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1

Scales

Before you start any drawing you first decide how large
the drawings have 10 be. The different views of the object
10 be drawn must not be bunched together or be too far
apart. If you are able 1o do this and still draw the object
in its natural size then obwviously this is best. This i not
always possible; the object may be much too large for
the paper or much too small 1o be drawn clearly. In either
case it will be necessary to draw the object 'to scale’.
Th.nﬂnmundmndnnthlmnfhob\ld a
may have to be drawn
100 times larger than it reslly is, whilst some maps have
natural dimensions divided by millions.

Thers are drawing aids called ‘scales’ which are
designed to help the cope with these scaled
dimensions. They look like an ordinary ruler but closer
inspaction shows that the divisions on these scales are
not the usual centimetres or millimatres, but can represant
them. These scales are very useful but there will come 2
time when you will want to draw 1o a size that is not on
one of these scales. You could work out the scaled size
for every dimension on the drawing but this can be &
long and tedious i unless you your
own scale. This chapter shows you how to construct any
scale that you wish.

The Representative Fraction (R.F.)
The representative fraction shows instantly the ratio of
the size of the line on your drawing and the natural size.
The ratic of numerator 1o denominator of the fraction is
the ratio of drawn size to natural size. Thus, 8 representa-
tive fraction of } means that the actual size of the object
is five times the size of the drawing of that object.

M 2 scabe is given as 1 mm = 1 m then the RF. is

1 mm 1 mm 1
1m  1000mm 1000
A her {a map ol hes to work with

some very large scales. He may heve to find, for instance,
the R.F. foumlluf‘lmm -Smlnﬂlhmml&F

1
M“b. = §x 1000 x 1000 swoooo

ma

Plain Scales

There are two types of scales, plain and diagonal. The
plain scale is used for simple scales, scales that do not
have many sub-divisions.

When constructing any scale, the first thing 1o decide
is the length of the scale. The obvious length is a little
longer than the longest dimension on the drawing. Fig.
1/1 shows a very simple scale of 20 mm = 100 mm. The

mm o
4020

oo

feoo

3oo

1i35030|.0

Fig. 111

Plain scale 10 mm = 100 mm or 1 mm = 5 mm



largest natural dimension s 500 mm so the 1otal length
of the scale is 25 mm or 100 mm. This 100 mm is divided
into § equal portions, each portion representing 100 mm.
The first 100 mm is then divided into 10 equal portions,
each portion representing 10 mm. These divisions are

Fig. 1/2 shows another plain scale. This one would be
used where the drawn size would be three times bigger
than the natural sze

then clearly marked 1o show what each porth

Finish is very important when drawing scales. You
would not wish to use a badly gradusted or poorly
marked ruler and you should apply the same standards
o your scales. Make sure that they are marked with all
the important measurements.

To & plain scale, 30 mm = 10 mm. 50 mm
long to read to 1 mm (Fig. 1/2)

Length of scale = 30x5 = 150 mm
15t division 5= 10 mm
2nd division 10 =1 mm

Fig. 1/2 Pisin scale 30 mm = 10 mm (RF.3)

Diagonal Scales

There is a limit to the number of divisions that can be
constructed on a plain scale. Try 1o divide 10 mm into
50 pants; you will find that it is almost impossible. The

i and yor all have the probk
of having to sub-divide into smaller units than a plain
scale allows. A diagonal scale aliows you 1o divide into
smaller units.

Belore looking at any particular diagonal scale, let us
first look at the underlying principle.

Fig. 1/3 shows a tiangle ABC. Suppose that AB is
10 mm long and BC is divided into 10 equal parts. Lines
from these equal parts have been drawn peraliel to AB
and numbered from 1 to 10,

It should be obvious that the line 5-5 is haif the length
of AB. Similarly, the line 1-1 is 75 the length of AB and
line 7-7 is ¢ the length of AB. (If you wish to prove this

. use simi ) \

You can ses that the lengths of the lines 1-1 10 10-10
increase by 1 mm each time you go up a line. If the length
of AB had been 1 mm to begin with the increases would
have been ¢ mm each time. In this way smail lengths
can be dided into very much smalier lengths, and can
be easily picked out.

ES
3
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Three examples of diagonal scales follow.

48.7mm
25.3 men
\"\""“"‘ o 20 22 o
RSN A
o8 T
ST T
PN AR IR
c’:‘_\ RN SEEN
- IR ENENI
S it
Bt INRREANAE!
9
8
a
5
Al
3
1
1mm

Fig. 1/4 Diagonal scale 20 mm = 10 mm
to read to 0.1 mm (RF.4)

This scale would be used where the drawing is twice
the size ol the natural object and the draughtsman has
10 be able to measute on a scale accurate to 0.1 mm.

The longest natural dimension is 60 mm. This length
is first divided into six 10 mm intervals. The first 10 mm
is then divided into 10 parts, sach 1 mm wide (scaled).
Each of these 1 mm intervals is divided with a diagonal
imo 10 more equal parts.




To construct a diagonal scale, 30 mm=1mm,
4m long to read to 10mm Fig 1/5

Length of scale is 4 x 30 mm = 120 mm.

First division into 4 30 mm lengths.

Second division into 10 100 mm lengths.
Diagonal division into 10 10 mm lengths.

3 m 830wm
Z2m 480mm
1em 130mm -
0 1 2 13 m
%\ innmaRRI
N Il ERERAII
) RIIEERERR
T
AN I AN AEEE
e IREREREN
MO
SNt
200
800
Too'
oo
oo
200
1
mm

Fig. 1/6 A diagonal scale, 3cm = 1m, 1o read m and cm



To construct a disgonal scale, BOmm =1mm,
3mm long to read 0.01 mm Fig. 1/6

Length of scale is 3 x S50 mm = 150 mm.

First division is 3 50 mm lengths.

Second division is 10 0.1 mm lengths.
Diagonal division is 10 0.01 mm lengths.

273

1.26

o]

| |ttt

2 mm

Fig. 1/8 A disgonal scale, 50 mm = 1 mm
to read o 0.01 mm (R.F: g5}



Proportional Scales

It is possible 1o construct one plain scale directly from
another, 30 that the new scale is proportional to the
original one. An example of this is given in Fig. 1/7. The
new scale is & copy of the original one but is ] times
larger. The proportions of the scales can be varied by
changing the ratios of the lines AB 1o BC.

|
AR

|
|

R
et
N

Fig. 1/7 To enlarge a scale by 8 proportion of 7:4

Exarcises 1
1. (a) Draw the simple key shown in Fig. 1 full size.

L}
DIMENSIONS IN mm
Fig 1

{b) Construct a plain scale with a representative frac-
tion of §. suitable for use in the making of an enlarged
drawing of this key. Do not draw this key again.

g Board (Question
originally set in Imperial units).

2. Construct a plain scale of 50 mm = 300 mm to read to
10 mm up to 1200 mm. Using this scale, draw 1o scale
a triangle having a perimeter of 1200 mm and having
sides in the ratio 3:4:6. Print neatly along each side
the length to the nearest 10 mm.

Oxford Local ingitic i iginally set in
Imperial units; see Chapter 2 for information not in
Chapter 1).

3. Construct the plain figure shown in Fig. 2 and then,
by means of a proportional scale, draw a similar figure
standing on the base AG. All angles must be con-
structed geometrically in the first figure. Measure and
state the length of the side comesponding with CD.
Oxford Local Examinations (Question originally set
in Imperial units; see Chapter 2 for information not in
Chapter 1).




DIMENSIONS IN mm Fig.2

4, Construct a diagonal scale in which 40 mm represents
1 m. The scale is to resd down to 10 mm and is 1o
cover a range of 5m. Mark off a distance of 4m
T8O mm.

5. Construct a disgonal scale of 256 mm to represent 1m
which can be used to measure m and 10 mm up to
B m. Using this scale construct a quadrilateral ABCD
which stands on a base AB of langth 4 m 720 mm
and having BC = 3m530mm, AD = 4m 170 mm,
LABC = 120" and LADC = 20°. Measure and
state the lengths of the two disgonals and the per-
pendicular height. all correct to the nearest 10 mm.
Angles must be constructed geometrically.

Oxford Local Exsminations (Question originally set
in Imperial units; see Chapter 2 for information not in
Chapter 1).

6. Construct a disgonal scale, ten times full size. 1o
show mm and tenths of a mm and to rad to a maxi-
mum of 20 mm. Using the scale, conatruct a triangle
ABC with AB 17.4 mm, BC 13.8 mm and AC 11 mm.
Oxford and Cambtidge Schools Es inations Board.




2

The construction of geometric
figures from given data

This chapter is with the ion of plane There are an endiess number of plane figures but wa
geometric figures. Plane geometry is the geometry of will concern ourseives only with the more common ones
figures that ere two-dimensional, ie. figures that have —the triangle, the quadrilateral and the better known

only length end breadth. Solid is the o
of three-dimensional figures. s«uv_mhuknm particular figura, there are 8 few

B o
\ K )
——
Fig. 2/1 To construct & paraiiel line X

‘>/ Fig. 28 Toerect a perpendicular from a point 10 a line

>/ Fig. 2/5 To bisect an angle
Fig. 2/2 To bisect a line

Fig. 273 To erect » perpendicular from a point on a line Fig. 2/ To bisect the angle formed by two converging lines

10
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Fig. 277 To d Fig. 2/8 To construct 30°

AV
A

/{/-‘

Fig-2/9 To constuct 90° Fig. 2710 To construct 45°

Fig. 2/11 To construct an angle

oKX
7 L]

Fig. 212 To divide a line into a number Fig. 213 To divide a line
of equal parts (sey 6) proportionally (say 1:2:4)

n



THE TRIANGLE

Dafinitions
The triangle is 8 plane figure bounded by three straight
sides.

A scelene wiangle is a triangle with three unequal
sides and three unequal angles.

An isorceles triangls is a triangle with twa sides. and
hence two sngles, squal.

An equilataral triangle is a triangle with all the sides,
and hence all the angles, equal.

A right-angled trisngle is & triangle containing one
right angle. The side opposite the right-angle is called the
hypatenuse.

Constructions

To an riangle, given one of

the sides (Fig. 2/14)

1. Draw s line AB, squal 1o the length of the side.

2. With compass point on A and radius AB, draw an arc
as shown. ¢

Fig. 2114

A B
3. With compass point on B, and with the same radius,
draw another arc to cut the firstarc st C.
Triangle ABC is equilateral.

To an b given the peri-

meter snd the sititude (Fig. 2/15)

1. Draw lina AB squal to half the perimeter.

2. From B erect & perpendicular and make BC equal to the
ahtitude.

3. Join AC and bisectittocut ABin D.

iy B
* rons I~

4. Produce DB so that BE = BD.
CDE is the required triangle.

To construct a triangle, given the base angles and

the altitude (Fig. 2/16)

1. Draw aline AB.

2. Construct CD paraliel to AB so that the distance
between them is equal to the altitude.

3. From any point E. on CD, draw CEF and DEG so that

they cut AB in F and G respectively.

Since CEF = EFG and DEG = EGF (asltemats angles),

then EFG is the required triangle.

c E o

A F G 6
Fig. 2/16

T a given the bass, the altitude

wthmhﬂlwhtﬁn N7

1. Draw the bass AB.

2. Construct BAC equal to the vertical angle.
3. Erect AD perpendicular to AC.
4, Bisect AB tomeet AD in0.
5 mmwmumrnn:mt-na) drnumoll.
8. C EFp AB 5o
them is equal 1o the altitude.
Let EF intersect the circlein G.
ABG ia the required trisngle.

e




iangle given the and the
rlﬁnnﬂh.lillﬂ{Fh!ﬂﬂ]
1. Draw the line AB equal in length 1o the perimeter.
2. Divide AB into the required ratio (say 4 :3:8).
3. With centre C and radius CA draw an arc.
4. With centre D and radius DB draw an arc 1o intersect
the first arc in E.
ECD is the required triangle.

Ta construct a triangle g the perimeter, thé

altitude and the vertical angle {Hﬂ 2119)

1. Draw AB and AC sach agqual 1o half the perimeter, and
0 that CAB is the vertical angle.

2. From B and C erect perpendiculars to meet in D.

3. With centre D, draw a circle, radius DB (= DC).

4. With centre A snd radius equal to thae altitude, draw an
arc.

5. the: 2 the circle and
the arc. Lumwmmnuat:mhnd!!h!
(For tangent pterd.)

FEA is the required triangle.

Fig. 2/18

Fig. 29 COMMON TANGENT

13



To construct a triangle similar to another triangle
but with a different perimetaer (Fig. 2/20)

1. Draw the given triangle ABC.

2. Produce BC in both directions.

3. With compass point on B and radius BA, draw an arc to
cut CB produced in F.

4. With compass point on C and radius CA, draw an arc
to cut BC produced in E.

5. Draw a line FG equal in length to the required peri-
meter.

6. Join EG and draw CJ and BH parallel to it.

7. With centre H and radius HF draw an arc.

8. With centre J and radius JG draw another arc to inter-
sect the first arcin K.

HKJ is the required triangle.

THE QUADRILATERAL
Definitions
The quadrilateral is & plane figure bounded by four
straight sides.
A square is a quadrilateral with all four sides of equal
length and cne of its angles {and hance the other three) a

right angle.

A le is & dril i with its. sides of
equal length and one of its angles (and hence the other
thres) & right angle.

A L . 0 with ite sid

L ]
equal and therefore parailel.
A rhombus is 8 quadrilateral with all four sides equal.
A trapezium is a quadrilateral with one pair of opposite
sides parallal.
A trapezoid is & quadrilateral with all four sides and
angles unequal.

14

Constructions

To construct a squars given tha length of the side

(Fig.2/21}

1. Draw the side AB.

2. From B erect 3 perpendicular.

3. Mark off tha length of side BC.

4. With centres A and C draw arcs, radius equal 10 the
length of the side of the square, 10 intersect a1 D.

ABCD is the required square.
C o]
¥
Fig. 2/21
re
b A




To giventh (Fig-2/22)

1. Dmﬂndaowlll:

2, BisectAC.

3. With centre O and radius OA (= OC) draw a circle 1o
cut the bisecting line in B and D.

ABCD s the required square,
B8
A Q d

\ Fig. 2422

D

To construct a rectangle given the length of the

disgonal and ona of the sides (Fig. 2/23)

1. Draw the diagonal BD.

2. Bisect BD.

3. With centre O and radius OB (= OD) draw a circle.

4. With centre B and radius equal 1o the length of the
known side, draw an arc to cut the circle in C.

5. Repeat step 4 with centre Dtocutat A,

ABCD is the required rectangle.
P
8 ] o
)
Fig. 2/23
To construct a paralielogram given two sides and
an angle (Fig. 2/24)

1. Draw AD equal to the length of one of the sides.

2. FromA

3. Mark off AB equal in length to the other known side.

4. With compass point at B draw an arc equal in radius 1o
AD.

angle.
L

5. With compass point at D draw an arc equal in radius to
AB.

ABCD is the required parallelogram.
B/ l c
™~
Fig. 2/24
A D

To construct a rhombus given the disgonsl and the

l-wuwl'unlldumu 2/28)

1. Draw the disgonal AC.

2 anamcummmmmmu
tha sides, to meetat B and D.

ABCD is the required rhombus.
B,
A C
Fig. 2/25
D
To a trapezi glnnm the of the
parslial sides, the dicul: b
them and one angle (Fig. 2/26)

1. Draw ane of the paraliels AB.

2. Construct the paraliel line.

3. Construct the known angle from B to intersect the
paraliel ine in C.

4. Mark off the known length CD.

ABCD is the required trapazium.

C D




POLYGONS
Definitions
And\'wlhlnllmibuibunhdbymm-nhm
straight sides. Polygons that are frequently referred to
mmmmummmw
7 0 by five sides.

“ "' figure bounded by six sides.

Ahlpumlupl-nﬁmnmbvnmm

MWMW!MWWW.WM

Is.a ol

amuummmnmwmm

A regular polygon is one that has sl its sides squal and
therefore ail its exterior angles equal and all its interior
angles equal.

It is possible to construct a circle within a ragular
polygon so that all the sides of the polygon are tangential
to that circle. The diameter of that circle is called the
diamater of the polygon. Il!lnpolwontu:anm

number of sides, th is tha di
faces. This is oﬁll
enllodmouw-ﬁmdhnndm
The of a is the di from one

comer 1o the comer furthest awey from it. If the polygon
Mlmmnwnbududuﬁnnlhudmllﬂu

‘twea dismetr
Constructions

To construct a regular hexagon given the langth of
the sides (Fig. 2/27)

1. Draw a circle, radius equal to the length of the side.

2. From any point on the circumfersnce, step the radius
sround the circle six times. If your construction is
accurate, you will finish at axactly the same place that
you started.

3. Connect the six points to form a regular hexagon.

To construct a regular hexagon given the diameter

tFlg.zﬂB)

This construction, using compesses and straight edge
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B0 ize that a b can ba con-
mmd.gwmdhmum -fiats dimension, by
drawing tangents 1o the circle with a 80° set square. This
is very | ‘whan drewing hexeg headed nuts
and bolts,

Fig. 2/28

Fig. 2127
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To @ reguler given the

T I i

.o, within a given circle (Fig. 2/29)

1. Draw the circle and insert a diameter AE.
2, another di i CG, dicular to the
first diagonal.

3. Bisect the four quadrants thus produced 1o cut the
circlein B, D. F, and H.
ABCDEFGH is the required octagon.

=]
Fig. 2/29

To construct a regular octagon given the diameter.

i.e. within a given square (Fig. 2/30)

1. Construct a square PORS, length of side equal to the
dismater,

2. Draw the diagonals SQ and PR 1o intersectin T,

3. With centres P, 0. R and S draw four arcs. radius
PT (= QT = AT=5T) to cut the squarein A, B, C, D, E,
F.GandH.

ABCDEFGH is the required octagon.
a [+ D
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Fig. 2/30

piven the fength of
aside
There are three fairly simple ways of constructing a reguler
polygon. Two methods require & simpie calculstion and
the third requires very careful construction if it is to be
exact. All three methods are shown. The constructions
work for any polygon, and a heptagon (seven sides) has
been chosen to illustrate them.

Method 1 (Fig. 2/31)

1. Draw & line AB equal in length 1o one of the sides and
produce ABto P.

2. Calculate the exterior angle of the polygon by dividing
360° by the number of sides. In this cass the axterior
angle is 360°/7 = 51 3°/7.

3. Draw the exterior angle PEC so that BC = AB.

4. Bisect AB and BC to intersectin 0.

5. Draw a circle, centre O and radius OA (= OB = 0C).

6. Step off the sides of the figurs from C to D, D 1o £, etc.

ABCDEFG is the required heptagon.

Fig. 2/



Method 2 (Fig. 2/32)

1. Draw a line AB equal in length to one of the sides.

2. From A erect & semi-circle, redius AB to meet BA pro-
duced in P.

3. Divide the semi-circle into the same number of equal
parts as the proposed polygon has sides. This may be
done by trisl and error of by calculation (180°/7 =
25 5°/7 for each arc).

4. Draw a line from A to point 2 (for ALL polygons). This
forms a second side 10 the polygon.

6. Bisect AB and A2 1o intersectin O.

6. 'With centre O draw a circle, radius OB {=0A = 02).

7. Step off the sides of the figure from B to C, C 1o D etc.

ABCDEFG is the required septagon.

Method 3 (Fig. 2/33)

1. Draw a line GA equal in length to one of the sides.

2. Bisect GA.

3. From A construct an angle of 45° to intersect the bisec-
1or 8t point 4,

4. From G construct an angle of 60° to intersect the
bissctor at point 6,

5. Bisect between points 4 and 6 to give point 5.

Point 4 isth irch i Point 5

is the cenire of a circle containing a pentagon. Point 6 is

the centre of a circle containing a hexagon. By marking off

points at similar di the fci !

any regular polygon can be obtained.

6. Mark off point 7 sothat6to 7 = 5106 (= 410 5).

7. With centre at point 7 driaw a circle, radius 710 A (=7
10 G).

8. Step off the sides of the figure from A to B. B to C, etc.

ABCDEFG is the required heptagon.
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Fig. 2/33
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To s reguiar poly given »

i.e. within a given circle (Fig. 2/34)

1. Draw the given circle and insert 8 diamster AM.

2. Divide the diameter into the same number of divisions
a3 the polygon has sides.

3. With centre M draw 8n arc, radius MA. With centre A
draw another arc of the same radius to intersect the
first arcin N.

4. Draw N2 and produce to intersect the circle in B (for
any polygon).

5. AB is the first side of the polygon. Step out the other
sides BC. CD, etc.

ABCDE is the required polygon.




To construct a regular polygon given a diameter

{Fig- 2/36)

1. Draw aline MN.

2. From some point A on the line drew a semi-circle of any
convenient radius.

3. Divide the semi-circle into the same number of equal
sectors as the polygon has sides (in this case 9, i.e. 20°
intervals).

4. From A draw radial lines through points 1 to 8.

5. If the polygon has an even number of sides. thete is
only one diemeter passing through A. In this case,
bisect the known diameter 1o give centre 0. I, as in
this case, thers are two dismeters passing through A
(there can never be more than twao), then bisect both
diamaters to intersectin 0.

6. With centre O and radius OA, draw & cirche 1o intersect
the radial linesin C, 0, E.F, Gand H.

7. From A mark off AB and AJ equal to CD, DE, etc.

ABCDEFGHJ is the required polygon.

The constructions shown above are by no means all
the constructions that you may be required to do, but they
ara representative of the type that you may meet.

If your geometry needs 2 little extra practice, it is well
worth while proving these constructions by Euclidean
proofs. A knowledge of some geometric theorems is need-
#d whan answering many of the questions shown below,
and proving the sbove constructions will make sure that
you ace familiar with them.

Exarcises 2
1. Construct an equilateral triangle with sides 60 mm

long.

2. Construct an isosceles triangle that has a perimeter of
136 mm and an aktitude of 55 mm.

3. Construct & Uriangle with base angles 60" and 45°
and an sltitude of 76 mm.

4, Construct a triangle with a base of 55 mm, an altitude
of 62 mm and & vertical angle of 373"

6. Construct a trisngle with a paerimeter measuring
160 mm and sides in the ratio 3:6:6.

2.

22,
23.

N
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. Construct a triangle with a perimeter of 170 mm and

sides in the ratio 7:3:5.

. Construct a trisngle given thet the perimeter is 115

men, the altitude is 40 mm and the vertical angle is
45",

Construct a triangle with 8 base measuring 62 mm,
an altitude of 50 mm and & vertical angle of 60°. Now
draw a similar triangle with a perimeter of 250 mm.
Construct a triangle with a perimeter of 125 mm,
whose sides are in the ratio 2:4:5. Now drew 2
similar triangle whose perimeter is 170 mm.

. Construct a square of side 50 mm. Find the mid-point

of each side by construction and join up the points
with straight lines 1o produce a second square.

. Construct s square whose disgonal is 68 mm.
. Construct a square whose disgonal is BS mm.

Construct a paralielogram given two sides 42.mm
and 90 mm long, and the angle between them 67°.
G ] le which has a di | 65 mm
long snd one side 35 mm long.

. Construct a thombus if the diagonal is 76 mm long

and one side is 44 mm long.
Construct a trapezium given that the paraliel sides are
50 mm and BO mm long and are 45 mm apart.

. Construct a regular hexagon, 46 mm side.
C

aregular gon if the di is 7S mm.
Construct a regular hexagon within an B0 mm dia-
metar circle. The corners of the hexagon must all lia
on the circumference of the circle.

Construct a square, side 100 mm. Within the square,

a regular Four sides of
the octagon must lie on the sides of the squars.
Construct the following regular polygons:

a pantagon, side 85 mm,

a heptagon, side 65 mm,

a nonagon, side 45 mm,

a decagon, side 36 mm.
C & reguiar p 0 i B2 mm.
Construct a reguiar heptagon within a circle, radius
60 mm, The comers of the heptagon must lis on the
circumference of the circle.
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Isometric projection

Enginesring drawings are slways drawn in orthographic
jection. For the jon of detailed this
system has been found to be far superior to all others. The
system has, however, the disadvantage of being very
difficult 10 understand by people not trained in its usage.
It is always essential that an enginesr be able 1o com-

his ideas to anybody, p ¥
and it is an o be

ars not
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able to draw using a system of projection that is more
easily understood. There are many systems of pictorial
oblique projections. Of these two, isometric presents the
more natural looking view of an object.

True i jection is an of orho-
graphic projection and is dealt with in greater detail later

Fig. 31



in this chapter. The most common form of isometric pro-
jection is called ‘conventional isometric’. This is the
method that is set in G.C.E. 'O’ level and C.5.E. examina-

You will nots that there are three isometric axes. These
are inclined at 120" to sach other. One axis is vertical and
the other two axes are therefors st 30° to the horizontal.
i parailel lothem,

tion papers, a ige of true i is
sometimes assumed.

Ci
drawing)
f you were to make a freehand drawing of a row of
houses, the house furthest away from you would be the
smallest house on your drawing. This is callad the ‘per-

ive’ of the drawing and, in a ive drawing,
none of the lines are parallel. lsometric drawing ignores
perspective altogether. Lines are drawn parallel to sach
other and drawings can be made using a tee square and
a set square. This is much simpler than perspective draw-
ing.

Fig. 3/1 shows a shaped block drawn in

are rue lengths.

The faces of the shaped block shown in Fig. 3/1 are all
at 9(° 1o each other. The result of this is that ali of the
lines in the isomatric drawing are parailsl to the isometric
axes. If the lines are not parallel 1o any of the isometric
axes, they are no longer true lengths. An example of this is
ghown in Fig. 3/2 which shows an isometric drawing of &
regular hexagonal prism. The hexagon is first drawn as a
plane figure and a simple shape, in this case a rectangle, is
drawn sround the hexegon. The rectangle is sasily drawn
in isometric and the positions of the comers of the
hexagon can be ransterred from the plane figure to the
isometric drawing with a pair of dividers.

The jons of the gon should all be 26 mm

isomatric projection.

Fig. 3/2

and you can ses from Fig. 3/2 that lines not paraliel to the
isometric axes do not have true lengths.

K



Fig. 3/3 shows another hexagonal prism. This prism
has been cut at an incline and this means that two extra
views must be drewn so that sufficient information to
draw the prism in isometric can be transferred from the
plane views 10 the isometric drawing.

This figure shows that, when making an isometric

drawing, all di i must be d parallel to one
of the isometric axes.
“l o

N
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Circles and curves drawn in isometric projection
Al of the faces of a cube are square. I a cube is drawn in

If & circle is drawn on the face of a cube, the circle will
change shape when the cube is drawn in isometric pro-
jection. Fig. 3/4 shows how to plot the new shape of the
circle.

22

Fig. 3/3

Fig. 3/4



Tha circle is first drawn as a plane figure, and is then
divided into an even number of equal strips. The face of the
cube is then divided into the same number of equal strips.
Centre lines are added and the measurement from the
centre line of the circle to the point where strip 1 crosses
the circle is transterred from the plane drawing to the
isometric drawing with a pair of dividers. This measure-
ment is applied above and below the centre line. This
process is repeated for strips 2, 3, etc.

The points which have been plotted should then be
carefully joined together with a neat freehand curve.

Fig. 3/5 illustrates how this system is used in practice.

Since a circle can be divided into four symmetrical
quadrants, it is really necessary to draw only a quarter of
a circle instead of a whole plane circle.

The dimensions which are transferred from the plane
circle to the isometric view sre called ordinates and the
system of transferring ordinates from plane figures to
isomatric views is not confined to circles. It may be used
for any regular or imegular shape. Fig. 3/6 shows a
shaped plate.

Thare are sevaral points worth noting from Fig. 3/6.
(a) Since the plate is symmatrical about its centre line,

only half has been divided into strips on the plane

figure.
(b) In proportion to the plate, the holes are smail. They
have, therefore, ordinates much closer together so

that they

{c) The point where the vee cut-out meets the elliptical
outline has its own ordinate so that this point can be

(d) Since the plata has a constant thickness, the top and
bottom profiles are the same. A quick way of plotting
the bottom profile is to draw a number of vertical
lines down from the top profile and, with dividers set
at the required thickness of plate, follow the top
curve with the dividers, marking the thickness of the
plate on sach vertical line.




It is sometimes necessary to draw circles or curves on
faces which are not paraflel to any of the three isometric
axes. Fig. 3/7 shows s cylinder cut st 45°. Two views of
the cylinder have to be drawn: & plan view and an eleva-
tion. The plan view is divided into strips and the positions
of these strips are projected onto the elevation.

The base of the cylinder is drawn in isometric in the
ususl way. Points 1 to 20, whem the strips cross the
circle, are projected vertically upwards and the height of
the cylinder, measured from the base with dividers, is
transferred for each point in tum from the elevation to the
isometric view. These points are then carefully joined
together with a neat freehand curve.

AT

True isometric projection

Isometric projectien is a method of drawing with instru-
ments which gives a pictorial view of an object. It is not
often used in industry and, when it is used, the vast
majority of drawings would be made using conventional
. tic projection, C: et i icisa

and simplified form of true i ic. True & ¢ is

found by taking a particular view from an orthographic

)
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projection of an object. Fig. 3/8 shows a cube, about
26 mm side, drawn in onthographic projection with the
cube so positioned that the front elevation is a true iso-
metric projection of the cube. The three isomelric axes are
still at 120° to each other. In conventional isometric,
distances measured paralls] to these axes am true lengths.
In true isometric projection they are no longer true lengths
although they are praportional to their true lengths. How-

Fig-3/8 Trus isometric projection

ever, the atrue
are true lengths. The reduction of lengths measured paral-
lel to the isometric axes makes the overall size of the true
isomatric drawing appesr to look more natural, particularly

when directly d with an hic or plane
view of the same object (compare the relative sizes of the
prism in Fig. 3/2).

If the horizontal length and the length paraliel 10 the
isomatric axes were both to be true lengths, the isomaetric
axes would have 1o be at 45° (Fig. 3/8). Since the iso-
metric axes are ot 30°, the 45° lengths must be reduced.

T

Fig. 3/8




This operation is shown in Fig. 3/10. e/
The ratio between the true length and the isometric
length is ISOMETRIC LENGTH = TRUE LENGTH x 0-8165.

This ratio is constant for all lines measured parallel 10
any of the isometric axes. If you are asked to draw an
object using an isometric scale, your scale may be con-
structed as in Fig. 3/10 or you may construct a conven-
tional plain scale as shown in Fig. 3/11. The initial
length of this scale is 100 x0.8165 = 81.656 mm. The
scale is then completed as shown in Chapter 1.

| 100=0BIES « B1.6% mm |

FFFFFPPLET

Fig. 3/11 A plain scale to measure true isometric lengths

Exercises 3 b
(ANl questions onginally set in Imperial units)
1. Draw full size an i of the comp:
ent shown in Fig. 1 looking in the direction of the
arrow A. Hidden details are not to be shown.
4 e [ hire Schools Exsmini

Board




2. Fig. 2 shows the front elevation and plan of an ink
bottle stand. Make a full size isometric drawing of the
stand with.comer A nearest to you. Hidden details
should not be shown.

West Midlands Examinations 8oard

“bimEnsions i mm  Fig. 2

3. Fig. Smwmmduhnmmlbox
Draw, in the box
Mmmmlmﬂuwﬁmﬂﬂn
material and omit hidden detail.

North Western 5 d School
Board (See Ch. 'Ill!mmlu'muuonmunCh 3).

Fig. 3

4. Three views of a bearing are shown in Fig. 4. Make
an isometric drawing of the bearing. Comer A should
be the lowest point on your drawing. No hidden
details are required.
South-East Regional Examinations Board

@
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"H‘" A
[} : FIRST AMGLE
- 1 Ld PROJECTION
R "
T Fio. 4
DIMENSICNS 1N mm
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5. Two views of a plain shaft bearing are shown in
Fig. 5. Make a full size isometric drawing of the bear-
ing. Hidden details should not be shown.

West Midlands Examinetions Board

== =adddl

| [0
——

DIMENSIONS IN mm Fig. 5

8. Construct an isometric drawing of the casting shown

in Fig. 6. Make point X the lowest point of your draw-
ing. Do not use an isometric scale.
University of Landon School Examinations

Construct an isometric scale and use it to make a true
isometric view of the casting shown in Fig. 7. Comer
X is to be the lowest corner of your drawing.
University of London School Exeminations

T

2] x
DIMENSIONS IN mm Fig. 7

27



8. A plan and elevation of the base of a candlestick are
shown in Fig. 8. Draw (a) another elevation when the
base is viewed in the direction of the arow and (b)
an accurate isometric view of that half of the candle-
stickh base indicated by the letters abed on the plan
view. The edge ab is 1o be in the foreground of your
drawing.

Southern Universities” Joint Board (See Ch. 8 for

information not in Ch. 3).
g
|

LU

OIMENSIONS (N mm Fig. 8

9. Fig. 9 shows the plan and elevation of an angle
block. Make a full size isometric projection of the
block, making the radiused corner the lowest part of
your drawing. Do nof use an isometric scale. Hidden
detail should be shown.

Oxford and C, ipe Schools £ inations Board

4

CMENSIONS M mm  FiQ O

T

10. Fig. 10 shows two views of a cylindrical rod with a
circular hole. Make an isomatric drawing of the rod
in the direction of the amows R and S. Hidden detail
is not required.

Associated Examining Board
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The construction of circles to satisfy

given conditions

About 6000 years ago, an unknown Mesopotamian made
one of the greatest inventions of all time, the wheel. This
was the most important practical application ever made
of a shape that fascinated early icigns. The shape
is. of course, the circle. After the wheel had been invented,
the Mesopotamians found many more applications lor
the circle than just for transport. The potter's wheel was
developed and vessels wera made much more accurately
and quickly. Pulleys were invented and engineers and
builders were able to raise heavy weights. Since that
time, the circle has been the most | L

symmetry and simplicity has led artists and craftsmen to
use the circle as a basis for design for many thousands
of years,

Definitions

A circle is the locus of a point which moves so that it is
always a fixed distance from another stationary point.
Concentric circles are circies that have the same centre.
Eccentric circles are circles that are not concentric.
Fig. 4/1 shows some of the parts of the circle.

~ .

shape in the development of all forms of engineering.
Apart from its practical applications, the circle has an

sesthetic value which makes it unique amongst plane

figures. The ancients called it ‘the perfect curve’ and its

The langth of the circumference of a circle is 11D or 21NA,
where D is the diameter and A the radius of the circle.
M is the ratio of the diameter 10 the circumference and
may be taken as 22/7 or, more sccurately, as 3142,

RADIUS

TANGENT

Fig. 4/1



If you need to draw the circumference of a circle (this

T uct th of a circle, given

is
gither calculste it, or use the construction shown in Fig.
4/2. This consiruction is not exact but is sccurate enough
for most needs. For the sake of thoroughness, the cor-
responding construction, that of finding the diamater
from the circumference, is shownin Fig. 4/3.

A

E D

0°

DA

h {Fig. 4/2)

1. Draw a i-circle of the given di AB, centre 0.

2. From B mark off three times the diameter, BC.

3. From O draw a line at 307 10 OA 1o mest the semi-
circlein D.

4. From D draw a lina perpendicular to OA to mest OA in
E

5. Join EC.

EC is the required circumference.

Jm}zR"‘-T"\-‘t:t-:

3 x GIVEMN Dia

Fig. 4/2

To construct the diameter of 8 circle, given the
circumference (Fig. 4/3)

GIVEN CIRCUMFERENCE

Fig. 473



1. Draw the gix ' f AB.
2. BisectABinC.
3. With centre C, and radius CA, draw s semi-circle.
4. With centre B, and radius BC, draw en arc 1o cut the
semi-circle in D,
5. From D draw a perpendicular 1o AB, to cut AB in E.
6. With centra E and radius ED draw an arc to cut AB in F.
AF is the required diametar.
The rest of this chapter shows some of the construc-
tions for finding circles drawn 1o satisty certain given
conditions.

To find the centre of any circle (Fig. 4/4)
1. Draw any two chords.
2.c i 1o thess chords to

intersectin O.
O istha centre of the circle.

T

Fig. 4/4

To construct a circle to pass through three given

points (Fig. 4/5)

1. Draw straight lines connecting the points as shown.
These lines are, in fact, chords of the circle.

-

Fig. 4/5

2. Draw perpendicular bisectors through these lines to
intersectin 0.

Q is the centre of a circle which passes through all three

points.

To construct the inscribed circle of sny regular

polygon (in thia case, a triangle) (Fig. 4/6)

1. Bisect any two of the interior angles to intersect in 0.
{If the third angle is bisected it should also pass through
0.)

0 is the centre of tha inscribed circle. This centre is calied

the incentre.

Fig. 4/8

Te the circle of any

regular polygon {in this case a triangle) (Fig. 4/7)

1. Perpendicularly bisect any two sides to intersact in O,
(If the third side is bisected it should slso pass through
0)

O is the centre of the circumacribed circle. This centre is

called the circumcantre.




To construct the escribsd circle to any regular

polygon (in this case a triangle) (Fig. 4/8)

1. An escribed circle is a circle which touches a side and
the two adjacent sides produced. Thus, the first step
is to produce the adjacent sides.

2. Bisect the exterior angles thus formed 1o intersect in 0.

O is tha centre of the escribed circle.

Fg. 4/8

To construct a circle which passes through a fixed
point A and touches a line at a given point B (Fig.
4/9)
1. Join AB.
2. From B erect a perpendicular BC. A
2. From A construct angle BAD similar 1o sngle CBA 10
imersect the perpendicular in 0.
0 isthe centre of the required circle. Fio. 43
To construct a circle which passes through two
given points, A and B, and touches » given lina
(Fig. 4/10)
1. Join AB and produce this line 1o D (cutting the given B
lina in C) so thet BC=CD.
2. Construct a semi-circle on AD.
3. Erect & perpendiculer from C
10 cut the semi-circle in E.

4. Mpke CF = CE.

5. From F erect a perpendicular.

8. Perpendicularly bisect AB 1o meet the perpendicular
fromFin Q.

O is the centre of the required circle.

2



To construct a circle which touches two given

lines and passes through a given point P. (Thera

are two circles which satisfy these conditions (Fig.

411

1. If the two lines do not meet, produce them 1o intersect
inA.

2. Bisect the angle thus formed.

To construct a circle, radius A. to touch another

given circle radius r, and a given line (Fig. 4/12)

1. Draw a hine parallel to the given line, the distance
betweon the lines equal to A.

2. With compass point at the centre of the given circle
and radius set at A+, draw an arc to cut the parallel
linein 0.

0 is the centre of the required circle.

3. From any point on the bisector draw a circle, centre B,
1o touch the two given lines.

4. Join PA to cut the circle in C and D.

5. Draw PO, parallel to CB and PO, pacaliel to DB.

0, and O, are the centres of the required circles.

Fig. 4/11

Fig. 4112




To construct a circle which touches another circle

and two tangents of that circle (Fig. 4/13)

1. If the tangents do not intersect, produce them 1o
intersect in A.

2. Bisect the angle formed by the tangents.

3. From B, the point of contact of the circle and one of its

a to cut the bisector

in Q. This is the centrs of the given circls.

4, Join BD.

5. Draw EF paraliel to DB and FO, paralisl to BO .

0, is the centre of the required circle.

To construct a circle which touches another circle

end two lines (Fig. 4/14)

1. Draw intersecting lines parallel to the given lines.
These lines, AB and AC, must be distance r, the
radius of the given circle, from tha given lines,

2. Repest on 4/11 and a circle
which passes through O, the centre of the given
circle, and touches the two paraliel lines.

3. The centre of this circle, O,, is also the centrs of the
required circle.




To construct a circle which passes through two
given points, P and Q, and touches a given circle.
centre D (Fig. 4/15)

Ali of the above constructions are for finding single circles
which satisfy given conditions. The rest of the construc-
tions in this chapter are concemed with more than one
circle ata time.

Join PQ and produce this line.

Perpendicularly bisect PO and, with centre some-

where on this bisector, draw a circle to pass through

points P and Q and cut the given circle in A and B.

Join AB and produce to cut PQ produced in C.

Construct the tangent from C to the given circle. (Join

CD, bissct CD in E, compass point at E draw a radius

ED to cut the circle in F).

5. From F erect a perpendicular 1o cut the bisector of PQ
inQ.

O Is the centre of the required circle.

o=

~w

Fig. 4115

To draw three circles which touch each other,

given the position of their centres 0, O, and O,

(Fig. 4/16)

1. Draw straight lines connecting the centres.

2. Find the centre of the trigngle thus formed by bisecting
two of the interior angles.

3. From this centre, drop tocut0,0,in A

4. 'With centre O, and radius O A, draw the first circle.

5. With centre O, and radius O,A, draw the second
circle.

6. With centre O, and radius 0,C (=0,B), draw the

third circle.

Fig. 416



To draw two circles. given both their radii. within
a third circle, all three circles to touch each other
(Fig. 4/17)

1. Mark off the diameter AB of the largest circle.

2 Mark off AQ, equal to the radius of one of the other
circles and draw this circle, centre O,, to cut the
diameter in C.

3. From C mark off CD equal to the radius of the thind
circle,

4. Mark off BE equal 10 the radius of the third circle.

5. With centre O, and radius O ,D, draw an arc.

6. With centre O and radius OE, draw an arc to cut the
firstarcin O,

0, isthe centre of the third circle.

To draw sny number of equal circles within

another circle, the circles all to be in contact (in

this case 5) (Fig. 4/18)

1. Divide the circle into the same number of sectors as
there are proposed circles.

2. Bisect all tha sectors and produce one of the bisectors
tocut the circle in D.

3. From D erect 8 o maet OB produced in
E

4. Bisect DEO tomeet 0D in F.

5. F is the centre of the first circle. The other circles have
the same radius and have cenires on the intersections
of the sector bisectors and a circle, centre O and radius
OF.

To draw a number of equal circles within s ragular
polygon to touch sach other and one side of the
polygon (in this case, a septagon) (Fig. 4/18)

1. Find the centre of the polygoen by bisecting two of the
sidas.

2. From this centre, draw lines to all of the corners.

3. This produces 8 number of congruent triangles. All we
now need 1o do is 10 draw the inscribed circle in each
of these triangles. This is done by bisecting any two
of the interior angles to give the centre C.

4. Tha circles have equal radii and their centres lie on the
intersection of a circle, radius OC and the bisectors of
the seven equal angles formed by step 2.



To draw equal circles around a regular polygon to
touch sach other and one side of tha polygon {in
this case, a saptagon) (Fig. 4/20)

1. Find the centre of the polygon by bisecting two of the
sides.

2. From the centre O draw lines through all of the comers
and produce them.

3. Bisectangles CAB and DBA to intersect in E.
4. Eisthe centre of the first circle. The rest can be obtained

by drawing a circle, radius OE, and bisecting the seven
angles formed by step 2. The intersections of this
circle and these lines give the centres of the other six
circles,

C

Fig. 4/20

ABr it mm
AC* EBmm

Fig. 1

Exercises 4
(All questions originally set in Impenal units)

1. Construct 8 regular octagon on a base line 26 mm

long and draw the inscribed circle. Measure and state
the diameter of this circle in mm.

North Western S y School Exami
Board (See Ch. 2 for information not in Ch. 4)

2. Describe three circles, sach one touching the other

two externally, their radii being 12 mm, 18 mm and
24 mm respectively.

North Western S dary School E

Board

3. No construction has been shown in Fig. 1. You ere

required to draw the figure full size showing all con-
struction lines necessary to ensure the circles are
tangential to their adfacent lines.

Board




4. Construct the triangle ABC in which the base
BC=108 mm. the vertical angle A=70° and the
altitude is 65 mm.

D is a point on AB 34 mm from A. Describe a circle
1o pass through the points A and D and 1ouch (1an-
gential ta) the line BC.

Southern Universities” Joint Board (See Ch. 2 for
infermation net in Ch. 4)

5. Fig. 2 shows two touching circles placed in the
comer made by two lines which are perpendicular to
one another. Draw the view shown and state the
diameter of the smaller circle. Your construction must
show clearly the method of obtaining the centre of
the smaller circle.

University of London School Examinations

X

OAN
Fig. 2

6. Fig. 3 shows two intersecting lines AB and BC and the
position of a point P. Drew the given figure and find
the centre of a circle which will pass through P and
touch the lines AB and BC. Draw the circle and state
its radius as accurately as possible,

University of London School Examinations

~

. A triangle has sides 100 mm, 106 mm and 60 mm
long. Draw the triangle and construct snd draw the
following: (a) the inscribed circle; (b) the circum-
scribed circle; () the smallest escribed circle.
University of London School Examinations (See Ch.
2 for information not in Ch. 4)
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8. Construct an isosceles triangle ABC wherms the
included angle A = 67", and AB = AC = 104 mm.
Draw circles of 43 mm, 37 mm and 32 mm radius
using as centres A, B and C respectively.

Construct the smallest circle which touches ail three
circles.

Measure and state the diameter of the constructed
circle.

Associsted Examining Board (See Ch. 2 for informa-
tion not in Ch. 4)

AB and AC are two straight lnes which intersect at
an angle of 3, D is a point batween the two lines at
perpendicular distances of 37 mm and 62 mm res-
pectively from AB and AC. Describe the circle which
teuches the two canverging lines and passes through
point D; the cantre of this circle is to lie between the
points A and D. Now draw two other circles sach

hing the d circle dly and also
the ing lines. and state the di
of the constructed circles.
Oxford Local Examinations

10. DA and OB are two straight nes meeting at an angle
of 3(P. Construct a circle of diameter 76 mm 1o touch
these two lines and a smaller circie which will rouch
tha two converging lines and the first circle,

Also construct a third circle of diameter 64 mm which
touches each of the other two circles.
Ouxford Local Examinations

11. Construct a regular octagon of side 75 mm and within
this octagon describe eight equal circles each touch-
ing one side of the octagon and two adjacen circles.
Now draw the smallest circle which will touch all
eight circles. M and state the di of this
circle.

Oxford Local Examinations {(See Ch. 2 for informa-
tion not in Ch. 4)




5
Tangency

A tangent to a circle is a straight line which touches the
cirche at one point,

Every curve ever drawn could have tangents drawn to
it, but this chapter is concerned only with tangents to
circles. These have wide spplications in Engineering
Drawing since the outlines of most engineering dstails
are made up of straight Knes and arcs. Wherever a straight
line meets an arc, a tangent meets a circle.

Constructions

To draw a tangent to & circle from any point on the

circumference (Fig. 5/1)

1. Draw the radius of the circle.

2. At any point on the circumfersnce of a circle, the
tangent and the radius are perpendicular to each other.
Thus, the tangent is found by constructing an angle of
9° from the point where the radius crosses the
circumierence.

A basic geometric theorem is that the angle in a semi-
circle is a right angle (Fig. 5/2).
This fact is made use of in many tangent constructions.

Fig. /1



To construct a tangent from a point P to a circle,
centre O (Fig. 5/3)

1. Join OP.

2. Erect a semi-circle on OP to cut the circle in A.

PA produced is the required tangent (OA is the radius
and is perpendicular to PA since it is the angle in a semi-
circle). Thers are, of course, two tangents to the circle
from P but only one has been shown for clarity.

Te a to two equal

circles (Fig. 6/4)

1. Join the centres of the two circles.

2. From each centre, construct lines at S0° to the centre
line. The i ion of these lars with the
circles gives the points of tangency.

This tangent is often described as the common exterior

angant.

Fig. 6/4



To the intarior (or

or cross} tangent to two squel circles, centres O

and O, (Fig. 5/5)

1. Jointhe centres 0 0.

2. Bisect 00, inA.

3. Bisect OA in B and draw a semi-circle, radius BA to
cutthecirclein C.

4. With centre A and radius AC draw an arc to cut the
second circlein D. <

CD is the required tangent.

Fig. 5/5
To the gent & two
unequal circles, centres 0 and O, and radii A and
1 raspectively (Fig. 5/6)
1. Join the centres 0 0.
2. Bisect 0 O, in A and draw a semi-circle, radius AQ.
3. Draw a circle, centre O, radius R-r, 1o cut the semi-
circlain B,

4. Join OB and produce to cut the larger circle in C. /_ H__._-_\\“\\

5. Draw 0,D paraliel 1o OC.
CD is the required tangent.

4



To the [ I be-

tween two unequal circles, cantres O and O, and

radii R and r respectively (Fig. 5/7)

1. Jointhe centres 0 0.

2. Bisect O O, in A and draw a semi-circls, radius OA.

3. Draw a circle, centre O, radius A 4. to cut the semi-
circle in B.

4. Join OB. This cuts the larger circle in C.

&, Drow O,D parailsl 10 OB.

CD is the required tangent.

A tangent is. by definition, a straight line, However,
we do often talk of radit or curves meating sach other
tangentislly. We mean, of course, that the curves meet
smoothly and with no change of shaps or bumps. This
topic, the blending of lines and curves, is discussed in
Chapter 8.

Exarcises 6

(Al questions originally set in Imperial units)

1. A former in a jig for bending metal is shown in Fig. 1.
() Draw the formes, full size. showing in full the con-
struction for obtaining the tangent joining the two
arcs.

{b) Determine, without calculation, the centres of the
four aqually spaced holes to be bored in the positions
indicated in the figure.
Middiesex Regional Examining Bosrd

2. Fig. 2 shows a centre finder, of centrs square in posi-
tion on a 75 mm diameter bar.
Draw, full size, the shape of the centre finder and the
piece of round bar. Show clearly the constructions
for

(a) the tangent, AA, to the two arcs;

{b) the points of contact and the centre for the 44 mm
radatB;

{c) the points of contact and the centre for the 50 mm
radatC.

South-East Regional Examinations Board (See Ch.
8 for information not in Ch. 5)




3. Fig. 3 shows the outline of two pulley wheels con- 7. Fig. 7 shows the outline of a metal blank. Draw the

nmhylwlol'min'blummu‘relmhnf blank, tull size, ing clearly the tor
1/10 draw the figure showing the construction finding exact positions of the tangents joining the
necessary o obtain the points of contact of the belt arcs.

and pulleys.
Midgdlesex Regional Examining Board

. 3
4. (1) Draw the figure ABCP shown in Fig. 45‘9\6 con-

struct centre h the points @
A.aa:dcl:i‘.m" G, 3o pomm though the DIMENSIONS (N mm Fg. 7

et 3 tangen circle touchl
Lﬂuc::n::i"ma.' o s tovehing the 8. A segment of a circle stands on a chord AB which
3) Construct a tangent from the point P 1o touch th measures 50 mm. The angle in the segment is 55°.
IﬁiL.unﬂ!om‘ifmmdﬂu:thC. ° Draw the segment. Produce the chord AB to C making
Southern Regions! Examining Board (Ses Ch. 4 for 8C 56 mm long. From C construct a tangent 1o the

arc of the segment.
University of London School Examinations (See Ch.
B 2 and Ch. 4 for information not in Ch. 5)

Fig. 4 9. A and B are two points 100 mm apart. With B as
centre draw 8 circle 75 mm diameter. From A draw
P two lines AC and AD which are tangential 1o the

information not in Ch. §)

A | circle AC = 150mm. From C construct another
62 v 50 am tangent to the circle to form a triangle ACD. Measure
and state the lengths CD and AD. aiso angle CDA.

5. Fig. 5 shows a metal biank. Draw the blank, full size, Joint Matriculstion Board
howing clearly the ions for the 10. Fig. 8 shows two circles, A and B, and a common
tangents joining the arcs. external tangent and a common intemal tangent.

Construct (s) the given circles and tangents and (b)
the smaller circle which is tangential to circle B and
the two given tangents.

Measure and state the distance between the centres
2 of the constructed circle and circle A.

Associsted Examining Board (See Ch. 4 for informa-

tion not in Ch. 5)

2
s Fh_ 5
DIMENSIONS IN mm
Fig. 6 shows the outlines of three pulley wheels
mnomdbrlmbolt Duwlhllluun lullun
ving clearty the for the
points of contact of the beh and pulleys.

43



6
Oblique projection

Oblique projection is another method of pictorial draw-
ing. It is simpler than isometric but it does not present so
realistic a picture.

Fig. 6/1 shows a shaped block drawn in oblique

There are three drawings of the same block in Fig. 6/1.
They all show the front face of the block drawn in the
plane of the paper and the side and top faces receding
a1 307, 45° and 60° on the three drawings. An cblique line
is one which is neither vertical nor horizontsl, and the
receding lines in oblique projection can be al any angle

other than 0P or 90° a3 long as they remain parallel in any
one drawing. In practice, it is usual 1o keep to the set
square angles and, of the three to choose from, 45 is the
most widely used.

" hack th on the obli &

with those on the isometric sketch, you will find that the
measurements on the front and oblique faces are all true
lengths. This gives rise to a distorted effect. The drawings
of the block in the oblique view appear 1o be out of

i larty when d with the iso-




Fig. 6/2 shows how we stiempt to overcoms this
distortion.

The oblique lengths have been alterad. The degree of
alteration has basn detsrmined by the oblique angle. An
oblique angle of B0P causes a large distortion and the
oblique length is thus altered to § x the true length. 30°
causes less distortion and the oblique length is only
altered to § % the true length. At 45° the true length is
reduced by half. These aherations need not be rigidly
sdhered to. The ones illustrated are chosen because they
produce a reasonably true 1o life picture of the block, but
a complicated component might have to be drawn with
no reduction at all in order to show all the details clearky.

I

5

If an oblique drawing is made without any reduction in
oblique length, this is sometimes known as Cavalier
Projection. If a reduction in oblique length is made, this
is sometimes known as Cabinet Projection.

If you were now ssked to draw an object in oblique

jection, you would be very confused when
trying 1o decide which angle to choose and what reduc-
tion to make on the oblique lines. If you are asked 10
produce an oblique drawing. draw af an obligus angle of
A5® and reduce all your obligu fons by half, unfess
you are given other specific instructions.

d curves in Obli Projecti

Oblique projection has one very big advantage over iso-
metric projection. Since the front face is drawn in the
plene of the paper, any circles on this face are true circles
and not ellipses as was the case with isometric projection.
Fig. 6/3 shows an oblique drawing of a bolt. If tha boht
had been drawn in isometric, it would have been a long
and tedious drawing to make,




There are occasions when there are curves of circles on
the oblique faces. When this arises. they may be drawn
using the ordinate method that was used for circles on
isometric drawings. If the obliqus length has been
scaled down, then the ordinates on the oblique lengths
must be scaled down in the same proportions. Fig. 6/4
shows an exampls of this.

In this case, the oblique angle is 45° and the oblique
scale is § normal size. The normal 6 mm ordinates are
reduced 1o 3 mm on the oblique faces and the 3 mm
ordinates are reduced to 1.5 mm.

Fo 64

It is also worth noting that the ordinates are spaced
along a 45" line. This must always be done in oblique
projection in order 10 scale the distances between the
ordinates on the oblique view to half those on the plane
view.

The advantage of oblique projection over other pic-
Wp"qlmnmilﬂmdrdudrmnmm'mrhﬂw

d. Unt i usually insist
uuw-mdmmﬂunhlwom-umm 6/4.
Hmﬁmnm»ﬂm.mﬂmmm
and wish to draw a P in oblique projection, it is
obviously good sanse to ensure that the face with the
most circles or curves is the front face.

46

\

GROMNATE SPACING REMD
BY OBLIQUE SCALE



Fig. 6/5 shows a small stepped pulley drawn twice in
obliqua projection. It is obvious that the drawing on the
laft is sasier to draw than the one on the right.

\
|

s N

f
|

Exercises 6

(Al questions originally set in Imperial units)

1. Fig. 1 shows two views of a small casting. Draw,
full size, an oblique projection of the casting with
face A towards you.

19
e

. P

-

&

DIMENSIONS IN mm

15|

&5 '

Fig. 1

LT __—

@ Vg

L

@ AGmm

2. Fig. 2 shows two views of a cast iron hinge block.

Make an oblique drawing of this object, with face A

towards you, omitting hidden detail.

North Western 5Si dary School
Soard

1 '
-L —_
P Loy | 1
-._ - i
Fig.

47



3. Fig. 3 shows the outline of the body of a depth gauge. 6. Two views of a casting are shown in Fig. 6. Draw

Make an oblique drawing, twice full size, of the body (a) the given views, and (b) an oblique pictorial view,
with comer A towards you. looking in the direction shown by arow L, using
cabinet projection, that is with the third dimension at
45" and drawn half-size.
Associsted Examining Board
. des
o 1
) 3 /
AL RaDietsmm 0.3 { [
1
4. Draw, full size, an Oblique Projection of the car 'f] | | | |
brake light switch shown in Fig. 4. It should be posi-
tioned 80 that it is resting on surface A, with the 4
cylinder B towards you. o

e o st Bowd @
[

Fig. 6
DIMENSIONS IN mm

~

. Two views of 8 machined block are shown in Fig. 7.
Draw, full size, an oblique projection of the block with
AB sloping upward 1o the right at an angle of 30°.
Use half-size measurements along the oblique lines.
The curve CD is parabolic and D is the vertex of the
curve. Hidden detail need not be shown.

Oxford Local Examinations (See Ch. 11 for informa-
tion not in Ch. 8)

L_Al

DIMENSIONS IN mm °l -
5. Fig. 5 shows two views of a holding-down clamp. i : :
Draw the clamp, full size, in oblique projection with c I H
comer A towards you. _lt__ ! 1
PN s
1]
-q' E
' fl \Z
d - A |2e ]
e ] § s Fig. 7
g " DIMEMSIONS I mem




B. A specisl link for a mechanism has dimensions as
shown in Fig. 8. Draw an oblique view of this link
resting on the flat face, using an angle of 3(P, with
the centre line marked AB sloping upward to the
right and with all dimensions full size. Radius curves
may be sketched in and hidden details are 10 be
omitted.

Oxford Local Examinations

-]

-1

DIMENSIONS IN mm



7

Enlarging and reducing plane figures

and equivalent areas

Dafinition
Similar figures are figures that have the same shape but
may be different in size.

Constructions
To construct a figure, similar to another figure, having
sides 7/6 the langth of the given figure.

Threa sxamples, using the same basic method, are
shownin Fig. 7/1.

Select s point P, sometimes called the centre of simili-
tude, in one of the positions shown.

From P draw lines through all the comers of the figure.

Extend the length of ona of the lines from P to a comer,
say PQ., in the ratio 7: 5. The new length is PR.

Boginning at A, draw the sides of the larger figure
parallel to the sides of the original smaller figure.

This construction works squally well for reducing the
size of a plane figure. Fig. 7/2 shows an imeguler hexagon
reduced to 4/9 its original size.

These constructions are practical only if the figure
‘which has to be entarged or reduced has straight sides. If
the outline is imegulasr, a different approach is needed.
Fig. 7/3 shows the face of a clown in two si
twice that of the other. The change in size is
mined by the two grids. A grid of known size is
over the first face and then another grid. similar
first and at the required scale, is drawn
grids are marked off, from A to J and from 1 to & in this

one
deter-
drawn
to the
Both

fg. M



«case, and the points where the irmegular cutlines cross the
lines of the grid are transferred from one grid to the other,

The closer together the lines of the grid, the greater the
accuracy of the scaled copy.

:,/62<

g // | 4
C i A /,l —
STy
: 4 N

4 Fig. 7/3
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It is sometimes necessary 1o enlarge or reduce & plane
Iiguninmdlmwr in this case, although the
ions remain the same.
ngdm.undo-nmohofmmrwehu
overall dimensions of 4 cm % 4cm. The enlarged version
retaing the original proportions bt now measures 6 cm 3
4cm.

First produce CA and BA. Mark off the new dimen-
sions along CA and BA produced. This gives AB’ and AC".

Draw the square AB"XB and the rectangle ACYC' and
draw the diagonals AX and AY.

From points along the periphery of the original plane
figure (in this case 1 to 10), draw lines horizontally and
vertically 1o and from the diagonals to intersect in 1°, 2',
¥, ete. Points 17 to 10 give the new profile.

Fig. 7/5 shows how a figure can be reduced on one
side and enlarged on the other. A basic 50 mm x 50 mm
shape has been changed proportionally into an B0 mm x
30 mm figure. Although this figure is more complicated
than Fig. 7/4, with a comesponding increase in the
number of points plotted, the basic construction is the
same.

There is very little practical application of this type of
construction these days. When plasterers produced flam-
Mn:m-mmwm comices, and carpen-

this type of was often employed. H
it is siill a good exercise in plane geometry and does
occasionally find an application.

The enlarged or reduced figures produced in Figs. 7/4
and 7/5 sre mirror images of the original figures. Usually
this does not matter, particularly if the figure is for a tem-
plate; it just has 10 be turned aver. However, if it does
matter, a construction similar to that used in Fig. 7/6 must
be used. In this case, a basic 60 mm x 40 mm shape has
been changed into a 30 mm x 20 mm shape.

A'B’ and A'C" are drawn parallel to AB and AC and
marked off 20 mm and 30 mm long respectively.

AA" and BB', AA" and CC’ are produced to meet in Q
and P respactively.

The curved part of the figure is divided into as many
partsasis ,wpnodtmm copy.

The rest of th should be seif-expl

mtmmmmmsmna'mxconm
original figure to the required figure is made easier by the
use of a ‘trammel’; this is a rather pompous title for a piece
of paper with a straight edge. i you lay this piece of
paper slong A'C’ on the given figure and mark off A", C*
and all the relevant points in between, you can line up the
paper with A’ and C* on the required figure and transfer
the points between A’ and C’ onto the required figure.

ters had 1o make P and idi The same thing can be done for A'B",
Sem
GIVEN FIGURE = Y
1 3 Fig. 7/4
. A Clio'
7 £|
B

g

REQUIRED FIGURE
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GIVEN FIGURE 1

Bem

i

=T

REQUIRED FIGURE

Fig. 7/%

All the changes of shape so far have been dependent
upon 8 known change of length of one or more of the
sides. No considerstion has been made of a specific
change of area. The ability to snlarge or reduce a given
shape in terms of area has applications. If, for instance,
fluid flowing in & pipe is divided into two smaller pipes of
equal area, then the area of the larger pipe will be twice
that of the two smaller ones. This does not mean, of

course, that the dimensions of the larger pipe are twice
\\ that of the smaller ones.
A

—

GIVEN FIGURE

7 REQUIRED FIGURE

Fig. /6



Fig. 7/7 shows two similar constructions for enlarging
a pentagon so that its new area is twice that of the

Select & point P. (This may be on a corner, or within
the outline of the pentagon, or outside the outline although
this ig not shown because the construction is very large).

La1 A be a corner of the given pentagon.

Join PA and produce it.

Draw a semi-circle, centre P, radius PA.

From P, drop a perpendicular 10 PA 10 meel the semi-
circlein 5.

Mark off PR: PQ in the required ratio, in this case 2: 1.

Bisect AR in 0, and erect a semi-circle, radius OR to
cut PS produced in T.

Join 5A and draw TA’ paraliel 1o SA.

A is the first corner of the enlarged pemtagon.

Although Fig. 7/7 shows a psntagon, the construction
applies to any plane figure and can be used to increase
and decreass a plane figure in a known ratio of areas.
Fig. 7/8 shows a figure reduced 10 4/7 its onginal size.
The construction is identical to that used for Fig. 7/6
except that the ratio PR: PQ is 4. 7. Note thet if there is a
circle or part circle in the outline, the position of its
centre is plotted.

Fig. U7




EQUIVALENT AREAS
To construct a ractangle equal in area to a given
triangls ABC (Fig. 7/9)
1. From B, the apex of the triangle, drop a perpendicular
tomeet the base in F.

2. Bisect FB.

3. From A and C erect diculars 1o meet the bi ]
line in D and E.

ADEC is the required rectangle.

It should be obvious from the shading that the pan of
the trisngle that is outsids the rectangle is equal in ares
to that part of the rectangle that overlaps the rrisngle.

To construct a square squal in arsa to a given

ractangle. ABCD (Fig. 7/10)

1. With centre D, radius OC, draw 8n arc to meet AD
produced in E.

2. Bisect AE and erect a semi-circle, radius AF, centre F.

m

L Fig. 7/9

A
4. Produce DC to meat the semi-circle in G.
DG is one side of the square. (For the construction of 3
squars, given ona of tha sides, see Ch. 2.)
This construction can be adapted 1o lind the_square
ro0t of a number. Fig. 7/11 shows how to find /6.
Since the arsa of the rectangle squals that of the
square, then
abm=c?
Haalways=1then b=c'
or Jfb=c
Thus, always draw the original rectangle with one side
wsqual to one unit, and convert the rectangle into a square
of equal area.

Fig. 7110

ali0me)

& ren

cfi

Fig- 7711



To construct a square equal In area to & given
mnngh(Fig m 2]

bination of those described in
Fiul. mmmn Flmnhlnnuhouh'mmnm-
tangle of equivalent area and then change the rectangle
into & square of equivalent area.

e

To construct a triangle squal in area to a given
polygon ABCDE (Fig. 7/13)
1. Join CE and from D draw a line paraiiel 1o CE to meet

AE produced in F.

2, Join CF.

Since DF is paraliel to CE, triangles COE and CFE have
the same base end vertical haight end therefore the same
area. The polygon ABCDE now has the same area as the
quadrilateral ABCF and the original five-sided figure has
been reduced 10 & four-sided figure of the same area.

3. Join CA and from B draw a line paralie! to CA to meet

EA produced in G.

4. Join CG.

Sm!thﬂUwG&WCBAMGGAhm
ﬂulmblulndmwnmdwm'm
area. The quadrilatersl ABCF now has the same area s
tha trisngle GCF and the original five-sided figure hes
been reduced 1o & three-sided figure of the same area.

GCF i the required triangle. c

STAGE |

Fig. 7112

STAGE 2

Fig. 7113

STAGE 3

STAGE 4




The theorem of Pythagoras says that ‘in a right-angled
triangle, the square on the hypotenuse is equal to the
sum of the squares on the other two sides’. When this

" is shawn it i ™ by a - ——
triangle with squares drawn m:h"::dn. This tends to I j
be a little misieading since the theorem is valid for any / \
similar plane figures (see Fig. 7/14). \
This construction is particularly useful when you wish Jr
to find the size of a circle which has the equivalent area \
of two or more smaller circles added together. l T \
/ e \
. |
~ TN >
— - Y v
/ . - \
/ /{"‘ N e
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30mm

To find the diameter of a circle which has the same
area a3 two circles, 30 mm and 50 mm dismater
(Fig. 7/15)

Draw a line 30 mm long.

From one end erect a perpendicular, 50 mm long.

The hypotenuse of the triangle thus formed is the
required diameter (58.4 mm).

If you have to find the single equivalent diameter of
more than two cirches, reduce them in pairs until you have
twao, and then finally one lefi.
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To divide a triangle ABC into three parts of equal
sres by drawing lines paraliel to one of the sides
(say BC) (Fig. 7/16)

. Bisect AC (or AB) in O and erect a semi-circle, centre
0, radius QA.

2. Divide AC into three equal parts AD, DE and EC and
erect perpandiculars from D and E to meet the semi-
circlein D, and E,.

. With centre A, and radius AD . draw an arc to cut AC

inD,

With centre A, and radius AE , draw an arc to cut AC in

E,

5. From D, and E, draw lines paralisl to BC 10 meet AB in

D, and E, respectively.
The areas AD D, D,D,E,E  E E.CB aresqual.
Although Fig. 7/16 shows a triangle divided into three
equal areas, the construction can be used for any number
of equal areas.

oW

“~ Fig. 118

To divide a polygon into a number of equal areas
(say §) by lines drawn parallel to the sides
This construction is very similer to that used for Fig. 7/16.
Proceed as for the triangle and complete as shown in
Fig. 7117,

Again, this construction can be used for any polygon
and can be adapted to divide any polygon into any number

Exarcises 7

(All questions originally set in Imperial units)

(a} Construct the triangle ABC, shown in Fig. 1A,
from the information given and then construct a
triangle CDA in which CD and CB are in the ratio
5:7

{b) Construct the polygen ABCDE shown in Fig. 18.
C by the use of radisting lines & polygen

Fig. 717
AB BT Smm
BL i TEmm A c
CA s Bl e
c e P Iu' r:l
Fs A . Fig.18
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PQRST similar to ABCDE so that both polygons
stand on the lina PT.
S £l inations Board
. Fig. 2 shows a sail for a model boat. Draw the figure,
full size, and construct a similar shape with the side
cormresponding to AB 67 mm long.
Middiesex Regional Examining Board
3. Without the use of a protractor or set squares con-
struct 8 polygon ABCDE standing on a base AB
given that AB = 95 mm, BC = 75 mm, CD = 55 mm,
AE = 67.5 mm, LABC = 12(°, LEAB = 82§ and
L CDE=90°. Also construct & similar but larger
polygon so that the side corresponding with AB
becomes 117.5 mm Measure and state the lengths of

the sides of the enl

N

Olxford Local Examinations



4, Make a copy of the plane figure shown in Fig. 3.
Enlarge your figure proportionally so that the base
AB measures 88 mm.

University of London School Examinations

&

B
A Fig. 3

DIMENSIONS. IN mm

5. In the triangle ABC, AB = B2 mm,
CA =68 mm. Draw a triangle si
having an area one-fifth the area of ABC.

Oxford and ( Sehools E: inations Board
Draw a polygon ABCDEF making AB =32mm, BC =
38 mm, CD =50 mm, DE=34 mm, EF = 28 mm,
FA = 28 mm, AC =56 mm, AD =68 mm, and AE=
50 mm.

Construct a further polygon similar to ABCDEF but
having an area larger in the ratio of 4: 3.

Cambridge Local Examinations

Construct, full size, the figure illustrated in Fig. 4 and
by radial projection, superimpose about the same
centre a similar figure whose area is three times as
great as that shown in Fig. 4.

Oxford Local Examinations

~

DIMENSIONS 1 mm  119- 4

8. Fig. 5 shows a section through a length of moulding.
Draw an enlarged section so that the 118mm
dimensions becomes 172 mm.

Oxford Local Examinations (See Ch. 11 for informa-
tion natin Ch. 7}
ﬁ\ DIMENSIONS IN mm
[l

'\-1

g SN
b
£d
&
Fig. 5

9. Fig. 6 shows a shaped plate, of which DE is a quarter

of an ellipse. Draw:

(8) the given view, full size;

{b) an enlarged view of the plate so that AB becomes
150 mm and AC 100 mm. The distances parallel to
AB and AC are to be enlarged proportionately to the
increase in length of AB and AC respectively.

Oxford Local Examinations (See Ch. 11 for informa-
tion not in Ch. 7)

A 38 72

Fig. 6

DIMENSIONS IN m

. The shape is shown in Fig. 7 of a plate of uniform

thickness.

Draw the figure and, with one comer in the position
shown, add a square which would represent the
position of a square hole reducing the weight of the
plate by 25%.

Oxford and Cambridge Schools E: Board

. Construct a regular hexagon having a distance be-

tween opposite sides of 100 mm. Reduce this hexa-
@on to a square of equal area. Measure and state the
length of sida of this square.

Joint Matriculation Board

. A water main is supplied by two pipes of 76 mm and

100 mm diameter. It is required to replace the two
pipes with one pipe which is large enough to carry
the same volume of water.
Part 1. Draw the two pipes and then, using a geo-
matrical construction, draw the third pipe.
Part 2. Draw & pipe equal in area to the sum of the
lllme pipes.

E; ions Board
Three squares have side innqﬂ!ldmrnm. 37Bm
and 50 mm without
to calculstions, a single square equal in area to thl
three squares, and measure and state the length of its
side.
Cambridge Local Examinations
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8

The blending of lines and curves

It is usually only the very simple type of engineering detail
that has an outline composed entirely of straight lines.
The inclusion of curves within the outline of a component
may be for seversi reasons: to eliminate sharp edges,
thereby making it safer to handle: to eliminate a stress
cantre, thereby making it stronger; 10 avoid extra machin-
ing, thereby making it cheaper; and last, but by no means
least, 1o improve its appearsnce. This last reason applies

i ¥ to those i which u articles
10 sell 1o the general public. It is not enough these days to
make vacuum cleaners, food mixers or ball point pens
functional and reliable. It is equally important that they be
attractive so that they, and not the compatitors’ products
are the ones that catch the shopper's eye. The designer
uses circles and curves to smooth out and soften an out-
line. Modermn machine shop processes like cold metal
forming, and the increasing use of plastics and laminates,
allow complex outlines to be manufactured as cheaply as
llmpllol\n.mdthn blending of lines and curves plays

understanding and yet there are only a few ways in which
lines and curves can be blended. When constructing an
outline which contains curves blending. do not worry
about the point of contact of the curves; rather be con-
cerned with the positions of the centres of the curves. A
curve will not blend properly with another curve or line
unless the centre of the curve is comectly found. If the
centre is found exactly, the curve is bound 10 blend
exacily.

To find the centra of an arc, radius 7, which blends
with two straight lines meeting at right angles
(Fig.8/1)
With centre A, radius r. draw arcs to cut the lines of the
angleinBand C.

With centres B and C., radius r, draw two arcs to inter-
sectin 0.
O is the required centre.

This construction applies only if the angle is a right

ani rala in the draugh ‘s world, mlrmunumuanrmmmcnw use
MN&OMIM dents often have diffi in shown in Fig. 8/2.
1= 0
<
Fig. 81
|
A [«



To find the centre of an arc. radius r, which blends
with two straight lines meeting &t any angle (Fig.
8/2)

Construct lines, paraliel with the lines of the angle and
distance r away, tointersect in O,

O is the required centra.

Fig- 872

To find the centre of an arc, radius r, which passes

through a point P and blends with a straight line

(Fig.8/3)

Construct 8 line, paraliel with the given line, distance r

awsay. Thacentre must lie somewhers slong this line.
With centre P, radius 7, draw an erc to cut the parallel

linein 0.

0 is the required centre.
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To find the centre of an arc, radius A, which blends
with a line and a circle, centre B, radius »
There are two possible centres, shown in Figs. B/4 and
a/5.
Construct a line, parallel with the given line, distance
A away. The centre must lie somewhere along this line.
With centre B, radius A + r, draw an arc to intersect the
parallel inein O,
0 is the required centre.
The alternative construction is:
Construct a line, parallel with the given line. distance
£ away. The centre must liec somewhere along this line.
With centre B, radius A — r, draw an arc 1o intersect the
paraliel line in 0.
O isthe required centre.

’

/

Fig. 8/4

T

\
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To find the centre of an arc, radius R, which blends
with two circles, centres A and B, radii r, and r,
respectively

There are two possible centres, shown in Figs. 8/8 and
8/7.

If an arc, radius A&, is to bland with a circle, radius 7, the
centre of the, arc must be distance A from the circumfer-
enca and hence R + r (Fig. 8/6) or R —r (Fig. 8/7) from
the centre of the circle.

With centre A, radius & + r,, draw an arc.

With centre B, radius A+, draw an arc 10 intersect
mﬂmm:lno

‘With centre A, radius A —r,. dllwmw
‘With centre B, radius A — r,. draw an arc to intersact the
first arc in O,

Qs the required centre.

Fig. B/6
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STAGE 2

These seven constructions will enable you to blend
radii in all the conditions that you are likely to meet
Fig. 8/8 shows the outline of a plane handle drawn in three
steges to show how the radii are blended.

The construction lines have been left off each succes-
sive stage for clarity but if you are answering a similar
question during en examination, feave all the construction
lines showing. Il you do not, the examiner may assume
that you found the centres by trial and error and you will
lose the majority of the marks.

Thare are three more constructions that are included in
the blending of lines and curves and these are shown
below.
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To join two paraliel lines with two equal radii, the
sum of which equals the distance betwesn the
lines {Fig. 8/9)
Draw the centre line betwesn the paralisl fines.

From a point A, drop a perpendicular to meet the centre
lineinQ,.

With centre O,, radius O A, draw an arc to mest the
centre finein B.

Produce AB to meet the other parallel linein C.

From C erect a perpendicular 1o meet the centre line in
0,
‘With centre O, radius O,C, draw the arc BC.

To join two paralisl lines with two equal radii, r,
the sum of which is greater than the distance
betwaen the lines (Fig. 8/10)
Draw the centre line batween the parallel lines.

From a point A, drop a perpendicular and on it mark
off AD, == r.

Draw the centre line between the parallel lines,

From a point A, drop a perpendicular and on it mark off
AD, =7,

With centre O, radius 7, draw an arc to meet the centre
linein B.

Produce AB to meet the other parallel lingin C.

From C erect & parpendicular CO, = r.

With centre O, radius r, draw the arc BC.

To join two paraliel lines with two unequal radii
({say in the ratio of 3: 1) given the ends of the curve
Aand B (Fig.8/11)
Join AB and divide into the required ratio, AC: CB =
1:3

Parpendicularly bissct AC 1o mest the

Fig. 8/10 C

"/ Wi

fromAinO,.
With centre O ,. radius O A, draw the arc AC,
Perpendicularly bisect CB to meet the perpendicular
fromBin 0,
With centre O, and radius OB, draw the arc CB.

A °
Fig. 8/11



Exercises 8
(ANl questions originally set in Impenial units)

1. Fig. 1 shows an exhaust pipe gasket. Draw the given
view full size and show any constructions used in
making your drawing. Do not dimension your drawing.
South egional Examinati Board

2.
M

2. Fig. 2 is an elevation of the turning handle of & can
openar. Draw this view, twice full size, showing
cleacly the method of establishing the centres of the
arcs.

East Anglian Exsrminations Board

3. Fig. 3 shows the outline of an electric lamp.
Important—Canstruction lines must be visible, show-
ing clearly how you obtained the centres of the arcs
and the exact ith of the j i b
arcs and straight lines.

Part 1. Draw the shape full size.

Part 2. Ling A~B is to be increased 10 28 mm. Con-
struct a scale and using this scale draw the left half
or right hatf of the shape, incressing all other dimen-
lionl‘wp:nmlf.

egional

Board

4. Fig. 4 shows a garden hoe. Draw this given view full
size and show any construction lines used in making

the drawing. Do not di ion the di
h egi 3 ! Board
I 32T
L~

DIMENSIONS IN mm b 78 |
Fig. 4

5. Fig. 5 shows ane half of a pair of pliers. Draw, ful
size, a front elevation looking from A. Your construc-
tions for linding the centres of the arcs must be shown,
South-East Regional Examinations Board
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6. Fig. 6 shaws the design for the profile of a sea wall.
Oraw the profile of the sea wall to a scale of 10 mm =
2m. Measure in metres the dimensions A, B, C and D
and insert these on your drawing. In order to do this
you should construct an open divided scale of 10 mm
= 2m to show unitsof 1 m,
Constructions for obtaining the centres of the radii
must be clearly shown,

Board

7. Detsils of a spanner for 2 hexagonal nut are shown in
Fig. 7. Draw this outline showing clearly all con-
structions. Scale: full size.

Oxford Local Examinations

B. The end of the lover for a safety valve is shown in
Fig. 8. Draw this view, showing clearly all construc-
tion lines. Scale: § full size.
Oxford Local Examinations

9. Draw, 10 a scale of 2: 1, the front elevation of a rocker
arm as illusteated in Fig. 9.
Oxford Local Examinations

[[=]

Aty

DIMENSIONS IN mm

7. 14 Ti a0 —
{

DIMENSIONS IN mm Fig. 9



Loci

Definition

A locus (plural foci) s the path traced oul by a point
e under given definite conditi

You may not have been aware of it, but you have met
loci many times before. One of the most common loci is
that of a poimt which moves so that its distance from
another fixed point remains constant: this produces a
circle. Ancther locus that you know is that of a point which
moves so that its distance from a line remains constant:
this produces parallel lines.

Problems on loci can take several different forms. One
important practical application is finding the path traced

out by points on mechanisms. This may be done simply
to see if there is suffici L around a i
or, with further knowledge beyond the scope of this
book, to determine the velocity and hence the forces
acting upon a component.

There are very few rules to learn about loci; it is
maenly a subject for common sense. A locus is formed by
continuous movement and you have to ‘stop’ the move-
ment several times and find and plat tha position of the
point that you are interested in. Take, for instance, the
casa of the man who was too lazy 10 put wedges under
his ladder. The inevitabla h d and the ladder stipped.
The path that the feet of the man took is shown in Fig. 8/1.

The top of the ladder slips from T to T,. The motion of

the top of the ladder has been stopped 21 T,. T, T, etc.
T and, since the length of the ladder remains constant, the

corresponding positions of the bottom of the ladder, B,
T B, B, etc. can be found. The positions of the ladder
1 T,B, T,8, T,B, etc. are drawn and the positian of the

man's feet, 1, 2, 3, etc., are marked. The points are joined
T togather with a smooth curve. It is interesting 1o note that

the man hits the ground at right angles (assuming that he

remains on the ladder). The resulting jar ofien causes
T serious injury and is one of the reasons for using chocks.

Another simple example is the locus of the end of a
T
Fig. 911
Ts
Te
T \
) N —
5 =3 b N o
- ' ! . = Y.




bumau door stay, Fig. 9/2. This type of stay is also often
used on wardrobe doors. Its function is to allow the
door to open to a certain point, and then to suppont the
door in that position.

The stay, of course, has two ends and the locus on one
ond is easily found: it is an arc whose centra is the hinge.
The other end of the stay is allowed 1o slide through the
pin but it is not allowed to move off it. As the end of the
stay moves along the arc, its movement is stopped
saveral times and the position of the other end of the stay
is marked. These points are joined together with a smooth
curve. Obviously the designer of such a bureau would
have to plot this locus before deciding the depth of the
bureau.

Loci of mechanisms

The bureau door stay is a very simple mechanism. We now
ook at some of the loci that can be found on the moving
parts of some machines.

Definitions

Velocity is speed in a given direction. It is a term ususlly
resarved for inanimate objects; we talk about the muzzle
welocity of a rifle or the escape velocity of a space probe.
‘When we use the word speed we refer only to the rate of
mation. Whan wa usa the word velocity we rafer to the
rate of mation and the direction of the motion.

Linear velocity is velocity along a straight line (a linear
graph is a straight line).

Anguiar velocity is movement through a certain angle
in a certain time. It mak for di travel
led. If, as in Fig. 8/3, a point P moves through 6P in
1 second, its angular velocity is exactly the same as that
of Q. providing that Q also travels through 80P in 1 second.
Thae velocity, as distinct from the angular velocity, will be
much greater of course.

Constant velocity, linear or angular, is movement with-
out acceleration or deceleration.

Fg 32




The pist ing ism is very
widely used, princi by of its ication in
internal combustion engines. The piston travels in a
straight line: the crank rotates. The connecting rod,
which links these two, foll path which i
in batween these two, the exact shape being dependent
on the point of the rod being considered. Fig. 9/4 shows

PISTON

the locus of a point half way up (or down) the rod.

The movemant of the crank is continuous. The move-

ment of the piston is also continuous between the top
and bottom of its travel. This movement, as bafore, must
be ‘stopped’ several times and the pasitions of the centre
of the connecting rod found. As with most machines
that have cranks, the best policy is to piot the position of
the crank in twelve equally spaced positions. This is
easily achieved with a 60° set square. The piston must
always he on the centre line and, of course, the connect-
ing rod cannot change its length. [t is therefore a simple
matter to plot the position of the connecting rod for the
twalve positions of the crank. This is best done with
compasses or dividers. The mid-point of the connecting
rod can then be marked with dividers and the points
joined together with a smooth curve.

The direction of rotation of the crank is usually given
in problems of this nature. It may make no difference 1o
plotting any of the loci but it could make a tremendous
difference 1o the functioning of the real machine: what
good is a car that does 120 km/h backwards and 10 km/h
forwards ?

70
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Trammels
A vammel can consist of a piece of paper or a piece of
card or even the edge of a set square. It must have a
straight edge and you must be able to mark it with a pencil.
A trammel enables you to piot a locus more quickly than
the method shown above. However, if you are intending
o sit the G.C.E. or C.S.E. examination check that the
syllobus sllows you to use trammels,

Fig. 9/5 shows a crank/rod/slider mechanism where
a point  along the rod has been plotied for one revolution
of the crank. The length of the rod, and the point, are
marked on a piece of paper. One end of the rod is con-
strained 1o travel around the crank circle and the other
slides up and down the centre line of the slider. Move the
wammel 5o that one end is always on the circle whilst
the other end is always on the slider centre line, marking
the required point as many times as necessary. Join the
points with a smooth curve.

ROD

y 700,

SLIDER

AN

Fig. 9/8

f ////V/\

W\

TRAMMEL

ROD LENGTH

+ ROD LENGTH

n



On mechanisms that are more complicated, it is some-
times necessary to plot one locus to obtain another.
Fig. 9/6 shows a mechanism which consists of two
cranks, O,A and 0,8, and two links, AB and CD. It is
required to plot the locus of P, a point on the lower end
of the link CD.

Bafors we can plot any positions of the link CD, and
hence P, ws must know the position of C at any given
moment. This can only be dona by plotting the locus of
C. ignoring the link CD. Once this has been done, we can
find the position of CD at any given moment, and hence
the locus of point P.

No construction lines are shown in Fig. 9/6 since they
would only make the drawing even more confusing ! The
locus of P could have been found by ‘stopping’ one of
the cranks in twehwe different places and finding the
twalve new positions of the link AB. This, in tum, would
ensbile you to find tweive positions for C, and then twelve
WMWMCD Finally this would lsad to the

ired positions of P. Alternatively, the locus of
c:mldhmbunﬂomdm;mmmmmw
langth of the link AB, and the position of C marked on it.
Ancther trammel, with the length of the rod CD and the
position of P marked on it, would have given the locus of
P.

Soma Other Problems in Loci

A locus is defined as the path traced out by a point which
moves under given definite conditions. Thres examples of
loci are shown below where a point moves relative 10
another point or to lines.
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To plot the locus of a point P which moves so that
its distance from a point § and & line X-Y is slways
the sama (Fig. 9/7)

The point 5 is 20 mm from the line X-Y.

The first point to plot is the one that lies betwean S and
the line. Since § is 20 mm from the line, and P is equi-
distant from both, this first point is 10 mm from both.

 we now let the point P be 20 mm from 8, it will lie

on the of a circle, centre 5,
radius 20 mm. Since the point is equidistant from the fine,
it must alsa lie on a line drawn paraliel to X-Y and 20 mm
away. The second point, then, is the intersection of the
20 mm radius arc and the parallel line.

The third point is at the intersection of an arc, radius
30 mm and centre S, and a line drawn parallel to X-Y
and 30 mm away.

The fourth point is 40 mm from both the line and the
point 5. This may be continued for as long a3 is required.

The curve produced is a parabola.

(=)

=1+
A0

30

B \

=]

DIMENSIONS IN mm

Fig. 9/7



To plot the locus of a point P which moves so that
its distance from two fixed points R and 5. 50 mm
apart, is always in the ratio 2:1 respectively (Fig.
9/8)

As in the previous example, the first point 10 plot is the
one that lies between R and 5. Since it is twice as far
away from R as it is from S, this is done by proportional
division of the line RS.

It we now let P be 40 mm from R it must be 20 mm
from 5. Thus, the second position of P is at the inter-
section of an arc, centre R. radius 40 mm and another
arc, centre 5 and radius 20 mm.

Tha third position of P is the intersection of arcs, radii
50 mm and 25 mm, centres R and S respectively.

This is continued for 83 long as necessary, In this case,
at a point 100 mm from R and 50 mm from S, the locus
meets itself to form a circle.

DIMENSIONS IN mm
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Tao plot the locus of & point P which moves so that
its di from the ci f of two
circles, centres O, and O, and radii 20 mm and
16 mm respectivaly, is always in the ratioc 2:3
respectively (Fig. 9/9)

As with the two previous examples, the first paint to plot
is the ona that lies batween the two circles. Thus, divide
the space the two ci i in the ratio
3: 2 by proportional division.

If we now let P be 10 mm from the circumference of
the circle, Centre O, , it will lie somewhere on 2 circle,
centre O,, and radius 30 mm. If it s 10 mm from the
circumferance of the circle, centre O, it will be 15 mm
from the circumference of the circle, centre O, since the
ratio of the distances of P from the circumferences of the
circles is 3:2. Thus, the second position of P is the inter-
section of two arcs, radii 30 mm and 30 mm, centres O,
and O,.

The third position of P is the intersection of two arcs,
tadii 36 mm and 37.6 mm, centres O, and O, respectively.

The fourth position is at the intersection of arcs of
40 mm and 45 mm radii.

This is continued for as long as is required. '|

g""]'

~~LOCUS OF P

Fig. &/9

DIMENSIONS IN mm
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Exercises 9
(Al questions originally set in Imperial units)

. Fig. 1 shows a door stay as used on a wardrobe door.
The door is shown in the fully open position. Draw,
full size, the locus of end A of the stay as the door
closes 1o the fully closed position. The stay need only
be shown diagrammatically as in Fig. 1A,

Weat Midlands Examinations Board

-

DIMENSIONS IN mm

2. Fig. 2 shows a sketch of the working pars, and the
working parts represented by lines, of a moped engine.
Using the line diagram only, and drawing in single
lines only, plot, fuil size, the locus of the point P for
one full tum of the crank BC.

Danot attempt to draw the detailshown in the sketch.
Show all construction.

The trammal method must not be used.

East Anghian Examinations Board

Fig. 2

in Fig. 3 the crank C rotates in a clockwise direction.
The rod PB is connected to the crank st B and slides
through the pivot D.

Plot, to a scale 14 fulf size. the locus of P for one
revolution of the crank.
South-East Regional Examinations Board

w
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4. In Fig. 4 the stay BHA is pin-pointed at H and is free
to rotate about the fixed point B. Plot the locus of

Pasend Amoves from Ao A,
North  Western 7 E;
Board

DIMENSIONS M mm Fia. 4
. In Fig. 5, roliers 1 and 2 are attached to the angled
rod. Roller 1 slides along slot AB while roller 2 glides
along CD and back,
Draw, fulf size, the locus of P, the end of the rod, for
the complete movemant of roller 1 from A 1o B.
South-East Regional Examinations Board

o

As an experiment a very low gear has been fitted to a
bicycle. This gear allows the bicycle to move forward
50 mm for every 15 degrees rotation of the crank and
pedal. These details are shown in Fig. 8.

(a) Oraw, hatf full size, the crafk and pedal in position
as it rotates for every 50 mm forward motion of the
bicycle up to a distance of 600 mm. The first forward
position has been shown on the drawing.

(b) Draw a smooth freehand curve through the
positions of the pedal which you have plotied.

(c} From your drawing find the angle of the crank
OA to the horizontal when the bicycle has moved
forward 266 mm.
M litan Regional E) inations Board




7. Fig. 7 is a line diagram of a slotted link and crank of
a shaping machine mechanism. The link AC is
attached to a fixed point A about which it is free 1o
move aboutl the flixed point on the disc. The disc
rotates about centre 0. Attached to C and free 10 move
sasily about the points C and D is the link CD. D is
also free to shide along DE.

When the disc rotates in the direction of the amow,
plot the locus of C, the locus of P on the link CD, and
claarly show the full travel of B on AC.

Southem Universities” Joint Board

DIMENSIONS 1N mm
Fig. 7

8. In Fig. B, MP and NP are rods hinged at P, and A and
D are guides through which MP and NP are allowed
to move. D is allowed to move along BC, but rod NP
is always perpendicular to BC. The guide A is
allowed to rotate about its fixed point. Draw the
locus of P above AB for all positions and when P is

always equidistant from A and BC.

This locus is part of a recognised curve. Name the

curve and the parts used in its construction
Southern Universities’ Joint Board

CIMENSIONS IN mm

9

In the mechanism shown in Fig. 9, OA rotates about
0, PC is pivoted at P, and QB is pivoted at Q.
BCDE is a rigid link. OA = PC = CD = DE = 25mm,
BC = 37.5 mm, QB = 50 mm and AD = 75 mm. Plot
the complete locus of E.

Oxford and C:

Schools E, Board

DIMENSIONS N mm
Fig. 9

. Arod AB 70 mm long rotates at a uniform rate about

end A Plat the path of a slider S, initially coincident
with A, which slides along the rod, at a uniform rate,
from A to B and back to A during one complete
revolution of the rod.

Joint Matriculation Board

. With a permanent base of 100 mm, draw the locus of

the vertices of all the trianglcs with a constant
perimeter of 225 mm.
Oxford and Cambridg

Schools Board

. Three circles lie in a plane in the positions shawn in

Fig. 10. Draw the given figure and plot the locus of a
peint which moves so that it is always equidistant
from the circumferences of circles A and B. Plot also
the locus of a point which moves in like manner
between circles A and C.

Finally draw a circle whose circumference touches
the circles A, B and C and measure and state s
diameter.

Cambridge Local Examinations Board

_ e

CIMENSIONS IN mm
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10
Orthographic projection

Onhographic projection is the solution to the biggest
problem that a draughtsman has to solve—how to draw,
with sufficient clarity, a three-d ional object on a
two-dimensional piece of paper. The drawing must
show quite clearly the detailed outlines of all the faces and
these outlines must be fully dimensioned. If the object is
very simple, this may be achieved with a freehand sketch.
A less simple object could be drawn in either isometric
of oblique projections, although both thase systems have
their disadvantages. Circles and curves are difficull to
draw in enther system and neither shows more than three
sides of an object in any one view. Orthographic projec-
tion, because of its flexibility in allowing any number of
views of the same object. has none of these drawbacks.
Orthographic projection has two forms: First angle and
Third angle; we shall discuss both. Traditionally, British
industry has used 1t angla whilst the United States of
America and, more recently, the Continental countries
used the 3rd angie system. There is no doubt that British

HORIZONTAL PLANE

VERTICAL PLANE

78

Fig. 10/1 3rd angle ornhographic projection

industry is rapidly changing to the 3rd angle system and,
whilst this will take some years to complete, 3rd angle will
eventually be the national and international standard of
orthographic projection.

Fig. 10/1 shows a stepped block suspanded between
two planes. A plane is a perfectly flat surface, In this case
one of the planes is horizontal and the other is vertical.
The view looking on the top of the block is drawn directly
above the block on the horizontal plane. The view looking
on the side of the block is drawn directly in lina with the
block on the vertical plane. If you now take away the
stepped block and, imagining that the two planes sre
hinged, fold back the horizontal plane so that it lines up
with the vertical plane, you are laft with two drawings of
the block. One is a view looking on the top of the block
and this is directly above another view looking on the side
of the block. Thmmovhwsmwhdmm/l




Fig. 10/1 shows the block in 3rd angle orthographic
projection. The sama block is drawn in Fig. 10/2 in 15t
angle orthographic projection. You still have a vertical
and a horizontal plane but they are arranged differently.
The block is suspended between the two planes and the
view of the top of the block is drawn on the horizontal
plane and the view of the side is drawn on the vertical
plane. Again, imagining that the planes are hinged, the
horizontal plane is folded down so that the planes are in
line. This results in the drawing of the side of the block
baing directly above the drawing of the top of the block
this with the 3rd angl ings)

VERTICAL PLANE

HORIZONTAL PLANE

L / Fig. 10/2 1st angle orthographic projection
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The reeson why thess two systems sre called 15t and
3rd angle is shown in Fig. 10/3. H the horizontal plane
(H.P.) and the vertical plane (V.P.) intersect as shown, it
duces four quads The first quadrant, o first angle,
is the 1op right and the third is the bottom left. If the block
is suspended between the V.P. and the H.P, in the first
and third angles you can ses how the views are projected
onto the two planes.

FIRST ANGLE

VERTICAL PLANE . /
(R) \\

—

2ND ANGLE

TAL PLANE
TH.P)

THIRD ANGLE
4TH ANGLE

Fig. 10/3 Relative positions of 15t and 3rd angle projections




So far we have obtained only two views of the block,
one on the V.P. and one on the H.P. With a complicated
block this may not be enough. This problem is easily
solved by introducing another plane. In this case it is a
wertical plane and it will show a view of the end of the
block and so, to distinguish it from the other vertical
plana, it is called the end vertical plane (E.V.P.), and the
original vertical plane is called the front venical plane
(FV.P.).

The EV.P. is hinged to the F.V.P. and when the views
have been projected onto their planes, the three planes
are unfolded and three views of the block are shown,
Fig. 10/4.

The drawing on the F.V.P. is called the front elevation
(F.E.), the drawing on the E.V.P. is called the end elevation
(E.E.) and the drawing on the H.P. is called the plan. All
three views are linked together: the plan is directly above
the F.E.; the E.E. is horizontally in line with the F.E.; and
the plan and the E.E. can be linked by drawing 45° pro-
jection lines. This is why orthographic projection is so
important; it isn’t just bacause several views of the same
object can be drawn, it /s because the views are finked
together.

HORIZONTAL PLANE
H.PY

END VERTICAL PLANE | ' |FRONT VERTICAL PLANE
EVF) 8, {FMR)Y




Fig. 10/4 showed three views of the block drawn in
3rd angle; Fig. 10/5 shows three views of the same biock
drawn in 15t angle.

in this case the F.E. is above the plan and to the left of
the E.E. (compare this with 3rd angle). Once again, the
E.E. and the plan can be linked by projection lines drawn
45,

The system of suspending the block between three
planes and projecting views of tha block onto these planes
is the basic pri ie of “ jection and must
be completely understood if one wishes 1o study this
type of projection any further. This is done in Chapter 13,

“The following . " ier to und 4
and will mest most of the readers nesds.

FRONT VERTICAL PLANE
(FNR) q.k

END VERTICAL PLANE
{EVP)

I P

HORIZONTAL PLANE

H.P)

/' Fig. 10/5 1st angle orthographic projection
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Fig. 10/6 shows the same shaped block drawn in 3rd
angle projection, First, draw the view obtained by looking
along the armow marked F.E. This gives you the front
elevation. Now look along the amow marked E.E., (which
points from the left) and draw what you see 1o the left of
the front elevation. This ghves you an end elevation. Now
lock along the arrow marked E.E., (which points from the
right) and draw what you see to the right of the front
elevation. This gives you another end elevation. Now look
down onto the block, along the amow marked ‘plan’ and
draw what you see above the front elevation. This gives
the plan and its exact position is determined by drawing
lines from one of the and elevations at 45°.

Mote that with 3rd angle projection, what you see from
the left you draw on the lefi, what you see from the right,
you draw on the right. and what you see from above you

draw above. PLAN 5
&
A I
les—l 1 £E.
— — g e
END FRONT END
ELEVATION ELEVATION ELEVATION

[{}] 2}

Fig. 10/7 shows the same block drawn in 1st angle . 10/6 3rd angle orthogeaphic projection
projection. Again, first draw the view obtained by looking Fia. 10/8 o
along the arrow marked F.E. This gives the front elevation.
Now lock along the aow marked E.E., (which points
from the left) and draw what you see to the right of the
frant ion. This gives you an end ion. Now look.
along the arrow marked E.E.; (which points from the right)
and draw what you see 1o the left of the front elevation, Note that with 15t angle projection, what you see from
This gives you another end elevation. Now look down on the feft you draw on the right, what you see from the
the block, stong the arrow marked ‘plan’ and draw what right you draw on the left, and what you see from above
you see below the front elevation, This gives the plan and you draw below.
its mxact position is determined by drawing lines from one
of the end elevations a1 45°.

*i &

o -
END ‘{{ B’/ END
ELEVATION EVATION
12 n
& e

Fig. 10/7 1st angle onthographic projection PLAN




Auxifiary alevations and auxiliary plans

So far we have been able to draw four different views of
the sama block. In mast engineering drawings thase are
sufficient but there are occasions when other views are
necessary, perhaps to clarify a particular point. Fig. 10/8
shows two examples whera a view other than a F.E or
an E.E is needed to show very important features of a
flanged pipe and a bracket.

AUXILIARY PLAN
SHOWING FACE
OF FLANGE

15T ANGLE PROJECTION

AE. IN DIRECTION

OF ARROW B \
A \

3RD ANGLE PROJECTION

Fig. 10/8

AUXILIARY ELEVATION IN
DIRECTION OF ARROW

&&

These extra elevations are called auxiliary elevations
or auxiliary plans.

Fig. 10/9 shows an suxiliary elevation {A.E.) and an
suxiliary plan (A.P.) of the shaped block. One is projected
from the plan at 30° and the other from the F.E. at 45°.
Projection lines are drewn at those angles and the
heights, H and A, are marked off on one A.E and the
width W on the other. Remember that we are dealing
with a solid block. not flat shapes on flat paper. Try o
imagine the block s a solid object and thess rather odd-
shaped elevations will take on form and make sense.

AP. IN DIRECTION

/ OF ARROW A

il

=

&

NE|

Fig. 10/9
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Fig. 10/10 shows two auxiliary plans of a more
complicated block. In this cese the base is tited and
therefors cannot be used to measure the heights as
before. This is overcome by drawing a datum line. The
heights of all the comers are measured from this datum.
Note that on the auxiliary plans the datum is drawn
at 90° to the projection lines.

3RD ANGLE PROJECTION
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Fig. 1010



If the outline contains circles or curves, the treatment
is similar. Select some points on the curve and mark off
thair dit ient d In Fig. 10/11
this gives dimensions a. b, ¢, d. e and /. The positions of
these points are marked on the plan and they are projected
onto the AE. The dimensions # to f are then marked off
on the A.E. and the points joined together with a neat
freshand curve.

It is worth stating again the ditference between 1st and
3rd angle projecti i if checked against the
above examples. With 1st angle, if you look from one side
of a view you draw what you see on the other side of
that view. With 3rd angle, if you look from one side of a
view you draw what you see on the same side of that
view.

1ST ANGLE PROJECTION

FE.
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| )
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Shown below are some of the more common solid
geometric solids drawn in orthographic projection.

Prisms and Pyramids
Fig. 10/12 shows tha following views of a o1
prism, drawn in 1st angle projection with the prism
tilted at 45° in the F.E.

AF.E. looking along Arrow A.

An E.E. looking along Arrow B.

A plan.

An AP. showing the cross-sectional shape of the
prism.

AE. SEEN IN
DIRECTION
OF ARROW

Fig. 10/11

15T ANGLE PROJECTION

F.E

as”

‘

PLAN
Fig. 10/12



Fig. 10/13 shows the following views of a square 3IRD ANGLE PROJECTION
prism drawn in 3rd angle projection. The 1op of the prism

has been cut obliquely at 30°.
AF.E. looking along Arow A
An E.E. looking along Amow B.
A plan.
An AP, projected from the F.E. at 30°.
~

AN
N

/1

EE. F.E.
Fig. 10/13

Fig. 10/14 shows the following views of a regular hexa- The first view that s drawn is the A P. This is not in the
gonal prism, drawn in 3rd angle projection with the instructions but without it the F.E is very difficult 10
priem tilted at 30° in the F.E. The top of the prism has been draw. Arrow A indicates that three sides of the hexagon
cut obliquely at 457, are seen in the F.E and the A P. is constructed so that

AF.E. looking along Arrow A. three sides are seen (rotate the hexagon through 30P in

An E.E. looking along Amow B. the A.E and only two sides are seen). The AP, is also

Aplan, used to find the width of the prism in the E.E.

3RD ANGLE PROJECTION AP (Construction only)

PLAN

/ Fig. 10/14
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Fig. 10/15 shows the following views of the frustum of
a square pyramid drawn in 1st angle projection. The
comers of the pyramid are numbered 1 to 4 for sasy identi-
fication on each elevation,

A F.E. looking along the arrow.

An E.E. seen from the left of the F.E.

A plan.

With this type of problem it is wise inmially 1o draw the
required views as if the pyramid were complete. Once
again it is necessary 1o draw an A.E. so that the oblique
face can be drawn on the A.E. and then points 1, 2, 3 and
4 can be projected back onto the plan. Points 1 and 3 are
then projected onto the F.E. and points 2 and 4 onto the
E.E. Points 2 and 4 can be projected from the E.E. 10 the
F.E. and points 1 and 3 from the F.E. to the E.E. Note that
once the AE. has been drawn it is possible 10 draw the
oblique face on all three views without any further
measuring.

AE. (Construction only)

15T ANGLE PROJECTION
FE.

-

Fig. 10115

Fig. 10/16 shows the following views of an
pyramid drawn in 3rd angle projection. The pyramid is
lying on its side.

A F.E. looking along the armow,

An E.E. geen from the right of the F.E.

A plan.

To draw the pyramid lying on its side, first draw it
standing upright and then tip it over. This is done with
compasses as shown. If a plan of the pyramid standing
upright is constructed, it makes it easier to find the posi-
tions of the corners of the pyramid in the plan when it has
been tipped over.

3R0 ANGLE PROJECTION

PLAN PYRAMID STANDING UPRIGHT

~

PLAN
{Constructionanly ) L:ﬁ
Fig. 10116
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Fig. 10/17 shows the following views of a hexagonal
pyramid drawn in 3rd angle projection. The top of the
pyramid is cut st 45° and the bottom st 30°.

AF.E. seen in the direction of the arow.

An E.E. seen from the right of the F.E.

Aplan.

An A_E. projected from the plan at 307,

As for Fig. 10/15, the pyramid is first drawn es if it were
complete. on all four views. The lower cutting plane is
then drawn on the F.E. The points where it crosses the
comers are then projected across to the E.E. and up to
the plan. The point where it crosses the centre comer on
the F.E. cannot be projected straight to the plan and has
1o be projected via the E.E. (follow the araws).

The upper cutting plane is then drawn on the E.E. and
the points where it crosses the comers ame projected
scross to tha F.E. and up to the plan.

Most of these comars can be projected strsight from
the pian onto the A.E. The exceptions are the points on the
centre corner and these (dimensions a, b, ¢ and d) can be

fram inthis case the F.E.
/
/ 3RO ANGLE PROJECTION
AE.
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Cylinders and Cones
Fig. 10/18 shows the following views of a cylinder drawn
in 15t angle projection.

AF.E. s#an in the dirsction of the amow.

Aplan.

An A.P. projected from the F.E. a1 45°.

It the plan is divided into a number of strips the width
of the cylinder at any one of these strips can be messured.
The exact positions of each of the strips can be projected
onto the F.E. and then across 1o the A.P. The widths of the
cylinder at each of the strips is transterred from the plan
onto the AP. with dividers, measured sach side of the
centre fine (only one side is shawn). The points are then
joined together with a nest freshand curve.

1ST ANGLE PROJECTION
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Fig. 10118
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Fig. 10/19 shows the following views of a cylinder
drawn in 3rd angle projection. The cylinder is lying on its
side and ane end is cut off at 30° and the other end ot 60°.

A F_E. seen in the direction of the armow.

An E.E. seen from the left of the F.E.

Aplan,

An AP, projected from the plan a1 80°.

The E.E. is divided into a number of strips. The strips
are projected from the E.E. to the F.E. and up to the plan,
They are also projected from the E.E. to the plan at 45°.
The points whee the projectors from the F.E. and the E.E.
meet on the plan (at 8, b, c and d, etc) give the outline of
the two sllipses on the plan.

The outline of the eilipses on the A.P. are found by
projecting the strips onto the AP. and then transferring
measuremnants 1, 2, 3, etc. from the E.E. 1o the A P. with
dividers.

3RD ANGLE PROJECTION
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Fig. 10/20 shows the following views of a curved
cylinder drawn in 15t angle projection.

A F.E. seen in the direction of the amow.

An E.E. seen from the leftof the F.E.

A plan.

An A_P. projected from the F.E. a1 45°.

This drawing uses a different method of plotting an
A.P. from the previcus two examples. Instead of being
divided into strips. the cylinder is divided inta 12 equal
segments. These are marked on the walls of tha cylinder
as numbers, from 1 to 12 The eliipses formed on the A_P.
are found by plotting the intersections of the projectors
of numbers 1 to 12 from the F.E. and from a construction
drawn in line with tha A_P. The projectors intersect in 1,
2, ¥ etc. Note that on the E.E. number 1 is at the 1op of
the circla whilst on the construction (and hence on the
AP.) number 1 is on the right. This, of course, is what
you should expect.

15T AN

{Construction only)
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Fig. 10/21 shows the following views of a cylinder
drawn in 3rd angle projection. The base of the cylinder is
cut obliquely at 30" and the cylinder is tilted at 80" in the
FE

A F.E. seen in the direction of the armow.

An E.E. seen from the leftof the F.E.

A plan. q?‘

The cylinder is divided into twelve equal segments.
This is done on @ separate auxiliary elevation and plan
which are constructed just for that purpose. The ellipses
are found by plotting the intersections ol the projectors
from points 1 and 1, 2and 2, 3 and 3, 4 and 4, eic.

IR0 ANGLE PROJECTION
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Fig. 1/
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(Construction only)

15T ANGLE PROJECTION

AP. EE. FE.

Fig. 10/22 shows the Tollowing views of a cone drawn
in 13t angle projection.

A F.E seen in the direction of the arrow.

An EE. seen from the right of tha F.E.

A plan

An A.P. projected from the E.E. a1 30

The plan is divided into stips. These sirips are pro-
jectad across to the E.E. and hence to the A P. The width
of the base of the cone on each of thess strips is measured
on the plan with dividers and transferred onto the AP,
The points are then joined with a neat freehand curve.

Fig. 10722
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Fig. 10/23 shows the following views of a cone drawn
in 3rd angle projection. The cone is lying on its side.

AF.E. seen in the direction of the arrow.

An E.E. seen from the right of the F.E.

A plan.

The cone is first drawn standing upright and it is then
tipped aver to lie on its side. Instead of being divided into
strips as before, it is divided into 12 equal segments.
These are numbered from 1 to 12 on two constructions
drawn in line with the F.E. and the E.E. The ellipses formed
on the E.E. and the plan are found by plotting the inter-

from these ions. They
intersect in 1°, 2, 7', etc. on the E.E. and on the plan.

3RD ANGLE PROJECTION

The geometry of cones is explored much more fully in I PLAN
the next chapter.
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Sections
Suppose that you make a drawing of a box. You draw the
box in orthographic projection and are plaased with the
result. But someone comes along and says, quite reason-
sbly, ‘it's & good drawing but. after all, @ box is only a
container and you haven't shown whaet is inside the box;
surely that is what is important’. And of course, ha is right.
It is often vital to show what is inside an object as well
25 to show the outside. In orthographic projection, this is
catered for with a section.

94

Fig. 10/23

(Construction only)
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Fig. 10/24 shows two drawings of the same block, one
drawen without & section and one drawn with & saction.
The upper drawing does not show clearly on any one of
the orthographic views that the block is hollow. On the
fower lelt isometric view, the block has been cut in half
and it is immedistely obvious that the biock is hollow. The
lower right view shows the cut block drawn in ortho-
graphic projection. Again, it is much sasier to see that the
block is hollow.

Note cacefully the following rules:

1. The E.E. in drav ith half of the block miss-
ing but none of the other views are affected. They keep
their normal full outline.

2. The point where the section is made is denoted by &
cutting plane. This is drewn with 8 thin chain dot line
which is thi where it changes di and for
& shon distance at the end. The arrows point in the
direction that the section is projected.

A Whare the cutting plane cuts through solid material,
the material is hatched at 45°.

4. When a section is projected, the remaining wisible
features which can be soen on the other side of the
cutting plane are also o i

B. 1t is not ususl 1o draw hidden detail on 8 section.
There are many rules about sectioning but most of them

apply to engineering drawing, rather than geometric

drawing. For this resson they are found in the second
part of this book.

Fig. 10724
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15T ANGLE PROJECTION

Fig. 10/256

Fig. 10/25 shows a section taken from a hexagonal
prism.

This type of probl ins all the ch. istics of
auxiliary elevations and the same methods are used to
project this section.

set in ination papers do not
ask specifically for a section but the same methods have
10 be used 10 find the solution.

Fig. 10/26
N \ Fig. 10/26 shows a cream jug which is shaped in the form
l A of the frustum of a hexsgonal pyramid. The problem is to
| / find the trus shape of the lid.
The solution is 10 project a ‘saction’ (or an A.E.) from
P \ the oblique top of the pyramid. First draw the F.E., then
\ the plan. The trus widths a and b can be measured on the
plan and these measurements transferred to the ‘section
with dividers.



Fig- 10/27 shows a section projected from a plece of
thick wall tubing that is attached to a rectangular base.
Apart from the F.E. a plan must be drawn. Points around
the circumference of the circles on the plan are selected
and these points are projected down to the section plane
and then scross onto the section itsslf. The centre line is 8
convenient datum and so the distance from each point to
the centre line is measured with dividers and transferred
1o its coresponding projection line on the section. For
clarity, only seven points are shown but, of course, all the
points round the circumferance would have 1o be measur-
«d and transferred.

Thare are two points to note from this drawing. Firstly,
the section hatching is not drawn at 45", This is because
the hatching would then be paraliel to a large part of the
outline. In this type of case, an angle other than 45° can
be sdoptad. Secondly, note that hatching is done only
where the section (or cutting) plane actually cuts through
solid material.

3RD ANGLE PROJECTION
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Finally, Fig. 10/28 shows a section through a socket
spanner. One end has a hexagonal recess to fit a nut or
bolt head and the other hos a square recess 10 accom-
madate a tommy bar. The circular peofile is again split up
50 that points along its ci can be
and the messurements transferred onto the section via
the section plane. The points where the section plane
crosses the hexagonal and square sockets are projected
onto the section and any measurements that have to be

3RD ANGLE PROJECTION

made are found by projecting back to one of the end
elavations. These are marked 2. b, ¢ and d. The measure-
maents for the outside profile are marked from 1 10 8.

For clarity only half of the measurements are shown.
The cther half is dealt with in the same way.

Conic sections are dealt with in the next chapter.

Sections applied to engineenng drawings are dealt with
in Part 2 of this book.,
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Exercises 10
(All questions originally set in Imperial units)
1. Fig. 1. shows the elevation of a 20 mm square prism
60 mm long resting with one of its comers on the
horizontsl plane. Draw, full size, the following views
and show all the hidden detail.
(8) The given elevation.

(b} An end ek looking in the di of arrow
E

(c) A plan projected beneath view {a).

North Wastern Sy fory School

Board

2 Fig. 2 shows the front elevation and an isometric
sketch of a sheet metal footlight reflector for a puppet
theatre.
Draw, full size, the given front elevation and from it
project the plan and end view of the reflector.
Draw, also, the true shape of the surface marked
ABCD.
The thickness of the metal can be ignored.
Wast Midiands Examinations Board

.ln:{
Fig. 1
4 §)
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Fig.




14. The plan and elevation of a special angle bracket are 16. Fig. 16 an of an leg for

shownin Fig. 14. # socket spanner.

(a) Draw. full-size, the given views and project an Draw, to & scale of 4: 1 and in first angle orthographic
suxiliary plan on the ground line X -Y . projection:

(b) Using the auxiliary plan in (a) above, project an (2) the given slevation;

auxiliary elevation on the ground line X =Y ,. (b) aplan;

All hidden detail to be shown. (c) the true shape of the section at the cutting plane
Associated Examining Board XX,

Oxford Local Examinations

4
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DIMENSIONS IN mm
15. Two views of a pivot block are shown in Fig. 15. Fig. 18
Draw the given views, and produce an elevation on
XY as seen when looking in the direction of amow A.

Hidden edges are to be shown.

Cambridge Local Examinations 17. Fig. 17 shows an elevation and a plan of a casting of
2 corner cramp in which the shape is symmetrical
about AA.

Draw a second elevation looking in the direction of
arrow B,

Draw a sectional slevation on the cutting plane AA.
Hidden datail is required on all views.
Southern Universities” Joint Board

<
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Fig. 17
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Conic sections—the ellipse, the parabola,

the hyperbola

Fig. 11/1 shows the five sections that can be obtained
from @ cone. The triangle and the circle have been dis-
cussed in earlier chapters; this chapter looks at the remain -
ing three sections. the eliipse. the parabola and the
hypaerbola. These are three very important curves. The
ellipsa can vary in shape from almost a circle to almost a
straight line and is often usad in designs because of its

pleasing shape. The parabola can be seen in the shape of
slectric fire reflectors, radar dishes and the main cable of
suspension bridges. Both the parabola and the hyperbala
are much used in civil ing. The i gth
of which are p ic of ic in shape
has led to their use in structures mads of pre-cast concrate
and where large unsupported ceilings are needed.

1ST ANGLE PROJECTION

ELLIPSE

SECTION 3-3
(LESS ACUTE THAN SIDE OF CONE)
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TRIANGLE
SECTION 1-1
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102

HYPERBOLA
SECTION 5-5
{MORE ACUTE THAN

FA ™ SIDE OF CONE)

SIDE OF CONE)

Fig. 11/1 Conic sections

CIRCLE

CTION 2-2
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The height of the cone and the base diameter, togethar
with the angle of the section relative to the side of the
cone, are the factors which govern the relative shape of
sny silipsss, parabolas or hyperbolas. There are an infinite
number of these curves and, given etemity and the
inclinati ¥ id them all by taking
sections from cones. There are other ways of constructing
thesa curves and this chapter, as well as showing how to
obtain them by ploting them from cones, shows some
other equally of cth

THE ELLIPSE
Fig. 11/2 shows an eilipse with the important features

VERTEX VERTEX

Focus

al
4

MINOR _AXIS

TRIX

MAJOR AXIS

—— e S -t

DIRECTRIX

Fig. 112 The ellipse
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Tha sllipse as a conic section
Fig. 11/3 shows in detail how to project an ellipse as a
section of a cone. The shape across X-X is an ellipse.
First draw the F.E., the E.E. and the plan of the com-
plete cone. Divide the plan into 12 equal sectors with &
B0P st square. Project these sectors onto the F.E. and the
E.E. where they sppesr 2 lines drawn on the surface of
the cona from the base to the spex. The polnts where these
lines cross X-X can be easily projected across to the E.E.

and down to the plan to give the shape of X-X on these
elovations. The point on the centre line must be projected
onto the plan via the E.E. (follow the amows).

The shape of X=X on the plan is not the true shape
since, in the plan, X-X is sloping down into the page.
However, the widths of the points, measured from the
centre line, are true lengths and can be transferred from
the plan to the suxiliary view with dividers to give the
‘true shape across X-X. This is the sllipse.

1ST ANGLE PROJECTION
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Tha sllipsa as a locus

Definition

An ellipse is the locus of 8 point which moves so that its
distance from a fixed point (calied the focus) bears a
constant ratio, always less than 1, to its perpendicular
distance from a straight line {called the dirsctrix). An
ellipse has two foci end two directrices.



Fig. 11/4 shows how to draw an eflipse given the
relative positions of the focus and the directrix, and the
eccentricity. In this case the focus and the directrix are
20 mm apart and the eccentricity is §.

The first point 10 plot is the one that lies between the
focus and the directrix. This is done by dividing DF in the

same ratio as the sccentricity, 4: 3. The other end of the
ellipse, point P, is found by working out the simple
algebraic sum shown on Fig. 11/4.

The candition for the locus is that it is always § as far
from the focus s it is from the directrix. 1t is therefore §
85 far from the directrix as it is from the focus. Thus, if the

constructing an ellipse. All three methods nesd only two

pisces of ion for the the lengths of

the major and minor axes.

Stage 1. Draw two concentric circles, radii equal o §
major and § minor axes.

Stage 2. Divide the circle into a numbaer of sectors. If the
eflipss is not too large, twelve will suffice as
shown in Fig. 11/5.

%—50 paint is 30 mm from F, it is 4f mm from the directrix; if
| the point is 20mm from F it is §x20 mm from the
3~ 40 directrix; if the point is 30 mm from F. it is 3 x 30 mm
4-30 from the directrix. This is continued for as many points
=20 28 may be necessary to draw an accurate curve. The inter-
x| _%~10 sections of radii drawn from F and lines drawn parsliel 1o
E the dirsctrix, their distance from the dirsctrix being pro-
v portional to the radii, give the outline of the ellipse. These
g points are joined together with 8 neat freehand curve.
P 0
% P
] F (FOCUS) Fig- 1174
20 +3 0P P PP 420), Hones EP- 80
ECCENTRICITY 4
DIMENSIONS IN mm
STAGE 4 STAGE 1
STAGE 3 STAGE 2
To construct an ellipsa by concentric circles
‘We now come 1o the first of three simple methods of Fig. 11/5

Stage 3. Where the sector lines cross the smaller circle,
draw horizontal lines towards the larger circle.
‘Whers the sector lines cross the larger circle,
draw vertical lines to meet the horizontal lines.

Stage 4. Draw s neat curve through the intersections.



To construct an ellipse in a rectangle

Stage 1. Draw & rectangie, length and breadth squal to
the major and minor sxes.

Stage 2. Divide the horter sides of the ghe into
the samé sven number of squal parts. Divide the
major axis into the same number of equal parts.

Stage 3. From the points whers the minor axis crosses
the edge of the rectangle, draw intersecting
fines s shown in Fig. 11/6.

Stage 4. Draw a nest curve through the intersections.

STAGE 4

STAGE 1

STAGE 3

To conatruct an silipse with a trammel

A trammel is a plece of stiff paper or card with a straight
wdge. In this cass, mark the trammal with a pencil so that
half the major and minor axes ara marked from tha same
point P. Keep B on the minor axis, A on the major axis and
slide the trammel, marking at frequent intervala the posi-
tion of P. Fig. 11/7 shows the trammael in position for
plotting the top half of the ollipse; to plot the bottom
haif, A stays on the major axis and B goes above the
major axis, still on the minor axis.

mAROR ANIS

STAGE 2

Fig. 1/6

Before using this on in an inati
check the syllabus 10 see if it is sllowed. Soms i

boards do not allow an ellipss to be constructed with a
trammal. If this is the case, use the concentric circles or
rectangle method.
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To find the foci, the normal and the tangent of an
sllipss (Fig. 11/8)

The foci. With compasses set at a radius of § major axis,
cantre at the point whaere the minor axis crosses the top
{or the bottom) of the ellipse. strike an arc to cut the
major axis twice. These are the foci,

The normal at any point P. Draw two lines from P, ona to
sach focus and bisect the angle thus formed. This bisector
s a normal to the ellipse.

The tangent at any point P, Since the tangent and normal
are perpendicular 1o each other by definition, construct
the normal and erect » perpendiculer 1o it from P. This
perpendicular is the tangent.

THE PARABOLA

The parabola as s conic section
The method used for finding the elfipse in Fig. 11/3 can
be adapted for finding a parabolic section. However, the
method shown below is much better because it sliows
for many more points to be plotted. In Fig. 11/9 the shape
across Y- is a parabola.

First divide Y=Y into & number of equal parts, in this

NORMAL

Fig. 11/8

case 6. The radius of the cone at each of the seven
spaced points is projacted on 1o the plan and circles sre
drawn. Each of the points must lie on its respective
circle. The exact position of each point is found by pro-
jecting it onto the plan until it meets its circle. The points
can then be joined together on the plan with a neat
curve,

The E.E.is d by plofting the i ion of the
projectors of each point from the F.E. and the plan.

Neither the E.E. nor the plan show the true shape of
Y=Y since. in both views, Y=Y is sioping into the paper.
The only way to find the true shape of Y-Y is to project a
view st right angles 10 it. The width of esch point,
measured from the centre line, can be transferred from the
plan as shown.
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The parabols ss s locus
Dafinition

A parabola is the locus of # point which moves o that its
distance from a fixed point (called the focus) bears a
constant ratic of 1 1o s perpendiculsr distance from a
strasght lina {called the diractriz).

Fig. 1110 shows how to draw 8 parsbols given the
relative positions of the focus and the directrix. In this
case the focus end directrix sre 20 mm spart.

The first point to plot is the one that liss betwesn the
focus and the dictrix. By definition it is the same
distance, 10 mm, from both.

The candition for the locus i that it i shways the same
distance from the focus as it is from the directri. The
parabola is thesfore found by plotting the intersections
of radii 15 mm, 20 mm, 30 mm, stc., centre on the focus,
with lines drawn parallel to the diwctrix st distances
16 mm, 20 mem, 30 mm, etc.

The parabola within a rectangle
This is & very simple construction and is shown in Fig.
11/11, The method should be obvious.
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| pirECTRIX

ECCENTRICITY 1
DIMENSIONS IN mm

o . //

Frg. 111



To find the focus of a parabola and the tangent at
a point P
Select a point R on the axis which is obviously further
from V than the focus will be. From R erect a perpendicular
and mark off RS = 2VR,

Join SV; this cuts the parabola in T.

From T drop a perpendicular to meet the axisin F,

F is the focus.

To draw the tangent at P, join FP and draw PQ parallel
ta the axis,

The bisector of FPQ is the tangent.

AXI

THE HYPERBOLA
The hyperbola as a conic section
The method is identical 1o that used for finding the
parsbolic ssction in Fig. 11/9. The construction, Fig.
1113, can be followed from the instructions for that
figure.

o,
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The hyperbola as a locus

Definiti

A hyperbola is the locus of a point which moves so that
its distance from a fixed point (called the focus) bears a
constant ratio, always greater than 1, 1o its perpendicular
d from a straight line (called the directri

Fig. 11/14 shows how 1o draw a hyperbola given the
relative positions of the focus and the directrix (in this
case 20 mm) and the eccentricity (3/2).

The first point to plot is the one that lies between the
focus and the directrix. This is done by dividing the
distance between them in the same ratio as the eccen-
tricity, 3: 2.

The condition for the locus is that it is always § s far
from the directrix as it is from the focus. Thus, if the point
is 16mm from the focus. it is §x15mm from the
directrix; if it is 20 mm from the focus, it is § x 20 mm
from the directrix. This is continued for as many points
as may be required.

There are constructions for the normal and tangent to

a but they features which
are beyond the scope of this book.
Exercises 11

{All questions originally set in Imperial units)
1. Fig. 1 is the frustum of a right cone. Draw this eleva-
tion and a plan. Draw the true shape of the face AB.
Regional Examis Board

™~

Fig. 2 shows a point P which moves so that the sum
of the distance from P 10 two fixed points, 100 mm
apart, is constant and equal 1o 125 mm. Plot the
path of the point P. Name the curve and the given
fixed points.
4 L

ire Schools Examining Board
HPY PR s |25
P
N
100 mm ®
Fig. 2

110

DIRECTRIX

Fig. 11714

ECCENTRICITY
DIMENSIONS IN mm

3. Fig. 3 shows the loud-speaker grill of a car radio. The
grill is rectangular with an elliptical hole. Draw the
grill, full size, showing the construction of the
ellipse clearly.

West Midlands Examinations Board
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N
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4. Fig. 4 shows an elliptical fish-pond for a small garden.

The ellipse is 1440 mm long and 720 mm wide.
Using a scale of yy, draw a true elliptical shape of
the pond. (Do not draw the surrounding stones.)
Al construction must be shown.

If a paper trammel is used, an accurate drawing of it
must be made.

East Anglian Examinations Board

Fig. 4

5. Fig. 5 shows a section, based on an ellipse. for a

hMIMmﬂmmmmfamnMnml
the hori I overall is

112 mm to 125 mm.

Construct the given figures and show the tangent
constructionat Pand P,.

Show the true shape of the cut when the horizontal
distance is increased from 112 mm to 125 mm.
Southern Universities' Joint Board (See Ch. 7 for
information notin Ch. 11)

TAMGENTS

Fig. §

DIMENSIONS IN mm

. Fig. 6 shows the upper half of the section of a small
headlamp. The casing is in the form of a semi-ellipse.
F is the focal point. The reflector section is in the form
of a parsbola.

Part 1. Draw, fulf size. the complete semi-ellipse.
Part 2. Draw, full size, the complete parabola inside
the semi-ellipse.

Fig. 6

DIMENSIONS 1N mm

7. A point moves in a plane in such a way that its
distance from a fixed point is equal to its shortest
distance from a fixed straight line.

Piot the locus of the moving point when the fixed
point is 44 mm from the fixed line. The maximum
distance of the moving point is 126 mm from the
fixed point.

State the name of the locus, the fixed point, and the
fixed line.

Associsted Examining Board

8. A piece of wire is bent into the form of a parabola.

It fits into a rectangle which has a base length of
126 mm and a height of 100 mm. The open ends of
the wire are 125 mm apart. By means of a single
line, show the true shape of the wire.
Cambridge Local Exsminations

8. An arch has a span of 40 m and a central rise of 13 m

and the centre line is an arc of a parabola. Draw the
centre line of the arch 10 a scale of 10 mm =20m.
Oxford and Cambridge Schools Examination Board

10. A cone, wvertical height 100 mm. base 75mm

diameter, is cut by a plane paraliel to its axis and
12 mm from it Draw the necessary views 10 show
the true shape of the section and state the nama of it.
Oxford and Cambridge Schools Examination Board

11. Fig. 7 shows a right cone cut by a plane X-X. Draw

the given view and project an elevation seen from the
lett of the given view.

_q—_’

DIMENSIONS

L

12, Draw the conic having an eccentricity of 4 and a

focus which is 38 mm from the directrix. State the
name of this curve.
Associsted Examining Board

m
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Intersection of regular solids

When two solids i a line of i ion is
formed. It is sometimes necessary to know the exact
shape of this line, usually so that an sccurate develop-
ment of either or both of the solids can be drawn. This
chapter shows the lines of intersection formed when some
of the simpler geometric solids interpenetrats.

Two dissimilar square prisms meeting at right
angles (Fig. 12/1)

The E.E. shows where corners 1 and 3 mest the larger
prism and these are projected across to the F.E. The plan
shows where corners 2 and 4 meet the larger prism and
this s projected up to the F.E.

Two dissimilar square prisms measting at an angle
(Fig. 12/2)

The F.E. shows whers comers 1 snd 3 meet the larger
prism. The plan shows where comners 2 and 4 meet the
larger prism and this is projected down to the F.E.

3RD ANGLE PROJECTION
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A hsxagonal prism mesting s square prism st right
angles (Fig. 12/3)

The plan shows where all the comers of the hexagonsi
prism meet the squase prism. These are projected down 1o
the F.E. to meet the projectors from the same comers on
the EE.

Fig. 12/3

3.6

45

o [

15T ANGLE PROJECTION

Two
angle (Fig. 12/4)

The F.E. shows where comers 3 and 6 meet the larger
prism. The plan shows where comers 1, 2. 4 and 5 meet
the larger prism and these are projected up to the F.E.

| prisms at an

Fig. 12/4

na



Ah | prism ing an ! prism at
an sngle. their centres not being in the same
wvartical plans {Fig. 12/6)
The F.E. shows where comers 3 and § meet the octagonal
prism. The plan shows where comers 1, 2. 4 and § meat
the octagonal prism and these are projected down to the
FE

The sides of the hexagona! prism between corners 3—4
and 56 mest two sides of the octagonal prism. The
change of shape cccurs at points # and b. The position of
# and b on the F.E. (and then across to the E.E.) is found
by projecting down to tha F.E. via the snd of the hexagonal
prism (foliow the amows). The intersection on the F.E.
can then be complated.

3RD ANGLE PROJECTION
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A square prism meeting a square pyramid at right
angles (Fig. 12/8)

The E.E. shows where comers 1 and 3 meet the pyramid.
These are projected across to the F.E.

Corners 2 and 4 are not quite so obvious. The pictorial
view shows how these comers meet the pyramid. If the
pyramid was cut across X-X, the section of the pyramid
resulting would be square, and points 2 and 4 would lie
on this square. It isn't 1o make a
shaded section on your drawing but it is necessary to
draw the square on the plan. Since points 2 and 4 lie on
this square it is simple to find their exact position. Project
corners 2 and 4 from the E.E. onto the plan. The points
where these projectors meet the square are the exact
positions of the intersections of corners 2 and 4 with the
pyramid.

3RD ANGLE PROJECTION
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A square pyramid and a h prism
stanangle (Fig. 12/7)
The F.E. shows where comers 1 and 4 meet the pyramid.
Comers 2 and 6 lis on the same plane X-X. If this plane
is marked on the plan view of the pyramid (follow the
arrows) it results in the line X-X-X. Comars 2 and 8 lie on
this plane; their exact positions are as shown.
Carners 3 and 5 lie on the same plane Y-Y. On the plan
view this plane is seen as the line Y-Y-Y (foliow the

arrows). Comers 3 and 5 lie on this plane; their exact
positions are as shown.
15T ANGLE PROJECTION
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Two v ing at right angles
{Fig.12/8)
Tha smaller cylinder is divided into 12 equal sectors on
the F.E. and on the plan (the E.E shows how thesa are
arranged round the cylinder).

The plan shows where these sectors meet the larger
cylinder and thesa intersections are projected down 1o
the F.E. to meet their corresponding sectorat 1, 2°, 3, etc.

3RD ANGLE PROJECTION
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Two
12/9)
Tha maethod is identical with that of the last problem. The
smaller cylinder is divided into 12 equal sectors on the
F.E. and on the plan.

The plan shows where these sectors meet the lamer
cylinder and these intersections sre projected up to the
F.E. to meet their cormesponding sectors a1 1°, 2°, 3, etc.

g at an angle (Fig.

15T ANGLE PROJECTION
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Two dissimilar cylinders meeting at an angla, their
cantres not being in the same vertical plane (Fig.
12/10)
Once agsin, the method is identical with thet of the
previous example. The smaller cylinder is divided into
12 squal sectors on the F.E. and on the plan.

The plan shows whers the sactors meet the larger
cylinder and these ions are down to the

F.E. to meet their cormesponding sectors at 1°, 2', 3", etc.
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A cylinder mesting a square pyramid at right angles
(Fig.12/11)

The F.E. shows where points 1 and 7 mest the pyramid
and these are projected down to the plan.

Congsider the position of point 2. Since the cylinder and
the pyramid interpenetrate, point 2 lies on both the
cylinder and the pyramid. lts position on the cylinder is
soen faidy easily. On the F.E. it lies on the line marked
2,12 and on the plan it lies on the line marked 2.6, Its
position on the pyramid is not quite so obvious. Imagine,
on the F.E. that the part of the pyramid that is above the
fine 2,12 was removed. The section that resulted across
the pyramid would be a square and point 2 would fie

slong the peri of that square. It isn't
¥ to a lete, shaded section across
mmnﬂdﬂhl‘l!hnﬂ-lqmﬂmmnwh
from such & section is constructed on the plan. In Fig.
12/11 this is marked as ‘SQ 2.12". Since point 2 lies some-
where along the line 26 (in the plan) then its exact
position is at the intersection of the square and the line,
This is shown on the plan as 2°.

Point 12 is the intersection of the same square and the
line 8,12 (in the plan).

muumummmmunm When
the i has been leted in the plan, it is a
#imple matter to project the points up on to the F.E. and
draw the intersection there.

1
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A ing a square py at an angle
(Fig.12/12)

The F.E. shows where points 1 and 7 meet the pyramid
and these are projected down to the plan.

Consider the position of the point 2. In the F.E. it lies
somewhera along the line marked 2,12 whilst in the plan
it lies on the line marked 6,2. i that part of the pyramid
above the line, 2,12 in the F.E. was removed, the point 2
would lie on the perimater of the resulting section. This
perimeter can be drawn on the plan and, in Fig. 12/12, it
is shown as the line marked "SECT 2,12". Point 2 must
lin on this line: it must also lie on the line marked 6.2 and
its exact position is the intersection of these two lines.

Point 12' is the intersection of the same section line
and the line marked 8,12.

mnﬂmhmwmnmmhun When
the plan is jon can be p
mhmmml Fo«rhoukanfchnm
projections are not shown.
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Acylind: " » 1 il

(Fig. 12/13)

Once again fines are drawn on tha plan which represent
the perimeters of sections taken on the F.E. on lines 1;
2,12, 3, 11, etc. Al the construction lines on Fig. 12/13
are for finding these section perimaters.

The line of interpenetration, first drawn on the plan,
is the intersection of the line 1,7 with section 1, lina 2.6
with section 2,12 (giving point 2°), line 3.5 with section
3.11 (giving point 3'), line 4 with section 4,10, etc.

When the intersection is complete on the plan, it can
be projected onto the other two elevations. For the sake
of clanty, these projections are not shown.

anangle
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Acy acons, the the
cylinder (Fig. 12/14)

The cylinder is divided into 12 equal sectors on the F.E.
and on the plan.

Consider point 2. On the F.E. it lies somewhere along
the lina marked 2,12 whilst on the plan it lies on the line
marked 2,6. if, on the F.E., that part of the cone abave the
line 2,12 was removed, point 2 would lie somewhere on
the perimeter of the resulting section. In this case, the
section of the cone is a circle and the radius of that circle
is easily projected up to the plan. In Fig. 12/14, the section
is marked on the plan as 'SECT 2.12° and the exact
position of point 2' is the intersection of that section and
the line marked 2.6. Point 12’ is the intersection of the
same saction and the line marked 12,8,

This process is repeated for each point in turn. When
the plan is complete, the points can be projecied down
1o the F.E; this is not shown for clarity.

wng =0
S e

3RD ANGLE PROJECTION

123



A cylinder and a cone, naithar envaloping the other
(Fig.12/15)
The constructions are exactly the same as those used in
the previous example with one small addition.

The EE. shows 8 point of tangency between the
cylinder and the cone. This point is projected across to
the F.E. and up to the plan as shown.
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A cylinder and a cone, the cylinder enveloping the
conae (Fig. 12/18)

The construction required here is a modified version of
the two previous ones. Instesd of the cylinder being
divided into 12 equal sectors, some of which would not
be used, 8 number of points are sslected on the EE.
These are marked on the top part of the cylinder as 2. &
end ¢ whilst the lower part is marked 1, 2, 3and 4.

As before the sections of the cone across sach of these
points are projected up to the plan from the F.E. Each
point is then projected from the E.E. to meet its comes-
ponding section on the plan ata’, &', ¢/, 1. 2", 3 and 4.

These points are then projected down to the F.E. For
the sake of clarity, this is not shown.

3RD ANGLE PROJECTION
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A cylinder meeting a cone, their centres not being
in the same vertical plane (Fig. 12/17)

Divide the cylinder into 12 equal sectors on the F.E. and
on the plan.

Sections are projected from the F.E. to the plan, the
section planes being level with lines 1;2,12; 3,11 4,10,
#tc. These sections appear on the plan as circles. On the
plan the sectors from the cylinder are projected across to
meet their respective section at points 1', 2°, 3, etc. The
complete interpenetration can then be projected up to
the F.E. For the sake of clarity, this construction is not
shown.
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A cylind ing a (Fig. 12/18)
Tha cylinder is divided into 12 equal sectors on the F.E.
and on the plan.

Sections are prajected onto the plan from the F.E. The
section planes are level with the lines 1; 2,12 3.11; 4,10,
etc. and these sections appear on the plan as circles.

On the plan, the sectors from the cylinders are projected
across to meet their respective section at 1°, 2°, ', 4" etc.

When the interpenetration is complete on the plan, it
can be projected up to the F.E. For the sake of clarity this
construction is not shown.




A oa P (Fig. 12/19)
The solution & exactly the same as the last example
except the sections are projected onto the E.E and not
the plan.

3R0D ANGLE PROJECTION
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FILLET CURVES

A sudden change of shape in any load-bearing compon-
ent produces @ stress centre, that is, an area that is more
highly stressed than the rest of the component and there-
fore more liable to fracture under foad. To evoid these
sharp comers, filler radii are used. These radii allow the
stress to be distributed more evenly. making the compon-
ent stronger.
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FILLET RADIUS

secTi

y A ——— secrz
T | "‘4 Fig. 12/20

L i parts of these fillet radii are removed and a
I curve of intersection results. Fig. 12/20 shows an example
|
i

of this.

Sections are taken on the F.E. Thase appear on the
plan as circles. The points where these sections ‘run off’
the plan can sasily be seen (st 1, 2, 3 and 4) and they are
projected up to the F.E. to meet their respective sections
N1, 2, ¥and 4.

L~ - L —
Smcry
SEcTy —
SCcT4

3RD ANGLE PROJECTION

FILLET RADIUS,

Fig. 12/21 shows how a fillet radius could be used on

the end of a ring spanner.

Sections are taken on the F.E. and projected up 1o the
plan (for the sake of clarity, the projection lines for the
sections are not shown). The points where these
sections ‘run off’ the plan can easily be seen and these Fig. 12/21
points (1. 2, 3, 4 sic.) are projected down to the F.E to

meet their respective sections in 1°, 2, 3', 4, etc.
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To find the true length of & line that is not parailel
to any of the principal planes and to find the angle
that the line makes with the F.V.P. (Fig. 13/2)

The line is AB. On the F.V.P. it is seen a3 ab and on the
H.P.asa,b,.

One end of the line A is kept stationary whilst B is
swung round so that AB is parallel to the H.P. B is now at
B* and on the FV.P. b is now at b'. Since the line is
parallel to the H.P. it will project its true length onto the
H.P. This is shown as a,5,. Notice that b, and b, are the
same distance from the line XY.

Since AB' (and ab’) are paraliel to the H.P., the angle
that AB makes with the F.V.P. can be measured. This is
shown as .

INITIAL CONDITIONS
(ABIS NOT PARALLEL
TO EITHER PLANE)

END & |5 KEPT STATIONARY
AND B 15 SWUNG ROUND SO
THAT AB IS PARALLEL TO H.P

LINE i$ PROJECTED FROM
NEW POSITION TO SHOW
TRUE LENGTHON HP AND
THE ANGLE THAT LINE
MAKES WITH FV.P

3RD ANGLE PROJECTION
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To find the true length of a lina that is not parallel
to any of the principal planes and to find the angle
that the line makes with the H.P. (Fig. 13/3)

The line is AB. On the F.V.P. it is seen as ab and on the
H.P.asa b,

One end of the line B is kept stationary whilst A is
swung round so that AB is parallel to the F.V.P. A is now
at A’ and, on the H.P. # is now at &', Since the hne is
now parallel 1o the F.V.P. it will project its true length
onto the F.V.P. This is shown as a b. Notice that a, and &
are the sama distance from the line XY,

Since BA' (and b,a') ara paraliel to the F.V.P., the
angla that AB makes with the H.P. can be measured. This
imshown as ¢.

INITIAL CONDITIONS
(A8 IS NOT PARALLEL
TO EITHER PLANE)

END B 1S KEPT STATIONARY
AND A IS SWUNG ROUND 50
THAT AB IS PARALLEL
WITH THE FV.R

LINE 15 PROJECTED FROM
NEW POSITION TO SHOW
TRUE LENGTH ON FV.P.

AND ANGLE THAT LINE MAKES
WITH HR

3RD ANGLE PROJECTION
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TRUE LENGTH

TRUE LENGTH

Fig. 1373
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Fig. 13/4 is an example of an spplication of the theory
shown above. It shows how simple it is to apply this

theory.

A pylon is supported by three hawsers. Given the plan
and elevation of the hawsers, find their true lengths snd
‘the angle that they make with the ground.

In the plan, each hawser is swung round until it is
paralled to the F.V.P. The new positions of the ends of the
hawsers sre projecied up to the F.E. and joined to the
pylon at A and B. This gives the true lengths and the
angles.

To find the traces of a straight line given the plan
and slevation of the line (Fig. 13/5)
The tine is AB. If the line is produced it will pass through

both planes, giving traces Ty and Ty,
2b is produced to meet the XY line. This intersaction is
p d womesta,b, inTh

l';.a‘bpmduudmmthemﬂm.mmmm
is projected up 1o meet ba produced in T..

TRUE LENGTH BC
TRUE LENGTH BD

15T ANGLE PROJECTION
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i TRUE LENGTH AE
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o
Fig. 13/4
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To draw the slevation and plan of a line AB given

its true langth and the distances of the ends of the

line from tha principal planes, in this case », and —

#n, and b, and by (Fig. 13/6)

1. Fix points # and &, at the given distances &, and an
from the XY line. These are measured on a common
perpendicular to XY.

2. Draw a line parallel to XY, distance b, from XY.

3. With centre a, radius equal 1o the trus length AB, draw % —

an arc to cut the line drawn parallel 1o XY in C. N -

4. From &, draw a line parailel to XY 1o meet a line from
C drawn perpendicular to XY in D.

5. Draw a line parallel 1o XY, distance by from XY,

6. With centre &, radius 2,0, draw an arc to cut the line
drawn parallel to XY in b ,.

7. Draw a line from &,, perpendicular to XY 1o meet the
line drawn parallel to XY through Cin b,

ab ia the elevation of the line.

& ,b, is the plan of the line.

To construct the plan of a line AB given the

distance of one end of the line from the XY line in

the plan (av), the trus length of the line and the

elevation (Fig. 13/7)

1. From b draw a line parallel to the XY ling.

2. With centre s, radius equal 1o the true length of the
line AB, draw an arc to cut the parallel line in C.

3. From 2, (given), draw a line parallel to the XY line to
meet a line drawn from C perpandicular 1o XY in D.

4. With centre #,, radius equal 10 2,0 draw an arc 1o
meet & line drawn from b perpendicular to XY in b,

#,b, iz the plan of the line.

3R0 ANGLE PROJECTION

= 2.
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b,
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To construct the slevation of a line given the dist-
ance of one end of the line from the XY line in the
elevation, the true length of the line and the plan
(Fig.13/8)

This construction is very similar to the last one and can be
fol from the i ions given for that

136
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To construct the slevation of a line AB given the

plan of the line and the angle that the line makes

with the horizontal plane (Fig. 13/9)

1. Draw the plan and from one end erect a perpendicular.

2. From the other end of the plan draw a line a1 the angle
given to intersect the parpendicular in C.

3. From b, draw a line perpendicular to XY to meet XY in b,

4. From a, draw a line perpendicular 1o XY and mark off
XYtoaequaltoac

ab is the required elevati An

also shown.

solution is

15T ANGLE PROJECTION

Fig. 13110
ALTERNATIVE SOLUTION

3RD ANGLE PROJECTION

THE INCLINED PLANE
Definition
An inclined plana is inclined to two of the principal planes
and perpendicular to the third,

Fig. 13/11 shows a rectangular plane that is inclined
to the H.P. and the E.V.P. and is perpendicular 1o the
F.V.P. Because it is perpendiculer 1o the FV.P., the true
angle between the inclined plane and the H.P. can be

d on the F.V.P. This is the angle ¢.

15T ANGLE PROJECTION
ALTERNATIVE SOLUTION

\
GIVEN ANGLE

< Fig. 13/9

To draw the plan of a line AB given the slevation
of the line and the angle that the line makes with
the vertical plane (Fig. 13/10)

This construction is very similar to the last one and can
be followed from the instructions given for that exampla.

TRACES OF PLANE
e
[ =X
]
1
]
]
gve )
z
R
=
H
¥ [————— -—x
[RA] (X3 v

z
PROJECTION OF PLANE
Fig. 13/Mm
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The top drawing shows the traces of the plane after
rabatment. The bottom drawing shows the full projec-
tion of the plane. It should be obvious how the full

Once again, it should be obvious how the full projec-
tion of the inclined plane is obtained it you are given the
traces and told that the plane is triangular,

projection is obtained if you are given the traces and told
that the plane is rectangular.

Fig. 13/12 shows a triangular plane inclined 1o the
FV.P. and the EV.P, and perpendicular 1o the H.P.
Because it is perpendicular to the H.P.. the true angle TRACES OF PLANE
between the inclined plane and the FV.P. can be He
measured on the H.P. angle s §.

3RD ANGLE PROJECTION
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EN.F 1 Ev.P

. F4
Fig. 13/12 PROJECTION OF PLANE
To find the true shape of an inclined plane
1t the inclined plane s swung round so that it is parailel
to one of the referance planes, the true shape can be
projected. In Fig. 13/13, the plan of the plane, HT, is
swung round 1o H'T. The true shape of the plane can then
be drawn on the F.V.P.
3RD ANGLE PROJECTION
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TRUE SHAPE

Fig. 1313



Fig. 13/14 shows an le. An oblique, 3RD ANGLE PROJECTION
rectangular pyremid stands on its base. The problem is 1o
find the true shape of sides A and B.

In the F.E side A is swung upright and its vertical
height is projected across to the E.E. where the true shape SIDEA—TF——+
of side A can be drawn.

In the E.E. side B is swung upright and projected
across to the F.E. whera the true shape is drawn. \

TRUE SHAPE SIDE A “Sice B

—

TRUE SHAPE SIDE B

THE OBLIQUE PLANE Fig. 13/14
Definition
An oblique plane is a plane that is inclined 1o all of the
principal planes.
Fig. 13/15 shows a quadrilateral plane that is inclined
to all three principal planes.

v TRACES OF PLANE

I

T

3RO ANGLE PROJVECTION
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A= ————

Eve Fve

Fig. 1315 PROJECTION OF PLANE




3. Fig. 3 shows the elevation of a line AB which has a
true length of 100 mm. End B of the line is 12 mm in
frant of the V.P.; end A is also in front of the V.P.
Draw the plan and etevation of this line and determing
and indicate its V.T. and HT. Measure. state and
indicate the angle of inclination of the line to the H.P.
Joint Matriculation Board

DIMENSIONS IN mm

4. A line AB of true longth BB mm hes in an auxilary
vertical plane which makes an angle of 30° with the
vertical plane. The line is inclined at an angle of 45°
1o the horlzontal, the point B being the lowest at a
vertical distance of 12 mm above the horizontal plane
and 12 mm in front of the vertical plane.

Draw the plan and elevation of AB and clearly
identily them in the drawing.
Assoclated Examining Board

5. The plan of a line B2 mm long is shown in Fig. 4. The
elevation of one end is at &'. Complete the elevation
and measure the inclinations of the line to the HP.
and V.P.

University of London School Examinations

Fig. 4

DIMENSIONS N mm

6. Fig. 5 shows the plan of end A of a line AB. End A is.
in the plane H.T.V. End B is in the H.P. The line AB
is parpendicular to the plane H.T.V.
Draw the plan and elevation of AB.
Joint Matricuilstion Board (HV.T. =Hoerizontal end
vertical traces)
A

- /
X - ¥

I

7. The projections of a triangle RST are shown in Fig. 6.
Detarmine the true shape of the triangle.
Associated Examining Board

%'_‘4

1l

'll

Fig. 6

H
" DIMENSIONS IN mm

8. The plan and elevaticn of two straight lines are given
in Fig. 7. Find the trua lengths of the lines, the true
angle between them and the distance between A and
C
Southern Universities” Joint Board

Fig. 8 shows the plan and elevation of 8 triangular
famina. Draw these two views and, by finding the
trus length of each side, draw the true shape of the
lamina. Measure and state the three angles to the
nearest degree.

COxford and Ci

Schools Examination Board
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DIMENSION S IN mm
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10. At Fig. 9 are shown the elevation and plan of a triangle
ABC. Determine the true shape and size of the
triangle.

University of London School Examinations

I ,
=\

Fig. 9

11. Fig. 10 shows two views of an oblique triangular
pyramid, standing on its base. Draw the given view
together with an auxiliary view locking in the
direction of amow A which is perpendicular to BC.
Also draw the true shapes of the sides of the pyramid.
Note: Omit dimensions but show hidden datail in all
views. Scale: full size.

Oxford Local Examinations (See Ch. 10 for informat
tion not in Ch. 13)

s

&1 wi
DIMENSIONS IN Fig. 10
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14
Developments

There are two basic ways of fashioning a piece of material
into a given shape. Either you start with a solid lump and
take pieces off until the required shape is obtained or you
have the material in sheet form and bend it 1o the required

It should be obvious that, if the latter method is used,
the sheet material must first be shaped so that, after it is
bent, you have the comect size and shape. If. then a
component is 1o be made of sheet material, the designer
must not only visualize and draw the final three-dimen-
sional component, tve must also ceiculate and draw the
shape of the component in the form that it will take when
marked out on the two-dimensional sheet material.

The process of unfolding the three ‘selid’
nulumw
umotp‘immm"mmm.o
this chapter deals with the development of the shapes.

PRISMS
Fig. 14/1 shows how a square prism is unfolded and its
development obtained.
Notice that where there are comners in the undeveloped
solid, these sre shown as dotted lines in the development.

/

- Fig. 1411




To develop a square prism with an oblique top
This development, shown in Fig. 14/2 should be self-
explanatory.

RR——

& 3

To develop a hexagonal prism with oblique ends
(Fig. 14/3)
mmmdeumqumm

mmd:mwpmdlmbummlwﬂdw
projecting the true shapes of the oblique faces. The top
nummwmmummﬁup

Fig. 14/2

Thonmdmofﬂnbomofmmhubun
drawn directly on th b without

mmmmmmwmnm
2 and 3 has been produced until it meets the projectors

is projécted from the elevation and i 1o the from corners 1 and 4. The produced line is then turned
development. through 907 and the width, 2A, marked on.
TRUE SHAPE
QF TOP
d 4
» L]
i H 1
L i
1 ' H
! 1
| & HIE y 3 W s d
1
i }
H
LT s i
1 A
T,
-
Fig. 14/3




The deval of i ing square and hexa-
gonal prisms mesting at right angles (Fig. 14/4)
First an orthographic drawing is made and the line of
interpenetration is plotted. The development of the hexa-
gonal prism is projected directly from the FE. and the
davelopment of the square prism is projected directly
trom the plan.

Projecting from the graphic views provides much
of the information required to develop the prisms; any
other information can be found on one of the ortho-
graphic views and ferred to the devel In
this case, dimensions A, &, C and d have not been projected
but have been transferred with dividers.

15T ANGLE PROJECTION
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DEVELOPMENT
[*= ==+ OF SIDES COF
SQUARE PRISM

DEVELOPMENT OF SIDES OF
HEXAG ONAL PRISM

Fig. 14/4




The of and
octagonal prisms mesting at an angle (Fig. 14/5)
The method of developing these prisms is identical to
that used in the previous example. This example is more
i but the are still jt

from one of the orthographic views, and any information
which is not projected scross can be found on the onhe-
araphic views and transferred to the development. In this
case, dimensions A, b, £. D, etc. have not been projected
but have been transferred with dividers

15T ANGLE PROJECTION

_ﬁy ul | I
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1 1
A H

~ 7} EVELOPMENT oF
THE SIDES OF THE
. HEXAGONAL PRISM

DEVELOPMENT OF THE SIDES OF THE OCTAGONAL PRISM

Fig. 14/5
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Fig. 14/6

3RO ANGLE PROJECTION

CYLINDERS

If you painted the curved surface of a cylinder and, whilst
the paint was wet, placed the cylinder on a flatsurface and
then rolled it once, the pattern that the paint left on the flat
surface would be the development of the curved surface
of the cylinder. Fig. 14/8 shows the shape that would
evolve il the cylinder was cut obliquely &t one end. The
length of the development would be D, the circum-
ference.

The oblique face has been divided into twelve equal

parts and numbaered. You can see where each number
will touch the fiet surface as the cylinder is rolled.

Fig. 14/7 shows how the above ides is interpreted into
an of a cylind

To develop a cylinder with an oblique top (Fig.
14/7)

A plan and elevation of the cylinder is drawn. The plan
is divided into 12 equal sectors which are numbered.
These numbers are also marked on the elevation.

The circumference of the cylinder is calculated and is
marked out ide the jon. This circum

Mo is divided into 12 ] and thesa parts

bered 1 1o 12 to comrespond with the twelve equal sectors.
The height of the cylinder =t sector 1 is projected
across to the development and a line is drawn up from
point 1 on the development to meet the projector.

The height of the cylinder st sectors 2 and 12 is
projecied across to the development and lines are drawn
up from points 2 and 12 on the development to meet the

projector.
This process is repeated for all 12 points and the inter-
sections are joined with a neat curve,

=

Fig. 14/7
mo

e
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b

To develop a cylinder which, in elevation, has a
circular piece cut-out (Fig. 14/9)

The general method of developing a cylinder of this
naturs is similar to those shown above. The plan of the
cylinder is divided into twelve equal sectors and the
location of the sectors which are within the circular cut-
out are projected down to the FE. and across to the
development.

Thers are some more points which must also be plotted.
These are 3', 5', 9° and 11°. Their positions can be seen
most easily on the F.E. and they are projected up 10 the
plan. The plan shows how far they are away from points
3,5, 9and 11 and these distances, » and b, can be trans-
ferred to the development. The exact positions of thess
points can then be projected across from the F.E. to the

development. N

-

e

[N

Te an g cylinder (Fig. 14/10)
The shape of the development is determined by the shape
of the line of intersection. Once this has been found, the
development is found using the same methods as in
pravious examples.

o

Fig. 1410



Todevel ing cylinders (Fig. 14/11)
mmmmmmmm
mmmmmm-

The development of the smaller cylinder is at right
anglestothe § of that cylinder;

Extrs points sre added to the circumference of the
larger cylinder (27, 3, 11" and 12") so that the develop-
ment can be drewn more accurately:
3RD ANGLE PROJECTION The diameters of the two cylinders are different: there-

P fore the lengths of the development are different;
Both cylinders are divided into twelve equal sectors
and the points where these sectors meet the line of inter-

v section are different on each development.

1 DEVELOPMENT OF LARGER CYLINDER
ne |

/%

AN
o
X
/]
<
4

DEVELOPMENT g
OF SMALLER
CYLINDER

Fig. 14/11

PYRAMIDS
Fig. 14/12 shows how the development of a pyramid is
found. If a pyramid is tipped over so thet it lies on one of
Its sides and is then rolled so that sach of its sides touches
in turn, the development is traced out. The development
is formed within a circle whose radius is equal to the true
length of one of the comers of the pyramid.

Fig. 14/12  Rs*TRUE LENGTH OF A CORNER OF THE PYRAMID

161



To develop the sides of the frustum of a square
pyramid (Fig. 14/13)

The true length of 8 comer of the pyramid can be seen
in the F.E. An arc is drawn, radius equal 1o this true length,
centre the apex of the pyramid. A second arc is drawn,
radius equal 1o the distance from the apex of the cone 10
the beginning of the frustum, centre the apex of the cone.
The width of one side of the pyramid, measured at the
base, is measured on the plan and this is stepped round
tha larger arc four times

3RD ANGLE PROJECTION
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Fig. 14/14
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Fig. 14113

To develop the sides of a haxagonal frustum if the
top has been cut obliquely (Fig. 14/14)

The F.E. doss not show the true length of a corner of the
pyramid. Therefore, the true langih, OL, s constructed
and an arc, radius OL and centre O, is drawn. The width
of one side of the pyramid, measured at the base, is
stepped around the arc six times and the six sides of the
pyramid are marked on the development.

The F.E. does not show the true length of & comer of
the pyramid; equatly it does not show the true distance
from O to any of the comers 1 10 6. However, it each of
these comers is projected horizontally 1o the line OL (the
true length of a corner), these true distances will be seen.
With compass centre a1 O, these distances are swung
round to their appropriate cormers.



CONES

Fig. 14/17 shows how, i a cons is tipped over and then
rofled it will trace out its development. The development
forms & sector of a circle whose radius is equal to the
slant height of the cone. The length of the arc of the
sector is equal 1o the circumference of the base of the
cone,

if thie base of the cone is divided into twelve equel
sectors which are numbered from 1 to 12, the points
where the numbers touch the flat surface as the cone is
rolled can be seen.

Fig. 14/17

To develop the frustum of a cons

The plan and elevation of the cone are shown in Fig.
14/18. The plan is divided into 12 equal sectors. The arc
shown as di ion A is 1/12 of the of the
base of the cone.

With centre at the apex of the cone draw two arcs, one
with a radius equal 10 tha distance from the apex to the
top of the frustum (measured slong the side of the cona)
and the other squal to the slant height of the cons.

With dividers measure distance A and step this dimen-
llonll'oundlhuhmuwuﬁmu. (This will not give an
atthe base of the

mmnnu m:wmm.)
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A & CIRCUMFERENCE OF
BASE OF CONE

Fig. 14/18



To develop the frustum of a cone that has been
cut obliquely (Fig. 14/19)

Divide the plan into twelve equal sectors and number
them from 1 to 12. Project these down to the F.E. and
draw lines from each number to the apex A. You can see
whers each of these lines crosses the oblique top of the
frustum. Now draw the basic development of tha cone
and number each sector from 1 to 12 and draw a line
between each number and the apex A.

The lines A1 and A7 on the F.E. are the true langth of
the slant height of the cone. In fact, all of the lines from
A to each number are equal in length but, on the F.E.,
lines A2 to AB and AB to A12 are shorter than A1 and A7
because they are sloping inwards’ towards A. The true
lengths from A to the oblique top of the frustum on these
tines is found by projecting horizontally across to the
line A1, Hera, the true length can be swung round with
compasses to its respective sector and the resulting series
of points joined together with a neat curve.

1ST ANGLE PROJECTION

;| PARTIAL PLAN
" CONSTRUCTION ONLY

—} ” Fig. 14/20

3RD ANGLE PROJECTION

3 4 PARMAL PLAN
CONSTRUCTION ONLY

Fig. 14119

To develop a cone that has & cylindrical hole cut
right through (Fig. 14/20)

This development, with one addition, is similar to the
last example. Divide the plan into twelve sectors, number
them and project them up 1o the F.E. Draw the basic
development and mark and number the sectors on this
development. The points where the lines joining the apex
to numbers 3, 4, 5, 9, 10 and 11 cross the hole sre pro-
jected horizontally to the side of the cone. They are then
swung round 10 meet their respective sectors on the
development.

There are four more points that need to be plotted.
These are found by drawing tangents to the hole from the
apex 1o mest the base in 6'0° and 212", Project these
paints down 1o the plan so that their distances from the
nearest sector line can be measured with dividers and
transferrad ta the development. The point of tangency is
then projected onto the developmant from the F.E. in the
usual way.



10. Fig. 10 shows the elevation and partly finished plan 13. Make an accurate development of the sheet metal

of a truncated regular pentagonal pyramid in first adaptor piece which is pant of the surface of a right
angle projection. circular cone as shown in Fig. 13. The seam is at the
(a) Complete the plan view. (b) Develop the surface position marked GH.

area of the sloping sides. Cambridge Local Examinations

Cambridge Local Examinations

DIMENSIONS IN mm

11. Fig. 11 shows two views of an oblique regular hex-
sgonal pyramid, Draw, full size:
(a) the given views, and (b) the development of the
sloping faces only, taking ‘AG’ as the joint line. Show
the development in one piece.
Associated Examining Board

ELEVATION

52
DIMENSIONS IN mm

12. Draw the development of the curved side of the
frustum of the cone, shown in Fig. 12, below the
cutting plane RST. Take JJ as the joint line for the
development.

Associsted Examining Board
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Further problems in loci

Wlnmmlo.nhmmﬂw the
curves, the involute, the spiral and
the helix.

THE CYCLOID
The cycloid is the locus of & point on the circumfersnce of
lﬁl‘huhdlﬁlwhlﬂﬂﬂiﬂlng.llmg a straight

mmam.m;m il probi

After 1/6 rev. the position of P is the intersection of the
line P, P,, and the radius. marked off from O, This is

Fig. 16/1 slso shows the beginning of @ second cycloid
and it can be seen that the change from one cycloid to
another is sudden. If any locus is plotted and has an
.mmmmﬂmmmmmmtu

nl' g that has mass cannot

with loci, is to break down the total movemsnt into 8
convenient number of parts and consider the conditions
at sach perticulsr part Fig. 16/1. Wa have found. when
considering the circle, that twelve is the most convenient
number of divisions. The total distance that the circle
will travel in 1 Is 110, the snd
this distance is also divided into twehve equal parts. When
the circle rolis along the line. the locus of the centre will
be a fine paraliel to the bass line and the axact position of
the centre will, in tum, be directly sbove each of the
divisiona marked oM.

It a point P, on the ci U is now
then sher the circle has rotated 1/12 of a revolution
point P is somewhere along the line P, P,,. The distance
from P ta the centre of the circle is still the radius end
thus, il the inter-ssction of the line P, P,, and the radius
of the circle, merked off from the new position of the
centre O, is plotied, then this must ba the position of the
point P after 1/12 of a revolution.

change ddent mmmmmm
The point of the circle actually in contact with the line is
stationary.

This raises the interesting point that, theorstically, a

motor car tyre is not moving 2t all when it is in contact
with the road. This is not true in practica, since the con-
tact batween the road and tyre is not a point contact, but
it does explain why tyres last much longer than would
be expected.
At the top of the cycloid, batween points § and 7, the
paint P is wravelling nearly twica the distance that the
centra moves in 1/12 rev. Thus, a jet car travelling at
800 km/h has points on the rim of the tyre moving up 1o
1,600 km/h-—faster than ths speed of sound.

cYCLOID
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THE TROCHOID
A trochoid is the locus of a point, not on the circum-
ference of a circle but attached to it, when the circle rolls,
without slipping. along a straight line.

Again, the technique s similar to that used for platting
the cycloid. The main difference in this case is that the
positions of the line P, P,,, P, P,, etc. are dependent
upon the distance of P to the centre O of the rolling
circle—not on the radius of the rolling circle as before.

This distance PO is also the radius 1o set on your com-
passes when plotting the intersections of that radius and
the fines P, P, P, P, otc.

If P is outside the circumference of the rolling circle
the curve produced is called a superior trochoid, Fig. 15/4.

SUPERIOR TROCHOID

——

/ . fag,

Fig. 15/4

It P is inside the circumference of the rolling circle the
curve produced is called an inferior trochoid, Fig. 16/5.

The trochoid has rel 1o naval Cartain
inverted trochoids approximate to the profile of waves
and therefore have applications in hull design.

The superior trochoid is the locus of the point on the
outside rim of a locomotive wheel. It can be seen from
Fig. 15/4 that at the beginning of a revolution this point
is actually moving backwards. Thus, however quickly a
locomotive is moving, some part of the wheel is moving
back towards where it came from.

INFERIOR TROCHOID

AN AT — -
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Q AV - VA
-
|
o
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Fig. 15/5
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THE INVOLUTE
There are several definitions for the involute, none being
particularly easy to follow.

An involute is the locus of a point, initially on & base
circle, which moves so that its straight line distance, along
8 tangent to the circle. 1o the tangential point of contact. is
equal to the distance along the arc of the circle from the
initial point to the instant point of tangency.

Alternatively, the involute is the locus of a point on &
straight line when the straight line rolls round the circum-
tarence of a circle withaut slipping.

The involute is best visualized as the path traced out
by the end of a piece of cotton when the cotion is unrolled
from its reel.

A quick, but slightly inaccurate, method of plotting an
involute is to divide the base circle inta 12 parts and draw
tangents from the twelve circumferential divisions, Fig.
16/6. M 1/12 of the ci # with dividers.
‘When the line has unrolled 1/12 of the circumference,
this distance is stepped out from the tangential point.
When the line has unrolled 1/6 of the circumference, the
dividers are stepped out twice. When 1/4 has unrolled
the dividers are stepped out three times, etc. When all
Twelve points have been plotted they are joined together
with a neat freehand curve.

INVOLUTE (METHCD 1)
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Fig. 15/10 also shows the development of the helix.

VELOPMENT OF THME WELIX

T
T
T
Lx
T
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no

Fig. 16/10

Coiled springs
Most coiled springs are formed on a cylinder and are,
therefore, helical. They are, in fact, more often called
helical springs than coiled springs. If the spring is to be
used in tension, the coils will be close together to allow
the spring to stretch. This is the spring that you will see
on spring balances in the science lab. If the spring is 1o
be in compression, the coils will be further apart. These
springs can be seen on the suspension of many modern
cars, particularly on the front suspension.

SQUARE SECTION WIRE
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COILED SPRINGS

Fig. 16/11
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Drawing & helical spring actually consists of drawing
two halices, one within another. Although the diamaters
of the helices differ, their pitch must be the same. Once
the points are plotted it is just a question of sorting out
which parts of the helices can be seen and which parts
are hidden by the thickness of the wire.

For clarity, the thickness of the wire in Fig. 15/11 is
1/4 the pitch of the helix, but if it wasn't a convenient
fraction, it would be necessary to set out the pitch twice.
The distance between the two pitches would be the
thickness of the wire.
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Screw thread projection

A screw thread is helical. Unless the screw thread is
drawn at a large scale, it is rarely drawn ss 8 helix—
except as an exercise in drawing helices|

=

\
\

:

A SINGLE START SOUARE THREAD
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A good example is to draw 8 screw thread with a = -
square section. This is exactly the same construction as 2 i
the coiled spring except that the central core hides much |-.| - i = '
of the construction. » i ill [
A right-hand screw thread is illustrated in Fig. 15/12, | l
To draw a left-hand screw thread merely plot the ascend-
ing points from right to left instead of from left to right. [
Sometimes a double, triple or even a quadruple start
‘thread is seen, particularly on the caps of some containers 1 TS
Fig. 16/12
TRIPLE START SQUARE THREAD & Prreu ? °
" = *
Ll 1 ‘where the top needs to be taken off quickly. A multiple
1 -1 2 start thread is also seen on the starter pinion of motor cars.
1 Multiple start screw thresds sre used where rapid
X s advancement along a shat is required. When plotting a
— 1 <t s B double start screw thread, two helices are plotied on the
\T =1 4 £ same pitch. The first helix starts at point 1 and the second
N ¥ - at point 7. If a triple start scrow thread is plotted, the
= hi) = starts are points 1, 9 and 5, Fig. 16/13. If & quadruple
N— 2 start thread is plotted, the starts are points 1, 10, 7 and 4.
- | 1
N— v —
N i — Exercises 16
\— : 7 . (AN questions originally set in Imperial units)
o } s 1. Fig. 1. shows a circular wheel 50 mm in diameter with
T 1 o a point P attached 1o its periphery. The whesl rolis
N— s without slipping along a perfectly straight track whilst
\\_ 1 . i remaining in the same plane.
F I 2 Plot the path of point P for one-half revolution of the
“ e wheel on the track. Construct also the normal and
Il | | tangent to the curve at the position reached after one-
Fe. 16113 Il i! third of a revolution of the wheel.
- I Cambridge Locsl Examinations
I
M
) 7 — Fig.1
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2. The views in Fig. 2 represent two discs which roll
slong AB. Both discs start at the same point and roll
in the same direction. Plot the curves for the maove-
ment of points p and g and state the perpendicular
height of p above AB where g again coincides with
the line AB.

Southern Universities® Joint Board

Ef
P w2 PY

3. A whesl of 62 mm diameter rolls without slipping
along a straight path. Plot the locus of a point P on
the rim of the wheel and initially in contact with the
path, for one half revolution of the wheel along the
path. Also construct the tangent, normal and centre of
curvature at the position reached by the point P after
one quarter revolution of the wheel along the path.
Cambridge Local Examinations

4. The driving whesis and coupling rod of a locomotive
are shown to a reduced scale in Fig. 3. Draw the
locus of any point P on the link AB for one revolution

DIMENSIONS IN mm

6. A piece of string AB, shown in Fig. 4, is wrapped
sround the cylinder, centre O, in a clockwise direc-
tion. The length of the string is equal to the circum-
ference of the cylinder.

(a) Show, by calculation, the length of the string,
cormect 1o the nearest 1 mm, taking I1=3.14.
(b) Plot the path of the end B of the string as it is

wmﬂmmmm keeping the string

(e) Nm the curve you have drawn.
Middlesex Regional Exsmining Board

Fig. 4

. A cylinder is 48 mm diameter and a piece of string is
equal in length to the circumfersnce. One end of the
string is attached to a point on the cylinder.

(a) Draw the path of the free end of the string when
it is wound round the cylinder in a plane perpen-
dicular to the axis of the cylinder,

7.

{b) In block letters, name the curve produced.

(c) From a point 56 mm chord length from the end of
the curve (L.e. the free end of the string) construct
a tangent to the circle representing the cylinder,

Southern Universities’ Joint Board

A circle 50 mm diameter rests on a horizontal line.

Construct the involute 1o this circle, making the last

jpoint on the curve 2 I mm from the point at which the

circle makes contact with the horizontal line.

Cambridge Local Examinations

8. P, O and Q are three points in that order on a straight

line so that PO =34 mm and 0Q =21 mm. O is the
pole of an Archimedean spiral. Q is the nearest point
on the curve and P another point on the first convolu-
tion of the curve. Draw tha Archimedean spiral show-
ing two convolutions.

Southern Universities’ Joint Board

Draw two ions of an Archi spiral
such that in two revolutions the radius increases from
18 mm 1o 76 mm.

Oxford Local Examinations

10. A pioce of cotton is wrapped around the cylinder

shown in Fig. 5. The cotton starts at C and after one
turn passes through D, forming a helix. The start of the
helix is shown in the figure. Construct the helix,

showing hidden detail.
Middiesex Regional Examining Board
c \ 1]

Fig. 5

. A cylinder, made of transparent material, 88 mm 0/D,

50 mm I/D, and 126 mm long, has its axis parallel to
the V.P. Two helical lines marked on its curved
surface—one on the outside and the other on the
inside—have a common pitch of 63 mm.

Draw the elevation of the cylinder, showing bath
helices starting from the same radial line and com-
pleting two turns.

Amwmmam

. Draw a h

mnmmmd-mummmn
of 100 mm outside diameter, the pitch of the coils is
62 mm and the spring material is of 10 mm diameter.
Cambridge Local Examinations
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Freehand sketching

The ability to sketch nestly and accurately is one of the
most useful attributes that a draughtsman can have.
Freahand drawing is done on many occasions: to axplain
 piece of design quickly to a colleague; to develop 8
design (see Fig. 16/10); and even to draw & map showing
momhwwwmomohummw

Technical sh isciplined form of art. Objects
Mhﬁmﬂluuﬂvuﬂwmmnﬂummu
like to see them. Naat, hes are only achi
after plenty of practice, but there are some guiding rules.

OM BACKE OF AINGERS) Fg 181

Most
01 mmm lines, dlﬂu and c.mltr arcs: if you can ltmh

you are haltway good
skatches. You may find the method illusteated in Fig. 16/1
a help. When drawing straight lines, as on the left, rest the
weight of your hand on the backs of your fingers. When
drawing curved fines, as on the right, rest the weight on
that part of your hand between the knuckle of your little
finger and your wrist. This provides a pivot about which
1o swing your pencil. Alweys keep your hand on the
inside of the curve, even if it means moving the paper
around.

CURVED LINES
A PIVOT HAND ABOUT WiST OR
¥NUCKLE OF LITTLE FINGER)






in0O F
More detail can be seen on an orthographic drawing than
on an isometric, mainly because more than one view is
drawn. For this reason it is often advantageous for &
1o make an skatch,

1" asigie PRasEcnony
SECTION X=X
|

NN |

3" dsie MrasecTion

The views should be drawn in the conventional
orthographic positions, i.e., in 3rd angle projection, a
F.E., a plan above the F.E. and an E.E. to the left or right
of the F.E.; in 15t angle projection, a F.E., a plan below the
F.E. and an E.E. 1o the left or right of the F.E. These views
should be linked together with projection lines.

Fig. 16/8

Figs. 16/8 and 16/9 show pictorial and orthographic
hes of two i i

Fig. 16/9




Circles are difficult to draw freehand but you can use
your hand ss a compass. Hold your pencil upright and,
using your little finger as a compass ‘point’, revolve the
paper keeping your hand quite still.

Fig. 16/10 shows how a draughtsman might use
sketching to aid a piece of design. He wishes to design a
small hand vice.

First ha makes a freshand pictorial sketch so that he
can see what the vice will look like. He also makes a fow
notes about some details of the vice.

He then makes an orthographic sketch. This shows
much more detail and he makes soma more notes.

This is quite a simple vice and he may now feel that he
is ready to make the detailed drawings. If it was more
complicated he might make a few more sketches showing
even more detail. Details of one of the legs of the vice are
shown.

STAGE 1
PICTORIAL SKETCH
(FORMULATES IDEAS)
STAGE 2

TCH
[MORE DETAILS CAN BE SHOWN)
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Some more problems solved by drawing

This chaper i o drawi

It should be h d that the topics are
only introduced; all of them can be studied in much
greator depth and any solutions offered in this chapter
will apply to simple problems only.

AREAS OF IRREGULAR SHAPES
It is possible to find, by drawing. the area of an iregular
shape. The technique does not give an exact answer but,
carefully used, can provide s reasonable answer. Look
a1 Fig. 17/1. The shape is trapezoidal with iregular end
lines. A centre line has been drawn and you can see that

at cantre (mid

A

W
Fig. 1711

the shaded triangles at the top and bottom are, in their
pairs, approximately the same in area. Thus, the approxi-
mate area of the whole figure is the width W multiplied
by the height at the centre. That height is called the mid-
ordinate and the whols technique is called the mid-
ordinate ruls.

176

Fig. 17/2 shows how it is applied t0 & larger figure.

The figure s divided into a number of equal strips
{width W), in this case B. The mare strips that are drawn
(umnmlﬂumﬂnmwmmmr

Jculation. Th it
udum&ehdﬂunlmgﬂumundmmm
of the figure is given by

W0, +0,+0,+0,+0,+0,+0,+0,)

Fig. 1772



A sample of this technique is shown in Fig. 17/3. The
curve shown is a sin curve, the curve that emerges if you
plot the values of the sin of all the angles from 0" to 90°.

The area is the product of the width of each strip and
the sum of ail the mid-ondinates.

RESOLUTION OF FORCES

All machinery, however simple. has forces acting on its
parts. Buildings have forces acting on them; forces pro-
duced by the weight of the building itself, the weight of
tha things inside it end by the wind pushing against it.
An understanding of how these forces act and how they
affact design is ial 10 @ good

You must fist understand the difference between
stable and unstable forces and then study the effects of
tha unstable ones. The two men indulging in indian
wrestling in Fig. 17/4 are applying force. As long as the
forces are equal they will remain in the position shown.
‘When one begine to apply more force than the other
the forces become unstable and the other has his hand
forced back onto the table.

177



Calculating some of the forces acting on a beam
If & beam is loaded then, to stabilise it, forces have 10 be
lmﬂoﬂhomltlm These opposite forces are called

Some simple les are shown in Fig. 17/7.
The loading is applied st a point and is therefore called
2 point load.
The left hand le has the ioned at

mlmmmmmmmmu
equal. In that case they must each be half the load.

The centre example has a load of 8 units* and one
reaction is 5 units. For the loading and reaction system
1o be stable. the sum of the reactions must equal the
loading. Therefore the reaction on the right (R,) must
be 3 units.

The left and right reactions are given in the example
on the right. Since the sum of the reactions must equal
the load, the load is § units,

LOAD =10 UNITS LOAD « 8 UNITS
Loap
- = ] By 2 UNITS

R R RyeS UNITS Bre 3 N
TO FIND REACTIONS TS FIND R TO FIND LOAD

R+ By = 10 R.+ Qg = LOAD B+ Ry » LOAD
Ry AND Ry ARE EQUAL DISTANCES S+Rg = 8 2+3 =Llpap
FROM LOAD Re =5 5 = Loap

Se Ry=Rg=5

Fig. 17/7 Reactions in 8 point loaded beam



Fig. 17/8 shows two examples where the loads and
reactions are known but the position of one resction
has 1o be calculated.

if the loaded system is stable then ALL the forces
must balance. The reactions added together (8 +4) must
equal the load (12). The couples must also be balanced
out. The left hand couple, reaction times distance to the
load (8x2) must equal the right hand couple (4xx}.
Thus the distance can be worked out in the simpls
equation shown.

The example on the right is similar.

The force called a couple in this chapter is also called
a or bendi (b it tries to bend
the beam) by engineers.

LOAD = 10 UNITS

COUPLE =Bx2

’

By=8 UNITS

Rg = 4 UNITS

FOR STABILITY THE CouPLES MUST BE EQual
B2 mduoe
16 =dx x
* S

4 =2

COUPLE =4x ¢

LOAD = 10 UNITS

COUPLE =8x COUPLE = 4xx

( 2

Ry =4 UNITS

B =& UNITS

FOR STABILITY TUE COUPLES MUST BE EOQUAL
Gx2 = 4x e

Q_i!--'.

Az

Fig. 17/8 Finding the position of the reaction in a stabie loaded beam



Two more examples are shown in Fig. 17/9. In this
case the loading is not acting at a point but is evenly
distributed along the beam. This could make calculations
difficult; in fact ws are able to change the loading. The
total load is the load per metre multipied by its length,
{6 x 1=6 units). The etfect of this evenly distributed load
on the beam is the same as if it were 8 point load acting
at the centre. The lower left drawing in Fig. 17/9 shows
how this looks. The reactions can now be easily
calculated.

The axample on the right also has the evenly distributed
load changed into a point load acting at the centre of the
baam. The siza of the two reactions can be calculated
with a simple simult (shown und ith
the diagram).

LOADING 1 UMIT PR METRE

LOADING 2 UNITS PER METRE

SM L)

b,

EQUIVALENT POINT LOAD = & UNITS (6% 5

EQUIVALENT POINT LOAD = 16UNITS (Bx2)

Q.:" - -
N < \%
a‘% 2
I EIND RRACTIONS 7
B+ Rg =& e 4 M 1M \f
Ry AND Ry ARE EQUAL DISTANCE
FROM. LOAD "N R
S Ry=Rg=3
JO FIND REACTIOND
FOR STABIUTY THE COUPLES MUST BE EQUAL
S Ry Rk w R} —— fon 1
AND R+ Rp= 16 —— Equation 2
Eguatien 1, 4R, =Qq
Subwbu imto Egquotion 2
R bl = &
BB LNTS
Saipst e to Eguakien 1
Alxd - 2n
Bpe 12% UNTS
Fig. 17/8 R in an svenly distributed loaded beam




Forces acting at a point

When two or mare forces act at or on a point it is useful
1o be able 1o change these forcas and show how they
could be replaced with a single force which acts in the
same way. This force is” called the resuitant force. The
force which would have 1o be applied 10 stabilize the
system (by acting against and cancelling out the two or
more forces) is called the equifibrant force. An axample
is shown in Fig. 17/10.

The two forces are of 6 units and 4 units. The resultant
and equilibrant forces can be found by drawing lines
parsilel to these two forces and forming a parallelogram.
The resultant and equilibrant forces are equal to the
longth of the longer diagonal of this parallslogram. An
altemnative is to draw triangles as shown in the figure.
The result of these drawings is shown on the extreme
right. The résultant force is the one that would have the
same effects as the two forces if it replaced them: the
equilibrant force acts sgainst the two forces and makes
the system stable.

FORCES WITH
RESULTANT

FORCES WITH
EQUILIBRANT (STABLE)



Fig. 17/12 shaws how to find the equilibrant force to
four forces acting at a point. Once again the forces are
drawn to scale parallel to the way they are acting at the
point. The forces are each taken in turn and are con-
sidered clockwise. Tha point to note on this example is
thet, akthough the lines cross each other the equilibrant
force is still the one which closes the figure, the one that
joina the end of the line representing tha last force drawn
to the beginning of the line representing the first force
drawn.

EQUILIBRANT
FORCE 1

Fig. 17/12  Finding the equiibrant force to 4 forces meeting at @ point

SIMPLE CAM DESIGN

Cams are used in machines to provide a controlled up
and down This s by
means of a follower. A cam with & follower is shown in
Fh 17/13 in the maximum ‘up’ and ‘down’ positions.

The difference between thess two positions gives the
it of the cam. The shape of the cam. its profile, deter-
mines how the followsr moves through its lift and fall

ﬂ

|=—FOLLOWER

UFT/FAL

Fig. 1713

Rorariot



A cam s designed to make a part of a machine move
in a particular way. For example, cams are used to open
and close the valves which control the petrol mixture
going into and the exnaust gases coming out of an
internal combustion engine. Obviously the valves must
open at the right time and at the right speed and it is
the cam that determines this. This control on the valve
is exercised by the profile of the cam, determining how
the follower lifts and falls. Three examples of types of
lift and fall are shown in Fig. 17/14.

FT/FaLL

UNIFORM VELOCITY

1 ROTATION OF cam

~y
L/

| ™.

LIFT/FALL

—rr] ] I

E

SIMPLE HARMONIC MOTION

AFT [ FALL

UNIFORM ACCELERATION AND RETARDPATION

Fig. 17/14  Types of lift and fall



The top diagram shows uniform velocity. This is a
graph of a point which is moving at the same velocity
‘upward’ to half way and then at the same velocity
“downward” to its starting point.

The centre diagram shows simple harmonic motion.
This is the motion of & pendulum, starting with zero
velocity, lerating 10 a i and then dh g
to zero again {at the top of the curve) and then repeating
the process back to the starting point. The curve is &
sine curve and is plotted as shown.

The lower diagram shows uniform acceleration and
retardation. In this case the acceleration is uniform to a
point halfway up the lift and then retarding uniformiy
to the maximum lift. The process is then repeated in
reverse back to the starting point. The curve is plotted
23 shown.

If a cam has to be designed it is drawn around »

. This must state the dimensions, the lift/fall
and the performance. The performance siates how the
follower is 10 behave throughout one rotation of the

cam. The designer must first draw the performance curve
1o the given specification. An example is shown in
Fig. 17/15. Dwell is a period when the follower is
neither lifting or falling.

The performance curve is started by drawing a base
line of 12 aqual parts, the total representing one rotation
of the cam. The lift/fall is then marked out, and the
performance curve drawn. The base line of the perform-
ance curve is then projected across and, with the centre
line of the cam, forms the top of the circle representing
the minimum cam diameter. Once the centre of the cam
has bean found cantre lines can be drawn at 30° intervals.
The cam profile is plotted on these lines. Twalve points
on the performance curve are then projected across to
the centre fine of the cam and then swung round with
compasses 10 the intersecting points on the lines drawn
at 30° intervels. If the cam is rowsting clockwise the
points 1 to 12 are marked out clockwise; if the rotation
is anti-clockwise, as in this case, the points are marked
out anti-clockwise.

PERFORMANCE CURVE

A PWELL,
- 2 VELDCITY #&m.&ﬂ
Lt " 90° (= ec*
Oa s
—~7 4
3
_‘\( \ =
\ Ao &
1 23 4367 8 9 101
1 ROTATION - 360°
% 9
SPECITICATION
.&-/‘ SUAET Dl ———— 1S mm
\ MINMLUM DAMETER — 50 mm
—— LIET 15 wmt
- a L VELDCITY TO MAKLIFT
180" PWELL
90" LN FORM VELOCITY TO MAX. FALL
ROTATION BNT1- €L
5 T
e
o,
MINIMUA CAM DIA

Fig. 17/15 Cam design
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Fig. 17/18 shows another example of a cam design.

This is @ more complicated profile than the previous
example but the method used to construct the profile
is the same. This cam rotates in a clockwise direction.

B, PERFORMANCE CURVE
>
\q"\\ LINEAR VELOTITY, A e LA RETARDATION
20" 180"
A
v
==———ad
& - r a 9 v ou 12
1 ROTATION — 3807

SPECIFICATION
=L
25 mm
13
& —o0” L VELBETY TO Y2 max LIFT

90" SIMPLE HARMONIC MOTION TO AMAX LIET
AT B ROTATION

1807 UNIFORM RETARDATION TO MAX FALL
CLOCKWISE

Wi CAM Dl ROTATION
Fig. 17/18 Cam design




Finally, three different types of followers are shown in
Fig. 17/17. The left hand example is a knife follower. It
can be used with 8 cam thet has a pan of its profile
convex but it wearn quickly. The centra example is &
roller follower; this type of follower obviously reduces
friction between tha followsr and the cam. something of
a problem with the other types shown. The flat follower
is an all purposa type which is widely used. It wears
more slowly than a knife follower,

KNIFE ROLLER

Fig. 17/17 Three types of cam followers

FLAT
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Exercises 17
1. The velocity of a vehicle moving in a straight line from
start 1o rest was recorded at intervals of 1 minute and
these readings are shown in the table. Part of the
welocity/time diagrem is given in Fig. 1.

VELOCITY mis

s s

o]

Y 1z 1Y 1

Fig. 1 TIME t MIN

Draw the complets disgram with a horizontal scale of
10 mm to 1 minute and vertical scale of 10mmto 1 m/s.
Using the mid ordinate rule, determine the average
welocity of the vehicle and hence the total distance
travelled in the 12 minutes.

Time

tmin 0 1 2 3 4 5 B
Vel.

vm/s 0 14 54 82 85 79 90
Tima

t min 7 8 9 0 11 12
Vel

v m/s 102 115 128 94 52 0
Oxford Local Exsminations

2. Fig. 2. shows part of an indicator diagram which was
made during an engine test. Draw the complete
diagram, fulf size, using the information given in the
table and then by means of the mid-ordinate rule
determine the area of the diagram. Also, given that
the area of the diagram can be given by the product

Y

Fig. 2

180

of its length and sverage height, determine the
average height and the aversge pressure if the
i the to a scale of 1 mm

to 60 kN/m?,

OX(mm) 0 10 20 30 40 &0
OYmax(mm) 64 79 82 78 66 54
OYmin(mm) 64 21 14 12 12 12
OX(mm) 60 70 80 90 100
OYmax{mm) 456 39 33 28 21
OYmin{mm) 12 12 12 13 2
Oxford Local Examinations

Fig. 3 shows four simply loaded beams. Find the size
of the reactions marked X.

|

4. Fig. 4 shows two simply
i Find th B

S J

BUNITS/ METRE

5 x

em
Fig. 3
loaded beams with their

rked x for the loading
1o be in equilibrium (the couples to be equsl).




the size of the resctions.
3 UNITS[METRE 2 UNITS METRE
i LI -1 L'J_ > |.s
T = T 1
Fig. 6
6. Fig.6 three sxamples of two forces scting st s

Find the size of the resultant force for sach
and measure the angular direction of the
force from the detum shown.

§|

z 3 T

!

8
Fig. 6

7. Fig. 7 shows two exampiles of forces acting at 8 point.
Find the size of the resultant force for both examples
eand measure and state the angular direction of the
resultant force from the datum shown. From the same
datum state the snguiar direction of the equilibrant
force for both examples.

8. Plot the cam profile which meets the following speci-
fication:
Shaft diam.: 15 mm
Min, diam_: 25 mm

Lift: 12mm
Performance: 80* uniform velocity to max. lift
80" dwell
180" uniform retardation to mao. fall.
RAotation: Clockwise.

Your cam profile must ba drawn twice full size.

9. Piot the cam profile which meets the following speci-
fications:

Shaft diam. 125 mm

Min. dism.: 30 mm

Lift 12.5 mm

Performance: 60" dwell
90° simple harmonic motion to half lift
30" dwell
60" uniform acceleration to max. lift
120" uniform velocity to max. fall.

Rotation: anticlockwise

Your cam profile is to be drawn hwice fulf sire.

1m
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Engineering drawing

Introduction

The first step a manutacturer must take when he wishes
to maka an aricle is 10 produce a drawing. First a
designer will make & preliminary sketch and then a
draughtsman will make a detailed drawing of the dnlqn

many advantages. It presents a true picture of each face:
circles remain as circles; ellipses remain as ollipses;
horizontal lines remain horizontal; and vertical lines
remain vertical. There is no limit to the number of views
that you can draw: if the object that you wish to draw is

licated, it is ible to show haf a dozen views:

Since neither the g nor the

mmwmmmmmm
of being interpreted by the men in their workshops.
These workshops may be sited & long way from the
mmm.mm-unmm

duced must be jardized so that anyone familiar
wmmmmmwmmm
is, a languag In!h-b

modem age of rapid ication and |

Mmmdmwmmwmmnu
i This is the
mmmﬁlo&nmmwmlm
instead of words or abbreviations.

British Standard 308 gives the rules for engineering
drawing and should be carefully studied by every
prospective draughtsman.

ﬂnmtdﬂ!hboolmwwllnmﬂunﬂuhm

if it is simpla, two will suffice. Equally important is the
fact that, however many views are drawn, they are all

related to each other in position.
mmnmwmmwd-mlnnmawm
angle orth his but ly it is

Mmghndﬁnmnﬁmmﬁnhhuﬂd«ul
for the British Isles and the Commonwealth to draw in
1ummmmummumu
more recently, the Conti i dopted 3rd
sngle projection. Thars is no doubt that sventually 3rd
angle will become the international standard, but it will
take & considersble time. First angle projection is still
widely taught in this country, but an examination candi-
date will need to be familiar with both projections since
e may have to answer questions in aither.

For full details of both 1st and 3rd angle projections
tumn back to Chapter 10.

S have already been discussed at some length in

work of BS 308, the of eng 9 -
Type of projection Sections
Tha first rule of drawing is 1o dardi

the projection that is used. Thers are many to choose
from. This book has dealt with three— isometric, oblique
and orthographic. These three are probably the best
known. Both i and oblique projecti have two
big disadvantages. Firstly, it is possible to see only two
sides and sither the top or the bottom in any one view. It is,
of course, passible to draw rmore then one view, but this
brings us 1o the second disadvantage. On any object,
except the simplest, there are curves or arcs or Circles. We
have seen in Chapters 3 and B that, sithough it is a fairly
simple operation to drew these circles, it takes a con-
siderable amount of time and, in industry, time costs
money. For these reasons, lsometric, oblique and like
mnmm-mmmm

mmhumobﬁw:mmuheu.o!m
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Chapter 10 where their main spplication was in finding
Ihnvuo‘hwmlbndy ‘When sections are used in
the true shape is still
Mmmummmmmmm
the object.

A drawing must be absolutely clear when it leaves the
drawing board. The person or parsons using the drawing
to make the object must have all the information that they
need presented clearly and concisely so that they are not
confused—even over the emallest point.

Suppose that you had to draw the assembly of the
three speed gearbox on the rear hub of a pedal cycle. You
probably know nothing about the interior of that hub.
The reason that you know nothing about it is that you
cannot see inside it i you are to produce a drawing
that can be read and understood by snybody, you can




draw as many views of the outside as you wish, but your

drawing will still tell nothing about the gear train inside.

What ks really needed is a view of the inside of the hub and

this is precisely what & saction allows you 1o show.
SECTION X=X

1ST ANGLE PROJECTION

EE

A

2

Fig. 1811

Fig. 18/1 shows two sections projected from & simple
bracket, mellmhmﬂnmuwbo&w-
jected from the Fromt Elevation. S
hmwdmﬁnn—mmnmlhnnhmm
elevation only. Thus. you can project a sectioned F.E.
from either the Plan o¢ the End Elevation. A sectioned E.E.
is projected from the F.E. and a sectioned Plan is projected
from the F.E. It is not usual to project & sectioned E.E.
from the Plan nor vice-versa.

The lines X=X and Y=Y are called the sectional cutting
planes and this is a good description because you are, in
fact. pretending to cut the bracket right through along
you would see H you had physically cut the bracksts
along X-X and Y-Y, removed the material behind the
cutting planes (that is. the side away from the armow-
heads), and projected a normal E.E. with the material
removed. To avoid any misinterpretation. and to show
the section quite cleary, wherever the cutting plane has
cut through material lhe drawing is hatched. Tho stan-
dard for ing is at 45" h it will be
seen later that in exceptional :lmnmmlhll rule may
be broken. You should also note that the cutting plane
passes through the hole in the bracket and this is not

hatched. Hatching should only be done when the cutting
plane passes through a solid material.

The lines X-X and Y-Y are of a particular nature. They
are chain dotted lines thickened at the end of the chain
dotted line. The letters X—X and Y-Y are not & random
choice either. Sectional cutting planes are usually given
lettars from the end of the alphabet although you will
somatimes see other letters used.

Sectioning is a process which should be used only 10
simplify or clarify a drawing. You should certainty not
put a section on every drawing that you do. There are
some enginesring detsils that, H sectioned, loss their
identity or create a wrong impression and thess items are
never shown sectioned. A list of these items is shown
balow.

Nutsand bolts  Ball bearings and ball races
Studs Roller bearings and rolier races
Scraws Keys

Shefts Pins

Webs Gear Teeth

#cross a web give an impression of solidarity.

1



The question of clarity arises again when considering
an assembly, i.e. more than one part. If any of the parts
are in the above list, they are not hatched, but a finished
product may be composed of several ditferent parts made
with saveral different materials. In the days when pro-
ductivity was not quite so vital, the draughtsman was a
man who turned out drawings that were almost works of
ert. Since there was no printing as there is to-day only
one drawing was made. Each different material was
coloured when sectioned and each colour represented a
different and specific metal. Later, when drawings were
duplicated, colours were no longer used to any great

extent and each metal was given its own type of shading
and it was still possible to identify materials from the
sectioned views. There are now so many types of mater-
ials and their alloys in use that it has become impossible
to give them all their own type of line, and you can
please yoursell when deciding which line you will usa for
a particular section.

There are occasions when hatching at other than 45° is
allowable. This is when the hatching lines would be par-
aliel or nearly parallel to one of the sides. Two axamples
of these are shown in Fig. 18/2.

3RD ANGLE PROJECTION

If a very large piece of material has to be shown in
section, then, in order to save time, it is necessary to
hatch only the edges of the piece. An example of this is
shown in Fig. 18/3.

If the object that you are drawing is symmetrical and
nothing is to ba gained by showing it all in section, then
it is necessary to show only as much section as the draw-
ing requires. This usually means drawing a half-section.
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Fig. 18/2 Hatching lines other than 45"

JV/ L,

Fig. 18/3 Hatching lines for large bodies



Remembering that sections are used only to clarify a
drawing, it is quite likely that you will come across a
case where only a very small part of the drawing needs to
be sectioned to clarity a point. In this case a part or scrap
section is permitted. Two examples of this are shown in
Fig. 18/4.

Scrar sBECTion
ACROSS X-x

Fig. 18/4 Part or scrap sections

It is often necessary to show a small section showing
the true shape across an object. There are two ways of
doing this and they are both shown in Fig. 18/5. The

section is by g the section in
its position and g the outline 1o the
saction. The removed section is self-explanatory and
should be used in preference to the revolved section if
there is room on the drawing. It is so very much neater.

When very thin materials have to be shown in section
and there is no room for hatching, then they are shown
solid. The most common occurrence, of course, is when
drawing sheet metal. If two or more parts are shown
adjacent, a small place should be left between them,
Fig. 18/6.

I8

REMOVED SECTION

A
/

-~ —_

Fig. 18/8 Sectioning thin materials
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Fig. 18/8 attempts to show, in a completely hypo-
thetical arrangement, as many details as possible about
sectioning on one drawing. The drawing shows two
hmﬁluflhlﬂmndbykwwlwhlchww
together. The shafis are d by two

tour studs for each block. Only one stud is shown on the
drawing. This is common practice on 2 complicated
drawing when, rather than simplifying the drawing, it is
complicated by too much detail. Note how the section
line is thick d whare it ch as shown in

plummer blocks which are, in tum, bolted to the basa via

T_'_‘

Fig. 18/7.

Fig. 18/7 Changes in direction of a section line |

15T ANGLE PROJECTION

HALF SECTION ON ¥-Y

M

Fig 100




SCREW THREADS
The screw thread is pmblhlyv- most important single
in engi The application of the screw

mwmmm.«om.mpmm“mh
the ability to join two or more pieces of material together
securely, easily and, most important of all, not perman-
ently. There are other methods of joining materials
together but the most widely used ones—iveting, weld-
ing and (very common these days) using adhesives, are
all permanent. It is true that these methods are cheaper,
but when we know that we might have to take the thing
apart again we use the screw thread. Since the screw
thread is so imporiant it is well worth while looking at the
MMmcM

thread., in thi y. for many years was
the Whitworth; ﬂhw“imwsuwph
‘Whitworth in the 1840's. It was the first standard thread;
previously a nut and bolt were made together and would
fit another nut or bolt only by coincidence. At the time,
it was a revolutionary step forward.

CREST

The BSW thread and its counterpart the BS Fine
thread ware the standard threads in this country untl
metrication and will probably be in use for many years.

However, the U.S.A. developed and adopted the
Unified thread as their standard and countries using the
Matric System of measurement had their own Metric
thread forms. It became incressingly obvious that an
international screw thread was needed.

As far as this country was d, the
came when it was decided that British Industry should
HmhMowsmdmw-\dmm

o] for S ization {ISO) hes
a lex set of 1o caver the whole
range of engineering components.

Their thread, the IS0 is now the international standard
thread. The 150 and Unified thread profiles are identical.
The Unified thread is the Standard International thread
for countries which are still using Imperial units.

The IS0 basic thread form is shown in Fig. 18/9.

A Fil]

7

ZN ’ 3

Vs

TN i
LSS DL :rw

20722

Fig. 18/9 Basic form of 1SO thresd
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The Buttress thread, Fig. 18/14, combines the ves Mlmm'ﬁ-‘- ication is on th i (]

thread and the square thread without retaining any of their wvice although it is seen ing power on
disadvantages. It is a strong thread and has less friction machines.
CREST
PITCH
Ja
L "_
Q
]
a
//z// P PN | [
Fig. 18/14 Buttress thread profile
Drawing screw threads several threads on it and would be physically impossible
Drawing a screw thread properly is a long and tedious on a small thread.
business. A square thread has besn drawn in full in Fig. There are conventions for drawing threads which make
15/12 and you can see that this type of construction life very much easier. Three conventional methods of

would take much too long a time on a drawing that has representing screw threads are shown in Fig. 18/16. The

EXTERNAL INTERNAL

lUud only in technical lllu.ntmlom)

III || |||
_- lJ', 'I |'|L

L (Used only in technical illustrations)

™

M\ ) \ —

(Used on engineering drawings)
Fig. 18/15 Conventional representation of screw threads
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Fig. 18/16
NUT ANDBOLT TYPE B
SEE APPENOIX & FOR NUT, BOLT AND WASHER PROPORTIONS
There are further designations concerned with the
h of f but these are

or
beyond the scope of this book.
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1ST ANGLE PROJECTION
BOLT HEADS
SQUARE T HEAD FOR M/C TOOLS
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Fig. 18/17 Bol heads and screw heads

HEXAGON SLOTTED
GRUB SCREW
SQUARE SCREWDRIVER SLOT GRUB SCREW  (ALLEN SCREW)



Types of Boltsand Screws

There are many types of heads for bolts and screws apart
from the stsndard hexagonal head. Some are shown in
Fig.1817.

Fig. 18/17 shows only a few types of bolt and screw
heads that are in use. There are Wedged-Shaped Heads,
Tommy Heads, Conical Heads, Hook Bolts and Eye
Bolts. Thers ara Small, Medium and Large Headed Square
screws, 60°, 120° snd 140° countersunk screw heads with
straight siots, cross slots and hexagonal slots. Thers are
Instrument Screws and Oval Chesse-Headed Screws to
name only a few. The dimensions for all these screws can
be obtained from any good engineering handbook.

DIMENSIONING
When an enginesring drawing is made, di is of
vital imp All the dimensi to make

the articles drawn must be on the drawing and they must
ba pressnted so that they can be easily read, easily found,
and not opan to misinterpretation. A neast drawing can be
spoilt by bad dimensioning.

In British drewing practice the decimal point is shown
in the usual way, i.e. 15.26. On the Continent, however,
the decimal point in Metric units is a comma, Le. 15,26
or 0,003,

Also, in the Matric system a space is left between
every three digits, i.e. 12 056.0 or 0.002 03. Note that
values less than unity are prefixed by 8 nought. Engineer-
ing gs are usually in millimetres,
irrespective of the size of the dimension, but the centi-
metre and metre are also somaetimes used.

e S IV e

L L

There ara many rules about how to dimension a draw-
ing properly, but it is unlikety that two people will dimen-
sion the same drawing in exactly the same way. How-
ever, remember whan dimensioning that you must be
particularly neat and concise, thorough and consistent.
The following rules must be adhered to when dimansion-
ing.

1. Projection lines should be thin lines and should

extend from about 1 mm from the outline to 3 mm to

6 mm past the dimension line.

2. The dimension line should be a thin line and terminate
with arrowheads et least 3 mm long and these arrow-
heads must touch the projection lines.

3. The dimension may be inserted within 2 break in the
dimension line or be placed on top of the dimension
line. .

4, The dimensions should be placed so that they are
read from the bottorn of the paper or from the right-
hand side of the paper.

5. Dimension lines should be drawn ovtside the out-
line. whenever possible, and should be kept well
cloar of the outline.

6. Overall dimensions should be placed outside the
intermediate dimensions.

DIMENSION
DIMENSION LINE

PROJECTION LINE
37.5 mm

~

16 e

12.5mm | 12,5 mm

Fig. 18/18 llustrating rules 1-6



7. Cantre lines must mever be used as dimension lines,
They may be used as projection lines.

8. Diameters may be dimensioned in one of two ways

Either dimension directly across the circle (nof on a

cantre line), or project the diemeter 1o outside the

outline. "Diameter’ is denoted by the symbol & placed
in front of the dimension.

When dimensioning a radius, you must, if possible,

show the centre of the radius. The actual dimension

for the radius may be shown either side of the out-
line but should, of course, be kept outside if possible.

The word radius must be abbraviated to R and placed

in front of the dimension.

10. When a diameter or a radius is 100 small to be dimen-
sioned by any of the above methods, a leader may be
used. The leader line should be a thin line and should
terminate on the detail that it is pointing to with an
amowhesd or, within an outline, with a dot. Long
Ieader lines should be avoided even if it means insert-
ing another dimension. The leader line should always
maet another line at an acute angle.

11. Dimensions should not be repeated on a drawing.
It is necessary 1o put & dimension on only once,
however many views are drawn. There is one excep-
thon to this rule. If, by inserting one dimension, it
saves adding up lots of smail dimensions then this is
allowed. These types of dimensions are calied
suxitiary dimensions and are shown to be so either by

g the di i putting itin
- o 8Om=
20 20 e A e

20mm

' 20me
i
|

o & S

g)?/ JP'*':'.I 2 HOLES -5

Fig. 18/19 llustrating rules 7-11

LEADER LINE



12. Unless unavoidable, do not dimension hidden detail.
It is usually possible to dimension the same detail on
another view.

13. When dimensioning sngles, draw the dimension
lines with a compass; the point of the compass should
be on the point of the angle. The arrowheads may be
drewn sither side of the dimension lines, and the
dimension may be inserted between the dimension
lines or outside them. Whatever the angle, the dimen-
sion must be placed so that it can be read from either
the bottom of the paper or from the right-hand side.

14. If a lot of parallel dimensions are given, it avoids

fusion if the di i ] d so that
they are all sasier to read.

15. i a lot of dimensions are 1o be shown from one pro-
jection line (often referred to as a datum fine), either
of the methods shown in Fig. 18/20 may be used.
Note that in both methods, the actual dimension is
close to the amowhead and not at the centre of the
dimension line.

16. I the majority of dimensions on a drawing are in one
unit, it is not necessary to put on the abbreviation for
the units used, L.e. cm or mm. In this case, the follow-
ing note must be printed on your drawing.

UNLESS OTHERWISE STATED, DIMENSIONS
ARE IN MILLIMETRES

3A0 ANGLE PROJECTION
UNLESS OTHEAWISE STATED, ALL DIMEMSIONS ARE IN MILLIMETRES

——
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SIS B 4 Fo 18/20 lustrating rules 12-16



17. It & vary large radius is drawn. whosa centre is off the
drawing, the dimension line 18 drawn with a single
zig-zeg init.

18. Dimensioning smafl spaces raises its own problems
and solutions. Some examples are shown in Fig.
18/21

DIMENSIONS IN mm

Ra,

Thete ate one or two more rules that do not require
illustrating.

18. If the drawing is 1o scale, the dimensions put on the
drawing are the actual dimensions of the component
and not the size of the line on your drawing.

The above ninetsen rules do not cover all aspects of
dimensioning (there are 8 whole new set on ioleranced
dimensions alone) but they should cover all that is
necessary up to0 '0° level G.C.E. Dimensioning properdy is
» matter of spplying common sense to the rules because
no two different drawings can ever raise exactly the same
problems. Each drawing thet you do needs to be studied
wery carefully before you begin to dimension It

Examination questions often ask for only five or six
‘important’ dimensions to be inserted on the finished
drawing. The overall di i length, breadth and
width—are ob dy i but the ining two

Fig. 18/21 Wustrating rules 17 and 18

drawing is of @ machine vice, then the size of the vice
jaws should be di d so that the limitations of the
vice sre immedistely apparent. These are the types of
dimaensions that should make up the total required.

CONVENTIONAL REPRESENTATIONS
Thers sre many common engineering detsils that are
difficultand tedius to draw. The scrow thread is an example
of this type of detail and it has been shown earlier in this
part of the book that thare sre conventional ways of
drawing screw threads which are very much simpler than
drawing out helical screw threads in full.
Fig. 18/22 shows some more engineering details and
slongside the detailed drawing is shown the conventional
tion for that detail. These conventions are

or thres are not so obvious. The or b
need 10 be studied in order 10 the

to save time and should be used wherever and

components
tunction of the object. i, for instance, the drawing is of a
bearing, then the size of the bearing is vitally important
because something has to fit into that bearing. If the

Thess are not all the standard conventions but the
rest are bsyond the scope of this book. The interestsd
student can find the rest in BS308.
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Machining Symbols

The shape of an engineering componant can be deter-
mined in several ways. The component may be forged,
cast, drawn, etc. After one or more of these processes, it
uqun-mthmmunmmmmhm
htis that these ined faces be
indicated on the drawing. The method recommended by
BS 308 is shown in Fig. 18/23 but this is not the only
letter “f° is writien over

mmllmmmmmmmmﬁu

1 It i itistob

very smooth or the bearing will overhest and ‘seize’. On
the cther hand, smooth finishes are expensive 1o produce
and should be kept 10 & sensible minimum. The moving
parts of an internal combustion engine can be so well
finished that it is not necessary 1o run in” the car but this
is an expensive process epplied only on very sxpensive
motor cars. The mass-produced car needs seversl
hundred miles of careful driving while the surfaces "wear
smooth’,

if the surface of a plece of machined matal is magnified
it will look like & range of very craggy mountsins. The

nmmnmmmuﬂnﬁhnm The
method of turning, milling, g etc.
—urmwnﬂwwlmlmmmwmnﬂmm
finish is.

roughness symbols is beyond the
G.C.E. ‘0’ level syllabus, but it is well worth looking at.
Tha standerd of finish, or roughness of a surface, is of
vital importance in engineering. The degres of roughness
itted is on the function of the
When two pieces of metal slide against sach other, as in
the case of a bearing, the finish on both parts must be

&o”

MACHINING
SYMBOL

surface roughness is the di from the highest ‘pesk’
1o the “valley’. Thi
mmmmmhmnﬂm;‘.‘dl
metre. Not only can a surface bs made smooth to one
micro-metre but it can alsc be meatured 10 one micro-
metre.

The British Standard index numbers of surface rough-
ness are 0.025: 0.05: 0.1: 0.2: 0.4: 0.8: 1.6 3.2: 6.3
125 and 25.0. A surface roughness of from 0.025 w0 0.2
can be obtained by lapping or honing. 0.4 can be obrained
by grinding and 0.8 by careful tuming, rough grinding,
#tc. The surfsce roughness number is shown within the
vee of the hining symbol. A on surfece
mum-nmmﬂum

7
0N

h
WW%

15T ANGLE PROJECTION

Fig. 18/23  Application of machining symbol
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x 594 mm. The average student will do the majority of
mmmmummxmmwmm

It is not necessary 10 uss exact figures for dimensions
A, B and C. They should be approximated so that the

m&nmm-m i at

ﬂhbﬂmemmun
positioned that it makes the maximum use of the svailable
specs. The positions of the slevations 1o be drawn must
be calculated before the drawing is started. The calculs-
tions sre simple snough and are dependent upon the
overall size of the component.

Assuming that thess sizes ars A, B and C for the
maximum length, breadth and height respectively, and
sssuming that the spaces betwsen the three slevations
to be drewn and the edge of the paper are 10 be equal, a
specimen layout is shown in Fig. 18/25.

X

are simplified.

if the size of the component that is drewn is such that
the drawn views fit the paper neatly without large gaps
between the elevations, then the frame sround the draw-
ing should be st lsast 16 mm from tha edge of the paper
all the way round

The di should not be
larger than would be m to fully dimension the
drawing neatly. If the paper is obviously much larger than
is necessary, and this often happens in examinations, do
not attempt 1o fill the paper and thus have large spaces
between the drawn views. Position the elevations so that
they are not too far apert and draw the frame round the

Ui pP* X—(a+ B!
3

I

9° Y-(B+C+ d

\\
DGE OF PAPER

N

drawing with no regard 10 the edge of the paper. The
frame should neatly encompass the drawn views. snd
mors space must be left at the bottom (for the title blocks)
than is left at the sides snd the top.

On an industrisl drawing, there is & lot of additional
information to add to a drawing after the actual drawing
is finished. Apert from the drawing number and title, the
name of the firm, the scale, the date, » matsrisls or parts
list, tha job or order number, any trestments or finishas, 2
key to machining and other symbols, tolerances not
particularly mentioned, tool snd gauge references,
general notes and quantities and cross references to other
essocisied drewings are among the details that must be
insarted on the drawing. Boxes or title blocks ere usually
Mmhmummm_wm

Inmndelluwk.ﬂnaudmmdonlrmhh
name and form but more information is ususlly required
by examiners end it is good practice to insert on a finished

Fig. 18/25 Positioning of views 1o be drewn

a the following inf N
Name
School or college

Title

Scale
System of projection
Date

Tha sbove information must be placed in title blocks.
These blocks sre drawn in one of two positions. They are
sither in 8 group in the bottom right-hand comer of the
drawing or they sre spread out slong the bottom of the
drawing. in exceptional circumstances, e.g. when there
is plenty of room at the top of the drawing but none st the
bottom, the blocks may be positioned sisewhers, but in
normal circumstances they sre in one of the two positions
shown in Fig. 18/26.
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PROJECTION

NAME

SCHoOL

TITLE

SCALE

DATE

FRAME

;}NEN’HHR

PROJECTION

T wriDEscamieTIon o

SCALE | NAME

TITLE

DATE |

ScHooL

Fig. 18/28 Layout of title baxes




Note that the title is given prominence over sl the
other information. Also note that the system of projection
is at the top of the paper. This is because it is really a note
on the drawing rather than an additional pisce of informa-
tion. The list of part numbers would be used only if
several parts were drawn on the same drawing and would
not, therefore, be shown on every drawing.

ASSEMBLY DRAWINGS
There are not many tems that are completely
functional by themsaelves. Thare are some, a spanner or a
nﬂllﬂlmhnwammuihlm
three and s good pair of

may have twelve component pans. Esch pant should be
drawn and dimensioned separately and then s drawing is
made of all the component parts put together. This is
called an assembly drewing. ‘l‘hommnldnolot
college is often i to drew the
mm;mnmhmmmm
particular order. If the assembly is particularly difficult,
the parts are often shown in an exploded view and the
assambly presents no difficulty. The assembled parts may
form an object which is sasily recognizable, but the real
problem occurs when thers seems to be no possible
connection between any of the component parts. In sn
examination, when loss of time must be svoided at all
costs, the order of assembly needs to be warked out
quickly.

The only approach is 1o view the assembly somewhat
m:u]inmwwﬂh-mmmwﬁtmmmu
hald together, sither becausa they imerdock or because
Mulwmmmummm
wdmismmmlmnwmmmwmt
and an external thread of the same diameter on ancther

, the odds are that one screws inside the other.
If two different components have two or more holes with
the same pitch, it is likely that they are joined at those
two holes. A screw with an M10 thread must fit an M10
threaded hole. A tapered component must it another
tapared component.

The i thing, parti in ions, is to
start drawing. Never spend too long trying 1o puzzie out
an assembly. There is always an obvious component to
start drawing. and, while you are drawing that, the rest of
the assembly will become apparent as you become more
familiar with the detsils.

SOME ENGIMEERING FASTENINGS
We have siready seen how 1o draw a standard nut and
bolt. Some other types of bolts and screws are shown in
Fig. 18/17 with their principal dimensions. Thera are,
however, many other types of fastenings in everyday use
in industry, and some of them are shown below.

Thestud and set bolt

The stud and set bolt (sometimes called & tap bolt or
cap screw) are used when it is impoasible or impractical
10 use a nut and bolt. Fig. 18/27 shows both in their final
positions. They sre both screwed into a tapped hole in
the bottom pieca of material. Tha top plece of material is
drilied slightly larger than the stud or screw and is held
in position by & nut and washet in the case of the stud,
and by the head of the set bolt and washer in the case of
the set bolt,

The stud would be used when the two pieces of
materisl were 1o be tsken epart quite frequently; the set
bolt would be usad if the fixing was expected 1o be more
parmanent.

CLEARANCE

van
\
N

STUD (THREADED BOTH ENDS)

Fig. 18/27

A\

SET BOLT (LONGER THREAD THAN
STANDARD BOLT)
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Locking devices
Constant vibration tends to loosen nuts and, if a nut is
to be subj 10 vib a locking device is
often employed. There are two basic groups of locking
devices: one group increases the friction between the nut
and the bolt or stud: the other group is more positive and
s used when heavy vibration is anticipated or where the
loss of a nut would be catastrophic. Fig. 18/28 shows
five common locking devices.

|
rﬁ!ﬁr
~

LOCKNUT

-

NYLON OR FIBRE

$o-io

i
i
|

LOCKNUT

CASTLE NUT
AND SPLIT
PIN

D=DIAMETER OF THREAD

‘ Fig. 18/28

SELF-LOCKING  DOUBLE-SPRING
NUT WASHER

SEE APPENDIX B FOR PROPORTIONS OF SLOTTED AND CASTLE MUTS

The focknut is very widely used. The smaller nut should
be put on first and, when the larger nut is tightened, the
two nuts strain against each other. The smaller nut pushes
upwards. The reaction in the larger nut is to push down-
wards against the smaller nut and, since it must move
upwards to undo, it is locked in position.

The slotted nut and castle nut are used when the nut
must not undo. The nut is tightened and then a hole is
drilled through the bolt through one of the slots. A split
pin is inserted and the ends are bent over. A new split pin
should be used sach time the nut is removed.

The seif-focking nut is now very widely used. The
nylon or fibre washer is compressed against the boh
thread when the nut is tightened. This nut should only be
used once since the nylon or fibre is permanently distorted
once used.

The spring washer pushes the nut up against the bolt
thread, thus increasing the frictional forces. It is the least
effective of the locking devices shown and should only
be used where small vibrations are expected.

There are many other types of locking device and full
descriptions can be found in any good engineering
handbook.
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Rivets and Riveted Joints

A rivet is used 10 join two or more pieces of material
together The o in weld-
ing and brazing techniques, and the rapidly increasing
use of bonding materials have led to a slight decline in
the use of rivets. However, they remain an sffective
method of joining materisls together, and, unlike weiding
and bonding. require very little special equipment or
expensive tools when used on a small scale




The rivet is usually supplied with one end formed to
one of the shapes shown in Fig. 18/29. The other end is
hammered over and shaped with a tool called a "dolly’.

d=RIVET DIAMETER =I-2t

16 d LEd 1:5d pbBd L ved L&d
a4 Y
1’ | |3— )
= %
£ 5 \ _7\ |

BoDY
t/ \l
7N
UN=
&

SHANK

NN
WW\T/\/ ‘

|
PAN HEAD

SNAP HEAD PAN HEAD eo-cs K ROUND su.m_rr:':w N
C's'K HEA|
HEAD FAPERED NECK TAPERED NECK
Fig. 18/29

When rivets are used they must be arranged in patterns.
The materials to be joined must have holes drilled in them
10 take the rivets and these holes weaken the material,
particularly if they are 100 close 1ogether. If the rivets are
placed too close to the edge of the material the joint will
be weakened. The two basic joints are called lap and
butt joints. Fig. 17/30 shows four examples. There is no

]
"
lh

3
[t

d*RIVET DIAMETER

limit to the number of rows of rivets, nor to the number in
each row, but the spacing, o pitch of the rivets, must be
as shown.

There are other types of rivet. the most important
ynunmmmmmhmmm

beyond the 1 ahis bk ils can be found

in any good mmnng handbook.
COVER PLATE OR STRAP

4

@

.

ERE
1O-©
HERE

1

34
EVY

&
@

34

34

1
@

[T

(a

SINGLE ROW LAP DOUBLE ROW LAP

. [
DOUBLE ROW Z1G-ZAG LAP DOUBLE COVER PLATE BUTT

Fig. 18/30
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HOLLOW SADDLE FLAT SADOLE
( VERY LIGHT DUTY) (LIGHT DUTY)

ROUND
(LIGHT DUTY)

FEATHE|

PARALLEL RECTANGULAR
(MEDIUM) [HEAVY)

PROPORTIONS ARE APPROXIMATED FOR DRAWING ONLY FOR EXACT DIMENSIONS SEE 150 TC/16
Fig. 18/31

Kays, Keyways and Splines

A key is a piece of metal inserted between the joint of a
shaft or hub to prevent relative rotation between the
shaft and the hub. One of the commonest applications is
between shafts and pulleys.

There is a wide vanety of keys, designed for light and
heavy duties, for tapered and paraliel shafts and to allow
of prevent movement of the hub along the shaft, Figs.
18/31 and 18/32.

Saddle keys are suitable for light duty only since they
raly on friction alone.

Round keys are sasy 1o install because the shaft and

hub can ba drilled together but they are suitable for light

Feather keys and parallel keys are used when it is
desired that the hub should slide along the shaft, yet not
be allowed 10 rotate around the shaft.

Taper keys are used 1o prevent sliding. and the Gib
head allows the key to be extracted easily.

Woodruff keys are used on tapered shatts. They adjust
easily 1o the taper when assembling the shaft and hub.

The exact ions for keys and & for any
given size of shaft can be found in ISO TC/16.

duty only.
AN }
| ' J
_— —
S
220 TAPERED KEY-GIB HEAD WOODRUFF KEY

[HEAVY DUTY - EASILY REMOVED)

(FOR TAPERED SHAFT)



Three Worked Examples

Three examples from recem examination papers are
shown in the next few pages. The gquestion, as it was
set, is shown on one page and opposite is the solution
o the question.

The first example shows a question in which the out-
line is partly completed 1o save tims. The solution has
thin lines for the parts which were given on the paper
and thicker lines for those parts of the drawing which
had to be completed by the candidate. This is a fairly
straightforward question except for those parts of the
assembly around the left hand end of the lever handle
and the cormesponding cut-out in the gear bracket. The
question has 1o be studied closaly 1o work out the arrange-
mﬁmmm:mmm.nmwm

The second ple s b of the
number of parts that have to be sectioned, each re-
quiring a different section line. There are s0 many pars
to be sectioned (nine) that inevitably one runs out of
different types of section lines. Where the same shading
is used twice, the lines have been used on pans that are
some distance apart on the drawing. One could argue
sbout whether or not to section the spindle; normally a
spindie is not sectioned but this one is complicated
enough in outline to perhaps justity sectioning. In fact
it has been shown unsectioned.

The third which,
without the pictorial illustration, wuldhedilﬁwltw
work out. Pant 6 has some interesting cut-outs.
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Example 1

The drawings (Fig. 18/36) show:

{i) A pictorial sketch of a lathe gear change lever to
act as a guide to show how its parts are fitted
together.

{ii) Details of the various parts of the gear change lever.

{iii) Partly finished views of the gear bracket and lever
handle of the lathe gear change lever.

You are required to do the following:

{a} Complete the front view by adding the parts 1o make
the whole assembly.

{b) Complate the sectional plan on A-A.

(¢) Complete the end view.

(d)} Pnnt the title GEAR CHANGE LEVER in letters
6mm high.

Do not show any hidden detail.

Dimension the following:

(i) The diameter of the knob of the lever handie. |
(i) The total langth of the lever handle.

(i) The two B mm holes. -
A. i L Schools E; ing Board L

Fig. 18/36

THIRG ANGLE PROJECTION
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SECTION X-X

190 mm
148 mm

%3__

Example 2
Electrical Coll Winding Machine

A pictorial view and details of each component part of a
Coil Winding machine are shown (Fig. 18/38). A clip
which fastens the wire to the Coil Former has not been
included.
Draw, full size, sither in First or Third Angle Projection
the following views of the Unit completely assembied.
(i} A sectional fromt elevation taken on the cutting
plane YY. Shown in Body detail Part E.
{il} A sectional end elevation taken on the cutting plane
XX. Shown in Body detail Part E.
(i) A plan projected from view (i).
Hidden detail is not required in any view.
Uss your own judgemaent to determine the size of sny
dimension not given.
A dimension shown as M10, for example, should be

>- i
%
3 B &
- "
N 2 Z ¢
N
N 2| £
N o 3
X N 12| 3
| \ BEE:
™, z| 8
\ 2l 8
N 8 ¢
N
N -
N |
i Go1
understood as

M means Metric Thread.
‘rl)mmnnmoﬂtumwueummm

&thlhdvmlumwm‘m
layout as well as for comect answers.
(i) Print in the titte—Coil Winding Machine—size of
letters to ba 7 mm high.
{ii) Print in the scale and the system of projection used.
(iii) Put in the following dimensions.
(a) the overall height of the Assembled Machine,
{b) the length between the outside ends of the Coil
Formas Locking Nuts.
(c) the length between tha inner faces of the End
Bearing Brackets.

4 d Lancashire Schoals Exsmining Board







Exercises 18
(Al questions originally set in Imperial units)
1. Fig. 1 shows a detail from a stationary engine. Draw
this detail with the pants assembled. You may use
either first-angle or third-angle projection.
Draw, Twice full size:
{a) A sonal front elevation in the direction of
arrow B. The section should be parallel 1o the sides of
the rod and pass through the centre of the hinge bolt ;
{b) A plan in the direction of arrow A and projected
from the elevation. Show all hidden detail in this
view. (i) The smallest diameter spigot on the bolt
should be shown threaded M10 for 15 mm and the
boh should be fastened by an M10 nut; (i) Six main
dimensions should be added 1o the views; (iii) Print
the title ‘Safety valve opersting link detail’ in the
bottom right-hand comer of your sheet in 6 mm
letters; (iv) In the bottom left-hand comer of the
sheat print the type of projection you have used.
East Anglian Examinations Board

SAFETY VALVE

OPERATING LINKAGE

e
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5. Fig. 5 shows an exploded view of a Tool Rest Holder
of & wood turning lathe. The drawing shows the bolt,
‘washer, tha mein casting and the clamp plate. Draw,
full size, in fist- or third-angle projection, an
assembly drawing of all these parts as follows: (a)
A sectional front slevation seen in the ion of

Hidden deteil nesd not be shown. Insert the following
dimensions : The width and thickness of the clamp
piate; The width of the main casting: The distance
between the centres of the slot; Print the titl: TOOL
REST HOLDER AND CLAMP'; State the system of

amow X taken along the centre line of tha main
casting; {b) A complete plan projected from view (a).

used.

DIMENSIONS IN mm



6. Part A, With the items comrectly assembled draw,
twice full size, in either 1st or 3rd angle orthographic
projection: {1) a sections! front view on the cutting
plane A-A: (2) a plan. Do not show hidden detail of
the nut.

Part B. Print, using block capital letters: (1) the title
LEVER SUB-ASSEMBLY; (2) the scale used for your
drawing ; {3) the projection you have used.

Insert on your drawings six main dimensions in

with the method of di i
ing.
Assume any details not given.
‘Regional Examinations Board
$ 0
—*

T
.
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UNGIMENSIONED RADI 3
DIMENSIONS IN mm




7. Fig. 7 shows the details of the parts of a MACHINE
VICE. The movable jaw rests on the bed of the vice.
The thumbscrew is screwed into the body of the vice
and entars the 8 mm hole in the movable jaw.

The two pegs are fitted into the two holes in the mov-
able jaw and secure in position the thumbscrew by
the & mm diameter neck.

(a) Draw twice full size the assembled vice with the
jaws 12 mm apart and the Tommy bar of the thumb-
screw in the vertical position. (1) A front elevation
lookinig in the direction of arrow A ; (2) A plan; (3)
A ion looking in the direction of armow B,

First or third angle projection may be used.

Hidden details need not be shown and only five
dimensions need be shown; (b) Make a good
quality freshand sketch of the assembled vice. The
sketch to be of approximately twice full size.

Add the TITLE, the SCALE and the ANGLE OF
PROJECTION used, in letters of a suitable size.
South Examinations Board
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Fig. 11 shows a light casting for a gear-lever bracket.
Draw, full size: (a) A sectional slavation on X-X; (b)
An end elevation looking in the direction of arrow Y.
Show four lsading dimensions.

Hidden surfaces are not to be indicated. Suitable
radii are to be assumed where not given.

Oxford and Cambridge Schools E, ination Board
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Fig. 11 _

(0]t}



12. A special Relief Valve is shown in Fig. 12. The supply

is at the vaive ‘D’ and delivery is from the bore 'B".
Excess pressure is relieved through a valve at 'R’
Draw, full size, the following views: (a) An outside
front elevation in the direction of the amow ‘F; (b) A
plan. The lower portion below the centre-line 'CC’
being an cutside view and the upper portion a
section tzken on the plane 'PP; (c) A sectional end
elevation on the plane 'EE". Show hidden lines on
view (c) only

¢'331.11m 60

Insert the i i i 2 (i) The
between each valve and the delivery bore: (i) The
diameter of the flange ; (iii) The distance between the
face of the flange and the centre-line of the valves.
Complete in @ suitable title block along the lower
border of the paper, the title, scale, system of pro-
jection used and your nama.

Oxford and Cambridge Schools Examination Board

Fillet radii 8
All dimensions in

millimetres
15t Angle projection
Valve seatings 45°

o132

4 D12 holes  equally
spaced on oo PED
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120
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Fig. 12



13. Onhographic views of a casting. drawn in third angle

projection, are shown in Fig. 13. Do not copy the

views as shown but draw full size in third angle
jection tha ing: (a) a i i

the plane of the section and the direction of the

Hidden edges are nof to be shown on any of the views.
Insen two imponant dimensions on each view, and in
the lower right hand comer of the drawing papar
draw a title block 115 mm by 65 mm and insert the

relevant data,

required view being indicated at X-X; (b) an end Cambridge Local Examinations
elavation as seen in the direction of arow E; (c) a
complete plan as seen in the direction of arrow P and
in projection with view (a).
P
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Fig- 13 fcotuges on dase.
14. Fig. 14 shows pars of a magnitying glass as used by from this el s{c)an as geen
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engravers and biclogists. The stem A screws 1o the
base B. The stand and the glass C are connacted by
two link bars D which are held in the desired position
by the distance piece F and two 6 mm round headed
bolts and wing nuts E.

Draw, full size, the f ing views of the magnitying
gless and stand fully assembled: (a) an elevation in
the same position as the encircled detail; (b) a plan

in the direction of the arrow.

The link bars are inclined at 15° and the glass at 30° 10
the horizontal.

Include on this drawing eight of the main dimensions
and a title block in the bottom right-hand corner.
Within this block letter the title, MAGNIFYING
GLASS AND STAND and state the scale and your



15. Fig. 16 is an exploded view of & plummer block
bearing. Draw, to a scala of 211 in first angle ortho-
graphic projection, the following views of the
sssembled bearing: (a) a sectioned elevation as seen
looking in the direction of arrow X ; the cutting plane
to be vertical and to pass through AA ; (b) an elevation
s seen when looking from the left of view (a); (c)
a plan (beneath view (a)).

The cap is held in position on the studs by means of
single chamfered hexagonal nuts that have 2 mm
thick singhs bevelled plain washers beneath them.
Although the tapped hole, for the lubvicator, is shown
in the cap, further details of this hole are not shown
and have been left to your own discretion. Details of
this hole are required to be shown as are the details of
the stud holes in the base.

Hidden detail of the base, only. is to be shown in
view (c) ; no other hidden detail is to be shown.

Fully dimension the bottom brass, only.

Draw a suitable frame around your drawing and
inseet the title PLUMMER BLOCK your name, the
scale and the system of projection.

A pants schedule incorporating the part numiber, nams
of part and the number off of each parn is to be com-
pletad in the lower right-hand corner of your sheat of
drawing paper immedistely above your title block.
Oxford Local Examinations
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17. Fig. 17A consists of a half -sectioned front elevation, a
side elevation and a plan of pant of a lathe steady.
Draw, full size, in first angle orthographic projection,
detail drawings of each of the six parts of the lathe

steady, as follows :
HY T Juoms
NOCATED —g
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Fig. 17A
FIRST ANGLE PROJECTION DIMENSIONS IN mm
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