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Drafting
Equipments

el

[Engineering drawing is a language of all persons lnvoived ko engiuesring iy
pering ideas are recorded by preparing drawings and execition of work is dew <arrnt
B the basis of drawings. Communication in engineering field is done by beavwings |l
P drawing is a universal language,

i0 prepare engineering drawing, special drawing instruments z0e gegavet. ¥ &
able to purchase simple and good quality instruments rather than oy oy
iments. All those who are connected with engineering activity shondid keuow T wise
g instruments, handling of instrumentis and proper mziatenance of Grzwing
ments. A good draftsman is able to prepare correct. acourate 20d decet dezvings
it possible time with the proper use of instruments.

%

Fhe following drawing equipments and materials are yeguired in T preparaton.
ng. (See Fig. 1.1)

s s i = s et N s

-—
pe—
-
\
. . 7

1%0 &

Fig. 1.1. Drawing Equipments
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Not shown in Fig, | \\lf\ﬁ‘\\u 1.4)
‘.,_l {Not ~;|||\\\n inl \\{ \ ” (See | g 14
) GO° 3
i

CIl\ ‘\\‘\‘\

\rge compass with intvn‘h.mgm\\\v penetl and pen legs having
Large dividers

Small bow \‘Ul\\‘\.\ﬂ.\'

d)  Small bow divider
() Small bow pen
) Ruling pen

@ Interchangeable ruling pen used in compass leg
Container with spare parts

: 3.3. (
() Case for lead g~ Bre, (11
() Screw driver
k)

Drop compass - Rotor

oo

Oof w

i

8. Scales-Plastic, boxwood or cardboard scales - 300 mm. shon

9. Protractor - 180° qr 360° - Size 150 mm, K -

10.  French curves k
11. Proportional divider. (Not shown in Fig, 1.1) (See Fig, 1.17) '

12.

Circle Master & other templates
13.  Drawing paper

14.  Set of pencils
15.

16.
i
18.

Pencil sharpener
Sand paper block

Drawing pins, clips and adhesive tapes il _

Duster or handkerchief ,\u
Eraser-Eraslﬁg shield | i
Water-proof black ink.
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afting Equipments :

prawing Board : (See Fig. 1.2)

et

|
1.2. (A) Board, (B) Tee, (C) Paper, (D) S.S. Clip, (E) Pin, (F) Adhesive Tape, (G) Set |
. (H) Eboney Edge of Board, (I) Stock or Head, (J) Working Edge of Tee (K) Battens |

R L B AR Py AR e

order to prevent warping, the drawing board is made of narrow strips glued edge-
of well seasoned white pine or bass soft wood with minimum of one straight eboney
edge, as a base for the T-Square. Surface of the board should be free from cracks
ould be absolutely flat. On the otherside of board two battens are fixed by screws
the slots to allow for seasonal contraction and expansion.

standard sizes of drawing boards available are as follows. These sizes are fixed
1444

— e e e e e —

—————

~ Designation , Dimension, mm Name
' B, 1500 x 1000 Antiquarian
B, 1000 x 700 Double Elephant
B, 700 x 500 Imperial
B, 500 x 350 Half Imperial
B, 350 x 250 Quarter Imperial |

‘convenience of working, the board is kept tilted at nearly 15° to 20°.
- Square : (See Fig. 1.2)
T - Square is made of two parts

(i) The blade (ii) The stock or The head.
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4
Jlade and the head are rigidly fastened together. Tee Square is made g Yraf
wood. plastic or acrylic material. Working edge of the blade and working edge
3 he exactly at right angle. Accuracy of drawing (h.‘,(-n(lw on lezllghtne‘
work edges and squareness of two working edges. Size of the T-Square shy

=
1

 of board. Working edge of the blade is made bevelled.

rhe straight horizontal lines on a drawing are drawn by T-Square, TheT-

d down along the straight eboney working edge of the board to draw pa
<traight lines. Don't forget to keep the working edge of the head of T-Square il
edge of the board while using T-Square. T-Square alone should never be

lines

Handle T-Square with atmost care because it is delicate and the accura

" "
depends on 1t

3 Mini Drafter : (See Fig. 1.3)

Clamp to fit Drafter
on left-top corner of the board

B

Clamping Knob

Parallel Bars

i T A B A

Fig. 1.3. Mini Drafter

- o

no—

Mini drafter is used in many drawing and design offices to do drai
serves the purpose of T - Square, Set - Square, Protractor and Scales.
two blades of the drafter always remain parallel to their set position Ho
are moved on the sheet. Two blades of the drafter are accurately set 2 :

other. i
The blades are detachable and hence blades with different {’..»
and clamp two blades at desired angle there is a provision of the adju

4
protractor.

"
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prafting t.quipmelitf :

parallel Straight Edge : (See Fig, 1.4)

<or I PR PN

PROF. P.J. SHAH

Fig. 1.4. Parallel Straight Edge

I is used in place of T - Square. Mostly it is preferred on large drawing boards. It is
oy a straight edge of board size moved up and down on the board by inextensible string
le\ arrangement. It always remain parallel to prevmusly set position.

Set-Square 45° : (See Fig. 1.5)

Fig. 1.5. Set-Squares

- 60° : (See Fig. 1.5) I
used with T - Square to draw lines at vari
on set - squares used by dral ‘
‘ “‘Wbinaﬁon of T - Sq ;
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i

Fig. 1.6. Use of Set-Square i

3 -~ Set - squares are made out of transparent colourless plastic or a(.:rylic materie'ﬂ. 1
= made with straight edge for pencil work and with bevelled edge for ink work. Thicknes

et squares varies from 1.5 mm to 2.5 mm.

 When laying out lines, set - squares are placed firmly against the upper working ed ge
he T - Square. Parallel angular lines are drawn by moving the set - square or combination

gth of the set - square is given by the longer edge except hypotenuse. 45° se
ilable in 150 mm, 200 mm, 250 mm and 320 mm length while 30° - 60¢

't - squares are available along with protractor or french curve ca
e set - squares are also available in the market.

: (See Fig. 1.7)

& (c). It is an instrument used to draw circles and arcs of circles: Larg

s and drop compass are used to draw large size circles, medium s /f:-'
circles respectively. A'

sed to draw very very large size circles. (see Fig. 1.9) Pencil a d
be used for the purpose of pencil and ink work respectively. While

large compass, both the legs should be kept bent at the knee
me perpendicular to the drawing paper. This situation is advisable
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Fig. 1.7. Instrument Box

bar can be used to draw very large size circle. (See Fig. 1.8)

I
)

Surface of Paper

Pr———

Fig. 1.8. Use of Lengthening Bar
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Fig. 1.9. Beam (,ompa% . :
s B oncentric circles for bet

hlle drawing C
§  Smaller circes should be drawn first W e o
nocumcy One ;u:ldc lighter lead is used in compass work then usual work fo equal

{

-—

Fig. 1.10. Compass Lead Ajustment
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4 Fig. 1.12. Use of Divider

't is like 2 compass except it has metal points at legs. Dividers are used to transfer
distznces or dimensions and sometimes for dividing spaces into equal divisions. The bow
dinder is particularly useful for exact work because the wheel adjustment effectively holds

the setting,

(fj Ruling Pen and Variant Drawing Pens : (See Fig. 1.13)

This pen is used for inking work. It consists of a pair of
steel nibs fitted to a bone or metal holder. The gap distance
between the nibs is adjusted to adjust thickness of line. For
clear, neat and uniform inking work, it is advisable to clean
the pen frequently during its use. Pen should not be dipped
inside the ink bottle. Under no circumstances ink must not
be allowed on the outside surface of the nibs.

ALEL

Fig. 1.13. Variant Drawing Pens

> |

|
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Engineering Gray ‘

W ——

Now a days inking pens with different thickness heads are availablé and they are the o
ones which are used. (See variant drawing pens in Fig. 1.13) ;

8. Scales : (See Fig. 1.14)

The size of drawing paper on which the draftsman is r(-quir‘ﬂ(l ::i?rl]ﬂ:vtilgtr)juetgtd”
the size of the object, building, pmject etc.., may be very large, nt S(;m .i.g donf by 1 V‘
be extremely small. As long as the object is of normal size the drawing I ' |

" al'e e v a]’ld if it is smz
natural scale, If the object is large the drawing is done at a reduced s¢ ale na
the drawing is done at an enlarged scale.

+orials. The scales have o

Scales are available of plastic, boxwood or cardboa rd mclt-‘;}r 1?;,2 Srl}(j;es Scales are §

flat section or triangular section. Flat scales are bth?lled o ]?0 11 g
to transfer the dimensions and not for drawing straight lines.

There are various kinds of scales qvailable in the market.

Type I Type I
(i) Mechanical Engineer's Scale (a) Metric Scale
(ii) Civil Engineer's Scale (b) Inch Scale

(iii) Architect's Scale

£

»

2 units of measurement are subdivided throughout its le \

t unit of measurement is subdivided. d

2
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protractor : (See Fig, 1.15)

protractors are used for the measurement of angles, They are available in semi-circular
nd rcular shapes, Protractors are made of paper, wood, plastic, brass metal or celluloid
qaterials. Transparent protractors with bevelled edge are more often used. Normally it Is
grad ated to %° or 1° and numbered at an intervals of 10°, For very accurate work protractor
ith vernier attachment is used.

W

\

\ e W ™

" 100 L 7 :
7 7,

Wl
WA O

e —

e et

Fig. 1.15. Full and Half Protractors

10. French Curves : (See Fig. 1.16)

g Fig. 1.16. French Curves

rately and untﬁrmly with the help
assorted curves. They are made
especially in

~ Curves other than arc of circles are drawn accu
of french curves, French curves are available in a set of
of lransparent material. Use of french curves requires sufficient experience,

Inking work.
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ter : (See Fig: 117)
jonal pivider - ( ¢ v 3
at ¢ ‘ at a reduce sca
a1 divider 18 used to draw dmwing_f, at an Cnhrgci(tiir())r: (‘;e(‘ldeﬂ - (:Onlve
proportion -( s |thasa gliding adjust able pivot. Pivot postt ST L
the qvailable drawing. 1t & p()rﬁ()nal divider.

- e pro
f le. Scale marks are marked on the |
0O gCd « " .

@R
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It is a thin, flat piece of plastic with d

ifferent sizes of circles cut in i
speed Up the drafting work. Every circle has 4 black line marks on the dm;&;;c:mabnmg
{WO right.angle legce;. ’I;hese line marks are used for adjusting circle master on two axes of
circle. It is one Kind of template, Many such templates are available f pses, squares
triangles and other polygons. . gtk '

3. Drafting Paper !
Hand made paper with smooth surface is used for the purpose of drawing. Drawing
paper should be uniform and as white as possible. It should have good erasing quality.

A paper with sufficient grains to produce sharp and clean pencil lines is desirable. It is
available in rolls or sheets. Weight of drawing paper per rim is about 25 to 30 Kilograms.

The preferred sizes of drawing sheets according to 1. S. 696-1972 are given in the table

below :

sr. No. i Trimmed | Untrimmed

. L 1189 | 880 =T

2. A | 594 + g vgres 4_880 1
8. A2 [y “‘_“‘4120 594 i 0 A -;3,25 L
- A, IuE 297 20 g - e
5. A gl i 210 997 % -

6. A5 j, B i i L | wes ] o

ooyt

14. Set of Pencils :

The main two ingredients in the pencil leads are graphite and clay. Pencils are available
20 grades, 8B softest to 10H hardest. Hardness and softness of the pencils depend upon
e proportions of graphite and clay. Soft pencils produce dark black lines while hard
ncils produce thin gray lines. Softer pencils have larger size leads while harder pencils
ve smaller size leads. Even though the hardness number of the pencils may be same,
dness differ with different manufacturer and hence it is advisable to use pencils of the

e manufacturer.

Now a days refill pencils or push pencils are used. Lead size in these pencils is generally
5 mm. Leads for these pencils are available in different grades. It is more convenient
mpared to usual wooden pencils. See Fig. 1.19 Grades of pencils and their uses are shown
the Fig. 1.20. ‘r‘

DI o e

4
K amatomms. wisr oo

- Fig. 1.19. Push Pencil

Teefss g e
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are shown in Fig. 1.21. The conical point is

Different shapes of the pencil points
ed for drawing uniform long s

for general drafting and lettering. The wedge point is us
lines. The bevel shape point is used in compass work.

15. Pencil Sharpener :

Knife edge can be used as a pencil sharpencr. Pencil sha
available and they are used in drawing design offices.

——— A"

rpening machines are

o ———————

e

1%23.4 %5 6 7 -
o, o o ® 090909 .

Aéoﬂest

1. Pencils for Art Work - Not Useful
12

9 l 10 11
oe @ 5 o~

Pencils for Layout Work - Hard

2. Pencils for Tracing - Medium 3. Pencils for Lettering 4.
Thicker lead | Thinner lead| 16 E 17 18 E 1 l

9
for for @
soft grade | hard grade o / - P / o /
pencils

pencils

20

0%l

5. Pencils for Graphical Computation - Extremely Hard

Fig. 1.20. Set of Pencils

b - . CR———

- n st AT

== ——
e e 35

L Fig. 1.21. Pencil Points
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Sand
; : (1)11)( ;S)Sp:rlglock is used for sharpening lead points of desired shapes, It Is a wooden

bloc 1\‘\‘»1 i mm size wi'th sand paper pasted or natled over i, Sand paper can be
replaced when it warns out, Don't sharpen leads near or over drawing as the graphite powder
will smear the drawing surface.

prawing Pins, Clips and Adhesive Tapes : (See Fig, 1.23)

l?l’kl\\’illg paper is fixed on the drawing board by pins or clips or adhesive tapes. Sieel
pins with bl:uss tops are available in the market. Disadvantage of these pins Is that they
make holes in the drawing paper and spoil the surface of the board.

Adhesive tapes are available in rolls, Adhesive tapes do not make any hole in the paper
as well as on the board.

Stainless steel elastic clips are available in the market. It is used extensively because
it holds the paper without sticking to it or without making hole on it.

18. Duster or Handkerchief :

It is nothing but a piece of clean cloth used to clean drawing paper and instruments.
Don't trv to clean a drawing surface by hand as it tends to smudge the drawing. It is used
to remove loose graphite and eraser crumbs from the drawing surface.

19. Eraser-Erasing Shield : (See Fig. 1.24)

Tape Pin

|
Fig. 1.24. Eraser and Erasing Sheild }

Fig. 1.23

Pencil eraser, what we call it as rubber, are available in many varieties. Always use
good quality soft rubber so that due to its use the surface of drawing paper does not get

. damaged. To restrict the erasing area pencil rubbers are used.
The erasing shield is a very convenient device for erasing unwanted line while protecting
others. It also prevents paper from possibility of damage.
The electric eraser machine is commonly used in large drawing offices. The machines
are available with interchangeable pencil and ink eraser points.

§aned with CamScanner
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20. Roll-N-Draw Ruler : (See Fig. 1.25)

ROLL-N-DRAW RULER
Fig. 1.25. Roll-N-Draw Ruler

e help i ily. Str;
i | lines are drawn quickly and very eas
g d then it is rolled to new required loce

edge of the ruler is kept on a given / known line an: .
an%l then parallel line to the prior line is drawn. This.way parallel l'}orizg;ltal, ;‘
inclined lines are drawn faster with ease. Used for graphical solutions of problems in dik

subjects.

Exercise

Why is engineering drawing called language of engineers? Why is it called universal la Ju
2. Enlist the drawing instruments required for engineering students. Prepare list of spi
equipments used in drawing office. | .
3. Prepare table for standard sizes of drawing boards and papers recommended by 1.S. 3§
Explain with the help of sketch use of board, tee and setsquares to draw lines in multiple of

5. Prepare a list of precautions to be taken, for longer life of instruments, and for prep:
accurate and neat drawing.

et SR S

Classify available pencils and specify the uses of different grade pencils.
| Name different compasses, specifying uses of each one.

different types of pencil points. Specify uses of each one.
it are french curves and how are they used?

are templates and how they help in preparation of drawing?
’:.,-. needed? 8
the use of proportional divider. ]
e pair of Tee-Set square with parallel straight-edge and drafting machine.
the uses of a divider. ' "
n eraser and what is an eraser shield?

s given below to préctice proper use of drawing equipments. Use app |
 do the wmk accurately, quickly and correctly. Assume dimension if i
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CHAPTER - 2

Sheet Sizes, |
Scales, Lines
and Letterin

1. Sheet Sizes:

The preferred sizes of drawing sheets are given in Table-1 below. The second choice
of drawing sheet sizes, both trimmed and untrimmed are given in Table-2 below. However,
it is recommended that only preferred sizes should be used as far as possible.

Table 1 : PREFERRED SIZES OF Table 2 : SECOND CHOICE OF DRAWING
DRAWING SHEETS SHEET SIZES
All dimensions in millimetres.
All dimensions in millimetres. SIZE TRIMMED UNTRIMMED
s DESIGNATION Lo i
Width Length Width Length
bz | Do4 % 1168 594 1189 625 1230
A 420 x 1189 420 1189 450 1230
297 x 1189 297 1189 330 1230
P sich 210x 1189 210 1189 240 1230
841 x 841 841 841 880 880
_ : 420 x 841 420 841 450 880
Sa S — 297 x 841 297 841 330 880
i mﬂm TRIMMED UNTRIMMED 210 x 841 210 841 240 880
m m 504 x 594 594 594 625 625
A0 g41 1189 880 1230 297 x 594 297 594 330 625
Al 504 A 880 210 x 594 210 594 240 625
z :g x g ﬁ' 420 x 420 420 420 450 450
A4 210 297 240 330 ¥
210 x 420 210 420 240 450
Tl SR L TR 297 x297 297 297 330 330
Table 1 Table 2

Wherever necessary, sizes of sheet with length 1189 m.m., may be further extended
by steps of 210 m.m. on the length only.

Inarriving at the trimmed size of drawing sheets, the following basic principles, which
have been dealt with in detail in IS : 1064-1961 ‘Specification for paper sizes’ have been

taken' into consideration.

(a) Two successive preferred sizes of drawing sheets are obtained either by halving or
doubling. (See Fig. 2.1A) Consequently the surface areas of two successive preferred sizes

are in ratio of 1 : 2.
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zes are geometrically similar to one another
Fig. 2.1B and Fig. 2.1C)

20

(b) The formats or forms of preferred si
the sides of each size being in ratio of 1 : []2. (See

(c) The surface area of the basic size AO is oné square metre.
2. Scales : . !
1 general, the largest scale conveniently possible

All drawings should be drawn to a scale. I :
should begadopted. Drawings of parts or assemblies drawn 'larger than full size shoulq
al view to actual size.

where practicable, include an undimension

[} .
T A
y
2 1
-~ X
i = i b
&
>|oy %3 & e
>\
11
% 1 Y
e v X a— !_1 % :! !: X -—!
2.1 A : Halving and Doubling 2.1 B : Similarity of Formats { 2.1 C: Relationship Between
; Two Sides

Fig. 2.1. Illustration of Basic Principles of Obtaining Drawing Sheets

The scale or scales of drawings should be indicated in the appropriate place in the title
block. If more than one detail drawn to different scales are shown, the corresponding scale
should be shown under each relevant detail. ‘

Scales recommended for use in engineering drawings are given below :

Full scale Reduced scale Enlarged scale
e 12 1:20 10:1
' 1 22359 50 L |
15 R 0 [y 243
1’710 111+ 200
3. Lines:

For general engineering drawings, the types of lines shown in Fig, 2.2
: ' . 2.2 should be used.
All lines should be sharp and dense to obtain good reproduction. g ould be u

The thickness of lines should be chosen accordin
line group is identified by the thickest line, For a give
should be chosen from one of the lines of the group.

g to the type and size of drawing. The

n view or section, the lines employed
(See Fig. 2.3) '
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e
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SECTION YY

B iy

Fig. 2.4. Example for the Use of Various Types of Lines

4. Lettering:

The main requirements for ‘lettering’ on engineering drawings are legibility, uniformity,
ease and rapidity in execution.

Both the upright and inclined letters and numerals are suitable for general use. All
letters should be capitals, except where lower case letters are accepted internationally
for abbreviations. If inclined letters are used, an inclination of 75° to the horizontal is

recommended. Recommended specimens of letters and numerals for upright and inclined
types are given in Figs.2.5 to 2.10 Fig.2.10 represents Hindi letters specified and recommended

byIS:696 - 19 72.

Letters and numerals are designated by their heights. Recommended sizes of letters
and numerals to suit different purposes are given in Table - 3 below. However, actual sizes
- used depend upon the size of the drawing and purpose for which it is intended.

Lettering should be done on the drawing in such a manner that it may be read when
the drawing is viewed from the bottom edge except where it is used, for dimensioning

purposes.
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Fig. 2.8. Specimen of Inclined Letters and Numerals [Single Stroke]

Table 3 : Récommended Sizes of Letters and Numerals

Item Size h, m.m.
Drawing number in title block and letters 10, 12
denoting cutting plane section
Title of drawing 6,8
Sub - Titles and headings 3,4,5,6
Notes, such as legends, schedules, 3,4,5
material list, dimensioning :
Alteration entries and tolerances 2.8

When drawings are to be reproduced to a smaller scale by
the size of letters in original drawing should be suitably accentuate

legibility and clarity after reduction.
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Fig. 2.9. Specimen of Inclined and Upright Greek Letters

ed with CamScanner

Scann



Scanned with CamScanner




Scanned with CamScanner




CHAPTER - 3

Scales

1. Introduction :

Drawings of objects are prepared on drawing paper. Size of objects may be extremely
small, medium or extremely large. Drawing papers are available in standard sizes. Medium
size objects are drawn on medium size drawing papers with their true sizes i.e. drawn to
full size scale. Large objects are drawn with reduced scale to accomodate their drawings
on small and medium size papers, e.g. The Map of India drawn on imperial size paper.

Sometimes extremely small objects, like watch mechanism, are drawn to an enlarged
scale. Here the problem is not of accomodating the drawing on the drawing-paper but of
difficulty in drawing small size drawings accurately on the drawing paper.

LS. have recommended the following standard scales.

(1) Full Scale (R.F.) (2) Reduced Scale (R.F.) (3) Enlarged Scale (R.F.)
1:1 3 2 1:20 .0 |
125 1:50 ' SR |
- 1:100 : 2 3]
1:10 1:200

Normally, ready available standard scales are adopted and objects are drawn either
to full scale, reduced scale or to an enlarged scale. But sometimes it becomes necessary
to prepare specific scale which suit the size of objects and corresponding to the size of the
paper. :

We shall now study the methods of preparing such non-standard specific scales.

2. Representative Fraction :

The ratio of the size of the element in the drawing to the size of the same element in
the object is called the REPRESENTATIVE FRACTION (R.F.). Suppose a line of 10 mm length
in drawing represents 1 metre length of the object than the R.F. is equal to

100mm _  10mm _ 1

e e———— - —

1 metre 1000 mm 100

Scanned with CamScanner



Scanned with CamScanner




Scanned with CamScanner




Problem 1 : Construct a plain scale of R.F. 1 : 100 to show metres and decimetrg,
Maximum measurement required is 10 metres. Indicate 8 m 7 dm on the scale.

e

Actual Length = 10 cm

e ———————SSSRI

8 Metres & 7 Decimetres \

-

|

|

T —— e e ! ! j

10 § 0 1 2 3 4 5 6 : %

} Decimetre Metre R.F. = 700

Fig. 3.1. Problem 1

S S

For solution see Fig. 3.1 and follow the procedure as given below :
(i) First find the actual length of the scale by the equation as given below :
 Units of maximum
length required to
be measured by the
scale.

Actual length of the scale = [R.F.] X

1
100

x10=0.1m=10cm

(ii) Draw a line of 10 cm length and divide it into a number of divisions (10) equal
number of units of required maximum measurement, each representing 1 m.

(iii) Sub-divide first main division into 10 sub-divisions, each representing 1 dm, sinc
1 metre = 10 decimetres.

(iv) Mark zero (0) at the end of the first division and towards right side mark 1, 2, .......
9 as shown. - ‘

(v) Towards left of zero (0), mark sub-divisions 5 and 10 only, since the space is limitec
(vi) Just below the sub-divided divisions write decimetre and just below 1 to 9 ma

divisions write metre. On the extreme right and at the bottom of the scale write R/
1

as-—
100

Problem 2 : Construct a plain scale of 1 cm = 1 kilometre, to show hectometres a!

kilometres. Scale should be long enough to measure distance betwe L
) en LIT De

and Rashtrapatibhavan, which is 15 kms. Indicate on the scale the distance betwe¢

Caunought place and Rashtrapatibhavan, which is 3 km 7 hm or say 3.7 km.

For solution see Fig. 3.2 and follow the procedure as
given below :
() First find actual length of the scale by the equation

Units of maximum
Actual length of the scale = [R.F.]  x length required to

be measured by the
scale.
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3.2 (b) Isometric Scale :
f [sometric Pr
ations for leng

See chapter O ojection for this scale.
th measurement are as shown :

4. Some of the jmportant rel .
1000 millimetres (mm) = 1 metre (m) 1.609 kilometre (km) = 1 mile
100 centimetres cm) = 1 metre (m) yard =3 fe.et

10  decimetres (dm) =1 metre (m) foot = 12 inches
inch = 92.54 cms

10 metres (m)
100 metres(m)
1000 metres (m)

= 1852 metres
10936 yards

1 decametre (dam) =
1 hectometre (hm)
1 kilometre (km) =

o to read metre and decim

1. Construct a plain scale with R.F. = =0

nautical mile

|}
il

— C— o— » )

metre

etre. It should be long enough

to read 5 metre. Show 3.6 metre on it.

2. Construct a plain scale 1 cm = 1 dm to read decimetre
enough to read 20 dm. Show the length 157 cm on it.

and centimetre. It should be long

: 1
3. Construct a plain scale of R.F = =T to read hectometre and decametre. It should be abl

to measure 10 hectometre. Measure a distancé of 7 hm 6 dm on the scale.

4. On thg road map of Ahmedabad - Gandhinagar 2 kms is represented by 1 cm. Ahmedabac
Gandhinagar distance is 25 kms. Gandhi-Ashram is 18 kms from Gandhinagar. Represent |

after preparing the scale for the above.
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CHAPTER - 4

Loci of
Points

We are living in the modern age where we often come across machines and mechanisms.
How the mechanism runs and what is going to be the path of various points of the mechanism
will be of our interest. This information is also useful in design, force analysis and motion
utilisation of the mechanism.

The path of a point keeping its distance constant from a fixed point, from a fixed
straight line, from a fixed circle and various such combinations are also of our interest. In
this chapter we shall study the path followed by different points of the various mechanisms
along with the path followed by various points moving with given constraints or set laws.

Mechanism is the combination of various links so paired that the motion is completely
constrained. Mechanisms are used to transform the motion, e.g. Rotary to reciprocating,
reciprocating to rotary, rotary to oscillating, etc. In other words, by available mechanisms
motion is converted into useful motion.

In this chapter we shall study following mechanisms :
(1) Slider Crank Chain.
(a) Simple (See Fig. 4.11)
(b) Off Set [See Fig. 4.12]
(2) Four Bar Chain. .
(a) Both the driver and driven cranks revolving (See Fig. 4.14)
(b) Driver crank revolving and driven crank oscillating. (See Fig. 4.15)

(¢) Both driver and driven cranks oscillating. (See Fig. 4.16)
(3) Crank and connecting rod mechanism with connecting rod constrained to pass
through guide named as trunnion (See Fig. 4.13)

(4) Combinations of above mechanisms (See Fig. 4.18)

Now we shall study first the path of various points moving in a plane with given
conditions or set laws and then the path of various points of the mechanisms. Study will
be carried out by taking concrete examples. The path followed by a point is called locus
(plural loci). |
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B

To get the solution, follow the procedure as given below

(a) Part (i) following the procedure of
® (0, 30) and © (0, 40) and sim
and © (O, 45). These two curves intersect
0, as the centre and of suitable radius, which touc

Measure the radius. Ans. 19 m.m.

(b) (i) Following the procedure 0
® (0,, 30) and @ (0, 40)-
(i) Following the procedure of problem 8, find a curve equidistant fro

® (0,, 40) and one fixed straight line 0,0,.

(iii) Intersection of above two curves gives the po
the point O, is equidistant from © (0,. 30);
(iv) Now draw a circle with O, as the centre and with a s

circle touches the two given circles and the given straight
Ans:-29 m.m.

42

problem 9, find a curve equidistant from circle.
ilarly, a curve equidistant from circles © (O 3q
at the point O,. (ii) Draw a circle, wit

hes the given three fixed circleg

f problem 9, find a curve equidistant from the two circleg

m one fixed circle

int O, as shown in the figure. Therefore
® (0,, 40) and the line 0,0..

uitable radius so that the
line. Measure the radius

Part - I1

Problem 11 : OBA is a simple slider crank chain. OB is a crank of 30 mm length. BA

is a connecting rod of 90 mm length. Slider A is sliding on a straight path passing

through point O. Draw the locus of the mid
. -point of the connecting rod AB
complete revolution of the crank OB. : -

For the solution see Fig. 4.11.

a l:i-g. 4.11. Simple Slider Crank Chain. Problem 11

MECHANISM :

: study about

reciprocating engines, p ut the mechanism

into reciprocating or recipr ps, compressors, etc. This mecl This mechanism is used

and thereby the crank l'eVolve:amB Inlg ::?)Otion into rotary. In ol enugmlis;: (;;)lnverts rotary motio”
- In comp , the piston reciprocal®

and thereby the piston ressors the
reciprocates and compresse(s:r:jrr‘k Is given rotation by electric moto!
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n this mechanism there are four links : (;
e . & S ! (i) crank (if) connecting rod (iii) slider and (iv
fixed body having bearings for the crank and guide for the slider. : gus i
mcrank is able to revolve about bearings nrovi ‘ -
arings provided at O. The big end of the connectin
connected to the crank by the turni . B L 8
- between them i.e ,m'\‘,ll\h; turning pair (B) so that they can have relative angular
, , 't AHIEIC Detween them can change. The small end of C.R. is

Jed to the slider, also by the turning p: .
connect 'y : g pair (A). Slider is ¢ sciprocate i
. % the main body which s fixed der is able to reciprocate inside the

If the line of reciprocation of slider passes through the bearing of the crank i.e. here

the point O, then it is called a simple slider crank chain. If it is offset then it is said to be
an offset slider crank chain. (See Fig. 4.12)

For solution of the problem follow the procedure as given below. (See Fig. 4.11)
(1) Draw a circle © (0, 30). This circle is the locus of the point B,
(@) Divide this circle into 12 equal parts and mark them as B, B,....B,, as shown in

the figure in the direction of rotation. OB , OB,......OB,, represent the positions of
the crank during the rotation. -

(3) Draw a line through O preferably horizontal on which the slider A is to travel.

(4) Draw arcs of circles with B, B,,......B , as centres and length of C.R. as the radius
to cut the straight line, locus of slider A, at various points. Mark those points as A,,

(5) Join A B,, AB,.....A ,B,, to get various positions of C.R. during motion.

(6) Mark mid points P, P,.......P,, on various positions of C.R. AB,, A,)B,..... Y -
respectively. Join these points in sequence to get the locus of the midpoint P of C.R.

Note : The locus of one end of C.R. is a straight line and the locus of the other end is

a circle. Any point between them has elliptical locus.

Problem 12 : OBA is an offset slider crank chain. Crank OB is 30 mm long and rotates
in clockwise direction. Connecting rod AB is 128 mm long. Offset is 40 mm. Draw the
lodoftwopolntsPandRasshowninFig.PB=45mmandBR.= 30 mm.

For solution see Fig. 4.12.

For solution follow the procedure as given below : -

(1) With O as the centre and crank length 30 mm as radius draw a circle, which is
locus of point B.

(2) Divide the locus of B in 12 divisions and mark the points, B, B,......B,, in clockwise
direction, as shown in the figure.

(3) Through the point O draw a horizontal line and then draw a line parallel to and 40

" mm away from it, which is the locus of the slider A.

(4) Now draw arcs of circles with B,, By,.....B,, as centres and length of C.R. i.e. 128
mm as the radius to cut the locus of A at the points A, A,,.....A,, respectively.

(5) Join A B,, A,B,......A,,B,, and mark on them points P,P,.....P, and R, R,...R;,
taking 45 mm and 30 mm distances from B and in the opposite direction. of B

respectively, as shown in the figure.
P,, to get the locus of P and join R, R,......R,, to get the locus of R.
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Given Data

-
—

~ \
Loc
P e

Fig. 4.12. Off-set Slider Crank Chain (Problem 12)

Problem 18 : Fig. 4.13 shows a mechanism in which OB is a crank of 30 mm lengt
revolving in clockwise direction. BC is a rod connected to the crank at the poin
B by turning pair and rod BC is constrained to pass through the guide at O, calle
trunnion. Draw the loci of points P and C for one revolution of the crank. The poin
P is 30 mm from B on the rod BC. Length of BC is 150 mm (See Fig. 4.13). Point (

is 80 mm on the right and 15 mm below the point O.

“/--
// S N Given Data
' &
fdef & s
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Follow the procedure as given below for the solution :

) With any point O as ?h(‘ centre and crank length 30 mm as the radius draw a circle
which is the locus of point B,

(i) Divide locll‘S of B (circle) into 12 equal parts and mark them as Byy Byyei....Byy 1 the
direction of rotation. OB, UB,,...., OB,, represent positions of erank during rotation.

(iii) From B,, B,......B,, draw lines passing through trunnionO, and of 150 mm length
to get points C,, C,,.....C, respectively.

i) On lines B, C,, B, C,......B,.C.. mark points P, P,.....P,, respectively at a distance

12712
of 30 mm from B towards C on rod.

(v) Join the points P, P,......P,, and P, and C,, C,......C,, and C, by means of a smooth
curve to get the loci of the points P and C respectively.

problem 14 : O ABO, is a four bar chain with the link 0,0, as the fixed link. Driving
crank O A is 30 mm long. Driven crank O,B is also 30mm long. Connecting link AB
is 90 mm long. Distance between O, and O, is 90 mm. Two cranks are in opposite
directions as shown in the figure. Draw the loci of points P and R for one complete
revolution of the driving crank. The point P is the mid point of the connecting link
AB and the point R is 35 mm from A on BA extended.

See the Fig. 4.14 for solution and follow the procedure as given below :

Fig. 4.14. Four Bar Chain. Both Crank Revolving (Problem 14)

mm as the radius draw a circle

Vi ving crank length 30
() ‘With O, as the centre and driving gth into 12 equal parts and mark

which is the locus of the point A. Divide that circle
onthem A, A,.....A}, IN the direction of rotation.

(i) Draw a horizontal line from O, and on it mark O, at 90 mm distance from O,. With

. draw a circle which is
- 0, as centre and driven crank length 30 mm as the radius, dr

- the locus of the point B.

Scanned with CamScanner



46 EERE O G i
dius equal to the connecting link len,
nt B at points B, By,...... B,, as Shrm,;
be done on opposite side of O O Urf

the centres and the ra
ut the locus of the poi
ly. This cutting should

(iii) With A, A, A ,as
90 mm draw arcs to €
in the figure respective

the circle.
d mark on them midpoints P, Pj,.....

(lV) JOin AIBI' A’IBZ """ 12712 1
Join P,, P,......Py, & P, to get the locus of the point P

(v) Extend B, A, B, Ay B,,A,, by 35 mm to get points R, R,,..-.
R, &R, to get the locus of the point R.
Problem 15 : ABCD is a four bar chain with the link AD fixed and of 100 mm length
AB is a driving crank of length 30 mm. CD is a driven crank of 60 mm length. BC i
80 mm long connecting link. TM is a rod of 20 mm length which is attached to the
point M 40 mm from B on BC, g

connecting link BC at right angles to it and at the
is a point on extension of BC 40 mm from C. Draw the loci of points T and S for one

complete revolution of driving crank.
For solution see Fig. 4.15 and follow the procedu

P,, respectivejy

R,, respectively. Joj,

re as given below :

4.15. | .
Fig. Four Bar Chain. Driver Revolving Driven Oscillating (Problem 15) |

First of all we should find whether
th :
find that follow the procedure as given bélgw ;dﬁven crank will rotate fully or oscillate.

g:) m:ac;rill;@ (D, 60) which is a locus of the point C

centre and (AB + BC) i ;
i .. 30 + 80 = 110 y
i i . Wb g e i 1.1
B CcangofmmAgolnts.ThisisdonebecausethemaJdmumdjs A in!
i. > S [30 + 80 = 110] that is when both the linksABta:nc(eitBhCat memp?'zf

ine. If that arc is beyond th

| circle © (D

® (D, 60) i.e. driv ke , 60), point C can travel anywhere he
' € en crank can rotate fully. If not, then the two cutting (;:n:us
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tions of the point A on the circle ® (0,. 60) wit, the

0 + 45)]. Similarly find extreme positiong "
{ intersection of the arc of the circle ©

First of all find the extreme posi
help of intersection of arc of the circle © [0, 6
the point B on circle © [O,, 60] with the help 0

(60 + 45].
<treme positions take different positions

As shown in the figure, betweerl the two € : .
the driver crank at nearly equal intervals, from the given configuration, in the directiop,

rotation and then back. Mark points A, .Ag ..... Ao . W A

Now with these points A, AyiBgeiBygree A, as centres and the radius equa ¢,

the length of connecting link AB, draw arcs of circles to intersect the circle © (O,, 60) 4
B,,. Join A,B,, AB,......A;;By and find their mid points M,

points B, B,....... B,eoosBigreee
M........M,,. Now join M, M,,...M,, and M, to get the locus of the point M.
[Note : Points are marked only by

Problem 17 : The crank O A is 35 mm long and rotates about the point O, in the clock
wise direction. The link AB is connected to the crank by turning pair at the point 4,
The link AB glides/slides over a fixed cylinder for which the circle ® (0,, 25) is shown
in the figure. 0,0, = 100 mm, AB = 140 mm, AC = 15 mm ; BC = 155 mm. Draw the

loci of the points B and C for one revolution of the crank.
For the solution see Fig. 4.17 and follow the procedure as given below :

suffix due to less available space]

(2) Now draw lines ta
and mark on then

tend B.A,, B,A o

Scanned with CamScanner



Loci of Points e o

(4) ;?-lﬁttsh; <t O S e e i e

problem 18 : In the mechanism shown in Fig. 4.18, one end of the connecting link DF
is connected to the point D of the connecting rod BA by a pin joint/turning pair and
other end is connected to the oscillating crank O,F also by a pin joint or a turning
. praw the loci of the point D and the mid point E of the connecting link DF for
one revolution of the driving crank O B.

For the solution see the Fig. 4.18 and follow the procedure as given below :

T S ED AT IR S Y T € 8 e B S W, S T
: > T S S A TR

' Basioas

O 87\

C
Ceg B
)

15 Slider
' e ] - —
o % N e
f 8
1'} LOCUS OF D
CR ,/ BZ \
i 7 C. 3
g C BS E1 %
LOCUS OF C 0 R 1
O(a“ 2

125 z

Fig. 4.18. Combine Slider Crank Chain & Four Bar Mechanism [Problem 18]

for the slider crank chain O,BA, find different positions of the

(1) As studied earlier,
D,. Join them in sequence to get the locus of the point D.

point D as D ,D,,.....

(2) Draw the circle © (O,, 40). This circle is a locus of F.
~ (3) Now by taking centres as D, D,......D, and the radius equal to the length of the

connecting link DF = 80 mm draw arcs to cut the circle ® (O,, 40) at different points
F,F,.....F, respectively as shown in the figure. Join D F,, D,F,......D,F, and mark

on them the mid points E,, E,.......Eq respectively.

(4) JoinE, E,,......E;and E, to get the locus of the point E.
Problem 19 : A circular disc of 72 mm diameter rotates about its centre in the
: lution, an insect walks across

clockwise direction. While the disc completes one revo
the diameter of the disc. Plot the locus of the insect, assuming both the rotation of

disc and movement of the insect as uniform.
[OR]
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at its centre in the clockwise directiqy,
o

insect walks across the length fl:om one
tl:lssuming the rotation of the link ang

50
b

length rotates a
A link AB of 72 mm e%_ evolution, the

on
the link completes i
?nl:ln:o the other. Plot the locus of the

form.

sect as uni below :

otion of the in " " \ re as given

o ST a0and follow the prooed R ASE P
For the solution see I'1g. =+ e —————————— i

e ———————— A;Bg

Fig. 4.19. Problem 19

(1) Draw the circle of 72 mm diameter and divide it into 12 equal parts. Mark them as
AB, AB,....A B, in the clock-wise sense as shown in the figure.

(2) Divide the diameter AB also into 12 equal parts and mark them as 0,1,2....... 12 as
shown in the figure. _

(3) Now when the disc/link has turned through 1/12 of the revolution and the diameter
A B, must have achieved the position A B, and by that time the insect initially af
A, must have walked 1/12 of the length of AB from A towards B.
Therefore, draw an arc of the circle passing through 1 to cut A B, at the point P,
as shown in figure. Here the link/disc has turned from A B, to A B, and by thal
ﬂ;nuig)le insect has moved by the distance A P,(1/12 of diameter of disc or lengt!
o ;

(4) In the similar manner draw arcs of circles through the points 2,3,.....12 to cut the

gosltions AB, AB,......A B, at points P, P,,......P , respectively. Join P, Py
12 10 @ sequence to get the path of the insect as shown in the figure.

Ao;rm 20 joAi'.nt seen in the plan, AD and DB are two equal size portions of a folding

Mhinﬁodm gy zr i|:lnne¢l joint at D. me CB of the door is 150 mm. The end B 15

e 20 constrained to move along the line BC. Draw the locus of th¢
po AD for a complete movement of the folding door.

For the solution see Fig. 4.20 and follow the procedure as given below :
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150

Fig. 4.20. Folding Door [Problem-20]

(1) Take the complete open position of the door as the initial position i.e. BD A, as shown
in the figure.

(2) The point D will move along 1/4th of the circle © (B,75) and therefore, draw that
1/4 circle.

(3) Divide the total movement of A i.e. BC = 150 mm into 12 equal parts and mark them

(4) With A, A,.......A , as the centres and the radius equal to AD = 7 5 mm draw arcs to
cut the previously drawn 1/4th of the circle at points D, D,......D , respectively. Join
AD,AD,....A,D, and mark on them their mid points P,, P,.......P,, respectively.

127712

(5) Join P, P,.......P,, in sequence to get the locus of the mid point P of AD.

Problem 21 : Link OC, hinged at O, is 100 mm long. It carries a circular disc at C of
radius 25 mm capable of rotating about the centre point C. Link, OC initially vertical,

turns uniformly towards the right side by an angle of 45° and then towards the left
side by the total angle 90° and then to the initial vertical position and during the

same time the disc revolves uniformly in the clockwise sense through one complete
revolution. Draw the locus of the point P on the disc, initially at the lowest position.

For the solution see Fig. 4.21 and follow the procedure as given below :

(1) Draw vertical line OC, of 100 mm length and draw the circle with C, as the centre

and 25 mm as the radius to represent the initial position. Mark P on the disc at

the lowest position. :

(2) At O, draw 45° angle to the right as well as to the left of the vertical OC, and divide
each of them into three equal parts of 15°. In this way the total movement of the

link OC is divided into 12 equal parts. Mark the positions of the centre C as C,, C,,

~ C,.....C,, as shown in the figure.
3) Divide the circle of the disc into 12 equal parts 1.2...... 12 as shown.

0oC)
4 ugh 1/12th of its total angular movement(OC, L1 OC,
QI i e turned by 30° which is 1/ 12th of one revolution.

the lin disc must have s
So dra:vcal:'cof)gecircle 1P. with o as centre as shown in the figure and mark point
1
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For the SOIUtl.OH see Ij‘ig. 4.22 and follow the procedure as given below :
(1) On the horizontal line take points 5 . g !
should be 80 mm, 1* Py

@) With tht? CT‘IFI’(“S‘?I. l-g"”“"""”” and radius equal to AB = 80 mm draw arcs to cut
. the \l;ernl(‘,t«'.llm;;l:h«; pf);mb_/\" A,, el respectively. Join AB,AB,...AD, and
mar ? M i potts M oM, M. Join M|, M,,...... M, to get the locus of
the point M.
(8) With ik flig;s AB, AB,.... AgB, at points A, A,......A, draw angles of 70° and
lel?gths ot 67 mm to get the points C,, C,....... C, respectively as shown in figure.
Join C,, C,,......C, in sequence to get the locus of the point C.

23 : A pendulum OC, pivoted at 0, is 120 mm long. It swings 30° to the

t of vertical and also 30° to the left of vertical. Insect, initially at O reaches the

t C, when the pendulum completes two oscillations. Draw the path of the insect,
assuming motion of insect and of pendulum as uniform.

ALIETTY B, at nearly equal distances. BIB‘q

For the solution see Fig.No. 4.23 and follow the procedure as given below.

Fig. 4.23. Problem 23

(1) As the total angle of oscillation is (30 + 30 +30+ 30) = 120°, divide it into 12 divisions

by taking each division of 10° as shown. g
(2) Divide the total motion of insect of 120 mm into (12x2) = 24 divisions by taking 5

mm each as shown.

(3) Rest is clear from the figure. g
Problem 24 - Fig. No. 4.24 shows a mechanism for a loadilflg6 ;::Joop. (l)lA gi*; a a:?;;s
' B ting link o mm len
o“ength i n pivotod st By 4 iz : z:::: ‘::f 3875 mm length pivoted at O,. At
the point C the scoop is welded. Draw different positions of the ::((,)o%a::nt)l:;;o:::

of the point C when lzhe crank O A moves downward from O,A, A,

.nue of 120°,
— :
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L Lid » S _7 a
; Spiral
13 (1) (Answer) © Archemedian SPHet
Ex. |
| (2) Take 0S = 35 mm

Fig. 4.37. Ex. 14

15. A rectangular door ABCD has its vertical edge AB 2 m long and a horizontal edge BC 0.8
long. It is rotated about the hinged vertical edge AB as the axis and at the same time, a fly *
moves from point C towards D and another fly Y moves from A towards D. By the time. ¢
door rotates through 180°, both the flies reach point D. Using suitable scale, trace the patfs
of the flies in elevation and plan if the motions of the flies and the door are uniform. Name
the curve traced out by the flies. Assume the door to be parallel to V. P. in initial position and
the thickness of the door equal to that of your line. o

[Fig. 4.38] [Solved Ex. 1] [Mumbai University, December 199

Scanned with CamScanner



Scanned with CamScanner




CHAPTER - 5

——————

Engineering
Curves

§s various curves. These curves are useful by
e laws of nature when represented on graph g
these curves are used for deciding the path of ;;,

In engineering we often come acro
nature and characteristics. Some of th

these curves. In space technology also
e very very useful in engineering in understanding |,

vehicles. In general, these curves ar
in designing the mechanisms, in analysis of forces

in manufacturing of various items,
construction of bridges, dams, water tanks, in understanding the electrical power, et

Now first of all we shall study the classification of various types of curves use
engineering. There are six main curves of our interest. They are further divided as sho:
in chart form. Some of the methods of drawing the same is also mentioned. For chart s

next page.

Having studied the classification of engineering curves, we shall study its definit:
uses and various methods of constructing the same one by one.

I. CONICS

| Tht? intersection of a cone by cutting plane gives us various curves of intersections ki
' as conics. Different shapes by intersections are achieved by taking different position:
cutting planes, with respect to cone axis or base or generator. :

This is shown in Fig. 5.1
(A) When the cutting plane contains the apex, we get a triangle as the section.

(B) When the cutting plane is perpendicular t - |
o the axis ase i
right cone we get circle as the section. BEEEERD the Do

(C) When the cutting plane is inclined to th . E
an ellipse as the section. € axis but not parallel to generator ¥

(D) When the cutting plane is inclined t '
o the axis and eral
of the cone we get a parabola as the section. vl ‘to B the £
(E) When the Cutting plane ls pal'allel to ﬂle ms we get a hyperb Ola as the Sec[jﬂ
[OR]

(E) When the inclined cutting plan ' ;
plane to the base o tions
double cone, we get a hyperbola as the sect.lon.f e

IMd 1.B triangle and circle respectively are very common and hence not discu-*‘-““

4
A
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E?_E'le-e-r—ing Curves LR 69

() First draw two axes, major AB and minor CD, bisecting at right angle at point O.

(i) Take trz(ljng)mel of hard board or hard paper and mark on it AO equal to (1/2) major
axis and OC equal to (1/2) minor axis, as shown in Fig.5.8. Trammel is now ready
for use.

(i) Now arrange the trammel in all possible ways keeping the point A of the trammel
on minor axis CD and the point C of the trammel on the major axis AB and mark
points against O of the trammel on the paper.

(iv) Join the points, marked against the point O in different positions of the trammel,
by a smooth curve to get an ellipse.

1 (C) (vii). Parallel Ellipse to A Given Ellipse (Outside) : See Fig. 5.9.

Fig. 5.9. Ellipse - Parallel to A Given Elli'pse.

Follow the procedure as given below :

Method 1

(i) First draw the given ellipse. :

(i) Take many points, on the circumference of the given ellipse, as the centres and the
radius equal to the distance between parallel ellipses, draw many arcs of circles,
as shown in Fig. 5.9. If we require parallel ellipse inside, draw arcs inside (not
shown).

(iii) Now draw a smooth curve in such a way that it becomes tangent to the arcs that
you have already drawn. This smooth curve is going to be an ellipse parallel to

the given ellipse.

Method 2
(i) Find foci F, and F, of the given ellipse.
(i) Take many points on the circumference of the given ellipse like P, as shown in
Pig. 5.9 and join them with foci F, and F,.
(iff) Draw angle bisector of F,PF, which is going to be the normal to the curve ellipse.
On this normal take PP, = 10 mm = (distance between parallel ellipses) and mark
the point P,. Similarly, mark many points on normals drawn at different points

on given ellipse.
(iv) Join all points similar to P, by a smooth curve to get a parallel ellipse.
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ng Curves
o om R T T 7

& :
Bl §= Eccentricity Ratip = 20 mm
30 mm

(iti) To construct a scale for ratio 2/3, draw V

R F,. Join R Q and extend it. Between v 9 =V F at V, at right angle to axis

: : and R, take points 1, 2 12 at suitable
equal distances and draw right angle line 2 points 1, 2,..... at suita
sht angle lines to the axis 1a, 2b,.....121 cutting R Q

extended line at points a, b, .|
: = Dyl respectively, Now the s is rez ‘
BF,R,Q will be less than 45° for an ellipse. Ta); 0=E Re:g;l?f iz

{iv) Now with F, as the centre and radij equal to l1a
. 2050
with lines 1a, 2b,.....12 1 on both the sides of
(P,, - P'},) respectively.
I Vi, P, P,...P,, V,, P

..121 draw arcs to intersect
axis at points (P, - P ), (P, - P)...1

122 PP’V by @ smooth curve to get an ellipse.

At foalﬁ Fltdr:z athne, at 45° to the axis, to get Q on scale line as shown. From Q draw
perpendicular to axis to getV,. Locate R, by taking V,R, = 30 mm.

Now to draw tangent and normal at any point S on the curve, join S with focus F, and
draw right angle SF\T. Point T will be on directrix. Join TS and extend it. TST line will be
t to the curve at the point S. Draw right angle to TT line at S to get normal NN, as

shown in fig. 5.10.
I- (D). PARABOLA

Definition : The parabola is the locus of a point, which moves in a plane so that its
distances from a fixed poipt (Focus) and a fixed straight line (Directrix) are always equal.

[OR]

Ratio (known as Eccentricity) of its distances from focus to that of directrix is
constant and equal to one (1). (See Fig. 5.2)
Uses : (1) Motor car head lamp reflector. (See Fig. 5.11)
(2) Sound reflector and detector
(3) Bridges and arches construction
(4) Shape of cooling towers
(5) Path of particle thrown at any angle with earth, etc.

W
'b:
\Y

Q'b'

r
Fig. 5.11. Parabolic Reflector

NQW we shall study 4 methods of constructing parabola one
1(D) . Rectangle Method : See Fig. 5.12

Given the base length AB and the axis length OV.
Fm“w the procedure as given below andlsee Fig. 5.12.

by one.

Axis OV is perpendicular to the base
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ineering Curves e
e 18 Bimiar 1o the rectangle method. Here, instead of drawing a rectangle

I pave t0 draw a parallelogram.

(D) (i) Tangent Method : See Fig, 5.14,

. T SO S

9 1
8 2
7 3
6/ 4
5
Vv
! (=)
4 6 o2
3 7
: 0
<
2
1 - - \9
0 | 10
A o) B
x 75 3
Fig. 5.14. Parabola - Tangent Method.

Given the base AB, 75 mm and axis OV, 45 mm, follow the procedure as given below
and see Fig. 5.14. _
1. Draw isosceles triangle OAB with base AB = 75 mm and height OO = 2 x length of axis =

2x45 =90 mm.
2. Divide lines OB and AO into 10 equal parts and mark them as 0, 1, 2.....10, as shown

in Fig. 5.14.
3. Join 11, 22, 83.......10 - 10 and draw a smooth curve in such a way that all lines 11,

22, .....10 - 10 become tangent to the curve.
This curve is a Parabola.

1(D) (iv). Directrix Focus Method : See Fig. 5.15.
This method is based on the definition of the curve.

Parabola is the locus of the point, moving in a plane, such that the ratio of its
from the focus to that of directrix is constant and equal to one. Given the

distance between focus F and the directrix DD. i.e. RF = 36 mm.

Follow the procedure as given below and see Fig. 5.15.
L. Draw directrix DD and axis line RF at right angle to DD. Take RF = 36 mm and find its

mid point v,

-
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Engineering G,

74 e

2. On the axis, take points 1, n and draw right !f— D b

angle lines to the axis.
3 Now with focus F as the centre and radii equal to
R1. R2..... Rn draw arcs on both the sides of axis

to intersect with lines through 1, 2,..... n at points

b} o N ) y ) v
P - P, P, PPy - P

4. Joinpoints P’ P, v PV, P, Py P_by means T
of a smooth curve to get Parabola.

5. Now to draw tangent and normal to the curve at any R
given point S, join the point S with focus F and draw

PSFT = 90°. The point T is on the directrix. Join TS
and extend it upto T. TT represents a tangent. At S
draw right angle line NN to TT. Line NN represents
normal to the curve at the point S.

Fig. 5.15. Parabola -
Directrix Focus Method.

I (E). HYPERBOLA

o o = ok pestght Moo (pizoctes) o cont
i bdiss et raight line (Directrix) is constas
[OR]

It is the curve generated by a point, moving in a plane, so that the difference:

its distances from the two fixed poi
points called Foei i
distance between two vertices. s a fﬂnstant\ and is equal to th

Uses : (1) Nature of graph of Boyle’s law
(2) Shape of overhead water tanks
(3) Shape of cooling towers etc.

I (E) (i). Rectangular Hyperbola : See Fig. 5.16.
Draw a rectangular hyperbola .
- e g : passing through the point PO. Co-ordinates x a2
F‘ollm;:c pt:vocedure as given below and see F‘ig: 5:16.,
w . .
First : d:a ::ZSDOA lz;nd OB and mark point P, with the given co-ordinates x 1
Through P, and EF lines parallel to OA and OB respectively -

Draw lines 01'1, 02’2, 03'3 i
' ‘ . L] s .....077 from 0 .
1. 2...7 and 1, 2,.....7 respectively. intersecting EF and CD lines at PO
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o i

ces Method : see Fig. 5.18.

and F1 are given on the transver

also given, draw the hyperbola.

perbola. Follow the pro

76

I (E) (iii). Foci and Verti
se axis and dista,
)

Distance petween two foci F

2a between vertices V and V1 are
ased on 2nd definition of hy

This method 18 b
below. (See Fig. 5.18) oA %

cedure as g;
K1Ver

4 2a = Constant

us Vertices Method.

Fig. 5.18. Hyperbola - Foc
ci F and F, and two vertices V and y

1. First draw transverse axis and mark on it two fo

as shown.
On the axis mark points 1, 2,..... 5 beyond F, at nearly eQual distances.

Now with F and F, as centres and radii
. : equa]to(Vl,Vl), V2V 2) ... 5 V5
ares on both sides to intersect at points (P, P'), (P2,1P'2), ..... (P;, Py rgpc’eculvg:ls/ra;

shown in Fig. 5.18.
Join P ’ P goeens Voo i : P
g PyrereeiVoer Py P P 0 two sides by a smooth curve to get two hyperbol

Now to get 2 Asymptotes, draw a circle
; with FF, as diameter. D
! a::grticet;r VandV, to mtersect the circle drallwn at two mirftzwlgight e
: A ’Il)‘o dri:fv ta;;lgli these points of intersections already obtained : asr:: 0‘twwno i;als%'mp;o;i
andF, Dfawililseacrtl;- 2?1;1111;11:38?6 ;llylgg?;)la tgt any point S, join the point Slgmth
point S. Draw r ector is the tangent th
right angle to this tangent at S to get the normag] at ;0 (tll\;gthsﬁ:z;)la 1

I (E) (iv). Directrix - Focus Method : See Fig. 5.19

Given the distance betw
also given. een focus F and the directrix DD, Eccentricity ratio’

Here the distance betw :
i een DD and fi '
ratio = 3/2. Method ocus F is t =
as well as for arabolf drawing this curve is similar to thakdejrn 50 mm and eccent’
parabola. Scale angle 6 will be more than is ectrix focus method, for ellip®
‘ °. Tanf® = E.R. =3/2

N .

SL g
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a2\

=
Fig. 5.19. Hyperbola - Directrix Focus Method.

Ellipse - Parabola - Hyperbola by Method of Intersection of A Plane and A Right Cone :-
Here we shall only study, how to locate the position of (1) Directrix (2) Vertex and (3)
Focus, when a right cone is cut by a cutting plane in different manner. Method of drawing

entire curve is discussed in the chapter of Section of Solid.
We know that, when a right cone is cut by a cutting plane inclined to the base and
: we get Ellipse as the section. See Fig. 5.20 (a).

cutting all the generators of the cone,
Similarly when a right cone is cut by a cutting plane parallel to one of the generators
of the cone, we get Parabola as the section. See Fig. 5.20(b). |
Similarly when a right cone is cut by a cutting plane having inclination more with the
base than for parabola, we get Hyperbola as the section. See Fig. 5.20(c).

Fig. 5.20(a), (b) and (c) are self explanatory, hence the explanation is not given.

11 CYCLOIDAL GROUP OF CURVES
POintWhen one curve rolls over another curve without sliding or s

of i alled a Roulette. )
s i o © which it rolls is a straight line or a circle,

‘ When and the curve on
e get Wmitggfi (S:jr\cf:;c.h’i‘here are nine different curves in this group. They are -
(1) F1 Cycloid (4) G1 Epycycloid (7) H1 Hypocycloid

lipping, the path of any
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o 79
rior Epytrochoid : See Fig. 5.27.

Ethcs of 2 point (Q) inside the

’ Circumfer
or slipping outside another cirel

€ called d
or Epytrochoid : See Fig. 5.27,

eTice of a rolling circle, which rolls without
irecting circle,

€ of a rolling circle, which rolls without

| & _ﬂ slipping outside another circle called directmg circle,

oid : See Fig. 5.26 or 5.27,

tisa mference of a rolling circle, which rolls without
ol mppmg inside another circle calleq directing circle.
: t rior Hypotrochoid : See Fig. 5.27.

s of a point (L) inside the circumference of a rolling circle, which rolls without
ping inside another circle called dlrecting circle.

_c,: r Hypotrochoid : See Fig. 5.27.

N of a point (N) outside the circumference of 2 rolling circle, which rolls withou
‘ g inside another circle called directing circle,

olls Without slipping or sliding onash'aight]ine mllmn}m» 5,
C) after 120° rotation of the circle. When a circle mmm _:
al tothearcAB AB,, pointhovesdownt:f!é:em »
horiz _t:;a.lorpara]leltotheﬂc:irect:lnglilmfx-'o:*;"‘B‘!mm‘ﬂw‘i:n‘mmnmm}lj
' in position concept
' mp;ﬁ;p;?;?mt (P) after rotation of circle by Maﬂm»uwth
io either on straight lines or on arcs of circles. |
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Engineering Curves 81
/

“.thod 1 : Given the diameter of the rolling or generating circle as 50 mm. Given
oints P _Q and R 'are on the circumference, 5 mm inside the circumference ;‘md 10
mm outSld!’-‘_the c.lr'cumference respectively on rolling circle. This circle i; rolling
without sliping/sliding on a fixed straight line. Draw the loci of points P, Q and R

for one revolution of rolling circle. Draw tangent and normal to it at any point.
“ R4 Tr h ’ o~
o
P, L et Oycloig 5
ot —2td_Trocho; P
Q K NV
3 o 030 05 7:?/,
o™ a 90
o P 4 ‘
6 C c W L 6 6
2 3 C4 \&\Cs C'E//Cs C7 A Ca
£ N
P \
8
2 3 - ; o
nD anH e é S £ 8
\Directing Line R,
Fig. 5.23. Cycloid - Inferior & Superior Trochoids. Method - 1.

For solution see Fig. 5.23 and follow the procedure as given below :

1. Do the same construction as done for cycloid and obtain points C, C,, C,,....C; an b,
P Le.-P, as shown in Fig. 5.23.

2. Join C,P, and mark Q, on it and R, on the extension of it by taking P,Q, = 5 mm and
P,R, = 10mm. Take Q, inside and R, outside. Similarly, find points (Q,, R). (Q,, R)......
(Q,: Ry) on lines CpP, CP,....CE, respectively.

3. Join points Q,, 9, Gy Q, in sequence by a smooth curve to get inferior trochoid.
Similarly join points R, R, R,,....R; in sequence by a smooth curve to get superior trochoid.

4. Take any point S on superior trochoid. With S as the centre and radius equal to 35 mm

the centre line at point C_. From C_draw right angle on the

(10 + 25) draw an arc to cut
directing line to get the point N. Join NS and draw at S the line TST right angle to NS.

TST and NS are tangent and normal respectively.
5. - Similarly draw tangent and normal to inferior trochoid. Take radius 20 mm (25-5),

instead of 35.
Method 2 : Inferior Trochoid. See Fig. 5.24.

15  Rolling Circle R = 20
|=]

e
Generating Circle, r =

Inferior Trochoid

Directing Line

2nR

Fig. 5.24. Inferior Trochoid Method - 2.
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without slip. A Poin,

A circle, of 20 mm radius, is rolling

is inside the circle, 15 mm \
Draw the locus of point P for oné revolution and name the curve. e
For solution follow the procedure as given below and se.e 1g. i : b
- ircles @ (C,, 20) and ® (C,, 15). Draw tangential drrectlr.lg ine at bottom p,
1. Drf‘\: :“Tii(;:]e O <G ”20). Take length of directing line equal to c?rcumference of cipe
SOan F:o:n cmn}e CO draw path line of centre parallel to directing ll.rle also of 2R Jeny,
DTitvi;lc this centre l'i‘ne into 12 equal parts and mark them by points C 0 (jl" B
These p'oims are going to be the positions of centres of rolling circle during its roty,
by 1/12 of a revolution and multiples of it.
2. Divide © (C,,

15) into 12 equal parts and mark on it points 0, .l, 2,....12 in opp;
direction to that of rotation. Draw parallel lines to the directing line from O, 1,2
On these lines point P will be locate

d after 1/12 of a revolution and multiples of it
3. Now with C,, C,, C,...... C,, as centres and r

adius equal to r = 15 mm draw arcs tq
lines through 0, 1, 2.....12 at points P, P, P,......

p,, respectively. Join these points 1
a smooth curve to get inferior trochoid, as shown in the figure.

Method 2 : Superior Trochoid : See Fig. 5.25.

A circle of 15 mm radius is rolling on a straight line without slip. A point P |
outside the circle 20 mm from the centre and is initially at the bottom most positio:
Draw the locus of the point P for one revolution and name the curve.

For solution follow the procedure as given below and see Fig. 5.25.

P6
Z
Sy, ool
rj
rocho,or
i 2nr
: 12 Py
i e L, 0 G0 O \Co
h Pio
Directlng Line
PH
2nr D
Fig. 5.25. Superior Trochoid Method - 2.

'.  Here length of dir: ecting and centre lines -
should be sam - ;
circle @ (C,, 20)is to be divided into 12 equal parts, R 20

Rest of the procedure is similar to
superior trochoid. inferior trochoid. The curve achieved is going 0
II (G1) Epycycloid : See Fig. 5.26.

A circle, of 15 mm radius

outside of it. Initially a point Pi' rolling on a circle of 45 mm radius without slip: °

is at the contact point of two circles. Draw the 10CU5 0
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gmall radial HOC= =0

Cl, c2 """" 12'
qual = 15 mm draw ar.
PIZ I'CS[)(?(‘U\/(-],, ‘
Y o

o

: lines through , by
rve to get Epycycloid.

draw arc with S as
S th

7. Join Py P, Pyl t
' : any poin
it and ¢ nal
raw tange 5 to the in ersec e centre 1in€ at C,. Draw
h will be normal tO the curve and now dr.
2

centre an
radial lin€ passing ! »
it at point Sto

right angle 1©
hoid

n (G) nferior Epytroc€
(G superior Epytrochoid see Fig.

g outside & directing circle of R =;

int Q is 7 mm inSi;

Method 1
rolling e, ofr= 27 mm radius, is 10
mm radius without slip. & point P is o1 the circumference: a po
ce and & point R is 13 mm outside the circumference of the rolli
the loci of points P, gand R for one revolution of the rolling Circ;
Fig. 5.27 and follow the procedure as given below :
4 R,. 0- Zﬁr e
0 .0 = 360. ﬁrd

5.27.

1 INFERIOR
HYPOTROCHOID (L

2 HypocycLOID M
3 SUPERIOR
HYPOTROCHOID N

| mesane
g 5.27. pycycloid - H
a Y
2 pocycloid - Inferior Superior Epy & H
ypo Trochoids:
.M"
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- 2 Onthe left limb of angle 6 mark point C, at a distance

Mng Curves -
/ —

_ First ;0]10"(‘:’ the same procedure as followed for epycycloid and get points P, - Cy P, -
Clv"" g 8

5, Now join C,P, and mark on it @  and R, taking C,Q, = 20 (27 - 7) and C R, = 40 (27 +
13),‘Slmilarly onCP,C.pP,,.... C,P, mark points (Q ,R ), (@, Ry (Qu-Rn) respectively.
Join (Po'Pl' """ Pﬂ)‘ Q,, Q, Q,.... Q,) and (R, R, Rysiine R, by a smooth curve to get

3. :
EpyCYCIOId' Inferior Epytrochoid and Superior Epytrochoid respectively.
2 : I (G,) Superior Epytrochoid. See Fig. 5.28.

A circle, of 14 mm radius, is rolling outside another circle of 42 mm radius. A

¢ P is outside the rolling circle 20 mm from the centre and is initially nearest
to the directing circle centre. Draw the locus of the point P for one revolution and
pame the curve.

For solution follow the procedure as given below and see Fig. 5.28.

(1) r- 14 mm L -
o ((2)) R, - 42 mm 8 0= 360[,5;]
- 20 mm E 14
@R IS =36°[z§

= 120°

Generating Circle

Fig. 5.28. Superior Epytrochoid. Method - 2.

B e — _
L. First find out angle 0 by following formula

S 14
- 9:#360x..£.= % m120°
R, 360 T

- Now ldraw /2 = 60° on both sides of vertical through O.

56(42 + 14)mm from O and draw
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the string is unwound, the length of the string goes on increasing by the
ant ual to the arc length of the circle from which the string is unwound.
am? 1y, the length goes on decreasing during wounding operation. Further as the
slmu‘;, kept tight during unwounding or wounding operation it will remain tangential

‘m circle.

circle of 20 mm diameter and divide it into 8 equal parts and mark them as 0.

. ll 2|""8. . L : .
raw tangents 1o the circle at points 1, 2, ....8 in the direction of position of string during

¥ anwounding operation.
On tangents at points 1, 2,....8 take length equal to arc length 01, 02, 03,....08 to mark
points P;. P,. P;,....Pg respectively.

SN T A S8 LA 1L 278 AR S e A P 5l W e R A 4

en

T S ————

Fig. 5.29. Involute of A Circle.

romst

For ease of taking arc length 01, 02,....08 etc. draw on tangent at point 8 distance equal
to 7D and divide it into 8 equal parts. Here length of each part is equal to 1/8 of the

circumference (nD) of the circle.
4 Join points P,, P,.....P, by smooth curve to get involute of a circle as shown in

Fig. 5.29.
5. To draw tangent and normal to the curve at any point S of curve, join point S with the
centre of the circle. With this line as diameter draw a semicircle cutting the circle of

involute at point N. Join N with S to get normal and draw right angle to this normal at
point S to get tangent TT.
1l (49) Involute of A Polygon : See Fig. 5.30.

A string is unwound from a square of 25 mm side. Draw the locus of end P of
String f°1‘ unwounding the string’s one turn. String is kept tight during unwounding
OPeration, Draw tangent and normal to the curve at any point.

[ —
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horizontal surface (;

Probl ircl D, rolls without slip on a (flo,,
b 1/m woheicns :f:::?::;: up a vertical surface ("t;mf‘l’Y another :1{2 revoly,
" e 00!'- W e ath £ 4

I:itiauy the point P is at the bottom of circle touching Dra Path of

point P.
Take diameter of circl
Initially distance of centre of circle
olution see Fig. 5.35 and follow the procedure as given below :
1. Draw two lines one horizontal and another vertical to represent floor and walF respect;
2. Draw @ (C,, 20) keeping distance of C, from the wall equal to 83 mm and just to,.,
the floor. Mark position P, of point P at the bottom of the circle. '
_ For first 1/2 revolution just do the procedure of drawing cycloid till the point P, re;,
the top position (P,), as shown in Fig. 5.35. .
_ Now the circle will roll on the wall and for that initial position of Point P is P,. Conj,
the same procedure as cycloid and get points Py, P, P, and P,. The curves p

and P, to P, are nothing but last 1/4 part of a cycloid and first 1/4 part of a (-m
respectively. Join P, P,.....P,....P;....P by smooth curve to get the path of the poin; ;

)

e = 40 mm
&omthewnllQBSmm[Halfcircumference +D/

For s

o
N

A w—r

P U

LN

Wall—=

3

.f..—/
A N 1 A0 f\

Floor—e

Fig. 5.85. Problem 3 - Cycloid

Problem 4 : Prove by means of drawing that if the diameter of the rolling ci cle i
: : e ro circle ¥

half the diameter of a directing circle, the hypocycloid is a straight line.

Take diameter of rolling circle = 70 mm and diameter of directing circle = 140 mm.
For solution see Fig. 5.36.

Do the same procedure as done for drawing h
. ypocycloid. Do the drawing precisc!
otherwise the points will deviate a little bit from the straight line and you will bge 20[1['115(~L‘
while joining. Fig. 5.36 is self explanatory. '
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94 Engineering

For solution see Fig. 5.37 and follow the procedure as given below:
1. First draw a semicircle with C as the centre and R = 42 mm as its radius
diameter of semicircle. At point B draw tangent to this semicircle of lengt, .,

nR = 132 mm.
2. Divide semicircle into 6 equal parts and mark them 0, 1, 2,....6 and also divid.

132 _
at B into 6 equal parts. Each part = AT 22 mm.

3. Now draw tangent at point 1 to the semicircle and mark on it one division on, Fig}
and 5 divisions on left side to get points P, and P, respectively. Similarly, o, |
at point 2 take two divisions on right and four divisions on left to get points p
respectively. In the same manner get points (P, , P, ), (P, Bl iR P, ).

4. JoinP,, P P,...P,andP, P ,P,,.. P, by means of a smooth curve to get (},
of two end points of the stick. Both these curves are involute of a circle.

Problem 6 : A semicircle with O, as the centre and radius equal to 30 mm is ,,
as shown in Fig. 5.42. O,P, is the inelastic string of 132 mm length. End O o,
string is fixed. Point O, is 18 mm on upper side and 18 mm on left side of 0,. Stn',ﬁ
is turned in anticlockwise direction and simultaneously wound round the surface
the semicircle. Draw the locus of the point P, the free end of the string.

For solution see Fig. 5.38 and follow the procedure as given below :
1. Draw semicircle and divide it into 6 equal parts. Mark points 1, 2.....7. as show,

g =]
[ =
w
o
]
=
iL

132 mm Inelastic String
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_ etring becomes tangent to the cj
ircl i
centre and (132 - O,1) mm as ra def at point 1, draw arc of circle P, to P, with
skwise direction it will be woy dlus' Now when the string is further turned
go on decreasing. Therefore nd round the semicircle and the length of the
» in the direction 1 to P, divide, the length of the

3l to the circu ici
mference of semicircle, into 6 equal parts and mark them as

,..7 as shown.

, tangents to the semicircle at poi

‘ points 2, 3,....7

i-ff'7P1 to get points P, P,,....P. respectively. and R LR

it 7 as the centre and radius equal to remaining length 7P, draw quarter circle
m in the figure. A qu :

ntsP,P,....P, D
Bt 7 Uy Theans of a smooth curve. This part of the curve is an involute

e, pa_rabolla and a hyperbola on the same axis and same directrix. Take distance of
't_he dmectnx equal to 50 mm and eccentricity for the ellipse, parabola and hyperbola
and 3/2 respectively. Plot at least 8 points. Take suitable point on each curve and
snt and normal to the curve at that point.

a hyperbola is 30 mm from its directrix and the eccentricity ratio of the hyperbola

t!'ie hyperbola curve and draw tangent and normal to the curve at a point 65 mm
rix. -

between a fixed point and a fixed straight line is 60 mm. Draw the locus of the

'P‘ such that its distance from the fixed point is (i) twice its distance from a fixed

(i) equal to its distance from a fixed straight line and (iii) half its distance from

ight line. Name the three curves.
and minor axis of the ellipse are 125 mm and 75 mm respectively. Construct an
s of circle method, (ii) concentric circle method and (iii) oblong method.

—Ei:—n ]
s of the ellipse are 100 mm apart and the minor axis is 75 mm. Draw the ellipse and
other ellipse outside it and parallel toitata distance of 25 mm. Find also the length

d hole flange of an air receiver tank has outside dimensions, major axis 100 and

mm The inside hole is also elliptical and parallel to and 25 mm away from outer
the flange. Construct the drawing of gasket required for closing the hole.
0 mm from the focus.

thod, construct a parabola having its vertext 3
mm high and 80 mm wide.

‘axis parabola in a rectangle 100 |
e OB is 100 mm. Construct a parabola by the

‘ '@is 150 mm and vertical lin
)pe method to pass through A and B. A ,
ar hyperbola, given the co-ordinates of @ point x = 30 mm andy = 120 mm.
the ellipse is 100 mm long and the distance between foci is 60 mm. Draw the

long ‘method. Find the length of the minor axis.
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26, A wheel of 50 mm diameter rolls on (i) inside and (ii) outside on another circle of 150 mm

diameter. Draw and name the curves traced out by points Q and S 15 mm and 35 mm from the
centre on the wheel along a straight line passing through the centre of the wheel.

27. Construct oné complete turn of an involute of a

() circle of 30 mm diameter.

(i) square of 30 mm side

(iii) hexagon of 25 mm side

One end Q of inelastic string PQ, 150.5 mm long, is attached to the circumference of a half

sircular half hexagonal disc of 49 mm diameter. Draw the curve traced out by the other end

of the string P when it is completely wound round the circumference of the disc, keeping the

string always tight. Take initial position of string tangent at the mid point Q of circular portion.

29. A rod PQ 99 mm long is resting horizontally on the circumference of a circular disc of 63 mm
diameter touching at the mid point. Rod PQ rolls without slipping on the circumference of a
circular disc to the full extent on both the sides. Draw the loci of the points P and Q and name
the curves.

33. Draw an Archemedian Spiral of 1.5 convolutions, the greatest and the least radii being 125 mm
and 35 mm respectively. Draw tangent and normal to the spiral at a point 85 mm from the pole.

34. A point P moves radially outward from the centre of the circular disc to the peryphery when disc
completes 2 revolutions. Radial movement of a point P and circular motion of disc is assumed
uniform. Take diameter of the disc 120 mm Draw the locus of the point P and name the curve.

35. Construct logarithmic spiral for one convolution, given the length of the shortest radius equal
to 15 mm and the ratio of the lengths of the successive radius vectors equal to 6/5 for vectorial
angle of 30°. | |

36. Draw a square of 5 mm sides and then draw 4 turns of a spiral of quarter circles on it using four
corners of the square as centres.

37. Taking 2 centres 5 m.m. apart on vertical line draw 4 turns of a spiral of half circles.

Problem 38 : A plot of ground in the shape of a parallelogram 15000 mm x 10000 mm, the
angle between the sides being 60°. Inscribe an elliptical flower bed in it. Select a suitable

scale.

Problem 39 : Three points A, B and P while lying along a horizontal line in order, have AB
= 60 mm and AP = 80 mm. While A and B are fixed and P starts moving such that AP +
BP remain always constant and when they form an isosceles triangle, AP = BP = 50 mm.
Draw the path traced out by the point P from the commencement of its motion back to its
initial position.

Problem 40 : The concrete arch for a water channel of a railway bridge is semi elliptical in
shape with major axis 2.5 metres and minor axis 1.5 metres. Draw the boundary of concrete
arc to suitable scale.

Problem 41 : A cricket ball is thrown and reaches a maximum height of 10 metres and falls

on the ground at a distance of 30 metres from the point of projection. Determine the angle
of projection. Draw the path of the cricket ball and name the curve. Assume that the point

of projection is on the ground level.

28.
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f another ;
along the circumference o .
moEB&E:QQ B_MVMS Q,m a point P on the circumference

Problem 7 : A circle of
rve. [7 + 1]

150 mm diameter from © the ou
e revolution Name the

rolling circle for one complete olutio (B. T. E. M. S. November 1999 (Electrq,,

[Ans : Epycycloid] i i

\ ‘

= bo < =
: ! \.. :
e
_ S
s Do °
0= 80 M| ._NO o
~ Fig. 5.45. Miscellaneous Problem - 7
e s i
Problem 8 : A circle, of 50 mm diameter, rolls along the circumference of another circle

150 mm diameter from inside. Draw
circle for one complete revolution. Name the curve. [ 7 +1]

[Ans : Hypocycloid]

RT3
S8

the path of a point P on the circumference of the rolir

[B. E. M. S. Nov./Dec. 1996 (Electronic
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g : Show graphically that the hy
circle is half that of the dire

Pocycloid is a str

; aight li
cling circle, Take r ght line, when the diameter of

adius of the rolling circle as 40 mm.

6 =360°

12 Divisions Each 15°

"~ CIRCLE

b e Fig. 5.47. Miscellaneous Problem - 9

n10: One end of an inelastic thread, 140 mm long, is attached to the circumference
ofa circular disc of 40 mm diameter. Draw the path of the free end of the thread, if it is
omple ely wound round the disc, keeping the thread always tight. Name the curve. [8]

+Involute of A Circle] [B.T. E. M. S. April 2000 (Electronics)]

em 11 : An in-elastic string, of 100 mm length, is wound round a cylinder of 50 mm

lameter, keeping the string always tight. Draw the curve generated by end point of string.
- Name the cyrve | [B.T. E. M. S. Nov. / Dec. 1997]
o T y :

Probl 0 12 : A disc in the form of a semicircle and a semi-regular hexagon of thickness

Sﬁi shown in the figure below.
bgr firmly fixed at point O. An inelastic string of length 160 mm is fixed at point A

free end B of a string is turned round the disc in anticlockwise direction. Draw the

[ el . distance of 110 mm away from
. | rmal to the curve at a
® %1 B. Draw the tangent and no [Mumbai University, May 1992]
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-n-.—m:-ﬂnﬂ- s s

R

Fig. 5.48. Mi

scellaneous Problem

10

p
ot

10F A ﬂ&.@ﬁu@
=

X XD=157mm

T

Fig. 5.49. Miscellaneous Problem - 11
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A e

Fig. 5.50. Miscellaneous Problem - 12

Problem 13 : Draw one convolution of the Archemedian spiral represented by the polar
equationr=[32 +7.6] where ‘' is in mm and 6 is in radians. Draw the tangent and normal

to the curve at point 55 mm from the pole. [Mumbai University, June 1996]

3

]
g2t
5 Q 32 o

6 R 2 8 4 0
b 723456 789100 N2
Ra

R

0

Fig. 5.51. Miscellaneous Problem - 13
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CHAPTER - 6

Projections, Planes
of Projections
and Systems
of Projections

1. GENERAL

Engineers, Architects, Technicians and Craftsmen make use of various typ.

cted with engineering must learn the methods of dray;;
projections and they must also learn how to read all 5,
projections. In this chapter we shall study different types of projections, different type
planes of projections and systems of projections.

Initilly students should not bother about systems of projections. Once the cl-
understanding is developed about projections and planes of projections, study of sysier
of projections will be carried out. :

2. PROJECTION

There are three types of projections :- |

(i) Orthographic Projections, (ii) Oblique Projections, (iii) Perspective Projections.
(i) Orthographic Projections : : . : .

See Fig. 6.1 (a)

Ortho means right angle or perpendicular. When from an object (Point, ends of a st~
line or corners of solid) parallel rays perpendicular to the plane of projection (Picture Fli*

are drawn to get projection on picture plane then the projection is known as Orthograr™

Projection. In this projection, an observer is assumed to be at infinite distance from =

object. Parallel rays meet in the eyes of observer orthogonally positioned at infinity.
(ii) Oblique Projections :
See Fig. 6.1 (b)
Oblique means other than perpendicular i.e. inclined. When from the corners ©

object parallel rays inclined to the plane of :
projection are drawn to jection o
plane of projection (Picture Plane) then the projection is known mmmo%%“%a Pr o_.%%w.‘.

-

Obli
que projections are rarely used in practice. This is a three dimensional projectio”

this projection, an observer is assumed to be te alf
at infini iect. Par
rays meet in the eyes of observer, obliquely positioned at &msugaaoow R e objec!
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- e e T D

v‘
O=IT > IOOI-DO

Fig. 6.1. (a) (b) & (c) Principles of Orthographic, Oblique and Perspective Projections

(iii) Perspective Projections :
See Fig. 6.1 (c)

In perspective projection rays from corners of an object converge to a finite point, where
the eye of the observer is assumed to be located. If the plane of projection is between the
eye and the object the projection will be smaller. If the plane of projection is on another side
of the object than the projection will be larger than the object. Perspective projection gives
real three dimensional picture of the object, which our eye is observing.

3. PLANES OF PROJECTIONS AND CORRESPONDING ORTHOGRAPHIC PROJECTIONS
Planes of projections or picture planes used in Engineering Drawing are :-
() Principle Planes. (H.P., V.P. & P.P. or AV.P) '
(i) Auxiliary Planes. (A.P. and A.V.P.) (Discussed in chapter no. 10).
(iii) Axoriometric Planes (Discussed in chapter on I[sometric)
() Principle Planes : See Fig. 6.2
(a) Horizontal Plane. (H.P.) (ABCD in Fig 6.2)
(b) Vertical Plane. (V.P.) (CDFE in Fig. 6.2)
(¢) Profile Plane (P.P.) (BCEG in Fig. 6.2)
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\ W ;

pa—

@34/ , ! Q D
! .
e @ €
o%./, “_ S
4.
(.,y.x.. -]
A B U\\..\ .O.L. C
\\ Fig. 6.5. (ii)
0 D
e
RN

<O
<)

LHS.V.

1

=
—T
V.

O ‘el

Fig. 6.5. (iii) Orthographic Projections. 3rd Angle System.

In third angle system :

AR ol B

6.

'F.V. taken from front is drawn on front plane of the box.

R.V. taken from rear is drawn on rear plane of the box.

TV. taken from top is drawn on top plane of the box.

B.V. taken from bottom is drawn on bottom plane of the box.

R.H.S.V. taken from right side is drawn on right side plane of the box and
L.H.S.V. taken from left side is drawn on left side plane of the box.

In other words picture plane remains in between the object and observer.

After drawing six views on six planes of the box, all planes of the box are opened about
the plane which contains front view. F.V. in this system is on front plane of the box and so
all planes are opened around edges of front plane. See Fig. 6.5 (ii).
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Projections, Planes of Projections and Systems of Projections 115
with projections elevation and plan drawn therein respectively. XY line is generated by

intersection of H.P. and V.P. and G.L. line is generated by intersection of ground and V.P.

In short in this system elevation is drawn between parallel G.L. line and xy line and

plan is drawn above Xy line as shown in Fig. 6.7 (b).

TN T A —
- e - -

E
|
i 1
X Y
| V.
SIS P P.
> Lot
. E:. ';‘,;
ARTAT AL
AT
: :'::['T‘:::::.-:' F.V.
RO TRy
O
Ol R L o
|

Fig. 6.7. (a) & (b) Problem of Solid Geometry [3rd Angle System|]

I N S e

- . NS

Name different types of projections you know. Explain the difference between them.

What is orthographic projection ? How it is named ?

Enlist clearly two systems of projections. Show clearly by sketch each one.

Explain clearly two systems of projections. How will you find out that particular projections given
are in 1st angle system or in 3rd angle system ?

Explain with sketch how two systems of projections are applied in the solution of problems of
solid geometry.

How the different projections are named ?

Explain box method used for orthographic projection.
Why orthographic projections are extensively used even though they are not three dimensional ?

Name three dimensional projections you know.
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4

There are niné
(1) Point A-30m

elevation and (a)
(2) Point B-

is plan.
(3) Point C - be

is plan. :
(4) Point D - below H.P. and in front O

(d) is plan.
(5) Point E-On
line.
(6) Point F-onV.P.bu

line.
(7) Point G - on H.P. and in front of V.P. Same point is plan

XY line.
(8) Point H - on
line.
(9) Point I - on H.P. and on V.P. i.e. on XY line. B
same point. :
After getting plans of all nine points on H.P. (front & rear) it is given rotation, as sho
in Fig. 7.2 (a) to bring H.P. in line with V.P. Fig. 7.2 (b) shows the position of elevations
plans of all nine points, after rotation, w.r.t. XY line. Boundaries of planes are not drau:

Fig. 7.2 (b).
o Now let us have a critical analysis of elevations.
1) Points A, B and E are above H.P. see Fi
P g. 7.2 (a) and their elevati 9, (b’
respectively are above XY in projections, shown in Fig. 7.2 (b) ke

(2) Points C, D and F are below H.P i
> .P. see Fig. 7. 3 N (A’
roopectiidly st below K¥:88 Fig. 72 mf 2 (a) and their elevations (c¢').(d") anc

(3) Points G,H and I are on H.P. see Fi
g P F‘l . 7:
are on XY. See Fig. 7.2 (b). g 7.2 (a) and their elevations (g), () and (i) respect

From (1),(2) and (3) following conclusions for el
oy evations are d 3
it igig i: EZSZE H.P. ITS ELEVATION WILL BE ABOVc: ?c‘;ed
phiniigs - ;v H.P. ITS ELEVATION WILL BE BELOW XY
gl N H.P. ITS ELEVATION WILL BE ON XY .
IF AN ELEVATIO o S e |

N IS BELOW XY, POINT MUST BE BE(I),‘(I)E b

W H.P,

AND IF AN ELEVATION IS ON Xy, POINT
B: gzi\:;] let us have a critical analysis of Gl
ts A, D and G are in front .
respectively are below XY, See F‘?gf Y?Z (;ee
. 7.2 (b).

s plan. the 2nd quadrant. (b) is elevation anq ,

nt. (¢ is elevation apg

[

and behind v.p. It is in the 3rd quadra

jow H.P.
v.p. Itisin the 4th qu

adrant. (d) is elevation ,,

p. and above HL.P. Same Poirt 15 elevation (€) and plan (€} Wil be on

t below H.P. Same point is elevation (f[) and plan (f) will be or,

(g) and elevation (g) will be ,

H.P. but behind V.P. Same point is plan (h) and elevation (h') will be on

oth elevation (i’) and plan (i) will be ¢

Fig.
g 7.2 (a) and their plans (a), (d) and

Scanned with CamScanner



Orthographic Projections of anh, | R

(5) Points B, Cand Hare behind V.P. see Fig, 7.2 (a) and their plans (b), (c) and (h) respectivel
are above XY. See Fig. 7.2 (b), I ) ) resp y

(6) Points E, F and ‘] are on V.P, see Fig, 7.2 (a) and their plans (e), (f) and (i) respectively
are on XY. See Fig. 7.2 (b).

From (4), (5) and (6) following conclusions for plans are derived;
IF A POINT IS IN FRONT OF V.P. ITS PLAN WILL BE BELOW XY
IF A POINT IS BEHIND V.P, ITS PLAN WILL BE ABOVE XY, AND
IF A POINT IS ON V.P. ITS PLAN WILL BE ON XY.

IF A PLAN IS BELOW XY, POINT MUST BE IN FRONT OF V.P.

IF A PLAN IS ABOVE XY, POINT MUST BE BEHIND V.P. AND
IF A PLAN IS ON XY, POINT MUST BE ON V.P.

From the projections of point A, it is concluded that -

DISTANCE OF ELEVATION FROM XY IS EQUAL TO THE DISTANCE OF POINT FROM
H.P. AND DISTANCE OF PLAN FROM XY IS EQUAL TO THE DISTANCE OF POINT
FROM V.P.

See point A in Fig. 7.2 (a) and (b) for understanding above conclusion.
2. AUXILIARY PROJECTIONS ON A.V.P.

Now we shall study orthographic projections of a point on auxiliary planes i.e. on A.V.P.
and A.LP.

In Fig. 7.3 (a) three planes H.P; V.P; and A.V.P. are shown. A.V.P. is perpendicular to
H.P and inclined to V.P. by an angle @.

Line along which A.V.P. meets the H.P. is known as horizontal trace (H.T.). It is shown
in Fig. 7.3 (a) by H.T. Similarly line along which A.V.P. meets the V.P. is known as vertical
trace (V.T.) and is shown in Fig. 7.3 (a) by V.T.

Towards HP
LA I .:A_V.:‘P:.

Towards V.P.

(b)

Fig. 7.3. (a) & (b) Auxiliary Projection on A.V.P.
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It is clear from Fig. 7.4 (a) and (b) that to get auxiliary plan a,, elevation a' is required to
be projected on new XY, line, which is nothing but V.T. of A.LP. drawn at an angle 6 with

Xy. On projector from elevation (a') on XY, take distance of plan from M ot B B
Xy, to get a,, as shown in Fig. 7.4 (b).
171

goundaries of planes are shown just for understanding but in actual practice boundaries
gre not drawil.

4. PRACTICE PROBLEMS
Students are requested to keep conclusions ready on hand while solving problems.

problem 1 : Draw the projections of the following points on the same x - y line.
(i) Point A in V.P. 30 mm below H.P.
(i) Point B in H.P. 20 mm in front of V.P.
(iii) Point C 20 mm above H.P. and 20 mm behind V.P.
(iv) Point D 25 mm below H.P. and 40 mm behind V.P.
(v) Point E on H.P. and on V.P.
(vi) Point F 40 mm above H.P. and 10 mm in front of V.P.
(vii) Point G on V.P. 35 mm above H.P.
For solution see Fig. 7.5.

?d of g
o}
coc Q o "
&

fatis 8 -1 ee I STt

} (iii) (v) o : (‘%i)
(=)
= o S (3)
o o
o, (iv)
a

Fig. 7.5. Practice Problem 1.

Problem 2 : A point R is 25 m.m. from both the reference planes in all possible
positions, Draw projections for all positions.

For solution see Fig. 7.6.

There are four possible positions of point R in 4 different quadrants and solution
corresponding to each quadrant is given in Fig. 7.6 as R, R, R,and R,. |
Problem 3 : Projections of the points P,Q and R are given in Fig 7.7. State their
Positions w.r.t H.P. and V.P. and state their quadrants.
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3. Draw the projections of a point, equidistant from three. principal g-lagi:e tz:as :ahnoc:eosft t(:] Stang
‘ from the point of intersection of three principal planes is 90 mm Fin € Poing

from the principal planes. [Ans : 52 mm]

4. Positions of plans and elevations of different points w.r.t.
positions of points w.r.t. to principal planes and state quadrants.

xy line is given below. State the

(1) a’ - 30 mm below xy a - 40 mm above xy
(2) b" - onxy b - 20 mm above xy
(3) ¢’ - 40 mm below xy ¢ - onxy

(4) d" - onxy d - onxy

(5) e” - 40 mm below xy e - 40 mm below xy
(6) f" - 35 mm above xy f - 30 m.m. below xy
(7) g” - 30 mm above xy g - 35 mm above xy
(8) h” - 60 mm below xy h - 30 mm below xy
(® i" - 20 mm below xy i - 35 mm above xy

S. Thedistance between the end projectors of a straight line PQ is 70 mm. Point P is 30 mm abov
H.P. and 25 mm behind V.P. Point Q is 40 mm above H.P. and 20 mm in front of V.P. Draw th
projections of a straight line PQ. State through which plane the line will pass and what will b
the distance of that point from other principal plane.

[Ans : V.P.(U); 36 mm above H.P]
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CHAPITER

Projections
of Straight
Lines

.
1. INTRODUCTION
Lines in space are of three types considering their position with respect (o principal
planes :
1. Line parallel to two and perpendicular to one of the principal planes,
9. Line parallel to one and inclined to two principal planes.
3, Line inclined to all the three principal planes.

To study the projections of straight lines one must study five important theories dealt
with in this chapter and understand the conclusions/discussions, ete. given at the end of
theories. Theory No. 3 and Theory No. 5 are most important theories. Most of the problems
on straight lines are based on the above two theories.

Projections of straight lines have nothing to do with 1st angle or 3rd angle system of

projection. Projections of straight lines are drawn according to the positions of the end
points of the straight lines w.r.t. H.P. and V.P. Therefore, three dimensional drawings are
given in each theory with straight line drawn in 1st quadrant. As it is easy to understand
the drawing of the first quadrant, three dimensional drawings are drawn with lines taken
In 1st quadrant. Conclusion/discussion given at the end of each theory is also true for a

line in any quadrant.

2. IMPORTANT THEORY - 1
Line parallel to two P.P.s and perpendicular to one principal plane :-
See Fig. 8.1 (a) and (b).

In Fig. 8.1 (a) we have line
fespectively, It is clear from Fig.
HP, plan (ab) is a point view and two othe

\Y%
ground line generated by V.P. and P.P. i.e. XY, or [-I;J

s AB, CD and EF perpendicular to H.P; V.P. and P.P.
8.1(a) and (b) (i) that when line (AB) is perpendicular to
r views i.e. elevation (a’h) and end view (a,' b ) are

having true length and parallel to

line, |
Similarly, when line (CD), as shown in Fig. 8.1 (a), (b) (i), is perpendicular to sy
m lc’g') is a point view and two other views i.¢. plan (cd) and end view (c' d ') are
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i el T
e opl
=
K—(}pTY
)
B
N
%
ol
Fig. 8.2. Problem - 1.

Three dimensional drawing is given for understanding the location of the straight line
wr.t. planes. It is expected that it will also develop three dimensional thinking of the students.
(i) First of all mark the position of p and p'. As the point P is on H.P., p’ will be on
xy line and as it is 30 mm behind V.P., its plan p will be 30 mm above xy line.
[i) As the line is perpendicular to H.P., its plan will be point view and it's elevation
will be true length (50 mm) and perpendicular to Xy line. So draw elevation P of
50 mm length perpendicular to xy and below it and mark j at p only.
Problem 2 : A line MJ, 35 mm long, is perpendicular to the profile plane. The end M
is 20 mm below H.P., 30 mm behind V.P. and 10 mm to the left of P.P. Draw all the
three principal projections of the straight line MJ. A

For solution see Fig. 8.3 and follow the procedure as given below:

j 35 m Xl

s
30 %

X 10 ¥ B

m l

BT iy

m Y1
Fig. 8.3. Problem - 2.

lines and mark positions of projections m, m¢ and m¢,

() First draw xy and x
G h Follow the procedure of drawing end view, as

of point M as per the given data.

studied earlier.
(i) As the line is perpendicular to P.P.. its end view will be point view and its elevation
- and plan will be true length (35) and parallel to xy line or perpendicular to x,y,
| to xy and of 35 mm length, as shown in Fig.8.3.

1§ ~ line. So draw jm and j'm’ parallel
(iti) Point m¢, and j¢, will be the same point since end view is going to be point view.

Scanned with CamScanner



Engineering Gr,,,,.
128 e ————— Sl

Problem 3 : A line UKP, 60 mm long, is perpendicular to V.P. and 40 T;m bel'ow Hp
Point K 2(; mm from U, is on V.P. Point U is in 4th quadrant. Draw the Projectiqy,

of the line UKP.

as given below :
For solution see Fig. 8.4 18 given

e ———————————
—OPp

and follow the procedure

o —————

40

1o 20

40

Fig. 8.4. Problem - 3.

(i) Elevation will be point view and plan will be perpendicular to xy line and will b
of true length (60). So mark elevation pk'u’ 40 mm below xy line, since the lipe
is given 40 mm below H.P.

(i) As the point K is on V.P. mark plan point k on xy line. Mark u 20 mm below x
line and point p 40 mm above Xy line on a perpendicular line to xy through k

Problem 4 : A line PKU, 75 mm long, is perpendicular to H.P. Point P 20 mm away
from V.P., is in the first quadrant, and point K is on H.P. PK is 25 mm long. Draw the

projections of the line PKU.

For solution see Fig. 8.5 and follow the procedure as given below :

25

50

Figo 8.5- Pl'Oblem s 4- ¥

Here plan will be point view and elevation will be tru dicula [0
FHxC _ e length (75) and perpendicul?f
xy line since the line is perpendicular to H.P. Follow the procedure slmllaf t;p Problem &

= >

Scanned with CamScanner




projections of Straight Lines L
R e
g, IMPORTANT THEORY - 2
Line parallel to one and inclined to two other principal planes.
mportgnt Notations :-
(1) 0- Inclination of line with H.P,
(2) O - Inclination of line with V.p.
(3) v - Inclination of line with P.P. or A.V.P,
In Fig. 8.6 (a) we have lines AB, CD and EF parallel to H.P., V.P. and P.P. respectively.

M

(ii)

Line AB is parallel to H.P. and inclined to V.P. and P.P. by an angle @ and y
respectively. It is seen from Fig. 8.6 (a) & (b)(i) that plan of AB i.e. ab is going to
show true length and true inclination @ and y with corresponding ground line. Its
elevation a'b’ and end view a' b’, will be less than true length and will be parallel
to corresponding ground line Further it is clear from the figure that (@+y) = 90°.
Similarly, line CD is parallel to V.P. and inclined to H.P. and P.P. by an angle 6
and v respectively. It is seen from Fig. 8.6 (a) and (b) (ii) that elevation of CD i.e.
c'd’ is going to show true length and true inclination 6 and y with corresponding
ground lines. Its plan cd and end view c¢, d¢, will be less than true length and
will be parallel to corresponding ground line. Here (6+y) = 90°.

[v. X, P \ Xy P v ; B
P. P P d’ c; P P.e ef‘ P
&
a) b BN
f f
Cc4 d;
4 A T e, RO Y
45° 'x::. :e 450 Y ..x‘::,:. -- O ,...-'.: 45°
::.:: ::;:-':'.. . ‘]
- ""‘ . o9 '.-'-: e ematye e tus ity
» .0..,’ ‘-::-'l ":.;:;'.‘.:I""t".;.;.; iH.g.“ :l;r.l.‘!'!..l"..l Y1
. iy “_1. Y SRR i Tl ‘e Y
Y1 (b) 1

Fig. 8.6. Line Parallel to One and Inclined to Two P.Ps.

(iii) Similarly, line EF is parallel to

P.P. and inclined to H.P. and V.P. by an angle 6

and @ respectively. It is seen from Fig. 8.6 (a) and (b) (iii) that end view €' f' is
going to show true length and true inclination 6 and @ with corresponding ground
line. Its plan ef and elevation €T will be less than true length and will be parallel
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Fig. 8.8. Problem - 6.

Here, as the line is parallel to V.P. its elevation vk’ must show T.L. 75 mm and must
make 45° with xy and its plan vk must be parallel to xy line.
(i) First plotv and v' on a projector 20 mm and 30 mm below

[i) Atv draw vk’ of 75 mm length on upperside and it should m
xy line. Since K is in 1st quadrant k' must be above Xy line.

(iii) Draw projector through k' and parallel to xy from v to get k by intersection.

problem 7 : A line KP, 70 mm long, is parallel to H.P. and inclined to V.P. by 60°.
Point P is 20 mm above H.P. and 30 mm in front of V.P. Point K is behind V.P.Draw

the projections of line KP.
For solution see Fig. 8.9 and follow the procedure as given below :

xy respectively.
ake 45° angle with

Figo 809- Pl'OblCm o 7.

e

As the line is parallel to H.P., plan kp will show T.L.(70) and will make true angle @(60°)
with xy line and its elevation k'p’ will be shorter and parallel to xy line.

(i) First plot p and p'.
() From p draw pk line of T.L. 70 mm length at an angle of 60° with Xy Plan k should

~ be above xy, since K is behind V.P.
(i) Draw projector through k and parallel to xy from p’ to get K’ by intersection.
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.
(i) First draw p and p', on a projector, 25 mm above xy and 40 mm below Xy
respectively.

(i) Draw locus of g, 45 mm above Xy, since Q is 45 mm behind V.P.
(iii) Now with p as the centre and T.L. 65 mm as radius draw an arc to cut the locus
of q at the point q.
(iv) Draw projector through q and parallel to xy
10 : Two pegs P and Q, fixed on the same wall, are 3000 mm (3m) apart. The
ce between the pegs measured parallel to the floor is 2400 mm (2.4 m). If the
peg P is 1000 mm (1m) above the floor, draw the projections of line joining two pegs.
Find the height of the second peg Q. Also find the inclination of the line joining two

pegs with the floor. The pegs are protuding out of the wall by 150 mm (0.15 m).

For solution see Fig. 8.12 and follow the procedure as given below :

As the two pegs are protuding out by the same length (150 mm) from a wall, line joining
two pegs will be parallel to wall. Consider the wall as V.P. and floor as H.P. So line will be
el to V.P. and inclined to H.P. Visualise this from the three dimensional drawing given

in Fig. 8.12 Distance (2400) between two pegs measured parallel to the floor is going to be
plan length.

from p' to get q' by intersection.

LPEG 150 mm
LONG

.
oooooooooo

: .
>
2 o g1 FO AT P

.. L g

Yo L o2

'.,.".ob S
TR 2400

2 o s%

]

Answer -1 h = 2800 mm
Fig. 8.12. Problem - 10. - -20=37°

(i) First draw p’ and p, on a projector, 1000 mm above and 150 mm below xy respectively.

(i) Draw plan pq of 2400 mm length and parallel to xy.
(iif) Draw projector through g and draw arc with p’ as the centre and radius equal to
T.L. 3000 mm (3m) to get by intersection the point q'. Join p'q’ and measure the
angle 6 and height h of point q' from xy line. 6 = 87° is the inclination of the line
with the floor and h = 2800 mm (2.8 m) height of the peg @ above the floor.
Problem 11 : The distance between the end projectors of a line SJ is zero. Point S is
50 mm above H.P. and 30 mm in front of V.P. Point J is 20 mm above H.P. and 60

mm in front of V.P. Draw the projections and find the angle of the line with H.P. and
V.P. and also find the true length of the line. State the position of the line w.r.t. P.P.

For solution see Fig. 8.13 and follow the procedure as given below :
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projectio” %

Similarly, ma.rk point v where plan ba intersects with xy line and draw projector
through v to intersect with elevation at VT,

problem 13: A li:e Xg; 70 mm long, has its end V in V.P, and end H in H.P. Line is
inclined t0 H.P. by and to V.P. by 30°. Draw the projections and find traces of a
line VH.

por solution see Fig. 8.16 and follow the procedure as given below:

1
Vs
iy
305
{~
N
\_3
[}
B o
45°
=]
H-T-OFL -
X1
Fig.alﬁ Problem - 13.

Whenever (8+@) = 90°, the line must be parallel to P.P. And when line is parallel to P.P.,

its end view will be true length (70) and it will show 0 with xy line and @ with xy, line.

Distance between end projectors will be zero. Given data satisfy this.

fj) Draw xy and xy, lines mutually at right angle. ,

(i) First draw end view v’ h’, of 70 mm length in such a way that angle of v ’'h ' with
xy line will be 60° and hence with x,y, line 30°.

(ifi) Draw v and h’ on xy line since the point V is in V.P. and
by projection method, as studied earlier.

fiv) Point H (h) and point V (v') are H.T. and V.T. respectively.

Problem 14 ; A line PQR, 100 mm long, is inclined to H.P. by 30° and V.P. by 45°. PQ
:@R:2: 3. Point @ is in V.P. and 25 mm above H.P. Draw the projections of the line

PQR when point R is in the 1st quadrant. Find the position of point P. Draw also the
traces of line PQR. |
For solution see Fig. 8.17 and follow the procedure as given below :
A‘PoﬂtbnofpomtglsgivenandasthequadrantofpolntRlsgiven. do the solution
nmtcl’ﬂﬂiﬂel‘lngonlyt;helme QR. Length of QR will be 60 mm. So now for line QR, the
point Q is completely given, T.L. = 60 mm, 0 - 30° and @ = 45°.

H is in H.P. Find v’ and h
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Answer : - Point P isin 2nd Quadrant,
Figo 8-170 PrOblem < 14- R

() Draw the projections of line @R as per the theory No.3.

i) After getting the solution for line QR extend it by 3 : 2 proportion on other sige

of g and q' to get the solution of line @P, as shown in the figure.
(i) Both p and p’ are above xy line and so the point P is located in the 2nd quadran

(Answer)

(iv) Get the traces as usual. _
Problem 15 : The top view and the front view, of the line CD, measure 65 mm and 5
mm respectively. The line is inclined to H.P. and to V.P. by 30° and 45° respectively,

The end C is on the H.P. and 12 mm in front of V.P. Other end D is in the 1st quadrant

Draw the projections of the line CD and find its true length and draw traces.
For solution see Fig, 8.18 and follow the procedure as given below:
(i First draw ¢ and ¢’, 12 mm below xy line and on xy line respectively.
(i) Draw c'd’, = 53 mm parallel to xy and draw cd, = 65 mm parallel to xy. Th*!
corresponding plan cd, and elevation c¢d¢, are achieved by drawing 45° an gle lint
at c and 30° angle line at ¢’ respectively. c'd’, and ed, both will give T.L.
(iii) From d’, and d, draw parallel lines to xy lin L
t ’ 4
et 2 xy line to get locus of d’ and locus ¢
(iv) Now with ¢’ as the centre and radius equal to 53 mm draw an arc to get d ¥

locus of d’. Similarly, with ¢ as the
. centre and -
arc to get d on locus of d. Join ¢'d’ and cd radius equal to 65 mm dra®

(v) Find the traces as usual,

WH-P- md f

V.P. The end F is 50 mm below H.p
line EF and find its inclinations with a;dpG:n I:iu:; :ehind VP. Draw the projectionso
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/

p-45° B

Lt

b b,

Answer-1.¢ =205°
- 2. V.T. - 13 mm below H.P.
-3. H.T. - 6 mm in front of V.P.

Fig. 8.21. Problem - 18.

f 4m x 3m x 3m height. The
Problem 19 : A fan is hanging in the centre of the room o

centre of the fan is 0.75 m below the ceiling. The switch of this fan is on 3m x 3m
size wall at the centre height and 0.5 m from the adjacent wall. Find the distance

between the fan centre and the switch. _
For solution see Fig. 8.22 and follow the procedure, as given below :

1 2m ; 2m
T alle’ i 41?

075

1.5 "
qs

1.5

|d'h’ C'g: Y
eh F-V .

Q
W,
<

o

e,
0’0

0
9.
X
%
)

O
-
:o

A
%
%
N
%

% 0.5

R

5
)
€0
’0:0
W
)

o‘:
&
%

)
X
&
XX
)
O
.0

Q
9
X

¥
00
0:0
X
§

’0

5
05
0
\

O
O

¥
0,0
%
A
A
04

»
&
00

\
X
Y

¢
9,
« 0'0

9
\
2
g

2

e

i

A
ozozo
’ogog
O
5
&
2\

$
XX
V‘V
0’0

A)
\)

ad R 7,4 be

l“”-'-=2-36 m-] - Fig. 8.22. Problem - 19.
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nsidere
janes, plan and elevatjy,
Ny

he room is CO
roft ference P

ese guitable T€

wn along with the roomn. .

nd switch 18 ¢ own in three dimensional drawing. Elevatio,

is taken from top- ‘
and plan below Xy line.

le and plan of the room wijj,

roblem floo

Here, in this
; |, After taking th

to 4m X 3 m gize wa
fan centre and
Actual position of fan &
FV. is taken from front and plan
(i) First draw x-y line. Draw el€ o
(ii) Elevation of the room will be e rectan

also same SIiz€ rectangle.

(iti) Mark plan points P and q @ : : :
respecrzively. p is the centre of the fan and @ is the switch point.

(iv) Make plan pq parallel to xy line to position P4, and get its corresponding elevatj,
pq, P4 will show trué length of the line PQ 1.6 distance between centre of
fan and switch point.

nd elevation points P’ and g in plan and eleva,

a tree, planted near the compound wall of a bungly,
d 0.75 m from & 15 cm thj,

fit. The distance petween lemons measure
Determine the real distance betwe;

Problem 20 :

are 1.0 m and 1.
compound wall but on the opposite sides O

along the ground and parallel to the wall is 1.0m.

centres of two lemons.

| _4 For solution see Fig. 8.23 given below

and follow the procedure, as

End Projector Distance
1.0m

 § E

1.0m

1.25
(0.75 + 0.15) \& [ .

>
LK\

ey
R

oinl!
ou!

Fig. 8.23. Problem - 20. [Answer T.L.

Three dimensional dra
- centres of two lem en to visualize th:
P" -y ops. Here ground is taken as H.P. a;dp:iu;ge of ll,j-fmons and line ]
e suriace of the comp

With the ab(We refere

Lemon B is 1.25m abo nce planes lemon A is 1.0 '

along the ground and ;:::ul;l ;md (0.75 + 0.15) = O.Qmmalgove H.P. and 0.5m in front "“'.]

AB- | o the wall will be nothing but eﬁ: e }hw:omstmce rnezflsulu
projectors distance or
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(i) Draw two projectors 1.0 m apart. Mark (b) and (b)) on one projector and (a) and
(a') on another projector.
(i) Make plan ab parallel to xy to position ab, and get its corresponding elevationa’d’,
as shown in Fig. 8.30. a’d’, will show T.L. of line AB and will give real distance
petween the centres of two lemons.

em 21 : Two unequal legs AB and AC, hinged at A, make an angle of 135° between

probl
them in their elevation and plan. Leg AB is perpendicular to the P.P. Determine the
real angle between them.

For solution see Fig, 8.24 and follow the procedure, as given below :

As the leg AB is perpendicular to P.P., its plan and elevation both will be parallel to xy

and will show T.L.

() Draw b'a’ and ba parallel to xy line of any length. At (a’) and (a) draw line at 135°
and mark on them ¢’ and ¢ respectively at suitable distance but on the same
projector.

(i) Find true lengths of AC and BC by usual method studied earlier.

(i) a’b’ is the true length of lines AB. So draw triangle a'b'C showing all three lines
in true lengths. So in this triangle angle b'a'C will show the real angle (0) between
two legs AB and AC. Measure it. 6 = 125° (Answer).

swer
9-125° £
2 /V' CI c'
,60 R Co\Cy
1\ 1
A
0
B A
b’ T.L-AB a’
X Y
b e
» c2 c
| R raso\ ‘

Fig. 8.24. Problem - 21.

Problem 22 : A straight road going uphill from station A, due east, to another station
B and has a slope of 15°. Road distance between station A and station B is 14 kms.

Another levelled (horizontal) road of 17 kms length, to join station B to station C, is in
the direction 30° east of north when looked from B. Determine the length, direction

and slope of the straight road joining station A to station C.

For solution see Fig. 8.25 and follow the procedure, as given below :

() Here take earth as the H.P. and the vertical plane along east-west direction as

V.P. So road AB, as it is going towards east, will become parallel to V.P. and hence
with xy line and its plan

a’b’ will show T.L. 14 kms and will show true angle 15°
ab will become parallel to Xy line.
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Answer
Road - 3 - 27 kms
Slope - 8°

At A 56.5° East of Nort

Fig. 8.25. Problem - 22.

el to H.P. So plan be will be T

(i) NowmadBCislevelledroad and hence it is parall
e angle towards east of north and its elevatio

ofl7un1tsandwlllalsoshow30°tru
b will become parallel to xy line. Draw accordingly its plan and elevation.
(iii) Join ac and a'c’ and find out its true length. a'c’, in Fig. 8.25 shows T.L. and
slopeofroadAC.acgivasdirecﬁonofroadAC.
h“”:AtﬂpodstandnstsontheH.P.OneofitslegsAPis 140 mm long ao
ltnnkuunﬂed?&viththeﬂ.?.TheothertwolegsBQandCRare 150 ms
ndlﬁOmhn‘mpecﬁvely.ThenpperendsofachethreelegsA. B, and C
:etxhedtohoduntddmuhrphuofﬁommdhmeter.matuchmentisdonﬂ
Wdthechcledhidingitequnny.mﬂmthmelegsappeuasﬂdi'
lines 120° apart with plan of one of the legs appearing perpendicular to V.P. Dra¥
projections of the complete tripod N ;
pod.tandandﬁndthemgleofothertwolegs"ﬂ
H.P. Also find the height of horizontal circular plate from H.P

For solution see Fig. 8.26 and follow the procedure, as given below :

Three dimensional

VP_Asmcmr::‘x:lglﬂ:g:enwwsualmmemmaandandltsﬂewsonH.P.an‘

surfaceishenmmalarcuh:plmkgsonm P, ¢’ and r* will be on xy line. Furth®

wmbcawm‘eparalleltoxyau:slouial;llanmnbecm(abc)andltselevation(a'b'c

out of which bq will be perpendicul ;n“PunaP-bqwdcrwmberadmuneslzmapa"
() Draw xy. & une.

(ii) Draw 140 mm line "
s o o e L 75 10 3y line to get height  and plan length

.
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e

Height

Fig. 8.26. Problem - 23.

(iii) In plan draw circle of 60 mm diameter and mark on it a, b and ¢ 120° apart and
draw radial lines. On one line mark ap by taking plan length ap.

[iv) Locate p’ on xy line and a’, b’ and ¢’ at height h from xy line by drawing projectors
through p, a, band ¢ respectively. -

(v) Now with b’ and ¢’ as centres and radii equal to 150 mm and 160 mm draw arcs
on xy line to get points q¢, and r¢, respectively. b'q’, will make 6, angle and cT’,
will make 6, , with xy line. 6, and 0, represent angles of legs BQ and CR with H.P.

Further bq, and cr, represent their corresponding plan or in other words plan lengths
of BQ and CR. So rotate plan lengths on radial lines to get bq and cr respectively.

Projectors through g and r on Xy line will fix ¢ and r’ respectively. Join b'q’ and ¢’

Project also extreme two points of the circle.

1. Aline AB is 75 mm long. It is perpendicular to profile plane. The point A is 30 mm above H.P.
and 40 mm in front of V.P. Draw the projections.
2 Aline CD, 70 mm long, is parallel to V.P. and PP. Point C is nearer to H.P., 35 mm below H.P.

and is behind V.P. Draw the projections.

3. Aline EF. 80 mm long, is having its elevation point view. Point E is 25 mm above H.P. and 30

mm in front of V.P. and the point F is in the second quadrant. Draw its projections and find the
ratio of length of line in first quadrant to the length in the second quadrant. (Ans. 3 : 5).
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projections of Straight Lines
/
of 25°. 20° and 15° respectively from a station in

p Q and R are seen at an angle of elevation .
: P is due south-west, Q is due north and R is due

the valley O at sea level. From the point O,
qorth-west. Find the lengths of the rope for rope-way. Assume ropes tight and so consider them

as straight lines.

(Ans. PQ-15.57 km; QR-6.7 kmand RQ = 11.5 kms).

is inclined to V.P. by 30° and inclined t
20 mm above H.P. Assuming the point L in the first quadrant, draw
ht line and find out the quadrant of point N. (Ans. Third quadrant).
to H.P. and 30° to V.P. with

16, Aline LMN, 120 mm long, o H.P. by 45°. Its mid point M

is the V.T. of a line and is
the projections of the straig
47. Draw the projections of a straight line 80 mm long inclined at 60°

end A in the H.P. and the end B in V.P.

easures 8 metres long, 5 metres wide and 4 metres high. An electric point hangs in the
elow it. A thin straight wire connecting the point to a switch
the floor. Draw the projections of
Ans. T.L. = 4.82

8. Aroomm
centre of the ceiling and 1 metre b
kept in one of the corners of the room and is 2 metres above

the wire. Find the true length and the slope angle of the wire with the floor. (

m, 0= 12°).

Three vertical poles AB, CD and EF are respectively 2.5m, 4m and 6m long. Their ends B,
D and F are on the ground and form the corners of an equilateral triangle of 5 m long sides.
Determine graphically the distances between top ends of the poles, namely AC, CE and AE
also the inclinations of these with the ground. Scale 1 : 50. (Ans. AC = 5.22m, CE = 5.385m,

AE =6.1m; 8,. = 16.7°.8; = 21.8°, 0,, = 35°)
A, B and C are connected with each other by ro

18.

ds. A is 4 m above the gorund level,

ground level. The angles of depression of A,Band C
above the ground are respectively 10°, 20° and 30°.

A is 60° towards east of north, B is due north and C is due south east of O. Find the lengths of
the connecting rods. Scale 1 : 100. (Ans. AB = 31.53m; BC = 49.64 m ; AC = 38.16 m).

24. Two fan motors hang from the ceiling of a hall, 12 m x 5m x 8m high at a height of 3 m from the
floor. The motors are 3 mand 9 m from the end wall. 2 m and 3 m from the front wall. Determine
graphically the distance of each motor from a corner of the hall of the floor. (Ans. 4.7 m; 5.2m ;

9.7mand 9.95 m).
22. Aline MN measures 120 mm. Its top and front views measure 80 mm and 96 mm respectively.

A point P on the line, dividing it in the ratio of 1: 2 i.e, MP : PN = 1 : 2, is contained by both
the reference planes. Draw the projections of line, and determine its traces and inclinations
with the reference planes. (Ans. 6 = 48° 0 = S ,

23. A chimney of a hostel kitchen is 15 m high and 0.5 m in diameter. This chimney is supported by

three guy wires AP, BQ and CR which appear in plan at equal angles to each other. The ends
PO and R are pegged to the ground at distances 2.5 m, 3.5m and 4.5 m respectively from the
centre of the chimney. The other ends A, B and C of wires are connected to a ring 3 m below
the top end of the chimney. Draw the projections and find the lengths of the three guy wires.

(Ans. 12.2 m; 12.43m ; and 12.73 m).
24, Two legs of the divider AB and AC are seen at 135° between them in their end elevation and
plan. Leg AB is perpendicular to V.P. Draw the projections and find the real angle between two

legs of the divider. (Ans. 125°).

20. Three points
Bis on the groundand Cis5m below the

when seen from a point O on a hillock 10m
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Projections
of Planes

Cal 1. INTRODUCTION :
A plane surface has only two dimensions, Third dimension thickness of a plane g
is negligible and assumed to be zero.
Planes are of three types. They are classified according to their three different ty.
position in space with respect to three principal planes, H.P., V.P. and P.P.

(1) Parallel to one and perpendicular to two other principal planes
(2) Perpendicular to one and inclined to two other principal planes
(3) Oblique or inclined to all P.P s.

2. TRACES OF A PLANE :

Just like traces of a line, planes also have traces. A plane, extended if necessary -
meet principal planes along straight lines unless it is parallel to any one of them. T
straight lines are known as traces. Plane will meet, H.P. along horizontal trace (H.T|
along vertical trace (V.T.) and P.P. along profile trace (P.T.).

3. PLANE PARALLEL TO ONE AND (HENCE) PERPENDICULAR TO TWO OTHER?.

We shall study projections of these types of planes by taking few concrete examples
1st Angle System.

: Problem 1 : A circular plate, 30 mm in diameter, is parallel to V.P. Its
, ) .P. Its centre is 207
above H.P. and 22 mm in front of V.P. Draw its three projections and find its tr¢
) For solution see Fig. 9.1 and follow the procedure as given below. Solution is do'*

Ist angle system.

we can Vlsua?jtz:hc that Siipoaibril drawing of the circular plate in the given pos”
Elevation will be a circle of the same size. Plan will be straig’’
parallel to xy line and side view will be .

straight vl
will have length equal to the diameter. ght line parallel to x y, line. Plan and ¢1

(i) First y

(12) With gl?tuotl;‘:gegt'r:mm a:;we ety
y . i

(m) ThrOugh 0 dl‘aw une adius equal to 15 mm d]“aw a circle to get elev 1“.'

ar y v ol
circle of elevation to ge;t) Plilrlfl '0 %y and project extreme points o' 214 ¢

Scanned with CamScanner



Scanned with CamScanner




Scanned with CamScanner




projections of Planes 153
/-—— T

PARALLEL WILL SHOW TRUE SHAPE AND TRUE )
. £ AND TRUE ANGLES FES
OTHER PRINCIPAL PLANES. RUE ANGLES OF EDGES WITH
(111) PROJ];:BCTIONS ON PRINCIPAL PLANES TO WHICH PLANE IS PERPENDICULAR
WILL BE STRAIGHT LINES AND PARALLEL TO CORRESPONDING GROUND
LINES e.g. xy or x y .
(ivy PLANE WILL NOT HAVE ANY TRACE ON P.P. TO WHICH IT IS PARALLEL AND
OTHER TWO VIEWS WILL BE CORRESPONDING TRACES.

4. PLANE PERPENDICULAR TO ONE AND INCLINED TO TWO OTHER P.Ps.

It is obvious that as the plane is perpendicular to one of the principal planes the projection
on that plane will be straight line. Projections on other two planes due to inclination will not
show true shape. So to start the problem we have to draw one of the projections showing
irue shape and other projection showing straight line view. This is done by taking a stage
prior to the final stage of solution. Straight line view achieved in the 1st stage is rearranged
in the 2nd final stage to get the required angle of the plane with other principal plane. Rest

can be achieved by theory of projections.

Two systems of projections for the problems of solid geometry, we have already studied
earlier in the chapter of projections, planes of projections and system of projections. Students
are requested to go through that before going for solution of problems.

Students are also requested to study the geometry of equilateral triangle, square, regular
n, regular hexagon, circle, ellipse, rhombus, etc. and they must do practice of drawing
them quickly by the use of board, tee and set-squares.

Now we shall study five problems of this category and arrive at certain conclusions.

Problem 4 : A regular hexagonal plate ABCDEF, 25 mm side, is resting on H.P. on one
of the sides/edges with surface of the plate making 45° with H.P. and perpendicular
to V.P. Draw the two projections of the plate and find out its traces.

For solution see Fig. 9.4 and follow the procedure, as given below :

Fig. 9.4. Problem 4. Plane Inclined to H.P.
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olid, etc. rests on H.P. means the o},

r it is given that object, plane, s .
by peor ek : hown in Fig. 9.4 Whenever it rests

or solid is in the first quadrant, just as it is s
instead of H.P., it is in third quadrant.

In first angle system only xy line is drawn. Plan is drawn below xy and elevay;,
drawn above Xy.

In third angle system two parallel ground lines are drawn (1) xy line (2) G.L. ;. ,r

xy. Elevation is drawn between G.L. line and Xy line and plan is drawn above x ’s:u-J
(i) First draw regular hexagon a b ¢ d e f, which is the plan of regular hexag,
plate AB C D E F kept on H.P. with one edge out of six perpendncglar o xy ;.
E since plate is required to rest on H.P. on one of its: efiges. By keepmg One :
b perpendicular to Xy line elevation of that edge a' b’ gives us point viey, (.,
kept on xy, to keep two end points (A and B) of edge, i.e. edge, on H.p,
Get on xy line elevation [a¢b¢ - c¢f¢ — d¢ec] by projecting this true shapeq D
(i) Rearrange this straight line elevation to new position (a'b’ — c¢f¢ — dceg) keep
_a'b’ on xy line and straight line elevation making 45° with xy line. ‘
Project all points vertically downward and project all plan points of st g,
horizontally to get by intersection plan points a, b, ¢, d, e and f, as shqy, -
Fig.9.4 Join them to get plan. '
(ili) Elevation and plan of 2nd stage is the answer. Projections of stage one is Mereh
construction.
(iv) H.T. and V.T. are already shown in the figure.

Problem 5 : A circular plate, 50 mm diameter, is resting on H.P. on one of the poiy,
of its periphery with surface of the plate perpendicular to V.P. and inclined to 5}
by 30° . Draw the two projections of the circular plate.

For solution see Fig. 9.5 and follow the procedure, as given below:

S xabh cg dfe a'b’ Go° U
g
f h
True|Sha
o o
d b
Fig. 9.5. Problem 5. Plane Inclined to H.P. [

() Draw xy line.
(ii) In the first stage assume circular plate to be lying on the H.P. so that I pla
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will be a circle of the same size and its elevation will be straight line on xy line.
First draw top view or plan (circle) and project elevation on xy line. Take help of
8 points equally spaced on its periphery.

(i) Tilt circular plate about the point A by 30° or in other words rearrange straight
line view of elevation to new position (a’ - b'h' - ¢'g’ - d'f - €)) so that it makes 30°
with the xy line and point a’ remains on xy line.

(ivy Draw projectors from elevation and horizontal lines from plan of previous stage
to get by intersection new plan points a,b,c,.... h. Join them by smooth curve to
get plan,

6 : A regular pentagonal plate ABCDE, 25 mm edge/side size, is resting on
H.P. on one of its corners with surface of the plate perpendicular to V.P. and inclined
to H.P. by 60°. Draw its two projections.

For solution see Fig. 9.6 and follow the procedure, as given below:

cd
b’e;
blel Idl V al Y
: /
d d
&
TSy a
Je "
b
b
Fig. 9.6. Problem 6. Plane Inclined to H.P.

(i) In the initial or 1st stage draw, in plan, regular pentagon with one corner a on
one side, since plate is required to rest on H.P. on one of its corners.

fii) Complete the solution proceeding similarly to problem No.5.

f its corners
Problem 7 : A square plate PQRS, edge 25 mm size, is in space with one o
on V.P. Surface of th:) plate makes 50° with V.P. and it is perpendicular to H.P. Draw

its projections.
For solution see Fig. 9.7 and follow the procedure, as given below:
() In the initial stage assume complete plate in V.P., s0 its elevation will be true shape
and its plan will be on xy line. Draw elevation a square of 1st stage keeping one
corner on one side so that later on that corner in plan can be kept on xy line, to

keep that point in V.P. )
(i) In :econd or final stage tilt plan of 1st stage so that it makes 50 with xy or in

other words rearrange plan (p - gs - 1) to new position (p - s - r) keeping p on Xy
and line making 50° with xy.

SETSRPPSNESS S RNFISSR SRS S R R S U
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ii) As the plan of 2nd and final stage is 5 .
: pqrs a? 'shown in the figure, I)r:;:\(\l:;:;? ]I)):n;:tl\::;t l(:r:ll;;/, ﬂ?;{l(:c(ll B o o
(iii) Take pq 15 mm above xy line on a projector through p and ¢ ar;d then draw arc
of circle of R.40 to cut projector through (r) and (s) at r's’ J(l)in (p'q’ - r's) to get
elevation. Measure angle 0 made by elevation with xy Iir{(r: Find traces as usual.
conclusions :

() PROJECTIONS OF A PLANE ON A PRINCIPAL PLANE TO WHICH IT IS
PERPENDICULAR IS A STRAIGHT LINE. THIS STRAIGHT LINE PROJECTION
WILL MAKE AN ANGLE WITH XY LINE EQUAL TO THE ANGLE OF PLANE WITH
OTHER PRINCIPAL PLANE. THIS STRAIGHT LINE IS ALSO GOING TO BE THE
TRACE OF PLANE ON THAT PRINCIPAL PLANE.

(i) I'ZIIQ\;::CE ON OTHER PRINCIPAL PLANE WILL BE PERPENDICULAR LINE TO xy

(i) TWO TRACES PRODUCED IF REQUIRED WILL MEET ON xy LINE.

(ivy PROJECTION OF PLANE ON A PRINCIPAL PLANE TO WHICH IT IS INCLINED
IS FORESHORTENED. OUT OF THE TWO DIMENSIONS, DIMENSION IN THE
DIRECTION PARALLEL TO xy IS SHORTENED AND PERPENDICULAR TO xy
REMAINS SAME OR TRUE. SEE FIG. 9.8 DIMENSION 25 mm REMAINS TRUE
OR SAME AND DIMENSION 40 mm IS REDUCED TO 25 mm.

5. OBLIQUE PLANES :

General :

When a plane is inclined to both the principal planes neither elevation nor plan will
give straight line view nor will show the true shape i.e. views will be smaller than the true
shape and cannot be drawn straight way.

Problems of projections of oblique planes are solved by taking two stages prior to the
final required stage. ;

Initial stage mostly consists of one view as the true shape and other view as straight
line view. In other words initially plane is assurned parallel to one and perpendicular to
other principal plane. '

If a plane is resting on ground or on H.P. on a corner or on an edge, plan or top view
is drawn as the true shape and elevation is taken as straight line view. If a plane is resting
on V.P. on an edge or on a COrner, elevation is drawn as true shape and plan is taken as
straight line view. In other words plane is assumed initially on H.P. or on ground or on V.P.

or paralle] to one of the above.

In the second stage straight line view is rearranged, as to settle the angle of plate surface
with principal plane or to settle the distance of particular corner or edge from principal
Plane or to settle the required shape of subsequent projection.

Further if a plane is required to rest on corner then that corner is arranged on one side

lane is required to rest on an edge, then that edge

while drawing true shape. Similarly, if a p
is drawn perpendiculalP to xy line on one side while drawing true shape in initial stage.

Further solution of problems can be done by 1st angle system or by 3rd angle systep.
Shape of projection or views will not change due to change in system. Only their relative

Positions will change.
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/

V.P. and hence draw new x,y, line at 45° to rs line and project all points on Xy,
line. On these projectors mark points by taking distances of elevation points from

xy line.

problem 10 : Draw the projections of a circle, of 70 mm diameter, resting on the H.P.
int A of the circumference. Plane is inclined to the H.P. such that the plan of

onapo
it is an ellipse of sinar ‘:ﬂs 40 mm. The plan of the diameter, through the point A,
is an angle of 45° with the V.P. Measure the angle of the plane with the H.P.
For solution see Fig. 9.10 and follow the procedure, as given below :
“Answer: 0 = 55°
.
\9, IR e s A TRNELNEN ;
- d’f; - f, o
a;
c'gy g / .
b’h’ \0 /’
x_ & b'h’ cg df ¢ a \ ¥ h b g
a
L fe= 40/mm |
45
[ | “Q A Ay 19 Y A , | |
h f ¢ E 2 f )
o
oY, F
2 h
True |/ Shape X, or | Axis S
g d
a
d (H
d b | R
Cc
c
Fig. 9.10. Problem 10. Oblique Plane

Given that circle rests on H.P. and hence the solution is done according to 1st angle

system. Further assume initially circle on H.P. and hence.
(i) Draw plan as circle of 70 mm diameter and draw its elevation, straight line on xy

line.

(i) Now rearrange this straight line view of elevation to such an inclination so that

* the distance between two extreme projectors becomes 40 mm. This is done to get

" minor axis of 40 mm of ellipse in subsequent projection. Measure this inclination
6. In fact in this position the plane of circle makes an angle 6 with H.P.

(ili) By projection as usual, get ellipse in plan.
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(i) Draw regular pentagon abede of 50 mm side as plan below xy with edge ab
perpendicular to Xy. Draw its corresponding elevation on xy line. Draw equilateral
triangle of 40 mm side pqr in pentagon keeping the centre same and one edge of

triangle pq parallel to ab. Project pqr also in elevation.

- s e 1 £l R S o e

[Answer: 8 = 31 5°

/N
s

.d'

40

P P

50

Cc c

Fig. 9.14. Problem 14

(i) The plate rests on H.P. on edge AB and point D, opposite to this edge, is going
to be the highest point and 40 mm above L.P. And hence rearrange straight line
elevation keeping a'b’ on xy line and d’ at 40 mm above xy line, as shown in the
figure. Project all points and get its corresponding plan. Measure inclination 6,
which is going to be the inclination of plate with H.P.

(i) Now as the edge, on which it rests on H.P., makes 30°with V.P, draw new x,y,
line at 30° to ab line and project plan to get elevation a¢,b¢ c¢ d¢ e¢ and p¢ q¢ ¢,
as shown in the figure. ;

Problem 15 : A regular pentagon ABCDE, of 30 mm sides, has its side AB in the V.P.
and inclined at an angle of 30° to the H.P. The corner A is 15 mm above H.P. and
the corner D is 20 mm in front of V.P. Draw the projections of the plane and find its
inclination with the V.P.

For solution see Fig. 9.15 and follow the procedure, as given below :

As the side AB is required to be in V.P., assume initially pentagon ABCDE in V.P. with
side AB perpendicular to xy or H.P. First angle system is used.
() Draw regular pentagon a'b'c'd’e’ as elevation above Xy line with edge or side a’b’
perpendicular to xy line. Draw its corresponding plan on xy line.
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[ [Answer: 6 = 55°] s esasenen
(4 . c
Q}/
a’b ¢ ab 0
X b a a Y
1 L
- [ a
a
P
60° r( or .<o
f
B Je B 9
True Shape S
: & B==Dh 50 ¢
b
Fig. 9.16. Problem 16

(i) Now it is given that hypotenuse of set square, and not its plan, makes 40° with
V.P. hence draw the true length of hypotenuse AC at 40° with xy line and get
point ¢,. Draw parallel to xy line from ¢, and cut it at the point ¢ by drawing an
arc with (a) as the centre and radius equal to plan length (ac) of hypotenuse. Join
ac and rearrange plan on this line ac. Project its corresponding elevation a'b'c’,
as shown in figure.

Problem 17 : ABCDE is a regular pentagonal plate, of 40 mm sides, has its corner A
on the H.P. The plate is inclined to the H.P. such that the plan length of the edges
AB and AE is each 35 mm. The side CD is parallel to both the reference planes. Draw

the projections of the plate and find its inclination with the H.P.
For solution see Fig. 9.17 and follow the procedure, as given below :
As the corner A is given on H.P. the problem is required to be treated in 1st angle system.

Further assume initially the pentagonal plate on H.P. with corner A on one side.

(i) Draw regular pentagon abcede of 40 mm side as plan below xy line with corner a
on one side and project its corresponding straight line elevation on xy line.

(i) It is given that plan of AE and AB are of 35 mm length so first arrange 35 mm
length lines ae and ab on parallel lines to Xy line from a, e and b, as shown in
figure. Draw projector through a to get a’ on xy line. ,

(i) Draw common projector through b and e and draw arc with a’ as the centre and
radius equal to r to intersect at b'e’ as shown in the figure. Join a' and b'e’ and
extend it upto c'd’. This straight line a’ - b'e’ - ¢'d’ is the rearranged position of
straight line elevation a’ - b'e’ - ¢'d’. Project points downward to complete plan

abcde.
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3 A regular pentagon, of 50 mm sides, is resting on one of its sides on the H. P.
such that it is parallel to and 25 mm infront of the V. P. If the highest corner of
the pentagon rests in the V. P. Draw its projections and find the angle made by a

plane with the H. P,, the H. T. and the V. T. of the plane.
[Ans : 0 = 71°] [Fig. 9.22] [Mumbai University, December 1997]
“Fig. 9.22 Xi |

K \
| "e
X 5 4, 5, | Y
] 4]5 1]3 2
w1
™ A
5 4 i
' TRUE |SHAPE
PENTAGON
1 3 [=
&

d .

(4) A circular plate, of 60 mm diameter and negligible thickness, has a square hole
side 25 mm, punched centrally. A plate is resting on the H. P. on point A of its
rim with its surface inclined at 30° to the H. P. and the diameter AB, through A,

is inclined at 45° to the V. P. Draw the projections of a plate with the hole. [Fig. 9.23]
[Mumbai University, December 1996]
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CHAPTER - 10

"—_________,__——-—-—-—_

Projections of
Point, Line

and Plane on

Auxiliary Planes

—

1. Introduction :
We have studied two types of auxiliary planes :

(1) Auxiliary Inclined Plane (A. LR

(2) Auxiliary Vertical Plane (A. ViR

We also know that projections on A. L. P. are known as auxiliary plans and projeg;
on A. V. P. are known as auxiliary elevations. When plan and elevation of a point, lip
plane are given, we can get auxiliary plan and auxiliary elevation on A I P.and A\
" respectively by the method studied in the chapter of projection of a point. These aux
views play most important role in determining the following :

(a) The true length of a line

(b) Point view of a straight line

(c) Distance between two skew lines

(d) Edge view or line view of a plane

(e) True shape of a plane

() Angle between two intersecting planes

(@) Distance between two parallel lines

(h) Distance of A point from plane surface

(i) In orthographic projections of objects real or true shapes of inclined surfa'Cf-‘f
seen in auxiliary views taken on auxiliary planes parallel to inclined surfaces of 00

We shall now take some illustrative practical problems and find the solution® o
by the use of auxiliary views.

2. Illustrative Problems :

Problem 1 : A point A is 45 mm above H. P, ‘ | p. Dra¥!
and elevation of the point A. . P. and 20 mm in front of V.

Project auxiliary plan of th 7P
inclined to H. P. by Bp(60°). e point A on A. I. P. which is perpendicular to

For solution see Fig. 10.1 and follow the procedure, as given below :
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s e SR e

t on it auxiliary pl:
0. It will show T} b
L.

174

and plan pj:
o elevation pi and projec
will be quxiliary pla
| be @, the inclination of the line Wi

on pJ
e parallel t
P,y A8 S in the figure- This view
the lin¢ g nclination with X,Y, wil
and project on it auxili

d

V.P.
aw X,Y, ground line parallel to plan pj
the figure. This view will be quxiliary elevation. Ity
- Tt w

(i) similarly. dri
ine PJ and its inclination with XY, will be 6, the inclinatiop
f}f

elevation p'}J y+ &
show
line with H.P. Three dimensional drawing is given here to visualize this conce
: J_____._.---__._,___..___.__....____. p— - €pt,
AN —

T.L. of the |
RS, A

(i) First draw elevati
(i) Draw XY, ground lin

and glevaﬁon of a line. T.L. of a line -

Fig. 10.5. Audliary plag
1. (b) Point View of A Straight Line and
1. (¢ Dlstance Between Two Skew Lines :
Whenever point vi .
point view of a line is required from the given elevation and plan of a lin
of a line,

one

. an en [ahe'

new ground lin
e perpendicular to T.L. view of a line already achieved

xy line is always seen
from xy line is requi as a point view in an end vie
required, it can be achieved from the s;: Iw:riiigre Vi e

Problems 4, 5 and 6
to be connecteé by sh are solved by this concept. When
o eve L s23d
y shortest possible pipeline, then pmblerfltwocansszw I;ipellnes gy
solved by this concef*

m ‘ " The
b distance be
is 15 mm above tween the end
H.P. and projectors
X :’“ in front of V.P, Draw ?: mm in front of V.P. pomttg ;l;': AB is 50 mm. Poit’’
\ of AB from xy and (b) th e gmjectlons of AB and find mm above H.P. a4 0
e shortest distance between Aoll; t (a) distance of mid pois*
and xy lines.

anct

For solution s
ee Fig. 10.4
i) Draw 4 (a) and (b) and f
plan ab and ollow the
elevation a'b’, with the alvexlirg::: uhlfle' ;S S
. Mark the mid points ™
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projections of Point, Line and Plane on
e -

(i) Draw XY, ground line perpendicy]
usual method. Project m',
view O.

(iii) Join Om', and measure it, This is the dist

(ivy Draw perpendicular On', from O op g’
distance between AB and xy lines,

Tii_!iary Planes 175

3 ar to xy and project on it end view a' b', by the
a1S0 on it. xy line will be seen in end view as a point

ance of mid point M from xy line.
b', and measure it, It will be the shortest

e

o
- MO Ee
/ 1
B W ;
as al
0 50 - | 09/
X 0 Y
=
b
n
(3]
[k (b)
a
\ -3
(1) Distance of mid-point M from xy line - 40 mm
(2) Shortest distance between AB and xy lines - 37 mm
Fig. 10.4. Distance between xy line and given line,

Three dimensional drawing is given to visualise the same.

1, (c) ToFind The Shortest Distance Between Two Non-Parallel, Non-Intersecting
Skew Lines : .

How to find the shortest distance between two skew lines, is explained in the problem

given below : :
Problem 5 : AB and PQ are two skew lines. Distance between end projectors of AB
and PQ are 48 mm and 45 mm respectively. Projector of the point Q is 12 mm to the
left of projector of B. Point A is'20 mm above H.P. and 1 mm in front of V.P. Point
Bis 40 mm above H.P. and 28 mm in front of V.P. Point P is 55 mm above H.P. and
45 mm in front of V.P. Point @ is 10 mm above H.P. and 15 mm in front of V.P. Draw
the projections of the lines AB and PQ and find the shortest distance between the
lines AB and PQ.

For solution see Fig. 10.5 and follow the procedure, as given below :

First of all draw projectors of points P, A, @ and B keeping distances between projectors
of AB = 48 mm. of PQ = 45 mm and of @B = 12 mm. Knowing the distances of the points
P.A, Q and B from V P, and H.P., draw a' and a on projector of A, p' and p on projector of
P.q and q on projector of @ and b’ and b on projector of B. Join a'b', ab, p'q and pq.

Important discussion :
Out of the two lines AB and PQ, we must get point view of any one line. Further to get
Point view of 4 Jine, we must get the true length of the same line in the previous view. Here

L view of line AB is obtained.
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xiliary plan, draw perpendicular p,q, from P to.
all views to get views of perpendicular in al Vifjw,d b
ndicular measures 53 mm. S ay

i (iv) In the previous view i.e. au
and transfer the point Q to
shown in Fig. 10.6 Length of perpe

1. (d) & (¢) Edge View of A Plane and True Shape of A Plane :

It is known to us that when a plan of a plane is a straight line and paralle] to groy
line. its corresponding elevation will show true shape. Similarly, when elevation of , Mn
is a straight line and parallel to ground line, its corresponding plan will show Tg — ™*

Further, if a ground line is taken perpendicular to the true length of any strajgp, !
of plane, then subsequent view of the plane will give a straight line. Ty

How to find the true shape of a plane when plan and elevation are given, is exply;

) in problem 7, given below :
em 7 : a'b'c'd' and abed are the elevation and plan of a plane ABCD, respectiy,
its inclination with H.P. y

d the true shape of a plane ABCD and
For solution see Fig. 10.7 and follow the procedure, as given below :

Point Above H.P. In front ;1:7?
A 18 16
B 5 80
’ C 20 28
D 27 B
Distance between Projectors
AB - 26
BD-7
DC - 19
a;
: Fig. 10.7. True shape of aa plane [Ans j:z‘_
First of all draw elevation a'b'c’
( c'd' and
TR plan abed, as per the data given.
To get the true s
L ‘ue shape of a plane, we must get line view of a plane in the previouS‘fi‘
Again to get line view
plane in previous projection, € must get true length of any straight line of ¥
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e A

Again to get true lt‘Illg'lll of any straight line in elevation or plan of a plane, the plan or
elevation respectively of that straight line must be parallel to x-y line.

So as per the above discussion, we draw a'e' parallel to XY in elevation ol a plane. Point
o' falls on b'c’ and so transfer it to plan on be and get the plan of E as e. ae will give the
true length.

Now to this true length line ae draw perpendicular line XY, (new G.L.) at any convenient
distance.

Draw perpendicular projectors to X|Y, from points a, b, ¢, d and e and on them plot
distances of a', b', ¢, d' and ¢' from XY line respectively on other side of XY, as shown in
Fig. 10.7 for the point C.

New projectiona’, b', ¢, d', €', is an auxiliary elevation since the projectors are from plan
points and distances are from elevation points, In this view, we have achieved straight line
view of a plane. Whatever angle (0) this straight line view (here auxiliary elevation) makes
with X Y, is the inclination of the plane with H.P.

Now take new ground line XY, at any convenient distance parallel to auxiliary elevation
a, b, ¢, d e, Draw projectors from auxiliary elevation to X,Y, from points a',, b', ¢',, d',
and ', and on them plot distances of a, b, ¢, d and e from XY, line respectively on the other
side of X,Y,. as shown in Fig. 10.7 for the point B. New projection a,b,c,d, is an auxiliary
plan and this view gives the true shape of plane since its elevation is a straight line parallel
to ground line XY,

1 (f) Angle Between Two Intersecting Planes :

Whenever it is required to find the angle between two planes, then find the view of two
planes in which straight line, which is generated by intersection of two planes, is seen in
point view.

That means follow the procedure of obtaining point view of a straight line.

Problem 8 : Plans abc and abd and elevations a'b'c' and a'b'd' of two intersecting planes
ABC and ABD are given. Find the angle between these two planes.

For solution see Fig. 10.8 and follow the procedure, as given below :

We know that AB is a line of intersection of two planes and so find the point view of the
line AB.

(i First draw new ground line XY, parallel to ab and project plan points to get
auxiliary elevation. In this view a', b', will represent the T.L. of AB.

(ii) Now take new ground line X,Y, perpendicular to a b', (T.L.) and project all points
of A.E. to get A.P. In this A.P., the ABline is seen as a point view and hence planes
are seen as edge views or line views. In this view, angle between two edge views

of two planes i.e. 0 is the real angle between two planes. Measure it.
(iii) If one wants to get 0 in A. E., initially draw XY, parallel to a'b' instead of ab and

proceed in the same way.
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Fig. 10.8. Angle between two intersecting planes

1 (g) Distance Between Two Parallel Straight Lines :

The solution of finding the distance between two parallel straight lines, whose planan
elevation are given, can be done by following any one method given below :
() By finding the point views of both the straight lines and measuring distanc

between these point views,
[OR]
(b) By constructing a plane in each view out of two views of two given straight lin
and then finding the true shape of that constructed plane. In the true shape'
plane, distance between the two lines is the distance between two parallel straig

~ lines.
3. Miscellaneous Problems :
Problem 9 : An isosceles triangle PQR having the base PQ 60 mm and altitude ¢

mm has its base in the V.P. making an angle of 30° with
. the H.P. The corner P
mm above the H.P. and the corner R is in the H.P. Draw the projections of the

For solution see Fig. 10.9 and follow the procedure, as given below : ,
(i) ﬁiﬁgégfsume the triangle to be lying completely in the V.P. with edge !
withgsa P";'ig; IE-SI(')Pr.naxilld t:liiﬁ()lgt P 10 mm above H.P., and hence dra¥ A’

o 0° with '
and the altitude of triangle 85 nglm xy and with point p' 10 mm a’=
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//‘_—_____.._,.*—— ! ¥ « !
I
/|
/| - A’

f

Fig. 10.9. Problem - 9

(ii) Now rotate the triangle about p'q' till the point R gets its position in H.P. During
this rotation, the elevation of point R will move along a line, from r',, perpendicular
to p'q'. The point at which this line cuts xy line, mark that point as r', since point
R is in H.P. During this rotation, the auxiliary plan of point R on A.LP, whose
x,y, line is perpendicular to p'q, is an arc of circle with point p q, as the centre
and radius equal to p,q, - r, (85 mm ). From r', draw projector on xy, to cut the
above arc at r,. Measure the distance of r| from xy, and take the same distance
to mark r on projector to Xy from r'.

(i) Join q'r' and p'r' to complete elevation and join qr and pr to complete plan.

Problem 10 : A picture frame, 2 m wide and 1 m high, is to be fixed on a horizontal
wall railing by two straight wires attached to the top corners. The frame is to make
an angle of 40° with the wall and the wires are to be fixed to a hook on the wall on
the centre line of the frame and 1.5 m above the railing. Find the length of the wires

and the angle between them.
For solution see Fig. 10.10 and follow the procedure, as given below :

Discussion : ‘

Tovisualise the position of the frame and wire with respect to the wall, three dimensional
drawing is given. The true width of the frame will be seen in elevation and plan and the
true height of the frame will be seen in the side view or the end view. True angle (40°) of the
frame plane with wall will be seen in the side view. So here we shall have to draw all views

Simultaneously. ' '
() Draw plan, elevation and end view of the frame along with wires, as shown in Fig.
10.10

(ii) Find the true length of one wire.
for T.L. is shown in the figure for wire OA.

Second wire will be of the same length. Procedure
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b
81
X,
AnSf f= 905"'
Length of |
wires 2.8 |
[N4+14 |

Fig. 10.10. Problem - 10

——

(iii) Draw triangle with two sides as T.L. of the wire and one §ide as 2 m width of the
frame. In this triangle 6 will be the true angle, so measure it. Measured true lengm
of wire is 1.4 m and hence total length of two wires is 2.8 m and the measurs
true angle 0 is 90° between wires.

EXERCISE

1. The distance between the end projectors of a straight line PQ is 70 mm. The end P is 45mn
above H.P. and 25 mm in front of V.P. The end Q is 35 mm above H.P. and 55 mm. in front of VP
Find out the true length of a line and its inclination with H.P. and V.P. both, by auxiliary plare
method. [Ans : 74 mm, 6 =7.5° =23°]

2. A hexagonal plate, of 30 mm long sides, has an edge on the H.P. and inclined at 45° to the V#

Hexagonal plate makes an angle of 30° with the H.P. Draw the projections using auxiliary pla
method.

3. The distance between the end projectors of a line AB is 75 mm. The end A is 40 mm bewh:
H.P. and 25 mm behind V.P. The end B is 60 mm below H.P. and 10 mm behind V.P. Find '

shortest distance between two lines AB and xy and (ii) the distance of mid point M of AB
xy line. [Ans : 45 mm ; 53 mm]

. . W
4. A d‘Mdor POQ has two equal legs OP and OQ of 100 mm length. It is resting on ground " tthﬂ
leg's ends P and Q. The distance between P and Q is 35 mm and the line PQ is inclined
_ VP. by 60°. The hinge point O is 50 mm above the ground.

Draw the projections of the divider by

_oftE
plane auxiliary plane method and find out the inclinatio"’

containing the divider with ground or H.p. [Answer 30.5°]
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i

ViP. Draw the projections of the pentagon using auxiliary plane method

sk = tqll: trc';_‘"tgmar ﬁlate With the edge AB lying in the H.P. and the point A 10 mm in front
of the V.P. The dis 7a(r)1ce etween the projectors through A and B is 45 mm. The sides AB, BC
and CA measures 70 mm, 80 mm and 60 mm respectively. The point C is 45 mm above the H.

p. Draw the projections of the triangular plate and measure th ,
Solve the problem by auxiliary plane. [Ans : 52°] ure the angle of the plate with the H.P.

7. The distance bgtween Fhe projectors of A and B, B and C and A and C are 50 mm, 25mm and
75 mm respectively. Points A, B and C are 50 mm, 65 mm and 25 mm above H.P. and 12.5 mm,

50 mm and 25 mm in front of V.P respectively. Draw the projections of triangle ABC and find
out the true shape of the triangle ABC.

§. Thedistance between projectors of A and C,AandB, CandB, B and D and C and D are 30 mm,
100mm, 70 mm, 30 mm and 100 mm respectively. Points A, B, C, and D are 21 mm, 44mm, 80
mm and 54 mm above H.P. and 30 mm, 70 mm, 20 mm and 10 mm in front of V.P. respectively.

Draw the projections of lines AB and CD and find out shortest distance between them. [Ans :
50 mm]

9. Draw, first, projections of two intersecting planes PQR and QRS from the data given below and
then find the angle between two planes PQR and QRS by auxiliary plane method.

The distance between projectors of R and P, P and Q, Rand S, R and Q and S and P are 62 mm,
28 mm, 44 mm, 90 mm and 18 mm respectively. Points R, S, P and Q are 60 mm, 24 mm, 84
mm and 44 mm above H.P. and 44 mm, 80 mm, 70 mm and 20 mm in front of V.P. respectively.
[Ans. 72°] ;

10. ABC is a triangular plate in the first quadrant, the projections of which appear as follows :
Elevation triangle : a'b' = 80 mm, b'c' = 45 mm and c¢'a’ = 80 mm a'b' making an angle of 45°
with xy line and the corner A of the triangle is 5 mm above the H.P.

Plan triangle : ab makes 30° with the xy line, bc = 95 mm, corner B is 5 mm in front of the V.P.
Draw the projections of the plane and determine the true shape with the help of auxiliary views.
Also find the inclinations of the plane with the H.P. and V.P. both. [Ans. : 42°, 68°]

. In the triangular plate ABC of problem 10, draw a perpendicular from corner B to the opposite
side AC of the triangle and measure its length. Also show the perpendicular line in the elevation
and plan of the triangle. [Ans. : 80 mm]
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