic. wiE W%

Fig. 129 Projections of a square prism (axis perpandicular 1o HP),
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i, Draw vertical projectors up to 60 mm beight above
the xv line to represent the front view. Name the
comers corresponding Lo the names given in the top
view, Finish the outline of the elevation using thick
lines, The edge ofr is visible in the front view, henece
convertd'r to continuous thick hine, while the edge
br is hidden, and so conven &7 1o shon dashes.
Drraw 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 mun 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 parallel io
and 40 mm away from VP, draw 15 projections,

Refer to Fag. 12,10,

1. Diraw a venical line ab of 30 mm length and
construct a peatagon on it by any method (54°and a
circle method is preferred). Mark the cormers as
abede and join them to the centre op. W complete
the lop view.

2. Draw the xy line at 50 mm distance from op and
project 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 o'p’ = 60 mm. 1o
represent the axis of the pyramid. Join the points o',
d and ¢ 10 o', to complete the front view. Itis to be
noted that hidden edges &'o” and ¢’a” are coinciding
with the visible edges.

4. Finish the view, name the comners and primt the
given dimensions to complete the drawing.

o i
!
g
|
oy a*

B ¥

Fig. 1210 Projections of a pyramid (axis perpendicular to HP).
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Example 12.3

A hexaponal pyramid of base side 26 mm and height 64 mmis

placed on VP, such that the axis is perpendicular to and the

verex is touching the VP ota height of 40 mm from HP. Draw

its projections, if one edge of the base is making 157 1o HP,
Refer 1o 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 b'e” through that point at an angle of 15710
horizontal. Construct a regular hexagon of side
26 rmm on that diameter,

3. Name the corners and drop projectors downwards.
Complete the top view keeping the vertex o on xy line,

4. Draw the hudden edges using short dashes and the
axis using chain line as shown in figure,

5. Finishthe view, name all the comer points and print
the given dimensions.

b 8 2pf d a

Fig.12.11 Projections of a pyramid (mas perpendicular to VIP),

Example 12.4
An equilateral triangular prism of side 40 mm and length
G0 mim has lis 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 tv line horizontally and v,z vertically as
shown in the figure.
2. Since the prism is paralle]l (o 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 as the end view and mark its centre o”p” forthe
Ax1s POSItion,
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{o) Pictorial view
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(b} Orihogrophic views

Fig. 12,12 Projections of a trlangular prism (axis parpendicular to PP},

3. Pruject 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
COMMErs.

5. Finishthe drawing and enter the given dimensions.

Example 12.56
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
that its axis is paralle] to both HF* and VP, If the axis is 35 mm
above HP, and the base is on the right hand side of the
observer, draw ils projections.

Referto Fig. 12,13,

Fad

.L
=
-

Fig. 12,13 Frustum of a cong.
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1. Druw the xy and vy 2 lines. Construct two concentric
circles of diameters S0mm and 30 mm at a height of
35 mm to reprezent 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. Moark the axis using chain lines, finich the drawing
and print the given dimensions,

12.6 AXIS INCLINED TO ONE OF THE
REFERENCE PLANES

The drawing of orthographic views of solids with the axis
inclined 10 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 initinlly kept in simple position, suitable to get the required
tilted position, and the first st 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
horzontally 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 30 mm base and 70 ram height is resting
on one of its base edpes on HP, If the axis is parallel to VP and
inclined 45° to HP, draw its projections.

Refer o Fig. 12,14,

1. Dwaw the xy line and construct a square of 50 mmat
a convenient distance from it Lo get the top view.
Here the base edge od 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 ¢’d” on xy line
and the base making 45° so tha, the axis is inclined
45" 1o HP. This is the 3nd view.

4. Project vertically downwards from the 3rd view
and horizontally from the lst view (o get the
intersection points of the 4th view,

5. Convert the oulermost lines and the edges
representing the top tnangular surface into visible
edges. But the crossing line o', which is below, is
converted os hidden edge.

6. Finish the views, name all the comers and print the
given dimensions to complete the drawing,

Fig. 1214 Square pyramid (axis inclined ta 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
inclhined at 30° o VP, draw s projections.
Refer o Fig. 12.15.
1. Draw the xy line. Place the prsm n the simple
horizontal position keeping one rectangular face on
HP. The final required inclined position is obtained
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Fig. 12.15 Drawing board with minidrafter clamped

by tilting the solid about the line for tilt LT. Draw

the front view and then the top view as the 2nd.

Copy the top view after rotating. so that the axis

makes 307 wath VP. This is the 3rd view.

Y. Project upwards from the 3rd view and project
horizontally from the Ist view, so that their
intersechion points give the final 4th view,

4. Convert the oetermost edges of 4th view 1o thick
lines. Look to the top view ( 3rd) from the front side
and identify the viible face abede. Convent this
face as visible one in the elevation (4th), 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
fromr to .r:'..nn]}r thie hine &'d 15 to be drawn 1n short
dashes.

5. Finish the views, name all the comers and print the
given dimensions to complete the drawing.

ta

Example 12.8

A regular pentagonal pyramid has an altitude of 60 mm and

base side 30 mm. The pyramid rests with eneof its sides of the

base on HP such that the tnangular face containing that side is

perpendicular to both HP and VP, Draw its projections.
Refer to Fig. 12,16,

I. Since one of the tnangular slant surfaces of the
pyramid is 1o be perpendicular to HP, the pyramid
has to be kept imitially in simple vertical position,
and one of the base edges od perpendicular to VI
Draw the top and front views.

2. Redraw the fromt view, keeping the face o'd’c’
perpendicular toxy line. For this, lirst draw the line
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Fig.12.16 Pentagonal pyramid (slant furface perpendicular
to HP).

o', perpendicular to xy and construct the triangle
a'd’o’ on that line. Then complete the 3rd view.

3. Project hornizonwlly 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 perpendicular
to both HP and VP,

4. Finish the view, name the comers and print the
gven dimensions.

Example 12.9
A cone of base 50 mm diameter and axis 60 mm long has one
of its generutors on HP. If the axis is parallel wo VP, draw irs
projections.

Refer o Fig. 12.17

1. Dmaw the projections of the cone, keeping the base
on HP.

2. Dhivide the wop 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 from view, so that the generator o'c” is on
the xy line. Forthis, mark the distance o'c" on.xy line
and construet the thangle 2's"c” on it Draw the axis
«'p’ and mark the generators on the 3rd view.

4. Project horizontally from the first view and
vertically from the 3rd view, to get the various
poants of the dih view, Here, the circular base 15 5e2n
as an ellipse. Draw the ellipse by joining the poinis
using french curves or by freehand drawing. Then
draw two tangents from the apex o to the ellipse to
represent the outermost generators. It is o be noted
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Fig.12.1T Cona (A generator on HP),

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
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° 1o VP, draw its projections.

Refer to Fig. 12.18.

1. Draw front and top views of the cylinder, keeping
one of the generators on HP and the axis
perpendicular o VP,

2. Divide the front view, which is & circle, radially
into 12 equal parts and name them clockwize.
Also name the horizontal and vertical diameters
asa'e’, g'd, 's’, ete. in front view and the same in
top view,

3. Copy the top view and generators after rotating it,
s that the axis makes 607 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.

3. Inthe 4th view the front Tace abed of the disc is
visible ellipse. while the rear face grst is hidden.
The edge r'y'¥ is visible because it is the outermast
edge, but the edge F's'r is hidden, hence it should be
represented by shon dashes. Join the points by
drawing smooth curves either using suitable french
curves or frechand.

6. Finish the view, name the comers and print the
dimensions.
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Flg. 12,18 Cylindrical disc (axis inclined to VP).

2.

Example 12.11
A triangular pyramid of base side 30 mm and axis 56 mm
long is freely suspended from one of the cormers of its base.
Draw its projections, if the axis is parallel to VP.
Referto Fig. 12.19.
1. Draw the top and fromt views of the pyramid,
keeping the base on HP and one of the base edges
{say be) perpendicular to the xy line. This position
brings the ling joining the point of suspension and
the centre of gravity ag parallel to VP.

Foint fer

LI LI e T

"
ELT B}
i

i -
fedt=1]

[Sai=2)

Fig.12.18 Suspended triangular pyramid (axis inclined

1o HP).
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For all pyramids and cones the centre of gravity is
located at 174 th the height from the base. Therefore
mark the centre of gravity of the solid in the fromt
view as g’

3. Join the comera’to g, If the pyramid is suspended
from the comer a’. the line a'p” will be
perpendicular to the xy line in the front view.
Hence, copy the first front view, keeping the line
a'g’ venical. For this, draw a line perpendicular 1o
xv and mark the distance a'g” on it. Construct the
riangle a’e’g’ on that line and then the triangle

o'b', o complete the 3rd view,

4, Project horizontally from the first top view and
vertically from the 3rd view, 1o get the points of the
d1h view. Here, all the edges are visible,

5. Finish the view, name the comers and print the

dimensions.

Example 12.12

A frustum of a square pyramid of base side 32 mm, top side
16 mm and height 40 mum is resting on one of its base comers,
such that the base ix 45% inclined 1o HP, Draw the projections,

Refer o Fig, 12.20.
. Sincethe baseedges are tobe at equalinclinations to
HP, the solid has to be kept initially in the simple
position, sothat the sides are at equal inclinations te
the projector oc” (LT). Draw the top view and then

the front view,
2. Copy the front view after tilting the view about the
comer ¢’ sothat the base makes 45° inclination with
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Fig.12.20

isei-1)
Frustum of a pyramid (axis incEned o HP),

the xy line. This can be done by drawing ¢'o" at 45°
and copying the front view on it

3. 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

12.6 AXIS INCLINED TO BOTH THE REFERENCE
PLANES

When the axis of a solid is inclined 1o both the relerence
planes, its projected views are uspally obtained in three stages
of projection, following the change of pasition method, This
is an extension of the procedure followed in the previous
sections. The three sets of views to be completed ane:

Ser-! The axiz of the object is kept in simple position
(i.c. perpendicular to one of the reference planes), suitable to
reach the final required position, and the first set of views ( 1st
and 2nd) are drawn.

Jer-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 bang the axis mclined to
both the reference planes. The third set of views (5th and Gth)
are drawn now to get the answer.

The change of position method is similar to the one
expluined in projections of plane figures. Here, a total of six
views are generally drawn to satisfy the required conditions.
Figure 12.21 gives the projections of a square pyramid with
ans inclined 1o both the reference planes. If the direction of
inclination is not specified in the guestion, the Llting of the
solid can be in the opposite direction also. Similarly, the apex

view.
4. Identify the hidden lines and join the edges with  of the pyramid may be directing towards or away from the
proper lines. VP. This will result in three more different solutions.
5. Finish the view, name the comers and print the  Figure 12.22 shows these three possible (Set-3) solutions. It
given dimensions. is 1o be noted that, as the direction of tilting is different for the
7~ 2nd 3rd “fie P ~ “
2 2. ___’_3"'";/
o
w {.",b" 2]
— =]
Ist=, [ ®
A o.p Q
[o]
{(Set=1) (Sat=1)

Fig. 12.21 A square pyramid (axis in oblique position—apex pointing towards right and away from VF).
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(Set=3)
{a) apex pointing towards left
ond away from VP

{Set=3)
{n) apex polnfing fowards left
and nearer to WE

=

¥ % Y| [ ¥

{| &

b

(Set=3)

{c) Apex peinting towards right
agnd nearer fo VP

Fig. 12.22 A square pyramid—the three different solutions,

same angle of inclination, the visible and hidden edges are
interchanged. The following examples explain the procedure
ﬁfl:[mwing varous solids im obligue positions,

Example 12.13
A square pyramid has its axis inclined at 457 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 50 mm, draw the
projections of the object, keeping one of the edges of its base
an HP.

Refer to Fig. 12.21.

1. Draw the projections of the pyramid, keeping the
base on HP and ore 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 (1s1)
view and vertically from the second front {3rd)
view to get the second top (4th) view.

3. Produce the second top view, keeping the
edge od inclined at 607 1o the xv line {tum the
top view aboul point ¢, the point of luming PT)
to get the third top (5th) view, Project honzontally
from the second front view (4th) and verically
from all the points on the thind op view (3th)
to locate the comers of the third front (Gth)
Vigw.

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.
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5. Finish the three scts of views, name the comers and
print the piven dimensions.

Figure 12.22 gives three more solutions (final set of
views) to the same question. Note that the hidden edpes ane
changed as the direction of inchnation changes. It can be
identified 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 s

axisinclined at 35% 10 VP and has a base edge on VP, inclined

at 457 1o HP. Draw its projections.
Refer 1o Fig. 12,23,

1. Draw the projections of the square prism, keeping
the axis perpendicular to VP and one edge of base
on VP, perpendicular to ov line (LT).

Copy the top view (2nd), afer tlting the axis 10

make 357 to the v line. The edge st of the base i3

placed on VP, Project horizontally from the front

{ Ist} view and vertically from the second top (3rd)

view [0 get the second front (Sih) view,

3. Reproduce the second front (4th) view, keeping the
edge 5'r inclined a1 457 1o the xv line, to get the third
fromt (Sth} view. Project honzontally 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 intersection using continuous
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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Fig. 12.23 A square prism (axis in oblique position).
Example 12.15 2. Copy the front (2nd) view, keeping the generator
A cone, of base diameter 50 mm and 60 min height, has one of o'c’ on the xy line. Project horizontally from the top
its generators on HP. If the axis of the cone is seen as 45° view and vertically from the second front view 1o
inclined to.xy line in the 1op view and the apex is nearerto VP, get the second top (dth) view as explained in
draw the projections of the cone, Example 12.9.
Refer to Fig. 12,24, 3. Reproduce the second top (4th) view, so that the
I, Keeping the base on HP, draw the projections of the axis of the view is 457 inclined to the xy line and the
cong in simple position. Divide the base circle apex is nearer toit. Here, the ellipse has to be copied
radially into 12 equal parts and name these by measuring and marking the major and minor
generators as given in figure, axes as well as the intermediate line lengths

{Sei=1)

Fig. 12.24 A cone (axls in oblique position)
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connecting the 12 points perpendicular tothe major
axis. This gives the third top (Sth) view.

Project horizontally from the secend top (nd) 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
all these views. To obiain the outermost generators,
draw tangents from the apex to the ¢llipse, which
represents the base of the cone.

Finish the three sets of views, name the points and
print the given dimensions.

3

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 45" with VP, and
(b} the axis making an angle of 30° with HP and 45°
with VF.
Refer to Fig. 12.25.

1. Here, the first two sets of views are the same for the
two given (a and 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 o VP,

4.

. Copy the front view keeping the axis inclined at 30°

to the xv line. Project honzontally from the top
view and vertically from the second front view to
get the second top view.

Solution to (a) part

As per the given conditions in pan (a), the axis ol
the top view makes 45° 1o the xv line. This means
the angle given is the apparent angle [§and equal to
457, Hence, reproduce the second top view keeping
the axis of the view 45° inclined 10 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

Inthis partthe anghe 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 [ do the geometrical
construction near by the view. Draw o line poy = the
true length TL of the axis, at the true angle 457 to
WP and mark the locus ling v parallel 1o xv line,
passing through o With centre p, cut an are of

[haet=1 ) | b= 0 Lhal=Ap

Fig. 12.25 A pentagonal pyramid (axis inclined 1o
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T.

radius equal to the plan length PL of the axis (ap of
the second wp view) on the locus line vy, The
inclination of line po gives the angle 8 to the

determined.

Example 12.17

5 &

ling in the wop view, draw the projections of the suspended
pyramid.
Refer to Fig. 12.26.

horizontal. 1. Draw the projections of the square pyramid keeping
Reproduce the second top view at thisangle flto the the base on HP. Let the point of suspension is the
Ay line in order 1o get the founth top view. comer @ of the base on left side. The centre of gravity
Project horizontally from the second froat view and g of the pyramid is on the axis at 1/4th height from
vertically from the founth top view, 1o pet the fourth the base. The line joining a and g in the first top
front view, This set of views is marked as Set-3b. It view should be kept paralle] to the xy line initally.
is 1o be noted that the third and fourth front views Hence, plece the base edges of square pyramid
are almost similar but not exactly the same, equally inclined (45°) 1o the line for tilting LT,
Finish the four sets of views with proper lines and 2. Draw the first front view and mark the centre of
print the given dimensions, gravity g" of the pyramid ar 1/dth height from the
While solving a problem of solid in oblique position, the base. Join @’ to g". If the solid is suspended from
studeni has to identify from the question, whether the given vorner a’, the line a’g” will be seen perpendicular o
second angle of inclination is the tree angle or the apparent the xvline in the second front view. Hence, copy the
angle. If it is the true angle the apparent angle has 1o be first front view, keeping the line a’g” vertical. The
copy can be made on a’g; by considering the view as
a combination of trangles as explained in
Example 12.11.
A square pyramid of base side 32 mm. axis 56 mm long, is ). Project horizontally from the top view and
suspended freely 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 60° inclined to the xy second top view,
Palak gt g .
- LADePEION _-""'H ! _______.--' = lra ﬁIh_x\ ;I'.l.
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[Sel=13)

Fig.12.26 A suspended square pyramid.
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4. Since the axisis lying in a verical plane, inclined at
607 1o VP, the apparent angle of the axis to the ay
line also 60°. So, redraw the second top view,
keeping the axis inclined at 60° 1o the a2y line, 10 get
the third top view.

5. Project horizontally from the second front view and
vertically from the third wop view, to get the third
front view,

6. Finish the views, name the comers and print the
given dimensions,

Example 12.18
Draw front, top and side views of a square pyramid of base
side 34 mm 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 VI than the base.
Refer o Fig. 12.27.
1. The total of the true inclinations of the axis
(40 + 500 is 90. That means the axis is parallel 1o PP
and hence the true angles and TL will be seen in the

iSat=1)

= )
[(Set=2)

side view. If the usual procedure 15 followed. first
draw the plan and elevation of the pyramid in
simple position keeping onc  base  edge
perpendicular VP,

Tilt solid to 50¢ in the elevation and get the second
top view by projecting downwards,

3. Copy this second plan (dth) after turning 907
anticlockwise about PT, Project upwards from the
third plan (3th) and draw horizontal lines from the
second elevation to get the third (Gth) fromt view.

4. Now the pyramid 15 in the required position. Draw
zy; line perpendicular o xv line and get the side
view on the profile plane as shown in the figure.

5. Finish the views and print the given dimensions.

If the student can visualise the position of the pyramid in
the side view without confusion, that view (7th) can be drawn
directly on PP using the given true angles and lengths. Then
the required clevation and plan can be obtained by projecting
backwards to VP and HP. Thus the solution is completed in
three views instead of seven.

5]

HET T Y

Fig. 12.2T Three views of a square pyramid in oblique position,

EXERCISES

(# Problems similar wo 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 ils rectangular faces inclined

Department of Mechanical Engineering, NCERC, Pambady

at 65° o VP, If the nearest venical edge is 25 mmin
front of VP, draw its projections. (¥#)

2. A pentagonal pyramid of 40 mm side and axis 75 mm
lomg is resting upon its base on HP such that one of the
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base edges i perpendicular to VP. If the axis of the
pyramid is parallel 1o and 60 mm away from VP, draw
its projections. (#)

3. Ahexagonal pyramid of base side 30 mm and height 70
mim is placed on VP, such that the axis is perpendicular
to 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, (#)

4. An equilateral tiangular 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
plane. (#)

5, A frustum of a cone of basc diameter 46 mm. top
diameter 26 mum and height 40 mm, is placed in the first
quadrent 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. (#)

6. 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 parallel to 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 edpes at equal inclination 1o VP, draw the
projections.

Axis inclined to one of the reference planes

7. 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]l to VP and inclined 30° 1o HP, draw its
projections, (#)

8. 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 30° 1o VP, draw its projections. (#)

9. A regular hexagonal pyramid has an altitude of 60 mum
and base side 26 mm, The pyramid rests with one of its
sides of the base on HP such that the triangular face
containing that side is perpendicular to both HP and
VP, Draw its projections. (i)

10. A cone of base 60 mm dummeter and axis 70 mm long
has one of its generators on HP. Il the axis is parallel 1o
VP, draw 15 projections. (#)

11.  Aeyhndncal dise of 64 mm diameter and 40 mm length
is resting upon one of its generators on HP. If the axis of
the cylinder makes 45° to VP, dmw its projections. (#)

12. A mangular pyramid of base side 50 mm and axis 60
mm long is (reely suspended from one of the comers of
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13.

14.

15.

its base. Draw its projections, if the axis is parallel to
VP. (#)

A frustum of a square pyramid of base side 40 mm, top
side 20 mm and height 50 mm is resting on one of ik
base comers, such that the base is 30° inclined 1o HP.
Draw the projections. (#)

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.

A pentagonal pnsm ol 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 1o VP,

Axis Inclined to both the reference planes

16.

17.

19.

20.

21.

A square pyramid has its axis inclined at 30° 1o HP and
one edge of its base is inclined ar 45 1o VP. I the length
ofthe edge of its base is 40 mm and the height is 60 mm,
draw the projections of the ohject, keeping one edpe of
itz base on HP. (#)
A triangular prism of base side 40 mm and height
50 mm has its axis inclined at 40° 1o VP and has a
base edge on VP, inclined at 50° to HP. Draw its
projections. (4)
A cone, 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.
(#)
Draw projections of a hexagonal 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 35° with HP and the
iop view of the axis making 407 with VP, and
{b) the axis making an angle of 35° with HP and 40°
with VP. (#)
A square pyramid of base side 36 mm, axis 60 mm long,
is suspended fréely from one of the comers of ils base.
If & vertical plane containing the axis is seen 50°
inclined 1o the xy line in the top view, draw the
projections of the suspended pyramid keeping the apex
away from VP than its base. (#)
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 557 to HP. One
base edge is on HP and the apex of the pyramid is kept
nearby VI than the base. (#)
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0
Sections of Solids

he internal details of an object can be made visible by

cutting the object using an imagnary plane and
removing that portion of the object which is between the
imaginary plane and the observer. This imaginary plane is
called cutting plane or section plane. The surface scen on the
object, while cutting it by the section plane, is called the
secrion. The projection of the sectioned surface, along with
the remaining portion of the object, on to the reference plane
iscalled sectional view. Very often, the termsectionis 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 10 be marked overit.
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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 sectioned surface is indicated by a closed boundary
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
457 1o the longitudinal axis of the sectioned surface. The
section lines should be interrupted at the places of text, The
process of drawing section hines is called harching.

13.2 TRUE AND APPARENT SHAPES OF SECTION

If a solid is sectioned by a plane and it is projected to a plane
parallel tovit, the shape of the section obtained will be exactly
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Vertical trace
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2.
Partion removed.

(Type K lina)

.lu.] Pictorial view

other side of the reference line. Thi
for the boundary of the sectioned surface.
Assurming that the portion between the section
jplane and the observer is removed, complels the
drawing-of the-remaining in-the
view. Draw the boundaryaf the sectioned surface
and the view of lhe n:nwmng’ﬁnmm by thick
lines. —
Einishi the other view|-inwhich m:;:ac;{nf the
scction plane is marked using proper line types.
. Print the given dimensions anddetails.
tch the-sectioned sueface using Type B lines at

eijsal spacing of 1 to 3 mym: L
. dn a sectional view, if the portion of the solid

removed by H'T:'Er:“:cﬁﬁtg. lane is to be shown, it can

ral planas

Fig. 13.2 Traces of section planes.

13.9) SOBULED PROCEBUAE ROR GRAWING 01 (B

A SECTIONAL VIEW Fig. 13.5 Types of section planes and
Drawing of sectional views is an extension of projections of
solids. Henece, the procedure explained in prévious chapters is
to be followed here also,

3
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.Ij"a section plane cuts a solid fltn'l'ngﬁm surfaces, the
numberof straightedges formed by cutting is = the niunber
af poinis ef intersection = the the number of surfaces cul.
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:
Section plane parallel to HP.
Section plane parallel o VP,
Section plane inclined 10 HP.
Section plane inclined 1o VP.
Combination of several section planes.

L

13.5 SECTION PLANE PARALLEL TO HP

A section plane paralle] to HP and perpendicular io VP gives
asectional top view. As the section plane is parallel o HP, the
projection of the section on the HP is of true shape and size.
Figure 13.6 gives an example for sectioning a prism lying on
HP by a cutting plane parallel 1o HP.

Example 13.1

A right regular pentagonal prism, side of base 32 mm and
height 60 mm, is lying on one of its reclangular feces upon
HP, keeping the axis perpendicular to VP. A section plane

B,
W
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&l
-
. d
| T
z ;'3
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\ 7%}
! A
o el b.p 4d ¢
Fig.13.6  Sectional tap view of a prism (section plane paraliel
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
jprism 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
direction, as 1%, 2°, 3", and &', since the plane cuts
four surfaces,

4. Draw projectors from these points to get the
corresponding points in the top view. Join 1,23,
and 4 by thick lines to get the cut surface.

5. Convert the thin lines 1o 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 457 1o 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 riangular pyramid, edge of base 60 mm and

height 70 mm, is resting on HP onits base with one edge of its

baze parallel to and closer to V. 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.

Refer 1o Fig. 13.7.

1. Draw the top and front views of the pyramid in the
given position using thin lines and name the
COMErs.

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 ling in the front view, so the projector
from point 2 will not intersect but coinside the
edges &'c”. In a similar situation, construct the true
length line o'c,” by rotating the top view of the edge
o o ooy position and projecting upwards as shown
in figure. Then the distance from o o 2 is

2
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Fig.13.7 Sectional froniview.

transferred to the true length line by drawing an arc
and a projector to get the point 27 on it A horizontal
line drawn through that point intersects the edge o'c’
giving the point 2’ Join 1", 2°, und 3’ by thick lines to
get the boundary of the section.

Finish the top and front vicws, pnnt the given
dimensions and hatch the sectioned surface 1o
complete the drawing.

13.7 SECTION PLANE INCLINED TO HP

If the cutting plane is inclined to HP and perpendicular wo VI,
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 to VP, A culling
plane perpendicular to VP, but inclined 60° 1o HP cuts and
remdwes (he apex ponion 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,

Hefer to Fig. 15.8.

I.

-
-
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Draw the top and front views of the pyramid
keeping the square base 457 inclined to VP,

. 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.

vTrue shope e ‘*-
'l.. o b J3F e
b &
L i & ) -
" o " 5

. Name the points of intersection of cutling

plane with edges as 1°, 2°, ... 5" in order 1o get a
sectional top view marked clockwise. Here, five
surfuces are cul hence, five points of intersection
are obtained.

. Project from points 17, 2, ... 5" 1o the top view and

mark the same at the intersection poeints on the
comesponding edges. Join these points by straight
lines to get the apparent shape of section,

. The apparent shape of the section is symmetrical

about the line jk drawn through op", parallel to
ay 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 projectors from points
1°, 2, ¥, ... ete., 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 symmetncally along comesponding
projectors on both sides about the line jiky. Join the
points by straight lines, to get the true shape of
section.

Finish the views, enter the given dimensions and
hatch the apparent as well as the true shape of
section by drawing section lines at 45° inclination
to the line of symmetry.

Apparent
shope

Fig. 13.8 Sectional top view (section plane inclined to HP).
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EXERCISES

{# Problem similar 1o the worked-out examples)

A right regular pentagonal prism, gide 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 honzontal
cutting 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 mum, lies on one of its triangular feces upon
ground such that its axis is parallel 1o 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 1ts tnangular faces upon ground
such that its axis is parallel o VP, A section plane
parallel to HP cuts the axis at its midpoint. Draw its
front view and sectional 1op view. #

A square pyramid, edge of base 50 mm and height 70
mm, is resting upon HP on its base, keeping the base
edges equally inclined to VP. A cutting plane, parallel
o WP and passing through a point located 10 mm in

Department of Mechanical Engineering, NCERC, Pambady

B A

frontof the top view of the axis, cuts the solid. Draw the
sectional front view of the pyramid. #

A hexagonal pyramid of 32 mm side and height 66 mm
rests on HP keeping one of its base edges parallel to VP.
A cutting planc parallel to VP cuts the solid 12 mm in
front of the vertical axis. Draw sectional front view and
top view of the pyramid. #

A pentagonal pyramid of side 36 mm and height 80 mm
is kept on HP sothat one side is perpendicularto VP, A
cutting plane perpendicular 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 seetion. #

A cylinder is resting on its base upon HP. Itiscutby 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 ia 70 mm, draw the projections of the
sectioned cylinder and the true shape of section. #

A hexagonal pymmid, base 32 mm side and axis 70 mm
long. is lying on one of is triangular faces on the
ground with the axis parallel to VP. A vertical section
plane, whose HT passes through the mid point of the
axisof pyramid in the given position, makes an 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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Development of
Surfaces

he process of opening out all the surfaces of a three-

dimensional body onto a flat plane 1s called development
of surfaces and the resulting shape is called the pattern. The
surface so laid out is termed as its development. The process
of development consists of drawing successive surfaces 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 setting out of a pattern
forms the busis for the manufacture of fabricated sheet metal

S Seam

(a) Prism {b) Cylinder

o Seam

or plate components, After the development has been cut out,
it is bent or rolled into the required shape. The objects
produced by development and fabrication include pipes,
ducts, pans, bins . buckets, tanks, etc.

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. It 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 turning the object so as to
unroll the imaginary enclosing surface upon a plane. Since

~inside pattern Inside patterns

Fold lina—"

(¢) Pyramid (d) Cone

Fig. 15.1 Development of surfaces of solids.

Department of Mechanical Engineering, NCERC, Pambady

Page 74




cones and cvlinders are solids bound by curved surfaces, 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,
paraboleid, ete. Their development cannot be obtained by
just unrolling them. A double curved surface is a surface
generated by revolving a curved edge about a straight line.

To make objects using sheet metal, paper cardboard, etc.
allowanees for the lap and scams are to be added to the inside
pattern, oblained by the development. Here, for avoiding
confusion in the beginning, that part is not included in the
worked-oul examples. Any how, students are advised o
make models of the solids after drawing the patterns with
sulficient overlaps for cul and paste. This will help to
understand the shapes of various solids, and their
developments clearly.

16.2 METHODS FOR DRAWING THE
DEVELOPMENT OF SURFACES

The following are the prncipal methods used for
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 o the axis of the solid. Development of
prisms and cyhnders can be drwn by this method 1.e.
by drawing strefch out line or girth line. Stretch out line
gives the perimeter of the object.

2. Radinl line development: This method is used when

Fatretch oul

M

.
—Fald line

] i

Seam

O

(a) Porallel line developmaent

{c) Triengulation development

Seom

-Fold line

the surfaces of the solid are generated 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.

3. Triangulation development: This method is used
when the surfaces of the solid can be imagined to
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, truncated solids, intersecting 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 obtained.

1. 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.

G

Fold line

X

(b) Rodial line development

O 0000000

{d) Approximate developmant

Fig. 15.2 Methods of development of surfaces.
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6. Parullel line method is used o develop solids
having uniform cross-section about its axis.

7. Radial line method is used to develop solids having
uniformly varying cross-section along the axis.

8. Trnangulation method is apphed for transition
pieces which are having a single curved surface.

9. For double curved serfaces like spheres, only
approximate development can be obtained.

16,3 DEVELOPMENT OF POLYHEDRA

Development of prisms, pyramids and platonie solids can be
done using either parallel line development or radial line
development method. Figure 15.3(a) shows the complete
development of wvarious prisms using parallel line
development method. Radial line development method is
uged 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 tiangular faces with one touching to the other.
Figure 15.3(c) shows the development of platonic solids, The
following examples explain the step by siep procedure to
develop polyhedra.

Example 15.1
Diraw the development of the surface of a rectangular pnsm,
base 24 mm » 30 mm sides and axis 40 mm long, having a
lomger edge of the base parallel o VP,

Refer to Fig. 15.4.

I. Draw the top and froni views of the prism.
Laocate the left corner of the top view as the seam
{joint) and name the comers clockwise from this
COMmeT.

2. Drawthe stretch out lines 5to 5 and 1o 1 as shown
in fipure. Mark the lines 5.6 and 7-8 of length 24
mm, and 6-T and 8-5 of length 30 mm 1o represent
the true lengths of sides at the base. Mark the
verticals 5-1, 6-2,ete, of length 40 mm to represent
the true height of the edges and the fold lines. Also
drow the two rectangles 5.6,7.8 and 1,2.3.4 1w
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 both the projections as well as on the
development.

(2

V

(i) (i)

O (i}

DA

{az) Prisms

(i)

{b:l Fyramids

P A

X

(ifi}) (iv)

A

W ()
A
<

(if) {an

{e) Platonic sollds

Fig. 15.3
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Development of polyhedra.
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Fig. 154 Development of a rectangular prism,

Example 152
Develop the full size pattern of a right regular pentagonal
pyramid, base 24 mm and height 50 mm.

Befer to Fig. 15.5.

l. 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 aa as the seam (joint) of the
development on left side and name the comers
clockwise starting from this corner.

2. 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
o the are.

o Fald line

pattarn

Fig. 15.5 Development of a pyramid,
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3. Addapentagon of true size to one of the base lines,
preferably to the first edge.

4. Finish the drawing, thicken the outline and print
the given dimensions to complete.

Example 15.3

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 comer on the base (o

the diametrically opposite comer on the top face, by the

shortest route along the from side. Skelch the path in the
elevation,
Refer 1o Fig. 15.6.

1. Draw the top and front views ol the hexagonal
prism. Locate comer a as the seam (joint) of the
development on left side and name the comers
clockwise surting from this corner.

Draw the stretch out line AA of length 6 x 24 mm

and complete the development of the prism ag

ghown in figure.

3. Assume that the ant moves from a” to " in the
elevation along the front side. Join AD in the
developed surface, which is the shorest distance
between A and D. This line cuts the fold lines E and
F at N and M respectively. Draw horizontals (o cut
the respective edges ot #° and m” in the elevation.
Join &', n', m" and & to represent the shortest path
along front side in the elevation.

4. Theantcoanalsohave the shorest path along the rear
gide of the prism. This has to be shown in short
dashes.

5. Finish the views using proper line types and print
the given dimensions to complete the drawing,

1
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Fig. 15.6 Lateral surface of a prism

164 DEVELOPMENT OF CYLINDER AND CONE

Development of the lateral surface of acylinder is a rectangle
having width equal 1o length of the cylinder and the
stretchout length = p o< diameter of the base. For showing
details on the latersl surface, the cylinder may be assumed as
a prism having 12 sides (generators).

Development of the lateral surface of a cone is a sector of
a circle having radius equal to the length of the generator
{slant height 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 8= 360 = /R
where
r=radius of base circle and
R = slamt height (generator) of cone (TL)

1* 107, 4° 7 1 2 5

For showing dewils on the lmeral surface, the cone may be
assumed as a pyramid having 12 number of sides. Parallel
line development is applicable o the development of
cylinders while radial line development is wsed for the
development of cones,

Example 16.4
A right cirenlar ventical cylinder of 44 mm diameter and
height 60 mm rotates uniformly. A plotier 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
cylinder completes one rotation. Draw the line marked on the
eylinder in the front view and measure the true length of i
Refer to Fig. 15.7.
1. Drow the top and front views of the cylinder.
2. Draw the development of the cylinder after
marking the siretch out length = mx 44,

1w 112 M

| BT

| l_.-"' T

&
| ']
i
A Strelch oul ienglh, xd = 138.2
AriS & ar
Length AW = 150.7 mm

Fig. 16.7 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 pans radially
and the streteh out length into the same nurmber of
divisions. Locate the seam (joint) of the
development on left side and name the 12
pengrators elockwise starting from this point.

4. 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, ... Mwgetd . b, ', ... m’
on these generators, which forms the helix.

5. 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,

sector angle @ =360 * RITL= 1617, where R is the
radius of the cone. Draw an arc with radius = TL 1o
get the sector of angle # which forms the
development of the [ateral surface of cone,

. Tomark the 12 generators on the sector, divide the

angle & into half by drawing the angular bisector
-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 pans by trial and emor method using a bow
divider. For this take 1/12th of the circumference of
the base circle on the bow divider and mark it along
the circular portion of the sector successively. [fthe
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 one or
two trials the required divisions are obained with
reasonable accuracy.

. Draw radial lines from O to the divisions to

Example 15.5 represent the 12 generators and name them. Add a
A nght circular cone has 50 mm diameter and 50 mim height. cirele of base diameter of cone to any one (say 1o the
Draw the complete development of the cone showing the Tth) of the generators and divide that also into 12
twelve generators. parts radially.
Refer 1o Fig. 15.8. 5. Finish the views using proper line types and print
1. Draw the top and front views of the cone and mark the given dimensions to complete the drawing,

the 12 generators on them. Locate the seam (joint)

on the left side of top view and name the generators Example 16.6

clockwise starting from this point, Also measure  Draw the development of a right circular cone of base

the generator length, TL. diameter 60 mm and height 64 mm resting upon HP on ils
1. Todrw the development of the cone, calculatethe  base. An insect moves from a point on the base edge 1o the

50
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Fig. 15.8 Complete development of a cone showing the twelve generators.
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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 top views of the cone.

Refer to Fig. 15.9.

I. 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 (his point. Also measure
the generator length, TL.

2. Todraw the development of the cone, calculate the
sector angle 8= 360 « R/TL = 152.5°

Drraw an are with radius = TLto get the sector of
angle Hand complete the development of the cone.

3. To find the path of the insect, divide the sector
radially into 12 as explained in example 15.5 and
name them.

4. Let the shomest path of the insect be from 7 to 1,
along the curved surface on front side. In the
pattern, draw a straight line AG from point 7 1o 1,
crossing the penerators at B,C, D, ete. to represent
the shortest path. Measure the radial disiance OB,
OC, 0D, ete. and mark as o'b”, o'd”, ete. on the true
length line TL in the front view. Here, TL is the
outermost generator of the cone. Draw horizonial
lines from &, ¢ and d”" to intersect their respective
generators, Join the points o', ", ', etc,, by a

L

=Palh af jasect

E:\" Bafn of nsect

smooth curve to obtain the shortest path in the front
View,

5. Project vertically downwards from the points ', b,
¢ ete. to get the corresponding points on the
generators drawn o the top view as a. b, ¢, etc. Joun
the points by a smooth curve to get the top view of
the shortest path.

6. Finish the views using proper line types and
pont the given dimensions to complete the
drawing.

16.6 DEVELOPMENT OF TRUNCATED SOLIDS

If a solid is cut by a plane inclined 1o its base, the portion
obtained after removing the top is a truncated solhd.
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
cross-section, the development 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 section planc is marked. The truc
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,

f = 30« 30/70.7

= 152.%°

Fig. 15.9 Lateral surface of a cone.
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Example 15.7
A night 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
imncated prism including the sectioned surface.
Refer to Fig. 15.10.
I. Draw the top front views of the prism in the

base sides parallel to VP. A section plane perpendicularto VP
and inclined at 307 1o HP cuts the pyramid, bisecting its axis.
Diraw the development of the truncated pyramid.
Refer 1o Fig. 15.11.
1. Draw the top and fromt views of the pyramid and
mark the section plane at 307 on the front view,
Also locate the seam at the left comer of the top
view and name the comers clockwise,

position given. Mark the section plane at an angle of 2. Todraw the development of the pyramid, get the
45° 1o HP, cutting the axis at the middle. Also locaie true lengih line of the sloping edge as o'y" in the
the seam at the left comer of the top view and name front view by rotating the line £, as shown in the
the comers clockwise. figure. With radius equal to the true length of
2. Drvaw the stretch-out line 1-1 of length 6 x 20 mm sloping edge (TL) draw an arc, mark the five sades
and mark the fold lines 1, 2, 3, etc. on it. The section on it and complete the development of lateral
plane cuts the six edges of prism, so mark these six surface of the pyramid.
points as p"g"r"s’r'u’ on the front view. Then get the 3. To mark the points P, Q. R, 5, T on the
true shape of sectionad surface, development, the true distances of these points
3. Draw a horizontal lines from points p°, ', 1. £, 1 from the apex O have to be determined. For this,
and &” 1o intersect the fold lines at P, QL R, 5, T, and dravw horzontal lines from p', ', 7, 5" and 7 1o the
U, respectively. Join the points by straight lines to trug length line o’u’ and get the points p”, g™, ™, 5
obtain the development of the lateral surface. Add a and 1. Then the distances o'p”, o'g”, ete. are
hexagomn of true size of base tothe first fold in order marked as OP, O, ete. on the comesponding
io complets the full development. sloping edges, o get the points PQRS and T on the
4. Finish the views using proper line types and print development. Join them by straight lines to get the
the given dimensions to complete the drawing. final form of the lateral surface of the truncated
pyramid.
Example 15.8 4. Finish the views using proper line types and
A right regular pentagonal pyramid, side of base, 36 mm and print the given dimensions to complete the
height 04 mm, rests on its base upon the ground with one of its drawing.
Stratch out length, 20 v 6 = 120
) 2 Ay & _ 11
[ 5
] a iT
i I
I
Pl A\ 4 P
\ H
I =0 ‘ 3 4 ] & '

= Lateral fuwrface

d
\\— Bottern surface

Seclicned surfoce

Fig. 1510 Complete development of a truncated prism.
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Fig. 1511 Lateral surface of a truncated pyramid.

Example 15.9

Drraw the development of the lateral surface of the truncated
right circular cylinder 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 tbe,
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 o Fig. 15.12.

1. Draw the top and front views of the cylinder and
mark the section planes.,

2. Divide the base cirele into 12 equal parts. Draw
venical 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 penerators clockwise.

X, Drawthe stretchout line and mark the 12 generators
on it. Point A on the development is the point of

Fig. 15.12
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intersection of the horizontal line through o and the draw the corresponding generators in the front

vertical line through point 5. Similarly, obtain the view as well as in the patterm as explained in
other points B, C, Dand E and points P, Q, R. 5. T, Example 15.5. Also locate the seam at the left
ete. as shown in the figure. Complete the side of the top view and name the generators
development by drawing smooth curves through clockwise.
these points. 4. Let the sectional plane cut the generators in the
4. Finish the views using proper line types and print front view at points a”, &', £, etc. Draw horizontal
the given dimensions (o complete the drawing. lines from these points to get their true lengths.
Mark QA =0"a”. OB =o'b"” and so on in the pattern
Example 15.10 to get the points A, B, C, ete. on generators 1,2, 3,
A right circular cone, 70 mm base ard 70 mm height, rests on ete. Join the points A, B, C, ete. to get the first half
its base on the ground plane. A section plane perpendicularto of the curve. Since the section is symmetrical about
VP and inclined at 30° to HP cuts the cone, bisecting its axis. the generator Oy, copy the first half of the curve to
Draw the development of the lateral surface of the cone. the remaining portion as a mirror image by drawing
Refer to Fig. 15.13. arcs. This completes the drawing of the lateral
1. Draw the top and front views of the cone and mark surface of the truncated cone as shown in
the section plane at an angle of 30° to HP. Fig. 15.13(b).
2. Measure the true length TL of the outermost 5. If the direction of inclination of cutting plane is
gencrator and calculate the sector angle, changed, the development of the cone is seen as in
_ _ agie Fig. 15.13(c). Note that both developments are the
6=360 * R/TL = 161 samee and oaly the seam is different relative to the
Using TL and @, draw the sector to get the direction of inclination.
development of the cone. 6. Finish the views using proper line types and print
3. Ihivide [hf :ﬂP view inlo 12 H]uﬂl dluliim and the gimdjmnsi[m |ncump1¢|_= [hg,d_ruw-i_ng_

o p=Cuttlng plane — |
1'\_"im;linva-j 1] ri-ghrq—?

=

360 x 35/78.3
161"
{a) Culting plene inclined 15 right (&) CuMing plane incliced to lefi

Fig. 18.13 Lateral surface of a truncaied 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
truncated solids. The onthographic views and development 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 ang drawn over it in order
Lo gel points of intersection. Then these points of intersection
are transferred 1o the pattem, 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 ard 60 mm height rests

on ils 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 surfoce of the prism.
Refer to Fig. 15.14,

l. Draw the top and front views of the prism in the
given position and draw acircle of diameter 40 mm
ar 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 1op
view,

Divide the circular hole in the front view radially
into 12 divisions and transfer the points of
intersection 1°, 2%, and 3°, to the 1op view as shown,

(=]

The true distance of point 1” from the edge b’ is the
distance of point 1’ fromedge b in the top view. Let
this true distance = L. Similardy, the true distances
of points 2 and 3 can be marked as L, Ly in the top
view,

To draw the development of the hole, insen
horizontal lines through points 17, 2°, 3" and 4
towards the pattem. Mark L, L., and L,, the true
distances along these lines from fold line B 1o get
the points 1, 2, and 3 on the left side of the line B.
Take a mirror image of these points on right side of
the line B and join them by asrooth curve (o get the
ellipse as shown.

Repeal the same about the fold line D also to get the
second ellipse on the development,

Finish the views using proper ling tvpes and primt
the given dimensions to complete the drawing.

Example 1612
A vertical eylinder of diameter o) 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 ¢ylinder
and the sides are equally inclined to HP. Draw development
of the lateral surface of the cylinder with hole.

Refer o Fig. 15.15.

l. Draw the top and front views of the exlinder in the
given position and construct the square hole. For
this draw alire Fm'n’ of length 40 mm at an angle of
45°, keeping the mid point m’ at the middle of the

—f
A |

L% i

4 = 40 = 160

Sirotch ouwl,

g’
Fig. 15.14 Lateral suface of a prism with a hole,
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Fig. 15.15 Lateral surfaca of a cylinder with a hola.

axis. Construct the required square by drawing lines
parallel and perpendicular to this line.

. Draw the development of the lateral surface of the

cylinder and locate the seam at the lefi side of the
top view. Also mark the lines B, C, and D 1o
represent the quadrants of the cylinder on the
patlern.

. Moark g and ¢ at the comers of the hole and two

intermediate points r and &* between them so that,
the generators through these points locate 1, 2, and
Jinthe top view at almost equal distances along the
perimeter.

. Using a bow divider measure the distance from bto

1 in the top view and mark it 1o locate the generator
l on left side of kne B in the development,
Similarly, measure distances (rom 1 to 2as wellas 2
to 3 and locate the 2Znd and 3rd generators on left
side of B as shown. Draw horizontal lines through
i’ F 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 2 mirror image of the curves 1o get
the full hole.

Repeat the same about the fold line D also to get the
second hole on the development.

Finish the views using proper line types and print
the given dimensions to complete the drawing.

Department of Mechanical Engineering, NCERC, Pambady

Example 16.13
A cone of base diameter 80 mm and height 80 mm is resting
wpon HP on its base, A horizontal square through hole of
40 mm side 15 cul in the cone in such & way that the axis of the
hole intersects the axis of the cone @ a height of 16 mm from
the base. If he four sides of the hole are equally inclined 1o
HP, draw the development of the lateral surface of the cone.
Befer 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 Fm’n" of length 40 mm at an angle of 45°,
keeping the mid point m" as the centre of hole on the
anis. Construct the required square by drawing lines
parallel and perpendicular 1o this line. Also locate
the seam at the left side of the top view,

After measuring the true length of the gererator 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'b’e’d” in the front view and the corresponding
ABCIY in the development as shown in figure,

. The square hole 15 symmetrical abouot the line o'l

To draw 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 |, 2 and 3. To mark these generators
in the pattern, measure the chordal distances bio 1,
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Fig. 15.16 Lateral surface of a cone with a square cut.

1 10 2and 2 to 3, using a bow divider and mark the
same on the left side of the line OB, (This kind of
marking on simall distances may result a shortening
of o small % 1n length, This ermor is neghgible.)

4. [In the front view, name the intersecting points of
generators 1. 2 and 3 with the left side edges of the
hole as ', r, 5°, ¢te, and draw honzontal lines
through the points in order to get g7, 1", 5", etc. on
the true length line TL.

5. Tolocate a point, say 5, measure the true distance
o's™ from the front view and mark it as 08 along the
generator Oy in 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 & cone 15 a semicirele with radius 60 mm. A
circle of maximum diameter is inscribed on the development
and then it 15 rolled back to the cone. Draw front and top
views of that cone showing the circle,

Department of Mechanical Engineering, NCERC, Pambady

Referio Fig. 15.17.

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
PORSTU.

Calculate the diameter of the cone corresponding Lo
the semicircular development (cone diameter = G
) and draw the top and front views of the cone.
Mark the 12 generators on the views.

Locate the points p”, ¢". ", ec. on the true
length line TL corresponding to the distances OP,
00, OR, cte. marked from the apex o', Draw
horizontal ines from these points (o get p’, ", F,
ele. on the respective generators. Join them by a
smooth curve o oblain the fronl view of the
inscribed circle.

Project from these points downwands o intersect on
the respective generators on the top view, locating
points pr, g, £, ete. Join them by a smooth curve (o
complete the top view,

Mark the scam and finish the views using proper
line 1ypes.
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Fig. 1547 A cone made of a semicrcular lamina with a circular hole.

15.7 DEVELOPMENT OF TRANSITION PIECES The exact development of the rectilinear transformer is
Transition piece is a part of a component whose surface plm‘.‘si?nltbyﬂunmh.rﬂﬂftrim:lgullumn, Thisis the p . sof
transforms Enm one shEap: mmmh:r.?:mmrmmii calld  Gividing tho surface of an object into & oumber ':.'fmmg].ﬂ‘
a rectilinear transformer, if its surface is bound by straight Hg;v.cv::&lhc wurtace of S object Is curved, Ulanguision
lines. A recrilinear rransformer is shown i Fig. 15.18(c). WL Infroduce Some error.
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{a} Projections

(e} Pictarial view {d) Devslopment

Fig. 1548 Translthon pieca (reclangle reducing to circle) (Triangulation method).

Department of Mechanical Engineering, NCERC, Pambady Page 87




wp face, by the shortest route along the front side.
Sketch the path in the elevation. (#)

4. A right circular vertical cylinder of 46 mm diameter
and height 50 mm rotates uniformly. A plotter pen-tip
moves vertically at uniform speed on the surface of the
cylinder from the botom to the wp, so it moves 50 mm
while the cylinder completes one rotation. Draw the
line marked on the cylinder in the front view and
measure the true length of it (#)

5. A nght circular cone has 60 mm diameter and 70 mm
height. Draw the complete development of the cone
showing the twelve generators. (#)

6. Draw the development of a night 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 wop
views of the cone. (#)

7. Arnght 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 1o HP cuts its axis al its middle. Draw the complete
development of the truncated prism including the
sectioned surface. (#)

B. A right regular pentagonal pyramid, side of base, 306
mm and height 64 mim, rests on its base upon the ground
with one of its base sides parallel to VP. A section plane
perpendicular o VF and inclined at 35° o P cuts the
pyramid, bisecting its axis. Draw the development of
the truncated pyramud, (#)

9. Draw the development of the lateral surface of the
trunecated right circular eylinder of diameter 50 mm
and height B0 mm. The twbe 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
407 to HP, cuts off the wp portion of the tube, A similar
sectional plane making an angle of 35% 1o HP in the
opposite direction, culs the axis at a height of 16 mm
from the base. (#)

10. A right circular cone, B0 mm base and 80 mm height,
rests on its base on the ground plane. A section plane
perpendicular to VP and inclined at 45° 1o HP cuts the
cone, bisecting its axis. Draw the development of the
lateral surface of the cone. (#)

11. A square prism ol 50 mm side length and 70 mm height
rests on 15 base upon HP, suchthat the vertical faces are
equally inclined to VP. A honzontal hole, 50 mm

Department of Mechanical Engineering, NCERC, Pambady

12,

13.

14.

15.

1ﬁl

17.

18.

19.

20.

diameter is drilled through the geometrical centre of
the prism with the axis perpendicular to VP. Develop
the lateral surface of the prism. (#)

A vertical eylinder of diameter 70 mm has a central
horizontal square through hole of side 48 mm. The
centre of the hole is coinciding with the centre of the
axis of cylinder and the sides are equally inclined 1o HP.
Draw development of the lateral surface of the cylinder
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 sech 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 o the cone,
Draw tront and top views of that cone showing the
cutting of the hole. (#)

Draw the development of a transition piece connecting
a 50cm dizmeter pipe and a B0 em x 64 cm rectangular
pipe. Height of transition piece is 48 cm. The centre
lines of both the circulur 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 maximuem 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 throot rodivs 15 250 mm
resulting & centre line radius of 500 mm. (#)

Draw the development of the sheet metal iray 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 mam. Use Lune method. (#)

Draw eight piece development of surface of o sphere of
digmeter 70 mm. Use Zone method. (#)
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Isometric Projection

sometric projection is a pictorial prejection of an object in

which a three-dimensional view of an ohject is shown on a
two-dimensional drawing shect. 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 engineers for the
preparation of pictorial views ot the work site as well as by
design engineers in the design and development of new or
complicated parts, when the shape is difficult to understand
from the multiview projection. Three-dimensional piping
network can be casily represented by 1sometric projection.
Isometric projection is found more suitable for getting
pictorial views of comparatively small objects, because the
perspective efTect is not considerad here,

16.1 PRINCIPLE OF ISOMETRIC PROJECTION

Tsometnic projection is one of the axonomelnc projections as
explained in Section 9.1 of Chapter 9. It is a piciorial
orthographic projection of an object in which a transparent
cube containing the object is tilted until one of the solid
dingonals of the cube becomes perpendicular to the vertical
(picture) plane and the three axes of the cube are equally
inclined (35°16°) to this vertical plane.

Isometric projection of a cube can be theoretically
obtained by employing the change of position method and is

Department of Mechanical Engineering, NCERC, Pambady
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shown in Fig. 16.1. Here, the thind elevation a'b'c"d’e’fg'h' is
the isometric projeciion of the cube. The front view of the
cube is resting on one of its corners (g7} on the ground with a
solid diagonal £°c" perpendicular to VP, This view (front
view) shows the right, top and left square faces of the cube as
rhombus with equal measure “fsometric”. Itis tobe noted that
the three Faces together form a regular hexagon with inclined
edges at 307 1o horizontal, The isometrie projection of the
cube is alone reproduced in Fig. 16.2. In order 1o distinguish
the isometric projection from the usual front view, capital
letters ane used in this book.

When the three axes (the three mutually perpendicular
edges c’a’, c'f, and 'K of the cube in the front view of
Fig. 16.1) are equally inclined 357 16" ta the vertical {piciure)
plane, the edges ¢'f" and ¢'h" are seen 30° inclined to the
reference line, while the g'e’ is seen vertical. Since the edges
are equally inclined to VP, they are equally foreshorened to
avalue of cosine of 35°16" (approx. 825 ). The pictorial view
formed hy izometric 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 y direction measurements are marked
at 307 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
B2%.
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Fig. 16.1 |someiric projection from conventional erhographic projections.
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Fig. 16.2 lsometric projection from conventional 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 DAR is represented by the triangle DPB,

The extent of reduction of an isometric line can be casily
found by constructing a diagram called isomerric scale. For
this, reproduce the triangle DPA as shown in Fig. 16.5. Mark
the division of true length on DP. Through these divisions
draw vertical lines to get the cormesponding points on VA",
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Fig. 16.4 A rectangular prism.
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Fig. 165 Construction of isometric scale,

The divisions of the line DA give the dimensions 1o isometrc
scale.
From the triangles ADO and PDO, the ratio of the
isomeétnc length 1o the true length.
DAMP = cos 45%cos 307

= (816 (cosine of 35°16%)
The isometric axes are reduced in the rato

1: LB16, i.e. 82% approximately.

Theisometric scale can be drawn in a simple form as shown in
Fig. 16.6. The true length is marked as AB. A line AC is
drawn at 157 to AB tointersect another line inclined ar 457 o

i.C.

L143
end
he 4
'.,-5.\'.'l'f""'="f‘l % __ﬂl:?{"

s
A ﬂ“‘%ﬂ:i"@é—\ﬁ

Truel lengih
Fig. 16.6 Simplified isomatric scala.

horzontal and drawn from B. Then 45° inclined lines are
drawn from the divisions on the true length scale AB, so that
the corresponding isometric lengths are obtained on the line
AC, Even though it is easy to caleulate the isometric lengths
(82%} with the help of a calculator, it is a custom to show
isometnic scale nearby the isometric projection (on top or
right side) for identification,

16.2 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 profection of an object can be directly
drawn by using any one or a combination of the two
following methods:

|. Boxmethod

2. Coordinate or offset method.

BEox 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 1o the three
reference planes . This rransparent hox is drawn first, over the
top and fromt views using thin lings,

The zero position of the x, y and : axes of measurcments
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

Y
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Fig. 16.7
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‘origin’). The circle with *+" mark may be assumed the
upward direction from the plane of paper.

After drawing an isometnic scale, the isometnic drawing
can be started. From the orthographic views, take the
dimensions in the x, ¥, 2 directions from the ‘origin® a,
convert them into isometric lengths (either by using
isomelric 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 represent the mutually
perpendicular edges of the box in isometric projection.

After completing the box, the object is constructed
inside, relative 1o the edges of the box (see Fig. 16.8(c)). On
the isometric box the line PP can be marked by locating
distance “x* muluplied by 0.82 from the end face of box.
Similarly, the line Q0 can be marked from top face at "2’
distance inisometnc length, By marking vanious points in the
respective xyz directions using isometric lengths and
converting the thin lines representing the object to the visible
and hidden edges, the isometne drawing is completed.

Coordinate or Offset Method

I 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 ol the object are marked along an axis perpendicular to
this reference plane, Figure 16.8 shows the construction of

Q
.

the isometric drawing by coordinate method. Afier drawing
the top and from views and the isometric scale, the
construction of the isometnc projection is started by drawing
the base of the object. As is done in the box method, the
horizontal reference line of shont 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 ¥
axcs. The basc of the object is now completed in the x and ¥
directions giving the isometric rectangle. The vertical height
points are then marked by measuring the z values from the
front view and converting them to the isometric lengths. For
example, 1o get point p, the height z is marked al x distance
along the x axis. After marking all the required points and
converting the thin lines representing the object to the visible
and hidden edges, the isometric drawing is completed.

Coordinate or offset method is best suited for objects
conlaining 2 large number of non-isometric lines and planes.
For certain shapes, a combination of the two methods may
have to be applied to get the drawing in a shorter time. It is to
be noted that, in isometric projection all the measurements
are taken in the x, v, 2 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 represented
by short dashes (Type E or F) and the rules for drawing them
are the same as followed for multiview projection. Hidden
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Fig. 16.8 Isometric projection (coordinate method).
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lines are generally omitted in isometric projection of objects
having a number of hidden edges, becavuse drawing of these
lines will reduce the clarity. But simple objects as well os
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 in any desired position with
respect 1o the objects. Generally, the axes are determined by
the position from which the object is usually viewed or by the
position which describes the shape of object more clearly.
Figure 16.9 shows the result of varying the ongin of the axes
and their directions. Here, the second isomelric view,
showing the top side and keeping the origin at B, gives a
bevter clarity o the shape. To show the bottom side of the
object, the third or fourth position may be selected.

a’ B* - - - -
o %
(a) Origin al A, {p) Origin at B,
top iz visible fop iz vizible
a b
(e} Origin at A, {d) Grigin at B,
battom 5 visitle battem (3 vizsible
Fig. 16.8 Isometric projection of varous axis posilions and
directions.
Dimensiening

The general rules for the dimensioning of multiview
projection is applicable for isometric projection alsno, except
the following.

1. Allthe extension lines and dimension lines shouwld
be parulle] to the isometric axes and they should lie
on any of the isometne planes,

2. The texr should be placed an the middle of the
dimensivn line, after breaking it for a short length.

1, The dimensional values in x direction should be
readable from the right side. while those i ¥
direction showld be readable from the left side. The
dimensional values in z direction should be readable
horizontally from the right side,
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{2} Multhview (b}

4. The numerals placed along the three axes should
be aligned with the direction of the axes,
Figure 16.10 shows the recommended dimensioning
Layouit Tor isometric drawing by B.LS,

Fig. 16.10 Dimensioning of isomelric drawings.

ISOMETRIC PROJECTION AND
ISOMETRIC VIEW

As discussed earlier, isometnc projection of an object is the
fromt view of the object placed in the isometnc posilion.
Isometric projection is the actual projection of the object on
VI, Here, os the edges of the transparent cube are inclined
35716 1 VP, their projection on VP will have a length of
about 827 of the true length, when measured in the isometne
pusition,

Toavoid the difficully in determining the foreshonened
lengths, the foreshonening of the axes may be ignored.
Hence, isometrie projection can be drawn direcily, using the
true length of the edges of the cube long the isomerre axes.
As a resull, the projection obtained is larger in size than the
sctual. This projection is called isomerric view or isometric
drawing, Thus in short, as the length of the edge of the cube,
which are inchined to VI, are taken as equal to the wrue length
of the object itself, the view obiained will be larger than the
isomeme projection. This enlargement wall be 1o the mne of
1 FOLBLG (e, 22.55% larger),

An somernic projection and an isometric view of a cube
are shown in Fig. 16.11.

16.4

Frovpec P, Wl

tomairic projection (el isemetric view
5 LA

profeciion {True =ize) -:_r'r'lqr-gm: o 122.5% 1

Fig. 16.11 Companson between isometrnic projectiona and
isomelric view
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Notes!

l. An isometric projection of the x, y, 2 axes are
equally inclined to the vertical plane, hence the
edges of the object which are parallel 1o them are
foreshortened (1o 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. lsometric 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 10 ideniify the isometric projection.

5. Aline orplane which is not paralle] tothe three axes
or the three planes, is called a non-isometric line or
plane.

. The location of the origin of axes may be suitably
selected 1o show maximum details clearly.
Generally the front side may be taken towards left
or towards night, suitable 1o 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 wusually for simple
objects only or for indicating cenain important
hidden details.

0. Theedge of isometric projection or view are named
using capital letters.

10. Isometric drawings are dimensioned along the three
axes only.

11. The dimensional value is entered at the middle of
the dimension line, after breaking it for a shon
length. The text should be entered along the
directions of x and y. For z direction it should be
readable from right side.

(3]

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
isometnc plane is seen. To get the projection, the top view of
lamina is enclosed in a rectangle 1234 and the origin is
mirked. Draw a reference line and mark point 1 a1 the middle
of it. Construct the isometric rectangle 1234, parallel to the
isometric axes v and v, after converting the side length as per
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(a) Multiview (b) lsemelric

Fig. 16.12 A pentagonal lamina,

the isometnc scale. Tomark point A, measure the distance in
the top view from [ toa, 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 1op plane.

Circular Lamina

Figure 16.14 shows isometric views of a circular lamina of 50
mm diameter, seen on left, top and right planes as ellipses. To
get the views, enclose the given circle in a square 1234,

Sharlar

.ﬁ‘ | 78 “=Shorter
i 1_,.-_-“"_ - '5| - diaganal
Lefl plone F"  Right plane

{b) Isomebric view

Fig. 16.13 A circular lamina {four-céntre construction).
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Construct three isometnic squares (rthombus) of 50 mm side
for the left. top, and right faces as shown in figure. Since the
isometric view (nol the projection) is required, there is no
need of drawing the isometric scale and foreshorten the
lengths. In an isometric view, a circle is seen 48 an isometric
circle, i.e. ellipse.

The isometric circle (ellipse) may be constructed
approximately by arcs using the four centre method. To
locate the four centres 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 |
and 3 are the centres for long arcs. Draw the short arcs AR
and DC with centres O, and O, respectively. Similarly, draw
long arcs BC and DA with centres | and 3 respectively 1o
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 projection of a rectangular prism of side

of base 36 mm x 20 mm and height 48 mm, resting upon is

base on HF and the 36 mm long edges are parallel to VP.
Refer to Fig. 16.14.

. Draw multi-view projection of the prism in the
given position and name the corners. Locaie the
origin of axes on the lefl side of top view in order o
get the front view on the nght 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.

1. Draw ashor horizontal thin line and mark the mid
point of it as the origin (comer E) of the isometric
axes xyz. Fromthe ongin draw 30° inclined line EH
towards right to represent x direction and another
307 line EF towards lefi to represent v direction,
The vertical hine EA upwards represents the  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 ek along x
direction , multiply it by 0.82 and mark i along the
x isometric axis as EH. Again from the top view
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Flg. 16.14 [someiric projection.

take the distance ef along v direction, multiply it by
(L82 and mark it along the v isomeiriec axis as EF,
Similarly, from the front view take the distance ¢'a’
along r direction , multiply it by 0.82 and mark il
ilong the s isometnic axis as EA. Repear the same
for all edges along xvz directions to pet the isometric
projection, drawn in thin lines.

5. Tolocate the vertical axis OP, measure the xand v
distanees of o, p from the top view, multply it by
0.52 and mark it along the x and v isometnic axes
from the comer E at the bottom, as well as from A at
the top comner 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
dong for projections of solids. Name the corners
and axis using capitals, and primt the given
dimensions as permitted for pictorial views (Refer
Fig. 16.10) 1o complete the drawing,

Example 16.2
Draw isometric view of a hexagonal pnsm of 50 mm height
and side 20 mm long, lying on HP with the axis perpendicular
ta VP. Select the origin of the isomeiric axes suitable o ger
the front view on the left isometric plane.

Refer o Fig. 16.15.

l. Draw the multiview projection of the prism in the
given position.

2. Enclose the front view in a box 1"2°3'4’ and locare
the origin of the isometric axes on the right comer
of the top view in order to get the front view on the
left (y2) isometric plane as shown,
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Fig. 16.15 |sometnc view (box mathod).

Y. Draw ashon horzontal thin line and mark the mid

point of it as the origin (4) of the isometric axes oy
From the origin (4) draw 30° inclined thin lines
towands right and left directions to represent x and ¥
isometric axes respectively and a vertical thin line
for z axis. The symbol for isomelnic axes may also
be marked below this angin,

Drraw the isometric view of the box 1234 using the
lengths measured along xyz directions from the
fromt and (op views as explained in Example 16.1.
Here, the lengths are not foreshomened, because
reguirement is not an isometric projection but o
View.,

5. Construct the isometrie hexagon ABCDEF on the

left isometric plane (1234} of the box. To mark the
corner F, take the distance 4/ using a bow divider
and mark it along the same (v) direction from 4 to F
on the isometric box, Similary o mark the comer
E. wke the distance 4°¢” using a bow divider and
mark it along the same (z) direction from 4 10 E on
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, ¥ 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.

. Tologate the honzontal axis OP, join BE. and mark
O the mid point as one end of axis. Similarly, on the
back face locate P and join OF by chain line o
indicate the axis,
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7. Convert the thin lines o visible umihidd.fncdgcus

done for projections of solids. Name the comers
and axis using capitals, and print the given
dimensions as permitied for pictorial views (Refer
Fig. 16,100 o complate the drawing.

Example 16.3
Draw isometric view of a cylinder of 50 mm height and
diameter 40 mm, lying on one of jts genzrators on HP with
the axis perpendicular to VP. Select the origin of the
isometnic axes suitable to get the front view on the leh
isometnic 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 172734 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 (vz) 1sometric plane as shown.

. Draw a short horizontal thin line and mark the mid

point of it as the ongin (4) of the isometric axes oz
From the origin (4) draw 307 inclined thin lines
towards right and left directions to represent xand v
ispmetric axes respectively and a vertical thin line
for z axis. The symbol for isometric axes may also
be marked below this ongin.

Diraw the isometnc view of the box 1234 using the
lengths measured along xyz directions from the
fromt and top views. Here, the lengths are not
foreshomened, because requirement 15 Dot an
isomelnc projection but a view.

Fig. 16.16 [lsomatric view (box mathod).
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3. Construct the isometric circle (four-centered
ellipse) on the lefi isometnic 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,

6. Tolocate the horizontal axis OP, join AC, and mark
O, 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.

7. Conven the hidden edge of the cylinder (half of the
back side) to short dashes. Name the axis using
capitals, and prnt the given dimensions as
permitted for pictorial views (Refer to 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 1o VP.

Refer 1o Fig. 16.17.

1. Draw the multiview projections of the pentagonal
prism in the given position.

2. Enclose the object into a rectangular box and name
the comers.

3. Construct the isometric scale and draw the
isometric projection of the box wsing isometric
lengths, Also add the symbol for isometric axes.

4. Construct the isometric pentagon in the bottom

Fig. 16.1T Isometric projection (box method).
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isometric plane, using the twop view lengths
converted into the isometric lengths,

Draw the paralle] isometric pentagon on the top
isometric plane following the same procedure and
jein the corners by vertical lines. Also indicate the
axis OF as done in Example 16.1.

Conven the hidden edpes 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 10 VP. Draw isometric view of the solid.
Referto Fig. 16,18,

1.

Draw the top and front views ol the hexagonal
pvramid 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 symbaol o 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 comers o complete the
pyramid.

Finish the view using proper ling types, indicate the
hidden portion pyramid and dimension the figure as
per BIS 1o complete the drawing.

iy e ) ,
| -~ ] —
i b T i
e e
i
'."" ":'=-" "

Fig. 16.18 Isometrc wew (coordinate method),
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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.

Referto Fig. 16.19.

1. Draw the top and front views of the cone and
enclose the top view of in a squang.

2. Construct the isometric view of the square and draw
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. Finish the view using proper line types, indicate the
hidden portion of the ellipse and dimension the
figure as per BIS to complete the drawing.

L
i f——" e
|

&

-

Fig. 16.19 Isometnic view of solids (coordinate method),

-
®

Example 16.7
A frustum of a cone of base diameter 50 mm. top diameter 20
mim, and height 45 mm is resting upon its base on HP, Draw
the isometnc projection of the frustum.
Refer o Fig. 16.20.
1. Draw the top and front views of the frustum of
cone and enclose the circles of top view inside

MUarcs,
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Fig. 16.20 |somelric projection of a frustum (coordinate
miathod).

ﬁ-l

Construct the isometric scale and draw the
isometric square 1234 forthe base of the cone. Also
add the symbol for isometric axes.

Construct the 1sometric circle (ellipse) ABCD
inside the isometric square 1234 (refer 1o Fig.
16.13) and draw the ventical axis OP at the centre of
it. Mark the height of the axis afier converting it to
the isometric length.

To construet the top isometric circle aobout 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.e.
OE = 00 = OF = OH. Draw the isometric square
5678 (rhombus) parallel to these lines as given in
figure and construct the isocircle (ellipse) EFGH
inside.

Draw the outermosi generators of the cone as
tangents to the two ellipses. Note that all the true
lengths should be multiplied by the isometric scale
{82%) before marking, since an  somelnc
projection is the requirement.

Finish the view using proper line types, indicate the
hidden portion of the ellipse and dimension the
figure as per BIS 1o complete the drawing,.

Example 168
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 Isometrc view of a square pyramid (box-method).

paralle] to VP. Draw the isometnic view of the given pyramid
showing the base.
Refer o Fig. 1621,

1. Dvaw 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 wsing the
lengths measured along ryz directions. Alsoadd the
symbaol for isometric aves,

3. Mark the base points ABCD on the box comers and
edges and locate the apex O at 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 top and
front views as shown in the figure. Join OF by chain
line to indicate the axis. A short cross mark may be
shown at P for which the lines are drawn paralle] to
the hase edges.

5. Finish the view using proper line types to complete
the drawing.

16.7 SECTIONED SOLIDS

lsometric view of a solid, sectioned by a cutting plang, can be
drawn by box method or coordinate method, In box method,
afterdrawing the isometric view of the box, the cutting plane
is marked in it and the cut surface is drawn on that plane. But
in coordinate method, the sectioned surface is obtained by
marking the coordinates of the boundary points from an
isometric plane as reference. Figure 16.22 shows isometric
prijection of a sectioned vertical pentagonal prism using
coordinate method. Similarly. Fig. 16.23 shows isometiic
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view of a sectionod horizontal hexagonal prism. Generally
coordinate method is found more easy 1o get the isometric
projection or view of 2 sectioned solid.

Example 16.9

A pentaponal prism of side of base 30 mm and height &0 mm

is resting om its base upon HP, keeping one base edge parullel

and nearer to VP, The prism is cul by a section plane, 307

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. Dwvaw the top and front views of the sectioned prism

in the given position and name the section as 1 2345,

Enclose the plan in a rectangle.

Construgt the isometric scale and draw the

isometnic projection of the rectangle 10 enclose the

base of the prism. Alsoadd the symbal forisometric
aXES,

3. Mark the base points ABCDE on the isometric
rectangle and locate the axis end P at the middle of
base by measuring the distances along xy directions
and mulliplving by 0.82. Join these points using
thin lines 1o get the Isomelnc pentagon.

4. Todraw the sectioned prism, measure the distance
a' 1", multiply by 0.82 and mark it from the corner 4
in the ; direction o obtain the vertical edge Al
Similarly, mark the remaining four vertical edpes
and the axis as shown in figure. Join the corners to
gel the projection,

5. Finish the view using proper line types and hatch
the cut surface to complete the drawing.

a
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Fig. 16.22 [somelric projection (coordinate method).
Example 16.10
A hexagonal prism of side of base 20 mm and length 50 mm is
resting on one of its rectangular faces upon HP, keeping the
base parallel to VP. The prism is cut by a venical 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.
Refer to Fig, 16,23
l. Draw the front and top views of the sectioned
prism in the given position and pame the
gection a5 123450, Enclose the elevation in a
reciangle.

Fig. 16.23 lsometric view (coordinate method).
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2. Draw the isometric view of the rectangle enclosing
the plan and then construct the isometric view of the
reclangle enclosing the elevation on it as shown in
figure. Alzo add the symbaol 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 measuning the distances along ¥
and : directions. Join these points using thin lines 1o
get the isometric hexagon,

4. Todraw the sectioned prism, measure the distance a
to 1, and mark it from the comer A in the xdirection
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
druwing.

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 isometric view of pyramid showing the section,

Refer o Fig. 16.24.
. 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 isometnc view of this square and
mark the base points ABCD on iL

3. To locate the corners |, 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, ¥ 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 1o get the cut-surface,

4. Join the points 1234 1o the respective base comers
AB,Cand Do get the base portion of the pyramid.
Locate the axis position P and draw the vertical axis
through the point.

5. Finish the view using proper line types. and hatch
the cul surface to complete the drawing.

Example 16.12
A cylinder of diameter 48 mm base and 60 mm height, 15
resting upon its base on HP. A section plane of 45° inclination
to HP bisects the axis of the cylinder. Draw the isometnic
view of the cylinder showing the sectioned surface.

Refer 1o Fig. 16.25.

1. Draw the top and front views of the cylinder and
mark the section plane at 437, Enclose the base of
the eylinder 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, ..., 8 at the eight intersection

_ﬂ.'\\.
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=

Fig. 16.25 Isomelric view (cocrdinate method),

of r\f,d-"‘ -"-...\_I_,-'.'
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points of the diagonals on the circle. Mark these two
diggonals in the isometrie view of the square and
locate the points 1, 2.3, .., 8 at the intersection of
isocirele in the same order.

To construet the isometric view of the sectioned
cylinder, join the points 8 and 2 in the top view, and
then produce to the front view 1o get point 28" on
the section line. This vertical line through 2°8 is 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.

Measure the heights (2 values) of these generators
from the base of eylinder to the points 1. 2.3, ... 8,
in the front view and mark them in the same order
on the isometric view as 1-1, 2-2, 3-3, ... 8-Bin the
z direction as shown in the figure, Join all the top
points by a smooth curve to get the elliptical
sectioned surface 1, 2, 3, ..., 8. Also draw vertical
lines tangential o the two ellipses o represent the
outermost generators of the cylinder,

Finish the view using proper line types, and hatch
the cut surface to complete the drawing.

16.8 COMBINATION OF SOLIDS

Drawing procedure for the isometric projection of a
combination of two or more solids is similar 1o that of
individual solids. The point to be specially 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,

I
5
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Fig. 16.26 [Isomaetric 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 (o 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 slab of 40 mm side and 25 mm
thickness on HP so that one edge of the square is parallel to
VP. Draw isometnc view of the combination.

Refer to Fig. 16.26.

I. Draw the top and front views of the combination of
solids keeping the cone centrally over the square
slab, Enclose the base circle of the cone in a square,
Construct the isomeétnic 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
iellipse} inside the rhombus to represent the base of
the cone.

12

3. Mork 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
1o complete the drawing,

Isometric Projection of a Hemisphere Resting
on a Slab

If & hemisphere with centre O and radius R is placed on a
square slab as shown in Fig. 16.24(g), the line joining the
centre of the sphere o to the point of contact of the spherical
surface with the top of slab p* will be vertical in the front
view, If the sphere is tilied and brought to the isometric
position, the vertical distance o'p’ will be inclined 35° 16" and
hence it will get foreshortened to 82% approximately as
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, OF is the isometric distance of o'p’
and is equal 1o R, =52% of R [Fig. 16.27(b)]. However, the
radius of the outer surface of the hemisphere is same as 5R
(because there is no difference in size if a sphere is tilted) and
is equal 1o half the major axis of the ellipse representing the
top circular plane.

B = 50

{m) Wulliview projection

(b) Isomatric projection

R = 30 = DB2
R, = 30/0.82

[e) Isometric view

Fig. 16.2T A hemisphere on & sguare slab.
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Isometric View of a Hemisphere Resting on a Slab

In the preparation of isometric view of an object, the
foreshortening of the isometric axes is ignored and the true
length of the edges of the object are used directly for drawing.
As o result, the isometric view obtained will be 22.5% larger
in gize. Similarly, if the isometnc view of the hemisphere is
drown, the view obtained should be 22.5% larger than the
given sphere itself [Fig. 16.27ic)]. So, the radius of the
hemisphere in the isometric view should be enlarged 1o 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 foreshonened. Hence, o'p’ = 0P =R.
Henee, by the above explanations it is clear that:

. Foranisometnic projecion, all dimensions along
xvz directions are foreshoriened to 824 bul ihe
radius for the spherical surface should not be
reduced.

2. For an isomelric view, all dimensions along xvz
directions are directly used but the radius for the
spherical surface should be enlarged 10 122.5%,

Example 16.14
A hemisphere of radivs 30 mm is placed centrally on a square
slab of side 40 mm and thickness 32 mm so that the Mat
circular surface is on the top. Draw the isometric projection
and view of the solids in the given position.

Refer 1o Fig. 16.27.

l. Draw the multiview projection of the slab and
hemisphere in the given position and enclose the
cirele na square.

2, Construct the isometric scale and draw the
isometric projection of the slab using 1sometric
(82%) lengths,

3. Also dmaw the isometric view of the slab using the
given dimensions directly.

4. To draw the isometric projection of the
hemisphere, (b) locate the centre P of the top face of
the isometric prajection of the slab and draw a
vertical line OF = R, fe. the isometric length of o'p”
(30 = (.82 min). 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 rdius equal to half the
major axis of the ellipse (SR) at cenire O o
represent the spherical surface of the hemisphere.
Mote that the circle is not passing through the
point P,
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5. Todraw the isometnic view of the hemisphere, (¢)
locate the centre P of the top face of the isometne
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 (rthombus) and construct the
isocircle (ellipse) of radius R inside as shown in
figure. Constructasemicircle of radius equal 1o half
the major axis of the ellipse (SRe = 30/0.82) at
centre O to represent the sphenical surface of the
hemisphere. Nite that here also the circle is not

passing through the point I,
6. Finish the view and print the given dimensions 1o
vomplete the drawing.
Example 16.15

A sphere of 18 mm radius is placed centrally overahexagonal
slab of side Jength 24 mm and thickness 235 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 directly as shown,

3. Todraw the isometne view of the sphere, locate the
centre Pof the top face of the isometric view of the
slab {(centre of hinel-4) and drow a vertical line
OP =R, i.e, the leagih of o'p" (18 mm). Construct a
circle of radius SRe = 18/0.82 mm at centre O 1o
represent the surface of the sphere.

4. Finish the view and print the given dimensions to
complete the dmawing.

- l—]"\-u-"'.-

~: -

¥ b
k, 5 P e TRSO.RS

Flg. 16.28 Isomelric view .
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16.9 OBJECTS

Simple engineering objects can be very clearly described by
isometnc projection or view. Since the preparation of
isomelnic 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 sell-explanatory. The
construction lines are retined in order W undersiand the
method of drawing. Since the problems are given as
multiview projection, the student has to develop the capaciry
to read and visualize the shape of object, before starting the
drawing. The [oeation 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 to Fig. 16.2%b).

I. Locste 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 edpes
of the box as shown in the figure.

3. Finish the view and print the given dimensions tw
compleie the drawing.

[

< 77
o

i

&

"
={;-|- -

(b)) Isometrie view

(o) dutiview
Fig. 16.29 A block.

Example 16.17
Draw the isometric view of the bracker shown in

Fig. 16.30(a).
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10}

(&) lzomelric view

Fig. 16.30 A bracket.

{g) Mulliview

Refer to Fig. 16.30(k).

1. Locate the origin of the isometric axes on the
right bottom corner of the top view in order 1o
get clear view of the web on the right isometrie
plane.

2. Drawisomerric view of the bracket considerning it as
three slabs such as a square honzontal slab, a
rectangular vertical slab and a vertical triangular
glab joined together.

3. Finish the view and print the given dimensions 1o
complele the drawing.

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 of the machine part considering it
as three slabs such as a rectangular honzontal slab with a slot,
a rectangular vertical slab and a semicircular vertical slab
Joined 1ogether.

Example 16.19
Draw the isometne view of the block shown in Fig. 16.32(a)
and need not dimension.

Refer 1o Fig. 16.32(b).
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Fig. 16.31 A machine part.
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Tools to solve isometric projection problems
i

The isometric axes in xand y directions are drawn at
30 inclination to horizontal and 2 axis in vertical
direction,

In isometric projection, the dimensions measured
from multiview along xyz directions should be
foreshortened and marked in the corresponding
isometric axes.

In isometric view, the dimensions measured from
multiview along xyv: directions are marked directly
in the corresponding isometric axes.

The radius of arc representing ¢ sphencal surface
should not be foreshortened in isometnc projection,
whereas in isometnic 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 10 reach solution whereas
the box method is better for solids in inclined
position or objects have inricate shapes.

Acircle s seen as cllipse and it can be drawn by four
centre method.

If the ongin 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 isometnc planes
respectively. Simufarly, If the ongin of axes is kept at
the right bottom corner of the top view: the front, top
and right side views are seen on left, top and nght
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

perpendicular to VP. Select the origin of the isometric
axes suitable to get the front view on the left isometric
plane. (#)

3. 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 1o VP, Select the origin of
the isometric axes suitable to get the front view on the
right isometric plane. (#)

4. Draw the isometric projection of a hexagonal prism ol

side of base 26 mm and height 64 mm, resting upon its

base on HP and a rectangular face is paralle] 1o VP. (#)

5. Apentagonal 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. (#)

B. A cone of height 70 mm and diameter 52 mm is resting
on HP, keeping its axis vertical. Draw isometric view
of the solid. (#)

7. A frustum of a cone of base diameter 56 mm, top
diameter 32 mm, and height 52 mm is resting wpon its
base on HP, Draw the isometric projection of the
fruswm. (#)

8. Asquare pyramid, edge of base 52 mm and axis 64 mm
long, is lying on one of its triangular faces upon HP and
its axis parallel to VP. Draw the isometne view of the
given pyramid showing the hase. (#)

]

9. A pentagonal pyramid, edge of base 30 mm and axis
60 mm long, is lying on one of its tiangular faces upon
HP and its axis parallel to VP. Draw the isometnic view
ol the given pyramid without showing the base surface.

Sectioned sollds

10, Ahexagonal 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 cul by a
section plane, 30° inclined to HP and passing through a
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11.

12

13.

14,

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 mum 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. (#)

A hexagonal pyramid of side of base 26 mm and height
64 mm is resting on its base upon HP, keeping two base
edges parallel 1o 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. (#)

A cylinder of diameter 56 mm base and B0 mm height i
resting upon its base on HP. A section plane of 45°
inclination to HP bisects the axis of the eylinder. Draw
the isometric view of the cylinder showing the
sectioned surface. (#)

A cylinder of diameter 50 mm base and 7T0mm height is
resting upon its base on HP. A section plane of 60°
inclination to HP cuts the axis of the cylinder ot a height
of 55 mm from the base. Draw the isometric view of the
eylinder showing the sectioned surface.

Combination of solids

15.

16.

17.

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 thot one side of the
square and one base edge of the pyramid are parallel 1o
VP. Draw isometnc view of the combination. (#)

A hemisphere of radius 32 mm is placed centrally on a
square slab of side 36 mm and thickness 30 mum 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 16
mm. Draw isometnc view of the combination. (#)

Objects

18.

19.

Drraw 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 is shown in Fig. 16.45.
Diraw the isometric view.

56

Fig. 16.45

48, Acastironblock is shown in front and side views. Draw
its isometric view. Refer Fig. 16.46.

24 24
t !
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™ : .
| !
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L
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49, A rod support is shown in Fig. 16.47. Draw its
ISOMELric view.

10

38

g

40

Fig. 16.47

Multiview projection of a crank is shown in

Fig. 16.48. Draw the isometric view of the crank.

#24

Jralc]
y _ =
, o wrJAl
20

‘|E1

A

Fig. 16.48
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B
Perspective
Projection

PE!speclive projection is a method of graphic
representation of an object on a single plane called
piciure plane as seen by an observer stationed at a particular
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
ubject are cut by the picture plane. The visual rays locate the
position of the object on the picture plane. This type of
projection iscalled perspective profection. Thisis alsoknown
as scenographic projection or convergent prajection.

18.1 PRINCIPLE OF PERSPECTIVE PROJECTION

In perspective projection, the projectors or visual rys
intersect at a common point known as station paini. 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{a). 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 1s viewed from a station point to which
the visual rays converge. On the piciure plane the same size
objects become smalleras it is going away from the observer.
Finally, they become small as a point on the horizon and
vamnish,
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C H APITE R

Perspective projection is theoretically very similar to the
optical system in photography. It is extensively employed by
architects toshow the appearance of a bmlding orby an artist-
draftsman in the preparation of illustrations of huge
machinery.

18.2 NOMENCLATURE OF PERSPECTIVE
PROJECTION

The elements of perspective projection are shown in
Fig. 18.2. The important terms used in perspective projection
are defined below:

I. Grownd Plane {GP): This is the plane on which the
ohject 15 assumed to be placed.

2. Auxiliary Ground Plane : This is any plane parallel
1o the ground plane (not shown),

3. Station Poime (3P); 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 ohject 1o be viewed. Perspective view is formed
on this vertical plane.

5. Ground Line (GL) : This 1s the line of intersection
of the picture plane with the ground plane.
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Fig. 18.1 View of a streef

Anxifiary Ground Line: This is the line of
mtersection of the picture plane with the auxiliary
growndd plane (ned shown),

fHorizon Plune: This is an imaginary horizontal
plane perpendicular 1o the picture plane and passing
throwgh the station point. This plane les at the level
of the observer.

Heormon Line (HEL): This 15 the line of imlersection

of the horizon plane with the picture plane. This
plane is parallel to the ground line.

Axis of Vigion {(AV): This is the line drawn
perpendicular to the picture plane and passing
thromgh the station point. The axis of vision is also
colled the line of xight or perpendicular oxis.
Centre of Vision {CV): This is the point through
which the axis of vision pierces the picture plane.
This is also the point of intersection of the horizon
line with the axis of vision,

Lin.

11, Centrald Plane (CF) This is an imagingry plane

perpendicular to both the ground plane and the
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picture plane. It passes throwgh the centre of vision
anel the station paint, while containing the axis of
VISHON.

12, Visnal Ravs (VR): These are imaginary lines or
projectors, joining the station point 1o the varous

points on the object. These mvs converge o pont,

18.3 CLASSIFICATION OF PERSPECTIVE VIEWS

Perspective views are classified into three categories.
1. Paralle] perspective or single point perspective,
2. Angular perspective or two point perspective,
3. Obligue perspective or three poinl perspective.
The perspective views are based on the relative positions
of the vbject with respect Lo the picture plane, All the three
types of parspectives are shown in Fig. 18.3.

Parallel Perspective (Single Point)

If the principal Tace of the object viewed is parallel 1o the
picture plane, the perspective view formed is called peraffe!
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Fig. 18.2 MNomenclalure of perspective projection.

perspective, Such aperspective view is shownin Fig. 18.3(a).
In parallel perspective views, the honizomal lines receding
the object converge to a single point called vanishing point
{VPJ, But the vertical and honzontal lines on the prnincipal
face and the faces parallel to it on the ohject do not converge,
it these lines are parallel o the picture plane. Because the
lines on the faces parallel 1o the picture plane, do not
converge o a point and the horizonial lines receding the
object coverage to a single vanishing point, the perspective
projection obtained is called parallel or single poinr
perspective. Single point perspective projection is generally
used 1o show the interior details of rooms, interior features of
VArOUE 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 arne
inclined to the picture plane and all the horizontal lines on the
object converge to two different vanishing points, the
perspective view obtained iz called angular or two point
perspective. Two pointl perspective projection is the most

~Yanizhing
point—laft

Vanishing

Yanishin !
e point=right

paint

il

{o) Parallel {One paint) (b) dngular (Two poini)

perapecilve parspaciiva
Vanishing Vanishing
polnt=lefl paini=right -

/

v/

ic) Oblique (Three paint)
poerspoctive

Vanishin
. point—bathom

Fig. 18.3 Perspective projections.
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generally used nne to present the pictorial views of long and
wide objects like buildings, structures, machines, ete.

Oblique Perspective (Three point)

If all the three mutwilly perpendicular principal faces of the
ohject 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 feft (VPL) and
vanishing point right (VPR) and all the vertical lines
converge o4 third vanishing point located either above or
below the honzon line. Because all the three principal faces
are inclined o the picture plane and a1l the horizontal apd
vertical lines on the object converge to three different
vanishing points, the perspective view obtaimed is called

obligque or three paint perspective,
~Horizan line (HL)
S s
Siation F\ff —_—
point (sPy/ | N> e
H-!“xh “Franl view
o,
——— i . E- -
. 7 o 7 .
.
Perspeclive viaw £ Ground
lima {GL)
Axis of f‘f o~ Top view
I ]y / ,i""
.". I
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,I I{ﬂ-ﬂ S plane [PP)
.-"u,el ,.a"f
ro/ d
o |/ X{ﬁx'
o I-"l .,."' / M Wisual rays
[ £l
NIV
s b —Siation
.I,;,'j{f,f" paint {5F)
(sP)de"
Fig. 184 Elements of perspective projection (visual ray

method-using front view).

Three point perspective projection may be used to draw
pictorial views of huge and wll objects like wil buildings,
towers, siructures, ete. 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

Department of Mechanical Engineering, NCERC, Pambady

object, all the vertical lines will vanish to a point below the
horizon line.

168.4 METHODS OF DRAWING PERSPECTIVE
VIEWS

Perspective view of an object can be drawn by following any
one of the methods:

1. Visual ray method.

{n) Using 1op and front views.
(b) Using top and side views,

2. Vunishing point method.

To obtain a perspective view (parallel. angular or
ohlique), by the visnal 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.

To start the drawing of a perspective view, the following
data are the basic requirements.

1. The topand front or side views of the object.

2. The location of the station point 5P (the point of
sight orcamera position ) in relation (o the object, in
three dimensions.

31, 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 oblained 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 points
are (o be located imoally. Vanishing points are the imaginary
poins 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 o 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 top and front
views of the object are drawn following the first angle
projection theory as shown in Fig. 18.4. Here, the top view,
the piciure plane PP, the plan of station point SP and the
visual mys are drawn initially below the ground (o) 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, s 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 crossing 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 example, comers A and E on
the perspective view are oblained by drawing vertical
projectors through a, and ¢, on PP, and extending them to
intersect on visual rays drawn to a” and ¢’ respectively.

It is 10 be noted that the top and perspective views are
lnished using thick lines, while all the remaining lines are
left as thin, The corners of the perspective view may be
marked with capital letters, as did for other pictorial views.
Dimensions are not usually marked on perspective views but
the clements used for perspective view drawing should be
dimensioned fully by a student without failure.

Parallel Perspective by Visual Ray Method

In parallel 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 sand 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 retuin its
shape, if the plane containing it is parallel 1o PP. Figure 18.5
shows the parallel perspective of a square prism. Here, the
front face is slightly behind the PP, hence that face is seen (o
be slightly reduced in size, but keeps the square shape.
Similarly, Fig. 18.6 shows the parallel perspective of a
honzontal pentagonal prsm. 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 15 parallel to and behind the PP.

If there are curved or non-parallel edges on the object
and are not parallel o picture plane, the perspective of such
shapes can be drawn by enclosing them in rectangles orboxes
as did for other pictonal views. Fig. 18.7 shows the parallel
perspective of a circle contained in HP. The intermediate
pounits are locatéd in relation to the edges of the rectangle or
box.

Example 181

A square prism of 30 em side and 50 em length is lying on the
ground plane on one of its rectangular faces, in such a way
that ome of its square faces is paraliel to and 10 cm behind the
picture plane. The station point is located 60 em in front of
the picture plane and 40 ¢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 posm.

Refer io Fig. 18.5.
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Fig. 18.5 Parallel perspectiva (visual ray method—using
front view).

l. Draw the xy (GL) line and construet the top and
front views of the prism in the given position
following the orthographic projection rules as
shown in figure.
Mark the top view of the picture plane (PP) and the
front view of the honzon 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 (5P) at a distance of 60 cm in froat of
the PP and on the CP. Also mark the front view of
the station point (5F)" on the HL.
3. Draw visual rays from (SP) to the vanous comers
of the top view of the prism. piercing the PI" at a,
by. ¢y, ete. Also draw the visual rays from (SP) 1o
all comers of the front view.
4. Draw vertical lines upwards from the points a;. by,
. ete. to intersect the corresponding visual rays

1
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drawn from &', ", ¢*, ete. Join the points to get the
required perspective ABCDEFGH.

5. Convertthe lop and perspective views Lo proper line
types and print the given dimensions.

Angular Perspective by Visual Ray Method

In angular perspective projection, two principal faces (frone
face and one side face) of the object are kept at an angle,
usually 30° or 60F, 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) o the wp view corners and
from (5P} to the fromt view comers. The paints on the
perspective view are obtained by insening venicals from the
points of intersection of visual rays with PP, to meet the visual
riys drawn to the front view.,

Example 18.2

Diraw the perspective view of a rectangular prism of 80 cm
48 ¢mi ¢ 30 em size, lying on its 80 cm = 48 cm rectngular
face on ihe ground plane, with a venical edge touching the
picture planc and the end faces inclined at 607 with the picture
plane. The sration point is 80 cmin front of the picture pline,
64 cm above the ground plane and it lies in a central plane,
which passes throwgh the centre of the prism.

Refer to Fig. 18.6.

1. Draw the top view, front view and the perspective
elements of the prsm as per the given data,

2. Draw visual rays feont (5 P) o the comers of the top
view and from (5P) 1o the front view.

3. Insert verticals through the visual ray piercing
points on PP, (o meet the visual rays drawn to the
from view. For example, to get the point B on the
perspective view, join (SP) 1o bin the top view o
cross P and at by, Insert a vertical line from by to
meet the visual ray to (5P a1 B, Similarly obtain
A, C, ete.

4. Convert the top, side and perspective views o
proper line types and pnint the given dimensions.

18.9 ANGLULAR PERSPECTIVE BY VANISHING

POINT METHOD

In vamshing point method, the vanishing point or points are
10 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 fo an infimite distant ohject, the point of

Department of Mechanical Engineering, NCERC, Pambady

(5=} o L

fala]

i i
All dimensicns are in cm.

Fig. 18.6  Angular perspective (visual ray method-using

frant wview).

picremg of that ray through the picture plane (PP) is refemed
Lo as the vandshing point on the PP,

Three top views of a horizontal line PO, inclined at @
deprees 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 g is in position (i), the leogth
of the line obtained on PP is pyg). As the top view moves
towards the left side, without changing the inclinstion #, the
lemgth of the line obtained on PP reduces 16 prags and is shown
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Fig. 18.7 \Vanishing point of a line inclined to the picturs
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 Py coincides with gy. This point is
called the top view of 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 poing,
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 (VP

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
lines are drawn from the visual ray-crossing points on
the PP, 1o imtersect these rays for the points on the perspective

view,
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Example 18.3

A rectangular prism of dimensions 80 cm x 48 cm % 32 cm is
lying on the ground in such a way that one of the largest faces
is on the ground. A vertical edge is 10 em behind PP and
longer face containing that edge makes 30” inclination with
PP. The station point is 80 cmin front of the PP, 60 cm above
the ground and lies in a central plane which passes through the
centre of the prism. Draw the perspective view by vanishing
point method.

Refer to Fig. 18.8,

l. 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
front views of the vanishing points.

3. Since the edge ac is 10 cmbehind the picture plane,
produce the face adeh 1o meet the PP ot the point 5.1,
Draw a vertical line from the point 5, 7 1o intersect
the ground line GL at T. Since the edge s is
touching on PP, it will have the true length in the
perspective view, Hence, mark ST = 32 ¢m, (the
thickness of the prism) from the line GL as shown in
the figure.

4. Join points § and T w (VPR) and drop a vertical
line from point (ay, €)) to intersect these rays at A
and E. Draw rays from points A and E to (VPL)’
and drop a vertical line from (b, fi) to intersect
these rays a1 B and F. Now ABFE is a face on the
perspective view, Similarly find out points C, 1D, G
and H and join these points (o get the perspective
view.

5. Draw the visible edges with thick lines and conver
the hidden edges 1o 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 mathod)

EXERCISES = -

{# Problems similar to the workedout examples)

Visual ray method

1. A square prism of 32 cm side and 54 cm length is lving
on the ground plane on one of its rectangular faces, in
such o way that one of its square foces is parallel 1o and
12 em 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 em
away from the axis of the prism towards the lefi. Draw
the perspective view of the prism. (#)

2. Draw the perspective view of a hexagonal prism. 20cm
side and 40 em long, lying on one of its rectangular
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faces 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 cm above the ground
plane and lies in the central plane, which is 70 emto the
left of the centre of the prism. (#)

Draw the perspective view of a rectangular prism of
Themx 44 em= 32 emsize, lying onits T0em = 44 ¢m
rectangular face on the ground plane. with a vemical
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 ¢m 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 rectangular prism of dimensions 75 cm * 30 ¢m x
30 cm is lyving on the ground in such a way that one of
the largest faces is on the ground. A vertical edge is 12
cm behind PP and longer face containing that edge
makes 307 inclination with PP. The station point is 90
cm in front of the PP, 64 cm above the ground and lies
m acentral plane which passes through the centre of the
prism. Draw the perspective view by vanishing point
method. (#)

5. A circular lamina of 60 cm diameter is kept vertical on
the ground plane and 15 inclined 45° to the picture
plane. The station point is positionsd 80 cm in front of
the preture plane and 82 em above the ground plane.
The central plane containing the station point passcs 40
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em away tothe 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. (#)

. A vertical rectangular prism of dimensions 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 &0 cm length is 12 em infront
of PP and the 60 cm x 30 em face containing that edge
makes 307 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 methaod. (#)
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Figure 18.1 Planes of projection showing octanis (anticlockwise system).

19.2 FIRST ANGLE PROJECTION AND THE
LOCATIONS OF THE THREE VIEWS

In Nirst angle projection, the object is assumed 10 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
parallzl to the principal planes and hence the projections of
these faces on the principal planes will have the true shape and
size.

The three views formed on the principal planes are
dezscnbed below:

1. Front view: The view of the object formed on the vertical
plane (VP) or frontal plane, when looked onthogonally at the
object in the direction marked FRONT, is called fronr view,
Here, the VP is behind the object. Thus, the ohject is in
between 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 wp in the direction marked TOP, is called rop view,
Here, the horizontal plane is below the object. Thus, the
oshject is in between the plane of projection and the eve. This
is indicated by
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EYE > OBJECT = PLANE

3. Left side view: The view of the object formed on the
profile plane (PP). when looked onthogonally 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 batween the eyve 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 quadram. Here, the object is placed in
such a way that its main faces are parallel 1o 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 19.4 Layout of the principal views (third angle projection).

19.4 TRANSPARENT BOX AND THE SIX
ORTHOGRAPHIC VIEWS

To deseribe 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
transparent 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 fron, rop , right side, lefi side, bortom and rear views,
Towransfer these six views, the box is opened to one plane, the
plane of the drawing sheet. The six views can be 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 plune of projection. Hence, we
follow the EYE > OBJECT = PLANE principle.

Consider a transparent box ABCDEFGH containing an
object inside it, as shown in Figure 19,3, 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 ammow
muarked by FRONT, s called frons view.

2. Top view: The view of the object formed on the bottom

Department of Mechanical Engineering, NCERC, Pambady

side DOGH of the box, when looked in the direction of the
arrow marked by TOP, is called rop view.

3. Left side view: The view of the object formed on the nght
side BFGC of the box when looked in the direciion of the
arrow marked by LEFT SIDE, is called left sfde view,

4. Right sicle 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. Bortom view: The view of the object formed on the top side
ABFE of the box, when looked in the direction of the armow
marked by BOTTOM, is called borom 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 armow
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. [t 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 10 the
edge FC. There are twohinges 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 o way that the front view occupies 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 f{irst angle projection
method 15 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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19.5 INDICATION OF FIRST ANGLE PROJECTION

The methiod of projection used, must be indicated inside the
space provided in the title block of the drawing sheet. A
distinguishing symbaol is recommended 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 19.5.

186 SELECTION OF MINIMUM NUMEBER OF VIEWS

For describing the shape of an object completely by s
orthographic views, it is necessary to select the number of
views required, and combine.

The number of views required for describing an object
clearly and completely depends upon the extent of
complexity involved in it. Based upon the number of views
required, the drawings can be classified into the following
categories:

. Omne-view drawing
2. Two-vigw drawing
3. Three-view drawing

It may be noted that only mimmum number of views,
that will describe the object clearly and completely, should be
drawn.

One-view Drawing

An object having cylindrical, square or hexagonal features
can be completely described by a single orthographic view.
Such adrawing is called one-viewdrawing, Here, the features
are expressed by a note or an abbre viation,
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{e) Third ongle
projection

Figure 18,8 Symbol for first angle poojection,

In Figure 19.9, the cylindrical part is indicated by the
notation & and the square part is indicated by the notation O
The square partis identified by drawing thin crossed diagonal
lines on the feature. Plate of any size can be described by a
single orthographic view. The thickness of the plate may be
expressed by a note,

.: 20 ) ;:{.
T ‘. .:-". ', :
™,
g | ,< s
EY £
' i
1 2
15 ¢ 20 40 —

Figure 18,2 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 Ave-view drawing.

The largest face, showing most of the details and having
minimum number of hidden lines, is selected as the fromt
view, The second view may be the top or the side view,

It may be noted that any two views will not be sufficient
to desenbe an object completely. Proper combination of the
views should be selected, Isometric views of three prisms and
the plan of these prisms are shown in Figure 19.10{a). The
front and wp 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 prsms descnibe 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

Mostof the objects can be represented clearly and completely
by three views, Such a drawing is called three-view drawing.
The largest face showing most of the details is selected as the
fromt view, Here, the object is placed in its functional position
as far as possible and with the principal feces parallel to the
planes of projection. A three view drowing of a cast iron
block is shown in Figure 19.11.

Fight side slew  Front view

-
Fs

Or
Tap wiew

samaealric widw

Figura 18.11 Threa view drawing of a cast iren block.

19.7 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
lime typess and dimensioning. The pictotial 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
surfaces are represented by continuous thick lines,
i.e. Type A lines.

{g) Picterial wiew

(b) Orthographic views

Elavalion

dd

Flan

Figure 18.12 A machine part.
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The hidden details are shown only if they are
required. They are represented by short dashes
using Type E or F lines. The method of drawing
hidden lines and the rules for superimposing them
are explained in Chapler 1.

Thin chain line (Type G) is used to represent centre
lines and lines of symmetry.

Orthographic  projections of machine parts
generally have holes, circles, lines of symmetry,
e1c. 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 hole 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 circle drawn with chain
lime, and an intersecting radial chain ling 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 onthographic
views of solids. It has to be noted that projection
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
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Dimensioning of orthographic views of objects is
done by following Method-1, as deseribed in
Chapter 4, Method-2 is also permitted by BIS.
Since Method-1 has certain advantages, it is
generally followed for machine drawing.

The dimension lines are drawn using thin
continuous (Type B) lines and the text is printed
using thick single stroke letters as explained in
Chapter 2.

The complete dimensional values have 1o be shown
on the related onhographic 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 a dimension, directly

or indirectly. For example, the closing dimension
has to be avoided if the total lengih is given,

For more details aboutr dimensioning, refer to
Chapter 4.

19.8 SUGGESTED DRAFTING PROCEDURE

To develop speed and sccuracy in drawing, it is better to
follow a ecertain order of drafting. All the instruments
required for drawing should be placed at their proper
locations in order to save time. The steps to 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 isto
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 tzken to
provide necessary space for printing dimensions,
notes, ete. [see Figure 19.13(b)]. As far as possible,
provide equal space between the views for a better
appearance,

4, Mark cenire lines at appropriaie 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. Swmaight lines, curves for the minor details
like fillets, rounds, ete.

6. Draw all the details, except the hidden lines in all
the views,

7. Erase all the unnecessary lines, construction lines,
etc. Finish the drawing by thickening the
appropriate lines.

8. Draw the hidden lines [see Figure 19.13(0)].

9. Enterall the dimensional values, distributing them
appropriately in all the views.

10. Draw zection lines, if any.

11. MName 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 dimeénsion, details, tc.

12. Pnnt the title block details.

Page 124




Notes

. |
O ——
= | '-| t
! |
@
hdlE
: il

(1)

Figure 18.13

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 15 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 orthographic
views below them, until they develop the capacity
to identify the views,

Projection lines and construction lines are not
shown in onthographic views of objects,

Every circle should has two centre lines intersecting
at the centre.

Axis of symmetry as well as axis of cylindrical
holes. ete. should be drawn with the centre lines.
Choose a larger scale always for better clarity of
VICWS,

The hidden lines in a drawing should be minimised
by orienting the object properly. Unimportant

10,

12,

Drawing procedure for orthographic views,

hidden details may be avoided, especially when the
drawing is a complicated one.

While orenting an object for orthographic
projection, the most important vertical face should
be selected for the front view.

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.
All the views should be drawn in the cormect
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 obligue to the reference planes.
Figure 19.14 shows simple examples to these type of

surfaces.
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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 straight line, inclined to the other two
reference lines. The projections of the surface on the reference
planes to which it is inclined will appear foreshortened.

Oblique Surface
If a surface of an object is inclined to the three reference
planes. the surface can be called as an obligue surface. If a
surface is an oblique one, its projection will show areas on the
three reference planes can be represented only by areas which
“wiil noOt give its true size and shape.

The following examples illustrate how onthographic

-
5

views are drawn from pictorial views of objects having the
above three types of plane surfaces.

Exampile 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 19.16i(b}. Follow the procedure explained
in Section 19.8.

Example 19.3

Figure 19.17(a) shows an isometric view of a rectangular

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.

1'-\.
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—= 15
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Figure 18.15

Department of Mechanical Engineering, NCERC, Pambady

=
an 0
Elevatian Left side wiaw
Plan -1
{ )]

Parallel key.

Page 126




weak. The radius of a fillet depends upon the thickness of the
metal and other design requirements,

A rounded external corner on a casting is called round.
External comers or angles are rounded for the appearance
and comfon of persons who handle the casting,

Fillets and rounds actually prevent intersecting surfaces
as they eliminate abrupt change in direction. This leads to
certan problems in orthographic projections and the view
becomes confusing (see Figure 19.19). To avoid this, lines
are projected from approximate intersections.

—

Round
[

—

Fillat

Figure 19.19 Fillels and rounds.

The radius of a fillet or round may sometimes be given
on the view itsell or as a general instruction. I the radius is
not specified but the shape is shown in the given view, the
radius may be assumed as 3 to 6 mm depending 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(h).

Follow the procedure explained in Section 19.8.

Example 19.5
Isometric view of a shaft supportis shown in Figure 19.21(a).

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).
Diraw the front view, looking in the direction of the armow F,
Alsodraw 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 ohtained
on the top side 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 ligure, lollowing the
priocedure explained above, Add an extra note “THIRD
ANGLE PROJECTION" below the views.
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Right side view

Plan (&)

Figura 19.20 Cylindrical block.
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Figure 19.22 Bearing block
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Figure 3.23 Adjustable rod support.

EXERCISES

Draw the onthographic views of the engineering objects as  19.40. View the objects in the direction of arrow marked with
per the instructions given along with the Figures 19.24 1o F. Name the view and dimension them as per BIS.

. > -~ "~ #
Draw: Elovation ™l Drow: Elevation [~
Plan Flan
Laft side wiew Latt side view
Fgure 1034 Ablock. Figure 19.25 Ablock.
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Craw: Elevation
Plan
Laft gide view

Figure 19.26 Ablock.
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Right side viaw
Figure 19.28 Forkend.

r

“ Draw: Elevelion
Flan
Right slde view

Figura 19.30 A castiran block
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Figure 19.27 A stepped block,

Craw: Elavation <
Flam .
Right zide view ™"

Figure 18.28 Forkend

Draw: Elevation
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Figure18.31 Astopper,
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et Figure 19.34 Alever.

Orow: Elewatian
Flan

Right side wle
Figure 19.36 Abearing. )
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Figure 19.33 Ablock.
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Right side view
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Figure 19.37 Abracket.
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Whenever two or more solids combine, a
definite curve is seen at their intersection. This
curve is called the curve of intersection (COI).

CASES OF INTERSECTION

The cases of intersection depend on the type of intersecting
solids and the manner in which they intersect. Two intersecting
solids may be of the same type (e.g., prism and prism) or of
different types (e.g., prism and pyramid). The possible
combinations are shown in Table below.
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Table 17.1 Cases of Intersection

Ist solid
Prism Pvramid Ovlinder Cone Sphere
Prism Case 1
Pramid Case 2 Case 6
2nd solid Cvlinder Case 3 Case 7 Case 10
Cone Case 4 Case 8 Cae 11 Case 13
Sphere Case 3 Case 9 Case 12 Case 4 Case I3

The two solids may intersect in different ways. The axes of the
solids may be parallel, inclined or perpendicular to each other.
The axes may be intersecting, offset or coinciding. Therefore,
the following sub-cases exist:

(i) Axes perpendicular and intersecting
(ii) Axes perpendicular and offset

(iii) Axes inclined and intersecting

(iv) Axes inclined and offset

(v) Axes parallel and coinciding

(vi) Axes parallel and offset

Intersection

The type of intersection created depends on the types of
geometric forms, which can be two- or three-
dimensional.

Intersections must be represented on multiview drawings
correctly and clearly. For example, when a conical and a
cylindrical shape intersect, the type of intersection that
occurs depends on their sizes and on the angle of
intersection relative to their axes.

The line of intersection is determined using auxiliary
views and cutting planes
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Methods — (1) Line and (2) Cutting-plane methods

Line method: A number of lines are
drawn on the lateral surface of one of
the solids and in the region of the
line of intersection.

Points of intersection of these lines
with the surface of the other solid are
then located.

These points will lie on the required
line of intersection. They are more
easily located from the view in which
the lateral surface of the second
solid appears edgewise (i.e. as a
line). The curve drawn through these
points will be the line of intersection.

Problem: (14 16)

Cutting-plane method: The two solids are assumed
to be cut by a series of cutting planes. The cutting
planes may be vertical (i.e. perpendicular to the
H.P.), edgewise (i.e. perpendicular to the V.P.) or

oblique.

The cutting planes are so selected as to cut the
surface of one of the solids in straight lines and

that of the other in straight lines or circles.
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Intersection of Cone and Cylinder

Example - A \vertical
cone, diameter of base
75 mm and axis 100 mm
long, is completely
penetrated by a cylinder

of 45 mm diameter. The
axis of the cylinder is
parallel to HP and the VP
and intersects the axis

of the cone at a point 22
mm above the base.
Draw the projections of

the solids showing
curves of intersection.

Cutting-Plane Method
Draw lines dividing the surface of the cylinlc)ier into twelve equal parts.
o

£ o N 3
o
BN =

o

-~

Assume a horizontal cutting plane
17 passing through say, point 2. The
12 section of the cylinder will be a
rectangle of width w (i.e. the line 2-
12), while that of the cone will be a
circle of diameter ee.

10

i L]
PWN -
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These two sections intersect at
points p, and p,,. These
sections are clearly indicated in
the top view by the rectangle 2-
2-12-12 and the circle of

diameter ee .

o
1
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=z 1
1 | 1
2’lp 2 Y 1212
e f "g' 1' f ™3
o l' O
e \ BT
(&
519 / v | 9

In the front view, the cutting plane is
seen as a line coinciding with 2' 2’.
Points p, and p,, when projected on
the line 2' 2’ (with which the line 12'-
12' coincides) will give a point p,’
(with which p,," will coincide). Then
p,' and p,, are the points on the

curve of intersection.
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To obtain the points
systematically, draw circles with
centre 0 and diameters dd, ee, ff,
etc. cutting lines through 1, 2 and
12, 3 and 11 etc. at points p,, p,
and p,,, p; and p, etc . Project these
points to the corresponding lines in the

front view.

Final views
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