Sections of Solids

141, INTRODUCTION

So for we have studied that the shape of an object
can he described by drawing its orthographi

the reference line.
Methods of drawing the Sectional vy
auxiliary sections are Same as haye been useq in

chapters on Projections of solids apg auxiliary
projections. Here, in this chapter, we g

the basic geometric principles used 1o draw se Ctiong]
views and auxiliary sections of simple so}igg

1ewWs and

—e|

hal] develop

\

14.2. SECTION PLANES

In addition to the principal planes, Hp and vp,
IS customary to picture the auxiliary planes, ,,
drawing auxiliary or sectional views. Section Planes
are usually perpendicular planes. They May b
perpendicular or parallel to one of the prini
planes and either perpendicular or inclineg 10 the
other plane. These planes are represented by they
traces, as already explained in chapter 11.

14.3. APPARENT SECTION

The projection of a section on the principal plax
to which the section plane is perpendicular is 1
straight line coinciding with the trace of the sectio
Plane on it. Whereas its projection on the principl

plane to which it is inclined is apparent section,
Fig. 14 14.

14.4. TRUE SECTION

The projection of the section obtained on a plane
Parallel to the section plane, which is same as the
section €Xposed by the section plane, is called the
Irue section, If the section plane be parallel to the
" Or ground plane, the trye shape of the section
IS projected ip sectional top view, Fig. 14.2.
hereas, the trye shape of the section is shown if
Sectional front view when the section plane
parallel to the VP, Fig 147 :
When the section plane is inclined to °“e°r
the principa] Planes and perpendicular to the f"hzs'
l.e., AP or AVP, the true shape of the SCC“O“HC
Oblained by Projecting on an auxiliary plane, par®
to the section Plane, Figs. 14.15, 14.23.
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\V}?en‘ the section plane is perpendicular g
both principal planes, the sectional end vieyw show
{he true shape of the section, Fig. 14.3]

145. TYPES OF SECTIONS OF SOLIps

By using the five different types of
section planes we obtain the follow
of sectional views of solids:

I Sections of solids obtained by
planes.

_perpendicular
Ing five types

horizontal

(=]

Sections of solids obtained by vertical Planes.

Sections of solids obtained by auxiliary
inclined planes.

Sections of solids obtained by auxiliary vertical
planes.

wn

Sections of solids obtained by profile planes.

14.6. PROCEDURE FOR DRAWING A
SECTIONAL VIEW

The projections of all the solids are first drawn in
thin lines without imagining them to be cut or
sectioned as desired. Then, after the projections
of the complete solids are drawn the trace, to
represent the section plane, is passed through the
dppropriate view, as given in the problem. The
part of the solid, in between the observer and the
section plane, is assumed to be cut away. Then the
Projections of points lying on the boundary of the
section are projected from the view through which
the trace for the section plane is passed to the
other corresponding view showing section. If .the
Section plane line is passed through the front view
then the top view is drawn in section and vice
Versa. Further, the part of the solid, wh?Ch 1s
SUpposed to be cut away, is drawn in thin continuous
O preferably in thin short double chain lines.
In connection with the section lining the
f°"°Wing points should be kept in mind: .
I Section lines should be thin continuous lines,
Usually inclined at 45° to XY line. .
The distance between any two consecutive
Section lines, in a sectional area, should be
dpproximately equal.
The boundary of a sectioned area should always
be firm,
There should be no firm lines inside the
boundary of a sectioned area.
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5. Direction of section lines should be same, in a

sectioned area, in all its views.

We should now consider the cases where the

solids are cut by the five types of perpendicular
section planes, in turn.

14.7. SECTION PLANE

PERPENDICULAR TO VP AND
PARALLEL TO HP

Figure 14.1 shows a right regular pentagonal
pyramid cut by a section plane perpendicular to
VP and parallel to HP. The plane has only VT and
has no HT. As the section plane is parallel to the
HP, projection of the section on the HP is true
shape and size. Its projection on the VP is a line
and it coincides with the VT of the plane. The
pictorial view illustrates the theory of projection
of sectional views.

To have more close insight of the principles
involved, the following problems, using such a
section plane, should be carefully studied.

PROBLEM 14.1. 4 right regular pentagonal pyramid,
side of base 30 mm and height 52 mm, rests on its
base in HP with one of its base edges perpendicular to
VP. A section plane parallel to the HP cuts the axis of
the pyramid at a distance of 25 mm from its base.
Draw its front view and sectional top view.

SOLUTION: Refer Fig. 14.1,

As the pyramid has its base on HP, draw the
top view keeping one of the sides of base
perpendicular to XY line. Then project its
corresponding front view. Name the points in top
and front views, as shown.

As the section plane is parallel to the HP, it is
perpendicular to the VP. It is represented by its
VT, drawn through the front view at a distance of
25 mm from the XY line and parallel to it. The
slant edges 01", 02", 0’3", 0’4’ and 0’5’ are cut.
respectively, at points a’, b’, ¢, &’, and ¢’ in front
view. These points are projected downwards to
cut their corresponding edges ol, 02, 03, 04, and
05 in top view at points a, b, ¢, d, and e. When
mutually joined, these points give smaller regular
pentagon, placed centrally inside the pentagon for
the base of the pyramid. The smaller pentagon
represents the true section here. Remove or 1?-ave
as thin double chain lines the projections of the
cut away part OABCDE of the pyramid in the two
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Projection of Section on
HP Shown in Chain Lines

Section Plane Parallel
to H.P.

This Part Cut Away

Fig. 14.1.

views, and make the rest of the projections of the
pyramid bold, to complete the two required views.

M D-
B> PROBLEM 14. o

A right regular hexagonal pyvramid,
side of base 30 mm and height 70 mm, rests on irs
base in HP, with one of its base edges parallel 10 VP
An auxiliary horizontal Plane parallel to the HP and
perpendicular to the VP cus the pyramid at a height

of 34 mm from the base. Draw its front view and sectional
op view.

SOLUTION: Refer Fig. 14.2.

Section Plane Parallel to H.p.

\/Fig. 14.2. First Angle Projection
»  Draw the projections of the Pyramid, Startin

at top view and name the comer Points, g

shown.

LR

X
True Shape of
Section

Sectional Top View

*  Draw the VT to represent the section plane
a distance of 34 mm from XY line and paryy
to it.

: S N
*  Project the points of intersection 1’, 233,4’,
5", and 6’ of the cutting plane with the six sl
edges o’a’, o’b’, o’c’, o’d’, o'¢ apd ‘o’f
respectively, to their corresponding projections
0a, ob, oc, od, oe, and of in the top view, a],
2,3,4, 5 and 6. Join these six points mutually
to represent the section as shown and dmw
section lines in it.

The projection of the section in the top view ';
true shape and size as the section plane i
parallel to the HP,

PROBLEM 14.3. 4 triangular prism, side of b"_’;
45 mm and lengh of axis 75 mm, is lying on one afl;P
rectangular faces in HP. Its axis is parallel to bothd i
and VP. It is cut by a section plane parallel to an'ie“
a distance of 22 mm Jfrom the HP. Draw its front
and sectionql top view.

SOLUTION: Refer Fig. 14.3.

As the triangular end face, in the gived p o»bmi(;t
IS not paralle] to either of the HP and VP. begm"a 1
can not be made from the front or top views. lnztfzrf-
the end face s parallel to a profile plane. Ther oject
draw the side view first, as shown, and then P
the front and top views from it. :

Draw the cutting plane line VT p arac
line and 22 mm away from it. The g here!
feCtangle. The depth dimension :

hy, <
< ; > top \*
ransferred from the side view to the
shown,

'r_\] o \:
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Fig. 14.3.

PROBLEM 144 4 right regular pentagonal pyramid,

side of base 30 mm and height 65 mm, lies on one of

its triangular faces in HP. Its axis is parallel 10 VP A
section plane, perpendicular to the VP and parallel to
the HP, cuts its axis at a point P which is 7 mm away
from its base. Draw its front view and sectional top

view.

SOLUTION: Refer Fig. 14.4.
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M4. First Angle Projection

Draw the projections of the given P)’l’am'd_, mn
thin lines, and name the various corner points
3 illustrated.

In the front view, at a distance of 7 mm from
he base and along the axis (TL here), plot a
Point p.

Through the point P draw the given section
Plane (VT), which is parallel to the XY line, in
this case.

:

4. Then mark the points of intersection of the
section plane with the different edges of the
pyramid in the front view.

5. Project these points to their corresponding
location, on the projections of their respective
edges, in the top view. Then name these corner
point as shown.

6. Join, systematically, all these points to obtain
the boundary of the section in top view.

7. Finish the views, by drawing firm lines through
the remaining visible edges and by drawing
double chain lines through the projections of
the cut portions of the edges.

PROBLEM 14.€.<A right circular cone, base diameter
50 mm and height 60 mm, lies on one of its elements
in HP, such that its axis is parallel to VP. A section
plane parallel to the HP and perpendicular to the VP
cuts the cone, meeting the axis at a distance of 15 mm

from the base. Draw the front view and sectional top

view of the cut cone.

SOLUTION: Refer Fig. 14.5.

This Part Cut Away

i4' 32l
', 110" 11 12|
e K

11—

True Shape of Section

Fig. 14.5.

As already pointed out, major part oli the
problems on sections of solids comprises of.the
projections of the solids. Theref‘ore.fbf;_‘;f:
attempting to solve problems on section g S0 l[he‘
the student must thoroughly leam :0 osr;’t;ns.
projections of solids held in different p

!
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When the cone lies on one of its gencrators
on HP, its axis is inclined to the HP. Therefore, in
the initial position, draw the projections of the
¢ONe assuming its axis to be perpendicular to the
HP. Draw the top view first.

Unlike pyramids, there are no slant edges on

the surface of the cone and we need some elements. -

10 plot the intersections of which with the section
plane in order to plot, in the two views, to be able
to draw the boundary of the section obtained. To
do so, divide the circle in the top view into 12
equal parts, as explained in chapter 1. Name the
division points and join them, by thin lines. lg }hc
1op view o of the vertex O Project these division
POints to the base in the front v
all to o',
Next chan
such that the s
lies on XY lin

iew and join them

ge the position of the front view

de element 01”, which is true length,

ng the axis in the fron
view 15 mm from base. T

hrough this point draw

VT paralle] 1o the XY line o represent the section

plane. The clemengs o', 0’5 up 1o 0’10 are ¢y

by the section plane line at v, o, &, ¢, ', ¢, and

h’ i views
1507 5

1 9| Up to o, 10, as
f, g, and . Further the base of th

are on the
b, ¢, d, e,

a-straight |ipe and poj
k by a Smooth cyry

PROBLEM 4,671 : Pentagopg; DPrism
base edge 30 mm and hL’Ighl 70 mm, jg held on Hp '
one of its base edges, sych that jig XIS jg paralle] 3
VP and inclined to HP 4 30°. 4y Auxiliary i
plane cuts the prism, intersecy;

ight regulay

i > 10rizontqy

: ng IISA(L\'M' at q distance
of 17 mm from its top end Draw s frong View and
sectional top view.

SOLUTION: Refer Fig. 146, The proceq,, -
ame as used for problem 4. Tdhe ’merpremmn

h!' :hc solution is left to the reader.
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\)ig/. 14.6. First Angle Projection
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ht circular evlinder. diamete |

80O mm, rests on its base rin

such that ity axis iy inclined ar 459 1o the HP and s P

parallel to the Ve
cuts the axis g a
Draw iy front vie
SOLUTION:
1.

&)

w oand sectional top view
Refer Fig. 14.7.

Draw the
assuming tg

HP, in the initial stage. 4
Divide the base circle in top view into 12 cqu:‘,'
Parts and project these division points 10 %
front view to obtain 12 elements in it. X
Next change the position of the front \-i_c“ ’u;':
that the axis (TL) makes an angle of 45° 101
XY line. -
Project from the points on the lower end “:\\.
OWnwards, ang from the points on the top V¢
of the Initial

; ybtain
stage project horizontally. 10 l{ the
€Ws of these 12 points f‘|~

. . 2] L2
Ng intersections as 1,.2,. up

"W horizonta] Jines through these P*””“: o

EXt draw 5 Cutting plane line VT. to "ff:ri‘f_q
the horizopta) section plane at a distance ¢
T'm from the base in the front view. e 3.

€ section plane cuts the elements ; lpx
S0 on, at points a’, b’, and so on UP‘_O} ;n/\‘"”
these points upwards to intersect the hore,

2 elc
Projectorg drawn through points 1. =
Points a, b

> s
» €, up to / to locate the potl
N S\
OUndary of the section in top Vi¢

the top i
correspondj

L
1!

A section plane parallel to the |
distance of 50 mm from its bas
i
|
,

1P

top and front views of the Cf"“nd:r:
axis to be perpendicular to e

f
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Fig. 14.8. First Angle Projection

edges 0,2, and 0,3, at b and ¢, respectively.
Their projections on the corresponding
projections of the edges in the front view, locate
points a’, b’, ¢’, and d’, as shown. These points
when joined by means of straight lines give the
required section.

Y
| Corner 1 0n H.P.
Fig. 14.9. First Angle Projection

4. Keeping the visibility of various edges in mind.
finish the top view and sectional front view of
the cuf pyramid.

5. As the cutting plane line is pa
the projection of the section, a
view is true shape apd size.

B4 T _

PROBLEM @(A cube of 30 mm edge. <"

HP on one of its corners, with ils body t’“é’_‘”f‘j;

perpendicular to the HP. A section plane purpvndu u{

to the HP and parallel to the VP culs the ““[,;4;1”‘{ xl

10 mm away from the body diagonal 10Wd"®

observer. Draw its top and sectional views:

SOLUTION: Refer Fig. 14.10. o

1. Draw the projections of the cube; ke“p-ln:li«:ht
body diagonal C1 perpendicular t© Gl
lines.

2. As the section plane is par
represented by its trace HT
drawn at a perpendicular distan
from the top view ¢, of the Vv
diagonal in the final stage. The H
to the XY line. HT with

3. Project the points of intersection of 1 __ jins
various edges in top view, to the correts\‘ie“_ ol

front views of the edges in the "

rallel to the VP
"b’c’d’, in front

5 01

allel to VP!

1o
2 e (OP \
m th ) mm

e 00 ol
ertical ™ |
. al’il“e

Second stage,



T
Section Plane Parallel to V.P.

UEig. 14.10.

4. Fair out the projections of the cut cube, by

bold lines, keeping in mind the visibility of
various edges.

3. loin mutually the points on the section and draw

g section lines in it.

PROBLEM 14.11. A right hexagonal prism, side of
l.7ase 25 mm and length of axis 72 mm, lies on one of
Ils rectangular faces in HP, with its axis inclined at
3 10 VP. 4 vertical section plane parallel to the VP
auts the axis at a distance of 6 mm from the end face
away from the VP. Draw its top view and sectional
front viey,

SOLUTION: Refer Fig. 14.11.

True Shape of Section
25 ) '
S5e 1 e'r Shave, | v ey

Section Plane Parallel to V.P.

Fig. 14.11.

Draw the Projections of the prism, in light IHENES,

Satisfying the given conditions and label the

comer points as shown.

Draw the section plane HT, to represent s

section plane in top view, parallel to XY l::e

and passing through a point 6 mm along the

axis, as shown. v

3. Projects the points of intersection I, 11, m{ I
and V of the cutting plane line, with the various
edges in top view, to their corl‘eSPO"‘d"‘g
positions in front view as I, I’ I’ IV, and
.

4. Leaving the projections of the cut away portion
of the prism in light thin double chain lines,
fair out all the other lines. i

5. Join I, I, I, IV’, and V* mutually, by straight

lines, to obtain the section and draw section

lines in the area in section.

PROBLEM ’i:.?/BAright circular cone, diameter
of base 54 m d height 64 mm, lies on one of its
elements in HP with its axis parallel to VP. A vertical
section plane, parallel to the VP and 10 mm away
from the axis, cuts the cone. Draw the top view and
sectional front view of the cut cone.

SOLUTION: Refer Fig. 14.12.

1. Draw the projections of the cone satisfying the
given conditions, as shown.

2. Draw the cutting plane line HT, which is the
horizontal trace of the section plane, at a
distance of 10 mm and parallel to the axis in
top view.

3. The cutting plane line HT cuts the ellipse for
the base rim at a and g, and elements 02, 03,
04, 05 and 06 at points b, ¢, d, e, and f in the
final top view.

4. Project the points a and g vertically upwards to
points a” and g’ lying on the projection of the

base rim in front view. Also project points b, c,

d, e, and f on the final front view of the

corresponding elements 0°2’, 0’3’ etc. As b’,

cl, d’, el’ f‘

Join points a’, b’, ¢, d, e, f,and g’ by a

smooth curve, as the cone is a solid of

revolution. Draw section lines in this sectioned
area.

6. Fair out the view for the cut cone (leaving the
projections for cut away portion as thin double
chain lines).




