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Engineering Scales



Engineering Scales

e Representation of any bigger or smaller object on the
drawing.

—[ Reduced Scale J

e Used for showing bigger object like building or
machines on the drawing

e RF for Reduced scale is always less than unity

—[ Enlarged Scale J

e Used for showing smaller object like gear of a
wristwatch on the drawing.

e RF for Enlarged scale is always greater than unity

{ Giilligaaic J

e For showing object of actual size on the drawing.
e RF for Reduced scale is always unity




Metric Conversions

&

1 kilometre = 10 hecometres

1 hectometre = 10 decametres
1 decametre = 10 metres

1 metre = 10 decimetres

1 decimetre = 10 centimetres
1 centimetre = 10 millimetres




Procedure for drawing the scale




DIMENSIONS OF LARGE OBJECTS MUST BE REDUCED TO ACCOMMODATE
ON STANDARD SIZE DRAWING SHEET.THIS REDUCTION CREATES A SCALE
OF THAT REDUCTION RATIO, WHICH IS GENERALLY A FRACTION..
SUCH A SCALE IS CALLED REDUCING SCALE
AND
THAT RATIO 1S CALLED REPRESENTATIVE FACTOR.

—

FOR FULL SIZE SCALE
R.F.=1 OR (1:1)
MEANS DRAWING
& OBJECT ARE OF

SAME SIZE.

Other RFs are described

SIMILARLY IN CASE OF TINY OBJECTS DIMENSIONS MUST BE INCREASED
FOR ABOVE PURPOSE. HENCE THIS SCALE IS CALLED ENLARGING SCALE.
HERE THE RATIO CALLED REPRESENTATIVE FACTOR IS MORE THAN UNITY.

as
1:10, 1:100,
1:1000, 1:1,00,000

USE FOLLOWING FORMULAS FOR THE CALCULATIONS IN THIS TOPIC.

\

DIMENSION OF DRAWING
DIMENSION OF OBJECT

LENGTH OF DRAWING
ACTUAL LENGTH

_\/AREA OF DRAWING
ACTUAL AREA

_\/VOLUME AS PER DRWG.

@ REPRESENTATIVE FACTOR (R.F.)

/ ACTUAL VOLUME

LENGTH OF SCALE =R.F. X MAX. LENGTH TO BE MEASURED.




PROBLEM NO.1:- Draw a scale 1 cm = 1m to read decimeters, to measure maximum distance of 6 m.
Show on it a distance of 4 m and 6 dm.

CONSTRUCTION:- pMENSION OF DRAWING
a) Calculate R.F.=
DIMENSION OF OBJECT

R.F.=1cm/ 1m = 1/100
Length of scale = R.F. X max. distance
= 1/100 X 600 cm
=6cms
b) Draw a line 6 cm long and divide it in 6 equal parts. Each part will represent larger division unit.
c) Sub divide the first part which will represent second unit or fraction of first unit.
d) Place ( 0 ) at the end of first unit. Number the units on right side of Zero and subdivisions
on left-hand side of Zero. Take height of scale 5 to 10 mm for getting a look of scale.
e) After construction of scale mention it's RF and name of scale as shown.
f) Show the distance 4 m 6 dm on it as shown.

10 0 1 2 3 4 5 METERS
DECIMETERS

4 M6 DM

R~F¢ =~ 1""1 00
PLANE SCALE SHOWING METERS AND DECIMETERS.



PROBLEM NO.2:- In a map a 36 km distance is shown by a line 45 cms long. Calculate the R.F. and construct
a plain scale to read kilometers and hectometers. for max. 12 km. Show a distance of 6.2 km on it.

CONSTRUCTION:- o G
a) Calculate R.F.

~
\
\
\

R.F.= 45cm/36km = 45/36 . 1000 100= 1780000  ( PLAIN SCALE )

/

Length of scale = R.F. X max. distance s i
= 1/80000 X 12km B el
=15¢cm

b) Draw a line 15 cm long and divide itin 12 equal parts. Each part will represent larger division unit.
) Sub divide the first part which will represent second unit or fraction of first unit.
d) Place ( C ) at the end of first unit. Number the units on right side of Zero and subdivisions
on left-hand side of Zero. Take height of scalg 5 to 10 mm for getling a look of scale.
e) After construction of scale mention its RF and name of scale as shown.
f) Show the distance 8.3 km on it as shown,
= SKM 3HN »
15 g 1 2 3 4 5 6 7 8 9 10 11
KILOMETERS

HECTOMETERS
RI'. = 1/80,000
PLANE SCALE SHOWING KILOMETERS AND HECTOMETERS



EXAMPLE NO. 7 :

A distance of 40 miles is represented by a line

8 ¢ long. Conslruct a plam scale 10 1ead 80 miles.
Also constiuct a comparative scale to read kilometers
upto 120 ki ( 1 m=1.609 km )

SOLUTION STEPS:

CONSTRUCTION:
Take a line 16 cmi long and divide it mto 8 parts. Each will represent 10 miles.
subdivide the first part and each sub-division will measure smgle mile.

Seale of Miles:

40 miles are represented = 8§ cm

: 80 miles =16 cm

RF. =8/40X 1609 X 1000 X 100

=1/8, 04.500
‘ _ CONSTRUCTION:
Scale of Kn: nk e . Sk - 0
Leha oth of scale On the top line of the scale of miles cut off a distance of 14.90 cm and divide
=1/8.04500 X120 X 1000 X 100 it into 12 equal parts. Each part will represent 10 ki,
— 9’0 riiAai Subdivide the fivst part into 10 equal parts. Each subdivision will show smgle k.

110 KN

RF.=1/804500
COMPARATIVE SCALE SHOWING MILES AND KILOMETERS



_

Vernier Scales:

These scales, like diagonal scales , are used to read to a very small unit with great accuracy.

It consists of two parts — a primary scale and a vernier. The primary scale is a plain scale fully

divided into minor divisions.

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

Figure to the right shows a part of a plain scale in
which length A-O represents 10 cm. If we divide A-O
into ten equal parts, each will be of 1 cm. Now it would
not be easy to divide each of these parts into ten equal
divisions to get measurements in millimeters.

Now if we take a length BO equal to 10 + 1 = 11 such
equal parts, thus representing 11 cm, and divide it into
ten equal divisions, each of these divisions will
represent 11/10-1.1 cm.

The difference between one part of AO and one division
of BO will be equal 1.1-1.0=0.1 cm or 1 mm.

This difference is called Least Count of the scale.
Minimum this distance can be measured by this scale.
The upper scale BO is the vernier.The combination of
plain scale and the vernier is vernier scale.



o e

Example | = o
Draw a vernier scale of RF = 1 /25 to read centimeters upto < Vernier Scale )
4 meters and on it, show lengths 2.39 m and 0.91 m g e
SOLUTION: CONSTRUCTION: ( vernier)
Length of scale = RF X max. Distance Take 11 parts of Dm length and divide it in 10 equal parts.
=1125 X 4 X100 Each will sheaw 0.11 m or 1.1 dm or 11 cm and construct a rectangle
=16 cm Covering these parts of vernier.
CONSTRUCTION: ( Main scale)
Draw a line 16 cm long. TO MEASURE GIVEN LENGTHS:
Divide it in 4 equal parts. (1) For239m : Subtract 0.99 from 2.39 ie. 239-99=14m
{ each will represent meter ) The distance between C.99 { left of Zero) and 1.4 (right of Zero} is 2.39 m
Sub-divide each partin 10 equal parts. {2) For 0.91 m: Subtract0.11 from 0.91i.e. 0.91-0.11=0.80 m
( each will represent decimeter ) The distance between 0.11 and 0.80 (both left side of Zero} is 0.91m
Name those praoperly.

2.3%9m

v

8.7 6:35 45219 1 1.4 2 3 METERS




son 90

700 O
60° - ‘
* SCALE OF CORDS
40° S
300 A

)
200 4
10° \
o° A

CONSTRUCTION:

1. DRAW SECTOR OF A CIRCLE OF 90° WITH ‘OA’ RADIUS.
( ‘OA’ ANY CONVINIENT DISTANCE)

2. DIVIDE THIS ANGLE IN NINE EQUAL PARTS OF 10? EACH.

3. NAME AS SHOWN FROM END ‘A" UPWARDS.

4. FROM ‘A’ AS CENTER, WITH CORDS OF EACH ANGLE AS RADIUS
DRAW ARCS DOWNWARDS UP TO ‘AC’ LINE OR IT'S EXTENSION
AND FORM A SCALE WITH PROPER LABELING AS SHOWN.

AS CORD LENGTHS ARE USED TO MEASURE & CONSTRUCT
DIFERENT ANGLES IT IS CALLED SCALE OF CORDS.




PROBLEM 12: Construct any triangle and measure it's angles
by using scale of cords.

CONSTRUCTION:

Tirst prepare Scale of Cords for the problem.

Then constrncet atriangle of given sides { You are supposed to measnre angles x. y and 7)
To mensure angle at x:

Take O-A distance i compass from cords scale and mark 1t on lower side of rzangle

as hown from cormner x. Name O & A ag shown. Then O ag center, O-A radig

draw an arc upte upper adjacent side.Name the peint B. 3

Take A-R cord in compasz and place on scale of cords from Zero.

It will give value of angle at x =

To measure angle at y 0 \ \
Repeat same process from C; Draw arc wath rads O A A \ \ o

Place Cord A, B. on scale and get angle at v. o0 T

To measnve -.;nélo at 7 . . ' 1L:0I J) I :lo : JO SIJ ; Jo 7l:| slol 20

Subtract the SUM pf these two anzles from 1807 to =et anzle at z.

Angle at z = 180 — ( 55 + 30 ) = 95°




Engineering Curves



ENGINEERING CURVES
Part-1 {Conic Sections}

ELLIPSE

1.Concentric Circle Method
2.Rectangle Method
3.0blong Method

4.Arcs of Circle Method
5.Rhombus Metho

6.Basic Locus Method
(Directrix — focus)

PARABOLA

1.Rectangle Method

2 Method of Tangents
( Triangle Method)

3.Basic Locus Method
(Directrix — focus)

HYPERBOLA

1.Rectangular Hyperbola
(coordinates given)

2 Rectangular Hyperbola
(P-V diagram - Equation given)

3.Basic Locus Method
(Directrix — focus)

Methods of Drawing
Tangents & Normals
To These Curves.



CONIC SECTIONS
ELLIPSE, PARABOLA AND HYPERBOLA ARE CALLED CONIC SECTIONS
BECAUSE
THESE CURVES APPEAR ON THE SURFACE OF A CONE
WHEN IT IS CUT BY SOME TYPICAL CUTTING PLANES.

OBSERVE
ILLUSTRATIONS
GIVEN BELOW

Ellipse

Section Plane
Through Generators

Seotic;n 'Plane

Parallelfo Axis. | TYPerboa

T
Section Plane Parallel
to end generator.



b

\
\

\
\

\

/

COMMON DEFINITION OF ELLIPSE, PARABOLA & HYPERBOLA: /
4

These are the loct of points moving in a plane such that the ratio of it’s distanc;é'/
\ from a fixed point And a fixved line alwavs remains constant, /
The Ratio 18 called ECCENTRICITY. (E) A
X A) For Ellipse  E<I /

X B) For Parabola E=1 /
\ () For Hyvperbola E>1 /

SECOND DEFINATION OF AN ELLIPSE -
[t 15 a locus of a point moving 1n a planc
such that the SUM of 1t’s distances from TWO tixed points
always remains constant.
{And this sum equals to the length of major axis.}
These TWO fixed points are FOCTIS 1 & FOCTIS 2




ELLIPSE

~ FProblem1:- BY CONCENTRIC CIRCLE METHOD
Draw ellipse by concentric circle method.

Take major axis 100 mm and minor axis 70 mm long.

Steps:

1. Draw both axes as perpendicular bisectors
of each other & name their ends as shown.

2. Taking thewr intersecting point as a center,
draw two concentric circles considering both
as respective diameters.

3. Divide both circles in 12 equal pats &
name as shown.

4. From all points of outer circle draw vertical
lines downwards and upwards respectively.
5From all pomts of imer cucle draw
horizontal lmes to intersect those vertical
lines.

6. Mark all intersecting points propetly as
those are the points on ellipse.

7. Jomn all these points along with the ends of
both axes i smooth possible curve. It is
required ellipse.




Steps:

| Draw arectangle taking major
and minor axes as sides. ELLIPSE

2. In this rectangle draw both BY RECTANGLE METHOD
axes as perpendicular bisectors of
each other..

3. For construction, select upper Problem 2

left part of rectangle. Divide Draw ellipse by Rectangle method.

vertical small side and horizontal Take major axis 100 mm and minor axis 70 mm long.
long side into same number of
equal parts.( here divided i four
parts)

4. Name those as shown..

5. Now jomn all vertical pomts
1.2.34, to the upper end of minor
axis. And all horizontal points
1.€.1.2.34 to the lower end of
MiNnor axis.

6. Then extend C-1 line upto D-1
and mark that point. Similarly
extend C-2, C-3, C-4 lines up to
D-2, D-3, & D-4 lines.

7. Maik all these points propeily
and jomn all along with ends A
and D in smooth possible curve.
Do sunilar construction in right
side part.along with lower half of
the rectangleJoin all points in
smooth curve.

It 1s required ellipse.




Problem 3:- Draw ellipse by Oblong method.
Draw a parallelogiram of 100 imm and 70 mm long
sides with inclided angle of 75%Inscribe Ellipse in . ELLIPSE

STEPS ARE SINILAR TO BY OBLONG METHOD

THE PREVIOUS CASE
(RECTANGLE METHOD)
ONLY IN PLACE OF RECTANGLE,
HERE IS A PARALLELOGRANML




PROBLEM 4.

MAJOR AXIS AB & MINOR AXIS CD ARE

100 AMD 70MM LONG RESPECTIVELY ELLIPSE

DRAW ELLIPSE BY ARCS OF CIRLES BYARCS OF CIRCLE METHOD-
METHOD.

As per the definition Ellipse is locus of point P moving in
a plane such that the SUM of it's distances from two fixed

STEPS:
1. Draw both axes as usual Name the
ends & imtersecting point
2.Taking AO distance I.e half major
axis, from C, mak F; & F,On AB .
( focus 1 and 2.)
3.0n line F,- O taking any distance,
matk points 1.2.3, &4
4 Taking F, center, with distance A-1
draw an arc above AB and taking F,
center, with B-1 distance cut this arc.
Name the point p, |
5 Repeat this step with same centers but| *
taking now A-2 & B-2 distances for
drawing arcs. Name the point p,
6.Similarly get all other P points.
With same steps positions of P can be
located below AB.
7.Join all points by smooth curve to get
an ellipse/

points (F, & F,) remains constant and equals to the length
of major axis AB.(Note A .1+ B .1=A .2 + B. 2 = AB)




1. Draw thombus of given
dimensions.

2. Mark mid points of all sides &
name Those AB,C.&D

3. Join these points to the ends of
smaller diagonals.

4. Mark pomts 1,2.3,4 as four
centers.

5. Taking 1 as center and 1-A
radius draw an arc AB.

6. Take 2 as center draw an arc CD.

PROBLEM 5.
DRAW RHOMBUS OF 100 MM & 70 MM LONG
DIAGONALS AND INSCRIBE AN ELLIPSE IN IT.’

ELLIPSE
BY RHOMBUS METHOD

7. Stmilarly taking 3 & 4 as centers
!nd 3-D radmwg draw arcs DA & B(




PROBLEAI 6:- POINT F IS 50 MM FROM A LINE AB.A POINT P IS MOVING IN A PLANE
SUCH THAT THE RATIO OF IT'S DISTANCES FROM F AND LINE AB REMAINS CONSTANT
AND EQUALS TO 2/3 DRAW LOCUS OF POINT P. { ECCENTRICITY = 2/3 } ELLIPSE

DIRECTRIX-FOCUS METHOD

STEPS:

1 Draw a vertical lime AB and pomt F

50 mm from it.

Divide 50 mm distance m 5 parts.

Name 2°¢ part from F as V. It ig 20mm

and 30mm from F and AB lne resp.

It 1s fust pomnt giving ratio of 1t's

distances from F and AB 23 1e 2030

4 Form more powmts giving same ratio such
as 30445, 40/60. 50:75 etc.

5 Taking 45.60 and ~Smm distances from
line AB. draw three vertical lines to the (vertex)V
tight side of 1t O

6. Now with 30. 40 and S0mm distances m
compass cut these lmes above and below:,
with F as center.

7. Jom these powmts through V 1 smooth
curve

Thus 15 required locus of P It 18 an ELLIPSE.

ELLIPSE

29 12

45mm

DIRECTRIX ¥

w0t

m;" F (focus)




PROBLEM 7: A BALL THROWN IN AIR ATTAINS 100 M HIEGHT
AND COVERS HORIZONTAL DISTANCE 150 M ON GROUND.
Draw the path of the ball (projectile)-

PARABOLA
RECTANGLE METHOD

STEPS:
1.Draw rectangle of above size and
divide it in two equal vertical parts
2. Consider left part for construction.
Divide height and length i equal
number of parts and name those
1,23,45& 6
3.Jom vertical 1,2,3,4,5 & 6 to the
top center of rectangle
4 Similarly draw upward vertical
lines from horizontall,2,3.4,5
And wherever these lines intersect
previously drawn mclined lines in
sequence Mark those points and
further join in smooth possible curve.
5. Repeat the construction on right side
rectangle also.Jom all in sequence.
This locus is Parabola.




Problem no.8: Draw an isosceles triangle of 100 mm long base and
110 mm long altitude. Inscribe a parabola m 1t by method of tangents.

Solution Steps:

1. Construct triangle as per the given
dimensions.

2. Divide it's both sides in to same no.of
equal parts.

3. Name the parts in ascending and
descending manner, as shown.

4. Jom 1-1, 2-2,3-3 and so on.

5. Draw the curve as shown 1.e.tangent to
all these lines. The above all lines being
tangents to the curve, it 15 called method
of tangents.

PARABOLA
METHOD OF TANGENTS




PROBLEM 9: Pout F 1z 50 mun from a vertical straight line AB.
Draw locus of point . moving in a planc such that

1t always remains equidistant from pount ¥ and line AB.

SOLUTION STEPS:

1. Locate center of line, perpendicular to PARABOLA
AB from pomt F. Thas will be mitial
point P. A

2 Mark 5 mm distance to its right side,
name those points 1.2.3.4 and from those
draw lines parallel to AB.

3 Mark 5 mm distance to its left of P and
name it 1.

4 Take F-1 distance as rading and F as

center draw an arc (]’ ’ERTE‘Y) \,
| 1|

cutting first parallel litie to AB. Name

PARABOLA
DIRECTRIX-FOCUS METHOD

upper point P, and lower pomt P.. 4321
5.Similarly repeat this process by taking
again Smm to 1ight and left and locate
P.P,.
6.Join all these points m smooth curve.

It will be the locus of P equidistance
from line AB and fixed point F.

1{ 2 3 -

Vo) F

( focus)




Problem No.10: Pomt P 13 40 mun and 30 mm from horizontal

and vertical axes respectively. Draw Hyperbola througl it.

Solution Steps:

Extend horizontal line from P to night
gide.

Extend vertical line from P upward.

On horizontal line from P, mark
gome points taking any distance and
name them after P-1, 2.3 4 cte.

Jomn 1-2-3-1 pomts to pole C. Let
them cut part [P-B] also at 1.2,3.4
points.

From horzomal 1.2,3.4 draw vertical
lines dovwnwards and

From vertical 1.2.3.4 points [from P-
B] draw horizontal lines.

Line from 1 horizontal and lme from
L vertical will meet ar P, Smmilarly
mark P PP, points.

Repeal lhe procedure by marking four

powts on upward vertical line from P
and joming all those tc pole O. Name
this points P P, P, etc. and join
them by zmocth curve,

1')—2—T

HYPERBOLA

THROUGH A POINT
OF KNOWN CO-ORDINATES

40 mum

L 4

30 mn



PROBLEAM 12:- POINT F IS 50 MM FROM A LINE AB.

A POINT P IS MOVING IN A PLANE SUCH THAT THE RATIO
OF IT'S DISTANCES FROM F AND LINE AB REMAINS
CONSTANT AND EQUALS TO 2/3

DRAW LOCUS OF POINT P. { ECCENTRICITY = 2/3 }

STEPS:

1 Draw a vertical lime AB and pomnt F

50 mm from it.

Divide 50 mm distance 1 5 parts.

Name 3rd part from F ag V. It 12 30 mm

and 20 mm from F and AB lme resp.

It 18 furst pomt giving ratio of 1t's

distances from F and AB=3/21e 30:20

4 Form more points giving same ratio such
as 4530, 60/40, 75/50 etc.

5 Takmg 30. 40 and 50 mun distances from
line AB. draw three vertical lines to the
right side of 1t.

6. Now with 45, 60 and 75 mm distances
compass cut these lines above and
below, with F as center.

7. Jom these pomts through V m smooth
curve.

Tlus 18 required locus of P. It 1z Hyperbola.

29 12

30mm

F (focus)

HYPERBOLA .
DIRECTRIX
FOCUS METHOD




ENGINEERING CURVES
Part-11
(Point undergoing two types of displacements)

INVOLUTE CYCLOID SPIRAL HELIX
1. Involute of a circle 1. General Cycloid 1. Spiral of 1. On Cylinder
a)String Length = =D One Convolution.
2. Trochoid 2. On a Cone
b)String Length > D ( superior) 2. Spiral of
3. Trochoid Two Convolutions.
¢)String Length < nD ( Inferior)

4. Epi-Cycloid
2. Pole having Composite
shape. 5. Hypo-Cycloid

3. Rod Rolling over ;
= / . § » 7 0

a Semicircular Pole. AND Methods O)f Draw mg
Tangents & Normals

To These Curves.




DEFINITIONS

CYCLOID:

IT IS A LOCUS OF A POINT ON THE /
PERIPHERY OF A CIRCLE WHICH
ROLLS ON A STRAIGHT LINE PATH. _—

INVOLUTE: g

IT IS A LOCUS OF A FREE END OF A STRING
WHEN IT IS WOUND ROUND A CIRCULAR POLE

SPIRAL:

IT IS A CURVE GENERATED BY A POINT
WHICH REVOLVES AROQUND A FIXED POINT
AND AT THE SAME MOVES TOWARDS IT.

HELIX:

IT IS A CURVE GENERATED BY A POINT WHICH

- N

/ N

SUPERIORTROCHOID:
' IF THE POINT IN THE DEFINATION

OF CYCLOID IS OUTSIDE THE CIRCLE

INFERIOR TROCHOID.:
IF IT IS INSIDE THE CIRCLE

EPI-CYCLOID
IF THE CIRCLE IS ROLLING ON
ANOTHER CIRCLE FROM OUTSIDE

HYPO-CYCLOID.
IF THE CIRCLE IS ROLLING FROM

\\INSIDE THE OTHER CIRCLE,

b 4
N o

MOVES AROUND THE SURFACE OF A RIGHT CIRCULAR
CYLINDER / CONE AND AT THE SAME TIME ADVANCES IN AXIAL DIRECTION

AT A SPEED BEARING A CONSTANT RATIO TO THE SPPED OF ROTATION.
( for more problems an helix refer topic Development of surfaces)

/

/

7



INVOLUTE OF A CIRCLE

Solution Steps:

1) Point or end P of string AP is
exactly nD distance away from A.
Means if this string is wound round
the circle, it will completely cover
given circle, B will meet A after
winding.

2) Divide nD (AP) distance into 8
number of equal parts.

3) Divide circle also into 8 number
of equal parts.

4) Name after A, 1, 2, 3, 4, etc. up
to 8 on nD line AP as well as on
circle (in anticlockwise direction).
5) To radius C-1, C-2, C-3 up to C-8
draw tangents (from 1,2,3,4,etc to
circle).

6) Take distance 1 to P in compass
and mark it on tangent from point 1
on circle (means one division less
than distance AP).

7) Name this point P1

8) Take 2-B distance in compass
and mark it on the tangent from
point 2. Name it point P2.

9) Similarly take 3toP,4to P, 5 to
P up to 7 to P distance in compass
and mark on respective tangents
and locate P3, P4, P5 up to P8 (i.e.
A) points and join them in smooth
curve it is an INVOLUTE of a given
circle.

Problem no 17: Draw Involute of a circle.

String length is equal to the circumference of circle.

f="
e 2
%, "
QQ
g
4to
)
P
K 6
L g N2 —
5 N X Py 1 2 3 4 5 6
P7

oA



Problem 18: Draw Involute of a circle.
String length is MORE than the circumference of circle.

INVOLUTE OF A CIRCLE

ﬂ)lution Steps: \
In this case string length is more

than ITD.

But remember!
Whatever may be the length of
string, mark ITD distance
horizontal i.e.along the string
and divide it in 8 number of
equal parts, and not any other
distance. Rest all steps are same

as previous INVOLUTE. Draw
the curve completely.

String length MORE than D

P, P,
E="
2
«~
J[% i
©
N
4iop
5
s By
6
5 —t——t——f—t————F—+d p
a
8 ./ Ps 1 2 3 4 5 6 7 8
[t 0o J
7 165 mm "
P, (more than nD) |
o 7D "



Problem 19: Draw Involute of a circle.
String length is LESS than the circumference of circle.

INVOLUTE OF A CIRCLE
ﬁdnﬁm Steps: \ B String length LESS than D

In this case string length 1s Less
than I1D.

But remember!
Whatever may be the length of P,
string, mark ITD distance
horizontal i.e.along the string
and divide it in 8 number of
equal parts, and not any other ©
distance. Rest all steps arve same

Y
2op

as previous INVOLUTE. Draw o
the curve completely. ¥
4top
4
3
5
S 2
")Q 6
a
212 7
P5 - [b,o 8 | | | | | | | P |
| | | | | | | "“ |
P, 1 2 3 4 5 6 7 8
P6 < -
Gl 150 mm g
(Less than D)
iy D »




PROBLEM 20 : ATOLE IS OF A SHAPE OF HALF HEXABON AND SEMICIRCLE.

ASTRINGIS TO BE WOUND HAVING LENGTH EQUAL TO THE POLE PERIMETER

DRAW PATH OF FREE END P OF $TRING WHEN WOUND COMPLETELY. INVOLUTE
(Take hex 30 mm sides and semicircle of 60 mm diameter.) OF

SOLUTION STEPS:
Draw pole shape as per
dimensions.

Divide semicircle in 4
parts and name those
along with corners of
hexagon.

Calculate perimeter
length.

Show it as string AP.
On this line mark 30mm
from A

Mark and name it 1
Mark nD/2 distance on it
from 1

And dividing it in 4 parts
name 2,34,5.

Mark point 6 on line 30
mm from 5

Now draw tangents from
all points of pole

and proper lengths as
done in all previcus
involute's problems and
complete the curve.

COMPOSIT SHAPED POLE

sl
(8

I

o P

C
C
(@

2
(OIS
N
[
e}



PFROBLEM 22: DRAW LOCUS OF A POINT ON THE PERIPHERY OF A CIRCLE
WHICH ROLLS ON STRAIGHT LINE PATH. Take Circle diameter as S0 mm CYCLOID

P : | -
1 74 7
~ " |
I:)

D =i

7)

Solution Steps:

1) From center C draw a horizontal line equal to =D distance.

2) Divide =D distance into 8 number of equal parts and name them C1, C2, C3___ etc.

3) Divide the circle also into 8 number of equal parts and in clock wise direction, after P name 1, 2, 3 up to 8.
4) From all these points on circle draw horizontal lines. (parallel to locus of C)

5)  With a fixed distance C-P in compass, C1 as center, mark a point on horizontal line from 1. Name it P.

6) Repeat this procedure from C2, C3, C4 upto C8 as centers. Mark points P2, P3, P4, P5 up to P8 on the

horizontal lines drawn from 2, 3, 4, 5, 6, 7 respectively.
Join all these points by curve. It is Cycloid.




PROBLEM 25: DRAW LOCUS OF A POINT ON THE PERI'THERY OF A CIRCLE

WHICH ROLLS ON A CURVED PATH. Take diameter of rolling Circle S0 mm
And radius of divecting circle i.e. curved path, 75 mm.

Solution Steps:

1) Whean smallzr circle will rall an
larger circle for one revolution it will
caver IT D distance on arc and it will
be decided by included arc angle 0.

2) Calculate 6 by formula @ = (r/R) x
3600.

3) Censtruct angle & with radius OC
and draw an arc by taking O as center
OC as radius and farm sector of angle
0.

4) Divide this sector inta 8 number of
equal angular parts. And from C
onward name tham C1, C2, C3 up to
C8.

5) Dividz smaller circle (Gensarating
circle) alsc in 8 number of equal parts.
And next to P in clockwise diraction
name those 1, 2, 3, up to 8.

6) With O as center, O-1 as radius
draw an arc in the sector. Take C-2,
0-3, 04, O-5 up to O-8 distances with
center C, draw all concantric arcs in
sector. Take fixed distance C-P in
campass, C1 center, cut arc of 1 at P1.
Repeat procedure and locate P2, P3,
P4, P5 unto P8 {as in cycloid) and join
them by smooth curve. This is EPI -
CYCLOID.

Generating,’

Rolling Circle
N

.

S

r

N

%3600

EPI CYCLOID :




PROBLEM 26: DRAW LOCTS OF APOINT ON THE PERIPHERY OF A CIRCLE
WINCII ROLLS FROM TIIE INSIDE OFF A CURVED PATIL Tuke diameter ol
rolling cirde 20 mm and radius of direcling drcle (curved path) 73 mum.

HYPO CYCLOID

Q == 350" J\* -l
R \ 4
0

0OC = R ( Radius of Directing Clircle)
CP=r (Radius of Generating Circle)



Problem 27: Draw a spiral of one convolution. Take distance PO 40 mm.

IMPORTANT APPROACH FOR CONSTRUCTION! e
FIND TOTAL ANGULAR AND TOTAL LINEAR DISPLACEMENT ,,--/ 9
AND DIVIDE BOTH IN TO SAME NUMBER OF EQUAL PARTS. ( SPIRAL :
\ 4
Solution Steps 37
1. With PO radius draw a cucle e
and divide it m EIGHT pauts. a
Name those 1.2.3.4, etc up to 8 ' 4
2 Suniladdy drvided lue PO alse n :

EIGHT parts and name those
1.2.3.-- as shown 4
- Take o-1 distance trom op line
and draw an arc up to C1 radis
veelor. Name the ponil Py
4, Smularly mark pomts P, Py, P,
up (o Py A
Aud jom (hose n1 a smoolls curve. SN
It 13 a SPIRAL of crie convolution

)

L2



Prablem 28

Point P 12 80 mm from point O. It stauts moving towards O and reaches it in two

revalutions around. it Draw locus of point P (To draw a Spial of TWO convolutions).

IMPORTANT APPROACH FOR CONSTRUCTION!
FIND TOTAL ANGULAR AND TOTAL LINEAR DISPLACEMENT
AND DIVIDE BOTH IN TO SAME NUMBER OF EQUAL PARTS.

..// \\\
/SOLUTION STEPS: \
Total angnlar displacement here
18 two revolunons And
Total T.near displacement here
15 chstance PO
Tist civide both m same parts 1 e
Chirele m EIGHT parts
{ means rotal angular chisplacement
m SINTELN parts)
Drvide PO also in SIXTUEN parts
Rest steps are sunular to the previous
. problem
\

SPIRAL
of
two convolutions




Orthographic Projections



ORTHOGRAPHIC PROJECTION

R

{ Principle of projections |

* If the rays of light made to fall on the wall across the object, shadow / image
of that object will appear on that wall. That means, object is being projected on
the wall.

*|If straight lines are drawn from various points on the contour of an object to
meet a plane, the object is said to be projected on that plane.

* The image we are getting on that plane is called projection (view) of the object.

* The lines from the object to the plane are called projectors.

4[ Methods of projection J

1. Orthographic projection
2. Isometric projection

3. Oblique projection

4. Perspective projection




ﬂ Definition of Orthographic projection

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

—[ Three types of views ........

1. Front View (FV)
2. Top View (TV)
3. Side View (SV)

—[ Reference plane

1. Vertical plane (VP)
2. Horizontal plane (HP)
3. Profile plane (PP)

- B

L Reference line (x-y line)




107/ | * Projection (view) obtained of Horizontal Plane (VP)

e Projection (view) obtained on Vertical Plane (VP)



Concept of Projections

Vertical
Plane (VP)

Horizontal
Plane (HP)




Projection of Point (In 1%t angle projection method)




Qg

HP

|l T




Points to keep in mind .........

Projection of a point on a Vertical Plane (VP) is called Front view (FV)

Projection of a point on a Horizontal Plane (VP) is called Top View (FV)

Front view of point ‘A’ is represented by ‘a”

Top view of point ‘A’ is represented by ‘a’

Distance of a point with respect to HP is specified by the FV

Distance of a point with respect to VP is specified by the TV

| angle — FV is obtained above the x-y line and TV below x-y line

Il angle — FV and TV both are obtained above x-y line

lll angle — FV is obtained below the x-y line and TV above x-y line

IV angle — FV and TV both are obtained below x-y line




Handy way to remember

Position of point

(10 mm from given Specified by Representation
RP)
o
1(above) FV a’ =10 T
2(below) FV a’=10 ‘L
o
3(infront ® TV a=10 ‘L

of)

4(behind) @ TV a=10 T




It’s time to check yourself

u Position of points with respect to RP Representation

1. 30 mm below HP and 20 mm in front of VP a’ = 30l a=20 l
2. 40 mm above HP and 20 mm behind VP a’' =40 T a=20 T
3. 30 mm above HP and 40 mm in front of VP a’ =30 T a=40 l
4. 15 mm below HP and 25 mm behind VP a’' =15 l a=25 T
5. Lieson HP and 20 mm behind VP a’ = oTl a=20 T

6. Lieson VP and 10 mm below HP a'=1ol a:oTl



Projections of Straight Lines




Lines in space are of three types considering their position with
respect to principal planes :

1) Line parallel to both HP and VP.

2) Line perpendicular to one and parallel to other.

3) Line parallel to one and inclined to other.

4) Line inclined to both principal planes.



Line Parallel to both HP and VP :

When a line is parallel to both HP and VP, then the
projections on both the planes to which it is parallel, are the
true lengths.

For TV

VP

P FV

\

F

HP
X VP Y

=

For FV

==

" HP

=
N
Z




Line Perpendicular to one and Parallel to other :

s

For TV

VP

FV

HP

X VP

HP

TV .ab




Line Parallel to one and Inclined to other:

For TV

VP
vp
FV
0
True Length B -
p
HP
X VP Y
/

0
) For FV
/ \or Hp
A HP

Figure. Line Inclined to HP and Parallel to VP.



....Contd

For TV

e W
/
/\

I

For FV
TV of True Length

Figure. Line Inclined to VP and Parallel to HP.

FV

HP




Line Inclined to both the reference Principal Planes :

VP

FV

HP

y \

N

vl
g

\ >

ForFV | yp \




Projections of Planes



Types of Planes

e On the basis of position with respect to reference

planes

—[ Perpendicular planes J

e Perpendicularto both the reference planes
e Perpendicularto one plane and parallel to the other
e Perpendicularto one plane and inclined to the other

N

— Oblique planes

. ;

e Inclined to both the reference planes




Projections of different positions

of planes

‘[ Perpendicularto both ref. planes }

e FV and TV (both edge views) are obtained in straight line
perpendicular to x-y line

e FV = Coincide with Vertical trace (VT)

e TV = Coincide with Horizontal trace (HT)

Ve 1 FV

TV

HP



|/

| A. Plane perpendicular to HP and parallel to VP

'

* FV shows true shape of plane

e TV shows edge view (line parallel to x-y line) of plane

|/

| B. Plane perpendicular to VP and parallel to HP

'

e TV shows true shape of plane

e FV shows edge view (line parallel to x-y line) of plane

True shape

vV .

Edge view

Edge view

FV

True shape






Reaorient
revious FV FV

start end
Initially plane is
resting on HP
OR llel to HP
Initially plane is
llel to VP
start end










Initially plane is
resting on HP
ORllel to HP

FV1

FV 3

TV1

start




Initially plane is
llel to VP

FV1

Reorient
revious edge

F\V. 2

start

FV 3










Step by Step

or
Procedure for Solving the Problem




Stage |l Stage ll]

Reorient FV1 i.e. edge view
at an angle of 45°

Reorient TV2 so that TV2 of
diagonal AB (a’b’) at an angle
of4s °




Stage |l Stage ll]

Reorient FV1 i.e. edge view
at an angle of 45°

/V
|
/.

. %/
N\

Reorient TV2 so that TV2 of
diagonal AB (a’b’) at an angle
of4s °










Projections of Solids






















































Development of Surfaces
of Solids







































Isometric Projections



When a cube is placed on one of its corner
on ground with solid diagonal perpendicular
to V.P., the front view obtained is known as
Isometric Projection of the cube.




Isometric Axes, Lines & Planes:

0 Iso. View: For simplicity actual/True lengths are considered
and the radius of sphere is taken as 11/9*radius.

0 The ratio, Isometric Length / True Length = 9/11 approx.

0 It is necessary that while drawing Iso. Projections, true
lengths should be converted tolso. Length.

[ Iso. Projection: All lengths should be converted to Iso.
Length i.e. 9/11*True Length, except the radius of the
sphere.



Isometric Scale

O On 45%line mark True lengths and to obtain Iso. Lengths project
these lengths on 30%s shown.

A For drawing Iso. Projection, Iso. Scale must be drawn so that
all the true lengths can be easily converted tolso. Length using
the scale.

O For this draw two lines inclined at 30°& 45°%0 horizontal.



Three Isometric Axis

3 There are three Axis in Isometric Drawing. Two inclined at

30Y and the one is vertical.
d On 30 axis the length or width can be drawn and the

height is shown on vertical axis or parallel to vertical axis.



To draw Isometric of 30 mm square plate.




To Draw Isometric of rectangle the face of which

is parallel to H.P.




To Draw Isometric view of 60 set square of 125 mm
longest side having its surface parallel to V.P.



igure

Plane F

iven

To Draw Isometric of g

e

L . .:»..vu.u..v.f.r.a.‘,-, Sad
s >

- TR

S i



To Draw Isometric of Hexagon

i)Parallel to H.P.
if)Parallel to V.P.




To Draw Isometric of Circle

1) Parallel to H.P. &
ii) Parallel to V.P.




To Draw Isometric of Circle Four Centre Method




To Draw Isometric View of Square Prism

i)Axis Vertical

if)Axis Horizontal














































































| Thank, you



