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

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

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

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

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

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

4.1.1 INTRODUCTION TO SOLIDS

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

4.1.1.1 SOLIDS

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

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

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

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

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

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

the bases of these solids.

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

TETRAHEDRON

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

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

Fig. 4.4
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 Suppose an object, a cube,

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

is thrown on it (assuming the

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

parallel to each other and
~ perpendicular to the

~ screen), then a true shadow

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

the projection of the object

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

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

1.“Object”, 2.“Projectors’,

4.2.1 PROJECTION - TERMS

SCREEN

IMAGE OR PROJECTION

PRCJECTOR LINE /
LINE OF SIGHT

N

OBJECT (CUBE) .

TORCH
{Source of Light)

PROJECTION OF CUBE

*  Projection - view of an object

Fig. 4.8

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

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

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

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

line (XY)
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_ Orthographic Projection

— a3 2 CLASSIFICATION OF PROJECTIONS

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

A classification of projection is shown below as a flowchart.

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

Linear Aerial Oblique  Axonometric Orthographic

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

Projection

DO YOU KNOW ?
PERSPECTIVE PROJECTION

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

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

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

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

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

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

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

4 fourth quadrant —helov:

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

i
>

IIT QUADRANT IV QUADRANT

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

Fig. 4.9
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Fig. 4.11

The principle of projection in an Octant is same as the principle of projection in a quadrant.
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— V,the front is known as Front V|ew front elevatlon or elevatlon = '

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

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

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

~as top view, top pIan or plan..

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

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

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

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

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

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

™F

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

Fig. 4.12 : An Object with Direction of Views

NOTE :

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

STATION POINT / CBSERVER

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




AVP2 R. SIDE VIEW

FRONT VIEW

L. SIDE VIEW AVP 1

I ANGLE PRGJECTION




;PrOJectlon Symbol =

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

Fig. 4.16
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~ Theidentifying graphical symbol of lll angle projection is showninfig.419 [ _»_

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

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

Orthographlc Prolectron

Fig. 4.19 : Third Angle Projection Symbol

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

First Angle Projection Method

Third Angle Projection Method

(i)
(iii)

(iv)
(v)

The identifying graphical symbol is

! A
2 8
Q &‘

A

First Angle Projection Symbol

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

The projection plane is opaque.

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

side view of the Front View/front elevation.

(if)
(iii)

The identifying graphical symbol is

20

Third Angle Projection Symbol

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

The projection plane is transparent.

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

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

Assignment 4.1

1. Fill in the blanks

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

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

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

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

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

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

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

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

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

quadrant.

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

d=15 mm h =10 mm

PROJECTION OF POINT ‘A’

Fig. 4.21 Projection of Point A

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

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

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

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

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

Similarly ag = Aa’

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

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

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

We 'know that therspace abev

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

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

— Step 1: Draw aline XY.

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

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

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

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

4.4.3 PROJECTION OF POINT SITUATED IN SECOND QUADRANT

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

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

Consider a point B, situated in |l quadrant as shown in Fig. 4.23
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- PICTORIAL VIEW OF POINT 'C’ _
- - IN III QUADRANT -







PICTORIAL VIEW OF POINT E
IN IV QUADRANT




V.P,H.P.

PROJECTION OF POINT E’




_ Engineering Graphics

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

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

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

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

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

Table 4.2 Positions of a point and its projections

THINK, DISCUSS AND WRITE

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

TRY THESE

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

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

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

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

PICTORIAL VIEW OF POINT M

Fig. 4.32
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PROJECTION OF POINT 'M'

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

e) d=0 in this case,

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




H.P.

PICTORIAL VIEW OF POINT 'G’




H.P.

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

~ Orthographic Projection

WHAT WE HAVE LEARNT

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

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

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

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

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

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

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

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

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

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

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

4.5 PROJECTION OF LINES

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

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

PROJECTION OF PQ




PROJECTION OF MN

PICTORIAL VIEW OF MN_




PICTORIAL VIEW OF 'AB’

~ Fig. 448 Pictorial

TR

PROJECTION




FORESHORTENED

™

TRUE LENGTH

PICTORIAL VIEW OF ‘AB’ PROJECTION OF 'AB’

Fig. 4.45 Pictorial view Fig. 4.46 Projection of AB

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

FORESHORTENED

PROJECTION OF AB

4.48 Projection of AB

PICTORIAL VIEW CF 'AB’




F

PICTORIAL VIEW OF 'CD’

“TRUELENGTH
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Fig. 4.49 Pictorial view of CD

dl
cl
c d
FORESHORTENED

PROJECTION OF 'CD’

Fig. 4.50 Projection of CD




PICTORIAL VIEW OF 'EF’

PROJECTION OF 'EF’

 Fig. 4.51 Pictorial view of EF




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

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

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

IMPORTANT

From this illustration, we observe that when a line is inclined to both the reference planes, its true length and true inclinations
can neither be shown in Top View nor in Front View. Both Front View and Top View are inclined lines.
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Orthographlc Prolectron

— ':'A'br'i'effs'qmrha'r:y ofprOJectlon oi"lrines?’l'ri;differr'eh:t posntlons is listed in the fQIlo'v:vi'rigltabl"er?l—.?{

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

Fig. 4.55
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_ Engineering Graphics

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

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

from XY. , - , , , , — —— , X Y

25

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

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

a' b' '

Fig. 4.57

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

30

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

Fig. 4.58
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FIG 4.58 FIG 4.60 FIG 4.61 FIG 4.62
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TRUE LENGTH

FORESHORTENED

FIG 4.63 FIG 4.64 FIG 4.65 FIG 4.66
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= iOrthbg'r':a:bhl:c Pibjrecfionx =

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

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

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

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

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

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

introduce you to the projections of regular plane figures.

4.6.1 TYPES OF PLANES

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

4.6.2 PERPENDICULAR PLANES

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

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

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

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

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

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

4.6.3 PROJECTIONS OF PERPENDICULAR PLANES

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

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

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

a O

PROJECTION

~ Fig. 4.70 Pictorial view

~ Fig. 4.71 Projection







PROJECTION

- Fig. 4.74 Projection

PICTORIAL VIEW

Fig. 4.73 Pictorial view
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DO THIS

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

(1) (ii) (i)

Fig. 4.77
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Fig. 4.78
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Fig. 4.79




 Orthoguphic proecton

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

~atan anglee andJ_toVP - f'd/

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

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

rectangle. b

¥

Y
o

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

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

¥

c d c d

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

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

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

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

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

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

DO YOU KNOW?
PROJECTIONS OF OBLIQUE PLANES

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

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

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

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

Let’s solve one example to understand it clearly.

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

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

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

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

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

Q1.

Q2.

Q3.

Q4.

Q5.

Qé.
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ASSIGNMENT

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

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

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

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

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

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



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

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

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

N
!
ﬁ
\
i

PICTORIAL VIEW
Fig. 4.85

Fig. 4.86

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

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

Solutlon refer flg 488

40

Steps () Start with the Top View

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

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

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

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

Fig. 4.92 Fig. 4.93
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 Here Front VIEW shows more detalls of the object so the Front Vlew should be drawn f|rst'f [

Orthographlc Projection

40

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

a b{fy o ce) d

Fig. 4.95

(i)  Front View is projected down to get the Top View which comprises 3 rectangles.
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~ ASSIGNMENT

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

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

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

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

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

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

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

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

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

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

Fig. 4.97




-

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

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

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

~ Drawits projections.

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

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

4.7.3 PROJECTION OF SOLIDS WHEN ITS AXIS PARALLEL

TO REFERENCE PLANE & INCLINED TO THE OTHER

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

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

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

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

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

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

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

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

'requlred inclination.

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

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

GIVEN DATA

- Pentagonal prism 20 mm X 70 mm

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

Steps 1:

Steps 2:
Steps 3:

Steps 4:

Steps 5:

162

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

Project the Front View above XY

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

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

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

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




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

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

Solutlon see F|g 4105

(i)

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

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

with XY.

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

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

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

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

Solution Fig. 4.106

Stepsl: (i)

Steps Il : (iii)

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

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

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

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

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

-

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

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

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

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

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

ACTIVITY

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

STEPII

Fig. 4.107

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

(i)

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

— pro;ect the Top View from it.

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

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

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

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

~ depending upon their visibility.

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

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

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

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

corners of the hexagon. i A ‘)’

eryvd

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

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

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

horizontal projectors from the Front View of

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

all the surface boundaries.

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

Solutlon see Fig. 4 1 10

i)

(ii)
(iii)

(iv)

(v)

Assume the axis perpendlcular to the VP and draw the Front

View which is a circle.

Project Vthe Top View, which is a rectanglé

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

- line

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

Circular ends are shown by drawing ellipses.

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

front.

Solution see Fig. 4.111

(i)

(i)
(iii)

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

Draw the corrosponding Top View by projection.

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

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

-

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

Fig. 4.111
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~ WHATWEHAVELEARNT

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

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

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

parallel to both V.P. & H.P

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

Table 4.5 : Steps involved in projections of solids

ASSIGNMENT

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

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

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

Q8.

= fOrthbg'r:a:bhl:c Projection

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

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

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

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

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

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

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