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Sh. No. |
Chapter 9

Bashor Farsal

Geometrical constructions and

tangency

Students will often expenience difficulty in handling
problems involving two and three dimensional geo-
meirical constmctions. The examples in Chapters 9 to
13 are incInded in order o provide a background in
solving engincering problems connected with lines,
planes and space. The separate chapters are gronped
around applications having similar principles.

Copying a selection of these examples on the drawing
board or on CAD equipment will centainly enable the
reader to gain confidence. It will assist them to visnalize
and position the lines in space which form each part of
a view, of the boundary, of a three dimensional object.
It is a necessary part of draughtsmanship 1o be able 10
Justify every ine and dimension which appears on a
drawing correctly.

Many software programs will offer facilities o
perform a range of constructions, for example tangents,
andmcgularmwcs.lﬂselhcscfmmmwhm
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Fiz. 9.1

3 Line OF bisecis angle AOB.

To bisect a given straight line AB
(Fig. 9-2)

1 With centre A and radivs greater than half AB,
describe an arc.

2 Repeat with the same radivs from B, the arcs
intersecting at C and D.

3 Join C w0 D and this line will be parpendicular to
and bisect AB.

Fiz. 23

¢ To find the centre of a given arc AB
(Fig. 9.4)

1 Draw two chords, AC and BD.
2 Bisect AC and BD as shown: the bisectors will
imtersect at E.

Thn ancten Al o o
3 The centre of the :

—rs = mm e KO
C IS point .
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Fig. 94

To inscribe a circle in a given triangle
ABC (Fig. 9.5)

Fig. 9.7(a)
1 Bisect any two of the angles as shown so that the
bisectors mtersact at D. \ Mezhod B (Fig. 9.7(b))
2 The centre of the inscribed ciccle is point D.
a I Draw vertical and horizontal centre lines and a circle

so that the bisectors intersect at D. i
2 The centre of the circumscribing circle is point D. \/

Fig. 3.7(b)

» To draw a hexagon, given the distance
across the flats (Fig. 9.8)

1 Draw vertical and honzontal oentre lines and a circle
with a diameter equal to the given distance.

2 Use a 60° set-square and toe-square as showa, to
give the six sides.

G0° set-squEre ]

Fig. 96

Gl
bLTo draw a hexagon, given the distance
across the comers

Method A (Fig. 9. 7(a))

1 Draw vertical and horizontal centre lines and a circle
with a diameter equal o the given distance.

2 Step off the radius around the circle to give six
equally spaced poiats, and join the points to give
the required hexagon. Fig. 9%
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To draw a regular octagon, given the

distance across comers (Fig. 9.9)

Repeat the instructions in Fig. 9.7(b) but use a 43° set-

cnuans_ then connect the aioht noints (o oive the reouined
By SR B =anad 1ass

ot T T T bt e
octagon

Fig. 99 s \_‘:‘
To draw a regular octagon, given the
distance across the flats (Fig. 9.10)

Repeat the instructions in Fig. 9.8 but use a 45° set-
square to give the required octagon.

Fig. 9.18

VKTo draw a regular polygon, given the

length of the sides (Fig. 9.11)

Note that a regular polygon is defined as a plane figure

which is bounded by straight lines of equal length and

which contains angles of equal size. Assume the nember
of sides is seven in this example.

1 Draw the given length of one side AB, and with
radivs AB descnbe a semi-circle.

2 Divide the semi-circle into seven equal angles, using
a protractor, and through the second division from
the left join line A2.

3 Draw radial lines from A through points 3, 4, 3,
and 6.

4 With radius AB and centre on point 2, describe an
arc to meet the extension of line A3, shown here as
point E

5 Repeat with radins AB and centre F to meet the
extension of ine A4 at E.

6 Connect the points as shown, to complete the
required polygon.

Fig. 9.11

Tangency

If a disc stands on its edge on a flal surface it will
touch the surface at one poiot. This point is known as
the point of tangency, as shown in Fig. 9.12 and the
straight line which represents the flat plane is kmown
as a tangent. A line drawn from the point of tangency
to the centre of the disc is called a normal, and the
tangent makes an angle of 90° with the normal.

The following constructions show the methods of
drawing tangents in Varions circumsances.

Fiz. 9.12

To draw a tangent to a point A on the
circumference of a circle, centre O

(Fig. 9.13)

Join OA and extend the live for a shont distance. Erect
a perpendicular at point A by the method shown.

Fig. 9.13



To draw a tangent to a circle from any
given point A outside the circle
(Fig. 9.14)

Join A to the contre of the cincle O Rigect line AQ 0
that point B is the mid-pomt of AO. With centre B,
draw a semi-circle to intersect the given circle at point
C. Line AC is the required tangent.

Fie 214

-~ To draw an external tangent to two

circles (Fig. 9.15)

Join the centres of the circles by line AB, bisect AB,
and draw a semi-circle_ Position point E so that DE is
equal to the radins of the smaller circle. Draw radius
AE 1o cut the semi-circle at point G. Draw line AGH
so that H hies on the circumferenoe of the larger circle.
Note that angle AGB lies in a semi-circle and will be
90°. Draw line H) parallel 0 BG. Line HJ will be
tangential to the two circles and lines BJ and AGH are
the pormals.

Fig. 9.15

To draw an intemal tangent to two
Y}‘circles (Fig. 9.16)

Join the centres of the circles by Ime AB, bisect AR
and draw a semi-circle. Position point E so that DE 15
equal to the radius of the smaller ciccle BC. Draw
rafins AF to cut the semi-circle in H. Join AH; this
line crosses the larger circke circumference at J. Draw
line BH. From J draw a line parallel to BH w touch the
smaller circle at K. Line JK is the required tangent.
Note that angle AHB hLies in a semi-circle and will
trerefore be 90°. AJ and BK are normals.

Geomemrical constructions and tangency 71
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Fig. %16

/. Yo draw internal and external tangents to

two circles of equal diameter (Fig. 9.17)

Join the centres of both circles by line AB. Erect
perpendiculars at points A and B 1o touck the
circumferences of the circles at points C and D. Line
CD will be the extemal tangent Bisect line AB to give
point E, then bisect BE 1o give point G. With radius
BG, describe a semi-circle to cut the circcumference of
oue of the given circles at H. Join HE and exitend it
wuch the circumference of the other circle at J. Line
HE] is the required tangent. Note that again the angle
o the semi-circle, BHE, will be 90°, and hence BH
and AJ are normals.
)

NS
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Fig. 9.17

To draw a curve of given radius to touch
two circles when the circles are outside
the radius (Fig. 9.18)

Assume that the radii of the given circles are 20 and
25 mm, spaced 85 mm apart, and that the radius 0o
touch them is 40 mo
With centre A describe an anc egunal to 20 + 40 =
60 mm.
With centre B, describe an anc equal o 25 + 40 =
65 mm.
The above arcs intersect al point C. With a radius of
40 mun, describe an arc from point C as shown, and
note that the points of tangency between the arcs lie
along the lines joining the centres AC and BC. It is
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particularly important to note the position of the points

of tangency before lining in engineering drawings, so

that the exact length of an arc can be established
N /g\
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Fig. 9.18

To draw a curve of given radius to touch
two circles when the circles are inside
the radius (Fig. 9.19)

Assume that the radii of the given circles are 22 and
26 mm, spaced 86 mm apart, and that the adius (o
touch them is 100 mm.
With centre A, describe an arc equal to 100-22 =
78 mm_
With centre B, describe an arc equal o 100-26 =
74 mum.
The above arcs intersext at point C. With a radius of
100 mm, describe an arc from point C, and note that in
this case the points of tangency lie along line CA
extended to D and along line CB extended to E.

Fig. 9.19

To draw a radius to join a straight line
and a given circle (Fig. 9.20)

Assume that the radius of the given circle is 20 mm
and that the joining radius is 22 mm.
With centre A, describe an arc equal to 20 + 22 =
42 mm.
Draw a hine parallel 1o the given straight line and at a
perpendicular distance of 22 mm from it, to intersect
tire arc at point B.

With centre B, describe the required radius of
22 mm, and wote that one point of tangency lies on the
line AB at C; the other Lies at point D such that BD is
at 90° 1o the straight line.

Fig. 9.28

OTo draw a radius which is tangential to

given straight lines (Fig. 9.21)

Assume that a radius of 23 mm is reguired to touch the
lines shown in the figures. Draw lines parallel to the
given straight lines and at a perpendicular distance of
25 mm from them to intersect at points A. As above,
note that the points of tangency are obtained by drawing
perpendiculars through the point A to the straight lines
in each case.

Fig. 9.7



Chapter 10
Loci applications

If a point, line, or surface moves according to a
mathematically defined condition, then a curve known
as a locus 1s formed. The following examples of curves
and their constructions are widely used and applied in
all types of engineering.

Methods of drawing an
ellipse
1 Two-circle method

Construct two conocatric cucles equal in diameter o
the major and minor axes of the required ellipse. Let
these diameters be AB and CD in Fig. 10.1.

Fig. 141 Twocnde constracton for zn <3Epse

Divide the circles into any number of parts; the
paris do not neoessarily have to be equal. The radial
lines now cross the ineer and outer circles.

Where the radial lines cross the outer circle, draw
short lines parallel to the minor axis CD. Where the
radial lines cross the inner circle, draw lines paratiel
1o AB to mtersect with those drawe from the outer
circle. The points of intersecton lic on the ellipse.
Draw 2 smooth connecting curve.

10

2 Trammel method

Draw major and minor axes at right angles, as shown
in Fig. 102.

Take a strip of paper for a rammel and mark on it
half the major and minor axes, both measured from
the same end. Let the points on the wammel be E, F,
and G.

Position the rammel on the drawing so that point F
always lies on the major axis AB and point G always
lies on the minor axis CD. Mark the point E with each
position of the rammel. and conmect these points to
give the reguired ellipse.

Note that this method relies on the difference between
half the lengihs of the major and miror axes, and where
these axes are nearly the same in length, it is difficult
to position the tramme] with a high degree of accuracy.
The following altemative method can be used.

Draw major and minor axes as before, but extend
them in each direction as shown in Fig. 10.3.

Take a strip of paper and mark half of the major and
minor axes in line, and let these points on the ramme1
be E. FE, and G.

Position the rammel on the drawing so that point G
always moves along the line containing CD; also,
position point E aleng the line coniaining AB. For
cach position of the rammel, mark point F and join
these points with a smooth curve to give the required
ellipse.

Fig. 192 Trammd meshod for olfipse consmoomnen





