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82 Engineering Drawing [Ch. 5

(b) With the aid of a compass (fig. 5-35).
(i) Draw a line AB equal to the given length.

(i) At A, draw a line AE perpendicular to AB. (Refer problem 5-3, Method i,
fig. 5-5).

{iily With centre A and radius AB, draw an arc cutting AE at D.

(iv) With centres B and D and the same radius, draw arcs intersecting at C.
{v) Draw lines joining C with B and D.

Then ABCD is the requnred square
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This book is accompanied by a computer CD, which contains an audiovisual
. animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 9 for the
following problem.

Problem 5-26. To construct a regular polygon, given the length of its side.

Let the number of sides of the polygon be seven (i.e. heptagon).
Method I: (fig. 5-36 and fig. 5-37):

(i) Draw a line AB equal to the given length.

(i} With centre A and radius AB, draw a semi-circle BP.

(iii) With a divider, divide the semi-circle into seven equal parts (same as the
number of sides). Number the division-points as 1, 2, etc. starting from P.

(iv) Draw a line joining A with the second division-point 2.

FiG. 5-36 FiG. 5-37
(@) Inscribe circle method (fig. 5-36).
(i) Draw perpendicular bisectors of A2 and AB intersecting each other at O.
(iiy With centre O and radius OA, describe a circle.
(iii) With radius AB and starting from B, cut the circle at points, C, D.....2.

(iv) Draw lines BC, CD etc. thus completing the required heptagon.
www.Jntufastupdates.com



Art. 5-12] Geometrical Construction 83

(b) Arc method (fig. 5-37).

(i) With centre B and radius AB, draw an arc cutting the line A6-produced
at C.

(i) With centre C and the same radius, draw an arc cutting the line
A5-produced at D.

(iii) Find points E and F in the same manner.

(iv) Draw lines BC, CD etc. and complete the heptagon.

Method 1I: General method for drawing any polygon (fig. 5-38):

(a)

(c)

(d)

() Draw a line AB equal to the given length.

(i) At B, draw a line BP perpendicular and equal to AB.
(iii) Draw a line joining A with P.

(ivy With centre B and radius AB, draw the quadrant AP.

(v) Draw the perpendicular bisector of AB to intersect the straight line AP
in 4 and the arc AP in 6.

A square of a side equal to AB can be inscribed in the circle drawn with
centre 4 and radius A4.

A regular hexagon of a side equal to AB can be inscribed in the circle
drawn with centre 6 and radius A6.

The mid-point 5 of the line 4-6 is the centre of the circle of the radius
A5 in which a regular pentagon of a side equal to AB can be inscribed.

To locate centre 7 for the regular heptagon of side AB, step-off a division 6-7
equal to the division 5-6.

(i) With centre 7 and radius equal to A7, draw a circle.
(i) Starting from B, cut it in seven equal divisions with radius equal to AB.

(iii) Draw lines BC, CD etc. and complete the heptagon.

Regular polygons of any number of sides can be drawn by this method.

Fi1G. 5-4%
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84 Engineering Drawing {Ch. 5

Alternative method (fig. 5-39 and fig. 5-40):

() On AB as diameter, describe a semi-circle.

(i)  With either A or B as centre and AB as radius, describe an arc on the same
side as the semi-circle.

(i) Draw a perpendicular bisector of AB cutting the semi-circle at point 4 and the
arc at point 6.

(iv) Obtain points 5, 7, 8 etc. as explained in method II.

Fig. 5-40 shows a square, a regular pentagon, a regular hexagon and a regular
octagon, all constructed on AB as a common snde

5-13. SPECIAL a&“:“ﬁ'
" POLYGONS

This book is accompanied by a computer CD, which contains an audiovasuai
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 1 O for the
following problem.

Problem 5-27. To construct a pentagon, length of a side given.
Method I: (fig. 5-41):

(i) Draw a line AB equal to the given length.

(i) With centre A and radius AB, describe
a circle-1.

(ifi) With centre B and the same radius,
describe a circle-2 cuttting circle-1 at
Cand D.

(iv) With centre C and the same radius, draw
an arc to cut circle-1 and circle-2 at E
and F respectively.

(v) Draw a perpendicular bisector of the
line AB to cut the arc EF at G.

(vi) Draw a line EG and produce it to cut

circle-2 at P.
(vii) Draw a line FG and produce it to cut
circle-1 at R. D
(viii) With P and R as centres and AB as radius, ? P
draw arcs intersecting each other at Q.
(ix) Draw lines BP, PQ, OR and RA, thus "
completing the pentagon. !
Method H: (fig. 5-42):
(i) Draw aline AB equal to the given length. A C B E
(i) Bisect AB in a point C.
(iii) Draw a line BD perpendicular and equal X
to AB. Fic, 5-42

www.Jntufastupdates.com 3



Art. 5-13] Geometrical Construction 85

(iv) With centre C and radius CD, draw an arc to intersect the line AB-produced at E.
(v) Then AE is the length of the diagonal of the pentagon.

(vi) Therefore, with centre A and radius AB, draw an arc intersecting the arc
drawn with centre B and radius AE at R.

(vii) Again with centre A and radius AE, draw an arc intersecting the arc drawn
with centre B and radius AB at P.

(viii) With centres A and B and radius AE, draw arcs intersecting each other

at Q.
(ix) Draw lines BP, PQ, QR and RA, thus completing the pentagon.

Problem 5-28. To construct a hexagon, length of a side given (fig. 5-43 and
fig. 5-44).

(@) With T-square and 30°-60° set-square only (fig. 5-43).
(i) Draw a line AB equal to the given length.

(i) From A, draw lines A1 and A2 making 60° and 120° angles respectively
with AB.

(iii) From B, draw lines B3 and B4 making 60° and 120° angles respectively
with AB.

(ivy From O the point of intersection of A1 and B3, draw a line parallel
to AB and intersecting A2 at F and B4 at C.

(v} From F, draw a line parallel to BC and intersecting B3 at E.
(vi) From C, draw a line parallel to AF and intersecting A1 at D.
(vii) Draw a line joining £ and D.

Then ABCDEF is the required hexagon.

3\E D /1

FIG. 5-43
(b) With the aid of a compass (fig. 5-44).

(i) With Point O as centre, draw a circle of radius equal to the given side
length of the required polygon.

(i) Draw a horizontal line passing through the centre of the circle and
cutting the circle at opposite ends, say at points F and C. Mark the

centre of circle as , O
www.Jntufastupdates.com 4



86 Engineering Drawing [Ch. 5

(i) Starting with either F or C as centre and side as length, go on marking
the points on the circumference, A, B, D and E.

(iv) Join points A-8-C-D-E-F. You will get the required Hexagon (6 sided polygon).

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 11 for the
following problem.

CHAROT: g

FAGNTEROE

Problem 5-29. To inscribe a regular octagon in a D 8 2 C

given square (fig. 5-45).
iy Draw the given square ABCD. 7 4
(i) Draw diagonals AC and BD intersecting each
other at O. 0
(iiiy With centre A and radius AQ, draw an arc 6 3
cutting AB at 2 and AD at 7. i I
(iv) Similarly, with centres B, C and D and the
B

same radius, draw arcs and obtain points 1,
3, 4 etc. as shown. FIG. 5-45

Draw lines 2-3, 4-5, 6-7 and 8-1, thus completmg the octagon

Sﬁ “N« REGE%A% B}ﬂﬁ’ﬂi}iﬂg iﬁégﬂﬁﬁﬁ} E?%l (ji%’iﬁﬁ@

\\?

Problem 5-30. To inscribe a regular polygon of any P
number of sides, say 5, in a given circle (fig. 5-46).

(i With centre O, draw the given circle.

(i) Draw a diameter AB and divide it into five

equal parts (same number of parts as the
number of sides) and number them as shown.

(i) With centres A and B and radius AB, draw
arcs intersecting each other at P.

(iv) Draw a line P2 and produce it to meet the
circle at C. Then AC is the length of the
side of the pentagon.

{v) Starting from C, step-off on the circle, divisions

CD, DE etc., equal to AC.

(vi) Draw lines CD, DE etc., thus completing the F'G 5'
pentagon.

Problem 5-31. Jo inscribe a square in a given circle
(fig. 5-47).

(i) With centre O, draw the given circle. <

(i) Draw diameters AB and CD perpendicular to
each other.
(iiiy Draw lines AC, CB, BD and DA, thus completing

the square. FiG. 5 47
www.Jntufastupdates.com )
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Art, 5-14} Geometrical Construction 87

Problem 5-32. To inscribe a regular pentagon in a given circle (fig. 5-48).

(i) With centre O, draw the given circle.

(i) Draw diameters AB and CD perpendicular to each other.

(ili) Bisect AO in a point P. With centre P and radius PC, draw an arc cutting OB

in Q.

(ivy With centre C and radius CQ, draw an arc cutting the circle in E and F.

(v) With centres E and F and the same radius, draw arcs cutting the circle in G

and H respectively.

(vi) Draw lines CE, EG, GH, HF and FC, thus completing the required pentagon.

FIG. 5-48 FiG. 5-49

Problem 5-33. To inscribe a regular hexagon in a given circle (fig. 5-49).

Apply the same method as shown in Problem 5-28(b).

Note: (a) When two sides of the hexagon are required to be horizontal the starting point
for stepping-off equal divisions should be on an end of the horizontal diameter.

. (b) If they are to be vertical, the starting point should be on an end of the vertical

diameter.

In either case, to avoid inaccuracy, the points should be joined with the aid of

T-square and 30°-60° set-square.

Problem 5-34. To inscribe a regular heptagon in a
given circle (fig. 5-50).

(i) With centre O, draw the given circle.

(i) Draw a diameter AB. With centre A and radius
AQ, draw an arc cutting the circle at £ and F.

(iii) Draw a line EF, cutting AO in G. A

Then EG or FG is the length of the side of the
heptagon.

Therefore, from any point on the circle, say A, step-off
divisions equal to EG, around the circle. join the
division-points and obtain the heptagon.

www.Jntufastupdates.com
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88 Engineering Drawing iCh. 5

Problem 5-35. To inscribe a regular octagon
in a given circle (fig. 5-57).

(i) With centre O, draw the given circle.

(i) Draw diameters AB and CD at right angles
to each other. A :

(iii) Draw diameters EF and GH bisecting
angles AOC and COB.

(iv) Draw lines AE, EC etc. and complete G F
the octagon.

D
Fic. 5-51
5-15. TO DRAW REGULAR FIGURES USING T-SQUARE

Problem 5-36. To describe an equilateral triangle
about a given circle (fig. 5-52).

(i) With centre O, draw the given circle.
(ii) Draw a vertical radius OA.

(iii) Draw radii OB and OC with a 30°-60°
set-square, such that Z AOB = ZAOC = 120°.

(iv) At A, B and C, draw tangents to the circle,
i.e. a horizontal line EF through A, and lines
FG and GE through B and C respectively with
a 30°-60° set-square.

Then EFG is the required triangle.

Problem 5-37. Jo draw a square about a given
circle (fig. 5-53).

(i) With centre O, describe the given circle.

(i) Draw diameters AB and CD at right angles A

Fic
E

to each other as shown. \
H

(iiiy At A and B, draw vertical lines, and at C and
D, draw horizontal lines intersecting at £, F,

G and H.
D

EFGH is the required square. FIG. 5-53

[\

Problem 5-38. To describe a regular hexagon about a given circle (fig. 5-54).
(i) With centre O, draw the given circle.
(i) Draw horizontal diameter AB, and diameters CD and EF making 60° angle with AB.

(i) Draw tangents at all the six ends, i.e. verticals at A and B, and lines with
a 30°-60° set-square at the remaining points intersecting at 1, 2,.....6.
A hexagon with two sides horizontal can be drawn by drawing a vertical

diameter AB and the other lines as shown in fig. 5-55.
www.Jntufastupdatées.com 7



6-0. INTRODUCTION

The profile of number of objects consists of various types of curves. This chapter
deals with various types of curves which are commonly used in engineering practice
as shown below:

1. Conic sections 4, Evolutes

2. Cycloidal curves : 5. Spirals

3. Involute 6. Helix.

We shall now discuss the above in details with reference to their construction and
applications.

The sections obtained by the intersection of a right circular cone by a plane in
different positions relative to the axis of the cone are called conics. Refer to fig. 6-1.

A CIRCLE AXIS
i

CIRCLE ELLIPSE

ELUPSE /A oanasoLA

HYPERBOLA /£

PARABOLA

HYPERBOLA

Conic sections
FiG, 6-1

{i) When the section plane is inclined to the axis and cuts all the generators on
one side of the apex, the section is an ellipse [fig. 6-1].

www.Jntufastupdates.com 8



102 Engineering Drawing [Ch. 6

(i) When the section plane is inclined to the axis and is parallel to one of the
generators, the section is a parabola [fig. 6-1].

(iii) A hyperbola is a plane curve having two separate parts or branches, formed
when two cones that point towards one another are intersected by a plane
that is parallel to the axes of the cones.

The conic may be defined as the locus of a point moving in a plane in such a way
that the ratio of its distances from a fixed point and a fixed straight line is always
constant. The fixed point is called the focus and the fixed line, the directrix.

distance of the point from the focus

The ratio distance of the point from the directrix
denoted by e. It is always less than 1 for ellipse, equal to 1 for parabola and greater
than 1 for hyperbola i.e.

(i) ellipse e <1

is called eccentricity and is

(i) parabola : e =1
(iii) hyperbola : e > 1.

The line passing through the focus and perpendicular to the directrix is called
the axis. The pomt at which the conic cuts its axis is called the vertex.

@ i ‘i Ei.ﬂ?ﬁﬁ

Use of elhptncal curves is made in arches, bndges, dams monuments, man-

holes, glands and gtufﬁng-boxes etc. Mathematically an ellipse can be described by
2

equation -;(—2* + )’_2 = 1. Here 'a' and 'b' are half the length of major and minor

axes of the ellipse and x and y co-ordinates.
(1) General method of construction of an ellipse:

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 12 for the
following problem.

CHAROT4R

-OGNTFRON

Problem 6-1. (fig. 6-2): To construct an ellipse when the distance of the focus from
the directrix is equal to 50 mm and eccentricity is —;—

(i) Draw any vertical line AB as directrix.
(i) At any point C on it, draw the axis perpendicular to the AB (directrix).
~ (iii) Mark a focus F on the axis such that CF = 50 mm.
(iv) Divide CF into 5 equal divisions (sum of numerator and denometer of the
eccentricity.).
(v) Mark the vertex V on the third division-point from C.
Thus, eccentricity, e = z 02
! ! vC 3
(vi) A scale may now be constructed on the axis (as explained below), which
will directly give the distances in the required ratio.
(vii) At V, draw a perpendicular VE equal to VF. Draw a line joining C and £.
VE VF 2

Thus, in triangle CVE, Ve S ve = 3

www.Jntufastupdates.com 9



Art. 6-1-1] Curves Used in Engineering Practice

103

(viii) Mark any point 1 on the axis and through it, draw a perpendicular

to meet CE-produced at 1'

(ix) With centre F and radius equal to 1-1', draw arcs to intersect the perpendicular

through 1 at points P; and P'y.

These are the points on the ellipse, because the distance of P; from AB

is equal to C1,
Py F =11
-1 VF 2.

cCt ~vC 3

1l

and

Similarly, mark points 2, 3 etc. on the axis and obtain points P, and P,

P3 and P‘3 etc.

(x) Draw the ellipse through these points. It is a closed curve having two foci

and two directrices.
DIRECTRIX 3 DIRECTRIX

v AXIS (C

NORMAL

Pl
3
\ g
T
Directrix and focus

FI1G, 6-2

(2) Construction of ellipse by other methods:

Ellipse is also defined as a curve traced out by a point, moving in the same
plane as and in such a way that the sum of its distances from two fixed points

is always the same.

(i)  Each of the two fixed points is called the focus.

(i)  The line passing through the two foci and terminated by the curve, is called

the major axis.

(iii) The line bisecting the major axis at right angles and terminated by the curve,

is called the minor axis.

Conjugate axes: Those axes are called conjugate axes when they are parallel to the

tangents drawn at their extremities.

In fig. 6-3, AB is the major axis, CD the minor axis and Fy and F; are the foci. The

foci are equidistant from the centre O.
www.Jntufastupdates.com 10



104 Engineering Drawing [Ch. 6

The points A, P, C etc. are on the curve and hence, according to the definition,
(AF; + AFy) = (PF; + PFy)) = (CFy + CFp) etc.
But (AF; + AFy) = AB. = (PFy + PF,) = AB, the major axis.

Therefore, the sum of the distances of any pomt on the curve from the two foci is
equal to the major axis.
Again, (CFy + CF) = AB.
But CF, = CF " CFy=CF = % AB.

Hence, the distance of the ends of the minor axis from the foci is equal to half the

major axis.
N T
C
Q P A
)
A \ B
0
&

MAJOR AXIS

i

o
MINOR AXIS

Conjugate axes
FIG. 6-3
Problem 6-2. To construct an ellipse, given the major and minor axes.

The ellipse is drawn by, first determining a number of points through which it is
known to pass and then, drawing a smooth curve through them, either freehand or
with a french curve. Larger the number of points, more accurate the curve will be.

Method I: Arcs of circles method (fig. 6-4). s

() Draw a line AB equal to the
major axis and a line CD equal
to the minor axis, bisecting each
other at right angles at O.

(i) With centre C and radius equal
to half AB (i.e. AO ) draw arcs
cutting AB at F; and F,, the
foci of the ellipse.

(iii) Mark a number of points 1, 2,

3 etc. on AB.

(iv) with centres F; and F, and )
radius equal to A1, draw arcs Arc of circle method
on both sides of AB. FlG. 6-4

www.Jntufastupdates.com 11



Art. 6-1-1] Curves Used in Engineering Practice 105
8 3

(v} With same centres and radius equal to B1, draw arcs intersecting the
previous arcs at four points marked P;.

(vi) Similarly, with radii A2 and B2, A3 and B3 etc. obtain more points.

(vii) Draw a smooth curve through these points. This curve is the required ellipse.

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 13 for the
following method 1I.

Method 1i: Concentric circles method (fig. 6-5).

Concentric circle method
FiG. 6-5

(i) Draw the major axis AB and the minor axis CD intersecting each other at O.

(i) With centre O and diameters AB and CD respectively, draw two circles.

(iii) Divide the major-axis-circle into a number of equal divisions, say 12 and
mark points 1, 2 etc. as shown.

(iv) Draw lines joining these pomts with the centre O and cutting the minor-axis-circle
at points 1', 2' etc.

(v) Through point 1 on the major-axis-circle, draw a line parallel to CD, the minor axis.

(vi) Through point 1' on the minor-axis-circle, draw a line parallel to AB, the major
axis. The point Py, where these two lines intersect is on the required ellipse.

(vii) Repeat the construction through all the points. Draw the ellipse through A,
Py, Py... etc.

Method 11I: Loop of the thread method (fig. 6-6).

This is practical application of the first method.

() Draw the two axes AB and CD intersecting at O. Locate the foci F; and F,.

(i) Insert a pin at each focus-point and tie a piece of thread in the form of
a loop around the pins, in such a way that the pencil point when placed
in the loop (keeping the thread tight), is just on the end C of the minor axis.

www.Jntufastupdates.com



106 Engineering Drawing [Ch. 6

(i) Move the pencil around the
foci, maintaining an even
tension in the thread
throughout and obtain the
ellipse.

It is evident that PF; + PF,
= CFy + CF, etc.

D
Loop of the thread method
FiIG. 6-6
Method 1V: Oblong method (fig. 6-7).
E Py ¢ F

) P2 y \\ES
2l
1 t

IN] 1 2 3

Af——xPe 5 B
1\\
H G
D
Oblong method
FIG. 6-7

() Draw the two axes AB and CD intersecting each other at O.
(i) Construct the oblong EFGH having its sides equal to the two axes.

(iii) Divide the semi-major-axis AO into a number of equal parts, say 4, and AE
into the same number of equal parts, numbering them from A as shown.

(iv) Draw lines joining 1', 2' and 3' with C.
(v} From D, draw lines through 1, 2 and 3 intersecting C';, C'; and C'5 at points
P4, Py and P respectively.

(viy Draw the curve through A, Pq.....C. It will be one quarter of the ellipse.

(vii) Complete the curve by the same construction in each of the three remaining

quadrants.

As the curve is symmetrical about the two axes, points in the remaining quadrants
may be located by drawing perpendiculars and horizontals from P4, P, etc. and
making each of them of equal length on both the sides of the two axes.

For example, P;x = x Py and Pyy = yPs.

www.Jntufastupdates.com 13



Art. 6-1-1] Curves Used in Engineering Practice 107

An ellipse can be inscribed within a parallelogram by using the above method as

shown in fig. 6-8. R
/)/
S

Fic. 6-8

Lines PQ and RS, joining the mid-points of the opposite sides of the parallelogram
are called conjugate axes.

Method V: Trammel method (fig. 6-9).

f Q iR

o]

[P

=

A o \2.
/C\

P

H
o-

D
Trammel method

FIG. 6-9

(i) Draw the two axes AB and CD intersecting each other at O. Along the edge
of a strip of paper which may be used as a trammel, mark PQ equal to half
the minor axis and PR equal to half the major axis.

(i) Place the trammel so that R is
on the minor axis CD and Q
on the major axis AB. Then P
will be on the required ellipse.
By moving the trammel to new
positions, always keeping R on
CD and Q on AB, obtain other
points. Draw the ellipse through
these points.

Problem 6-3. (fig. 6-10): ABC is a
triangle such that AB = 100 mm, AC =
80 mm and BC = 60 mm. Draw an ellipse
passing through points A, B and C. Fig. 6-10

www.Jntufastupdates.com 14




108 Engineering Drawing [Ch. &

)

(i)

(iii)

(iv)

)

Draw horizontal line AB = 100 mm. Take A as centre draw an arc of
80 mm. Similarly B as centre and the radius equal to 60 mm, draw the arc
such that it intersects previously drawn arc at the point C. Join ABC to
complete triangle.

Mark the mid point of AB such that OA = OB = 50 mm. Join OC and extend
CO such that CO = OD.

Draw parallel lines from C and D to the line AB. Similarly draw parallel lines
from A and B to the line CD and complete the rhombus (PQRS).

Divide AO into convenient number of equal parts A1 = 12 =23 = 34 = 40
and AQ to same number of equal parts A1' = 1'2' = 2'3' = 3'4' = 4'Q. Join
A, 14, 2Y, 3", 4" with D. Join C1 and extend it to intersect line D1'. Similarly join
C2, C3, C4 and extend it to intersect D2', D3', D4' respective. Draw smooth
curve passing through all intersection.

Complete the ellipse by above method for the remaining part.

(3) Normal and tangent to an ellipse: The normal to an ellipse at any point
on it bisects the angle made by lines joining that point with the foci.

The tangent to the ellipse at any point is perpendicular to the normal at that point.

Problem 6-4. (fig. 6-3): To draw a normal and a tangent to the ellipse at a
point Q on it

Join Q with the foci F; and F,.

(i)
(i)

Draw a line NM bisecting £ F; QF,. NM is the normal to the ellipse.

Draw a line ST through Q and perpendicular to NM. ST is the tangent to
the ellipse at the point Q.

Problem 6-5. (fig. 6-11): To draw a curve parallel to an ellipse and at distance

R from it.

This may be drawn by two methods:

(a)

(b)

(b)

A large number of arcs of radius
equal to the required distance R,
with centres on the ellipse, may
be described. The curve drawn

/%
touching these arcs will be parallel 1
e
@)

to the ellipse.

it may also be obtained by drawing
a number of normals to the ellipse,
making them equal to the required
distance R and then drawing a
smooth curve through their ends. FIG. 6-11

Problem 6-6. (fig. 6-12): To find the major axis and minor axis of an ellipse whose
conjugate axes and angle between them are given.

Conjugate axes PQ and RS, and the angle o between them are given.

(i)
(i)

Draw the two axes intersecting each other at O.
Complete the parallelogram and inscribe the ellipse in it as described in
problem 6-2, method (iv).

www.Jntufastupdates.com 15



Art. 6-1-2] Curves Used in Engineering Practice 109

(iii) With O as centre and OR as radius, draw the semi-circle cutting the ellipse
at a point E.

(iv) Draw the line RE.

(v) Through O draw a line parallel to RE and cutting the ellipse at points C and
D. CD is the minor axis.

(vi) Through O, draw a line perpendicular to CD and cutting the ellipse at points
A and B. AB is the major axis.

c R

™

D
FIG. 6-12
Problem 6-7. (fig. 6-13): To find o
the centre, major axis and minor axis 1 B F
of a given ellipse.
(i) Draw any two chords 1-2 and \ S
3-4 parallel to each other. A
Q
(i) Find their mid-points P and A 5 B
Q, and draw a line passing P *
through them, cutting the ellipse R #
at points R and S. Bisect the \ 4
line RS in the point O which
is the centre of the ellipse. H — G
With O as centre and any con- FIG. 6-13

venient radius, draw a circle cutting
the ellipse in points E, F, G and H. Complete the rectangle EFGH. Through O, draw
a line parallel to EF cutting the ellipse in points A and B. Again through O, draw
a line parallel to FG cutting the ellipse at points C and D. AB and CD are respectively
the major axis and the minor axis.

6-1-2. PARABOLA

This book is accompanied by a computer CD, which contains an audiovisual
_animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 14 for the
following problem.
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Drawings of small objects can be prepared of the same size as the objects they
represent. A 150 mm long pencil may be shown by a drawing of 150 mm length.
Drawings drawn of the same size as the objects, are called full-size drawings. The
ordinary full-size scales are used for such drawings.

A scale is defined as the ratio of the linear dimensions of element of the object
as represented in a drawing to the actual dimensions of the same element of the
object itself.

4-1

The scales generally used for general engineering drawings are shown in table
[SP: 46].
TABLE 4-1

Full size scales

All these scales are usually 300 mm long and sub-divided throughout their
lengths. The scale is indicated on the drawing at a suitable place near the title. The
complete designation of a scale consists of word scale followed by the ratio, i.e.
scale 1:1 or scale, full size.

It may not be always possible to prepare full-size drawings. They are, therefore,
drawn proportionately smaller or larger. When drawings are drawn smaller than the
actual size of the objects (as in case of buildings, bridges, large machines etc.) the
scale used is said to be a reducing scale (1:5). Drawings of small machine parts,
mathematical instruments, watches etc. are made larger than their real size. These
are said to be drawn on an enlarging scale (5:1).

The scales can be expressed in the following three ways:

(1) Engineer’s scale: In this case, the relation between the dimension on the
drawing and the actual dimension of the object is mentioned numerically in the

style as 10 mm = 5 m etc.
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52 Engineering Drawing [Ch. 4

(2) Graphical scale: The scale is drawn on the drawing itself. As the drawing
becomes old, the engineer’s scale may shrink and may not give accurate results.

However, such is not the case with graphical scalke: because if the drawing shrinks,
the scale will also shrink. Hence, the graphical scale is. commonly used in survey maps.

(3) Representative fraction: The ratio of the length of the object represented
on drawing to the actual length of the object represented is called the Representative
Fraction (i.e. R.F).

Length of the drawing

RFE =
Actual length of object

When a 1 cm long line in a drawing represents 1 metre length of the object, the
1cm 1cm

. 1 . .
R.F. is equal to Tm = Tx100cm — 700 and the scale of the drawing will be

1:100 or '1"’(136 full size. The R.F. of a drawing is greater than unity when it is drawn

on an enlarging scale. For example, when a 2 mm long edge of an object is shown in

a drawing by a line 1 cm long, the R.F. is lem _ 10mm _ 5 guch a drawing is

) 2 mm 2 mm
said‘to be drawn on scale 5:1 or five times full-size.

When an unusual scale is used, it is constructed on the drawing sheet. To construct
a scale the following information is essential:

(1) The R.F. of the scale.

(2) The units which it must represent, for example, millimetres and centimetres,
or feet and inches etc.

(3) The maximum length which it must show.
The length of the scale is determined by the formula:
Length of the scale = R.F. x maximum length required to be measured.

It may not be always possible to draw as long a scale as to measure the
longest length in the drawing. The scale is therefore drawn 15 c¢cm to 30 cm long,

longer lengths being measured by marking them off in parts.

The scales used in practice are classified as under:
(1) Plain scales (4) Vernier scales
(2) Diagonal scales (5) Scale of chords.
(3) Comparative scales

(1) Plain scales: A plain scale consists of a line divided into suitable number of
equal parts or units, the first of which is sub-divided into smaller parts. Plain scales
represent either two units or a unit and its sub-division.

In every scale,

(i) The zero should be placed at the end of the first main division, i.e. between

the unit and its sub-divisions.
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(i)

Scales 53

From the zero mark, the units should be numbered to the right and its
sub-divisions to the left.

(iiiy The names of the units and the sub-divisions should be stated clearly below

or at the respective ends.

(ivy The name of the scale (e.g. scale, 1:10) or its R.F. should be mentioned below

the scale.

Problem 4-1. (fig. 4-1): Construct a scale of 1:4 to show centimetres and long
enough to measure upto 5 decimetres.

AN
mowwew e we | § A
10 5 0 1 2 3 4
CENTIMETRES RF =4 DECIMETRES
SENTIVMEIRES F=y JELIVE RES
FI1G. 4-1

)

(if)
(iii)
(iv)

v)
(vi)

Determine R.F. of the scale. Here it is %

Determine length of the scale.

Length of the scale = R.F. x maximum length = % x 5 dm = 12.5 cm.

Draw a line 12.5 cm long and divide it into 5 equal divisions, each representing
1 dm.

Mark 0O at the end of the first division and 1, 2, 3 and 4 at the end of each
subsequent division to its right.

Divide the first division into 10 equal sub-divisions, each representing 1 cm.
Mark cms to the left of 0 as shown in the figure.

To distinguish the divisions clearly, show the scale as a rectangle of small width
(about 3 mm) instead of only a line. Draw the division-lines showing decimetres
throughout the width of the scale. Draw the lines for the sub-divisions slightly
shorter as shown. Draw thick and dark horizontal lines in the middle of all alternate
divisions and sub-divisions. This helps in taking measurements. Below the scale,
print DECIMETRES on the right-hand side, CENTIMETRES on the left-hand side,
and the R.F. in the middle.

To set-off any distance, say 3.7 dm, place one leg of the divider on 3 dm mark and
the other on 7 cm mark. The distance between the ends of the two legs will represent

3.7 dm.

Problem 4-2. (fig. 4-2): Draw a scale of 1: 60 to show metres and decimetres and
long enough to measure upto 6 metres.

e 37 M o
o |
[EEEEE | s ]
10 50 1 ‘ 2 3 4 5
DECIMETRES , METRES

=1
FIG. 4-2 RF.= %
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54 Engineering Drawing [Ch. 4

(i) Determine R.F. of the scale, here R.F. = 61(5
(ii) Determine length of the scale.
Length of the scale = L xem= - metre = 10 cm.

60 10
(iii) Draw a line 10 cm long and divide it into 6 equal parts.

(iv) Divide the first part into 10 equal divisions and complete the scale as shown.
The length 3.7 metres is shown on the scale.

Problem 4-3. (fig. 4-3): Construct a scale of 1.5 inches = 1 foot to show inches
and long enough to measure upto 4 feet.

g 2FT.10IN y

I g
(EREEEE | ]
129 6 3 0 1 2 3
INCHES FEET 1
RF.= =
8

FIG. 4-3

. 1.5 inches 1
: E - R = o = e
() Determine R.F. of the scale. R = —=——"20 = ¢

(i) Draw a line, 1.5 x 4 = 6 inches long.

(iii) Divide it into four equal parts, each part representing one foot.

(iv) Divide the first division into 12 equal parts, each representing 1". Complete
the scale as explained in problem 4-1. The distance 2'-10" is shown measured
in the figure.

- 1 k
Problem 4-4. (fig. 4-4): Construct a scale of R.F. = a0 to read vards and feet, and
long enough to measure upto 5 yards.

L 3Y. 1F. v
i |
3 2 10 1 2 3 4
FEET ARDS 1
R.F.=-6-5
FiG. 4-4
(i) Length of the scale = R.F. X max. length = 616 x 5 yd
1 P
=13 yd = 3 inches.

(ii) Draw a line 3 inches long and divide it into 5 equal parts.
(iii) Divide the first part into 3 equal divisions.
(iv) Mark the scale as shown in the figure.

' 1 ,
Problem 4-5. (fig. 4-5): Construct a scale of R.F. = 84480 to show miles and
furlongs and long enough to measure upto 6 miles.

. 4M.3F. v
™ A

M TR | }

8 6 4 2 0 1 2 3 4 5

FURLONGS MILES RF. = 1
FiG. 4-5 T 84480
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1 (. 1
82280 * © = Tapgo Miles = 43

(i) Length of the scale =

. . 1" C - . .
(i) Draw aline 45 long and divide it into 6 equal parts. Divide the first part into
8 equal divisions and complete the scale as shown.

The distance 4 miles and 3 furlongs is shown measured in the figure.

(2) Diagonal scales: A diagonal scale is used when very minute distances such
as 0.1 mm etc. are to be accurately measured or when measurements are required
in three units; for example, dm, cm and mm, or yard, foot and inch.

Small divisions of short lines are obtained by the principle of diagonal division, as
explained below.

Principle of diagonal scale: To obtain divisions of a given short line AB in
multiples of i% its length, e.g. 0.1 AB, 0.2 AB, 0.3 AB etc. (fig. 4-6).
(i) At one end, say B, draw a line perpendicular to AB and A

along it, step-off ten equal divisions of any length, starting
from B and ending at C.

(i) Number the division-points, 9, 8, 7,.....1 as shown.
(iii) Join A with C.
(iv) Through the points 1, 2 etc. draw lines parallel to AB and

cutting AC at 1', 2' etc. It is evident that triangles 11C ,
22C ... ABC are similar.

Since C5 = 0.5BC, the line 5'5 = 0.5AB.
Similarly, 1'1 = 0.1AB, 22 = 0.2AB etc.

O = RN W s DN ® O D

Thus, each horizontal line below AB becomes progressively shorter

in length by % AB giving lengths in multiples of 0.1AB.

5
Problem 4-8. (fig. 4-7): Construct a diagonal scale of 3 : 200 i.e. 1:66 :§ showing

metres, decimetres and centimetres and to measure upto 6 metres.

3
Length of the scale = 500 % 6m =9 cm.

CENTIMETRES
b\ T - - I <

1 2 3 4 5
METRES

3
RF.= 200

www.JntufaFistu4béates.com 21



56 Engineering Drawing [Ch. 4

(i) Draw aline AB 9 cm long and divide it into 6 equal parts. Each part will show
a metre.

(i) Divide the first part AO into 10 equal divisions, each showing a decimetre or
0.7 m.

(ili) At A erect a perpendicular and step-off along it, 10 equal divisions of any
length, ending at D. Complete the rectangle ABCD.

(iv) Erect perpendiculars at metre-divisions 0, 1, 2, 3 and 4.

(v) Draw horizontal lines through the division-points on AD.

(vi) Join D with the end of the first division along A0, viz. the point 9.

(vii) Through the remaining points i.e. 8, 7, 6 etc. draw lines parallel to D9.

In A OFE, FE represents 1 dm or 0.1 m. Each horizontal line below FE progressively
diminishes in length by 0.1FE. Thus, the next line below FE is equal to 0.9FF and
represents 0.9 A 1 dm = 0.9 dm or 0.09 m or 9 cm.

Any length between 1 c¢cm or 0.01 m and 6 m can be measured from this
scale. To show a distance of 4.56 metres, i.e. 4 m, 5 dm and 6 cm, place one
leg of the divider at Q where the vertical through 4 m meets the horizontal
through 6 cm and the other leg at P where the diagonal through 5 dm meets the
same horizontal.

Problem 4-7. (fig. 4-8): Construct a diagonal scale of R.F. = 40100 to show metres
and long enough to measure upto 500 metres.
R ERRRRENEN
RERRRREREN
L
NINRRERRAEE
HRERRRREN
NIRECRERREN B
HRERRRRED
RINNRRENEN
HRRREREE
HERRREEN
100 50 0 100 METRES 200 300 400
1
FIG. 4-8 RF.= 2500
Length of the scale = 7000 < S00m = % metre = 12.5 cm.
(i) Draw aline 12.5 cm long and divide it into 5 equal parts. Each part will show

100 metres.
(i) Divide the first part into ten equal divisions. Each division will show 10 metres.

(iii) At the left-hand end, erect a perpendicular and on it, step-off 10 equal divisions
of any length.

(iv) Draw the rectangle and complete the scale as explained in problem 4-6.
The distance between points A and B shows 374 metres.
Problem 4-8. (fig. 4-9): Draw a diagonal scale of 1: 2.5, showing centimetres and

millimetres and long enough to measure upto 20 centimetres.
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Art. 4-43 Scales 57

Length of the scale = 2—13 X 20 cm = 8 cm.

(i) Draw aline 8 cm long and divide it into 4 equal parts. Each part will represent
a length of 5 cm.
(i) Divide the first part into 5 equal divisions. Each division will show 1 cm.
(iii) At the left-hand end of the line, draw a vertical line and on it step-off 10 equal
divisions of any length.
Complete the scale as explained in problem 4-6. The distance between points
C and D shows 13.4 cm.

0T
"J\\\i\\\\\i
o -
B [
= TGVt D
o o
= Vo
b
o
5 0 5 10 15
RE:%E CENTIMETRES

FIG. 4-9

Problem 4-9. (fig. 4-10): Construct a diagonal scale of R.F = 515 showing yards,
feet and inches and to measure upto 4 yards. R

Length of the scale = L x4 yd = 18 yd = 4*;: .

32
D F E C
12\ \\ \\
e A —
) L
R R I WA P
Wl T
o T
= | W
' \\ \\ \\
S I W N
A \ \ B
3 1 4] 1 2 3
FEET YARDS ’
R.F.=§§
FiG. 4-10

. . 1 H
(iy Draw a line AB 4-2- long.

(ii) Divide it into 4 equal parts to show yards. Divide the first part A0 into 3
equal divisions showing feet.

(iii) At A, erect a perpendicular and step-off along it, 12 equal divisions of
any length, ending at D. Complete the scale as explained in problem 4-6.

To show a distance of 1 yard, 2 feet and 7 inches, place one leg of the divider at P,
where the horizontal through 7" meets the vertical from 1 yard and the other leg at Q
where the diagonal through 2' meets the same horizontal.
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1
160

Problem 4-190. (fig. 4-11): Draw a scale of full-size, showing inch and to

measure upto 5 inches.

(i) Draw a line AB 5" long and divide it into five equal parts. Each part will show
one inch.

(i) Sub-divide the first part into 10 equal divisions. Each division will measure
1 inch.
10

(iii) At A, draw a perpendicular to AB and on it, step-off ten equal divisions of any
length, ending at D.

(iv) Draw the rectangle ABCD and complete the scale as explained in problem 4-6.
The line QP shows 2.68 inches.
D C

10

HUNDREDTHS

B

0 1 2 3 4
TENTHS INCHES

RF.=1
FiG. 4-11
Problem 4-11. (fig. 4-12): The area of a field is 50,000 sq m. The length and the
breadth of the field, on the map is 10 cm and 8 cm respectively. Construct a diagonal

scale which can read upto one metre. Mark the length of 235 metre on the scale. What
is the R.f. of the scale?

10

235 m

%
i
!
x
\

0 100 200 300 400m
METRES 1
RF.= 3500
Fic. 4-12
The area of the field = 50,000 sq m.
The area of the field on the map = 10 cm x 8 cm = 80 cm?2.
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50000
1sqcm=—*g0~* = 625 sq m.
Tcm =25 m.
. . _1cm 1
Now representative fraction = 75 m = 300"
1 500 X 100 50000

= X = S .
Length of the scale 5506 . 2500 20 cm

Take 20 cm length and divide it into 5 equal parts. Complete the scale as shown
in fig. 4-12.

(3) Comparative scales: Scales having same representative fraction but graduated
to read different units are called comparative scales. A drawing drawn with a scale
reading inch units can be read in metric units by means of a metric comparative
scale, constructed with the same representative fraction. Comparative scales may be
plain scales or diagonal scales and may be constructed separately or one above the other.

Problem 4-12. [fig. 4-13() and fig. 4-13(ii)]: A drawing is drawn in inch units
to a scale % full size. Draw the scale showing Jé inch divisions and to measure upto

15 inches. Construct a comparative scale showing centimetres and millimetres, and
to read upto 40 centimetres. 8

LY
(i) Inch scale: 2l 6 Y \\\ \\\
Length of the scale 5 ¢ “&%P Lo .
3 R
== X 15 = — .
8 8 3210 3 6 9 12
5 : ; INCHES
=5 s inches. FiG. 4-13(i)
Construct the diagonal scale 101
as shown in fig. 4-13(i). @ 8%%\“‘ ‘\\‘1‘
(iiy Comparative scale: E i EEEN)
Length of the scale = U\‘z‘ ‘\&‘\
3 T
= 3 X 40 53 0 5 10 15 20 25 30 35
=15 cm. CENTIMETRES
Construct the diagonal scale FIG. 4-13(il)

as shown in fig. 4-13(ii).

. . 3 .
The line PQ on the inch scale shows a length equal to 113 - Its equivalent, when
measured on the comparative scale is 28.9 cm.

Problem 4-13. (fig. 4-14): Draw comparative scales of R.F. =
80 kilometres and 80 versts. 1 verst = 1.067 km.

Zé—s%aé— to read upto

VERSTS
10 5 0 10 20 30 40 50 80 70
E ] L { o] 1
e ——] ! i I | ]
10 5 0 10 20 30 40 50 60 70
KILOMETRES
Fic. 4-14
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: 1
= e X X 1 X 1 = 16. .
Length of kilometre scale 285000 80 000 00 6.5 cm
1
= X x 1. X X = 17. .
Length of verst scale 785000 80 x 1.067 X 1000 x 100 = 17.6 cm

Draw the two scales one above the other as shown in the figure.

Problem 4-14: (fig. 4-15):' On a road map, a scale of miles is shown. On
measuring from this scale, a distance of 25 miles is shown by a line 70 cm long.
Construct this scale to read miles and to measure upto 40 miles. Construct a
comparative scale, attached to this scale, to read kilometres upto 60 kilometres.
1 mile = 1.609 km.

() - Scale of miles:
Length of the scale = —1—93)-(—5—:‘59 = 16 cm.

Draw a line 16 cm long and construct a plain scale to show miles.
(iiy Scale of kilometres:

RE = 10 _ 1
o 25 X 1.609 x 1000 X 100 402250
1
e X X = . .
Length of the scale 203955 < 60 X 1000 X 100 = 14.9 cm

Construct the plain scale 14.9 cm long, above the scale of miles and attached to
it, to read kilometres. V

KILOMETRES
105 0 10 20 30 40 50
[EHEEH | | 1
e I { k ! e | ]
53 0 5 10 15 20 25 .30 35
MILES
FIG. 4-15

Problem 4-15. (fig. 4-16): The distance between Bombay and Poona is 180 km.
A passenger train covers this distance in 6 hours. Construct a plain scale to measure time

upto a single minute. The R.F. of the scale is ;66]666« find the disténce covered by the

train in 36 minutes.

Speed of the train = 1—2—9 = 30 km/hour.

. 18 km y km SCALE
5 | o 5 10 15 20 25
10 |5 O 10 20 30 40 50
b 36 MINUTES .| MINUTE SCALE

1
RF.= 200000

FiG. 4-16
(i) Distance scale (kilometres scale): ‘

Length of the scale = R.F. X maximum distance

- 1 =
= 300000 X 30 x 1000 x 100 15 cm.
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(it Time scale (minute scale):
Speed of the train = 30 km/hour.
i.e. 30 km is covered in 60 minutes.

As length of the scale of 15 cm represents 30 km, 60 minutes which is the
time required to cover 30 km, can be represented on the same length of the
scale.

(iii) Draw a line 15 cm long and divide it into 6 equal parts. Each part represents
5 km for the distance scale and 10 minutes for the time scale.

(iv) Divide the first part of the distance scale and the time scale into 5 and 10
equal parts respectively. Complete the scales as shown. The distance covered
in 36 minutes is shown on the scale.

Problem 4-16. (fig. 4-17): On a Russian map, a scale of versts is shown. On
measuring it with a metric scale, 150 versts are found to measure 15 cm. Construct
comparative scales for the two units to measure upto 200 versts and 200 km respectively.
7 verst = 1.067 km.

(i) Scale of verst:

Length of the scale = 1‘1155*6299 = 20 cm.

Draw a line 20 cm long and construct a plain scale to show versts.

(iiy Scale of kilometres:

15 1
150 x 1.609 x 1000 x 10 _ 160900

RE =

x 200 x 1000 X 10 = 12.4 cm.

Length of the scale = 160900

Construct the plain scale 12.4 cm long, above the scale of versts and attached to
it, to read kilometres (fig. 4-17).

4 20 O 40 80 120 160 km
40 20 0 40 80 120 160
1 VERST
RF.= 160800
FiG. 4-17
(8) Vernier scales: Vernier scales, like diagonal scales, are used to read to a very
small unit with great accuracy. A vernier scale consists of two parts — a primary

scale and a vernier. The primary scale is a plain scale fully divided into minor divisions.

As it would be difficult to sub-divide the minor divisions in the ordinary way,
it is done with the help of the vernier. The graduations on the vernier are derived
from those on the primary scale.

(a) Principle of vernier: Fig. 4-18 shows a part of a plain scale in which the
length AO represents 10 cm. If we divide A0 into ten equal parts, each part will
represent 1 cm. It would not be easy to divide each of these parts into ten equal
divisions to get measurements in millimetres.
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Now, if we take a length BO
equal to 10 + 1 = 11 such equal
parts, thus representing 11 cm, and
divide it into ten equal divisions,
each of these divisions will represent

1 1.1 cm or 11T mm.

10 B9 ‘ :

The difference between one part ‘ ‘ | l ‘
of AO and one division of B0 will be ' l I I ] | l l ‘ l I I ' l +
equal 1.1-1.0=0.1Tcmor1mm. *=-

Similarly, the difference between CENTIMETRES
two parts of each will be 0.2 cm FiG. 4-18
or 2 mm.

The upper scale B0 is the vernier. The combination of the plain scale and the vernier
is the vernier scale.

In general, if a line representing n units is divided into n equal parts, each part will

show —S = 1 unit. But, if a line equal to n + 1 of these units is taken and then divided

n+1=1+lunits.
n

into n equal parts, each of these parts will be equal to

The difference between one such part and one former part will be equal to

_n__._t_]__g_,-_-_lunit
n n n

Similarly, the difference between two parts from each will be % unit.

(b) Least count of a vernier: 1t is the difference of 1 primary scale division
and 1 vernier scale division. It is denoted by £ C.

ZC = 1 primary scale division — 1 vernier scale division.
The vernier scales are classified as under:

(i) Forward vernier: In this case, the length of one division of the vernier scale
is smaller than the length of one division of the primary scale. The vernier
divisions are marked in the same direction as that of the main scale.

(i) Backward vernier: The length of each division of vernier scale is greater
than the length of each division of the primary scale. The numbering
is done in the opposite direction as that of the primary scale.

.. . . 1 ,
Problem 4-17. {fig. 4-19): Draw a vernier scale of R.F. = 5T to read centimetres
Fae]
upto 4 metres and on it, show lengths representing 2.39 m and 0.97 m.

CENTIMETRES
A C b B
110y 55 0 METRES
T v 1 Y
:‘llll'l[ E]lll:ll |!|!l !llll!!lllsll[lg
10 5 0
DECIMETRES FIG. 4-19
Length of the scale = —2% X 4 x 100 = 16 cm.

www.Jntufastupdates.com 28



Art. 4-4] Scales 63

() Draw a line 16 cm long and divide it into 4 equal parts to show metres.
Divide each of these parts into 10 equal parts to show decimetres.

(i) To construct a vernier, take 11 parts of dm length and divide it into 10
equal parts. Each of these parts will show a length of 1.1 dm or 11 cm.

To measure a length representing 2.39 m, place one leg of the divider at A on
99 cm mark and the other leg at 8 on 1.4 m mark. The length AB will show
2.39 metres (0.99 + 1.4 = 2.39).

Similarly, the length, CD shows 0.91 metre (0.8 + 0.11 = 0.91).

The necessity of dividing the plain scale into minor divisions throughout its
length is quite evident from the above measurements.

Problem 4-18. (fig. 4-20): Construct a full-size vernier scale of inches and show
on it lengths 3.67", 1.54" and 0.48".

A C D B
99 vy 55 0
=) T 5 1y 15 2 25  ¥3
:- I L] I l ‘ ’ ‘ 5 F SO S S A SN B A A ) } i S M SN D O 2o IJ‘ ) TR OO IR OO OO DO A !
1 5T 0 INCHES
P Q
FIG. 4-20

H

(i) Draw a plain full-size scale 4" long and divide it fully to show 0.1" lengths.

(ii) Construct a vernier of length equal to 10 + 1 = 11 parts and divide it into
10 equal parts. Each of these parts will ll%Q_] = 0.11",
The line AB shows a length of 3.67" (0.77" + 2.9" = 3.67"). Similarly, lines CD
and PQ show lengths of 1.54" (0.44" + 1.1" = 1.54") and 0.48" (0.88" - 0.4" = 0.48")
respectively.

Problem 4-19. (fig. 4-21): Construct a vernier ’scale of R.F. = g% to read inches and
to measure upto 15 yards.

A C B D
18 Yoo m yau 0 YARDS
INEERRARENN y 2 3 4 5y6 7 8 9 10 1t
VT TR L R L P R P L LT LT TR L LT
12 91643 O
FETP Q
FiG. 4-21 \
Length of the scale = L x5 yd = = yd=6§*"-
80 16 4

(i) Draw the plain scale 6% long and divide it fully to show yards and feet.
(i) To construct the vernier, take a length of 12 + 1 = 13 feet-divisions and

divide it into 12 equal parts. Each part will represent % ft or 11"

Lines AB, CD and PQ show respectively lengths representing 4 yd 1 ft 9 in
(9 -9 +4),6yd2f3in(3-3"+17)and 0 yd 2 ft 7 in (7' = 7" — 5%).
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8-0. INTRODUCTION

Practical solid geometry or descriptive geometry deals with the representation of
points, lines, planes and solids on a flat surface (such as a sheet of paper), in
such a manner that their relative positions and true forms can be accurate[y determined.

M ?&%mm?w OF ?ﬁ@%ﬁﬁ%@% . //

If straight lines are drawn from various points on the contour of an object to meet
a plane, the object is said to be projected on that plane. The figure formed by joining,
in correct sequence, the points at which these lines meet the plane, is called the
pro]ectlon of the object. The hnes from the obJect to the p!ane are ca!led pro]ectors

8- 2. mm@m a::}% mm&mé@m //

In engineering drawing following four methods of prolectton are common!y used,
they are:

(1) Orthographic projection (3) Oblique projection
(2) Isometric projection (4) Perspective projection.

In the above methods (2), (3) and (4) represent the object by a pictorial view
as eyes see it. In these methods of projection a three dimensional object is
represented on a projection plane by one view only. While in the orthographic
projection an object is represented by two or three views on the mutual perpendicular
projection planes. Each projection view represents two dimensions of an object.
For the complete description of the three dimensional object at least two or three
views are required.

8:3. ORTHOGRAPHIC PROJECTION ‘==z

When the projectors are parallel to each other and also perpendicular to the plane,
the projection is called orthographic projection.

Step 1: Imagine that a person looks at the block [fig. 8-1(i)] from a theoretically
infinite distance, so that the rays of sight from his eyes are parallel to one another
and perpendicular to the front surface F. The view of this block will be the shaded
figure, showing the front surface of the object in its true shape and proportion.
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Step 2: If these rays
of sight are extended further
to meet perpendicularly &
vertical plane (marked V.P)
set up behind the block.

Step 3: The points at
which they meet the plane
are joined in proper
sequence, the resulting
figure (marked E) will also
be exactly similar to the
front surface and this is
known as an elevation or
front-view. This figure is the
projection of the block. The
lines from the block to the
plane are the projectors. As
the projectors are perpen-
dicular to the plane on
which the projection is
obtained, it is the
orthographic projection.
The projection is shown
separately in fig. 8-1(ii). It
shows only two dimensions
of the block viz. the height
H and the width W. It does
not show the thickness.
Thus, we find that only one
projection is insufficient for
complete description of the
block.

Let us further assume
that another plane marked
H.P. (horizontal plane) [fig. 8-2(i)] is hinged at right angles to the first plane,
so that the block is in front of the V.P. and above the H.P. The projection on the
H.P. (figure P) shows the top surfaces of the block. If a person looks at the block
from above, he will obtain the same view as the figure P and is known as a plan
or top-view. It shows the width W and the thickness T of the block. It however
does not show the height of the block.

One of the planes is now rotated or turned around on the hinges so that it lies
in extension of the other plane. This can be done in two ways:

-

-
e I g

P lT
.. T TOPVIEW “hp.

(i}

FiG. 8-2

(i) by turning the V.P. in direction of arrows A
(iiy by turning the H.P. in direction of arrows B.
The H.P when turned and brought in line with the V.P is shown by dashed

lines. The two projections can now be drawn on a flat sheet of paper, in correct
relationship with each other, as shown in fig. 8-2fii).
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Art. 8-6] Orthographic Projection 171

When studied together, they supply all information regarding the shape and the
size of the block. Any solid may thus be represented by means of orthographic
projections or orthographic views.

The two planes employed for the purpose of orthographic projections are called
reference planes or principal planes of projection. They intersect each other at right
angles. The vertical plane of projection (in front of the observer) is usually denoted
by the letters V.P. 1t is often called the frontal plane and denoted by the letters EP.

The other plane is the horizontal plane of projection known as the H.P. The line
in which they intersect is termed the reference line and is denoted by the letters
xy. The projection on the V.P. is called the front view or the elevation of the object.
The projection on the H.P. is called the top view or the plan.

When ’thekpklanes of‘proj’ection kare‘ | ABOVE , -
extended beyond the line of I VP
intersection, they form four quadrants &\ 3

or dihedral a.ngles which may.be . ¢ %%N§?'_\(QSLJADRANT
numbered as in fig. 8-3. The object B ' f TO BE OPENED
may be situated in any one of ( ABOVE HP™ t !

the quadrants, its position relative ™ BEHINDVP. | 4 ' >

to the planes being described as
*above or below the H.P." and

S

\\—«»
N

“in front of or behind the V.P."

The planes are assumed to be
transparent. The projections are
obtained by drawing perpendiculars
from the object to the planes, i.e.
by looking from the front and from
above. They are then shown on a
flat surface by rotating one of the
planes as already explained. /t should ]
be remembered that the first and the Fic. 8-3
third quadrants are always opened out while rotating the planes. The positions of the
views with respect to the reference line will change according to the quadrant in which
the obJect may be srtuated Th:s has been explamed in detau! in the next chapter

5 6. ﬁagtwé@t%ge e&;ew%@% //

We have assumed the obJect to be sxtuated in front of the VP and above the H.P.
i.e. in the first quadrant and then projected it on these planes. This method of
projection is known as first-angle projection method. The object lies between the
observer and the plane of projection. In this method, when the views are drawn
in their relative positions, the top view comes below the front view. In other
words, the view seen from above is placed on the other side of (i.e. below) the
front view. Each projection shows the view of that surface (of the object) which
is remote from the plane on which it is projected and which is nearest to the observer.
www.Jntufastupdates.com 3
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TABLE 8-1
DIFFERENCE BETWEEN FIRST-ANGLE PROJECTION METHOD
AND THIRD-ANGLE PROJECTION METHOD

non~transpareni

| In this method, when the views are
| in their relative posztions, the plan comes 1
below the elevation, the view of the object
_ as observed from the left-szde is drawn to | {
the right of elevation.

This method of pm;ect:on 15 Now reco-

mmended by the “Bureau of lndxan Standards’
fram 1991 - -

‘ :Thrs method of projecti
;’ aise in ather €Ol mes

8- ‘? %%%E@mﬁ%%% FE@EEQH@%

In th;s method of projection, the object is assumed to be s:tuated in the ’[hll‘d
quadrant [fig. 8-4(i)]. The planes of projection are assumed to be transparent. They
lie between the object and the observer. When the observer views the object from
the front, the rays of sight intersect the V.P. The figure formed by joining the
points of intersection in correct sequence is the front view of the object. The top
view is obtained in a similar manner by looking from above. When the two planes
are brought in line with each other, the views will be seen as shown in fig. 8-4(ii).
The top view in this case comes above the front view.

HP. = - =
P b7
) D P N
_ TOPVIEW |~
X - — y
¢ ) 4 |
; §
s o T '
bl H
E |
R !
vp. FRONTVEW +

()
FiG. 8-4
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Art. 8-8] Orthographic Projection 173
In other words, the view seen from above the object is placed on the same side
of (i.e. above) the front view.

Each projection shows the view of that surface (of the object) which is nearest to
the plane on which it is projected.

On comparison, it is quite evident that the views obtained by the two methods of
projection are completely identical in shape, size and all other details. The difference
lies in their relative positions only.

' @ . g@tﬁ%%mﬁ Lt

Studylng the pro;ectlons mdependently, it can be seen that whxle consndermg the
front view (fig. 8-5 and fig. 8-6), which is the view as seen from the front, the
H.P. coincides with the line xy. In other words, xy represents the H.P.

, FRONTVIEW | g

X HpA y VP, y

FIRST-ANGLE PROJECTION THIRD-ANGLE PROJECTION
Fic. 8-5 FIG. 8-6

Similarly, while considering the top view (fig. 8-7 and fig 8-8), which is the
view obtained by looking from above, the same line xy represents the V.P. Hence,
when the two projections are drawn in correct relationship with each other (fig. 8-9),
xy represents both the H.P. and the V.P. This line xy is called the reference line.

The squares or rectangles for individual planes are thus unnecessary and are therefore
discarded.

Further, in first-angle projection method, the H.P. is always assumed to be so
placed as to coincide with the ground on or above which the object is situated.
Hence, in this method, the line xy is also the line for the ground.

www.Jntufastupdates.com )
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ABOVE

-~ TOPVIEW —

= HP.

-

FIRST-ANGLE PROJECTION
FiG. 8-7

In third-angle projection method, the
H.P. is assumed to be placed above the
object. The object may be situated on or
above the ground. Hence, in this method,
the line xy does not represent the ground.
The line for the ground, denoted by letters
GL, may be drawn parallel to xy and
below the front view [fig. 8-9(ii)].

In brief, when an object is situated
on the ground, in first-angle projection
method, the bottom of its front view
will coincide with xy; in third-angle
projection method, it will coincide with
GL, while xy will be above the front
view and parallel to Ground line.

{Ch. 8

TOP VIEW
X v.p. A y
THIRD-ANGLE PROJECTION
FiGc. 8-8
TOP VIEW
FRONT VIEW
y X y
TOP VIEW FRONT VIEW
— G L
{ (ii)
FIG. 8-9

Symbols for methods of projection: For every drawing it is absolutely essential
to indicate the method of projection adopted. This is done by means of a symbolic
figure drawn within the title block on the drawing sheet.

The symbolic figure for the first-angle projection method is shown in fig. 8-10,
while that for the third-angle projection method is shown in fig. 8-11 which are
self expanatory. These symbolic figures are actually the projections of a frustum of
cone of convenient dimensions according to the size of drawing.

www.Jntufastupdates.com 6
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FIRST ANGLE PROJECTION METHOD

L‘H-S

&)

AL
PICTORIAL VIEW

\

FIRST ANGLE PROJECTION

P.P.

~—1 OBJECT

OBSERVER

Orthographic Projection 175

THIRD ANGLE PROJECTION METHOD

I

L-H.S'\//( F—\I'

PICTORIAL VIEW

THIRD ANGLE PROJECTION

OBJECT

RELATION BETWEEN OBSERVER, OBJECT AND P.P.

P.P. - OBSERVER

RELATION BETWEEN OBSERVER, OBJECT AND P.P.

Y

F.V. LH.8.V.

{DENTIFYING GRAPHICAL SYMBOL OF
FIRST ANGLE PROJECTION

FIG. 8-10

LH.SV. F.V.

IDENTIFYING GRAPHICAL SYMBOL OF

THIRD ANGLE PROJECTION
Fic. 8-11

Six views of an Object: There are three important elements of this projection
system, namely

(@ an object

(b) plane of projection

(c) an observer.

Very often, two views are not sufficient to describe an object completely. The
planes of projection being imaginary, following six views are obtained:

www.Jntufastupdates.com 7
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(1) Front view
(2) Top view
(3) Left hand side view

{4) Right hand side view
(5) Back view

(6) Bottom view

{Ch. 8

These projections are shown projected on the respective planes, placed by the
methods of first-angle projection and third-angle projection as shown in fig. 8-12
and fig. 8-13 respectively.

Ordinarily, two views — the front view and top view are shown. Two other
views i.e. L.H.S.V. or R.H.S.V. may be required to describe an object completely.
Only in exceptional cases, when an object is of a very complex nature, five or six
views may be found necessary.

—— —
BOTTOM VIEW TOP VIEW
i l [ ] L] L] |
RH.S.V. |FRONTVIEW| LHS.V. BACKVIEW LHSV. IFRONTVIEW| RH.SV. BACKVIE
R.H.S.V. = RIGHT HAND SIDE VIEW
LH.S.V. = LEFT HAND SIDE VIEW ==
TOP VIEW BOTTOM VIEW
FIRST ANGLE PROJECTION THIRD ANGLE PROJECTION
FiG. 8-12 Fig. 8-13
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A point may be situated, in space, in any one of the four quadrants formed by the
two principal planes of projection or may lie in any one or both of them. Its
projections are obtained by extending projectors perpendicular to the planes.

One of the planes is then rotated so that the first and third quadrants are
opened out. The projections are shown on a flat surface in their respective positions
either above or below or in xy.

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 21 for the
projections of points.

_9-1. A POINT IS SITUATED IN THE FIRST QUADRANT 27~

The pictorial view [fig. 9-1(i)] shows
a point A situated above the H.P.
and in front of the V.P, i.e. in the
first quadrant. a' is its front view
and a the top view. After rotation
of the plane, these projections will
be seen as shown in fig. 9-1(ii).

The front view a' is above xy
and the top view a below it. The
line joining a' and a (which also is
called a projector), intersects xy at
right angles at a point o. It is quite
evident from the pictorial view that
a'o = Aa, i.e. the distance of the
front view from xy = the distance
of A from the H.P. viz. h. Similarly,
ao = Aa, i.e. the distance of the
top view from xy = the distance U (i)
of A from the V.P. viz. d. FiG. 9-1
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190 Engineering Drawing [Ch. ©

A pomt B (fxg 9-2) is above the H.P and behmd the VP, i.e. in the second
quadrant. b' is the front view and b the top view.

When the planes are rotated, both the views are seen above xy. Note that b'o
= Bb and bo = Bb'.

FiG, 9-2

%w& ﬁa ?@ﬁh&‘%’ %S 8%’3‘2.},%?&35 §N ’?H@ "g%ﬁﬁ%} Qiﬁﬁ&ﬁﬁﬁsf%? /%

A pomt C (fig. 93) is below the H.P. and behmd the V.P, i.e. in the third
quadrant. Its front view c' is below xy and the top view c above xy. Also co =
Cc and co = Cc

FiG. 9-3
www.Jntufastupdates.com 10



Art. 9-5] Projections of Points 191

IN THE FOURTH QUADRANT | %/ |

A pomt E (ﬁg 9- 4) is below the H.P. and in front of the V.P, i.e. in the fourth
quadrant. Both its projections are below xy, and e'o = Ee and eo = Ee'

FiG. 9-4

Referring to fig. 9-5, we see that,

(i) A point M is in the H.P. and in front of the V.P. its front view m' is in
xy and the top view m below it.

(i) A point N is in the V.P. and above the H.P. Its top view n is in xy and
the front view n' above it.

(iii) A point O is in both the H.P. and the V.P. Its projection o and o' coincide
with each other in xy.

95 GENERAL CONawsions 2z

() The line joining the top view and the front view of a point is always
perpendicular to xy. It is called a projector.

(i) When a point is above the H.P, its front view is above xy; when it is
below the H.P, the front view is below xy. The distance of a point from
the H.P. is shown by the length of the projector from its front view to
xy, e.g. a'o, b'o etc.

(iiiy When a point is in front of the V.P,, its top view is below xy; when it is behind
the V.P, the top view is above xy. The distance of a point from the V.P. is
shown by the length of the projector from its top view to xy, e.g. ao, bo etc.

(iv) When a point is in a reference plane, its projection on the other reference
plane is in xy.

Problem 9-1. (fig. 9-1): A point A is 25 mm above the H.P. and 30 mm in front
of the V.P. Draw its projections.

(i) Draw the reference line x [ﬁ 9-1(iD)].
www.Jntufastupdates.com 11



192 Engineering Drawing [Ch. &

(i) Through any point o in it, draw a perpendicular.

As the point is above the H.P. and in front of the V.P. its front view will
be above xy and the top view below xy.

(iii) On the perpendicular, mark a point &' above xy, such that ao = 25 mm.
Similarly, mark a point a below xy, so that ao = 30 mm. a' and a are the
required projections.

Problem 9-2. (fig. 9-6): A point Ais 20 mm
below the H.P. and 30 mm behind the V.P. Draw
its projections.

As the point is below the H.P. and behind
the V.P, its front view will be below xy and the
top view above xy.

>

Oll

et
20-»+<—30

L

VRS

Draw the projections as explained in problem
9-1 and as shown in fig. 9-6. FiG. 9-6

Problem 9-3. (fig. 9-7): A point P is in the first quadrant. Its shortest distance
from the intersection point of H.P, V.P. and Auxiliary vertical plane, perpendicufar to
the H.P and V. is 70 mm and it is equidistant from principal planes (H.P. and V.P.).
Draw the projections of the point and determine its distance from the H.P. and V.P.

X3
i p m pu

Lﬂl
o<
% 1
> '-O“ D
Q=
W=
E Q 450

(VP - y

qu 0 :/k n

D
o<
% 1t

Ly
20
<L =
W
=0

o

Y
p
¥4
Fic. 9-7

Note: O represents intersection of H.P, V.P. and A.V.P.

(i) Draw xy and x; y; perpendicular reference lines.

(i) O represents intersection of H.P, V.P. and A.V.P.

(iii) Draw from O a line inclined at 45° of 70 mm length.

(iv) Project from P" on xy line and x4 y;. The projections are n and m respectively
as shown in figure. From O draw arc intersecting x; y.

(v) Draw a parallel line at convinent distance from x4 y;. Extend P'm to intersect
a parallel line at p' and p as shown.

(vi) Measure distance from xy line, which is nearly 49.4974 mm say 49.5 mm.
www.Jntufastupdates.com 12



Exe. 9] Projections of Points 193

Projections on auxiliary plane: Sometime projections of object on the principal
(H.P. and V.P) are insufficient. In such situation, another projection plane perpendicular
to the principal planes is taken. This plane is known as auxiliary plane. The projection
on the auxiliary plane is known as side view or side elevation. Refer fig. 9-8.

LEFT SIDE
AUXILIARY VERTICAL PLANE
(AVP)

FiG. 9-8

The A.V.P. can be also taken right side also. For more details on projection on

auxiliary plane, refer chapter 11.

o - .
1. Draw the projections of the following points on the same ground line, keeping

the projectors 25 mm apart.

A,in the H.P. and 20 mm behind the V.P.

B, 40 mm above the H.P. and 25 mm in front of the V.P.

C,in the V.P. and 40 mm above the H.P.

D,25 mm below the H.P. and 25 mm behind the V.P.

E, 15 mm above the H.P. and 50 mm behind the V.P.

F, 40 mm below the H.P. and 25 mm in front of the V.P.

G,in both the H.P. and the V.P.

2. A point P is 50 mm from both the reference planes. Draw its projections in
all possible positions.

3. State the quadrants in which the following points are situated:

(@) A point P; its top view is 40 mm above xy; the front view, 20 mm below
the top view.

(b) A point Q, its projections coincide with each other 40 mm below xy.
www.Jntufastupdates.com
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4.

10.

A point P is 15 mm above the H.P. and 20 mm in front of the V.P. Another
point Q is 25 mm behind the V.P. and 40 mm below the H.P. Draw projections
of P and Q keeping the distance between their projectors equal to 90 mm.
Draw straight lines joining (i) their top views and (ii) their front views.

. Projections of various points are given in fig. 9-9. State the position of each

point with respect to the planes of projection, giving the distances in centimetres.

|

d ] e
3]
b Y| mi =
X Iy A 3 y
~f d
a = «
w
C’
as—XL b
FIG. 9-9

. Two points A and B are in the H.P. The point A is 30 mm in front of the V.P,

while B is behind the V.P. The distance between their projectors is 75 mm and
the line joining their top views makes an angle of 45° with xy. Find the
distance of the point B from the V.P.

. A point P is 20 mm below H.P. and lies in the third quadrant. its shortest

distance from xy is 40 mm. Draw its projections.

. A point A is situated in the first quadrant. Its shortest distance from the

intersection point of H.P, V.P. and auxiliary plane is 60 mm and it is equidistant
from the principal planes. Draw the projections of the point and determine its
distance from the principal planes.

. A point 30 mm above xy line is the plan-view of two points P and Q. The

elevation of P is 45 mm above the H.P. while that of the point Q is 35 mm
below the H.P. Draw the projections of the points and state their position with
reference to the principal planes and the quadrant in which they lie.

A point Q is situated in first quadrant. It is 40 mm above H.P. and 30 mm
in front of V.P. Draw its projections and find its shortest distance from the
intersection of H.P, V.P. and auxiliary plane.
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PROJECTIONS
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SY STRAIGHT LINE
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A straight line is the shortest distance between two points. Hence, the projections
of a straight line may be drawn by joining the respective projections of its ends

which a
The

re points.
position of a straight line may also be described with respect to the two

reference planes. it may be:

. Parallel to one or both the planes.
. Contained by one or both the planes.
. Perpendicular to one of the planes.

Inclined to one plane and parallel to the other.

Inclined to both the planes.

Projections of lines inclined to both the planes.

Line contained by a plane perpendicular to both the reference planes.

. True length of a straight line and its inclinations with the reference planes.
. Traces of a line.

. Methods of determining traces of a line.

. Traces of a line, the projections of which are perpendicular to xy.

. Positions of traces of a line.

§* %%%g “?ﬁ'} @%%ﬁ %3%%{ %ﬁi%%%v% '%‘é“ié% ?i&%%ﬁ% /%

Line AB is parallel to the H.P.

a and b are the top views of the ends A and B respectively. It can be
ciearly seen that the figure ABba is a rectangle. Hence, the top view ab is
equal to AB.

a'b' is the front view of AB and is parallel to xy.
Line CD is parallel to the V.P.

The line ¢'d’ is the front view and is equal to CD; the top view cd is
parallel to xy.

Line EF is parallel to the H.P. and the V.P.
ef is the top view and e'f' is the front view; both are equal to EF and

parallel 10 \\ww.Jntufastupdates.com 15
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Hence, when a line is parallel to a plane, its projection on that plane is equal to its
true length; while its projection on the other plane is parallel to the reference line.

G, 10-1

/f/

%gfﬁs i{:’"}%
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Art. 10-3] Projections of Straight Lines 197

Line AB is in the H.P. Its top view ab is equal to AB; its front view a' b' is
in xy.

Line CD is in the V.P. Its front view c'd' is equal to CD; its top view cd is
in xy.

Line EF is in both the planes. Its front view €' f' and the top view ef coincide
with each other in xy.

Hence, when a line is contained by a plane, its projection on that plane
is equal to its true length; while its projection on the other plane is in the
reference line.

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 22 for the
line perpendicular to one of the planes.

When a line is perpendicular to one reference plane, it will be parallel to the other.

de
d
X y
a' l
d
b|
(FIRST-ANGLE PROJECTION) (THIRD-ANGLE PROJECTION)

Fic. 10-3

(@) Line AB is perpendicular to the H.P. The top views of its ends coincide in
the point a. Hence, the top view of the line AB is the point a. Its front
view a' b' is equal to AB and perpendicular to xy.

(b) Line CD is perpendicular to the V.P. The point d' is its front view and the
line cd is the top view. cd is equal to CD and perpendicular to xy.

Hence, when a line is perpendicular to a plane its projection on that plane is
a point; while its projection on the other plane is a line equal to its true length and
perpendicular to the reference line.

In first-angle projection method, when top views of two or more points coincide,
the point which is comparatively farther away from xy in the front view will be
visible; and when their front views coincide, that which is farther away from xy in
the top view will be visible.

In third-angle projection method, it is just the reverse. When top views of two
or more points coincide the point which is comparatively nearer xy in the front
view will be visible; and when their front views coincide, the point which is nearer

in the top view will be visible
v P www.Jntufastupdates.com 17
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107

e giER.

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 23 for the

AR i e
line inclined to one plane and parallel to the other.

The inclination of a line to a plane is the angle which the line makes with its
projection on that plane.

(@) Line PQq [fig. 10-4(})] is inclined at an angle ® to the H.P. and is parallel
to the V.P. The inclination is shown by the angle 8 which PQ; makes with
its own projection on the H.P, viz. the top view pq;.

The projections [fig. 10-4(ii)] may be drawn by first assuming the line to
be parallel to both the H.P. and the V.P. Its front view p'q' and the top
view pg will both be parallel to xy and equal to the true length. When the
line is turned about the end P to the position PQ; so that it makes the
angle 8 with the H.P. while remaining parallel to the V.P, in the front view
the point q' will move along an arc drawn with p' as centre and p'q' as
radius to a point g'; so that p'g'; makes the angle 8 with xy. In the top
view, g will move towards p along pg to a point g; on the projector
through g'1. p'q'; and pgq are the front view and the top view respectively
of the line PQ;.

{0 (i)
FIG. 10-4

(b) Lline RS; Ifig. 10-5(i)] is inclined at an angle g to the V.P. and is parallel
to the H.P. The inclination is shown by the angle s which RS; makes with
its projection on the V.P, viz. the front view r's'y. Assuming the line to be
parallel to both the H.P. and the V.P, its projections r's' and rs are drawn
parallel to xy and equal to its true length [fig. 10-5(ii)].

When the line is turned about its end R to the position RS; so that

it makes the angle g with the V.P. while remaining parallel to the H.P, in
www.Jntufastupdates.com 18
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the top view the point s will move along an arc drawn with r as centre
and rs as radius to a point s; so that rs; makes the angle @ with xy. In
the front view, the point s' will move towards r' along the line r's' to a
point s'; on the projector through sq. rs; and r's'; are the projections of the
fine RS;.

0 (i)
Fic. 10-5 '

Therefore, when the line is inclined to the H.P. and parallel to the V.P, its top
view is shorter than its true length, but parallel to xy; its front view is equal to
its true length and is inclined to xy at its true inclination with the H.P. And when
the line is inclined to the V.P. and parallel to the H.P, its front view is shorter
than its true length but parallel to xy; its top view is equal to its true length and
is inclined to xy at its true inclination with the V.P.

Hence, when a line is inclined to one plane and parallel to the other, its
projection on the plane to which it is inclined, is a line shorter than its true length
but parallel to the reference line. Its projection on the plane to which it is parallel,
is a line equal to its true length and inclined to the reference line at its true
inclination.

In other words, the inclination of a line with the H.P.
is seen in the front view and that with the V.P. is seen in Y
the top view.

Problem 10-1. (fig. 10-6): A line PQ, 90 mm long, is p 30°
in the H.P. and makes an angle of 30° with the V.P. Its %
end P is 25 mm in front of the V.P. Draw its projections.

25

As the line is in the H.P, its top view will show the
true length and the true inclination with the V.P. Its front

. . . Fic. 10-6
view will be in xy.

(i) Mark a point p, the top view 25 mm below xy. Draw a line pg equal to
90 mm and inclined at 30° to xy.
(iiy Project p to p' and g to g' on xy.

and p'q' are the requi view and front view respecti .
Pa P9 A wwe Intu as‘f dvates om P )iféy
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Problem 16-2. (fig. 10-7): The length of the top view b’

of a line parallel to the V.P. and inclined at 45° to the H.P.
is 50 mm. One end of the line is 72 mm above the H.P
and 25 mm in front of the V.P. Draw the projections of
the line and determine its true length.

As the line is parallel to the V.P, its top view will be . A5
parallel to xy and the front view will show its true length 2 F
and the true inclination with the H.P. e y
(i Mark a, the top view, 25 mm below xy and a', q
the front view, 12 mm above xy. . v 50 b
(i) Draw the top view ab 50 mm long and parallel to G, 10-7

xy and draw a projector through b.

(iii) From a' draw a line making 45° angle with xy and cutting the projector
through b at b'. Then a'b' is the front view and also the true length of the

a’ b'
Problem 10-3. (fig. 10-8): The front view of a 75 mm | lo“
long line measures 55 mm. The line is parallel to the H.P o
and one of its ends is in the VP and 25 mm above the x 3 Y y
H.F. Draw the projections of the line and determine its o
inclination with the VP N
3
As the line is parallel to the H.P, its front view will
be parallel to xy.
(i) Mark a, the top view of one end in xy, and a', its b
front view, 25 mm above xy. Fic. 10-8
(i) Draw the front view a'b', 55 mm long and parallel to xy. With a as centre and
radius equal to 75 mm, draw an arc cutting the projector through b' at b.
Join a with b. ab is the top view of the line. its inclination with xy, viz. @ is
the inclination of the line with the V.P.
EXERCISES 10(a) ... g
1. Draw:the projections of a 75 mm long straight line, in the following positions:
(a) (i) Parallel to both the H.P. and the V.P. and 25 mm from each.
(i) Parallel to and 30 mm above the H.P. and in the V.P.
(i) Parallel to and 40 mm in front of the V.P. and in the H.P.
(b) (i) Perpendicular to the H.P, 20 mm in front of the V.P. and its one end
15 mm above the H.P.
(i) Perpendicular to the V.P, 25 mm above the H.P. and its one end in
the V.P.
(iii) Perpendicular to the H.P, in the V.P. and its one end in the H.P.
{0 () Inclined at 45° to the V.P, in the H.P. and its one end in the V.P.
(i) Inclined at 30° to the H.P. and its one end 20 mm above it; parallel to
and 30 mm in front of the V.P.
(iiiy Inclined at 60° to the V.P. and its one end 15 mm in front of it; parallel

fine.

' 55

to and 25 bove the H.P
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2. A 100 mm long line is parallel to and 40 mm above the H.P. Its two ends are
25 mm and 50 mm in front of the V.P. respectively. Draw its projections and
find its inclination with the V.P.

3. A 90 mm long line is parallel to and 25 mm in front of the V.P. Its one end
is in the H.P. while the other is 50 mm above the H.P. Draw its projections
and find its inclination with the H.P.

4. The top view of a 75 mm long line measures 55 mm. The line is in the V.P,
its one end being 25 mm above the H.P. Draw its projections.

5. The front view of a line, inclined at 30° to the V.P is 65 mm long. Draw the
projections of the line, when it is parallel to and 40 mm above the H.P, its
one end being 30 mm in front of the V.P.

6. A vertical line AB, 75 mm long, has its end A in the H.P. and 25 mm in front
of the V.. A line AC, 100 mm long, is in the H.P. and parallel to the V.P.
Draw the projections of the line joining B and C, and determine its inclination
with the H.P. ~

7. Two pegs fixed on a wall are 4.5 metres apart. The distance between the pegs
measured parallel to the floor is 3.6 metres. If one peg is 1.5 metres above
the floor, find the height of the second peg and the inclination of the line
joining the two pegs, with the floor.

8. Draw the projections of the lines in Exercises 1 to 6, assuming them to be in
the third quadrant, taking the given positions to be below the H.P. instead of
above the H.P, and behind the V.P, instead of in front of the V.P.

10-5. LINE INCLINED TO BOTH THE PLANES %

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 24 for the

line inclined to both the planes.
(@) A line AB (fig. 10-9) is inclined at 8 to the H.P. and is paralle! to the V.P.

The end A is in the H.P. AB is shown as the hypotenuse of a right-angled
triangle, making the angle 6 with the base.

by o
P e 7—01
, o
X a ve¥ 5 y
a b
by

PG, 10-9
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(b)

The top view ab is shorter than AB and parallel to xy. The front view a'b'
is equal to AB and makes the angle 8 with xy.

Keeping the end A fixed and the angle 6 with the H.P. constant, if the
end B is moved to any position, say By, the line becomes inclined to the
V.P. also.

In the top view, b will move along an arc, drawn with a as centre and
ab as radius, to a position by. The new top view ab; is equal to ab but
shorter than AB.

In the front view, b' will move to a point b'; keeping its distance from xy
constant and equal to b'o; i.e. it will move along the line pg, drawn
through b' and parallel to xy. This line pg is the locus or path of the end
B in the front view. b'; will lie on the projector through b;. The new front
view a'b'y is shorter than a'h' (i.e. AB) and makes an angle o with xy. o
is greater than 8.

Thus, it can be seen that as long as the inclination 8 of AB with the H.P.

is constant, even when it is inclined to the V.P.

(i) its length in the top view, viz. ab remains constant; and

(i) the distance between the paths of its ends in the front view,
viz. b'o remains constant.

The same line AB (fig. 10-10) is inclined at g to the V.P. and is parallel
to the H.P. Its end A is in the V.P. AB is shown as the hypotenuse of a
right-angled triangle making the angle g with the base.

by

FIG. 10-10

The front view a'b'; is shorter than AB and parallel to xy. The top view
ab, is equal to AB and makes an angle @ with xy.

Keeping the end A fixed and the angle @ with the V.P. constant, if B is
moved to any position, say B3, the line will become inclined to the H.P. also.

In the front view, b';, will move along the arc, drawn with a' as centre
and a'b'; as radius, to a position b'5. The new front view a'b'; is equal to
a'b', but is shorter than AB.
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Art. 10-6] Projections of Straight Lines 203

In the top view, b, will move to a point b; along the line rs, drawn
through b, and parallel to xy, thus keeping its distance from the path of
a, viz. byo constant. rs is the locus or path of the end B in the top view.
The point b3 lies on the projector through b's. The new top view abs is
shorter than ab, (i.e. AB) and makes an angle B with xy. B is greater than g.

Here also we find that, as long as the inclination of AB with the V.P.
does not change, even when it becomes inclined to the H.P.
() its length in the front view, viz. a'b’, remains constant; and
(i) the distance between the paths of its ends in the top view, viz.
b,0 remains constant.

Hence, when a line is inclined to both the planes, its projections are shorter
than the true length and inclined to xy at angles greater than the true inclinations.
These angles viz. o and [3 are called apparent angles of inclination.

From Art. 10-5(a) above, we find that as long as the inclination of AB with the
H.P. is constant
() its length in the top view, viz. ab remains constant, and

(ii) in the front view, the distance between the loci of its ends, viz. b'o remains
constant.

In other words if
(i) its length in the top view is equal to ab, and

(i) the distance between the paths of its ends in the front view is equal to b'o,
the inclination of AB with the H.P. will be equal to 6.

Similarly, from Art. 10-5(b) above, we find that as long as the inclination of
AB with the V.P. is constant

(i) its length in the front view, viz. a'b', remains constant, and

(i) in the top view, the distance between the loci of its ends, viz. b,o remains
constant.

The reverse of this is also true, viz.

(i) if its length in the front view is equal to a'b',, and

(i) the distance between the paths of its ends in the top view is equal to b,0, the
inclination of AB with the V.P. will be equal to @.

Combining the above two findings, we conclude that when AB is inclined at 6
to the H.P. and at g to the V.P.

(i) its lengths in the top view and the front view will be equal to ab, and a'b’;
respectively, and

(i) the distances between the paths of its ends in the front view and the top view
will be equal to b',0 and b,0 respectively.

The two lengths when arranged with their ends in their respective paths and
in projections with each other will be the projections of the line AB, as illustrated
in problem 10-4.
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Problem 10-4. Given the line AB, its inclinations 0 with the H.P. and @ with
the V.2 and the position of one end A. To draw its projections.

Mark the front view a' and the top view a according to the given position of A (fig. 10-12).

Let us first determine the lengths of AB in the top view and the front view and
the paths of its ends in the front view and the top view.

(1) Assume AB to be parallel
to the V.P. and inclined
at 6 to the H.P. AB is
shown in the pictorial view
as a side of the trapezoid
ABba [fig. 10-11(i)]. Draw
the front view a’b' equal
to AB [fig. 10-12(i)] and
inclined at 8 to xy. Project
the top view ab parallel
to xy. Through a' and b/,
draw lines cd and pgq
respectively parallel to xy.
ab is the length of AB
in the top view and, cd
and pg are the paths of

(i 0] A and B respectively in

FiG. 10-11 ~ the front view.

(2) Again, assume AB; (equal to AB) to
be parallel to the H.P. and inclined
at g to the V. In the pictorial view
[fig. 10-11(ii)]}, AB; is shown as a
side of the trapezoid AB{b'ia'. Draw
the top view ab; equal to AB
[fig. 10-12(ii)] and inclined at @ to
xy. Project the front view a'b'; parallel
to xy. Through a and b, draw lines
ef and rs respectively parallel to xy.
ab'y is the length of AB in the front
view and, ef and rs are the paths
of A and B respectively in the top
view.

....... —q

We may now arrange FIG. 10-12
(i) ab (the length in the top view) between its paths ef and rs, and

(i) a'b'y (the length in the front view) between the paths cd and pq,
keeping them in projection with each other, in one of the following
two ways:

(@) In case (1) [fig. 10-11(i)], if the side Bb is turned about Aa, so that b
comes on the path rs, the line AB will become inclined at @ to the V.P. Therefore,
with a as centre [fig. 10-12(i)] and radius equal to ab, draw an arc cutting
rs at a point b,. Project b, to b'; on the path pg.
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Draw lines joining a with b, and a' with b'y. ab, and a'b', are the required
projections. Check that a'b', = a'b'y.

(b) Similarly, in case (2) [fig. 10-11(ii)], if the side B{b'; is turned about Aa' till
b is on the path pg, the line AB; will become inclined at 6 to the H.P.

Hence, with a' as centre [fig. 10-12(ii)] and radius equal to a'b';, draw
an arc cutting pg at a point b',. Project b', to b, in the top view on the
path rs.

Draw lines joining a with b,, and a' with b',. ab, and a'b', are the required
projections. Check that ab, = ab.

Fig. 10-13 shows (in pictorial and orthographic views) the projections obtained
with both the above steps combined in one figure and as described below.

First, determine
(i) the length ab in the top view and the path pg in the front view and
(i) the length a'b'y in the front view and the path rs in the top view.

Then, with a as centre and radius equal to ab, draw an arc cutting rs at
a point b,. With a' as centre and radius equal to a'b';, draw an arc cutting pg at
a point b';.

Draw lines joining a with b, and a' with b',. ab, and a'b', are the required
projections. Check that b, and b'; lie on the same projector.

It is quite evident from the figure that the apparent angles of inclination o and B
are greater than the true inclinations 6 and @ respectively.

b
y
L §
by
FiG. 1 0- 1%
?%% ?‘ i%?%é% @@mmg%@ %’%’ ﬁs ?&ﬁ%% @%ﬁ%%mmmg /;/
1O BOTH THE REFERENCE PLANES g‘

As the two reference planes are at right angles to each other, the sum total of the
inclinations of a line with the two planes, viz. 8 and @ can never be more than
90°. When 8 + @ = 90° the line will be contained by a third plane called the
profile plane, perpendicular to both the H.P. and the V.P.
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206 Engineering Drawing {Ch. 19

A line EF (fig. 10-14), is inclined at
8 to the H.P. and at o [equal to (90° — 9)]
to the V.P. The line is thus contained
by the profile plane marked P.P.

The front view e'f' and the top view
ef are both perpendicular to xy and shorter
than EF.

Therefore, when a line is inclined
to both the reference planes and contained
by a plane perpendicular to them, i.e.
when the sum of its inclinations with
the H.P. and the V.P. is 90°, its projections
are perpendicular to xy and shorter than
the true length.

When projections of a line are given, its true length and inclinations with the planes
are determined by the application of the following rule:

When a line is parallel to a plane, its projection on that plane will show its true
length and the true inclination with the other plane.

The line may be made parallel to a plane, and its true length obtained by any one
of the following three methods:

Method I:

Making each view parallel to the reference line and projecting the other view
from it. This is the exact reversal of the processes adopted in Art. 10-5 for
obtaining the projections.

Method iI:

Rotating the line about its projections till it lies in the H.P. or in the V.P
KMethod il

Projecting the views on auxiliary planes parallel to each view.

(This method will be dealt with in chapter 11).

The following problem shows the application of the first two methods and
problem 10-29 and problem 10-31 show application of third method.

Problem 10-5. The top view ab and the front view a'b' of a line AB are given.
To determine its true length and the inclinations with the H.P and the V.P

Method I:

Fig. 10-15(i) shows AB the line, a'b' its front view and ab its top view. If the
trapezoid ABba is turned about Aa as axis, so that AB becomes parallel to the V.P,,
in the top view, b will move along an arc drawn with centre a and radius equal
to ab, to by, so that ab; is parallel to xy. In the front view, b' will move along
its locus pg, to a point b'; on the projector through b;.
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bl
B
~—d
X y
R b g
Bl )

Flc. 10-15

(i) Therefore, with centre a and radius equal to ab [fig. 10-15(ii)], draw an arc
to cut ef at by.

(i) Draw a projector through by to cut pg (the path of b') at b'y.

(iii) Draw the line a'b'y which is the true length of AB. The angle 8, which it
makes with xy is the inclination of AB with the H.P.

Again, in fig. 10-16(i) AB is shown as a side of a trapezoid ABb'a'. If the
trapezoid is turned about Aa' as axis so that AB is parallel to the H.P, the new
top view will show its true length and true inclination with the V.P.

FiGc. 10-16

(i) With a' as centre and radius equal to a'b' [fig. 10-16(ii)], draw an arc to
cut cd at b'y.

(i) Draw a projector through b, to cut rs (the path of b) at b,.

(ifi) Draw the line ab,, which is the true length of AB. The angle @ which it
makes with xy is the inclination of AB with the V.P.
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Fig. 10-17(i) shows the above two steps
combined in one figure.

The same results will be obtained by
keeping the end B fixed and turning the
end A [fig. 10-17(ii)], as explained below.

(i) With centre b and radius equal to
ba, draw an arc cutting rs at a; (thus
making ba parallel to xy).

(i) Project a; to a'y on cd (the path
of a') a'tb' is the true length and
is the true inclination of AB with
the H.P.

(iii) Similarly, with centre b' and radius

equal to b'a', draw an arc cutting pg
at 2y FIG. 10-17

(iv) Project a,' to a; on ef (the path of a). a,b is the true length and g is the true
inclination of AB with the V.P.

Method H:

Referring to the pictorial view in fig. 10-18(i) we find that AB is the line, ab its top
view and a'b' its front view.

In the trapezoid ABb'a' (i) @A and b'B are both perpendicular to ab' and are respectively
equal to ao; and bo, (the distances of a and b from xy in the top view), and
(i) the angle between AB and a'b' is the angle of inclination g of AB with the V.P.

Assume that this trapezoid is rotated about a'b, till it lies in the V.P.

{) (i
PG, 10-18

in the orthographic view [fig. 10-18(ii)], this trapezoid is obtained by drawing
perpendiculars to a'b', viz. a'A; (equal to ao;) and b'B; (equal to bo,;) and then
joining A; with B4. The line A4B4 is the true length of AB and its inclination
g with a' b' is the inclination of AB with the V.P.
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Similarly, in trapezoid ABba in fig. 10-19(i), AB is the line and ab its top
view. Aa and Bb are both perpendicular to ab and are respectively equal to a'oq
and b'o, (the distances of a' and b' from xy in the front view). The angle 6
between AB and ab is the inclination of AB with the H.P.

Fic. 10-19

This figure may now be assumed to be rotated about ab as axis, so that it lies
in the H.P.

In the orthographic view [fig. 10-19(ii)], this trapezoid is obtained by erecting
perpendiculars to ab, viz. aA; equal to a'o; and bB; equal to b'o; and joining A,
with B,. The line A;B, is the true length of AB and its inclination 6 with ab is the
inclination of AB with the H.P.

Note: The perpendiculars on ab or a'h' can also be drawn on its other side assuming
the trapezoid to be rotated in the opposite direction.

When a line is inclined to a plane, it will meet that plane, produced if necessary.
The point in which the line or line-produced meets the plane is called its trace.

The point of intersection of the line with the H.P. is called the horizontal trace,
usually denoted as H.T. and that with the V.P. is called the vertical trace or V.T.

Refer to fig. 10-20.

(i) A line AB is parallel to the H.P. and the V.P. It has no trace.

(i) A line CD is inclined to the H.P. and parallel to the V.P. It has only the
H.T. but no V.T.

(iii) A line EF is inclined to the V.P. and parallel to the H.P. It has only the
V.T. but no H.T.

Thus, when a line is parallel to a plane it has no trace upon that plane.

Refer to fig. 10-21.

(i) A line PQ is perpendicular to the H.P. Its H.T. coincides with its top view

which is a point. It has no V.T.
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(i) A line RS is perpendicular to the V.P. Its V.T. coincides with its front view
which is a point. It has no H.T.

s H.T.
NOH.T.

b
c d

NO TRACE NOV.T.
@ (i
FiG. 10-20 ] FiG. 10-21

Hence, when a line is perpendicular to a plane, its trace on that plane coincides
with its projection on that plane. It has no trace on the other plane.

Refer to fig. 10-22.

b)
V.T. d
a  C AT
X P Cw y
HT.
a d
FiG. 10-22

() A line AB has its end A in the H.P. and the end B in the V.P Its H.T.
coincides with a the top view of A and the V.T. coincides with b' the front
view of B.

(i) A line CD has its end C in both the H.P. and the V.P. Its H.T. and V.T.
coincide with ¢ and c' (the projections of C) in xy.

Hence, when a line has an end in a plane, its trace upon that plane coincides
with the projection of that end on that plane.
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Method I:

Fig. 10-23(i) shows a line
AB inclined to both the reference
planes. Its end A is in the H.P.
and B is in the V.P

a'b' and ab are the front
view and the top view
respectively [fig. 10-23(ii)].

The H.T. of the line is on
the projector through a' and
coincides with a. The V.T. is
on the projector through b and
coincides with b'.

Let us now assume that AB
is shortened from both its ends,
its inclination with the planes
remaining constant. The H.T.
and V.T. of the new line CD
are still the same as can be
seen clearly in fig. 10-24().

c'd' and cd are the projec-
tions of CD [fig. 10-24(ii)]. Its
traces may be determined as
described below.

(i) Produce the front
view c'd’ to meet xy
at a point h.

(i) Through h, draw a
projector to meet the
top view cd-produced,
at the H.T. of the line.

(iii) Similarly, produce the top view cd to meet xy at a point v.

(iv) Through v, draw a projector to meet the front view c'd-produced, at the
V.T. of the line.

Method If:

c'd' and cd are the projections of the line CD [fig. 10-25(ii)]. Determine
the true length C;D; from the front view c'd' by trapezoid method. The
point of intersection between c'd'-produced and C;D;-produced is the V.T. of
the line.

Similarly, determine the true length C,D, from the top view cd. Produce them
to intersect at the H.T. of the line.
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The above is quite evident from the pictorial view shown in fig. 10-25(i).

D2

FiG. 10-25

; ’ﬁﬁ*ﬁ ?R&ﬁ%ﬁ @%‘&QME %"%%% ?%%{}%ﬂ %@Nﬁ
- ﬁﬁ% ?%ﬁ?m%ﬁ%@%ﬁi%ﬁ ”ﬁ"ﬁ Xy

When the projections of a line are perpendicular to xy, i.e. when the sum of its
inclinations with the two principal planes of projection is 90°, it is not possible to find the
traces by the first method. Method Il must, therefore, be adopted as shown in fig. 10-26.

V.T.
a' ds
b' b2
)(..._(i P —
a a1
H.T.
FIG. 10-26

“kf""\?@%ﬁﬁfﬁﬁ @?’ ?M@%E @% ﬁa %ﬁé%

Although the line may be sntuated in the third quadrant its both traces may be
above or below xy, as shown in problem 10-6 and in fig. 10-27 and fig. 10-28.
When a line intersects a plane, its traces on that plane will be contained by its
projection on that plane as shown in problem 10-7.
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FiG. 10-27

Problem 10-6. Projections of a line PQ are given. Determine the positions of
its traces.

Let pg and p'g' be the projections of PQ (fig. 10-27 and fig. 10-28).

(i) Produce the top view pg to meet xy at v. Draw a projector through v to
meet the front view p'q-produced at the V.T.

(iiy Through h, the point of intersection between p'g'-produced and xy, draw a
projector to meet the top view pg-produced at the H.T.

Note that in fig. 10-27, the traces are below xy while in fig. 10-28 they are
above it.

FiG. 10-28

Problem 10-7. A point A is 50 mm below the H.P. and 12 mm behind the V.P
A point B is 10 mm above the H.P. and 25 mm in front of the V.P. The distance
between the projectors of A and B is 40 mm. Determine the traces of the line
joining A and B.

Draw the projections ab and a'b' of the line AB.
Method I: (fig. 10-29):

(i) Through v, the point of intersection between ab and xy, draw a projector
'~ to meet ab' at the V.T. of the line.

(i) Similarly, through h, the point of intersection between a'b' and xy, draw a
rojector to cut ab at the H.T. of the [ine.
prel www.J“ntJ%asf’updﬁa{es.com 11
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Method 1i: (fig. 10-30): B,

At the ends a' and b', draw perpendiculars
to a'b', viz. a'A equal to ao; and b'B; equal a
to bo, on its opposite sides (as a and b b
are on opposite sides of xy).

Draw the line AB; intersecting a'b' at
the V.T. of the line.

Similarly, at the ends a and b, draw
perpendiculars to ab, viz. aA, equal to A
a'o; and bB, equal to b'o,, on its opposite
sides (as a' and b' are on opposite sides
of xy). Join A, with B, cutting ab at the
H.T. of the line.

Note that A{B; = A;B, = AB and that
0 and g are the inclinations of AB with the
H.P. and the V.. respectively

“Eif%f%w‘“% ﬁ‘é@%ﬁ& %iﬁ}%%& 55%@:’% Z%iﬁﬁ%%f% ?Q@%%f@%

In the fol!owmg problems the ends of the Ilnes should be assumed to be in
the first quadrant, unless otherwise stated.

Problem 10-8. (fig. 10-31): A jine AB, 50 mm long, has its end A in both the
H.F. and the V.P. It is inclined at 30° to the H.P and at 45° to the V.P. Draw its
projections.

As the end A is in both the planes,
its top view and the front view will
coincide in xy.

() Assuming AB to be parallel
to the V.P. and inclined at
0 (equal to 30°) to the H.P,
draw its front view ab' (equal
to AB) and project the top

iew ab. Fic. 10-31
Ve www.Jntufastupdates.com 0 12
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(i) Again assuming AB to be parallel to the H.P. and inclined at g (equal
to 45°) to the V.P, draw its top view ab; (equal to AB). Project the
front view ab'y.

ab and ab'; are the lengths of AB in the top view and the front view
respectively, and pg and rs are the loci of the end B in the front view and
the top view respectively.

(iii) With a as centre and radius equal to ab'y, draw an arc cutting pg in b';.
With the same centre and radius equal to ab, draw an arc cutting rs in b,.

Draw lines joining a with b', and b,. ab'; and ab, are the required projections.

FiG. 10-32

Fig. 10-32 shows in pictorial and orthographic views, the solution obtained
with all the above steps combined in one figure only.

Problem 10-9. (fig. 10-33): A line PQ 75 mm long, has its end P in the V.P.
and the end Q in the H.P. The line is inclined at 30° to the H.P. and at 60° to
the V.P. Draw its projections.

8 e ——

FiG. 10-33

The top view of P and the front view of Q will be in xy. As shown in the

previous problem, determine
www.Jntufastupdates.com 13
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()

(i)
(iid)
(iv)

(v)

the length of PQ in the top view, viz. gp and the path ab of the end P
in the front view;

the length p;q'; in the front view and the path cd of the end Q in the top view.
Mark any point p, (the top view of P) in xy and project its front view p', in ab.

With p', as centre and radius equal to p;q';, draw an arc cutting xy in g';.
It coincides with p,.

With p, as centre and radius equal to g'p, draw an arc cutting cd in g,.
p2g, and p',q', are the required projections. They lie in a line perpendicular
to xy because the sum of the two inclinations is equal to 90°.

Problem 10-10. (fig. 10-34): A line PQ a, Q,

100 mm fong, is inclined at 30° to the H.P P, Py
and at 45° to the V.P. Its mid-point is in the e KON f

V.P. and 20 mm above the H.P. Draw its ; \\ m, :
projections, if its end P is in the third quadrant

and Q in the first quadrant. /

The front view and the top view of P will AL 7N 7 T

be below and above xy respectively, while those Pro P
of Q will be above and below xy respectively.

(i)

(i)

(iii)

(iv)

(v)

Problem 10-11. (fig. 10-35): The top view of 0
a 75 mm long line AB measures 65 mm, while the
length of its front view is 50 mm. {ts one end A X 2
is in the H.P and 12 mm in front of the V.P ¢
Draw the projections of AB and determine its
inclinations with the H.P. and the V.P.

(i)

Mark m, the top view of the mid- g—- X_ _____ —h
point in xy and project its front view 4 G

m', 20 mm above xy. FIG. 10-34

Through m', draw a line making an angle 8 (equal to 30°) with xy and

1 .
with the same point as centre and radius equal to 5 PQ, cut it at Py

below xy and at Q; above xy. Project P1Qq to p; g on xy. pqq is the
length of PQ in the top view. ab and cd are the paths of P and Q
respectively in the front view.

Similarly, through m, draw a line making angle @ (equal to 45°) with xy
and cut it with the same radius at P, above xy and at Q, below it.

Project P,Q; to p',g'; on the horizontal line through m'. p',q%, is the
length of PQ in the front view and ef and gh are the paths of P and
Q respectively in the top view. bt b
With m as centre and radius equal to mp, CTrRT T e d
or mqq, draw arcs cutting ef at p; and gh

at g3. With m' as centre and radius equal

to m'p'y or m'q';, draw arcs cutting ab at

p'3 and cd at g's. p3q3 and p'3q'y are the  x
required projections.

S,

a0 b

a b

Mark the front view a' and the top view b, b
a of the given end A. FiG. 10-35
www.Jntufastupdates.com 14
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(ii)

(iif)

{iv)

Assuming AB to be parallel to the V.P, draw a line ab equal to 65 mm
and parallel to xy. With a' as centre and radius equal to 75 mm, draw an
arc cutting the projector through b at b'. The line cd through b' and
parallel to xy, is the locus of B in the front view and 8 is the inclination
of AB with the H.P.

Similarly, draw a line a'b'y in xy and equal to 50 mm. With a as centre
and radius equal to AB, draw an arc cutting the projector through b'; at by.
ef is the locus of B in the top view and g is the inclination of AB with
the V.P.

With a' as centre and radius equal to a'b'y, draw an arc cutting cd in b';.
With a as centre and radius equal to ab, draw an arc cutting ef in b,.
a'b', and ab, are the required projections.

Problem 10-12. (fig. 10-36): A line AB, 65 mm long, has its end A 20 mm
above the H.P. and 25 mm in front of the V.P. The end B is 40 mm above the H.P.
and 65 mm in front of the V.P. Draw the projections of AB and show its inclinations
with the H.P. and the V.P

(i)

(i)

(iii)

As per given positions, draw the loci b, b ;
cd and gh of the end A, and ef and jk g T == =TT

of the end B in the front view and the = &b

top view respectively. c—a : b d

20

Mark any point a (the top view of A) in
gh and project it to a' on cd. With a' as *7} y
centre and radius equal to 65 mm, draw
an arc cutting ef in b'. join a' with b'.
9, the inclination of a'b' with xy, is the 9 o h
inclination of AB with the H.P. Project
b' to b on gh. ab is the length of AB
in the top view.

25

With a as centre and radius equal to j—r—n ——B"é‘g"*““:‘k
65 mm, draw an arc cutting jk in by. 2
/ ! FIG. 10-36

Join a with bq. g, the inclination of aby

with xy, is the inclination of AB with the V.P. Project by to b'; on cd.
a'b'y is the length of AB in the front view.

Arrange ab and a'b'; between their respective paths as shown. a'b', and ab, are
the required projections of AB.

Problem 10-13. (fig. 10-37 and fig. 10-38): The projectors of the ends of a line
AB are 50 mm apart. The end A is 20 mm above the H.P and 30 mm in front
of the V.P. The end B is 10 mm below the H.P. and 40 mm behind the V.P
Determine the true length and traces of AB, and its inclinations with the two planes.

Draw two projectors 50 mm apart. On one projector, mark the top view a and
the front view a' of the end A. On the other, mark the top view b and the front
view b' of the end B, as per given distances. ab and a'b' are the projections of AB.

Determine the true length, traces and inclinations by any one of the following

two methods:

www.Jntufastupdates.com 15
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Method I:
By making the line parallel to a plane (fig. 10-37):

() Keeping a fixed, turn ab to a position abs, thus making it parallel to xy.
Project by to b'; on the locus of b'. a'b'y is the true length of AB and 8
is its true inclination with the H.P.

(i) Similarly, turn a'b' to the position a'ib' and project a'; to a; on the path
of a (because the end a has been moved). a,b is the true length of AB and
g is its inclination with the V.P.
Traces:

(i) Through v the point of intersection of the top view ab with xy, draw a
projector to cut a'b’' at the V.T.

(i) Through h the point of intersection of the front view a'h' with xy, draw a
projector to cut ab at the H.T. of the line.

FiG. 10-37 Fic. 10-38

Method I1:
By rotating the line about its projections till it lies in H.P. or V.P. (fig. 10-38):

(i) At the ends a and b of the top view ab, draw perpendiculars to ab, viz.
aA; equal to a'o; and bB; equal to b'o,, on opposite sides of it (because
a' and b' are on opposite sides of xy). A;B; is the true length of AB.
(its inclination with ab) is the inclination of AB with the H.P. and the point
at which A{B; intersects ab is the H.T. of AB.

(i) Similarly, at the ends a' and b' of the front view a'b', draw perpendiculars
to a'b', viz. a'A, equal to ao; and b'B, equal to bo,, on opposite sides
of it. A;B, is the true length of AB. @ (its inclination with ab") is the
inclination of AB with the V.P. and the point at which A,B, intersects
a'b' is the V.T. of AB.

Problem 10-14. (fig. 10-39): A line AB, 90 mm long, is inclined at 45° to the
H.P. and its top view makes an angle of 60° with the V.P. The end A is in the H.P.
and 12 mm in front of the V.P. Draw its front view and find its true inclination with
the VP,

i) Mark d a, th i of the
0 Mark s and 2, 6 BIRECRAS UpB 88 dom 16
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(u) Assuming AB to be parallel to the V.P. and inclined at 45° to the H.P,
draw its front view a'b' equal to AB and making an angle of 45° with xy.
Project b' to b so that ab the top view is parallel to xy. Keeping the end
a fixed, turn the top view ab to a position ab; so that it makes an angle
of 60° with xy. Project by to b'y on the locus of b’ Join a' with b';. a'b'y
is the front view of AB.

(iii) To find the true inclination with the V.P, draw an arc with a as centre and
radius equal to AB, cutting the locus of by in b2 Jom a with b,. @ is the
true inclination of AB with the V.P.

FiG. 10-39 Fic. 10-40

Problem 10-15. (fig. 10-40): Incomplete projections of a line PQ, inclined at
30° to the H.P. are given in fig. 10-40(i}. Complete the projections and determine
the true length of PQ and its inclination with the V.P

(i) Turn the top view pgq I[fig. 10-40(i)] to a position pgq, so that it is parallel
to xy. Through p', draw a line making an angle & (equal to 30°) with xy
and cutting the projector through g; at g';. p'q'; is the front view of PQ.

(i) Through g', draw a line parallel to xy and cutting the projector through
g at g'. p'q' is the front view of PQ.

(iii) With p as centre and radius equal to p' ¢'y, draw an arc cutting the locus
of g at gj,.

(iv) Join p with g,. ¢ is the inclination of PQ with the V.P.

Problem 10-16. (fig. 10-41): The end A of a line AB is 25 mm behind the V.P.
and is below the H.P. The end B is 12 mm in front of the V.P and is above the
H.P. The distance between the projectors is 65 mm. The line is inclined at 40° to
the H.P. and its H.T. is 20 mm behind the Y.P Draw the projections of the line
and determine its true length and the V.T.

Draw the top view ab and JP]% féhsetqu'(fjac{résl’tC%?nmm above xy.17
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We have seen that the line representing the true length obtained by the trapezoid
method, intersects the top view or the top view-produced, at the H.T. at an angle
equal to the true inclination of the line with the V.P b

(i) Hence, at the ends a and b, draw perpendi-
culars to ab on its opposite sides (as
one end is below the H.P. and the other
end above it). Through the H.T,, draw a - A,
line making angle 6 (equal to 40°) with _
ab and cutting the perpendiculars at A; and
B4, as shown. A;B; is the true length of
AB. aA{ and bB are the distances of the
ends A and B respectively from the H.P.

(i) Project a and b to a' and b', making a'oq
equal to aA; and b'o, equal to bB;. a'b'
is the front view of AB. Through v, the
point of intersection between ab and xy,
draw a projector cutting a'b’ at the V.T.
of the line.

Problem 10-17. (fig. 10-42): A line AB, 30 mm X y
long, is inclined at 30° to the H.P. Its end A is
12 mm above the H.P. and 20 mm in front of the V.P a b
Its front view measures 65 mm. Draw the top view g
of AB and determine its inclination with the V.P

() Mark a and a' the projections of the end
A. Through a', draw a line ab' 90 mm
long and making an angle of 30° with xy.

(i) With a' as centre and radius equal to 65 mm,
draw an arc cutting the path of b' at b';. e T

> -
a'b'y is the front view of AB. FiG. 10.142 2

(iii) Project b'to b, so that ab is parallel to xy. ab is the length of AB in the top view.

(iv) With a as centre and radius equal to ab, draw an arc cutting the projector
through b'; at bq. Join a with by. ab; is the required top view.

Determine g as described in problem 10-14.

Problem 10-18. (fig. 10-43): The ends of a line PQ are on the same projector.
The end P is 30 mm below the H.P. and 12 mm behind the V.P. The end Q is
55 mm above the H.P. and 45 mm in front of the V.P. Determine the true length
and traces of PQ and its inclinations with the two planes.

Note: When the ends of a line are on the same projector or sum of angles of inclinations
of a line with xy is 90°, use Method Il only.

Draw the projections pq and p' q' as per given positions of the ends P and Q. They
will partly coincide with each other. ‘

(i) At the ends p and g of the top view pg, erect perpendiculars, viz. pP%
equal to p'o, and qQq equal to g'o and on opposite sides of pg. P1Qq is
the true length of PQ. 0 is the inclination of PQ with the H.P. and the

oint of intersection betweep P,Q; an is the H.T. of PQ.
P www.Jntutastd béa?e%q.com 18
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(iD)

Similarly, draw perpendiculars to p'q'. viz. p'P, equal to po and q'Q,
equal to go and on opposite sides of p'g'. P,Q, is the true length. @ is
the true inclination of PQ with the V.P. and the point where P,Q, cuts p'q'
is the V.T. of PQ.

q Q,

¥ o
ﬁ
/\

H.T:
V.T:
0
g ]
P p
q % Q4
Fic, 10-43

Problem 10-19. (fig. 10-44): A line AB, inclined at 40° to the V.P, has its ends
50 mm and 20 mm above the H.P. The length of its front view is 65 mm and its
V.T. is 10 mm above the H.P. Determine the true length of AB, its inclination with
the H.P and its H.T.

(M
(i)

(iii) Assuming a' V.T. to be the front

(iv)

v)

Draw the front view a'b' as per given positions of A and B and the given length.
Draw a line parallel to and 10 mm above xy. This line will contain the V.T.

Produce a'b' to cut this line at the V.T. Draw a projector through V.T. to
v on Xxy.

view of a line which makes 40°
angle with the V.P. and whose one
end v is in the V.P, let us determine
its true length.

Keeping V.T. fixed, turn the end
a' to a'y so that the line becomes x T
parallel to xy. Through v, draw
a line making an angle of 40° 2a: )
with xy and cutting the projector
through a'; at a;. The line through
a;, drawn parallel to xy, is the

locus of A in the top view. Project
a' to a on this line. av is the ><

top view of the line, whose front
view is a' V.T. and whose true Tay a

length is equal to aqv. FIG. 10-44

But ab' is the given front view of AB. Therefore, project b' to b on av.
ab is the top view of AB. Obtain the inclination 6 with the H.P. by making

the top view ab parallel to )fy, as shown.
www.Jntufastupdates.com 19
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Produce a'b' to meet xy at h. Draw a projector through h to cut ab-produced, at
the H.T. of the line.

Problem 10-28. (fig. 10-45): The front view a'b' and the H.T. of a line AB, inclined
at 23° to the H.P. are given in fig. 10-45(i). Determine the true length of AB, its
inclination with the V.P. and its V.T.

a 30°

<
e
i =
bl

HT. 50

FiG. 10-45

Consider that hb' is the front view of a line inclined at 23° to the H.P. and the top
view of whose one end is in H.T.

() Through h [fig. 10-45(ii)], draw a line making an angle of 6 = 23° with
xy and cutting the locus of B in the front view in b'y. hb'y is the true
length of the line whose length in the top view is H.T. by.

(i) With H.T. as centre and radius equal to H.T. by, draw an arc cutting the
projector through b' at b. H.T. b is the top view and hb' is the front view
of a line which contains AB.

(iii) Therefore, through a', draw a projector cutting H.T. b at a. ab is the top
view of AB.

Obtain the true length ab, (of AB) and its inclination g with the V.P. by
making a' b' parallel to xy.

(iv) Produce ba to meet xy in v. Draw a projector through v to cut b'a-produced,
at the V.T. of the line.

Problem 10-21. (fig. 10-46): A tripod stand rests on the floor. One of its legs
is 750 mm long and makes an angle of 70° with the floor. The other two legs are
163 mm and 175 mm long respectively. The upper ends of the legs are attached to
the corners of a horizontal equilateral triangular frame of 50 mm side, one side of
which is parallel to the V.P. In the top view, the legs appear as lines 120° apart,
which if produced, would meet in a point. Draw the projections of the tripod and
determine the angle which each of the other two legs makes with the floor. Assume
the thickness of the frame and of the legs to be equal to that of the line.

(i) Atany point P on xy, draw a line PA, 150 mm long and making 70° angle with
xy. h is the height of the tripod and PA; is the length of the leg in the top view.
www.Jntufastupdates.com
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(iiy Draw an equilateral triangle
abc of 50 mm side with
one side parallel to and
below xy. Project the front
view a'b'c' at the height h
above xy. Determine the
lengths of the other two
legs in the top view as p

o a
described below. X 70 y

(iii) With b' as centre and P At Py P ‘ Bt
radius equal to 163 mm, r
draw an arc cutting xy in p
g'4. Similarly with a' and ¢'
as centre and radius equal p
to 150 mm and 175 mm, 1 BN ‘
draw an arc cutting xy in
p'1 and r'; respectively ap,,
bg; and crq are the lengths
of the three legs in the
top view and ¢ and P
respectively are their inclina- q
tions with the floor (H.P). Fic. 10-46

=
X

(iv) The legs in the top view are to be inclined at 120° to each other and to
meet at a point, if produced. Therefore, draw lines bisecting the angles of
the triangle, making ap equal to PA;, bg equal to bg, and cr equal to crq,
thus completing the top view.

(v) Project p,q and r to p',q' and r' respectively on xy. Complete the front view
by drawing lines a'p', b'q' and c'r'.

Problem 10-22. (fig. 10-47): A straight road going uphill from a point A, due
east to another point B, is 4 km long and has a slope of 15°. Another straight road
from B, due 30° east of north, to a point C is also 4 km long but is on ground
level. Determine the length and slope of the straight road joining the points A and C.

Scale, 10 mm = 0.4 km. , . ‘
b ¢ Cy

/

c

\

; i5° 1@

‘;% |

FiG. 10-4b7 "
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Determine the true length a'c’y and the
angle g as shown, which are respectively the )
length and slope of the road from A to C.

Problem 18-23. (fig. 10-48): Two lines
AB and AC make an angle of 120° between
them in their front view and top view. AB S
is parallel to both the H.P and the V.P
Determine the real angle between AB and AC.

Mark any point a'. Draw a line a'b', 100 mm long, to the right of a' and inclined
upwards at 15° to the horizontal (to represent the road from A to B). Project
its top view ab keeping it horizontal.

As the road from B to C is on ground level, the top view bc will be equal
to 100 mm and inclined at (90° + 30°) i.e. 120° to ab.

From b, draw a line bc, 100 mm long and making 120° angle with ab.
Project ¢ to ¢' making b'c' horizontal. a'c' and ac are the front view and
the top view respectively of the road from A to C,

b| Y +

Draw any line b'a' parallel to and above y

xy, and another line a'c' of any length making
120° angle with b'a'. join b' with c'. b a ¢y

(M

(i)

Problem 10-24. (fig. 10-49): An object O is placed
7.2 m above the ground and in the centre of a room
4.2 m x 3.6 m X 3.6 m high. Determine graphically its
distance from one of the corners between the roof and 18 °
two adjacent walls. Scale, 710 mm = 0.5 m.

(i)

(i)

)
Project the top view ba parallel to £z
xy and the top view ac, making 120°

angle with ba. Join b with c. b'a' or

ba is the true length of AB. Determine /
the true lengths of AC and BC, viz. c
a'c’y and b'c'y, as shown. FIG. 10-48

Draw a triangle a'b'c'y making a'c'; equal to a'c'y and b'c'y equal to b'c',.
Zb'a'c'y is the real angle between AB and AC. d 36 ¢

36

1.2

Draw the front view (of the room) a'b'cd' as
seen from the front of, say 3.6 m wall. ab' is the
width of the room and a'd' is the height. The -
front view o' of the object will be seen 1.2 m ~ \
above the mid-point of a'b'. ¢' and d' are the top L 5,
corners of the room. o'c' is the front view of e ]
the line joining the object with a top corner. Fic. 10-49

42

Draw the top view of the room. It will be a rectangle of sides equal to
3.6 m and 4.2 m. The top view o of the object will be in the centre of the
rectangle. oc is the top view of the line joining the object with the top corner.

Determine the true length o'c';, which will show the distance of the object from
one of the top corners of the room.
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Problem 10-25. The straight line AB is inclined at 30° to H.P, while its top
view at 45° to a line xy. The end A is 20 mm in front of the V.P and it is below
the H.P. The end B is 75 mm behind the V.P. and it is above the H.P. Draw the
projections of the line when its V.T. is 40 mm below. Find the true length of the
portion of the straight line which is in the second quadrant and locate its H.T.

Refer to fig. 10-50.

£t \
H.T. \0
blll \ bll

X v \45‘1 h /

V.T 30°

TL = 50 mm. £V.P, § = 37°
G, 10-50

(i) Mark the points a (top view of A) and b (top view of B) at the distances
of 20 mm and 75 mm below and above xy respectively.

(i) Through the point a, draw a line at 45° intersecting xy and the path of b
at v and b respectively as shown.

(iiiy Construct a line containing V.T. 40 mm below xy. Draw perpendicular
from v to the line V.T.

(ivy With a as centre and radius equal to ab, draw an arc which intersects at b,
a line drawn from a parallel to xy. From V.T. draw a line at 30° intersecting
the projector of by at b". From b", draw b“b"™ parallel to xy to intersect
projector of b at b". Join V.T. b". Produce it to meet the projector from a at
a". a" b" is the required projection. a"b" intersects line xy at h. From h draw
the perpendicular to meet ab. The intersection point represents H.T.

(v) With h as centre and radius equal to hb", draw an arc intersecting at bj.
Draw projector from b3 to cut the path of b at b,. Join H.T. b,. Measure
the angle H.T. b, with xy. This is an angle made by the line with the V.P.

Problem 10-26. (fig. 10-51.): The front view of a line PQ makes an angle of
30° with xy. The H.T. of the line is 45 mm behind the V.P. While its V.T. is 30 mm
above the H.P. The end P of the line is 10 mm below the H.P. and the end Q
is in the first quadrant. The line is 150 mm long. Draw the projections of the line
and determine the true-length of the portion of the line which is in the second

quadrant. Also find the angle of the line with the H.P. and VP
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)

(@i

(iii)

(iv)

Draw lines containing H.T. Bllp

and V.T. at 45 mm and

30 mm above xy respec- {1 /|/BN\HT.

tively. Mark point p' at B a7 \

10 mm below line xy. VI VT

Draw p'q' at 30° from p'  LINE \

intersecting xy at h and

line V.T. at V.T. From h, 0 30° \

draw perpendicular to line X t B N y
perp )92

H.T. to locate H.T. =

Draw perpendicular from A \

V.T. to intersect xy at v.

Join v H.T. and produce g,

to intersect the projector % h

of p' at pq. Draw P1 G4 TL = 25 mm. £V.P, 61 = 37° LV.P, 62 = 22°

of 150 mm representing FiG. 10-57

true length of the line in top view. From p', draw line parallel to xy

representing front view of the line PQ. Draw projector from g4 to cut the

line drawn from p' at q".

Keeping p' fixed, turn p'q" such that it cuts the line drawn from p' at q'.
From g, draw line parallel to xy which intersects the vertical projector
drawn from q' at g,. Join P;q,. This is the required projection.

Keeping h fixed, rotate hp' and make it parallel to xy. From P" draw
projector intersecting the path of p; at p;. H.T. p; is true-length of the
line. Similarly keeping H.T. fixed, turn H.T.'" p; to make it parallel to xy
as shown. From P3, draw projector to intersect the horizontal line drawn
from P'P';. Measure angle xhp'y. This is the required angle with H.P.

Problem 10-27. (fig. 10-52): The end P of a line PO 130 mm long, is 55 mm

in front of the V.P. The H.T. of the line is 40 mm in front of the V.P. and the VT.
is 50 mm above the H.P. The distance between H.T. and V.T. is 110 mm. Draw the
projections of the line PQ and determine its angles with the H.P. and the V.P.

V.T.LINE V.T.
FiE 4
b3
1 q..2
\ 2
\\ve1 |
Y
SRR h g, %1 vy
} ot T\
A / g
i / 5
HTLINE — 5, 2 |
N e
v\* H.T. 110
P P
ZH.P, 8, = 25.5% LV.P, 8, = 21°
FIG. 10-52
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0]

(ii)

(iif)

Mark p below xy at a distance of 55 mm. Draw lines containing H.T. and V.T.
at 40 mm below and 50 mm above xy respectively. Construct projectors
through H.T. and V.T. 110 mm apart intersecting xy at h and v respectively.

Draw perpendiculars from h and v intersecting the lines containing H.T. and
V.T. Join H.T. v and produce to cut the line drawn from point P as shown.
Join h V.T. and extend further to intersect the projector drawn from P at P",.

Mark true length 130 mm on H.T.v. Let it be pq. Draw projector from q
cutting xy at g';. With p'; as centre and radius equal to p';q'4, draw an arc

cutting a horizontal line drawn from q", at g"5. Join pg; and p",q"'3, are
the required projections. 8; = 25.5° and 8, = 21° are the measured angles.

Problem 10-28. (fig. 10-53): The distance between the end projectors of a line
AB is 70 mm and the projectors through the traces are 170 mm apart. The end of
a line is 10 mm above H.P. If the top view and the front view of the line make
30° and 60° with xy line respectively, draw the projections of the line and determine

(i) the traces, (ii) the angles with the H.P. and the V.P, (iii) the true length of the line.

Assume that the line is in the first quadrant.

VT

N
/ i

\\
\
i
l
i
1 56° "
y (P ¥ g
S .
2 \60 v
X A |h y
q
30‘7‘ g,
/
3
16° q V.T.- 191 mm ABOVE xy LINE
P ! 1 H.T.- 64 mm BELOW xy LINE
H.T. 110 N
FiG. 10-53
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(i) Draw two vertical lines 110 mm apart representing projectors through the
traces of the line. Mark intersection of these projectors h and v on xy as shown.

(i) From v and h, draw lines at 30° and 60°.

(iiiy Mark p', 10 mm above xy. Draw two vertical projectors at 70 mm apart
keeping equal distance from the projectors through traces. p'q' and pq
represent front view and top view of the line as shown.

(iv) Keeping p fixed, turn pg to position pg;. From g4, draw a vertical projector
intersecting the path of g' at g';. Join p'g';. This is the true length of the
line. Measure angle g"p'q'y with the horizontal line as shown. This is the
angle made by the line with the H.P. Similarly rotate p'q' making it parallel
to xy as shown.

Draw a vertical projector from g" to intersect the path of g at g,. Measure
the angle qipg, with the horizontal line. This is the angle made by the line
with V.P.

Note: Problem 10-29 and problem 10-31 are solved by using auxiliary plane method.

Problem 10-29. Two pipes PQ and RS seem to intersect at a' and a in front view and
top view as shown in fig. 10-54. The point A is 400 mm above H.F. and 300 mm in
front of a wall.

Neglecting the thickness of the pipes, determine the clearance between the pipes.

Refer to fig. 10-54. s
1

500
400
=
o
/

200

(99

700

o

.o/
»

Fic. 10-54
(i) Draw the projections of pipes treating them as lines.

(i) Draw xqy; perpendicular to the line xy and project auxiliary top view. Note
that the distances of py, g4, r{ and s; from x;y; are equal to the distances
of p, q, r and s from xy.
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(iii) Mark an auxiliary reference line xpy, perpendicular to the line rqs; for
obtaining the point view of the line. Draw an auxiliary front view as
shown. Note that the distances of p“, g", r' and s" from x,y, are equal
to the distances of p', g/, r' and s' from xqy,.

(iv) a" n' represents clearance between two pipes which is approximately 130 mm.

Problem 10-30. The end projectors of line AB are 22 mm apart. A is 12 mm
in front of the V.P. and 12 mm above the H.P. The point B .6 mm in front of the
V.P. and 40 mm above the H.P. Locate the H.T. and the V.T. of the line and also
determine its inclinations with the V.P. and the H.P.

If the line AB is shifted to II, 11l and IV quadrants as shown in fig. 10-55 (assume
that the distances of A and B from the projection-planes are same as the first quadrant),
draw the projections of line and locate the traces.

The solution of first part of problem is shown in pictorial view. For the second
part of the problem, the locations of the line in the respective quadrants are shown
in fig. 10-55.

Fi1G. 10-55

Students are advised to draw the orthographic projections of the line for the
respective quadrants.

Problem 10-31. The end projectors of line PQ are 80 mm apart. The end P is
15 mm in front of the V.P. and 60 mm above the H.P. While Q is 50 mm in front of
the V.P. and 10 mm above the H.P. A point R is situated on the projector at a distance
of 31 mm from the projector through P measured towards the projector of Q. The point
R is 70 mm in front of the V.P. and above the H.P. A perpendicular is drawn from R on
PQ. Draw its projections.

Refer to fig. 10-56.
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(i) Draw two end projectors of the line PQ at 80 mm apart.

(i) Mark the front view p' and the top view p at 60 mm and 15 mm from
xy on the end projector of P. Similarly mark g' and g at 10 mm and 50 mm
from xy on the end projector of Q.

(iii) Draw a vertical line at 31 mm away from p'p towards g'g. Mark the position
of R in the top view r and the front view r' at 70 mm from xy as shown.

(ivy Draw xqy; perpendicular to xy as shown. Draw projectors from p', ¢' and r'
on Xqy;. Transfer the distances 15 mm, 50 mm and 70 mm of p, g and r
from xy to the new top view p;, g; and r{ from xqy;.

(v) Draw another reference line x,y, for the new front view parallel to pq;.
Transfer the distances 60 mm, 10 mm and 70 mm of p', g' and r' from xy to
the new front view p", ¢" and r" from xyy,.

(vi) From r", draw perpendicular to p"q" intersecting at n" as shown which is
measured as 23 mm.

80

pel
/
s 3
“
N

70
o

n'r' = 23 mm
FiG. 10-56

Problem 10-32. The end projectors of a line PQ are 65 mm apart. P is 25 mm
behind the V.P. and 30 mm below the H.P. The point Q is 40 mm above the H.P. and
15 mm in front of the V.P. Find the third point C in the H.P. and in front of the V.P.
such that its distance from a point P is 45 mm and that from Q is 60 mm. Determine
inclinations of PQ with the H.P. and the V.P.
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Refer to fig. 10-57.

@i

(i)

(i)

(iv)

(v)

85 Q
Draw the end projectors of the i
fine PQ 65 mm apart. Mark the q 9"
projection of ends P and Q
according to given distances. p'q' p, P
and pg are the front view and
the top view respectively.

Mark the front view of point c in  * & /¢ y
the line xy because it is lying in
the H.P. Extend the projection line ¢ I
from ¢' to ¢ on the top view pq.

Keeping c fixed, turn cp to cp,
making parallel to xy. FIG. 10-57

Project p, to p". Join c'p". This is the true distance of the line cp. Similarly
turn cq to cq, making it parallel to xy. Project g, to g" join c'q". This
represents the true distance of the line cq.

Measure angles 8 and @ as shown.

Problem 10-33. (fig. 10-58): The distance between the end-projectors of a
line PQ is 50 mm. A point P is 29 mm above H.P and 20.77 mm behind V.P
While a point Q is 42 mm below H.F. and 30 mm in front of V.P

Draw the projections of the line and determine the true length and the true
inclinations of line with H.P. and V.P.

0]

(i)

(iii)

Draw the end-projectors 50 mm apart. Mark p' and p, the front view and
the top view of the end P at 29 mm and 20.71 mm respectively. Similarly
mark g and g' at 42 mm and 30 mm on the end-projector Q as shown.
Join p'q" and pq. They are intersecting xy at r. Mark paths of p', ¢, p and
q parallel to xy.

With centre r and radius rp', draw an arc intersecting xy at p". Through
p", draw projector cutting the path of p at p,. Similarly with the same
centre and radius rg', draw an arc intersecting xy at g". Through g", draw
projector cutting the path of
g at gp. Join pyq, which
represents true length. Measure
@ angle made by p,q, with xy NK] X
at r. This is an angle made ) 4
by the line with V.P. X 9 9 aCal: Yy y

px pm
P

Similarly centre as r and radii o

rp and rq, draw arcs intersecting g

Xy at p; and gy respectively. q 9

Through p; and ¢ draw 2

projectors to intersect the q" q‘|~<—--5~Q-——>4

paths of p' and g' at p" and g". P Q

join p"g". Measure 8 angle Z8 = 45° Z@ = 30°

made by it with xy. This is true length = 100 mm

an angle by line with H.P. FiG. 10-58
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Problem 10-34. (fig. 10-59): Two pipes emerge from a common tank. The pipe
PQ is 150 metre long and bears S5 58° £ on a downward slope of 20°. The pipe
PR is 120 metre long and bears N 65° F on a downward slope of 10°. Determine
the length of pipe required to connect Q and R. Take scale 1 mm = 1 m.

qu
3
g/
r|2 qHI /
V.P.
HP.
T2 TN
A
650 “‘\'.
14°
25°
P -
T
" 2.
2
58° R
W E )
2 75, 3
%
S
q2 q1‘ q
TL. of QR = 135 m. S 13 E at downward slope of 13°

FiG. 10-59
(i) Mark position of P in the top view and the front view as shown.

(i) At P, draw a line pg 150 mm at 58° with the vertical measuring
anti-clockwise as the angle is required to measure from south to east.
Similarly draw a line pr 120 mm at 25° measured from east to north.

(iiiy Draw the horizontal lines from g and r.

(iv) From point p', draw a line p'q' 150 mm and p'r' 120 mm at 20° and 10° with
the horizontal lines. Draw horizontal lines from r' and q'.
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v

(vi)

(vii)

Draw a projector from g to intersect the horizontal line drawn from p' at
g". p'q" is the front view of PQ. With p' as centre and radius equal to p'q",
draw an arc intersecting the path of ¢ at g". Join p'q" and draw a
projector from g" cutting the path of g at g;. Then p'q"™ and pg; are
required projection. Similarly obtain the projection of p'r" and pry for the
line PR as shown. Join r"g" and ry;g,. With centre g" and a radius g"r",
draw an arc intersecting the path of ¢" at r,. Draw a projector from r',
cutting the path of r at ry. Join gqr, and measure its true length and angle.

With centre g4 and radius gqrq, draw an arc intersecting the path of g at
g,. Draw a projector from g, cutting the path of r' at r';. Join ¢"r'; and
measure its true length and angle.

QR = 135 m is the measured true length and S 13 £ at downward slope
of 13° is the measured angle.

Note: Depression or front view angles are seen in front view while bearing angles

are seen in top view.

Problem 16-35. (fig. 10-60): The projectors of two points P and Q are 70 mm
apart. The point P is 25 mm behind the V.. and 30 mm below the H.P. The
point Q is 40 mm above the H.P. and 15 mm infront of the V.P. find the third

point 5

which is in the H.P. and infront of the V.P. such that its distance from point

P is 90 mm and that from Q is 60 mm.

0)
(ii)

(iii)

(iv)

(vi)

(vii)

Draw xy line. P 70 Q

Draw the projectors of P and Q a
70 mm apart. P,

Mark on the projector of the %
point p the front view and top
view of the point p at 25 mm m'
and 30 mm from xy respectively,
say p' and p. Similarly on the
projector of the point Q, mark
the front view g' and the top :
view g for given distance from

the xy.

40

25

15

-

Join p'g' and pg. They are the
front view and the top view of
the line PQ. FiG. 10-60

The front view p'q' intersects xy line at m'. Taking m' as centre, m'p' and
m'g’ as radii rotate so that p'q' becomes parallel to the xy line or intersect
xy line at [ and n.

Draw the projectors from [ and n to intersect path of the point p and
the point g at p; and gq. Join py and g4, it represents true length of the
line PQ.

Now pq as centre and 90 mm radius, draw the arc. Take g; as
centre and 60 mm as radius, draw the another arc so that it intersects
previous arc at s. From s draw the projector to intersect xy line at s',
which is front view of s.
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Problem 10-36. (fig. 10-61): Two unequal rror
lines PQ and PR meeting at P makes an angle
of 130° between them in their front view and AN
top view. Line PQ is parallel and 6 mm away
from both the principal planes. Assume the

7,
front view length of PQ and PR 50 mm and - S
60 mm respectively. Determine real angle Pl y
between thent. D q
(i) Mark reference line xy. Draw at o

convinent distance above and below
two parallel lines to the xy representing
the front view and top view of PQ as
shown. At the point P' construct angle
of 130° with the length of p'g' and
p'r of 50 mm and 60 mm respectively.

(i) Draw projector from r' to intersect
the line at angle of 130° at p in the
top view of pg.

(iii) Make pr and gr parallel to xy line
and project above xy to intersect the
path of r' at r" and r" respectively.

Join p'r" and g'r". They are true length
of the line PR and the line QR.

(iv) Construct triangle with sides PQ =
50 mm, PR = p'r'" and QR = g'r" as
shown. Measure angle ZQPR equal
and it is 120° approximately.

Problem 16-37. (fig. 10-62): The distance
between end projectors of a straight line AB is
80 mm. The point Ais 15 mm below the H.P.
and 20 mm infront of the V. B is 60 mm
behind the V.F. Draw projections of the line if y
it is inclined at 45° to V.P. Determine also true gi
length and inclination with the H.F. . +

(i) Draw xy line and two vertical parallel a

lines 80 mm apart showing the end FG. 10-62
projectors of the line AB.

(i) Mark the point a' and the point a 15 mm and 20 mm below xy line on the
projector of A.

(iii) Mark the point b above xy line at distance of 60 mm on the projector of B.
Join the point a and the point b.

(iv) If we measure angle of ab with xy line it is 45° which is also inclination of
the line AB with V.P.

(v) Therefore ab shows true length. From a' draw parallel line to xy to intersect
the projector of B at b'. It is front view of the line AB. Measure angle of
a'b with xy line. It is 43° with xy line.
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Problem 10-38. (fig.10-63): Two mangoes on
a tree are respectively 2.0 m and 3.5 m above the
ground and 1.5 m and 2.0 m away from 0.2 m
thick compound wall, but on the opposite sides of
it. The distance between the mangoes, measured
along the ground and parallel to the wall is 2.7 m.
Determine the real distance between the mangoes.
Take scale 7 m = 10 mm.

(i) Pictorial view is shown for understanding
purpose.

(i) Draw reference line (ground line) xy. Mark
two parallel lines as end-projectors at
2.7 m (27 mm) apart.

(iii) Let P be mango behind the wall and Q be
infront of the wall.

(ivy Mark P' and P along projector P to given
distances. Similarly mark g' and g for given
distances on the projector Q.

(v) Join the point p and the point g, the point
p' and the point g'. Then pg and p'q' are
projections of PQ.

(vi) Rotates pqg taking g as centre, make it
parallel to the ground line xy, intersecting
at the poin P;. Draw the projector from
p4. Draw line parallel to the ground line
xy from p', intersecting at p".

(vii) Join p"g'. The line p"q' is true distance
between mangoes P and Q. It is approxi-
mately 4.8 m.

Problem 106-39. (fig. 10-64): The front view
of straight line AB is 60 mm long and is inclined
at 60° to the reference line xy. The end point A
is 15 mm above H.P. and 20 mm infront of V.P.
Draw the projections of a line AB if it is inclined
at 45° to the VP and is situated in the first quadrant
(Dihedrai angle). Determine its true length, and
inclination with the H.P.

See fig. 10-64 which is self explanatory.

Projections of Straight Lines 235

i3 q
Fi1G. 10-63
bI b"
.Y
a‘ 380 bu
L,,f /< ANGLE WITH H.P. = 38°
=y /A\60°
y
OQ
N
N as° b2
%
PATHOF B
by b
FiG. 10-64

Problem 18-40. (fig. 10-65): A room 6 m x 5 m X 4 m high has a light-bracket
above the centre of the longer wall and T m below the ceiling. The light bulb is 0.3 m
away from the wall. The switch for the light is on an adjacent wall, 1.5 m above the
floor and 1 m from the other longer wall. Determine graphically the shortest distance

between the bulb and the switch.

() Draw to scale T m = 10 mm front view and a top view of the room.

(i) Mark mid point of longer wall (i.e. 6 m) say 6 mm.
www.Jntufastupdates.com
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(iii) Mark the point in the V.P. at distance 1 m
(= 10 mm) from midpoint m. It is the front

view of the light bulb, say b'.

(iv) From xy line at 0.3 m (i.e. 3 mm) on the projector *
passing through b' mark the point b (top view).

(v} Consider adjacent wall right side. Mark s' front
view of the switch at 1.5 m (i.e. 15 mm)
above xy line and on the same line mark s -
(top view of switch) at 4 m away from xy.

(vi) Join b's' and bs which are the front view and «

the top view of the line.

(vii) s as centre and bs as radius, draw the arc to .Y
intersect a parallel line passing through s at b
b;. From b4, draw projector to intersect a
parallel line to xy drawn from b' at b". Join sb".

(viii) Line s'b" shows shortest distance between the
switch and the bulb. Here it is approximately

5m.

Problem 10-41. (fig. 10-66): The distance
between end projectors of a line AB are 60 mm
apart, while the projectors passing from H.T. and
V.T. are 90 mm apart. The H.T. is 35 mm behind
the VP, the V.T. is 55 mm below the H.P The
point A is 7 mm behind the V.P. Find graphically
true length of the line and inclinations with the
H.P and the VP

See fig. 10-66 which is self-explanatory.

Problem 16-42, (fig. 10-67): A line CD is inclined
at 30° to the H.P. and it is in the first quadrant.
The end Cis 15 mm above the H.P. while the end
D is in the V.P. The mid point M of of the line is
40 mm above H.P. The distance between the end
projectors of the line is 70 mm. Draw the projections
of the line CD and the mid point M. Determine
graphically the length of front view and top view
and true length of the line. Also determine inclination
of the line with the V.P.

(i) Draw xy line.
(i) Draw two projectors 70 mm, apart.

A VP p o WALL

PICTORIAL VIEW
m

-t
b S
v P HP) FLOOR
. 8 N
FIG. 10-65
HT. 9% VT,
HTJ < >
Bi~.|b
7 L
by 20° a Y
¥ '\y
X
h . v
b50 t
7L
| 30°, .
b’ VT

True length = 74;
Angle with H.P. = 30°%
Angle with V.P. = 20°

FIG. 10-66

(iii) On the projector of C, mark ¢’ at 15 mm above xy line.

(iv) Draw a line parallel to xy at 40 mm, to represent the path of mid-point M.

(v) From c' draw a 30° inclined line t cut the path of mid-point at m'. ¢'m' is half
true length. With m' as centre and radius equal to ¢'m’', draw an arc cutting
the 30° inclined line at d'. c'd" is true length. From d', draw a line parallel to

Xy, to represent path of D in front view.
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‘;Exsﬁﬁsszs wﬁ}}

1.

(vi) The path of D will intersect C 70 D
the projector of D at d". ¢ \d PATHOFD
Join c'd". 1t is front view
Of CD. .\\,.

{vii) With c'as centre and radius m
equal to c'd", draw an arc 4
cutting a line drawn parallel
toxy from c'at d". Project ¢
d" to cut a line drawn with mf
¢ as centre and c'd' (true X -
length) as radius, at dj.
From d3, draw a line parallel s
to xy, repressenting path 2y
of D in top view.

(viii) Project d" to cut path of TRUELENGTH =100 mm
D in top view at d4. Join LENGTH OF ELEVATION c'd" = 86 mm
cd,. It is top view of CD. LENGTHOF PLANcdy =87 mm

{ix) The results are shown in ﬁg 10 67. Fic. 10-67

dm

PATHOF D

ds d;

A line AB, 75 mm iong, is inclined at 45° to the H.P. and 30° to the V.P. Its
end B is in the H.P. and 40 mm in front of the V.P. Draw its projections and
determine its traces.
Draw the projections of a line AB, 90 mm long, its mid-point M being 50 mm
above the H.P. and 40 mm in front of the V.P. The end A is 20 mm above
the H.P. and 10 mm in front of the V.P. Show the traces and the inclinations
of the line with the H.P. and the V.P.
The front view of a 125 mm long line PQ measures 75 mm and its top view
measures 100 mm. Its end Q and the mid-point M are in the first quadrant,
M being 20 mm from both the planes. Draw the projections of the line PQ.
A line AB, 75 mm long is in the second quadrant with the end A in the H.P. and
the end B in the V.P. The line is inclined at 30° to the H.P. and at 45° to the V.P.
Draw the projections of AB and determine its traces.
The end A of a line AB is in the H.P. and 25 mm behind the V.P. The end
B is in the V.P. and 50 mm above the H.P. The distance between the end
projectors is 75 mm. Draw the projections of AB and determine its true
length, traces and inclinations with the two planes.
The top view of a 75 mm long line CD measures 50 mm. C is 50 mm in
front of the V.P. and 15 mm below the H.P. D is 15 mm in front of the V.P.
and is above the H.P. Draw the front view of CD and find its inclinations
with the H.P. and the V.P. Show also its traces.
A line PQ, 100 mm long, is inclined at 45° to the H.P. and at 30° to the V.P.
Its end P is in the second quadrant and Q is in the fourth quadrant. A point
R on PQ, 40 mm from P is in both the planes. Draw the projections of PQ.
A line AB, 65 mm long, has its end A in the H.P. and 15 mm in front of
the V.P The end B is in the third quadrant. The line is inclined at 30° to the
H.P. and at 60° to the V.P. Draw its projections.
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9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

The front view of a line AB measures 65 mm and makes an angle of 45° with
xy. A is in the H.P. and the V.T. of the line is 15 mm below the H.P. The
line is inclined at 30° to the V.P. Draw the projections of AB and find its true
length and inclination with the H.P Also locate its H.T.
A room is 4.8 m X 42 m X 3.6 m high. Determine graphically the distance
between a top corner and the bottom corner diagonally opposite to it.
A line AB is in the first quadrant. Its end A and B are 20 mm and 60 mm
in front of the V.P. respectively. The distance between the end projectors is
75 mm. The line is inclined at 30° to the H.P. and its H.T. is 10 mm above
xy. Draw the projections of AB and determine its true length and the V.T.
Two oranges on a tree are respectively 1.8 m and 3 m above the ground, and
1.2 m and 2.1 m from a 0.3 m thick wall, but on the opposite sides of it.
The distance between the oranges, measured along the ground and parallel to
the wall is 2.7 m. Determine the real distance between the oranges.
Draw an isosceles triangle abc of base ab 40 mm and altitude 75 mm with
a in xy and ab inclined at 45° to xy. The figure is the top view of a triangle
whose corners A, B and C are respectively 75 mm, 25 mm and 50 mm above
the H.P. Determine the true shape of the triangle and the inclination of the
side AB with the two planes.
Three points A, B and C are 7.5 m above the ground level, on the ground level
and 9 m below the ground level respectively. They are connected by roads with
each other and are seen at angles of depression of 10°, 15° and 30° respectively
from a point O on a hill 30 m above the ground level. A is due north-east, B is
due north and C is due south-east of O. Find the lengths of the connecting roads.
A pipe-line from a point A, running due north-east has a downward gradient of 1 in
5. Another point B is 12 m away from and due east of A and on the same level. Find
the length and slope of a pipe-line from B which runs -
due 15° east of north and meets the pipe-line from A.
The guy ropes of two poles 12 m apart, are attached
to a point 15 m above the ground on the corner of a
building. The points of attachment on the poles are
7.5 m and 4.5 m above the ground and the ropes
make 45° and 30° respectively with the ground. Draw 77 7
the projections and find the distances of the poles
from the building and the lengths of the guy ropes.
A plate chimney, 18 m high 0.9 m diameter is s
supported by two sets of three guy wires each, as
shown in fig. 10-68.
One set is attached at 3 m from the top and anchored
6 m above the ground level. The other set is fixed 1%
to the chimney at its mid-height and anchored on
the ground. Determine the length and slope with
the ground, of one of the wires from each set. FIG. 10-68
The projectors drawn from the H.T. and the V.T. of a straight line AB are
80 mm apart while those drawn from its ends are 50 mm apart. The H.T.
is 35 mm in front of the V.P, the V.T. is 55 mm above the H.P. and the end
A is 10 mm above the H.P. Draw the projections of AB and determine its
length and inclinations with the reference planes.
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19.

20.

21.

22,

23.

24,

25.

26.

27.

Three guy ropes AB, CD and EF are tied at points A, C and £ on a vertical post
15 m long at heights of 14 m, 12 m and 10 m respectively from the ground. The
lower ends of the ropes are tied to hooks at points B, D and F on the ground
level. If the points B, D and F lie at the corners of an equilateral triangle of 9 m
long sides and if the post is situated at the centre of this triangle, determine
graphically the length of each rope and its inclination with the ground. Assume
the thickness of the post and the ropes to be equal to that of a line.

A line AB, 80 mm long, makes an angle of 60° with the H.P. and lies in an
auxiliary vertical plane (A.V.P), which makes an angle of 45° with the V.P. Its
end A is 10 mm away from both the H.P. and the V.P.

Draw the projections of AB and determine (i) its true inclination with the V.P.
and (ii) its traces.

A line PQ is 75 mm long and lies in an auxiliary inclined plane (A.I.P.) which
makes an angle of 45° with the H.P. The front view of the line measures 55 mm
and the end P is in the V.P. and 20 mm above the H.P.

Draw the projections of PQ and find (i) its inclinations with both the planes
and (ii) its traces.

A line AB, 80 mm long, makes an angle of 30° with the V.P. and lies in a
plane perpendicular to both the H.P. and the V.P. Its end A is in the H.P. and
the end B is in the V.P. Draw its projections and show its traces.

The front view of a line makes an angle of 30° with xy. The H.T. of the line is
45 mm in front of the V.P, while its V.T. is 30' mm below the H.P. One end of
the line is 10 mm above the H.P. and the other end is 100 mm in front of the V.P.

Draw the projections of the line and determine (i) its true length, and
(i) its inclinations with the H.P. and the V.P.

A room is 6 m X 5 m x 3.5 m high. An electric bracket light is above the
centre of the longer wall and 1 m below the ceiling. The bulb is 0.3 m away
from the wall. The switch for the light is on an adjacent wall, 1.5 m above
the floor and 1 m away from the other longer wall. Find graphically the
shortest distance between the bulb and the switch.

Three lines oa, ob and oc are respectively 25 mm, 45 mm and 65 mm long,
each making 120° angles with the other two and the shortest line being vertical.
The figure is the top view of the three rods OA, OB and OC whose ends A,
B and C are on the ground, while O is 100 mm above it. Draw the front view
and determine the length of each rod and its inclination with the ground.

The projectors of the ends of a line PQ are 90 mm apart. P is 20 mm above
the H.P. while Q is 45 mm behind the V.P. The H.T. and the V.T. of the line
coincide with each other on xy, between the two end projectors and 35 mm
away from the projector of the end P. Draw the projections of PQ and
determine its true length and inclinations with the two planes.

A person on the top of a tower 30 m high, which rises from a horizontal
plane, observes the angles of depression (below the horizon) of two objects
H and K on the plane to be 15° and 25° the direction of H and K from the
tower being due north and due west respectively. Draw the top view to a
scale of T mm = 0.5 m showing the relative positions of the person and the
two objects. Measure and state in metres the distance between H and K.
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28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Two pegs A and B are fixed in each of the two adjacent side walls (of a
rectangular room) which meet in a corner. Peg A is 1.5 m above the floor,
1.2 m from the side wall and is protruding 0.3 m from the wall. Peg B is
2 m above the floor, T m from the other side wali and is also protruding 0.3 m
from the wall. Find the distance between the ends of the pegs.

Two objects A and B, 10 m above and 7 m below the ground level respectively, are
observed from the top of a tower 35 m high from the ground. Both the objects
make an angle of depression of 45° with the horizon. The horizontal distance
between A and B is 20 m. Draw to scale 1:250, the projections of the objects and
the tower and find (a) the true distance between A and B, and (b) the angle of
depression of another object C situated on the ground midway between A and B.
A room measures 8 m long, 5 m wide and 4 m high. An electric point hangs
in the centre of the ceiling and 1 m below it. A thin straight wire connects
the point to a switch kept in one of the corners of the room and 2 m above
the floor. Draw the projections of the wire, and find the length of the wire
and its slope-angle with the floor.

A rectangular tank 4 m high is strengthened by four stay rods one at each
corner, connecting the top corner to a point in the bottom 0.7 m and 1.2 m
from the sides of the tank. Find graphically the length of the rod required and
the angle it makes with the surface of the tank.

Three vertical poles AB, CD and EF are respectively 5, 8 and 12 metres long.
Their ends B, D and F are on the ground and lie at the corners of an
equilateral triangle of 10 metres long sides. Determine graphically the distance
between the top ends of the poles, viz. AC, CE and EA.

The front view of a line AB measures 70 mm and makes an angle of 45° with xy.
A is in the H.P. and the V.T. of the line is 15 mm below the H.P. The line is
inclined at 30° to the V.P. Draw the projections of AB, and find its true length,
inclination with the H.P. and its H.T.

A line AB measures 100 mm. The projectors through its V.T. and the end A
are 40 mm apart. The point A is 30 mm below the H.P. and 20 mm behind
the V.P. The V.T. is 10 mm above the H.P. Draw the projections of the line
and determine its H.T. and inclinations with the H.P. and the V.P.

A horizontal wooden platform is 3.5 m long and 2 m wide. It is suspended
from a hook by means of chains attached at its four corners. The hook is
situated vertically above the centre of the platform and at a distance of 5 m
above it. Determine graphically the length of each chain and the angle which
it makes with the platform. Assume the thickness of the platform and the
chain to be equal to that of a line. Scale: 10 mm = 0.5 m.

A picture frame 2 m wide and 1 m high is to be fixed on a wall railing by
two straight wires attached to the top corners. The frame is to make an angle
of 40° with the wall and the wires are to be fixed to a hook on the wall on
the centre line of the frame and 1.5 m above the railing. Find the length of
the wires and the angle between them.

The top view of line AB measures 60 mm and inclined to reference line at
60°. The end point A is 15 mm above the H.P. and 30 mm infront of the V.P.
Draw the projections of the line when it is inclined at 45° to the H.P. and
is situated in the first quadrant. Find true length and inclination of the line
with the V.P. and traces.
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¥ PLANES

Plane figures or surfaces have only two dimensions, viz. length and breadth. They
do not have thickness. A plane figure may be assumed to be contained by a plane,
and its projections can be drawn, if the position of that plane with respect to the
principal planes of projection is known.

12:-0. INTRODUCTION.

In this chapter, we shall discuss the following topics:

1. Types of planes and their projections.
2. Traces of planes.

121, TYPES OF PLANES

Planes may be divided into two main types:

(1) Perpendicular planes.

(2) Oblique planes.

(1) Perpendicular planes: These planes can be divided into the following sub-types:
(i) Perpendicular to both the reference planes.

(i) Perpendicular to one plane and parallel to the other.

(iii)y Perpendicular to one plane and inclined to the other.

(i) Perpendicular to both the reference planes (fig. 12-1): A square ABCD

is perpendicular to both the planes. lts H.T. and V.T. are in a straight line
perpendicular to xy.

b'
=
>
¢
X y
a
=
I
b
FiGc. 12-1
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The front view b'c’ and the top view ab of the square are both lines coinciding with
the V.T. and the H.T. respectively.

(ii) Perpendicular to one plane and parallel to the other plane:
(@) Plane, perpendicular to the H.P. and parallel to the V.P. [fig. 12-2(i)].

A triangle PQR is perpendicular to the H.P. and is parallel to the V.P. Its
H.T. is parallel to xy. It has no V.T.

The front view p'g'r' shows the exact shape and size of the triangle. The
top view pgr is a line parallel to xy. It coincides with the H.T.

(b) Plane, perpendicular to the V.P. and parallel to the H.P. [fig. 12-2(ii)].

A square ABCD is perpendicular to the V.P. and parallel to the H.P. Its V.T.
is parallel to xy. It has no H.T.

The top view abcd shows the true shape and true size of the square. The front
view ab' is a line, parallel to xy. It coincides with the V.T.

S VT
}
y
d c
r
b
NOHT

hG. 12-2
(iil) Perpendicular to one plane and inclined to the other plane:
(@) Plane, perpendicular to the H.P. and inclined to the V.P. (fig. 12-3).

A square ABCD is perpendicular to the H.P. and inclined at an angle @ to
the V.P. Its V.T. is perpendicular to xy. Its H.T. is inclined at g to xy.

Its top view ab is a line linclined at ¢ to xy. The front view a'b'c'd' is
smaller than ABCD.

a b'
=
d ¢
X }/ y
b

FiGc. 12-3
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Art. 12-2] Projections of Planes 257

(b) Plane, perpendicular to the V.P. and inclined to the H.P. (fig. 12-4).

A square ABCD is perpendicular to the V.P. and inclined at an angle 6 to
the H.P. Its H.T. is perpendicular to xy. Its V.T. makes the angle 6 with
xy. Its front view a'b' is a line inclined at 6 to xy. The top view abcd is
a rectangle which is smaller than the square ABCD.

a
Ly
\b‘
..
X 67 y
d c
=
T
a b
d C
a NOHT.
= d C
i b T
b HT )1,/
p r a
q a b
a b g
X 5 y
. q
b * ' b V
. : b N
> , V.T. e b
¢ p ¢ @ b =
NOV.T. di ¢
FiGg., 12-5

Fig. 12-5 shows the projections and the traces of all these perpendicular planes
by third-angle projection method.

(2) Obligue planes: Planes which are inclined to both the reference planes are
called oblique planes. Representation of oblique planes by their traces is too advanced
to be included in this book.

A few problems on the projections of plane figures inclined to both the reference
planes are however, illustrated at the end of the chapter. They w1ll prove to be of
great use in deahng with the prOJect:ons of solids.

12-2. TRACES OF em&z% . %/ |
A plane extended if necessary, will meet the reference planes in llnes, unless it is

parallel to any one of them.

These lines are called the traces of the plane. The line in which the plane meets
the H.P. is called the horizontal trace or the H.T. of the plane. The line in which
it meets the V.P. is called its vertical trace or the V.T. A plane is usually represented
by its traces.
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(1) Traces:

(a)

(b)

(0

(d)

(e)

(2)
(&)

(b)

(9]

When a plane is perpendicular to both the reference planes, its traces lie
on a straight line perpendicular to xy.

When a plane is perpendicular to one of the reference planes, its trace
upon the other plane is perpendicular to xy (except when it is parallel to
the other plane).

When a plane is parallel to a reference plane, it has no trace on that
plane. Its trace on the other reference plane, to which it is perpendicular,
is parallel to xy.

When a plane is inclined to the H.P. and perpendicular to the V.P, its
inclination is shown by the angle which its V.T. makes with xy. When it
is inclined to the V.P. and perpendicular to the H.P, its inclination is
shown by the angle which its H.T. makes with xy.

When a plane has two traces, they, produced if necessary, intersect in xy
(except when both are parallel to xy as in case of some oblique planes).

Projections:

When a plane is perpendicular to a reference plane, its projection on that
plane is a straight line.

When a plane is parallel to a reference plane, its projection on that plane
shows its true shape and size.

When a plane is perpendicular to one of the reference planes and inclined
to the other, its inclination is shown by the angle which its projection on
the plane to which it is perpendicular, makes with xy. Its projection on the
plane to which it is inclined, is smaller than the plane itself.

Problem 12-1. Show by means of traces, each of the following planes:

(a)
(b)
()
(d)
(e)

Fig.

(&)
b)

(©)
(d)

(&)

Perpendicular to the H.P. and the V.R

Perpendicular to the H.P. and inclined at 30° to the V.P.
Parallel to and 40 mm away from the V.7

Inclined at 45° to the H.F. and perpendicular to the V.P
Parallef to the H.F. and 25 mm away from it.

12-6 and fig. 12-7 show the various traces.

The H.T. and the V.T. are in a line perpendicular to xy.

The H.T. is inclined at 30° to xy; the V.T. is normal to xy; both the traces
intersect in xy.

The H.T. is parallel to and 40 mm away from xy. It has no V.T.

The H.T. is perpendicular to xy; the V.T. makes 45° angle with xy; both
intersect in xy.

The V.T. is parallel to and 25 mm away from xy. It has no H.T.
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- L V.T.
] B g
NOV.T. 45°
X 30° y
iy AR H NOH.T.
= H.T. T
(a) o) © (@ &)
(First-angle projection)
Fic, 12-6
. HT. .
T 4r = NOH.T.
X 30° y
NO V.T. o
L 45 V.T.
— = 7
- -

Fig. 12-7

The projection of a plane on the reference plane parallel to it will show its true shape.

Hence, beginning should be made by drawing that view. The other view which will be
a line, should then be projected from it.

(1) When the plane is parallel to the H.F: The top view should be drawn
first and the front view projected from it.

Problem 12-2. (fig. 12-8): An equilateral triangle of 50 mm side has its V.T.
parallel to and 25 mm above xy. It has no H.T. Draw its projections when one of
its sides is inclined at 45° to the V.P.

As the V.T. is parallel to xy and as there is no H.T. 2 VI. ¢
the triangle is parallel to the H.P. Therefore, begin with the 9
top view. ) A .

() Draw an equilateral triangle abc of 50 mm side, )
keeping one side, say ac, inclined at 45° to xy.

-
o
o\°<

(i) Project the front view, parallel to and 25 mm above
xy, as shown. a

(2) When the plane is parallel to the V.P: Beginning L%*/b

should be made with the front view and the top view
projected from it. Fic. 12-8
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Problem 12-3. (fig. 12-9): A square ABCD of 40 mm b
side has a corner on the H.P. and 20 mm in front of the V.P
All the sides of the square are equally inclined to the H.P. and

parallel to the V.P. Draw its projections and show its traces. a ¢
As all the sides are parallel to the V.P, the surface of
the square also is parallel to it. The front view will show | 45NA45 |
the true shape and position of the square. d
. . . . b HT.
(i) Draw a square a'b'c'd' in the front view with one a ¢
corner in xy and all its sides inclined at 45° to xy. FiG. 12-9

(i) Project the top view keeping the line ac parallel to xy and 30 mm below
it. The top view is its H.T. It has no V.T.

"é 2-5. PROJECT %@f‘%ﬁ% %F ?iﬁ@%&ﬁ %&%@;ﬁ%ﬁﬁ E’@ ONE ﬁ%%%%%&ﬁ% %/
PLANE é%@ F%ﬁ?%%ﬁﬁﬁﬁﬂﬁ %’@ THE @’%ﬁ%ﬁ . X&

When a plane is inclined to a reference plane, its projections may be obtained in
two stages. In the initial stage, the plane is assumed to be parallel to that reference
plane to which it has to be made inclined. It is then tilted to the required inclination
in the second stage.

(1) Plane, inclined to the H.P. and perpendicular to the V.B: When the
plane is inclined to the H.P. and perpendicular to the V.P, in the initial stage, it
is assumed to be parallel to the H.P. Its top view will show the true shape. The
front view will be a line parallel to xy. The plane is then tilted so that it is inclined
to the H.P. The new front view will be inclined to xy at the true inclination. In
the top view the corners will move along their respective paths (parallel to xy).

Problem 12-4. (fig. 12-10): A regular pentagon of 25 mm side has one side on
the ground. Its plane is inclined at 45° to the H.P. and perpendicular to the V.P.

Draw its projections and show its traces. ¢ o

Assuming it to be parallel to the H.P. b b‘/
() Draw the pentagon in the top 4.
view with one side perpendicular
to xy [fig. 12-10()]. Project the a/\%" | b ¢ _a/\%
front view. It will be the line di| d dy
a'c’ contained by xy.

(ii)  Tilt the front view about the point &

so that it makes 45° angle with xy. . C1_\e¢

C4
(i) Project the new top view abicidqe
upwards from this front view and a
horizontally from the first top view. |
it will be more convenient if the by b by
front view is reproduced in the (i (i)
new position separately and the RG. 12-10
top view projected from it, as shown in fig. 12-10(ii). The V.T. coincides
with the front view and the H.T. is perpendicular to xy, through the point
of intersection between xy and the front view-produced.
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(2) Plane, inclined to the V.P. and perpendicular to the H.P.: In the initial
stage, the plane may be assumed to be parallel to the V.P. and then tilted to the
required position in the next stage. The projections are drawn as illustrated in the next
problem.

Problem 12-5. (fig. 12-11): Draw the projections of a circle of 50 mm diameter,
having its plane.vertical and inclined at 30° to the V.P. Its centre is 30 mm above the
H.P. and 20 mm in front of the V.P. Show also its traces.

A circle has no corners to project one view from another. However, a number of
points, say twelve, equal distances apart, may be marked on its circumference.

(i)

(i)

(iii)

(iv)

Assuming the circle to be parallel & &

to the V.P, draw its projections. 3 3

The front view will be a circle [fig. 2 24

12-11(i)], having its centre 30 mm . \6 1 .
above xy. The top view will be aline, ¥ /o o 1

parallel to and 20 mm below xy.

Divide the circumference into twelve

equal parts (with a 30°-60° set- X py y
square) and mark the points as QL 15
shown. Project these points in the 12 ] g 6 3\‘2 &
top view. The centre O will coincide 3 ® \5\ .
with the point 4. ) i 6

i
When the circle is tilted, so as ( @

FiG. 12-11

to make 30° angle with the V.P,
its top view will become inclined at 30° to xy. In the front view all the
points will move along their respective paths (parallel to xy). Reproduce the
top view keeping the centre o at the same distance, viz. 20 mm from xy
and inclined at 30° to xy [fig. 12-11(ii)l.

For the final front view, project all the points upwards from this top view
and horizontally from the first front view. Draw a freehand curve through
the twelve pomts 1'1, 2'y etc. This curve will be an elhpse

’iféf ﬁ, ?ﬁ@ﬁ%ﬁﬂ@f‘éﬁ fl-'" Qﬁiﬁ@%ﬁﬁ Piﬁé%%ﬁ /:%

When a plane has its surface inclined to one plane and an edge or a diameter or
a diagonal parallel to that plane and inclined to the other plane, its projections are
drawn in three stages.

M

If the surface of the plane is inclined to the H.P. and an edge (or a diameter
or a diagonal) is parallel to the H.P. and inclined to the V.P,,

(i) in the initial position the plane is assumed to be parallel to the H.P.
and an edge perpendicular to the V.P.

(i) It is then tilted so as to make the required angle with the H.P. As
already explained, its front view in this position will be a line, while
its top view will be smaller in size.

(iii) In the final position, when the plane is turned to the required inclination with
the V.P,, only the position of the top view will change. Its shape and size will
not be affected. In the final front view, the corresponding distances of all
the corners from xy will remain the same as in the second front view.
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If an edge is in the H.P. or on the ground, in the initial position, the plane
is assumed to be lying in the H.P. or on the ground, with the edge perpendicular
to the V.P. If a corner is in the H.P. or on the ground, the line joining that corner
with the centre of the plane is kept parallel to the V.P.

(2) Similarly, if the surface of the plane is inclined to the V.P. and an edge
(or a diameter or a diagonal) is parallel to the V.P. and inclined to the H.P,

(i) in the initial position, the plane is assumed to be parallel to the V.P.
and an edge perpendicular to the H.P.

(i) It is then tilted so as to make the required angle with the V.P. lts top view
in this position will be a line, while its front view will be smaller in size.

(iii) When the plane is turned to the required inclination with the H.P,
only the position of the front view will change. Its shape and size will
not be affected. In the final top view, the corresponding distances of
all the corners from xy will remain the same as in the second top view.

if an edge is in the V.P, in the initial position, the plane is assumed to be
lying in the V.P. with an edge perpendicular to the H.P. If a corner is in the V.P,
the line joining that corner with centre of the plane is kept parallel to the H.P.

Problem 12-6. (fig. 12-12): A square ABCD of 50 mm side has its corner A in
the H.P, its diagonal AC inclined at 30° to the H.P. and the diagonal BD inclined
at 45° to the V.P. and parallel to the H.P. Draw its projections.

c '

Cy
b by d
(8 b ¢ a_~530° / y
d o a 45°
aq d1
a (3 ay Gy
by e,
b by
0] (il (i)
nG. 12-12

In the initial stage, assume the square to be lying in the H.P. with AC parallel to
the V.P.

(i) Draw the top view and the front view. When the square is tilted about the
corner A so that AC makes 30° angle with the H.P., BD remains perpendicular
to the V.P. and parallel to the H.P.

(i) Draw the second front view with a'c' inclined at 30° to xy, keeping
a' or ¢' in xy. Project the second top view. The square may now be turned
so that BD makes 45° angle with the V.P. and remains parallel to the H.P.
Only the position of the top view will change. Its shape and size will
remain the same.
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(iii) Reproduce the top view so that bd; is inclined at 45° to xy. Project the
final front view upwards from this top view and horizontally from the
second front view.

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 27 for the
following problem.

+NIFRA

Problem 12-7. (Fig. 12-13): A rectangular plane surface of size L X W is positioned
in the first quadrant and is inclined at an angle of 60° with the H.P. and 30° with the
V.P. Draw its projections.

0 by
' 60°
N b a' |
a ¥ !
d. Cl d: d1 C1
X - D y
d c d4 ¢4 L~
i !
w
i "
?%‘ L ! b ay b1 2
STEP1 STEP 2 STEP 3
(i) (i) (i )
FIG. 12-13

(i) The plane is first assumed to be parallel to H.P. with its shorter edge perpendicular to
V.P. In this position, true shape and size of the plane is given by its projection
on H.P. The front view will be a true line parallel to the reference fine xy.

(i) Rotate the front view projection by 60° (the angle of inclination of plane with
H.P) as shown in Step 2 of fig. 12-13(ii). Draw vertical lines from the ends
of line a'd' and b'c' to intersect horizontal lines drawn from the top view abcd
(step 1) at points by, ¢y, dy and ay. Join a;byc1d; to obtain the top view of the
plane in this inclined position.

(iii) Now rotate the edge dic; of the top view (step 2) by 30° (the angle of
inclination of plane with V.P.) and reproduce it as shown in step 3 of the
fig. 12-13(iii). Draw projections from a4, by, ¢4 and d to intersect the horizontal
projections from a'd' and b'c' to get the points a'y, b'y, ¢'y and d';. Join the lines
a'1b'ic’1d'; to obtain the final front view of the given plane surface.

Problem 12-8. (fig. 12-14): Draw the projections of a regular hexagon of

25 mm side, having one of its sides in the H.F and inclined at 60° to the V.P,
and its surface making an angle of 45° with the H.P
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264 Engineering Drawing [Ch. 12
(i) Draw the hexagon in the top view with one side perpendicular to xy.
Project the front view a'c' in xy.
(i) Draw a'c' inclined at 45° to xy keeping a' or c' in xy and project the second
top view.
(iii) Reproduce this top view making a;f; inclined at 60° to xy and project the
final front view. ,

¢ ¢ dy
\ b
b 1 A
1 (] § (] 40
B b ¢ a 45 . y
e e 1
e
f : / T\
fy
d4
a (o ER
/01
b by 1
() (ii) (i)
Fig. 12-14

Problem 12-9. (fig. 12-15): Draw the projections of a circle of 50 mm diameter
resting in the H.P. on a point A on the circumference, its plane inclined at 45° to
the H.P. and

(a) the top view of the diameter AB making 30° angle with the V.P;

(b) the diameter AB making 30° angle with the V.P

by b
&8 s 7 o 7
3 7 Z 9
K o/ | o/ o ¢
\‘(:\ o Q /}/ Q, /5:
al el'hl cl,dl f"gk bl %'Q *45 " , , — L
7 7 ’
[+ Cq
h g hy g
‘ e Al
5.1 C?, /< o} @, >§
a B b1 /4 30° / é ’
2 {9
[
8 t B t 5’7\; é >b/ r:k_ ______ S
d dy o gz ; / by by

~

7
(i) , (i) (i) (iv)
FiG. 12-15
Draw the projections of the circle with A in the H.P. and its plane inclined at
45° to the H.P. and perpendicular to the V.P. [fig. 12-15(i) and fig. 12-15(ii)].
(@ In the second top view, the line a;b; is the top view of the diameter AB.
Reproduce this top view so that a;b; makes 30° angle with xy [fig. 12-15(iii)].
Project the required front view.
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Art. 12-6) Projections of Planes 265

(b) If the diameter AB, which makes 45° angle with the H.P, is inclined at 30°
to the V.P. also, its top view a;b; will make an angle greater than 30° with
xy. This apparent angle of inclination is determined as described below.

Draw any line a{b, equal to AB and inclined at 30° to xy [fig. 12-15(iv)]. With
a, as centre and radius equal to the top view of AB, viz. a;b4, draw an arc cutting
rs (the path of B in the top view) at bz. Draw the line joining a; with bz, and
around it, reproduce the second top view. Project the final front view. It is evident
that a{bz is inclined to xy at an angle g which is greater than 30°

Problem 12-10. (fig. 12-16): A thin 30°-60° set-square has its longest edge in
the V.P. and inclined at 30° to the H.P. Its surface makes an angle of 45° with the
V.P. Draw its projections.

In the initial stage, assume the set-square to be in the V.P. with its hypotenuse
perpendicular to the H.P.

g aj
60° b' b-‘
b %
30°
\ ) 30°
¢ cy a
a b a il Cy
X
c c\Ja5° y
b
by
U] (i (il
FiG. 12-16

(i) Draw the front view a'b'c' and project the top view ac in xy.

(i) Tilt ac around the end a so that it makes 45° angle with xy and project
the front view a'{b'(c's.

(ili) Reproduce the second front view a'ib';c'; so that a'yb'; makes an angle of
30° with xy. Project the final top view a;bqcq.

Problem 12-11. (fig. 12-17): A thin rectangular plate of sides 60 mm X 30 mm
has its shorter side in the V.P. and inclined at 30° to the H.P. Project its top view
if its front view js a square of 30 mm long sides.

As the front view of the plate is a square, its surface must be inclined to the
V.P. Hence, assume the plate to be in the V.P. with its shorter edge perpendicular
to the H.P.

(i) Draw the front view a'b'c'd' and project the top view ab in xy [fig. 12-17(i)].

(i) The line ab should be so inclined to xy that the front view becomes a

square. Therefore, draw the square a'ib'1c'yd'; of side equal to a'd'. With
a as centre and radius equal to ab draw an arc cutting the projector
through b'; at b. Then ab is the new top view.

(iii) Reproduce the second front view in such a way that a'yd'; makes 30° angle
with xy. Project the final top view as shown.
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FIG. 12-17

Problem 12-12. (fig. 12-18): A circular plate of negligible thickness and 50 mm
diameter appears as an ellipse in the front view, having its major axis 50 mm long and minor
axis 30 mm long. Draw its top view when the major axis of the ellipse is horizontal.

As the plate is seen as an ellipse in the front view, its surface must be inclined
to the V.P.

b
g
d
a 3 b a
X
¢ 3
Q! | \\
at——- —. b ali + _.[._b‘1

() (i) (i
(Third-angle projection)
FIG. 12-18

(i) Therefore, assume it to be parallel to the V.P. and draw its front view and the
top view.

(iiy Turn the line ab so that its length in the front view becomes 30 mm, and
project the front view. It will be an ellipse whose major axis is vertical.

(i)’ Reproduce this view so that the major axis c';d"; is horizontal, and project the
required top view.
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Problem 12-13. Fig. 72-19 shows a thin plate
of negligible thickness. It rests on its PQ edge
with its plane perpendicular to V.P. and inclined
40° to the H.P. Draw its projections.

Projections of Planes 267

70
40

Fic. 12

-19

Keep the plane of plate in the H.P. and draw the projections as shown.

Tilt front view at p" making an angle of 40°.

Project p", a', d", c", v" etc. in the top view. Draw horizontal projectors
intersecting previously drawn projectors from the front view. Join by smooth
curve to complete the top view.

Problem 12-14. (fig. 12-20): A pentagcnal plate of 45 mm side has a circular hole
of 40 mm diameter in its centre. The plane stands on one of its sides on the H.P. with
its plane perpendicular to V.P. and 45° inclined to the H.P. Draw the projections.

(i)

Keep the plane of plate
in the horizontal plane.

Draw top view and
front view as shown.

Tilt the front view a"
..... d" at a" making an
angle of 45°. Draw the
projectors from various
points a" ...d".

Draw horizontal pro-
jectors from the top
view abcd as shown.
Join the intersection
points and complete
new top view aq, by,
¢4, dy, €4, as shown.

www.Jntufastupdates.com
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268 Engineering Drawing [Ch. 12

Problem 12-15. (fig. 12-21): A thin circular plate of 70 mm diameter is resting on
its circumference such that its plane is inclined 60° to the H.P. and 30° to the V.P. Draw

the projections of the plate.

i1 X1
‘ 7 7"
t 7“| "
8' ' 6 6 8"
i 71 61“
g 6 N
30°
1' 5' 5" 1»1
1; 5.1 5 3 1“!
2 4 / gl o
. 4"
2 4
. 3y 60°% y
i 71 [ R 3
84 6y
K 5,
4
21 1
3
¥y
Fic. 12-21

() Draw the projection of the plate keeping its plane parallel to the V.P. as
shown in fig. 12-21.

(i) Mark a reference line x;y; perpendicular to xy line to represent the auxiliary
plane which is at right angle to both the H.P. and the V.P.

(iii) Divide the front view in eight parts and mark the points 1 2' ...8"
Project these points on the side view as 1", 2" ....8".

(iv) Tilt the side view 3" 7" such that it touches the x4y line and also makes
60° with the xy line.

(v) Complete the projection as shown in fig. 12-21.

Problem 12-16. (fig. 12-22): PQRS is a rhombus having diagonal PR = 60 mm
and QS = 40 mm and they are perpendicular to each other. The plane of the
rhombus is inclined with H.P. such that its top view appears to be square. The top
view of PR makes 30° with the V.P. Draw ijts projections and determine inclination
of the plane with the H.P

(i) Assume that the rhombus is lying in H.P. with its longest diagonal parallel
to xy line.

(i) Draw the plans of diagonals PR = 60 mm and QS = 40 mm (true length)
perpendicular each other as shown.

(iii) Join points p, g, r and s. It is top view of the rhombus. Project the points
p, g, r and s in the xy line. It is front view of the rhombus points p', q',
r'and s' in the xy line as the plane of rhombus is perpendicular to the V.P.
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(iv) PR and QS are lying in H.P. pr and gs are true length. As the plane of the
rhombus is inclined to H.P, the top view of the rhombus is going to be a square.
But diagonal gs does not change in the length as it is perpendicular to V.P.

(v) Draw the projectors from the points p, g and r, s parallel to the xy. From
g and s; draw square p; g rq sy such that s; q; = p; ry as shown in
fig. 12-22.

(vi) Draw vertical projectors from pq, g4, r{ and s;.

(vii) Projector of p; intersects at p" in xy line. Taking p" as centre and the
radius equal to 60 mm (p'r), draw the arc to intersect the vertical projectors
of ry at r'. Join p"r". Measure angle of p"r' with xy line.

(viii) Tilt diagonal pqrq at 30° with xy and reproduce square p,q,rps,. Draw
vertical projectors from p,, q,, r, and s, to intersect the horizontal projectors
from p", g", r'" and s" at p", g", r" and s". Join the points p", ", r" and

s" as shown.

™ ™

1

{1
q

pﬂl y
S2

)

)

q Q4
Fic. 12-22

BRde

1.

Draw an equilateral triangle of 75 mm side and inscribe a circle in it. Draw
the projections of the figure, when its plane is vertical and inclined at 30° to
the V.P. and one of the sides of the triangle is inclined at 45° to the H.P.

A regular hexagon of 40 mm side has a corner in the H.P. Its surface is
inclined at 45° to the H.P. and the top view of the diagonal through the
corner which is in the H.P. makes an angle of 60° with the V.P. Draw its
projections.

Draw the projections of a regular pentagon of 40 mm side, having its surface
inclined at 30° to the H.P. and a side parallel to the H.P. and inclined at an
angle of 60° to the V.P.

Draw the projections of a rhombus having diagonals 125 mm and 50 mm
long, the smaller diagonal of which is parallel to both the principal planes,
while the other is inclined at 30° to the H.P.
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5.

10.

11.

12.

13.

14.

15.

Draw' a regular hexagon of 40 mm side, with its two sides vertical. Draw a
circle of 40 mm diameter in its centre. The figure represents a hexagonal
plate with a hole in it and having its surface parallel to the V.P. Draw its
projections when the surface is vertical and inclined at 30° to the V.P. Assume
the thickness of the plate to be equal to that of a line.

Draw the projections of a circle of 75 mm diameter having the end A of the
diameter AB in the H.P, the end B in the V.P,, and the surface inclined at 30°
to the H.P. and at 60° to the V.P

A semi-circular plate of 80 mm diameter has its straight edge in the V.P. and
inclined at 45° to the H.P. The surface of the plate makes an angle of 30°
with the V.P. Draw its projections.

The top view of a plate, the surface of which is perpendicular to the V.P. and
inclined at 60° to the H.P. is a circle of 60 mm diameter. Draw its three
views.

A plate having shape of an isosceles triangle has base 50 mm long and
altitude 70 mm. It is so placed that in the front view it is seen as an
equilateral triangle of 50 mm sides and one side inclined at 45° to xy. Draw
its top view.

Draw a rhombus of diagonals 100 mm and 60 mm long, with the longer
diagonal horizontal. The figure is the top view of a square of 100 mm long
diagonals, with a corner on the ground. Draw its front view and determine
the angle which its surface makes with the ground.

A composite plate of negligible thickness is made-up of a rectangle 60 mm X
40 mm, and a semi-circle on its longer side. Draw its projections when the
longer side is parallel to the H.P. and inclined at 45° to the V.P, the surface
of the plate making 30° angle with the H.P.

A 60° set-square of 125 mm longest side is so kept that the longest side is
in the H.P. making an angle of 30° with the V.P. and the set-square itself
inclined at 45° to the H.P. Draw the projections of the set-square.

A plane figure is composed of an equilateral triangle ABC and a semi-circle on
AC as diameter. The length of the side AB is 50 mm and is parallel to the
V.P. The corner B is 20 mm behind the V.P. and 15 mm below the H.P. The
plane of the figure is inclined at 45° to the H.P. Draw the projections of the
plane figure.

An equilateral triangle ABC having side length as 50 mm is suspended from
a point O on the side AB 15 mm from A in such a way that the plane of
the triangle makes an angle of 60° with the V.P. The point O is 20 mm below
the H.P. and 40 mm behind the V.P. Draw the projections of the triangle.

PQRS and ABCD are two square thin plates with their diagonals measuring
30 mm and 60 mm. They are touching the H.P. with their corners P and A
respectively, and touching each other with their corresponding opposite corners
R and C. If the plates are perpendicular to each other and perpendicular to
V.P. also, draw their projections and determine the length of their sides.
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13-0. INTRODUCTION . %/

A solid has three drmensrons, viz. Iength breadth and thickness. To represent a
solid on a flat surface having only length and breadth, at least two orthographic
views are necessary. Sometimes, additional views projected on auxiliary planes become
necessary to make the description of a solid complete.

This chapter deals with the following topics:
1. Types of solids.
2. Projections of solids in simple positions.
(a) Axis perpendicular to the H.P.
(b) Axis perpendicular to the V.P.
(c) Axis parallel to both the H.P. and the V.P.

3. Projections of solids with axes inclined to one of the reference planes and
parallel to the other.

(@ Axis inclined to the V.P. and parallel to the H.P.

(b) Axis inclined to the H.P. and parallel to the V.P.
4. Projections of solids with axes inclined to both the H.P. and the V.P.
5. Projections of spheres.

Thm book is aaompan ed by a COmputer CD whzch contains an audiovisual

animation presented for better visualization and understanding of the

+ subject. Readers are requested to refer Presentation module 28 for the
types of solids.

Solids may be divided into two main groups:
(1) Polyhedra
(2) Solids of revolution.

(1) Polyhedra: A polyhedron is defined as a solid bounded by planes called faces.
When all the faces are equal and regular, the polyhedron is said to be regular.

There are seven regular polyhedra which may be defined as stated below:
(i) Tetrahedron (fig. 13-1): 1t has four equal faces, each an equilateral triangle.

(i) Cube or hexahedron (fig. 13-2): It has six faces, all equal squares.
WWW. Jntufastupdates com
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Tetrahedron Cube QOctahedron
FiG. 13-1 Fic, 13-2 FiG. 13-3

(ivi Dodecahedron (fig. 13-4): It has twelve equal and regular pentagons as faces.
(v) lcosahedron {fig. 13-5): It has twenty faces, all equal equilateral triangles.

Dodecahedron Icosahedron
Fic. 13-4 FiG. 13-5

(vi) Prism: This is a polyhedron having two equal and similar faces called its
ends or bases, parallel to each other and joined by other faces which are
parallelograms. The imaginary line joining the centres of the bases is called
the axis.

A right and regular prism (fig. 13-6) has its axis perpendicular to the
bases. All its faces are equal rectangles.

~ ENDS OF BASES

N o o e e e

Pentagonal Hexagonal

Triangular

Prisms
Fic. 13-6

(vii) Pyramid: This is a polyhedron having a plane figure as a base and a
number of triangular faces meeting at a point called the vertex or apex.
The imaginary line joining the apex with the centre of the base is its axis.

A right and regular pyramid (fig. 13-7) has its axis perpendicular to the
base which is a regular plane figure. Its faces are all equal isosceles triangles.
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Art. 13-1] Projections of Solids 273

Oblique prisms and pyramids have their axes inclined to their bases.

Prisms and pyramids are named according to the shape of their bases, as
triangular, square, pentagonal, hexagonal etc.

BASE =
TRIANGULAR SQUARE PENTAGONAL
Pyramids
FiGg. 13-7

(2) Solids of revolution:

0]

(iD)

(iii)

Cylinder (fig. 13-8): A right circular cylinder is a solid generated by the
revolution of a rectangle about one of its sides which remains fixed. It has
two equal circular bases. The line joining the centres of the bases is the
axis. It is perpendicular to the bases.

Cone (fig. 13-9): A right circular cone is a solid generated by the revolution
of a right-angled triangle about one of its perpendicular sides which is
fixed.

It has one circular base. lts axis joins the apex with the centre of the
base to which it is perpendicular. Straight lines drawn from the apex to
the circumference of the base-circle are all equal and are called generators
of the cone. The length of the generator is the slant height of the cone.
APEX

GENERATORS

ENDSOR
BASES

Cylinder Cone Sphere
FiG. 13-8 FIG. 13-9 Fic. 13-10

Sphere (fig. 13-10): A sphere is a solid generated by the revolution of a
semi-circle about its diameter as the axis. The mid-point of the diameter is
the centre of the sphere. All points on the surface of the sphere are
equidistant from its centre.

Oblique cylinders and cones have their axes inclined to their bases.

(iv)

Frustum: When a pyramid or a cone is cut by a plane parallel to its base,
thus removing the top portion, the remaining portion is called its frustum
(fig. 13-11).
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274 Engineering Drawing {Ch. 13

(v) Truncated: When a solid is cut by a plane inclined to the base it is said
to be truncated.

In this book mostly right and regular solids are dealt with. Hence, when a

solid is named without any qualification, it should be understood as being
right and regular.

Frustums
FiG. 13-11

113:2. PROJECTIONS OF SOLIDS IN SN

A sohd in simple position may have its axis perpendxcular to one reference plane
or parallel to both. When the axis is perpendicular to one reference plane, it is
parallel to the other. Also, when the axis of a solid is perpendicular to a plane,
its base will be parallel to that plane. We have already seen that when a plane is
parallel to a reference plane, its projection on that plane shows its true shape and size.

Therefore, the projection of a solid on the plane to which its axis is perpendicular,
will show the true shape and size of its base.

Hence, when the axis is perpendicular to the ground, i.e. to the H.P,, the top view
should be drawn first and the front view projected from it.

When the axis is perpendicular to the V.P., beginning should be made with the
front view. The top view should then be projected from it.

When the axis is parallel to both the H.P. and the V.P, neither the top view nor
the front view will show the actual shape of the base. In this case, the projection
of the solid on an auxiliary plane perpendicular to both the planes, viz. the side view
must be drawn first. The front view and the top view are then projected from the
side view. The projections in such cases may also be drawn in two stages.

(1) Axis perpendicular to the H.P:

Problem 13-1. (fig. 13-12): Draw
the projections of a triangular prism, base
40 mm side and axis 50 mm long, resting
on one of its bases on the H.P. with a
vertical face perpendicular to the V.P.

(Y As the axis is perpendicular to

the ground i.e. the H.P. begin
with the top view. It will be
an equilateral triangle of sides
40 mm long, with one of its
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Art. 13-2] Projections of Solids 275

sides perpendicular to xy. Name the corners as shown, thus completing
the top view. The corners d, e and f are hidden and coincide with the top
corners a, b and c respectively.

(i) Project the front view, which will be a rectangle. Name the corners. The line
b'e' coincides with a'd'.
Problem 13-2. (fig. 13-13): Draw the projections of a pentagonal pyramid, base

30 mm edge and axis 50 mm long, having its base on the H.P. and an edge of
the base parallel to the V.P. Also draw its side view.

Fic. 13-13

(i) Assume the side DE which is nearer the V.P, to be paralle! to the V.P. as shown
in the pictorial view.

(i) In the top view, draw a regular pentagon abcde with ed parallel to and nearer
xy. Locate its centre 0 and join it with the corners to indicate the slant edges.

(iii) Through o, project the axis in the front view and mark the apex o, 50 mm
above xy. Project all the corners of the base on xy. Draw lines o'a', o'b’
and o'c’ to show the visible edges. Show o'd’ and o'e' for the hidden edges
as dashed lines.

(iv) For the side view looking from the left, draw a new reference line x4y,
perpendicular to xy and to the right of the front view. Project the side
view on it, horizontally from the front view as shown. The respective
distances of all the points in the side view from xqy;, should be equal to
their distances in the top view from xy. This is done systematically as
explained below:

(v} From each point in the top view, draw horizontal lines upto xqy;. Then
draw lines inclined at 45° to xqy; (or xy) as shown. Or, with g, the point
of intersection between xy and x,y; as centre, draw quarter circles. Project
up all the points to intersect the corresponding horizontal lines from the
front view and complete the side view as shown in the figure. Lines od;
and o04cq coincide with 04e4 and o0,aq respectively.

Problem 13-3. (fig. 13-14): Draw the projections of (i) a cylinder, base 40 mm
diameter and axis 50 mm long, and (i) a cone, base 40 mm diameter and axis 50 mm
fong, resting on the H.P. on their respective bases.
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(i) Draw a circle of 40 mm diameter in the top view and project the front view
which will be a rectangle [fig. 13-14(ii)].

(i) Draw the top view [fig. 13-14(iii)]. Through the centre o, project the apex o', 50 mm
above xy. Complete the triangle in the front view as shown.

a| '

2]

2
(i) (iif)
Fig, 13-14

In the pictorial view [fig. 13-14(i)], the cone is shown as contained by the cylinder.

Problem 13-4. (fig. 13-15): A cube of 50 mm long edges is resting on the H.P.
with its vertical faces equally inclined to the V.P Draw its projections.

a! bl :l
F E ’ d‘
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'y b‘d' !
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i =~ 45°
s’ f A B n
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N - ale gyc
E - )
A f
b
FIG. 13-15

Begin with the top view.
(i) Draw a square abcd with a side making 45° angle with xy.
(i) Project up the front view. The line d' h* will ¢oincide with b' .

Problem 13-5. (fig. 13-16): Draw the projections of a hexagonal pyramid, base
30 mm side and axis 60 mm long, having its base on the H.P. and one of the
edges of the base inclined at 45° to the V.P
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(i) In the top view, draw a line af 30 mm long and inclined at 45° to xy.
Construct a regular hexagon on af. Mark its centre o and complete the top
view by drawing lines joining it with the corners.

(i) Project up the front view as described in problem 13-2, showing the line o'e'
and o'f' for hidden edges as dashed lines.

\ 0
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\
\\
X el W y
e xa'1 a b' ¢ y
a [
/
aj (i
d
A b
Fic. 13-16 . FIG. 13-17

Problem 13-6. (fig. 13-17): A tetrahedron of 5 cm long edges is resting on the H.P.
on one of its faces, with an edge of that face parallel to the V.P. Draw its projections
and measure the distance of its apex from the ground.

All the four faces of the tetrahedron are equal equilateral triangles of 5 cm side.

(i) Draw an equilateral triangle abc in the top view with one side, say ac, parallel
to xy. Locate its centre o and join it with the corners.

(i) In the front view, the corners a, b' and c¢' will be in xy. The apex o' will
lie on the projector through o so that its true distance from the corners
of the base is equal to 5 cm.

(iii) To locate o', make oa (or ob or oc) parallel to xy. Project a; to a'; on xy.
With a'; as centre and radius equal to 5 cm cut the projector through o in
o'. Draw lines o'a', o'b’ and o'c' to complete the front view. o'b' will be the
distance of the apex from the ground.

(2) Axis perpendicular to the V.P:
Probiem 13-7. (fig. 13-18): A hexagonal prism has one of its rectangular

faces parallel to the H.P. its axis is perpendicular to the V.P and 3.5 cm above
the ground.
Draw its projections when the nearer end is 2 ¢cm in front of the V.P. Side of
base 2.5 c¢cm long; axis 5 c¢cm long.
() Begin with the front view. Construct a regular hexagon of 2.5 cm long
sides with its centre 3.5 cm above xy and one side parallel to it.

(i) Project down the top view, keeping the line for nearer end, viz. 1-4, 2 cm
below xy.
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FIG. 13-18

Problem 13-8. (fig. 13-19): A square pyramid, base 40 mm side and axis 65 mm
long, has its base in the V.P. One edge of the base is inclined at 30° to the H.P. and
a corner contained by that edge is on the H.P. Draw its projections.

(i) Draw a square in the front view with the corner d' in xy and the side d'c’
inclined at 30° to it. Locate the centre o' and join it with the corners of the
square.

(i) Project down all the corners in xy (because the base is in the V.P.). Mark the
apex o on a projector through o'. Draw lines for the slant edges and complete
the top view.

FiG. 13419

(3) Axis parallel io both the H.P and the V.B:
Problem 13-9. (fig. 13-20): A triangular prism, base 40 mm side and height 65 mm
is resting on the H.P. on one of its rectangular faces with the axis parallel to the V.P.
Draw its projections.
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As the axis is parallel to both the by e b
planes, begin with the side view. o)

(i) Draw an equilateral triangle l . _
representing the side view, with TO' P 0
one side in xy. 8 /4

(i) Project the front view horizontally \
from this triangle. f

(iiiy Project down the top view from

the front view and the side view, elp oy
as shown.
This problem can also be solved g A

in two stages as explained in the next
artlcle Fic. 13-20

. %Kﬁiﬁ%f&% 13G)

Draw the projections of the followmg sohds, situated in thexr respective posmons
taking a side of the base 40 mm long or the diameter of the base 50 mm long
and the axis 65 mm long.

1. A hexagonal pyramid, base on the H.P. and a side of the base parallel to and
25 mm in front of the V.P.

2. A square prism, base on the H.P,, a side of the base inclined at 30° to the V.P. and
the axis 50 mm in front of the V.P.

3. A triangular pyramid, base on the H.P. and an edge of the base inclined at 45° to
the V.P; the apex 40 mm in front of the V.P.

4. A cylinder, axis perpendicular to the V.P. and 40 mm above the H.P, one end
20 mm in front of the V.P.

5. A pentagonal prism, a rectangular face parallel to and 10 mm above the H.P, axis
perpendicular to the V.P. and one base in the V.P.

6. A square pyramid, all edges of the base equally inclined to the H.P. and the axis
parallel to and 50 mm away from both the H.P. and the V.P.

7. A cone, apex in the H.P. axis vertical and 40 mm in front of the V.P.
8. A pentagonal pyram;d base in the V.P. and an edge of the base in the H.P.

O THE @!m@%

When a solid has its axis inclined to one plane and parallel to the other, its
projections are drawn in two stages.

(1) In the initial stage, the solid is assumed to be in simple position, i.e. its
axis perpendicular to one of the planes.

If the axis is to be inclined to the ground, i.e. the H.P, it is assumed
to be perpendicular to the H.P. in the initial stage. Similarly, if the axis is to
be inclined to the V.P, it is kept perpendicular to the V.P. in the initial stage.
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Moreover

(i) if the solid has an edge of its base parallel to the H.P. or in the H.P.
or on the ground, that edge should be kept perpendicular to the V.P;
if the edge of the base is parallel to the V.P. or in the V.P, it should
be kept perpendicular to the H.P.

(i) If the solid has a corner of its base in the H.P. or on the ground,
the sides of the base containing that corner should be kept equally
inclined to the V.P; if the corner is in the V.P, they should be kept
equally inclined to the H.P.

(2) Having drawn the projections of the solid in its simple position, the final
projections may be obtained by one of the following two methods:

(i) Alteration of position: The position of one of the views is altered as
required and the other view projected from it.

(ii) Alteration of reference line or auxiliary plane: A new reference line is
drawn according to the required conditions, to represent an auxiliary plane and the
final view projected on it.

In the first method, the reproduction of a view accurately in the altered position
is likely to take considerable time, specially, when the solid has curved surfaces or
too many edges and corners. In such cases, it is easier and more convenient to
adopt the second method. Sufficient care must however be taken in transferring the
distances of various points from their respective reference lines.

After determining the positions of all the points for the corners in the final view,
difficulty is often felt in completing the view correctly. The following sequence for
joining the corners may be adopted:

(@ Draw the lines for the edges of the visible base. The base, which (compared
to the other base) is further away from xy in one view, will be fully visible in
the other view.

(b) Draw the lines for the longer edges. The lines which pass through the figure
of the visible base should be dashed lines.

(c) Draw the lines for the edges of the other base.

It should always be remembered that, when two lines representing the edges

cross each other, one of them must be hidden and should therefore be drawn as
a dashed line.

This book is accompanied by a computer CD, which contains an audiovisual
. animation presented for better visualization and understanding of the

:‘ub ect. Readers are requested to refer Presentation module 29 for the
ilowmg problem.

HARDTA o

Problem 13-18. (fig. 13-21): Draw the projections of a pentagonal prism, base
25 mm side and axis 50 mm long, resting on one of its rectangular faces on the
H.P, with the axis inclined at 45° to the VIR

In the simple position, assume the prism to be on one of its faces on the
ground with the axis perpendicular to the V.P.
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Draw the pentagon in the front view with one side in xy and project the top
view [fig. 13-21()].

The shape and size of the figure in the top view will not change, so long as
the prism has its face on the H.P. The respective distances of all the corners in
the front view from xy will also remain constant.
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(i)
Fic. 13-21
Method I: {fig. 13-21(iD)]:

(i) Alter the position of the top view, i.e. reproduce it so that the axis is
inclined at 45° to xy. Project all the points upwards from this top view and
horizontally from the first front view, e.g. a vertical from a intersecting a
horizontal from a' at a point a'.

(iiy Complete the pentagon a'ib';c'1d'1e'; for the fully visible end of the prism.
Next, draw the lines for the longer edges and finally, draw the lines for the
edges of the other end. Note carefully that the lines a';1';, 1'12'; and 1';5'; are
dashed lines. e';5'; is also hidden but it coincides with other visible lines.

Method II: [fig. 13-21(iii)]:

() Draw a new reference line x;y;, making 45° angle with the top view of the
axis, to represent an auxiliary vertical plane.

(i) Draw projectors from all the points in the top view perpendicular to x;y; and
on them, mark points keeping the distance of each point from xqy; equal to
its distance from xy in the front view. Join the points as already explained. The
auxiliary front view and the top view are the required projections.

Problem 13-11. (fig. 13-22): Draw the projections of a cylinder 75 mm diameter
and 700 mm long, lying on the ground with its axis inclined at 30° to the V.P and
parallel to the ground.

Adopt the same methods as in the previous problem. The ellipses for the ends
should be joined by common tangents. Note that half of the ellipse for the hidden
base will be drawn as dashed line.

Fig. 13-22(iii) shows the front view obtained by the method 1.
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13-3-2. AXIS INCLINED T
. 1O mEVE

Preb!em 13 12 (ﬁg. 13-23): A hexagonal pyramld base 25 mm side and axis
50 mm long, has an edge of its base on the ground. Its axis is inclined at 30° to
the ground and parallel to the V.P. Draw its projections.

In the initial position assume the axis to be perpendicular to the H.P,

Draw the projections with the base in xy and its one edge perpendicular to the V.P.
[fig. 13-23()1.

If the pyramid is now tilted about the edge AF (or CD) the axis will become inclined
to the H.P. but will remain parallel to the V.P. The distances of all the corners from
the V.P. will remain constant.

The front view will not be affected except in its position in relation to xy. The new
top view will have its corners at same distances from xy, as before.

Method I: [fig. 13-23(ii)]:

(i) Reproduce the front view so that the axis makes 30° angle with xy and the

point a' remains in xy.

(i) Project all the points vertically from this front view and horizontally from the
first top view. Complete the new top view by drawing (a) lines joining the apex
o'y with the corners of the base and (b) lines for the edges of the base.

The base will be partly hidden as shown by dashed line a6, e;f; and fya;.
Similarly o4f; and o4a; are also dashed lines.
Method II: [fig. 13-23(ii)]:

(i) Through a’ draw a new reference line x4y inclined at 30° to the axis, to
represent an auxiliary inclined plane.

(i) From the front view project the required top view on xqy;, keeping the
distance of each point from x;y; equal to the distance of its first top view
from xy, viz. eqg = eb' etc.
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Problem 13-13. (fig. 13-24): Draw the projections of a cone, base 75 mm
diameter and axis 100 mm long, lying on the H.P. on one of its generators with
the axis parallel to the V.P.

(i) Assuming the cone to be resting on its base on the ground, draw its
projections.

(i) Re-draw the front view so that the line 0'7' (or 0'1') is in xy. Project the
required top view as shown. The lines from o4 should be tangents to the
ellipse. '
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FiG. 13-24
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The top view obtained by auxiliary-plane method is shown in fig. 13-24(ii). The
new reference line xqy¢ is so drawn as to contain the generator 0'1’ instead of 0'7'
(for sake of convenience). The cone is thus lying on the generator 0'1. Note that
11, = 11, o'oq = 4'0 etc. Also note that the base is fully visible in both the methods.

Problem 13-14. The projections of a cylinder resting centrally on a hexagonal
prism are given in fig. 13-25(i). Draw its auxiliary front view on a reference line
inclined at 60° to xy.

See fig. 13-25(ii) which is self-explanatory.
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www.Jntufastupdates.com 30



Art, 13-3-2] Projections of Solids 285

Problem 13-15. (fig. 13-26 and fig. 13-27): A square-headed bolt 25 mm diameter,
125 mm long and having a square neck has its axis parallel to the H.P. and inclined at
45° to the V..

All the faces of the square head are equally inclined to the H.P. Draw its
projections neglecting the threads and chamfer.

See fig. 13-26. The projections are obtained by the change-of-position method.
The length of the bolt is taken shorter.

Fig. 13-27 shows the views in third-angle projection, obtained by the auxiliary-
plane method.

Problem 13-16. (fig. 13-28): A hexagonal prism, base 40 mm side and height
40 mm has a hole of 40 mm diameter drilled centrally through its ends. Draw its
projections when it is resting on one of its corners on the H.P. with its axis inclined
at 60° to the H.P. and two of its faces parallel to the V.P
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Fic. 13-28

(i) Begini with the top view and project up the front view assuming the axis
to be vertical.

(i) Tilt the front view, and project the required top view. Note that a part of
the ellipse for the lower end of the hole will be visible.

|
Problem [13-17. (fig. 13-29): The projections of a hopper made of tin sheet are
given. Project another top view on an auxiliary inclined plane making 45° angle with
the H.P

(i) Draw a new reference line xqy; inclined at 45° to xy and project the
required top view on it, from the front view.

(i) Show carefully, the visible ellipses for the outer as well as the inner parts
of the hopper rings.
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The projections of a solid with its axis inclined to both the planes are drawn in
three stages:

(i) Simple position

(i) Axis inclined to one plane and parallel to the other

(iii) Final position.

The second and final positions may be obtained either by the aiteration of the
positions of the solid, i.e. the views, or by the alteration of reference lines.

Problem 13-18. A square prism, base 40 mm side and height 65 mm, has its
axis inclined at 45° to the H.P and has an edge of its base, on the H.P and
inclined at 30° to the V.P. Draw its projections.

Method {: (fig. 13-30):
(i) Assuming the prism to be resting on its base on the ground with an edge
of the base perpendicular to the V.P, draw its projections.

Assume the prism to be tilted about the edge which is perpendicular to the
V.P, so that the axis makes 45° angle with the H.P.
(i) Hence, change the position of the front view so that the axis is inclined at 45°
to xy and f' (or €') is in xy. Project the second top view.
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Again, assume the prism to be turned so that the edge on which it rests,
makes an angle of 30° with the V.P,, keeping the inclination of the axis with
the ground constant. The shape and size of the second top view will remain
the same; only its position will change. In the front view, the distances of
all the corners from xy will remain the same as in the second front view.

(iiiy Therefore, reproduce the second top view making fig inclined at 30° to xy.
Project the final front view upwards from this top view and horizontally from the
second front view, e.g. a vertical from a; and a horizontal from a' intersecting at a';.
As the top end is further away from xy in the top view it will be fully visible in
the front view. Complete the front view showing the hidden edges by dashed lines.

(iv) The second top view may be turned in the opposite direction as shown. [n this
position, the lower end of the prism, viz. ' f'1g'1h'y will be fully visible in the

front view.
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hG. 13-30
Method Ii: (fig. 13-31): df
() Draw the top view and the front
view in simple position. \ ] I
(it Through f', draw a new reference
line x4y, making 45° angle with ! / s b’
the axis. On it, project the |

auxiliary top view. ‘ o %,

a

(ifiy Draw another reference line i
X,y inclined at 30° to the line e'N\_p' Las T
f18¢- From the auxiliary top view, '
project the required front view, 4 /’
keeping the distance of each /
point from Xx,y,, equal to its h g . %
distance (in the first front view) 4 4 g
from x4y, i.e. a'4g; = a'q etc. 0 !
The problem is thus solved by e f
change-of-reference line method
only. FIG. 13-31

www.Jntufastupdates.com 33

O
&

[
o
2
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Note: The new reference line satisfying the required conditions may be drawn in various
positions, as explained in chapter 11.

Problem 13-19. (fig. 13-32): Draw the projections of a cone, base 45 mm
diameter and axis 50 mm long, when it is resting on the ground on a point on its
base circle with (a) the axis making an angle of 30° with the H.P. and 45° with the
V.P; (b) the axis making an angle of 30° with the H.P. and its top view making 45°
with the V.P.

(i)

(a)

(iii)

FiGc. 13-32

Draw the top view and the front view of the cone with the base on the
ground.

Tilt the front view so that the axis makes 30° angle with xy. Project the
second top view.

In order that the axis may make an angle of 45° with the V.P, let us
determine the apparent angle of inclination which the top view of the axis,
viz. 0qp4 should make with xy and which will be greater than 45°.

Mark any point p; below xy. Draw a line pj0, equal to the true length of
the axis, viz, o'p', and inclined at 45° to xy. With p; as centre and radius
equal to pjoq (the length of the top view of the axis) draw an arc cutting
the locus of o, at o;. Then B is the apparent angle of inclination and is
greater than 45°. Around pq0; as axis, reproduce the second top view and
project the final front view as shown.

Note that the base of the cone is not visible in the front view because it is nearer xy
in the top view.

(b)

When the top view of the axis is to make 45° angle with the V.P, it is
evident that pjo; should be inclined at 45° to xy. Hence, reproduce the top
view accordingly and project the required front view [fig. 13-32(iv)].

Problem 13-20. (fig. 13-33): A pentagonal pyramid, base 25 mm side and axis
50 mm long has one of its triangular faces in the V.P and the edge of the base
contained by that face makes an angle of 30° with the H.P. Draw its projections.
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(i) In the initial position, assume the pyramid as having its base in the V.P. and
an edge of the base perpendicular to the H.P. The front view will have to be
drawn first and the top view projected from it.

(i) Change the position of the top view so that the line o1 (for the face o1 5) is
in xy. Project the second front view.

(iti) Tilt this front view so that the line 1';5'; makes 30° angle with xy. Project
the final top view. Note that the base is not visible in the top view as it
is nearer xy in the front view.
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FG. 13-33

Problem 13-21. (fig. 13-34): A square pyramid, base 38 mm side and axis 50 mm
long, is freely suspended from one of the corners of its base. Draw its projections, when
the axis as a vertical plane makes an angle of 45° with the V.P. When a pyramid is
suspended freely from a corner of its base, the imaginary line joining that corner with
the centre of gravity of the pyramid will be vertical.

b Dy

(i) (i
FiG. 13-34
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The centre of gravity of a pyramid lies on its axis and at a distance equal to Va
of the length of the axis from the base.

Assume the pyramid to be suspended from the corner A of the base.
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In the initial position, the pyramid should be kept with its base on the ground
and the line joining A with the centre of gravity G, parallel to the V.P. In the top
view, g will coincide with o the top view of the axis.

(i) Draw a square abcd (in the top view) with ag, i.e. ao parallel to xy. Project the
front view. Making g' at a distance equal to 1/a of the axis from xy. Join a’ with g'.

(ii) Tilt the front view so that a'g' is perpendicular to xy and project the top view.
The axis will still remain parallel to the V.P.

(iti) Reproduce this top view so that oqp; (the top view of the axis) is inclined at
45° to xy. The axis as a vertical plane will thus be making 45° angle with the
V.P. Project the final front view.
Fig. 13-35 shows the projections obtained by the change-of-reference-line method.
This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 30 for the
following problem.
Problem 13-22. (fig. 13-36): A hexagonal pyramid, base 25 mm side and axis
55 mm long, has one of its slant edges on the ground. A plane containing that edge
and the axis is perpendicular to the H.P. and inclined at 45° to the V.P. Draw its
projections when the apex is nearer the V.P. than the base.

Assume the pyramid to be resting on the ground on its base with a slant edge
parallel to the V.P.

() Draw the top view of the pyramid with a side of the hexagon parallel to
xy. The lines ao and do for the slant edges will also be parallel to xy.
Project the front view.

(iiy Tilt this front view so that a'o' or d'o' is in xy. Project the second top view.
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(i) Draw a new reference line x;y; making 45° angle with o,d; (the top view
of the axis) and project the final front view.

@) (i)
FIG. 13-36
The problem is thus solved by combination of the change-of-position and change-
of-reference-line methods.
Problem 13-23. (fig. 13-37): Draw the projections of a cube of 25 mm long edges
resting on the H.P on one of its corners with a solid diagonal perpendicular to the V.P.
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FiG. 13-37

Assume the cube to be resting on one of its faces on the H.P. with a solid
diagonal parallel to the V.P.
() Draw a square abcd in the top view with its sides inclined at 45° to xy.
The line ac representing the solid diagonals AG and CE is parallel to xy.
Project the front view.
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(i) Tilt the front view about the corner g' so that the line e'c' becomes parallel
to xy. Project the second top view. The solid diagonal CE is now parallel
to both the H.P. and the V.P.

(iii) Reproduce the second top view so that the top view of the solid diagonal, viz.
eqCq is perpendicular to xy. Project the required front view.

Problem 13-24. (fig. 13-38): l

A triangular prism, base 40 mm

side and axis 50 mm long, s o
lying on the H.P. on one of its l —~
rectangular faces with the axis 1
perpendicular to the V.P. A cone, !
base 40 mm diameter and axis 50 | 4
mm long, is resting on the H.P. ]
and is leaning centrally on a face .

of the prism, with its axis parallel l ‘ i \ -0
to the VIR Draw the projections |

of the solids and project another /‘J;Q d e '

6

RNCAC S
S

front view on a reference line making
60° angle with xy.

It will first be necessary to
draw the cone with its base on
the H.P. to determine the length
of its generator and to project b
the top view. FiG. 13-38

Next, draw a triangle a'b'c' for the prism and a triangle 0'1'7' for the cone as

shown by the construction lines. Project the top view. Draw a reference line x{y4
and project the required front view as shown.

Problem 13-25. A pentagonal prism is resting on one of the corners of its base
on the H.P. The longer edge containing that corner is inclined at 45° to the H.P.
The axis of the prism makes an angle of 30° to the V.P. Draw the projections of
the solid.

Also, draw the projections of the solid when the top view of axis is inclined at 30°
to xy. Take the side of base 45 mm and height 70 mm.

() Assuming the prism to be resting on its base on the horizontal plane,
draw its projections keeping one of the sides of its base perpendicular to xy.

(i) Redraw the front view so that the edge c'3' is inclined at 45° to xy. Project
the required top view as shown in fig. 13-39(i).

(iii) Determine the apparent angle of inclination which the top view of the axis
should make with xy when the axis makes an angle of 30° with the V.P.

(ivy Mark any point p; below xy. Draw a line pyo, equal to the true length of
the axis (70 mm) and inclined at 30° to xy. With p; as centre and radius
equal to pjo; (the length of the top view of the axis) draw an arc cutting
the locus of o, at 0. Then P is the required apparent angle of inclination.
Considering pjo; as axis, reproduce the second top view and project the
final front view as shown in fig. 13-39().
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(v)

When the top view of axis makes an angle of 30° with the V.P, it is

evident that pjo4 is inclined at 30° to xy. Hence, reproduce the top view
and the front view as shown in fig. 13-39(ii).
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Problem 13-26 (fig 13-40): A square prism, with the side of its base 40 mm
and axis 70 mm long is lying on one of its base edges on the H.P. in such a way
that this base edge makes an angle of 45° with the V.P. and the axis is inclined at
30° to the H.P. Draw the projections of the solid using the ‘auxiliary plane method'.
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(i) In the initial position assume the axis of the prism to be perpendicular to
the H.P. Draw the projections as shown.

(i) Draw a new reference line x;y; making an angle of 30° with the front view
of the axis, to represent an auxiliary horizontal plane. Draw projectors
from a', b' ¢, d' and 1', 2', 3', 4' perpendicular to xqy; and on them, mark
these points keeping the distance of each point from x;y; equal to its
distance from xy in the top view. Join the points as shown.

(iiiy Draw another reference line x,y, inclined at 45° to the line a1 (or b2).
From the auxiliary top view, project the required new front view, keeping
the distance of each point from x,y,, equal to its distance from xqyq, i.e.

g'1" = g1' etc. Join the points as shown. Note that the view is obtained
by observing the auxiliary top view from the top, along the projectors.
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Problem 13-27. A hexagonal prism, with the side of the hexagon 30 mm and
height of 70 mm s resting on the H.P. on one of the edges of its hexagonal base
in such a way that, the edge is at 60° to the V.P. and the base is at 30° to the
H.P. Draw to scale 1:1, the view from the front and the view from the top.

Refer to fig. 13-41.

() Draw the top view and the front view in simple position keeping the
axis perpendicular to the H.P.
(i) Draw a new reference line x;y; making 60° angle with the axis. On it,
project the auxiliary top view.
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(iiiy Draw another reference line x,y, inclined at 60° to the edge of base c,dj.
From the auxiliary top view, project the required new front view, keeping
the distance of each point from x,y,;, equal to its distance from xqy4
i.,e. g3' = g'3" etc. Join the points as shown. It should be noted that the
edge of base away from x,y, will be observed as full lines and nearest
lines from x,y, will be dotted lines. i.e. c'd", d"e" and e"f" are full
lines while a", a"p" and b"c" are dotted lines. Note that the view is
drawn by observing the auxiliary top view from the top along the projectors.
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FiG. 13-41
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Problem 13-28. A regular pentagonal prism lies with its axis inclined at 60° to
the H.P. and 30° to the V.P. The prism is 60 mm long and has a face width of
25 mm. The nearest corner is 10 mm away from the V.P. and the farthest shorter
edge is 100 mm from the H.P. Draw the projections of the solid.

(i) Draw initial position of the prism as shown in fig. 13-42.

(i) With 4' as centre and radius equal to 100 mm, draw an arc. Mark tangent
to the arc making 60° with the axis as shown. This is a new reference line
Xqy1. Project the required new top view.

(iii) Draw another reference line x,y, inclined at 30° angle to the axis of new
top view. Project the various points to obtain new front view as shown in
fig. 13-42. Observe the auxiliary top view from the top along the projectors.

FIG. 13-42

Problem 13-29. A square pyramid of 50 mm side of base and 50 mm length
of axis is resting on one of its triangular faces on the H.P having a slant edge
containing that face parallel to the V.P. Draw the projections of the pyramid.

(i) Assuming the axis of pyramid perpendicular to the H.P, draw the front
view and the top view as shown in fig. 13-43.

(i) Draw new reference line xqy; coinciding with o'c' in the front view. Project
new top view, keeping the distance of a;, bq...0; from xqy; equal to the
distance of a, b,...0 from xy. Join these points.
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(iiiy Draw another reference line x,y, parallel to the slant edge o4cq; or o4bq.
Project new front view as shown. Observe auxiliary top view from the base
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Problem 13-30. A regular pentagonal pyramid, base 30 mm side and height 80 mm
rests on one edge of its base on the ground so that the highest point in the base is
30 mm above the ground. Draw its projection when the axis is parallel to the V.P.
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Draw another front view on a reference line inclined at 30° to the edge on
which it is resting so that the base is visible.

(i) Draw top view and front view in simple position assuming the axis of the
pyramid perpendicular to the H.P.

(i) Draw a parallel line at a distance of 30 mm from xy. Mark the point ¢' on the
line xy and reproduce the front view as shown fig. 13-44.

(iii) Project points a', b, c' etc. and obtain new top view keeping distance of points
ay, by, cq etc. from xy equal to distance of a, b, ¢, etc. from the line xy.

(ivy Draw another reference line x4y, making an angle of 30° with the side of
base cqd; and obtain a new front view as shown. Note that the base is
visible. Observe from the base a, b, c, d, e along the projectors.

Problem 13-31. A regular pentagonal pyramid with the sides of its base 30 mm
and height 80 mm rests on an edge of the base. The base is tilted until its apex
is 50 mm above the level of the edge of the base on which it rests. Draw the
projection of the pyramid when the edge on which it rests, is parallel to the V.P.
and the apex of the pyramid points towards V.P.
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(i) Draw top view and front view assuming the axis of the pyramid perpendicular
to the H.P. as shown in fig. 13-45.

(i) Draw a parallel line at a distance of 50 mm from xy. Reproduce the front
view as shown. Draw projectors from points a', b', c¢' etc. vertically from
the front view and horizontally from the points a, b, c etc. from the
previous top view. Complete the new top view, joining the intersection of
the projectors in the correct sequence as shown.
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(iii) Redraw the top view keeping cid; parallel to xy. Project the points
a;, by, c; etc. vertically from the new top view and horizontal projectors
from the points a', b', ¢' etc. of the front view. Join the intersection points
of both the projectors in the correct sequence as shown.

Problem 13-32. A right regular pentagonal pyramid, with the sides of the base
30 mm and height 65 mm rests on the edge of its base on the horizontal plane,
the base being tilted until the vertex is at 60 mm above the H.P. Draw the projections
of the pyramid when the edge on which it rests, is made parallel to FRP. Assuming
the pyramid to be resting on its base on the horizontal plane, draw its projections
keeping one of the sides of the base perpendicular to xy.

Method 1: Changing position of reference line [fig. 13-46(i)]:

(i) With o' as centre and radius equal to 60 mm, draw an arc. Draw the tangent
to the arc passing through c¢' or d'. This is a new reference line x;y;. Project
the required top view.

(i) Draw another reference line x,y, parallel to c{dy. Project new front view

as shown. Observe auxiliary top view from the base a, b, ¢, d, e along
the projectors.
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Method Ii: Changing positions of solid [(fig. 13-46(ii)]:

(i) Draw a line 60 mm parallel to xy. Mark point ¢' or d' on xy. With ¢' as
centre and the radius equal to o'c', draw an arc cutting the above line at o'.
With o' and ¢' as centre and radius equal to o'c' and a'c' draw an arc
cutting each other at the point a'. Join a', o' and ¢' as shown. Project the
required top view as shown.

(i) Redraw the top view keeping side of base c'd' parallel to xy. Project new
front view as shown.
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60
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FiG. 13-46(i)
Problem 13-33. The front view, part top view and part auxiliary view of a
casting are given in fig. 13-47(i). Project its side view.
See fig. 13-47(ii).
The construction for the ellipse for 38 mm diameter circle has been shown in

detail. Horizontal distances are taken from the auxiliary view. Other ellipses are
drawn in the same manner.

i) (i)
Fic. 13-47

%33 ?R@EEC’?&GN% @? ?%ERES

The pro;ection of a sphere in any posmon on any piane is aiways a cxrde whose
diameter is equal to the diameter of the sphere (fig. 13-48). This circle represents
the contour of the sphere.
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A flat circular surface is formed when a sphere is cut by a plane. A hemisphere
(i.e. a sphere cut by a plane passing through its centre) has a flat circular face
of diameter equal to that of the sphere.

When it is placed on the ground on its flat face, its front
view is a semi-circle, while its top view is a circle {fig. 13-49(i)].

When the flat face is inclined to the H.P. or the ground

contour of the hemisphere is shown by the arc of the
circle drawn with radius equal to that of the sphere.

Fig. 13-50 shows the projections of a sphere, a small portion
of which is cut off by a plane. Its flat face is perpendicular to
the H.P. and inclined to the V.P. An ellipse is seen in the front
view within the circle for the sphere.

and is perpendicular to the V.P. it is seen as an ellipse x!y
(partly hidden) in the top view [fig. 13-49(ii)], while the
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When the flat face of a cut sphere is perpendicular to the V.P. and inclined to
the H.P, its projections can be drawn as described in problem 13-34.

Problem 13-34. (fig. 13-51): A brass
flower-vase is spherical in shape with
flat, circular top 35 c¢cm diameter and bt i i
bottom 25 cm diameter and parallel to ‘g
each other. The greatest diameter is 40 T T
cm. Draw the projections of the vase ‘ Y
when its axis is parallel to the V.P. and et . y
makes an angle of 60° with the ground.

() Draw the front view of the vase
resting on its bottom with its
axis vertical. Project the top view.

(i) Tilt the front view so that the

/
axis makes 60° angle with xy }// \ L7
and project the top view. Note '
that a part of the ellipse for
the bottom is also visible. FiG. 13-51
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(1) Spheres in contact with each other: Projections of two equal spheres resting
on the ground and in contact with each other, with the line joining their centres parallel
to the V.P, are shown in fig. 13-52.

N/

FiG. 13-52 FiG. 13-53

As the spheres are equal in size, the line joining their centres is parallel to the
ground also. Hence, both ab and a'b' show the true length of that line (i.e. equal
to the sum of the two radii or the diameter of the spheres). The point of contact
between the two spheres is also visible in each view.

If the position of one of the spheres, say sphere B, is changed so that the line
joining their centres is inclined to the V.P, in the front view, the centre b' will
move along the line a'b' to b'y. The true length of the line joining the centres and
the point of contact are now seen in the top view only.

When the sphere B is so moved that it remains in contact with the sphere A and
the line joining their centres is parallel to the V.P,, but inclined to the ground (fig. 13-53),
the true length of that line and the point of contact are visible in the front view only.

Problem 13-35. (fig. 13-54): Three equal spheres of 38 mm diameter are resting
on the ground so that each touches the other two and the line joining the centres
of two of them s parallel to the V.P

A fourth sphere of 50 mm diameter is placed on top of the three spheres so
as to form a pile. Draw three views of the arrangement and find the distance of
the centre of the fourth sphere above the ground.

As the spheres are resting on the ground and are equal in size, the lines joining
their centres will be parallel to the ground. In the top view, the centres will lie at the
corners of an equilateral triangle of sides equal to the sum of the two radii, i.e. 40 mm.

Draw (in the top view) an equilateral triangle abc of 40 mm long sides with one
side, say ab, parallel to xy. At its corners, draw three circles of 40 mm diameter.
Project the front view. The centres will lie on a line parallel to and 20 mm above xy.

When the fourth sphere is placed on top, its centre d in the top view will be
in the centre of the triangle. In the front view, it will lie on a projector through d.

The true distance between the centre of the top sphere and that of any one of the bottom
spheres will be equal to the sum of the two radii, viz. 20 mm + 25 mm, i.e. 45 mm.
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But as none of the lines da, db or dc is parallel to xy, their front views will
not show their true lengths. Therefore, to locate the position of the centre of the
top sphere in the front view,

() make one of the lines, say da, parallel to xy;
(i) project a; to a'; on the path of a’ and

(iii) with a'y as centre and radius equal to 45 mm, draw an arc cutting the
projector through d at the required point d'. With d' as centre and radius
equal to 25 mm, draw the required circle which will be partly hidden as
shown. h is the distance of the centre of the sphere from the ground.

(iv) Project the side view. As c'd' is parallel to the new reference line, c'd"
will be equal to 45 mm and the point of contact p' between the spheres
having centres ¢ and d will be visible.

(2) Unequal spheres: When two unequal spheres are on the ground and are in
contact with each other, their point of contact and the true length of the line joining
their centres will be seen in the front view if that line is parallel to the V.P. In the top
view, the length of the line will be shorter but will remain constant even when it is
inclined to the V.P.

Problem 13-36. (fig. 13-55): Three spheres A, B and C of 75 mm, 50 mm and
30 mm diameters respectively, rest on the ground each touching the other two.
Draw their projections and show the three points of contact when the line joining
the centres of the spheres A and B is parallel to the V.P.

(i) With centre a' and radius equal to 37.5 mm, draw a circle of sphere A,
mark a' at 37.5 mm above xy in front view. With a'h' equal to 62.5 mm,
mark point b' 25 mm above xy. With b' as centre and radius equal to
25 mm, draw a circle of sphere B in front view.
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(ii)

(iii)

(iv)

v)
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FIG. 13-55

[Ch. 13

Project the centres and obtain points a and b on a line parallel to xy in top
view. With a as centre and radius equal to 37.5 mm of sphere A, and with b
as centre and radius equal to 25 mm of sphere B, draw circles in the top view.

Similarly, draw the views of sphere C
in contact with spheres A and B.

With a as centre and radius equal to
ac, and with b as centre and radius
equal to bcq, draw arcs intersecting
each other at c,. With ¢, centre draw
top view of the sphere C.

Draw the projector through ¢, to cut
the path of ¢' at ¢';. Then c'; is the
required centre of the sphere C in
the front view. p, g4 and rq, and p/,
g'1 and r'y are the points of contact
in the top view and the front view
respectively.

Problem 13-37. (fig. 13-56): A square
prism, base 20 mm side and axis 50 mm
long, is resting on its base on the ground
with two faces perpendicular to the V.P.
Determine the radius of four equal spheres
resting on the ground, each touching a face
of the prism and other two spheres. Draw
the projections of the arrangement.

www.Jntufastupdates.com

a b’
Y ‘ ‘ ’
v l/
U J— . B
p
/! H
s} s
1! 2I y
il
e e
- o}
a ¢ p¥
L f
FiG. 13-56
50



Art. 13-5] Projections of Seolids 305

()

(i)

{ii)

(iv)

Draw the front and top views of the prism. In the top view, draw
diagonals of the square (intersecting each other at 0) and produce them on
both sides.

Draw the bisectors of angles bce and cbf intersecting each other at p.
From p, draw a perpendicular pg to bc. Then pq is the required radius of
the sphere and p is the centre of the circle for the sphere.

Obtain the other three centres in the same manner. Or, with o as centre
and radius equal to op, draw a circle to cut the centre lines through o at
the required centres. Draw the four circles.

Draw a bisector of angle b'2'y intersecting the projector through p at p'.
Then p' is the centre of the sphere in the front view. The centres for the
other circles will lie on the horizontal line through p'. Project their exact
positions from the top view and draw the circles.

Problem 13-38. (fig. 13-57): Six equal spheres are resting on the ground, each
touching other two spheres and a triangular face of a hexagonal pyramid resting on
its base on the ground.

Draw the projections of the solids when a
side of the base of the pyramid is perpendicular to
the V.P.

Determine the diameter of each sphere. Base of
the pyramid 20 mm side; axis 50 mm long.

0

(in)

i)

(iv)

Draw the projections of the pyramid in
the required position. Assuming the solid
to be a prism, locate the positions of
the centre of one sphere (viz. p and p
in the two views.

Draw a line joining p' with a' (the centre
of the base) which coincides with 2. The
centre of the required sphere will lie
on this line. Draw a bisector of angle
0'3'y cutting alp' at ¢. Draw a line c'g'
perpendicular to xy.

With ¢' as centre and radius c'q', draw one FIG. 13-57

of the required circles. Project ¢' to ¢ on

op in the top view. Then c is the centre of the circle in the top view.
Other centres may be located in the top view as shown and projected
down in the front view.

Draw the six circles in the top view and four in the front view as shown
in the fig. 13-57.

Preblem 13-39. The projections of a paper-weight with a spherical knob are given
in fig. 13-58(i). Draw the two views and project another top view when its flat base
makes an angle of 60° with the H.P.

See fig. 13-58(ii) which is self-explanatory.
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Problem 13-40. (fig. 13-59): A vertical hexagonal prism of base side 20 mm and
thickness 15 mm has one side of hexagon perpendicular to the V.P. A right cone of
34 mm diameter and height 40 mm is placed on the top face of prism such that the
base of cone touches top surface of prism while the axes of both coincide. Draw the
front view and top view of the combined object. Draw also projections when axes of
combined solid is inclined at 35° with auxiliary plane.

(i) Draw the top view of hexagonal prism keeping one of sides perpendicular to

xy. (i.e. ab or ed). Project above xy line and draw the front view of prism of
height 15 mm.

(ii) Inscribe circle in the top view touching sides of the prism. Project it in the

front view and mark the height of the cone as shown.

(iii) Draw auxiliary xqyq inclined at 35° with the axes of the combined solids.

(iv) Draw the projectors from the various points of combined solids in the front view.

(v) Taking distance of various points from the top view of combined solids from

xy and mark same distances along the respective projectors.

(vi) Complete auxiliary top view as shown.

Problem 13-41. (fig. 13-60): A vertical cylindrical disc of thickness 10 mm and
diameter 50 mm is resting on the ground. A vertical frustum of pentagonal pyramid,
having bottom of 20 mm sides, top face of 40 mm sides with 60 mm height is resting
on the top surface of the disc so that axes of the both solids coincide. Take one of sides

of the base of pentagon is perpendicular to V.. Draw the projections of combined solid
when the axis of combined solids is inclined to 30° with the H.P.

(i) Draw the top view of frustum of pyramid (pentagon) keeping one of the sides
perpendicular to xy as shown.
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Project the front view marking height of cylindrical disc and frustum of the
pyramid 10 mm and 60 mm respectively.

Draw a line at angle of 30° with xy. (As axis is inclined with H.P, its inclination
observed in the front view).

Reproduce the front view considering inclined line as axes of the combined
solids.

Draw the vertical projectors from various points of the front view.

Draw horizontal projectors to intersect respective vertical projectors. Obtain
the auxiliary top view as shown.
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Problem 13-42. (fig. 13-61): A right hexagonal prism of side 25 mm and 20 mm
thick with one side of the base is perpendicular to the V.P. resting on the ground. A
vertical frustum of square pyramid of base 20 mm sides and top face side 30 mm and
height 50 mm is resting on the prism such that one side of square makes 45° with the
V.P. Assume that axes of both solids are coinciding. Draw the projections of the combined
solids when top corner of the square pyramid is 70 mm above the ground (H.P).
Determine angle of combined solids with the H.P.
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(i) Draw the top view and front view as shown in figure. Keep one side of the
hexagonal perpendicular to the xy.

(i) Project the front view as shown.

(iii)y Draw a parallel line at distance 70 mm away from xy. Reproduce the front view
of the combined solids as shown.

(iv) Draw the projectors from the new front view.
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(v) Draw from the top view horizontal projectors to intersect respective projectors
drawn from the new front view.

(vi) Complete the top view as shown

e e

1. A rectangular block 75 mm x 50 mm X 25 mm thICk has a hole of 30 mm
diameter drilled centrally through its largest faces. Draw the projections
when the block has its 50 mm long edge parallel to the H.P. and perpendicular
to the V.P. and has the axis of the hole inclined at 60° to the H.P.

2. Draw the projections of a square pyramid having one of its triangular faces
in the V.P. and the axis parallel to and 40 mm above the H.P. Base 30 mm
side; axis 75 mm long.

3. A cylindrical block, 75 mm diameter and 25 mm thick, has a hexagonal hole
of 25 mm side, cut centrally through its flat faces. Draw three views of the
block when it has its flat faces vertical and inclined at 30° to the V.P. and two
faces of the hole parallel to the H.P.

4. Draw three views of an earthen flower pot, 25 cm diameter at the top, 15
cm diameter at the bottom, 30 c¢cm high and 2.5 cm thick, when its axis
makes an angle of 30° with the vertical.

5. A tetrahedron of 75 mm long edges has one edge parallel to the H.P. and
inclined at 45° to the V.P. while a face containing that edge is vertical. Draw
its projections.

6. A hexagonal prism, base 30 mm side and axis 75 mm long, has an edge of
the base parallel to the H.P. and inclined at 45° to the V.P. Its axis makes an
angle of 60° with the H.P. Draw its projections.

7. A pentagonal prism is resting on a corner of its base on the ground with a
longer edge containing that corner inclined at 45° to the H.P. and the vertical
plane containing that edge and the axis inclined at 30° to the V.. Draw its
projections. Base 40 mm side; height 65 mm.

8. Draw three views of a cone, base 50 mm diameter and axis 75 mm long,
having one of its generators in the V.P. and inclined at 30° to the H.P, the
apex being in the H.P.

9. A square pyramid, base 40 mm side and axis 90 mm long, has a triangular
face on the ground and the vertical plane containing the axis makes an angle
of 45° with the V.P. Draw its projections.

10. A frustum of a pentagonal pyramid, base 50 mm side, top 25 mm side and
axis 75 mm long, is placed on its base on the ground with an edge of the
base perpendicular to the V.P. Draw its projections. Project another top view
on a reference line parallel to the line which shows the true length of the
slant edge. From this top view, project a front view on an auxiliary vertical
plane inclined at 45° to the top view of the axis.

11. Draw the projections of a cone, base 50 mm diameter and axis 75 mm long,
lying on a generator on the ground with the top view of the axis making an
angle of 45° with the V.P.

12. The front view, incomplete top view and incomplete auxiliary top view of a
casting are given in fig. 13-47. Draw all the three views completely in the
third-angle projection.
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13.

14.

15.

16.

17.

18.

19.

A line sketch (in two views) of a shed with a curved 3 7 "2
roof is given in fig. 13-62. Draw its front view on an /] fg/ N
auxiliary vertical plane inclined at 60° to the V.P All

dimensions are in metres. Scale, 10 mm = 0.5 m. CLT 1

The front view of a hexagonal pyramid [base 25 mm ~

side] having one of its triangular faces resting centrally — v_¥

on a triangular face of a square pyramid [base 50 mm 2 |1

side and axis 50 mm long] is given in fig. 13-63. The
plane containing the two axes is parallel to the V.P.
Draw the top view of the solids. From this top view, o ————
project a front view on a reference line x;y; inclined at
30° to xy; (ii) from the given front view, project another
top view on a reference line x,y, inclined at 45° to xy.

.
r}

5

A cube of 50 mm long edges is resting on the ground L
with its vertical faces equally inclined to the V.P. A 1—
hexagonal pyramid, base 25 mm side and axis 50 mm L 5 >!
long, is placed centrally on top of the cube so that FIG. 13-62
their axes are in a straight line and two edges of its

base parallel to the V.P. Draw

the front and top views of the

solids. Project another top view X

on an A..P making an angle Ny

of 45° with the H.P. From this N

top view project another front 300! .

view on an auxiliary vertical X A Sy
45"\3/"

plane inclined at 30° to the top 5
view of the combined axis. -
Four equal spheres of 25 mm i
diameter are resting on the i
ground, each touching the other m,/
heres, s a li
two sp s, so that a line FIG. 13-63

joining the centres of two
touching spheres is inclined at 30° to the V.P. A fifth sphere of 30 mm
diameter is placed centrally on top of the four spheres, thus forming a pile.
Draw the projections of the spheres and measure the height of the centre of
the top sphere above the ground.

Three spheres of 25 mm, 50 mm and 75 mm diameter respectively are resting on
the ground so that each touches the other two. Draw their projections when the
top view of the line joining centres of any two of them is perpendicular to the V.P.

Three equal cones, base 50 mm diameter and axis 75 mm long, are placed on
the ground on their bases, each touching the other two. A sphere of 40 mm
diameter is placed centrally between them. Draw three views of the arrangement
and determine the height of the centre of the sphere above the ground.

Five equal spheres are resting on the ground each touching the other two spheres
and a vertical face of a pentagonal prism of 25 mm side. Determine the diameter
of the spheres and draw the projections when a side of the base of the prism is
perpendicular to the V.P.
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20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

13(b)] Projections of Solids 311

Four equal spheres are resting on the ground, each touching the other two
spheres and a triangular face of a square pyramid, having base 25 mm side and
axis 50 mm long. Draw their projections and find the diameter of the spheres.

One of the body diagonals of a cube of 45 mm edge is parallel to the H.P.
and inclined at 45° to the V.P. Draw the front view and the top view of the cube.

A pentagonal pyramid, base 40 mm side and height 75 mm rests on one edge of
its base on the ground so that the highest point in the base is 25 mm above the
ground. Draw its projections when the axis is parallel to the V.P. Draw another
front view on a reference line inclined at 30° to the edge on which it is resting,
and so that the base is visible.

A thin lamp shade in the form of a frustum of a cone has its larger end 200 mm
diameter, smaller end 75 mm diameter and height 150 mm. Draw its three views
when it is lying on its side on the ground and the axis parallel to the V.P.

A bucket made of tin sheet has its top 200 mm diameter and bottom 125 mm
diameter with a circular ring 40 mm wide attached at the bottom. The total
height of the bucket is 250 mm. Draw its projections when its axis makes
an angle of 60° with the vertical.

A hexagonal pyramid, side of the base 25 mm long and height 70 mm, has one
of its triangular faces perpendicular to the H.P. and inclined at 45° to the V.P.
The base-side of this triangular face is parallel to the H.P. Draw its projections.

A pentagonal pyramid has an edge of the base in the V.P. and inclined at 30° to
the H.P., while the triangular face containing that edge makes an angle of 45° with
the V.P. Draw three views of the pyramid. Length of the side of the base is 30
mm, while that of the axis is 80 mm.

A square pyramid, base 40 mm side and axis 75 mm long is placed on the
ground on one of its slant edges, so that the vertical plane passing through that
edge and the axis makes an angle of 30° with the V.P. Draw its three views.

A hexagonal prism, side of base 40 mm and height 50 mm is lying on the
ground on one of its bases with a vertical face perpendicular to the V.P. A
tetrahedron is placed on the prism so that the corners of one of its faces
coincide with the alternate corners of the top surface of the prism. Draw the
projections of the solids. Project another top view on an auxiliary inclined
plane making 45° with the H.P.

A square duct is in the form of a frustum of a square pyramid. The sides
of top and bottom are 150 mm and 100 mm respectively and its length is
150 mm. It is situated in such a way that its axis is parallel to the H.P. and
lies in a plane inclined at 60° to the V.P. Draw the projections of the duct,
assuming the thickness of the duct-sheet to be negligible.

A pentagonal pyramid, base 30 mm edge and axis 75 mm long, stands upon
a circular block, 75 mm diameter and 25 mm thick, so that their axes are
in a straight line. Draw the projections of the solids when the base of the
block is inclined at 30° to the ground, an edge of the base of the pyramid
being parallel to the V.P.

The body diagonal of a cube is 75 mm long. The cube has a central 25 mm square

hole. The faces of the hole make 45° with the side faces of the cube. Draw the

projections of the cube when a body diagonal is perpendicular to the H.P.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

A bucket, 300 mm diameter at the top and 225 mm diameter at the bottom has
a circular ring 225 mm diameter and 50 mm wide attached at the bottom. The
total height of the bucket is 300 mm. Draw the projections of the bucket when
its axis is inclined at 60° to the H.P. and as a vertical plane makes an angle of
45° with the V.P. Assume the thickness of the plate of the bucket to be equal to
that of a line.

The vertex-angle of the cone just touching the edges of a vertical hexagonal
pyramid 125 mm in height is 45°. Draw the projections of the pyramid on a 45°
inclined plane when the former is truncated by a plane making 45° with the axis
and bisecting the axis.

A knob of a machine handle consists of 15 mm diameter x 150 mm long
cylindrical portion and 40 mm diameter spherical portion. The centre of the
sphere lies on the axis of the cylindrical portion. Draw the projections if its
axis is inclined at 45° to the horizontal plane.

Six equal spheres rest on the ground in contact with each other and also with the
slanting faces of a regular upright hexagonal pyramid, 25 mm edge of base and
125 mm length of axis. Draw the projections and find the diameter of the sphere.

A cylinder, 100 mm diameter and 150 mm long, has a rectangular slot 50 mm
x 30 mm cut through it. The axis of the slot bisects the axis of the cylinder at
right angles and the 50 mm side of the slot makes an angle of 60° with the base
of the cylinder. Draw three views of the cylinder.

A very thin glass shade for a table lamp is the portion of a sphere 125 mm
diameter included between two parallel planes at 15 mm and 55 mm from the
centre, making the height 70 mm. If the axis of the shade is inclined at 30° to
the vertical, obtain the projections of the shade.

A cone frustum, base 75 mm diameter, top 35 mm diameter and height 65 mm
has a hole of 30 mm diameter drilled through it so that the axis of the hole
coincides with that of the cone. It is resting on its base on the ground and is
cut by a section plane perpendicular to the V.P, parallel to an end generator and
passing through the top end of the axis. Draw sectional top view and sectional
side view of the frustum.

Three vertical poles AB, CD and EF are respectively 5, 8 and 12 metres long.
Their ends B, D and F are on the ground and lie at the corners of an
equilateral triangle of 10 metres long sides. Determine graphically the distance
between the top ends of the poles, viz. AC, CE and EA.

Two cylinders of 80 mm diameter each meet each other at right angles. The axis
of one of the cylinders is parallel to both the reference planes and is 40 mm in
front of the axis of the other cylinder. Draw three views of the cylinders showing
lines of intersection in them. Take any suitable lengths of the cylinders.

A tetrahedron of side 40 mm rests on the top face of a hexagonal prism of
base and height 25 mm such that their apex coincide. Draw the projections
when the combination rests with one of the sides of the prism on the H.P,
is perpendicular to the V.R, and the axis is inclined at 30° to the H.P.

A pentagonal pyramid, base 30 mm side and axis 70 mm long, has one of
its slant edges in the H.P. and inclined at 30° to the V.P. Draw the projections
of the solid when the apex is towards the observer.
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Isometric projection is a type of pictorial projection in which the three dimensions
of a solid are not only shown in one view, but their actual sizes can be measured
directly from it.

If a cube is placed on one of its corners on the ground with a solid diagonal
perpendicular to the V.P, the front view is the isometric projection of the cube. The
step-by-step construction is shown in fig. 17-1.

a ay
. |
b bY I dy
a. bc C‘ :
I S &
/// \\\
/ f! D h‘1
P f
X
el f. gn g;
d ht di
h \
N
\
\
%
/
f /
b f1 by
{ {ii)
FG. 17-1

To draw the projections of a cube of 25 mm long edges resting on the ground
on one of its corners with a solid diagonal perpendicular to the V.P, assume the

cube to be resting on one of its faces on the ground with a solid diagonal parallel
to the V.P

(i) Draw a square abcd in the top view with its sides inclined at 45° to xy.
The line ac representing the solid diagonals AG and CE is parallel to xy.
Project the front view.
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(ii) Tilt the front view about the corner g' so that the line €' ¢' becomes parallel
to xy. Project the second top view. The solid diagonal CE is now parallel
to both the H.P. and the V.P.

(iii) Reproduce the second top view so that the top view of the solid diagonal,
viz. e cq is perpendicular to xy. Project the required front view.

This book is: accompanied by a computer CD, which contains an audiovisual
animation ‘presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 39 for the
introduction.

GNIFRO

Fig. 17-2 shows the front view of the cube in the above position, with the corners
named in capital letters. Its careful study will show that: P

(@) All the faces of the cube are equally inclined
to the V.P. and hence, they are seen as
similar and equal rhombuses instead of squares.

(b) The three lines CB, CD and CG meeting at C
and representing the three edges of the solid
right-angle are also equally inclined to the
V.P. and are therefore, equally foreshortened.
They make equal angles of 120° with each
other. The line CG being vertical, the other
two lines CB and CD make 30° angle each, _
with the horizontal. F H

(¢) All the other lines representing the edges 60°
of the cube are parallel to one or the 308 %300
other of the above three lines and are also - G
equally foreshortened. Fig. 17-2

(d) The diagonal BD of the top face is parallel to the V.P. and hence, retains
its true length.

This chapter deals with various topics of isometric projection as shown below:
1. lIsometric axes, lines and planes

2. lsometric scale

3. Isometric drawing or isometric view

4 Isometnc graph

>

30°

et
&
[]
[®]

—_
DY — e —— —
<
]

o%;)

%? E §§@M§“§'§§€ &KE% &%Nﬁﬁ éﬁé k ?EM@%E%

The three lines CB, CD and CG meetmg at the pomt C and makmg 120° angles wnth
each other are termed isometric axes. The lines parallel to these axes are called isometric
lines. The planes representing the faces of the cube as well as other planes parallel to
these planes are called isometric planes.

As all the edges of the cube are equally foreshortened, the square faces are seen
as rhombuses. The rhombus ABCD (fig. 17-2) shows the isometric projection of
the top square face of the cube in which BD is the true length of the diagonal.

Construct a square BQDP around BD as a diagonal. Then BP shows the true
length of BA.
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. BA 1 2
In triangle ABO, == = —— = =
'ang BO cos 30° \3
In triangle PBO, Bp _ 1 __ _ 2
BO cos 45° 1
BA 2 1 2
BP T .3 X 2 = Nl 0.815
io | iclength _ BA 9
The ratio, isometric length = B 3/_5 - 1 =S
true length BP 3 0.815 or 77 (approx.).

Thus, the isometric projection is reduced in the ratio
J2: 43 , i.e. the isometric lengths are 0.815 of the true lengths.

Therefore, while drawing an isometric
projection, it is necessary to convert true
lengths into isometric lengths for measuring
and marking the sizes. This is conveniently
done by constructing and making use of
an isometric scale as shown below.

(@) Draw a horizontal line BD of any
length (fig. 17-3). At the end B,
draw lines BA and BP, such that
Z DBA = 30° and £ DBP = 45°.
Mark divisions of true length
on the line BP and from each
division-point, draw verticals to
BD meeting BA at respective points.
The divisions thus obtained on BA
give lengths on isometric scale.

(b) The same scale may also
be drawn with divisions
of natural scale on a
horizontal line AB
(fig. 17-4). At the ends
A and B, draw lines AC
and BC making 15° and
45° angles with AB
respectively, and inter-
secting each other at C. FIG. 17-4

From division-points of true lengths on AB, draw lines parallel to BC and meeting
AC at respective points. The divisions along AC give lengths to isometric scale.

The lines BD and AC (fig. 17-2) represent equal diagonals of a square face of
the cube, but are not equally shortened in isometric projection. BD retains its true
length, while AC is considerably shortened. Thus, it is seen that lines which are
not parallel to the isometric axes are not reduced according to any fixed ratio.
Such lines are called non-isometric lines. The measurements should, therefore, be
made on isometric axes and isometric lines only. The non-isometric lines are drawn
by locating positions of their ends on isometric planes and then joining them.
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‘1,““]“;‘;‘_‘&@%*@%@5{: vzm %/

If the foreshortemng of the isometric lines in an isometric projection is dlsregarded
and instead, the true lengths are marked, the view obtained [fig. 17-5(iii)] will be
exactly of the same shape but larger in proportion (about 22.5%) than that obtained
by the use of the isometric scale [fig. 17-5(ii)]. Due to the ease in construction
and the advantage of measuring the dimensions directly from the drawing, it has
become a general practice to use the true scale instead of the isometric scale.

To avoid confusion, the view drawn with the true scale is called isometric
drawing or isometric view, while that drawn with the use of isometric scale is
called isometric projection.

Referring again to fig. 17-2, the axes BC
and CD represent the sides of a right angle
in horizontal position. Each of them together
with the vertical axis CG, represents the right
angle in vertical position. Hence, in isometric
view of any rectangular solid resting on a
face on the ground, each horizontal face will
have its sides parallel to the two sloping

(i) {iii)

axes; each vertical face will have its vertical i
sides parallel to the vertical axis and the 0
other sides parallel to one of the sloping axes. FIG. 17-5

In other words, the vertical edges are shown by vertical lines, while the horizontal
edges are represented by lines, making 30° angles with the horizontal. These lines are
very convement!y drawn with the T-square and a 30° 60° set- square or drafter

”‘E? S §§{§ME§'§§€ ﬁ&%&%%

An lsometrlc graph as shown in flg 17 6 faahtates the drawmg of lsometrlc view
of an object. Students are advised to make practice for drawing of isometric
view using such graphs. See fig. 17-55 and fig. 17-56 of problem 17-33.

: i?% §< :

N
5
FiG. 17-6
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Art. 17-6-1] Isometric Projection 421

7-6. ILLUSTRATIVE PROBLEMS .

The procedure for drawing isometric views of pianes, solids and obJects of various
shapes is explained in stages by means of illustrative problems.

In order that the construction of the view may be clearly understood, construction
lines have not been erased. They are, however, drawn fainter than the outlines.

In an isometric view, lines for the hidden edges are generally not shown. In
the solutions accompanying the problems, one or two arrows have been shown.
They indicate the directions from which if the drawing is viewed, the given orthographic
views wouId be obtained. Students need not show these arrows in their solutions.

‘ ﬁomﬁﬁ

This book is accompanied by a computer CD w 'nch contains an audiowsuai
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 40 for the
following problem.

CcHAROTAR

NTFRO

Problem 17-1. The front view of a square is given in fig. 17-7(i). Draw its
isometric view.

As the front view is a square, the surface of the square is vertical. In isometric
view, vertical lines will be drawn vertical, while horizontal lines will be drawn
inclined at 30° to the horizontal.

(i) Through any point d, draw a vertical line da = DA [fig. 17-7(ii)l.

(i) Again through d, draw a line dc = DC inclined at 30° to the horizontal

and at 60° to da.

(iii) Complete the rhombus abcd which is the required isometric view. The

view can also be drawn in direction of the other sloping axis as shown in
fig. 17-7(ii).

Problem 17-2. If fig. 17-7() is the top A
view of a square, draw its isometric view.
As the top view is a square, the surface
c
(u (i) (IV

of the square is horizontal. In isometric D 0
view, all the sides will be drawn inclined
at 30° to the horizontal. hG. 17-7

(i) From any point d [fig. 17-7(iv)], draw two lines da and dc inclined at 30°
to the horizontal and making 120° angle between themselves.

(i) Complete the rhombus abcd which is the required isometric view

Problem 17-3. The top view of a 4
rectangle, the surface of which is horizontal is
shown in fig. 17-68(1). Draw its isometric view.
. . . L
(u (iii)

Draw the required view as explained g
in problem 17-2 and as shown in either (i
fig. 17-8(ii) or fig. 17-8(iii). G. 17-8

Problem 17-4. The front view of a triangle having its surface parallel to the V.P.
is shown in fig. 17-9(i). Draw its isometric view.
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The surface of the triangle is vertical and the base ab is horizontal. ab will be
drawn parallel to a sloping axis. The two sides of the triangle are inclined.

Hence they will not be drawn parallel to

any isometric axis. In an isometric view, angles do e F
not increase or decrease in any fixed proportion. C
They are drawn after determining the positions
of the ends of the arms on isometric lines. 45° 605
III

Therefore, enclose the triangle in the rectangle A =~ B

M

g

ABQP. Draw the isometric view abgp of the
rectangle [fig. 17-9(ii)].

Mark a point ¢ in pg such that pc = PC. Draw the triangle abc which is the required
isometric view. It can also be drawn in the other direction as shown in fig. 17-9(iii).

Problem 17-5. The front view of a
quadrilateral whose surface is parallel to

the V.P is shown in fig. 17-10(). Draw E_D_Q
its isometric view. C
Enclose the quadrilateral in a rectangle
ABEF. B
(i)

() Draw lines CP and CQ parallel to 0]
the sides FE and BE respectively. cm. 17-10

(i) Draw the isometric view of the rectangle [fig. 17-10(ii)] and obtain the
point d in fe as explained in problem 17-4. Draw the isometric view cpeq
of the rectangle CPEQ.

(iii) Draw the quadrilateral abcd which is the required isometric view.

If the given view is the top view of a quadrilateral whose surface is horizontal,
i.e. parallel to the H.P, its isometric view will be as shown in fig. 17-10(iii).

Problem 17-6. If the view given in fig. 17-11(i) is

FiG. 17~9

(@) the front view of a hexagon whose

surface is parallel to the V.R. or
(b) the top view of the hexagon whose
surface is horizontal, draw its
(i (i)

isometric views.
(a) fig17-11(ii). (b) fig 17-11(iii). FlG. 17-11
In both cases, the views can be drawn in the other direction also.

Problem 17-7. Fig. 17-12(i) shows the front view of a circle whose surface is parallel
to the V.P. Draw the isometric view of the circle.

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
Cocnrront  subject. Readers are requested to refer Presentation module 41 for the
following problem.
1. Methed of points:

(i) Enclose the circle in a square, touching it in points 1, 2, 3 and 4. Draw
the diagonals of the square cutting the circle in points 5, 6, 7 and 8.

(i) Draw the isometric view of the square [fig. 17-12(ii) and [fig. 17-12(iii)]
and on it mark the mid-points 1, 2, 3 and 4 of its sides. Obtain points
5, 6, 7 and 8 on the diagonals as explained in problem 17-5.

www.Jntufastupdates.com 6

~HAROTA




Art. 17-6-1] Isometric Projection 423

Or, after determining the position of one point, draw through it, lines parallel
to the sides of the rhombus and obtain the other three points. Draw a neat and
smooth curve passing through the eight points viz. 1, 6, 2, 7 etc. The curve is
the required isometric view. It is an ellipse.

B 3 C

THHHERG 9

-«

(i) A
Fig. 17-12 Fic. 17-13

If the view given in fig. 17-12(i) is the top view of a circle whose surface is
horizontal, its isometric view will be as shown in fig. 17-12(iv).

As the isometric views have been drawn with the true scale, the major axis of

the ellipse is fonger than the diameter of the circle. N
Fig. 17-13(ii), fig. 17-13(iii) and fig. 17-13(iv) //m
show the isometric projection of the circle drawn @/

with isometric scale. Note that when the length
of the side of the rhombus is equal to the isometric
diameter of the circle, the length of the major
axis of the ellipse is equal to the true diameter of 4
the circle.

i, Four-centre method:

Draw the isometric view of the square
[fig. 17-14()]. Draw perpendicular bisectors of the
sides of the rhombus, intersecting each other on
the longer diagonal at points p and g, and which
meet at the 120°-angles b and d. FiG. 17-14

Or, draw lines joining the 120°-angles b and d with the mid-points of the opposite
sides and intersecting each other on the longer diagonal at points p and g. Two of these
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lines will be drawn horizontal, while the other two will make 60°-angles with the
horizontal. With centres b and d, draw arcs 3-4 and 1-2 respectively. With centres p
and g, draw arcs 1-4 and 2-3 respectively and complete the required ellipse. Fig. 17-14(ii)
shows the ellipse obtained in the rhombus drawn in the direction of the other sloping
axis. Fig. 17-14(iii) shows the isometric view of the circle when its surface is horizontal.
The ellipse obtained by the four-centre method is not a true ellipse and differs
considerably in size and shape from the ellipse plotted through points. But owing
to the ease in construction and to avoid the labour of drawing freehand neat
curves, this method is generally employed.
Problem 17-8. To draw the isometric view of a circle of a given diameter, around
a given point,
Let O be the given point and D the diameter of the circle.
(@ When the surface of the circle is vertical [fig. 17-14()].
(i) Through O, draw a vertical centre line and another centre line inclined at
30° to the horizontal, i.e. parallel to a sloping isometric axis. On these

lines, mark points 1, 2, 3 and 4 at a distance equal to 0.5D from O.
(i) Through these points, draw lines parallel to the centre lines and obtain the

rhombus abcd of sides equal to D.

(iii) Draw the required ellipse in this rhombus by the four-centre method.

By drawing the second centre line parallel to the other sloping axis, the
isometric view is obtained in another position as shown in fig. 17-14(ii).

(b) When the surface of the circle is horizontal [fig. 17-14(iii)].

Through O, draw the two centre lines parallel to the two sloping
isometric axes, i.e. inclined at 30° to the horizontal. Draw the required
ellipse as explained in (a) above.

Note: This construction is very useful in drawing isometric views of circular holes in solids.
Problem 17-9. Fig. 17-15(i) shows the front view of a semi-circle whose surface
is parallel to the V.P. Draw its isometric view.
(i) Enclose the semi-circle in a rectangle. Draw the isometric view of the
rectangle [fig. 17-15(ii) and [fig. 17-15(ii)].

(i) Using the four-centre method, draw the half-ellipse in it which is the
required view. The centre for the longer arc may be obtained as shown or
by completing the rhombus.

If the view given in fig. 17-15(i) is the top view of a horizontal semi-circle,
its isometric view would be drawn as shown in fig. 17-16(i) and fig. 17-16(ii).

/ ‘ / < L N A

l ~ g4 /.

{ (ii) (ii) U] (i)
FiGc. 17-15 Fic. 17-16

Problem 17-10. Fig. 17-17(i) shows the front view of a semi-circle whose surface
is parallel to the V.P. Draw the isometric view of the semi-circle.

www.Jntufastupdates.com 8




Art. 17-6-21 Isometric Projection 425

See fig. 17-17(ii) and fig. 17-17(iii).

~_ A
(i) (i) (i
FiG. 17-17 FG. 17-18

If the view shown in fig. 17-17(i) is the top view of a semi-circle whose
surface is horizontal, its isometric view will be as shown in fig. 17-18(i) or
fig. 17-18(ii). R

Problem 17-11. Fig. 17-719()) shows
the front view of a plane parallel to the \

V.P Draw its isometric view.

(i) The upper two corners of the
plane are rounded with quarter
circles. Enclose the plane in a
rectangle.

(i) Draw the isometric view of the 0 FiG. 17-19
rectangle. From the upper two corners of the parallelogram, mark points
on the sides at a distance equal to R, the radius of the arcs. At these
points erect perpendiculars to the respective sides to intersect each
other at points p and g. With p and g as centres, and radii p1 and
g3, draw the arcs and complete the required view.

It is interesting to note that although the arcs are of the same radius, they are
drawn w:th different radii in thEIF isometric views.

W&&sﬁ §§@M§“§'§%§{‘ ﬁﬁﬁw’%%ﬁ OF mm AN S /@

We have seen that the isometric view of a cube is determmed from its orthographlc
view in a particular position. The three edges of the solid right-angle of the cube
are shown by lines parallel to the three isometric axes. A square prism or a
rectangular prism also has solid right-angles. Hence, lines for its edges are also
drawn parallel to the three isometric axes.

While drawing the isometric view of any solid, the following important points
should be carefully noted:

(i) The isometric view should be drawn according to the given views and in
such a way that maximum possible details are visible.

(i) At every point for the corner of a solid, at least three lines for the edges
must converge. Of these, at least two must be for visible edges.

Lines for the hidden edges need not be shown, but it is advisable to check
up every corner so that no line for a visible edge is left out.

(ifi) Two lines (for visible edges) will never cross each other.
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426 Engineering Drawing [Ch. 17

Problem 17-12. Draw the isometric view of a square prism, side of the base
20 mm long and the axis 40 mm long, when its axis is (i) vertical and (ii) horizontal.

(i) When the axis is vertical, the ends of the prism will be horizontal. Draw the
isometric view (the rhombus 1-2-3-4) of the top end [fig. 17-20(i)]. Its sides
will make 30°-angles with the horizontal. The length of the prism will be
drawn in the third direction, i.e. vertical. Hence, from the corners of the
rhombus, draw vertical lines 1-5, 2-6 and 3-7 of length equal to the length
of the axis. The line 4-8 should not be drawn, as that edge will not be
visible. Draw lines 5-6 and 6-7, thus completing the required isometric view. Lines
7-8 and 8-5 also should not be drawn. Beginning may also be made by drawing
lines from the point 6 on the horizontal line and then proceeding upwards.

(i) When the axis is horizontal, the ends will be vertical. The ends can be
drawn in two ways as shown in fig. 17-20(ii) and fig. 17-20(iii). In each
case, the length is shown in the direction of the third isometric axis.

4
1 3 7 8
8 7
3 4
5 6
5 7 2 1
6 1 2
{) {ii) (i)
FiG. 17-20

Problem 17-13. Three views of a block are given in fig. 17-21(). Draw its
isometric view.

The block is in the form of a 3 B
rectangular prism. Its shortest edges I
are vertical. Lines for these edges will g Q a
be drawn vertical. Lines for all other D C P ¢
edges which are horizontal, will be drawn
inclined at 30° to the horizontal in
direction of the two sloping axes as A B q
shown in fig. 17-21(ii). { (ii)

Methods of drawing non-isometric lines. Fic. 17-21

A
p

Tl Oy

N

When an object contains inclined edges which in the isometric view would be
shown by non-isometric lines, the view may be drawn by using any one of the
following methods:

(i) box method or

(i) co-ordinate or offset method.

(i} Box method: This method is used when the non-isometric lines or their
ends lie in isometric planes. The object is assumed to be enclosed in a rectangular

box. Initially, the box is drawn in isometric. The ends of the lines for the inclined
edges are then located by measuring on or from the outlines of the box.
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Art. 17-6-2] Isometric Projection 427

Problem 17-14. Three views of a BE FC
block are given in fig. 17-22(i). Draw [,455’ [ {
its isometric view. Q R

(i) Enclose the block in a rectangular

box.
(iiy Draw the isometric view of the ‘ i
box [fig. 17-22(ii)]. M FlG. 17.22 (ii)
(iii) Mark points e and f on the fine bc
such that be = BE and fc = FC. l ] [ L ‘
(ivi Complete the required view as
shown.
Problem 17-15. Draw the isometric e
view of the plate shown in three views , ,
in fig. 17-230). O he 1723 @

Obtain the required view as explained in problem 17-14 and as shown in fig. 17-23(ii).

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 42 for the
following problem.

Problem 17-16. Draw the isometric
view of the frustum of the hexagonal
pyramid shown in fig. 17-24(i).

COGNIFRONY

61 203

(i) Enclose the front view and the
top view in rectangles.

(ii) Draw the isometric view of the
rectangular box [fig. 17-24(ii)].
Locate the six points of the base e d

of the frustum on the sides of 4
the bottom of the box. The upper '

—n
(2]

e

six points on the top surface
of the box are located by drawing 7
isometric lines, e.g. P1 and Q1
intersecting at a point 1. P

(iii) Join the corners and complete the
isometric view as shown.

(if) Co-ordinate or Offset method: This method is adopted for objects in which
neither non-isometric lines nor their ends lie in isometric planes.

Perpendiculars are dropped from each end of the edge to a horizontal or a
vertical reference plane. The points at which the perpendiculars meet the plane, are
located by drawing co-ordinates or offsets to the edges of the plane.

This book is accompanied by a computer CD, which contains an audiovisual
animation presented for better visualization and understanding of the
subject. Readers are requested to refer Presentation module 43 for the
following problem.

b
i {i#)
FiGc. 17-24

CHAROTAR

poNt

Problem 17-17. Draw the isometric view of the pentagonal pyramid, the projections
of which are given in fig. 17-25().
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(M
(ii)
(iii)
(iv)

(v)

Fig.

Enclose the base (in the top view) in an oblong.
Draw an offset og (i.e. pg) on the line ab.

Draw the isometric view of the oblong and locate the corners of the base in
it [fig. 17-25(ii)].

Mark a point Q on the line AB such that AQ = ag. From Q, draw a line
QP equal to go and parallel to 2C. At P, draw a vertical OP equal to op"

Join O with the corners of the base, thus completing the isometric view
of the pyramid.

17-25(iii) shows the isometric view of the same pyramid with its axis in

horizontal position.

i

0

Problem 17-18. Draw the isometric view of the truncated triangular pyramid
shown in fig. 17-26().

(i)

(ii)

(iii)

{iv)

Draw the perpendi-
culars d X, €' y' and f
Z' the front view and
the offsets dg, er and
fc in the top view.

Draw the isometric view
of the whole pyramid
[fig. 17-26(ii)].

Transfer the offsets
and the verticals to
this view and obtain
points D, E and F on

the lines OA, OB p° CP=cp

and OC respectively. ye QX=gx RY=ry CZ=cz
Draw lines DE, EF and g 7 b XD=xd YE=ye' ZF=2zf'
FD and complete the (i) (if

required isometric view. FIG. 17-26
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Art. 17-6-4] Isometric Projection 429

Problem 17-19. Draw the isometric view
of the cylinder shown in fig. 17-27(i).

The axis of the cylinder is vertical,
hence its ends are horizontal. Enclose the
cylinder in a square prism.

Method I: ‘
Draw the isometric view of the prism _<

[fig. 17-27(ii)]. In the two rhombuses, draw
the ellipses by the four-centre method. Draw
two common tangents to the two ellipses.
Erase the inner half of the lower ellipse
and complete the required view.

Method 1i:

Draw the rhombus for the upper end of
the prism [fig. 17-27(iii)] and in it, draw the
ellipse by the four-centre method. From the
centres for the arcs, draw vertical lines of
length equal to the length of the axis, thus
determining the centres for the lower ellipse.
Draw the arcs for the half ellipse. Draw common
tangents, thus completing the required view.

When the axis of the cylinder is horizontal, its
isometric view is drawn by method | as shown in
fig. 17-28(i).

Fig. 17-28(ii) shows the view drawn by method II,
but the axis is shown sloping in the other direction.

Fig. 17-29 and fig. 17-30 respectively show
the isometric views (drawn by method i) of a
half-cylindrical disc with its axis in vertical and
horizontal positions.

17.6-4. ISOMETRIC DRAWING OF CONES  Z72

Problem 17-20. Draw the isomelric
view of a cone, base 40 mm diameter
and axis 55 mm long (i) when ils axis is
vertical and (i) when its axis is horizontal. -
(i) Draw the ellipse for the base [fig. or
17-31(i)]. Determine the position ‘
of the apex by the offset method. l
i)

(i) Draw tangents to the ellipse from
the apex. Erase the part of the
ellipse between the tangents and
complete the view as shown. FiG. 17-31

(iii) See fig. 17-31(ii) which is self-explanatory.
www.Jntufastupdates.com 13




430 Engineering Drawing [Ch. 17

Problem 17-21. Draw the isometric
view of the frustum of a cone shown
in fig. 17-32().

(i) Draw the ellipse for the base

(fig. 17-32(ii)]. Draw the axis.

(ii) Around the top end of the axis,
draw the ellipse for the top.

(iii) Draw common tangents, erase
the unwanted part of the
ellipse and complete the view
as shown,

The orthographic view of a sphere seen from any direction is a circle of diameter

equal to the diameter of the sphere. Hence, the isometric projection of a sphere
is also a circle of the same diameter as explained below.

The front view and the top view of a sphere resting on the ground are shown
in fig. 17-33(i). C is its centre, D is the diameter and P is the point of its contact
with the ground.

ISOMETRIC RADIUS

(i) (i)
FG. 17-33
Assume a vertical section through the centre of the sphere. Its shape will be
a circle of diameter D. The isometric projection of this circle is shown in fig. 17-33(ii)
by ellipses 1 and 2, drawn in two different vertical positions around the same
centre C. The length of the major axis in each case is equal to D. The distance
of the point P from the centre C is equal to the isometric radius of the sphere.
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Art, 17-7] Isometric Projection 431

Again, assume a horizontal section through the centre of the sphere. The
isometric projection of this circle is shown by the ellipse 3, drawn in a horizontal
position around the same centre C. In this case also, the distance of the outermost
points on the ellipse from the centre C is equal to 0.5D.

Thus, it can be seen that in an isometric projection, the distances of all the
points on the surface of a sphere from its centre, are equal to the radius of the sphere.

Hence, the isometric projection of a sphere is a circle whose diameter is equal
to the true diameter of the sphere.

Also, the distance of the centre of the sphere from its point of contact with
the ground is equal to the isometric radius of the sphere, viz. CP.

It is, therefore, of the utmost importance to note that, isometric scale must

invariably be used, while drawing isometric projections of solids in conjunction with
spheres or having spherical parts.

R

R
S

e
| ISOMETRIC RADIUS

(i) , (il
FiG. 17-34
Problem 17-22. Draw the isometric projection of a sphere resting centrally on
the top of a square prism, the front view of which is shown in fig. 17-34().

(i) Draw the isometric projection (using isometric scale) of the square prism
and locate the centre P of its top surface [fig. 17-34(ii)l.

(i) Draw a vertical at P and mark a point C on it, such that PC = the
isometric radius of the sphere.

(iii) With C as centre and radius equal to the radius of the sphere, draw a circle
Wthh Wl” be the lsometrlc pro;ectlon of the sphere

img OF 5%&&3&‘@@; DRAWING = Z

The solutions given in the following typlcal problems are mostly seh‘-explanatory
Explanations are however given where deemed necessary. Construction [ines are left
intact for guidance. Dotted lines for hidden edges have been shown in some views
to make the construction more clear. Unless otherwise stated, all dimensions are
given in millimetres.

Problem 17-23. A hexagonal prism having the side of base 26 mm and
the height of 60 mm is resting on one of the corner of the base and its axis
is inclined to 30° to the H.P. Draw its projections and also prepare the isometric
view of the prism in the above stated condition.

(i) Draw the projections of the prism as shown in figure 17-35.

(i) Construct the isometric view as shown in fig. 17-36.
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/
K B F M
a1 e
5

@60 c < D =

3 0" O
L

FiG. 17-37 FiG, 17-38
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Art. 17-7} Isometric Projection 433

Problem 17-24. (fig. 17-37): A cylindrical block of base, 60 mm diameter and height
80 mm, standing on the H.P. with its axis perpendicular to the H.P. Draw its isometric view.

The method shown in fig. 17-38 is self-explanatony.

Problem 17-25. The projection of pentagonal pyramid is shown in fig. 17-39.
Draw its isometric view.

See fig. 17-40.

A

e
Y
X
N d M
e
817 c
Y.
K L
b
Fig. 17-39 FIG. 17-40

Problem 17-26. The projection of the frustum of the cone is shown in fig. 17-41.
Draw its isometric view.

See fig. 17-42.

A

o
Q
A
X N
Q: —_—
4
K R2 Rs M
Q~
30° 30°
AT A
FiG. 17-42
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Problem 17-27. The orthographic projections of the object is shown in fig. 17-43.
Draw the isometric view of the object.

See fig. 17-44.

»/

20

o -

A

< |
30
60

20y
S l | l g
<
9i Y 30° Y30"
FiGg. 17-43 FiG. 17-44

Problem 17-28. Draw the isometric view of the casting shown in two views in
fig. 17-45.

See fig. 17-46. Lines for the visible lower edges of the rectangular hole should
be shown. 29

Bim— ’f

75 |

{‘ Cgs

:¢ °°A 4 E ‘n > {/

91422 Sleg 18k

38

FiG. 17-45 FIG. 17-46

Problem 17-29. Draw the isometric view of the block, two views of which are
shown in fig. 17-47.

See fig. 17-48. Centres for the arcs for lower circular edges are obtained by
drawing vertical lines from the centres for the upper arcs.

Problem 17-30. Draw the isometric view of the casting, shown in three views
in fig. 17-49.

See fig. 17-50.

Problem 17-31. Draw the isometric view of the casting, two views of which are
shown in fig. 17-51.

See fig. 17-52.
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FiG. 17-47 FiG. 17-48

<

|
|
B A _.____T._JI_+9

e

Nk
i‘ /

pas
. 25 L 50

(Third-angle projection) FIG. 17-50
FIG. 17-49

1
|

R25 :

AN

12

25 | 100

50

(Third-angle projection) FiGc. 17-52
FiG. 17-51
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436 Engineering Drawing [Ch. 17
Problem 17-32. The front view of a board fitted with a letter H and mounted
on a wooden post is given in fig. 17-53. Draw its isometric view, assuming the

thickness of the board and of the letter to be equal to 3 cm. Scale, half full size.
(All dimensions are given in centimeters.)

NS 4
5 S8 3, 1
] 1
.
\\)

See fig. 17-54.

a3

¢

3
17
27

AN
VY,

FiG. 17-53 FiG. 17-54

Problem 17-33. Draw the isometric view of the casting shown in two views in
fig. 17-55.

See fig. 17-56.
— | _ —
3
1 ; 1
L =R R
RER
H
p 1 Y
¢ a10 |
B0l0] 25 |10] g
“F |
o ok '
Y 7Y X
4 80 N
FiG. 17-55 Fic. 17-56
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Art. 17-7] isometric Projection 437

Problem 17-34. Draw the isometric view of the model of steps, two views of
which are shown in fig. 17-57. - SEEET IS T :

See fig. 17-58.
'y
2 ]
ot
[ . Y.
8

//

25 25 25

>

FIG. 17-57 FiG. 17-58

Problem 17-35. Two pieces of wood joined together by a dovetail joint are
shown in two views in fig. 17-59. Draw the isometric view of the two pieces
separated but in a position ready for fitting.

See fig. 17-60.

Fig. 17-59 FiG. 17-60

Problem 17-36. The outside dimensions of a box made of 4 cm thick planks
are 90 cm X 60 . cm. % 60.cm height. The depth of the lid on the outside is
12 cm. Draw the isometric view of the box when the lid is (a) 90° open and
(b) 120° open.

Draw the orthographic view of the box with the lid in required positions as
shown in fig. 17-61.

(@) This position is simple to draw in isometric view. Care must, however,
be taken to deduct the thickness of the wood for the bottom and the
top, when showing in the lines for the inside of the box and the lid
(fig. 17-62).
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438 Engineering Drawing [Ch. 17

(b) In this position, points P, Q, R etc. for the lid are located by enclosing
the lid in the oblong and transferring the same on the isometric view as
shown in fig. 17-62. The view is left incomplete to avoid congestion.

2
AN
AN o

H
O

60

FiG. 17-61 FiGg. 17-62

Problem 17-37. Two views of a cast-iron block are shown in fig. 17-63. Draw its
isometric view.

See fig. 17-64.

12, 18 12 18 12 9.9 12 9 9

48

Fic. 17-63 FiG. 17-64

The slope of the lines for the grooves on the outer surface on all the four
sides is different and is obtained as- shown by construction lines. The depth is
measured along vertical lines.

Problem 17-38. Draw the isometric view of the casting shown in two views in
fig. 17-65.

See fig. 17-66.

Problem 17-39. Draw the isometric view of the simple moulding shown in
fig. 17-67.

See fig. 17-68.
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Art. 17-7] Isometric Projection 439

The points on the curve are located by co-ordinate method. The parallel curve
is obtained by drawing lines in the third direction and equal to the thickness of
the moulding.

]
/ . e |
°I| 2l
‘!-
|
&
__________________ ST 60°
15 15
B 63 X 50 | S 5
FiG. 17-65 FIG. 17-66
X
a a
0 Py Y
34
1
I
!
i
a
FIG. 17-67 FIG. 17-68

Problem 17-40. The front view of three solids placed one above the other,
with their axes in a straight line is shown in fig. 17-69. Draw the isometric view
of the arrangement.

See fig. 17-70.

In this problem, isometric lengths must be taken for all dimensions except for the
radius of the circle for the sphere.

www.Jntufastupdates.com 23



440 Engineering Drawing [Ch. 17

The centre C of the sphere is at a distance equal to the isometric radius
from the centre P of the top face of the cone frustum. The circle for the sphere
is drawn with the true radius.

The ellipse for the section of the sphere is drawn within the rhombus constructed
around the point Q on the axis.

FiG. 17-69 FG. 17-70

Problem 17-41. Draw the isometric view of the clamping piece shown in
fig. 17-71.

See fig. 17-72.

i
|
|

—

6
|
I | I

R25

FiG. 17-71 FiG. 17-72 .
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Art. 17-7] Isometric Projection 441

Problem 17-42, (fig. 17-73): Draw the
isometric view of a hexagonal nut for a
24 mm diameter bolt, assuming approximate
dimensions. The threads may be neglected
but charnfer must be shown.

See fig. 17-74.

Problem 17-43. Draw the isometric view
of the paper-weight with spherical knob
shown in fig. 17-75.

See fig. 17-76. Isometric scale should
be used for all dimensions except for the FiG. 17-73 FIG. 17-74
radius of the circle for the sphere.

=]
032
063 I\
: \
}
| @75 N
FiG. 17-75 FIG. 17-76

i
Problem 17-44. (fig. 17-77): Draw the isometric view of a square-headed bolt
24 mm diameter and 70 mm long, with a square neck 18 mm thick and a head,
40 mm square and 18 mm thick.

See fig. 17-78.
SQ40

Fic. 17-78
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Problem 17-45. Draw the isometric view of the casting shown in fig. 17-79.

See fig. 17-80.

I

i 1: S
gi ) n @15
(XY | =
R18
FiG. 17-79 FIG. 17-80

I ] RG Problem 17-46. The projections
A A\ of a casting are shown in fig. 17-81.

Draw jts isometric view.

!

!

| |
~|>.__‘_-.-E%I See fig. 17-82.

|

|

FIG. 17-82
www.Jntufastupdates.com 26
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Problem 17-47. Draw the isometric view of the bracket shown in two views in
fig. 17-83. ‘

See fig. 17-84.
50 110
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FIG. 17-83

FiG. 17-84

Problem 17.-48. Draw the isometric view of the machine-handle shown in
fig. 17-85.

See fig. 17-86.

All measurements must be in isometric lengths except those for the diameters
of spherical parts.
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SPHERICAL

Fic. 17-85-

FIG. 17-86

(i) Draw an axis and mark on it the positions of points A, B etc.

(i) At points B, C, E and F, draw ellipses for circular sections of the conical handle.
Ellipses at B and £ will be completely hidden.

(ili) With points A, D and G as centres, draw circles for the spheres, with their
respective true radii. ‘

(ivy Mark points H and J on the vertical axes through D and G respectively and
draw ellipses for the respective sections of the spheres.

(v) Around H, draw a rhombus for the square hole.
(vi) The dotted lines for the depth of the holes are omitted.

Problem 17-49. The front view of a stool having a square top and four legs is
shown in fig. 17-87. Draw its isometric view.

The legs lie along the slant edges of a frustum of a square pyramid (fig. 17-88).

Positions of the connecting horizontal strips between the legs at the top and
at the bottom are determined by marking the heights along the axis and then
drawing isometric lines upto the line AB, which shows the slope of the face of
the frustum. :
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1. Projections of castings of various shapes are given in figs. 17-89 to 17-115.
Draw the isometric view of each casting.
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2. Assuming unit length to be equal to 10 mm, draw the isometric views of
objects shown in figs. 17-116 to 17-125.

(Third-angle projection) FiG. 17-117
FIG. 17-116
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(Third-angle projection) FiG. 17-122
Fic. 17-121
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Fic. 17-123 (Third-angle projection) FiG. 17-125
MG 17124

3. Assuming simple graph of 10 mm grid, draw the isometric views of objects
shown in fig. 17-126 and fig. 17-127.
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Exe. 17] Isometric Projection 453

4. Orthographic views of 35 objects with either (i) a line or (ii) lines or (iii) a view
missing are given in fig. 17-128. Complete the given views. Also draw freehand,
the isometric view of each object.

[For answer see fig. 17-194.]
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FIG. 17-128
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(Ex. 1. FiG. 17-92)
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(Ex. 1. FIG. 17 93)
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(Ex. 1. Fi1G. 17-94)
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(Ex. 1. FiG. 17-95)
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(Ex. 1. FiG. 17-96)
FiG. 17-136
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