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Drawing board:

A first class engineering drawing board is maddoof to six strips of well seasoned soft good dquadoft wood

such as pine, fir, oak or

means of screws to prevent warping. One of thetsh@dges of the rectangular board is fitted witpeafectly
straight ebony strip. This edge is used as worknhge for the T-square, which moves against theyebdge.

Followings are the standard sizes of the drawiragd®according to the Indian Standard Institutios (1)

CHAPTER-1
Introduction and Demonstration

kill of thickness abo8trim. The wooden strips are cleated at the badkbybattens by

Ebony working edge

Figure 1: Drawing board

Sl. No.| Designation Size in mm (Length X width Xcltmess) | To be used with sheet sizes
1 Do 1500x1000x25 A
2 D, 100x700x25 A
3 D, 700x500x15 A
4 Ds 500x350x15 A

Drawing sheet

Different qualities of drawing sheets are availahléhe market. Depending upon the nature of tlasvalrg
the qualities of drawing papers are selected. Thwidg paper should be of uniform thickness anduath
quality that erasing should not have leave any @sgion on it. One of the sides of the drawing pape
usually rough and the other smooth. The smootlasaris the side for the drawing work.

-




4

Drawing sheets of different sizes are availablguf@ 2 shows the drawing sheets of various sizels asl
Ao, A1, Az, Az, A4 and A according to the Indian Standard Institution ().SThe standard sizes o
trimmed and untrimmed drawing sheets accordindgp¢odian Standard Institution (I.S.1) are giverthe

Table 2.

Size Ao
(841 x1189)
Size A,
Size A, (420 x 594)
(594 x 841)
Size A4
Size A;
(210 x 297)
(297 x 420)
Size As
148 x 210

Figure 2: Standard size of drawing sheets accornading.|




Table 2: Standard sizes of trimmed and untrimmeslolrg sheets

Sl. No. | Designation size in mm Trimmed size in mm Untrimmed size in mm

(Width x Length) Width x Length

1 Ao 841 x 1189 800 x 1230

2 Ay 594 x 841 625 x 880

3 A, 420 x 594 450 x 625

4 Ag 297 x 420 330 x 450

5 A 210 x 297 240 x 330

6 As 148 x 210 165 x 240

Drawing instruments and other drawing materials:

Following is the list of instruments and other #lacy accessories required for construction of dnayw

Drawing board
T-square
Set-squares
Compass
Divider
Protractor
Scale

Pencil

© 0o N o 0o b~ W DdPRE

10. Drawing clips/Drawing pins

11.Duster or handkerchief

12. Mini-drafter

1. Drawing board

Rubber pr eraser

The details of drawing board have been discuss#tkiprevious article.

2. T-square

T-square is made of hard quality wood such as teakahogany, etc. These are two essential parts of
square, namely stock and blade. The blade is fiti¢td an ebony or plastic piece to form working edxd

T-square. The two parts are held securely togedheight angles to each other by means of screws or

dowel pins in order to form a straight edge of blad shown in the Figure. The working length of The

square is equal to the length of the drawing board.




Screw and brass washer

Working edge

"~ Blade

Figure 3: T-square

3. Set squares

Set squares are triangular in shape and are madellafoid or plastic materials. Set squares malde
transparent celluloid are the most satisfactorysamethe lines underneath them can be seen gsitg. ex
Generally two types of set squares are in use.eThi: (i) thirty-Sixty degree (3®0°) set square and (ii)
Forty five degrees (4% set square. The 360’ set square has three angles with the measure® &8
and 90 respectively. Similarly, the 45%et square has three angles with the measures’ of54 and 98
respectively.

o _ 0 0
30 - 60 Set square 45 5et square

Figure 4: Sets square

Set squares of different sizes are available imheket. Set squares are used for drawing allgstrdines

except the horizontal lines which are drawn withsdirare or mini-drafter as the case may be.

Perpendicular lines or the lines af 30° and 96 to the horizontal line can be drawn by using gelses.
4. Compass

Compass is used for drawing circles and arcs ofesrof required diameter. It consists of two métgb
hinged together at its upper end by means of kmatwn as knee joint. An adjustable or fixed neeasdle
fitted on to the end of one of the legs whereasother leg is provided with an attachment which ban

-
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fitted with a pencil lid or pencil depending updmretnature of attachment. There are different typfes
compass available in the market depending upom snees, such as (i) large size compass and (iallsn

size compass. Circles up to 120 mm diameters aerdby keeping the legs of compass straight. F

drawing circles more than 150 mm radius, a lengtitebar is used. It is advisable to keep the needte
about 1mm long compared to that of pencil end st while drawing circles, when the needle end
pressed it goes inside the drawing sheet by a shsédince (approximately 1mm).

J o I
u I

Lengthening bar A\

R
~=1_ D)

Large size compass

Figure 5: Compass

5. Divider

The divider is used to divide straight or curveates into desired number of equal parts. It consiste/o
metal legs as in the compass. However, unlike cemy@adivider is provided with two needles on kibth
legs.

6. Protractor

Protractors are used for constructing and measamgges. Protractors are generally semicirculahipe.
The base diameter of the semicircle serves astithiglst edge. A semicircular protractor can measune
angles of any measure betweéht® 180. Least count of the protractor is generalfyLike set square
protractor is also made of transparent celluloiglastic material.

Semi-circular protractor

=)
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Figure 6: Protractor

7. Scales

Scales are used for measurement of lengths ananded on the drawing. Scale is a measuring stjck,
graduated on both its edges with different divisida represent the corresponding actual distantes
ground according to some fixed proportions. Suelescare known as RF scales or representativedinag
scales. Such scales facilitate rapid marking affagtices on drawing.

— JJ
o

Scales of various representative fractions (RFs)aamilable in the market e.g., 1:1, 1:2, 1.5, 1100,
1:25, 1:50, 1:100, 1:200, 1:500, 1:1000, etc. thepprtion 1:50 means that 50 units on the ground is
represented by 1 unit in the drawing.

The scales used in the engineering practice acuptdil.S.| are:

Full size scale Reducing scale Enlarging scale
11 1:2 1:25 10:1
1:5 1:50 5:1
1:10 1:100 2:1

Scales are used to:

a. Prepare or enlarge the drawing
b. Set off dimension
c. Measure distances directly

8. Pencils

The pencils are used for preparing the drawingtherdrawing sheet. The accuracy and the appeacdnce
the drawing depend upon the quality of pencil udditferent grades of pencils are available depegd
upon the hardness of the lid. Pencils of varioaslgs can be easily recognised by the letters mankeke
body of the pencil.

=]

The pencils are generally graded as H, F, B andHHEpresents hardness; F represents firm, B reptes
softness and HB represents intermediate betweeh drad soft. The general designation of a pencil is
associated with alpha-numeric symbols such as 2H,HB, B, 2B, 3B, etcFigure Xx shows various
grades of pencils. Drawing pencils are graded gs6BB. . . . . . ,HB, H, 2H, . .. ... in thecreasing
order of their hardness and decreasing order of thackness. Generally drawings are made with
pencils and finished with H or HB pencils.

NI
T
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38 4B 5B 6B 7B

Figure 7: Pencils

9. Rubber or Eraser

An eraser is made of rubber and is used to erdsa pencil work and/or wrongly drawn lines. Sofaser
is the most suitable one for erasing as it leavd@deaor no impression on the drawing sheet.

Rubber or eraser

Figure 8 Rubber or eraser

10. Drawing clips or Drawing pins

Both drawing clips and drawing pins serve the spmrpose. They are used to fix the drawing shemtyir
in position to the drawing board as one construetdrawing.

(a) Drawing pin {b) Drawing clip

Figure 9 Drawing pins and Drawing clips

11. Duster or handkerchief

A Duster or a handkerchiek is used for cleaningrimsents. It is also used to sweep away the crwnps
dusts formed after the use eraser on the drawiegtsh

12. Drafting machine / Mini-drafter
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A mini-drafter is an instrument which combines tibge all the features of a T-square, set squacades
and protractor and hence is a unified instrumergabke of performing the functions of all thes
instruments put together. One end of the mini-drat clamped by means of a screw, to the distargdr
edge of the drawing board. At its other end, austdple head (H) having protractor markings ieditt
Two blades (B) of transparent celluloid accurasayat right angles to each other are attachduketbdad.

The machine has a mechanism (M) which keeps thebtades always parallel to their original positio
irrespective of their position on the board. Thadels have scales marked on them and are usecigbtst
edges. The blades may be set at any desired aitbléhe help of the protractor markings.

Parallel arm

Screws H

Scale i

@ J;.‘-"‘/

) | m

ey L=

\"“IlH} F‘rcutractcur/ il

___'5(.-""

Drawing sheet

Mini-drafter clamped to the drawing board attached with drawing sheet

Figure 10: Mini-drafter

e
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CHAPTER-2
Types of Lines, Lettering & Dimensioning

OBJECTIVE:

Engineering drawing consists of organized combomatf different types of lines. The objective oistichapter is,
therefore, to acquaint the students with varioysesyof lines and their relative importance as farthtee whole
drawing is concerned. Lettering plays an importaté as far as logical comprehension of the drawsrgpncerned,
particularly for those parts of the drawing whicanoot be shown by lines. A well meaning drawing tioes
associated with clean dimensioning with good letiaality. Therefore, lettering should be lucid, ikdg, and
uniform in appearance and easy-to-write for rapgefiand writing. After the completion of the chaptke students
can interpret and acknowledge the significancéeflines and also importance of lettering in thhgda perspective
of quality and comprehensive drawing.

Lines:

Various types of lines used in general engineediiagving as described by B.I.S. S.P: 46 - 1988 amastrated in
the Fig.

1. Outlines: Lines drawn to represent visible edgebssamface boundaries of objects are known as astln
object lines or principal lines. These are represkhy continuous thick lines.

2. Dimension lines: Continuous thin lines, used faiirgy dimensions of the drawing, are known as dinmns
lines. A dimension line is terminated at its owgad with an arrow head touching the outline, extenkne
or centre line.

3. Extension lines or projection lines: These are iooous thin lines used for dimensioning an obj&tiey
extend by about 3 mm beyond the dimension lines.

4. Construction lines: These are thin continuous limeed for construction of objects.
5. Section lines or Hatching lines: These are thirtioous lines used for showing the section evigeithey
are uniformly spaced thin lines drawn at an anfjébadegree to the main outline of the section. 3jcing

between the lines is generally 1 mm to 2 mm.

6. Leader or pointer lines: These are continuous lihes and are drawn to connect a note with theiped
feature in the drawing.

7. Short-break lines: These are continuous, thin aadyvireehand lines drawn to show the break of gacbb
for a short length. These are also used to shagutar boundaries.

8. Long-break lines: these are thin ruled lines prediavith short zigzags at suitable intervals. Theydrawn

to show long breaks.

9. Hidden or Dotted lines: These are closely and gvephced dashes lines of equal lengths. They are
medium thickness and are used to show the invisiblédden parts of the of the object on the drawin

2 of




Table 2.1  Convention of various types of lines according to BIS 5P: 46 - 1988

Continupous thick

Wisible outlines
Wisible edges

Continuous thin

Imaginary lines of intersection
Dimension lines

Projection lines

Leader lines

Hatching

Short centre lines

Continuos thin with zigzags

Long-break line

Dashed thick

Hidden outlines
Hidden edges

Dashed thin

Hidden outlines
Hidden edge=

Continuous thin freehand

Limits of partial or interrupted views
and sections, if the limit is nota

chain thin line

Chain thick

Indications of lines or surfaces to
which a special requirement applies

Chain thin

Centre line
Line of symmetry
Trajectories

Chain thin, thick at ends and
change of direction

Cutting planes

Chain thin double- dashed

Outlines of adjacent parts
Centroidal lines

Parts situated in front of the cutting
plane

10. Centre lines: These are thin, long, chain linesmmsad of alternatively long and short dashes spatead
approximate distance of 1 mm. The proportion ofylamd short dashes is 6:1 to 8:1. The short daeiees
about 1.5 mm long. These are used to indicate xae af cylindrical, conical and spherical objedibese
are also used to show the centres of circles argl @entre lines should extend for a short distéey@nd
the outlines to which they refer. Locus lines, exte positions of movable parts and pitch circlesaso

shown by these lines.

11. Cutting-plane lines: These are long, thin chaie vith thick ends. These are used to show theiwcaff

cutting plane.

12. Chain thick: These lines are used to indicate spp&@atment on the surface.

13. Chain thick double-dashed: These lines are usstidw outlines of adjacent parts, alternative arideene
positions of movable parts, centroidal lines andspsituated in front of the cutting plane.

12




Cutting-plane line

Dimension line / Extension line /

Leader Line

210

Section line

\_‘
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Figure 1

Locus line
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N\
Y
Chain thick

/ double dashed

Short break line
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Chain thick
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Long break line /

Figure 2
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Lettering:

The verbal information, in writing, given in theaaving is known as lettering. Lettering plays an amant role as
far as logical comprehension of the drawing is eoned, particularly for those parts of the drawiigch cannot be
shown by lines. A well meaning drawing must be asdged with clean dimensioning with good letter Igya
Therefore, lettering should be lucid, legible, amiform in appearance and easy-to-write for rapégtiand writing.

The art of writing letters such as alphabets anmdbars etc. is known as lettering. Lettering formdraportant part
of drawing and is used to write letters, dimensjonges and such other necessary information asbmagquired
for complete execution of the drawing of an object.

It must be kept in mind that use of drawing insteuintakes considerable amount of useful time amddenust be
avoided as far as possible.

Certain principles need to be followed for devehgpgood writing skill for lettering. One must halkeowledge of
the following parameters in order to master theofigood lettering.

shape and proportion of each letter

order and direction of the stroke

general composition of letters

rules for combining letters into words

skill of writing the letters in plain and simpleyl so that the lettering can be done freehand

ahrwdE

Single-stroke letters:

The Bureau of Indian Standards (IS: 9609-1990)menends single stroke lettering for use in engimeedrawing.
These are the simplest forms of letters and arallysemployed in most of the engineering drawings.

The word single stroke should not be misconstreth¢an that the letter should be made in one stwolteut
lifting the pencil. It actually means that the #rniess of the line of the letter should be suchsasbtained in one
stroke of the pencil. The horizontal lines of lettehould be drawn from left to right and vertioalinclined lines
from top to bottom.

Single-stroke letters are of two types:

1. Vertical and
2. inclined

Inclined letters lean to the right, the slope beiBYwith the horizontal. The size of a letter is désed by its height.
According to the height of letters, they are clisdias:

i. Lettering ‘A’
ii. Lettering ‘B’

In lettering ‘A’ type, the height of the capitaltier is divided into 14 parts, while in lettering’ ‘type, it is divided
into 10 parts. The height of the letters and nuledia engineering drawing can be selected from 2.5, 5, 7, 10,
14 and 20 mm according to the size of the drawirge ratio of height to width varies but in casenuist of the
letters it is 6:5. The details of the charactergstf the types of lettering are given in Tabledlaable 2.

Lettering is generally done in capital letters.fBiént sizes of letters are used for different pags.

The main titles are generally written in 6 mm tnBh size, sub-titles in 3 mm to 6 mm size, whileespdimension
figures etc. in 3 mm to 5 mm size.
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The drawing number in the title block is writtennamerals of 10 mm to 12 mm size.
Figure 3 shows single-stroke vertical capital lstend figures with approximate proportions.

Single-stroke inclined capital letters and figuegse shown in Figure 4. The lower case letters atmlly used in
architectural drawings. Vertical and inclined loveaise alphabets are shown in Figure 5 and Figuesctively.
The width of the majority of letters is equal te theight.

All letters should be uniform in shape, slope, ss&te&ade and spacing. The shape and slope of eatézy $hould be
uniform throughout a drawing. For maintaining unifity in size, thin and light guide-lines may fitst drawn, and
lettering may then be done between them. The sbideery letter must be the same as that of thkneatof the
drawings, i.e., intensely black.

Therefore, H or HB grade of pencil is recommendadthis purpose. The spacing between two letteosilghnot
necessarily be equal. The letters should be sedphaat they do not appear too close togethercomiach apart.

Judging by the eye the background areas betweetletiiees should be kept approximately equal. Trstadce
between the words must be uniform and at leastl égtiae height of the letters (as in Figure 7).

Lettering should be so done as can be read fronfreimé with the main title horizontal, i.e., whelmet drawing is
viewed from the bottom edge.

All sub-titles should be placed below but not tdose to the respective views. Lettering, exceptdhmaension
figures, should be underlined to make them morenprent.

Table 1: Lettering A(d = ij
14
Characteristic Ratio Dimensions (mm)

Letter height 14 h
Height of capitals 1_4 2.5 3.5 5 7 10 14 | 20

ik

14

Height of lower case letter c - 2.5 3.5 5 7 10 | 14

Space between characters
035| 05 | 0.7 1 1.4 2 | 2.8

Minimum spacing of base line t(ZOJ hl 35 5 7 10 14 | 20 | 28

6
Minimum spacing between words e(—j h
105 15 | 21 3 4.2 6 | 84

Thickness of lines 1 h
14 0.18 | 0.25| 0.35| 0.5 | 0.7 1 |14




Table 2: Lettering {d = ﬂj
10

Characteristic

Dimensions (mm)

Letter height

Height of capitals 2.5 3.5 5 7 10 | 14 | 20
Height of lower case letter - 2.5 3.5 5 7 10 | 14
Space between characters

05 | 0.7 1 1.4 2 28| 4
Minimum spacing of base line 35 5 7 10 14 | 20 | 28
Minimum spacing between words

15 | 21 3 4.2 6 8.4 | 12
Thickness of lines

025 035| 05 | 0.7 1 14| 2

ARBCD
OPIQRIGITUNM
?23

_l

Figure 3

Figure 4

- FIGHIUKLIMN
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Y17
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16

16
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‘engg, drg-

Figure 7
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Gothic letters:

Gothic letters are formed by thickening the sterhsimgle-stroke letters. These are mostly usedrfain titles of
ink-drawings. The outlines of the letters are fatsiwn with the aid of instruments and then filladwith ink. The
thickness of the stem may vary from "L#® 1/10" of the height of the letters. Figure 3.9 showsatmhabets and
figures in gothic with thickness equal to 1/7 of tieight.

Figure 8
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CHAPTER-3
SCALES

What is a scale?
« Drawings of small objects can be drawn on a drawimget as the actual size they represent. For
example, a paper of size 20cmX 25cm can be showa lBctangle of size 20cmX25cm on |a
drawing sheet. Drawings drawn of the same sizé@®bjects are called full-size drawings. The
ordinary full size scales are used for the aboaevirgs.

* Itis not always possible to draw drawing of aneabjto its actual size. For instance, drawings|of

large objects like buildings, large equipments, Inraes etc. cannot be prepared full size as they

D

would be too large to accommodate on the drawiegtstSimilarly, drawings of small objects lik
small watches with its parts, small electronicrmstents etc. cannot be prepared full size because
they would be too small to draw as well as to read.

» Ascaleisdefined as the ratio of the linear dimensions of element of the object as represented in a

drawing to the actual dimensions of the same element of the object.

=]

* A suitable scale is always chosen to draw the drgsviof big as well as small objects i
proportionally smaller or larger sizeghus, scale can be expressed in the followingetinrays.
» Full size scale
» Reducing scale
» Increasing scale
Full size scale:
* If actual dimension of an object is shown in thavdng then the scale used is said to be full sjze
scale.
e IT can be represented as 1cm=1cm.
Reducing scale
e If actual dimension of an object is reduced socagccommodate that object in the drawing to pe
drawn on the provided drawing sheet, then the scsd is called reducing scale.
* Such scales are used for drawing the large magarts, buildings, bridges, survey maps, etc.
e Civil Engineers and Architects generally use redgacale.
e This scale is represented as for example, 1cm=2ns. ildicates that the linear dimension of 2m
of an actual object is represented by 1cm in tlaeviirg of that object.
Increasing or Enlarging scale
* When the drawings of very small objects are madgelathan their actual dimension in the
drawing sheet, the scale used is called increasitayiging scale.
* Such scales are used for drawing small machins,pagchanical/electronic instruments, watches,

etc.
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* Mechanical, Electrical and Electronics Engineems losth reducing as well as enlarging scales
per their requirements.
e This scale is represented as for example, 1cm=2hims. indicates that the linear dimension
2mm of an actual object is represented by 1cmardtiawing of that object.
Representative Fraction (R.F.)
« Representative Fraction (R.F.) is the ratio of dnavsize of an object to its actual size.
* This is another method of representing scale.
* Forreducing scale, the R.F. value is less thatyuni
* For enlarging scale, the R.F. value is greater timaty.
*  For full size scale, the R.F. value is equal tdyuni
Types of scales
e Simple or Plain Scales
» Diagonal Scales
* Vernier Scales
Out of the above three scales Plain Scales andoD&dcales are be presented in detail in theviahg
sections.
Plain Scales
* A plain scale is simply a line, which is dividedara suitable number of equal parts.
* The first part is again sub-divided into small part
* This is used to represent either two units or & and its fraction such as metre and decimet
kilometre and hectometer, etc.
When a particular scale of our requirement is nailable, it becomes necessary to construct a.scale
Construction of Plain Scales
For construction of plain scales following infornoet are required.
* R.F. of scale to be constructed
e Maximum length to be measured

+ Divisions to be shown

as

er,

» If the length of scale and distance to be measaredot mentioned in the problem, then the scale

length of 15cm is taken.
Problem 1: Construct a plain scale to show metres if the R.F is 1:400 and long enough to measure
50metres. Show a distance of 28m on the constructed scale.
Procedure of Construction of Plain Scale:
« First step is to find out R. F. of the scale tocbastructed. In the present problem R.F. is given
1:400.

» Determination of length of scale(L).
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L= R.F x Maximum length to be measured = (1/4@0)x 100cm =12.5cm

* Draw horizontal line of length 12.5cm (L)

 Then draw a rectangle of size 12.5cm x 0.5cm onath@ve horizontal lineWidth of scale is
usually taken as 5mm

* As the total length to be measured is 50m, dividedbove rectangle into 5 equal divisions, each
division representing 10m.

* Mark O at the end of first division.

e From 0, number 10, 20, 30 and 40 at the end of e&h division as shown in Fig.1.

* Sub-divide the first main division into 10 sub-d@inins to represent meters using any of geometrjcal
construction method.

e Number the subdivisions as shown in Fig.1

* Write the names of main unit and sub-unit belowsta&e with R.F. below the scale as shown.

* Indicate on the scale a distance of 28m (=2 maiisidns to the right side of O +8 sub-divisions to
the left of O.

| 2 8mM |

10 0 10 0 30 4 ()
MetTres

=120 cm

R.F.=1:400

Fig. 1 PLAIN SCALE

Diagonal Scales

—t

Diagonal scales are used to represent either tumesecutive units (i.e. m, dcm, cm) or to read|to
the accuracy correct to two decimals.
Principle of diagonal scale

e It consists of a line divided into required numbé&equal parts.

* The first part is sub-divided into small parts bggbnals.




Problem 2:
for the plan to read up to 6m, showing metres, decimetres and centimetres. Indicate the lengths 3.35m and
5.78m on the constructed scale.

Procedure of Construction of Diagonal Scale:

R.F. = 10cm/5x100cm = 1/50

Length of scale, L= (1/50)x 6 x 100 cm =12 cm

Draw a rectangle ABCD of size 12cm x 5cm.

Max/ min = (6 x100 cm)/1cm =600 =6 x 10 x 10.
Divide AB into 6 main divisions, each representirg. Mark 0, 1, 2, 3, 4, 5 and draw the vertic
lines through each point.
Sub-divide the first main division into 10 equabsiivisions each representing decimeter. Mark
to 10 towards the left of O.

Divide AD into 10 equal parts and draw horizontaés from each division on AD.

22

In Fig.2, let AB be the small length (sub-divisidn)be further divided into 10 equal parts.

Draw verticals at A and B. Divide AD into 10 equli¥isions of any convenient length (say

5cm) and complete the rectangle ABCD.
Join the diagonal AC. draw horizontal lines throuahé division points to meet ¢ at 1’, 2],
3, ....9.

Let consider similar triangle ADC and A66'.
66'/DC=AB/AD;

But, A6=(6/10)AD;

Thus, (66’/DC) =6/10; 66'=(6/10)DC=0.6DC=0.8AB.
Similarly it can be shown that the horizontal ldrgyiil’, 22’, 33’ etc. are equal to 0.1AB
0.2AB, 0.3AB etc. respectively. This principle isad in constructing the diagonal scale.

~
~ WA UIONOY T
U1
a
3

tJ
>

Fig.2

On a building plan a line 10cm long represents a distance of 5m. Construct a diagonal scale

al
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Join D to the first sub-division from A on the maicale AB. Thus, first diagonal is drawn.
Similarly remaining 9 diagonals parallel to thesfidiagonal are drawn.

3.35m and 5.78m are shown on the constructed dégoale (Fig. 3).

0./ 8m

M

=

|
(]

CJ

3

U1

o

Centimetres

—

cn

0
A 10
A

lNecimetres Metres

R.F.

120
Fig. 3 DIAGONAL SCALE
EXERCISES

. Construct a plain scale with R.F. of 1: 4 to shemtoneters and long enough to measure upt
decimetres.

. Construct a plain scale of R.F. 1:50,000 to shownkéters and hectometers and long enough

measure upto 7 kilometres. Indicate a distancédféctometres on your scale.

. Construct a diagonal scale of R.F, = 1 : 32,00j@08how kilometers and long enough to meas
upto 400km. Show distances of 238 km and 375kmoam gcale.

. Construct a diagonal scale of R. F. 1 : 4000 tavsimetres and long enough to measure upto 50
Show a distance of 376m on your scale.

The area of afield is 50,000 sgm. The length aeddith of the field on the map is 10 cm and 8 ¢

respectively. Construct a diagonal scale whichread upto one metre. Mark the length of 244m
on the scale. What is the R.F. of the scale?

fo
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m
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CHAPTER-4
CONIC SECTIONS

OBJECTIVE:

The conic sections (or conics) - the ellipse, tampola and the hyperbola - play an important lpol in
mathematics and in the application of mathematicsngineering. The main objective of this chapser |i
therefore, to deal with the construction of varidypes of plane curves such as ellipse, parabath an

hyperbola, etc which are otherwise known as comictiens. These curves are very often used|in

engineering practices. Many engineering structstesh as arches, bridges, dams, monuments, coaling
towers, water channels, chimneys, roofs of stadiuets. involve geometries of conic sections. It |is
therefore very much necessary to study the natlitbese curves together with some of their geometri
properties and explain some of the convenient naistifiar construction of these curves.

CONIC SECTION:

Conics (conic sections) are essentially a class of cuwhigh are obtained when a double cone|is
intersected by a plane at different angles reldtivilne axis of the double cone. There are three types

of conics: the ellipse, the parabola and the hygarld~rom the ellipse we obtain the circle as eaisthe
case, and from the hyperbola we obtain the rectantpyyperbola as a special case. The circle iseaiab

case of the ellipse, and is of sufficient inteiasts own right that it is sometimes called thert type of
conic section.

=

N
<\

Figure 1
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1. Ellipse

The section plane obtained by the intersectionaftang plane, inclined to the axis of the cond autting

all the generators, is called an ellipse. The anflaclination of the cutting plane with the axitthe cone
is more than that of the generator with the axis.efipse is a closed curve.

An imaginary line joining the apex to the centretlod base of the cone is known as the axis of dne.c
The top point of the cone is called the apex.

2. Parabola

The section plane obtained by the intersection ctiing plane, inclined to the axis of the conel a
parallel to one of the generators, is called alpzlea

3. Hyperbola

The section plane obtained by the intersectiona@fténg plane, inclined to the axis of the conaratngle
less than the inclination of the generator with &xés (semi-vertical angle, is called a hyperbdtathis
case the cutting plane cuts the cone on one sitteedxis.

4. Circle

The section plane obtained by the intersectionaifting plane, parallel to the base of the cosealled a
circle. Circle is a special is the special casé¢hefellipse and is sometimes referred to as fouyyle of

conic section.

In analytic geometry, a conic may be defined akaepalgebraic curve of degree 2. There are a nuofbe

other geometric definitions possible. To have onehsgeometric definition, one has to know the ter

calledlocus.
Locus

The path traced out by a point when it moves insihgce, under given conditions or in accordanchk ait
definite law, is known as a locus of that point{lm the plural).

Geometrical definition of conic/ conic section as plane ofloci
A conic section or conic is defined as the locua gbint moving in a plane in such a way that tterof
its distances from a fixed point and a fixed stnfiline is always constant. The fixed point is edlthe

focus and the fixed line is called tlokrectrix.

disance of the point from the focus
distance of the point from thedirectrix

The ratio

is called eccentricity and is denotedéyy

For ellipse, this eccentricity is always less thafe < 1). It is equal to 1 (e = 1) for parabola gneater
than 1 (e > 1) for hyperbola.

The line passing through the focus and perpendic¢althe directrix is called the axis. The pointadtich
the conic cuts its axis is called thertex.

=
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Ellipse
Ellipse is the locus of a point moving in a plane in such a way that ratio of its distances from a fixed point
(focus) and a fixed straight line (directrix) is constant and is always less than one. Ellipse is a closed curve
having two foci and two directices.

Parabola

Parabola is locus of a point moving in a plane in such a way that the ratio of its distances from a fixed
point and a fixed straight line is constant and is equal to one. Parabola is an open curve of conic section.

Hyperbola

Hyperbola is locus of a point moving in a plane in such a way that the ratio of its distances from a fixed
point and a fixed straight line is constant and is always greater than one. Hyperbola is an open curve of
conic section.

PROPERTIES OF CONIC SECTIONS

Properties of ellipse

2 2
The equation of an ellipse +)§2— +§ =1 wherea = half the major axi€B = half the minor axis. The origin
a
is the centre of the ellipse. The vertices aredistancea from the centr& on both sides of the x axis. Far
different values of X like 0, +1 +2 etc. The corresponding values
of y=+by1, + b\/l—iz, + b\/l—i2 ..........
a a

For any particular value o, there are two equal and opposite valuesy.ofhe curve therefore ig
symmetric about the x-axis. For every +ve or —vRioaf x, the values of are identical and hence th
curve is symmetrical about the y-axix.

D

Properties of ellipse
1. Ellipse is the locus whose sum of distances fromfixed points is constant.

2. The length of the line segment from the end of mamaxis to a focus is the same as half the length
of a major axis.

3. Alight ray originating from one focus will pasgtlugh the opposite focus after reflecting off o th
ellipse.

4. At all points on the ellipse, the sum of distanfresn the foci is 2a (twice the semi-major axis. hi
is another equation for the ellipse.
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R - EP
r’-."1F1 =MF,= VO ( half major axis M Eccentricity = YF - 1 %
VC PK =
= ]
§ ¢
& a
=
C +—i 4 : c'
Vertex, vV : v'
Focus, F
2
K
Point, p N PF, +PF,= Constant
Diagramatical explanation of the mathematical properties of ellipse

From each point on the curve, the distance to thetus equals the distance to the "directrix
Every ray coming straight down is reflected to thdocus
Applications of ellipse

There are many incident and uses of elliptical farwrbits of satellites, planets, and comets; shapbe
galaxies; gears and cams; some airplane wings, Kkemd$, and rudders; tabletops; public fountaimsl a
domes in buildings are a few examplese Fig. 2).

Figure2(a) shows a pair of elliptical gears with pivot poiatsfoci. Such gears transfer constant rotatio
speed to variable rotational speed, and vice veéfgpire 2(b) shows an elliptical dome. An interestin
property of such a dome is that a sound or lightre® at one focus will reflect off the dome andspg
through the other focus. The "whispering gallery'ttee United States Senate is an ellipse. If yamdt
atone focus and whisper (speak quietly), you cahdaed at the other focus (and nowhere else).Yolzev
is reflected off the walls to the other focus-faliag the path of the string.

Structural components with elliptical configuratibave wider application in aerospace engineerird
naval architecture. Figurg(c) shows an aeroplane with its trailing edge, andgwiand tails of elliptical
shape. Of all possible wing shapes, it has beermeted that the one with the least drag alongrdikng
edge is an ellipse. Use of elliptical reflectorsl atrasound to break up kidney stones is a farlyent
application in medicine. Shown in Figuggd) is a device called lithotripter which is used tengrate
intense sound waves that break up the stone frasideuthe body, thus avoiding surgery. The reftegti
property of the ellipse is used to design and otlgrgosition the lithotripter to ensure that thawes do
not damage other parts of the body.

High-performance racing sailboats, showrfigure 3 use elliptical keels, rudders, and main sailsther
same reason as in the case of aeroplane wings.

1
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(a) Elliptical (b) Elliptical

Kidney stone

Ultrasound
source

Leading edge

"__ ——— P -
I" "lu“.
= .}
o
‘M

Trailing edge | Fuselage
Elliptical I
wings and tail 16 cm ——
d) Lithotripter
(c) Wing and trailing edge (d) p
Figure 2
Elliptical bridge .
g
< -
Rudder ‘" Keel
(2) Racing sail-boats (b) Elliptical bridge

Figure 3
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Methods of construction of ellipse

There are a number of methods available for coaistm of ellipse. The type of method to be used for
construction of ellipse depends on the specifiapeters of an ellipse. Some of the methods are
mentioned as follows.

Eccentricity method

Concentric circle method

Arc of the circle method

Loop of thread method

Oblong method/Rectangle method

Trammel method

Four centres approximate method

© N o 0o B~ WD PRE

Parallelogram method

9. Circumscribing parallelogram method
Of the above mentioned methods, the first threehatt are included in the syllabus and need spegial
attention so far as their constructional procedsi@mncerned.
1. Eccentricity method

This method is used when the eccentricity and tkiamice of the focus from the directrix are givienthe
present case let us assume the eccentricity, 8 = 2/
1. Draw a vertical lineDD' as the directrix.
2. Draw CC' as the axis of the ellipse from any suitable p@non the directrix such thaEC'is
perpendicular to the directrix.
3. Mark a focus F on the axis such that CF is equtidalistance between the directrix and the focus.

4. Divide CF into 5 equal parts and mark the vertextba 3rd division point from C. Thusg

eccentricity = VE 2/3
VC

11°}

5. Draw a perpendicular VE equal to VF. Now draw e ljpining C and E and prolong it in th

direction of CE. Thus , in triangle, CVI%{&IE:Ez 2 (sinceVE=VF)
vVC VC 3

6. Mark a point 1 on the axis and draw a perpendidhliaugh it so as to meet prolonged CE at

7. With F as centre and radius equal +d', draw arcs to intersect the perpendicular througth R
andP; .
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The points P and P lie on the required ellipse because the ratidr&m DD’ is equal to C1,
, o 1-1 VF_2 _. . . . . .
PF=1-1and——=——=—. Similarly, mark points 2, 3 etc. on the axis asutain points P
Cl vC 3
andP,, P; and P, etc.
8. Draw the ellipse through these points. The elliggepbtained is a closed curve with two foci a

two directrices.

3|
D d D1
2'/\ ’
AN P;
1'/- P,
E NP,
/ 1 F‘ 2 3 F' Vv
C (o
Y Py
=P | py
-,
DI Dll
Figure 4

2. Concentric circle method
This method is used when the lengths of major ambnaxes of an ellipse are given.
Procedure of construction

a. Draw the major axis and minor axes as AB and Cpaetively so as to intersect each other at rig
angles at O as shown in the figure.
b. With centre O and AB and CD as diameters draw tinebes.

c. Divide the circle described on the major axis (maxis-circle) into a number of equal divisions

say 12 and mark 1,2 etc as shown.

yht




3. Arc of circle method
This method is also used when the lengths of najdrminor axes of an ellipse are given.

a.
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Draw lines joining these points with the centrer@ autting the circle described on the minor a
(manor-axis-circle) at point$,2' etc.

Through point 1 on the major-axis-circle, drawreelparallel to CD, the minor axis.
Through pointl’ on the minor-axis-circle, draw a line parallel®B, the major axis.
Mark the point of intersection of the above twogliat lines a®,. The pointP,, thus obtained, is &
point on the required ellipse.

Repeat the construction through all the pointsgatdnore points.

Draw a smooth curve through all these points. Turee; so obtained, is the required ellipse.

Figure 5

Draw the major axis and minor axes as AB and Cpaetsvely so as to intersect each other at rig
angles at O as shown in the figure.

Draw two arcs with C as centre and radius equél@a(semi-major axis = half of AB) so as to cu
major axis AB aF, andF,. F, andF, are the foci of the ellipse.

Mark a number of points 1, 2, 3 etc. on AB.

With F, andF, as centres and Al as radius, draw arcs on botis sidAB.
With same centres and radius equal to B1, draw iatessecting the previous arcs at four poin

marked a®,.

is

yht
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f. Similar points are obtained with radii A2 and BAgaA3 and B3 etc.

g. Draw a smooth curve through all these points. Turee; so obtained, is the required ellipse.

Figure 6

Properties of parabola

Remind students that a defining property for alpalais the set of points P satisfying FP = PP".

Application of parabola

Parabolas have an important property that makes tiseful as reflectors for lamps and telescopeghtLi
from a source placed at the focus of a surfaceadhmwlic cross section will be reflected in suchay that
it travels parallel to the axis of the parabolau3ta parabolic mirror reflects light into a beanpafallel
rays. Conversely, light approaching the reflectorays parallel to its axis of symmetry is concatetd to
the focus. This reflection property is used in¢bastruction of reflecting telescopes.

In parabolic microphones, a parabolic reflectort tredlects sound, but not necessarily electromagn:é
radiation, is used to focus sound onto a microphgivéng it highly directional performance.

Unlike an inelastic chain, a freely hanging spraigzero unstressed length takes the shape of &gara
Suspension-bridge cables are, ideally, purelymsite, without having to carry other, e.g. bendiiogces.
Similarly, the structures of parabolic arches areely in compression.
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- - 12 in. et —1
b 4
- 8 in.
Y
(a) Parabolic reflectc (b) Satellite dis

primary
mirror

(c) Telescop (d) Solar cooker with parabolic reflec

Figure 7




(a) An array of parabolic troughs to collect solar ey (b) A parabolic antenn

(c) A parabolic arch bridg(The parabolic arch is irompressior

Figure 8

Methods of construction of parabola

34

There are a number of methods available for coostiu of parabola. The type of method to be used fo
construction of parabola depends on the specifiamaters of a parabola. Some of the methods are

mentioned as follows.

Eccentricity method
Rectangle method
Tangent method

P wbd P

Measured abscissa method

5. Parallelogram method

Of the above mentioned methods, the first threehatt are included in the syllabus and need spe|

attention so far as their constructional procedsi@mncerned.

cial
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1. Eccentricity method
This method is used when the distance betweenitbetik and the focus is given.

a. Draw a vertical lineDD' as the directrix.
b. Draw CC' as the axis of the parabola from any suitable tpGimn the directrix such thaEC'is
perpendicular to the directrix.

c. Mark focus F on the axi€C' .

d. Bisect CF to get the vertex \{since, eccentricity = \\:_IC:: = j

e. Mark a number of points 1, 2, 3 etc. on the axid #nough these points draw perpendiculars to the
axis.
f. With F as centre and C1, C2, C3 etc. as radii, dzes® so as to cut the perpendiculars through
relevant points (perpendiculars through 1, 2, 3 eticR and R', P, and B', and R and R' etc.

g. Draw a smooth curve through these points. The cilmyg obtained is the required parabola.

5 R, /

L

Figure 8

2. Rectangle method
This method is used when the base and the axpa®.

a. Draw aline AB as the base and mark the midpoirdrMt.
b. Through M, draw the axis MN at right angles to AB.
c. Draw arectangle ABCD with side BC equal to MN.
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d. Divide AM and AD into same number of equal partd aame them as shown .Draw lines joining
N with 1, 2 and 3.

e. Through 1', 2' and 3', draw perpendiculars to ABasdo intersect F1, F2 and F3 at poinisfH?
and R respectively.

f. Draw a smooth curve through these points. The cilmyg obtained is the required parabola.

/ﬁ,«f \
P |
1 P
5 1
A Y B
Figure 8

3. Tangent method
This method is also used when the base and thesxigiven.

Draw a line AB as the base and mark the midpoirgniMit.
Through M, draw the axis MN at right angles to AB.
Produce MN to O so that MN = NO.

Join O with A and B. Divide lines OA and OB inteeteame number of equal parts (say 7 or eight).

o 0o T p

More the number of parts better would be the pdsabo
e. Mark the division points as shown in the figure.
f. Draw lines joining 11', 22', 33" and so on.
g. Draw a smooth curve starting from A and tangertbathese lines. The curve so obtained is the

required parabola.
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A M

Figure 9

Methods of construction of hyperbola

1. Eccentricity method

This method is used when the distance of the fércuns the directrix and the eccentricity are giventhe
present case let us assume the eccentricity, 2 = 3/

a.

Draw a vertical lineDD' as the directrix.

b. Draw CC' as the axis of the hyperbola from any suitable{pGi on the directrix such th&C'is

perpendicular to the directrix.
Mark focus F on the axi€C' .

Divide CF into 5 equal parts and mark the verteXVasn the 2nd division point from C. Thu
eccentricity = VE 3/2

VC
Draw a perpendicular VE equal to VF. Now draw @ ljpining C and E and prolong it in th

direction of CE. Thus , in triangle, CVI%{&IE:Ez 3 (sinceVE = VF)
VC VC 2

Mark a point 1 on the axis and draw a perpendidhiarugh it so as to meet prolonged CE at

With F as centre and radius equal +d', draw arcs to intersect the perpendicular throLigh R

andP, .

\"2J

117
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The points P and P lie on the required ellipse because the ratidr&m DD’ is equal to C1,

HFZl—l'and%:://—z:g. Similarly, mark points 2, 3 etc. on the axis asiutain points P

andP,, P; and P, etc.

h. Draw the hyperbola through these points. The hygarbo obtained is an open curve with a focus

D
3|
g

and a directrix.

Figure 10

Examples on ellipse:

Problem 1

Construct an ellipse when the distance of the féim the directrix is equal to 60 mm and ecceitiris
2/3.

Problem 2
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A point moves in such a way its distance from &dixine is always 1.5 times the distance from adix
point 50 mm away from the fixed line. Draw the Ie@f the point and name the curve.

Problem 3

Draw an ellipse of major axis 150 mm if the ratfdlee major axis to the minor axis is 3:2. Use @niac
circle method.

Problem 4

A particleP moves such that the sum of its distances fromfixea points, 90 mm apart, remains constant.
WhenP is at equal distance from the fixed points itdafise from each one of them is 75 mm. Draw the
path traced out by the particle. Hint: use ardefc¢ircle method.

Solution:

a. Draw the major axifAB =PF, +PF, = 2x75 =150mm. P, is the position of particle at any instant.

b. Draw perpendicular bisector to AB at O.

c. Locate the foci &, andF, 45 mm each from the centre.

d. With F as centre and RFE 75 mm as radius, draw an arc to intersect teechor through O on
both sides of AB to get C and D.

e. Mark a number of points 1, 2, 3. ... etc. on thgor axis AB betweerr, andF,. Equidistant
points from O make the construction convenient.

f. With F, andF, as centres and Al as radius, draw arcs on botis sidAB.

g. With same centres and radius equal to B1, draw iatessecting the previous arcs at four points
marked ash,.

h. Similar points are obtained with radii A2 and BApdaA3 and B3 etc.
I. Draw a smooth curve through all these points. Turee; so obtained, is the required ellipse.
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Figure 11

Examples on parabola:

Problem 1

Construct a parabola when the distance betweeditbetrix and the focus is 50 mm.

Problem 2

Draw a parabola by tangent method, given the badexais 60 mm and 30 mm respectively.

Problem 3

A cricket ball thrown up in the air reaches a maximheight of 10 m and falls on the ground at aadict

of 30 m from the point of projection. Trace thelpat the ball, assuming the path to be parabolic.

Examples on hyperbola:

Problem 1

Construct a hyperbola if the distance between thexttlix and the focus is 25 mm and the eccenyriisit
5;2.

Problem 2

Construct a hyperbola, given the distance betweeridcus and the directrix is 65 mm and the ecuzytr
is 3:2.




Atticin La Pedrera, Barcelona, Spain

McDonnel Planetarium, St. Louis, MO
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CHAPTER-5
ORTHOGRAPHIC PROJECTION

PROJECTION OF STRAIGHT LINES

Lines in space are three types considering theditipa with respect to reference planes i.e. HariabPlane (HP)
and Vertical Plane (VP):

Line parallel to one and perpendicular to otheenexfice plane
Line parallel to both reference plane

Line parallel to one and inclined to other refeeptane

Line inclined to both reference planes

PowObdPE

Case-1 Line parallel to one and perpendiculaio other reference plane

Example: 1

Draw the projection of a straight line AB of len@@Bmm, which is perpendicular to HP and paralléVRx Point A
is 10mm above HP and 20mm in front of VP.

Steps:
a. Draw the horizontal XY to represent reference line.
b. Locate a point 20mm below XY and mark as a. Adlititeeis perpendicular to HP looking from the toghbo

ends of the line will be projected as a single pditence the point b will coincide with a.
c. Draw a vertical projector through a and mark a palrat 10 mm above the reference line to markatien
of A.
d. Draw aline a’b’ of length 35mm on the vertical jpeior and mark b’ as the elevation of point B
As the line is parallel to VP projected length levation (a’b’) = 35mm= True length of the line.
*In case of line perpendicular to VP and paraiteHP the elevation of line a’b’ will be a sindlee and the top
view will be equal to true length of line drawndhgh the vertical projector through a’ and drawtowereference
line.
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Case-2 Line parallel to both reference planes

Example: 2
Draw the projection of a straight line AB of lendidmm, which is parallel to both HP and VP. PointsAA0mm

“ '

an v

T H*

above HP and 30mm in front of VP.

Steps:

a. Draw the horizontal reference line XY.

b. Locate a point a 30mm below XY to represent topvwid point A. Draw a line ab through a of 50mm lon
parallel to XY. Hence ab is the plan or top viewldd line AB.

c. Draw a vertical projector through a and mark a pairat 40mm above XY. Draw a line a’b’ throughdd’
50mm long parallel to XY. Hence a’b’ is the elewatior front view of the line AB.

d. As the line is parallel to both HP and VP the prtgd length in top view (ab) =projected length riont
view (a’b’) = 50mm=true length of the line.

Case-3: Line parallel to one and inclined to othereference plane

Since the line is parallel to one reference pldweeprojection length on that plane will be equathe true length of
line and that projection will be drawn inclined ather plane. The projection length on the planevkich it is
inclined will be of shorter length.

Example: 3
Draw the projection of a straight line AB of len@@@mm, which is parallel to VP and inclined af 80 HP. Point A
is 15mm above HP and 20mm in front of VP.
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Steps:
a. Draw the horizontal reference line XY.
Locate a point 8’ 15mm above XY to represent froetv of point A.
Through point a’ draw a vertical projector and magdint a 20 mm below XY to represent top view of A.
Draw arbitrary horizontal line through a’ paraltel XY. Through a’ draw a line a’b’ inclined at 8@ith
horizontal line such that a’b’ = 30mm =True lengthline, as the line is parallel to VP. The angfe
elevation is = angle of the line with HPE30
e. From point b’ draw the vertical projector and thghua draw a horizontal line parallel to XY. Thesst
lines intersect at point b. hence ab is the top/\oéthe line AB. As the line is inclined to HP tpeojected
length is< true length of the line.
Example: 4
Draw the projection of a straight line AB of len@@@mm, which is parallel to HP and inclined af 8DVP. Point A
is 15mm above HP and 20mm in front of VP.

ooo

O

Steps:
a. Draw the horizontal reference line XY.
Locate a point @’ 15mm above XY to represent froetv of point A.
Through point a’ draw a vertical projector and madint a 20 mm below XY to represent top view of A.
Draw arbitrary horizontal line through a parallel XY. Through a draw a line ab inclined at®30ith
horizontal line such that ab = 30mm =True lengthird, as the line is parallel to HP. The anglelefvation
is = angle of the line with VP(@)=80
e. From point b draw the vertical projector and thdowg draw a horizontal line parallel to XY. Theseot
lines intersect at point b’. Hence a’b’ is the framew of the line AB. As the line is inclined toP/the
projected length (front view) is true length of the line.

oo o

Case-4: Line inclined to both reference planes
The projection of a straight line AB inclined totbd1P and VP can be drawn with the following steps;

1. Assuming the line inclined to HP and paralleM® draw its apparent front view a’biaking its true length and
true angle of inclinationd) with HP. Draw the locus of point B in VP by draagia horizontal line through b

2. Assuming the line inclined to VP and paralleHB draw its apparent top viewdhking its true length and true
angle of inclination (&) with VP. Draw the locusmadint B in HP by drawing a horizontal line throuigh
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To draw the length of the Top View

1. Draw a vertical projector through bnd it meets the horizontal line through point &,afaking a as centre ab
as radius draw the arc to meet the horizontalthneugh bat b. The line ab is the top view of the line AB.

To draw the Front View of the line

2. Draw a vertical projector through 4nd it meets the horizontal line through pointat’ by Taking @’ as centre
ab, as radius draw the arc to meet the horizontalthineugh h «b’. The line a'b’ is the front view of the line AB

3. The vertical projector aa’ and bb’ are end pmes of point A and B respectively.
4. The horizontal distance between aa’ and blfiiesdistance between end projectors of A & B.
Example: 5

A line CD 80mm long is inclined at 3@ HP and 45VP. The point C is 20mm above HP and 30mm in fafnt
VP. Draw the projections of the line.

GIVEN:

CD=80mm,
8+30°
$=45°

FG.0.m =

a. Draw the horizontal reference line XY.

Mark ¢’ 20mm above XY.

c. On the vertical projector through a’, mark ¢ 30metolv XY. From ¢’ draw a horizontal line and dravire
at 30 to XY and mark ¢ such that ¢’d= True length=80mm. Draw the locus of point D ifP\dy drawing
a horizontal line throughld

d. From c draw a horizontal line and draw a line &t #5XY and mark ¢ such that cgk True length=80mm.
Draw the locus of point D in HP by drawing a honal line through g

e. From d’ draw a projector to intersect the horizontal litheough ¢ at d Now cd is the length of top view.
Taking c as centre and @b radius draw the arc to meet the horizontalthineugh d i.e. locus of D in HP
at d, such that cd is the top view.

f. From @ draw a projector to intersect the horizontal liheough ¢’ at d. Now c’d,’ is the length of front
view. Taking ¢’ as centre and ¢g’ds radius draw the arc to meet the horizontaltlineugh d'i.e. locus of
D in VP at d’, such that c'd’ is the top view.

g.- Now d and d’ are on the same projector.

=
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Example: 6

A line AB is 85 mm long. It's one end A is 10 mmoak HP and 15mm in front of VP, while the other & 40
mm in front of VP and 50 mm above HP. Draw the geopn of the line.

Locus of B /%\ blz
/”
85
o \

=

»a
e

A

l-....

BESWTS iy
SHORTEST DISTANCE O
BETWEEN ALB :-85mm

B i

§= 17
Steps:
1. Draw a horizontal line XY as the reference line.
2. Locate a point 10 mm above line XY and mark’as a
3. Mark point a 15 mm below XY on the vertical @djor through a'.
4 Draw an arbitrary horizontal line parallel to XWhich is 50 mm above which represents locus oinbV/P
5. Draw an arbitrary horizontal line parallel to XWhich is 40 mm below it which represents locug a@f HP.
6. Considering point a’ as center and radius = & draw an arc that intersects line locus of paint by’

Here a'b2’ is the true length in elevation.
7. Considering point a as center and radius = 80 dnaw an arc that intersects line locus of b atdng. Here
aby is the true length in plan.

8. Draw a horizontal line through a’, from diraw a perpendicular upward such that these mtessat .
9. Considering point a’ as center and radius T @itaw an arc to touch line locus of b’ at b’.
10. Hence a’b’ is the front elevation.
11. Draw a horizontal line through a and froghdyop a perpendicular below such that these intdrat b.
12. Considering point a as center and radius,=dehw an arc to touch line locus of b at b
13. Hence ab is the top view.
Example: 7

A line of length 75mm has one of its ends 50mmranf of VP and 15mm above HP. The top view of the is
50mm long. Draw and measure the front view. Thero#nd is 15mm in front of VP and is above HP.
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RESULT
a't’ = BErmm

1. Point A is 15mm above HP and 50mm in front of VRykma’ 15 mm above XY and a 50 mm below XY 0
the same projector.

Point B is 15 mm in front of VP draw a horizontald 15 mm below XY to represent locus of b.

The top view of the line is 50 mm. Taking a as peand 50 mm as radius draw an arc to intersedbtus
of b at b. Now ab is the top view of the line.

With a as centre and ab as radius draw an ar¢dwsactt the horizontal line through a at b

Taking a’ as centre 75 mm as radius draw an arttéesect the projector drawn fromét by .

Draw a horizontal line through o represent the locus of b'.

From b draw a projector to intersect the locus’ @fthp’.

Join a’b’ which is the front view of the line.

wn
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Example: 8

A line AB of length 100mm has one of its ends VE #me other end touching HP. The angle of inclovatvith HP
and VP are 4band 50 respectively. Draw the projections.
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Steps;

1. Let A be the point touching the HP and B be theapmiuching VP. Thus a’ and b will lie on XY.

2. With reference to B, rotate the line to be parateVP keepingd=4C.

3. Mark any point & on XY to represent front view of A in above pasit. Draw the front view gb,'=
100mm=the true length and true inclinatio! with HP.

4. From ky’ draw a horizontal line to represent locus of b'.

ab, is the corresponding top view.

6. Take another pointylon XY. Draw a line from pat 5(5’(@) to XY and mark asuch that #,= 100mm=true

length.

Draw a horizontal line through & represent locus of a.

Draw the front view gb,’ on XY corresponding toh,.

9. Mark any point @’ on XY. With a’ as centre arngba as radius draw an arc to cut the locus of b’ auzh
that a’b’=hb,". A’b’ is the front view perpendicular to XY.

10. With b as centre andla as radius draw an arc to cut the locus of a atahsis the to view, such that ab

a'by’

o

© N

Example: 9

A line LM of length 70mm has its end L 10mm above &hd 15mm in front of VP. The top view and froigw of
the line measures 60mm and 40mm respectively. Bmavprojections of the line and determine its mefiions with
reference planes.
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RESULTS:
Troa inclirmln witn the H F=:8 '-"-Iu
% W F‘.'¢ -5'3”

Steps;

1. Point L is 10mm above HP and 15mm in front of VRrkil’ 10 mm above XY and | 15 mm below XY of
the same projector.
2. From | draw a line parallel to XY and mark#60mm=top view length

L




49

3. From m draw a projector. With I as centre and true leng@#®mm as radius draw an arc to intersect the
above projector at v’

4, Join |’ m’y and measured’.

5. Draw the locus of m’ through m’'With I as centre and front view length=40mm adius draw an arc to
intersect the locus of m” at m’. Join I'm’, which the front view.

6. Draw I'm’,=40mm=front view and parallel to XY.

7. From m’ draw a projector. With | as centre and true lengfldmm as radius draw an arc to intersect the
above projector at

8. Join Impand measure @ (Inclination of line with VP).

9. Through mdraw the locus of m. With | as centre and 60mmwviegv as radius draw an arc to cut the locus
of m at m. Join Im(top view)

Example: 10

The distance between end projectors of two poin& Bis 70mm. Point A is 10mm above HP and 15mnframt
of VP. Point B is 40 mm in front of VP and 50 mmosae HP. Find the length of the line and inclinasiomith
reference planes. Draw the projections of the line.

Locus of B /%\ blz A
S :
//ns \

SHORTEST DISTANCE (ol
BETWEEN A&B :-85mm
B = 26"
= 1r
Steps:
1. Draw a horizontal line XY as the reference line.
2. Locate a point 10 mm above line XY and mark as a'.
3. Mark point a 15 mm below XY on the vertical procthrough a’ as plan of point A.
4. Draw a projector 70mm from the projector of poina#\the distance between end projectors is 70mm
5. Draw an arbitrary horizontal line parallel to XY hweh is 50 mm above which represents locus ofrbVP
and it cuts the second projector at b’

6. Draw an arbitrary horizontal line parallel to XY high is 40 mm below it which represents locus of biP

and it cuts the second projector at b.

7. With a as centre and ab as radius draw an arctéosegct the horizontal through a at Brom B draw a
projector to intersect the locus of b’ at INow a’ b’ is the true length of the line AB.

8. With a’ as centre and a’b’ as radius draw an atiatersect the horizontal through a’ ai.lFrom b’ draw a
projector to intersect the locus of b atlHow a L is the true length of the line AB.
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PROJECTIONS OF PLANES

Plane figure has only two dimensions; has no thesknIt may be of any shape, such as triangulagrsq
pentagonal, hexagonal, circular etc.

Types of planes:
1. Perpendicular planes
2. Oblique planes

Perpendicular planes are those planes which apepdicular to one or both reference planes. Thisseep can be
divided into the following types

a. Perpendicular to one reference plane and parall#iet other.
b. Perpendicular to both reference planes.
c. Perpendicular to one reference plane and incliogdd other.

Obligue Planes are those planes which are inclimédth reference planes.

When a plane is parallel to a reference plane toggtion of the plane on that reference pland tsug shape of the
plane. If the plane is parallel to HP the top viswthe true shape of the plane. If the plane islfEro VP the front
view is of true shape of the plane.

When a plane is perpendicular to a reference plamerojection of the plane on that reference plare straight
line. If the plane is perpendicular to HP the togwis a straight line and if the plane is perpeunldir to VP the front
view is a straight line.

Example: 1

A square lamina ABCD of side 25mm each is perpridi to HP and parallel to VP. Draw the projecsion

RE} - F

N Frad

HENA
5 Findd

Steps:

1. Since the plane is parallel to VP the front viewths true shape and size i.e. square shape oRSiten
each. The front view a’b’c’d’ is drawn above XY asquare of side 25mm.

2.  When the plane is viewed from the top, edge BGensgn true length and parallel to VP. So drawttpe
view bc ( true length) parallel to and below XY the top view ad coincides with bc and is marke(b&l.)

Example:2

A square lamina ABCD of side 30mm each is perpeutaido both HP and VP. Draw the projections.




Steps:

1.

2.
3.
4.

Example: 3

A circular plane of 50mm diameter is resting ondtPone of its points of the periphery with surfat¢he plate
perpendicular to VP and inclined to HP by.3Draw the projections.

Steps:

w
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In front view edge AB is seen in true length. lalsove and perpendicular to XY. Draw its front viel'.
Edge dc is hidden by AB and its front view d’'c’ oides with a’b’

In top view edge BC is seen in true length. Dragvttip view bc below and perpendicular to XY.

a and d are hidden. So in togwi mark them as (a)(d) coinciding with bc.

Draw XY line.
Assuming circular plane lying on HP, so the topawigill be a circle of same size and its elevatidh e a

straight line on XY. Draw the top view a circle @itmeter 50mm. Project the elevation on XY. Divitle
circle into 8 equal parts and mark equal spacedi@$on the periphery.

Rotate the elevation by 3@ith XY as the plane is inclined to HP.

Draw projectors from all marked points of the elewaand horizontal line of the corresponding psifitom
the top view at previous stage to get new top Migwntersections. Join them by smooth curves tatiyet

top view.




Example: 4

A regular hexagonal plane, 25mm side each is gstmHP on one of its sides. The surface is pelipatar to VP
and inclined to HP by 45Draw its projection.

Steps:

52
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Draw the XY line.

Since the plane is perpendicular to VP the froetwwill be a line.
Assuming the plane parallel to HP, draw the topwaes a regular hexagon abcdef of side 25 mm eaith
one of its edge ab perpendicular to VP, since tiniace is resting on HP on one side.

Draw the elevation a’b’c’d’e’f’ by projecting thisue shaped top view.

Rearrange the elevation to new position a’'b’c’d'&éeping a’b’ on XY line and straight line elevati
making 48 with XY.

Draw projectors from all points on the elevatior ainaw horizontal lines from corresponding pointtbe
top view in the 1 stage to get the new top view by intersectionisi theem to get the top view. abcdef.
Elevation and plan in thé2stage are the projections of the plane.




53

PROJECTION OF SOLIDS

Solids
A 3-D object having length, breadth and thickness laounded by surfaces which may be either plareeiaed, or
combination of the two.
» Classified under two main headings
= Polyhedron
= Solids of revolution
% Polyhedra
A solid bounded by planes called faces.
» Tetrahedron, Cube, Octahedron, Dodecahedron Icosahedrons
When all the faces are equal in shape and siz@dlybedral is said to be regular
* Prism — A polyhedron having two equal faces called base=nds, parallel to each other and joined py
faces which are parallelograms.
A right and regular prism has its axis perpendictdahe bases and the bases are regular polygdins
faces are rectangles and are perpendicular toathesb
» Pyramid — A polyhedron having a plane as its base and @auwf triangular faces meeting at a point
called the vertex or apex.
A right and regular pyramid has its axis perpendicto the base and the base is is a regular polygo
All faces are isosceles triangles
Prisms and pyramids are named according to thgestfatheir bases.
% Solids of revolutions
A solid generated by revolution of a plane aboutss
» Cylinder — A right circular cylinder is a solid generatedthg revolution of a rectangle about one of its
sides
e Cone- Aright circular cone is a solid generated byrénelution of a right-angled triangle about one of
its perpendicular sides
e Sphere— A solid generated by the revolution of a semifeilabout its diameter
« Frustum — A solid obtained by cutting a pyramid or a cogealplane parallel to its base
e Truncated — A solid obtained by cutting a pyramid or a cogealplane inclined to its base.

rectangular sphere
prism

cylinder pyramid cube
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PROJECTION OF SOLIDS WHEN ITS AXIS PERPENDICULAR TO ONE REFERENCE PLANE AND
PARALLEL TO THE OTHER

Case (1) Axis perpendicular to the H.P and Paralleb the V.P

EXAMPLE:-1

Project the front view and top view of a hexagagordm of 25 mm base edges and 50 mm height, hawiagf its
vertical rectangular faces parallel to V.P; anddse resting on H.P.

f ae bd ¢

i

Step:
1. Asthe axis is perpendicular to HP the top vielwwegagonal (i.e. the shape of the base top) andekagon
abcdef (gb;cidiefy) is to be drawn with two sides parallel to XY repenting faces of the prism in the tg
view.

2. Draw the projectors from the points of the top viewd mark ab’;c’,d’;e’sf ; on XY, Draw a horizontal line
at height 50mm, since the height is 50mm and dnajegtors from the ab’;c’1d’;e’sf’ 1points till intersects
the line. Mark the corresponding points as a'b'e’tl!

EXAMPLE:-2

A triangular pyramid with 30 mm edges at its basg& 35 mm long axis resting on its base with an exlgbe base
near the V.P, parallel to and 20 mm from the V.RviDthe projections of the pyramid, if the bas2dsmm above
the H.P

V' Y
I.ia' g -3
|
X i Y
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Steps:
1. Draw the top view of the base abc an equilaterahgle of side 30mm each with ab parallel to XY and
20mm from XY. Find the centre of the triangle ashg drawing perpendicular bisectors of any two sids
Join oa, ob, and oc.
2. Draw the front view of the base as a'c’’ on XY.aM o’ the front view of o at 35mm above XY on the
projectors from o, as the height is 35mm.
3. Join 0’ with &', b’ and ¢’ to get the front view.
Example: 3
Draw the projection of a right circular cone regton HP
Steps:
1. Top view gives the true size of the base i.er@eiDraw a circle of given diameter. Mark 8 psiat equal
distance on the periphery. Mark the centre of theec
2. Draw projectors from all points on the peripherglamark on XY as front view a'b’c’d’e’f'g’h’ . Drawthe
front view of the centre o0’ at height above XY.rJoi and other points of the base to get the fuoaiy.

1%

X——pr— Y
d
“a ¢
' b

PICTORIAL VIEW

PROJECTION OF SOLIDS WHEN ITS AXIS PERPENDICULAR TO ONE REFERENCE PLANE AND
PARALLEL TO THE OTHER
Case (2) Axis perpendicular to the V.P and Paralldb the H.P
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EXAMPLE:-4
Draw the front view and top view of a square pyuoi base edge 40 mm and axis 50 mm long restingRand
axis perpendicular to V.P. The vertex is in front

a (]
0!
' c
X g ;
a(d) 0" b(c)
|
o
e
!
o

1. Since the axis is perpendicular to VP the frontwig true size of the base.

2. Draw the top view of the a’b’c’d’ with ¢’d’ on XYDraw the diagonal a’c’ and b’d’ to get the fronewi of
the apex 0'.

3. Draw projector below XY and draw the top view agdyd b(c) at any distance from XY.

4. Draw the apex o at 50mm below ab on the projectonfo’. Join oa and ob to get the top view.

EXAMPLE:-5
The frustum of the cone of 40 mm base diameter2@nahm cut face diameter, rests on H.P with its 4@ long axis
parallel to H.P and at right angles to V.P, thefaae is in front. Project itsont view andtop view

a0




Example: 6
A tetrahedron of side 40mm rests on HP. Draw tlegeptions when one of its edges parallel to andri@Gmfront of

VP.

Steps;

57

Draw abc equilateral triangle with side 40mm eadih &c parallel to and 10 mm below XY as the topawi

is the true size of base.

Draw the centre of the triangle o (by drawing perpeular bisectors of any two sides and their seetion

point). Join oa, ob and oc to get top view.
Draw the front view of base a’b’c’ on XY.

Since none of the slant edge is parallel to VPlaot®dge will be true length. Hence to mark ohtthre top
view of any one of the slant edge parallel to X&. b as centre and oc as radius draw an arc tineuine

parallel to XY at ¢ Project gand get’;on XY.
With ¢’; as centre and 40mm as radius draw an arc to eytrtjector drawn from o at o'
Draw a’'b’c’.0’a’,0’b’ and o’c’ to get the front vig




CHAPTER-7

SECTIONS OF SOLIDS AND DEVELOPMENT OF SOLIDS

SECTIONS OF SOLIDS

The surface obtained by cutting an object by seqilane is calledectionor cut surface.
The projection of the section of an object withrémaining portion is calleskectional views
The true shape of the section is obtained by vigulve object normal to the cut surface and projgati on a plane

parallel to the section plane.

Types of Section Planes

Section plane perpendicular to HP and parallelfo V
Section plane perpendicular to VP and parallelfo H
Section plane perpendicular to HP and inclinedfo V
Section plane perpendicular to VP and inclined b H

Section plane perpendicular to HP and parallel to ¥

Example: 1

A cube of side 45mm rests on HP with one of itefamclined at 30to VP. A section plane parallel to VP cuts the
cube at distance of 15mm from the vertical edgearda the observer. Draw the top and sectionaitfveew.

Steps.

1. Draw the top view as a square abcg{@d,) of size 45 mm, with one side inclined af 30 XY and front view

of the cube for the given position. Name the copuents.

2. Draw Section plane parallel to XY and 15mm from vkeetical edge b{) nearer to the observer in the top view.

3. Name section points 1 and 2 where it cuts edgendtba respectively and name (3) and (4) wheretd the
invisible edge (Q(b,) and (k)(a,) respectively. Show the remaining portion of thée by thick lines.

4. Project the section points on the corresponding®dythe front view i.e. 1' on a’b’, 2’ on b’c’; 8n ¢’;b’; and

4’ on ba’; respectively.
5. Join 1'2'3'4’ by thick line and hatch this area@s surface.

58
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Section plane perpendicular to VP and parallel to

As plane is perpendicular to the VP the front vieva line and as plane is parallel to HP the tiepv\s the true
shape of the plane.

Example: 2

A pentagonal pyramid of side of base 30mm eachhaight 60 mm rests on HP on its base. One of ge®0df base
is perpendicular to VP. It is cut by a section plgerpendicular to VP and parallel to HP at 35movalihe base.
Draw the sectional top view.

Steps:

1. Draw the top view of the pyramid abcde pentagom witle cd perpendicular to XY. Mark o centre of the
pentagon. Join oa,ob,oc,od,oe.

2. Draw the front view a’b’c’d’e’ of base corner panbn XY. Mark o’ at height 60mm on the projectayrir
0. Join o'c’'(d"), o’a’, o’b’(e’).

3. Draw the sectional plane (SP) parallel to XY aighei35mm above XY in the front view. cutting side$
pyramid.

4. Mark points 1',2’,3" cutting the visible edges g'&@’b’ and o’c’ respectively. Mark (4’) and (5’) vene the
SP cuts invisible edges o'(d’) and o’(e’) respeehjv

5. Show the remaining portion of pyramid a’b’c’(d’)feind the slant edges 1'a’,2'b’,3'c’, (4')(d’) arfd’)(e’)
as thick lines in the front view.

6. Project the section points on the correspondingedgthe top view, i.e. mark 1 on oa, 2 on obsmadn.

7. Join 12345 by thick lines and hatch this area. Thtssurface is true surface of the section.

Example: 3

A pentagonal pyramid of side of base 35mm eachhaight 60 mm rests on HP on its base. One of ge®0df base
is perpendicular to VP. It is cut by a section plgerpendicular to HP and parallel to VP at digaoic20mm from
the corner of the base nearer to the observer. Brawectional front views.




Steps:

60

Draw the top view and front views of the pyramidpas the position.
Draw SP parallel to XY and 20mm from b as shownmiahe points 1,2,3 and 4 where it cuts the visil
edges ea, 0a, ob and bc respectively.

Show the remaining portion of pyramid as thick $ime top view.

Project the above section points on the correspgnelilges in the front view. Mark 1’,2',3’, and 41 a’¢e’,
o’'a’, o’b’ and b’c’ respectively.

Join 1'2'3'4’ by thick lines and hatch this aredid is the true shape of the section.

D

e
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DEVELOPMENT OF SOLIDS

Development of surface of an object means thellumymr unfolding of all surfaces of the object arplane.
Every point on the development shows the true ken§ithe corresponding line on the surface whiatieigeloped.
Methods of development

» Parallel —line development: Used for developmerdrigm and cylinder.
* Radial-line development: Used for development aBpyids and cone.
» Triangulation development:

* Approximate development.

Example: 1
Draw the development of the lateral surface ofjatrsquare prism of edge of base 30mm and axis S@mgn

Draw the top view and front view of the prism araine the corners.
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1. Draw the top view and front view of the prism araime the corners.
2. It consists of four equal rectangles of size 50mr80&nm in contact and in sequence. So draw
rectangle A A;AA such that A A; = perimeter of the base of the prism and;AA0mm height
3. Onthe line A A;mark four equal divisions #8,,B,C,, etc. each equal to the side of base=30mm
4. Erect perpendiculars at B; and O. Darken the four rectangles which give the develept of the

lateral surface of the prism.
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Example:

Draw the development of the complete surface ofliadrical drum with lid. Diameter is 30cm and theight is 1.6
times the diameter.
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Steps:

1. Draw the top view and front view of the cylinder.
2. Draw a rectangle of sizeX 30cm and divide it into eight equal parts andky@oints accordingly.
3. Draw the circle at top and bottom at the extrenasen

Example-3

A hexagonal prism of 20 mm base edges and 50 mghtyé¢iaving two of its vertical rectangular facesagilel to
V.P; and its base resting on H.P. It is cut byamglperpendicular to VP inclined at’46 HP and passing through
the right corner of the top face of the prism. Dthe sectional top view and develop the laterdbserof the

truncated prism.

. v
L h'{l"!l &'l ;*___A B E. o
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Steps:

Draw the top view and front view of the cylinder.

Draw the sectional plane in the front view and ntaesection points.

Draw the sectional top view as shown and hatch.

Draw the two stretch-out lines AA and4\ each equal to the perimeter of the base (120mm)

apr N PE

surface of the prism.

From the section point 1 draw a horizontal line amtk 1 on AA. Simillarly obtain points 2,3,4,5, 6 |

the development.

7. Join 12, 23, 34,...... 61 as straight lines and darkendevelopment of the lateral surface of the
truncated prism.

o

Example 4

Draw the development of the lateral surface of wasg pyramid, side of base 25mm and height S0mstingeon
HP on base. One edge of the base is parallel to VP.

C
il DEVELORMENT  IECOMOMITAL )

Steps:

1. Draw the top view and front view of the pyramid.

2. The true length of the slant edge is required ferdevelopment, since none of the slant edge
parallel to VP true length cannot be obtained diydicom front view. To get the true length of slar
edge (say OA), make oa parallel to XY and drawrannath o as centre and oa as radius to cut t
horizontal line at a So 0’a; is the true length of the slant edge OA.

3. With O as centre and o'aas radius draw an arc. On this arc mark 4 equasidns, i.e., chord
AB=BC=CD=DA=25mm. Complete the triangles OAB,OBC®@nd ODA by thick lines which
gives the development of the lateral surface afuage pyramid.

Divide AjA; into six equal parts an draw six equal rectantpesepresent development of the lateral

he
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Example: 5

A pentagonal pyramid, side of base 30mm and h&ghim, stands on its base on HP and one edge dGiaeis
parallel to VP. It is cut by a section plane pedienlar to VP and inclined at 4@ HP and passing through a point
on the axis 32mm above the base. Draw the sectiopaliew and the development of the lateral sarfat a
truncated pyramid

Steps:

Draw the top view and front view of the pyramid.

Find the true length of the slant edge and dravdéwelopment of lateral surface of the pyramid.

Draw the section plane in front view and mark teetisn points.

Draw the sectional top view and hatch the cut serfa

To find the true length of the remaining portiontioé¢ slant edges draw horizontal lines throughstion
points 1’, 2’, 3, 4’, etc to cut 0’a(True legth of slant edge OA) af,2’'; 3';.

With O as centre and o'Hs radius draw an arc to cut OA at 1. Similarlyagbtpoints 2, 3, 4, 5, and
complete the development of the truncated pyramid.

arwNhPRE

o
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Example: 6

A cone of base 50mm diameter and height 65mm vagitsts base on HP. A section plane perpendicidarP and
inclined at 36to HP bisects the axis of the cone. Draw the dgraknt of the lateral surface of the truncated cone

4
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Steps:

1. Draw the top and front views of the cone. Divide thase circle into 8equal parts and show the gemerg
0a,ob,oc, .... and oh in top view and correspondmegslo’a’,’o’b’, o’c’, ..... and o’h’ in front view.

2. Intop view oa is parallel to XY, hence o’a’ is edjto the true length L of the generator.

3. Development of the cone is a sector of a circleadfus equal to the length L of the generator. ltled the
arc of the sector is equal to the circumferencthefbase circle @) and the angle subtended by the arc|at
the centre i©.

a. The L© = 2ur'= 360°X r. Hence® = 360 X r/L.

4. O as centre and L as radius draw an arc subteadgigigo at O.

5. Divide © into 8 equal parts, draw the radial lines OA, @K etc. and complete the development of the
cone.

6. Draw the section plane at%3@ XY bisecting the axis in front view. Mark theipts 1’,2’, 3’ etc.

7. Mark 1 on OA in the development such that O1= 0’1"

8. To mark points2,3, etc draw harizontal line from32'etc on the end generator o’'a’ at,2,’ etc. Transfer
the distances 032 0’3, etc on the respective generators in the developras 02,03 etc on OB,0OC et
respectively.

9. Draw a smooth curve passing through the points31&c and complete the development of the lateral
surface of the truncated cone.

L4




Example:

A cone

to VP, parallel to one of its generator of the cand passing through a point on the axis at 22nom fthe apex.
Draw the sectional top view and develop the lateualace of the remaining portion of the cone.

Steps:

66

of base 50mm diameter and height 60mm vattgts base on HP. It is cut by a section plaagppndicular

Draw the projection of the cone. Draw SP paraltbethe extreme generator o’a’ passing at appointhen
axis 22mm below the apex o’ in the front view. Ménk section points1’,2’,3",4',5’,6’ ....10'. Projethhem
to the top view. Complete the sectional top view.

Draw the development of the cone showing 12 geoesais in the above figure.

Mark the points 2,3,4,..... 10 on the correspondiegegators in the development as described in
previous example.

Marked point 1’ on the portion of base b’c’ in thent view does not represent the true length af gfortion
of the base. Hence 1 can't be marked in the dewsdop directly from the front view. Project 1’ toetthop
view and obtain 1 on bc which is the true lengthn&rk 1 on the development such that B1=b1.
Similarly mark 11 such that K-11=k-11 and compléste development.

the
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ISOMETRIC PROJECTION

The isometric projection of an object is a one plaiew drawn with the object so placed with respedhe plane of
projection that all the three principal axes appedre inclined to each other at an equal angli26f.

ISOMETRIC SCALE

A0

ISOMETRIC SCALE

The isometric scale is used to measure the forested length of dimensions of any object to dragvifometric
projection. The steps of construction of isomedgale are given below;

(i) Draw a horizontal line PQ.

(i) Draw the true lengths on a line PM inclined4&f to the horizontal line.

(ii)Draw another line PA at 30° to the horizonliale.

(iv)Draw the vertical projection of all the poin®120, 30, 40 etc. on PMto PC.

(v) Complete the scale with the details as showthérfigure.

The lengths shown at the line AB are the isomédgngths to be used to draw the isometric projection

Difference between Isometric View and Isometric Ryjection

Isometric View Isometric Projection
Drawn to actual length Drawn to Isometric length
When lines are drawn parallel to isometric axes When lines are drawn parallel to isometric axes
true lengths are drawn 0.81 times the true lengths are drawn

Example: 1

Draw the isometric view of a square prism of siflbase 35mm and height 65 mm when the axis isoatrti

alt (Tl 2
FUL A R S L

[ — ]
o)
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Steps:
1. Draw the top view abcd(lc;d;) square of side 35mm each and front vieydd) b’;(c’;) b’(c)a’(d’)
of the prism.
2. Draw a horizontal line mark 4£0on it.
3. Draw two lines at 3Wwith horizontal at Aas Isometric axes.
4, Mark B,and DO such that AB;=A;D;
5. From B, draw a line parallel to &; and from Q3 draw a line parallel to 8, Both meet at CDraw
vertical at A to represent8axis. Mark the point A on it at height 65mm abdve
6. From B, C,and D draw vertical lines and mark B, C and D at hefgfirinm on these respectively.
7. Join ABCD, AA,, BB,, DD, to get the isometric view of the prism.
Example: 2

Draw the isometric view of a hexagonal pyramididesof base 30mm and height 75 mm resting on HR ot of
its side of base parallel to VP.

Steps:

N

NogkW

Draw the top view as hexagonal (i.e. the shapé®ibase top) and the hexagon abcdef is to be dnatln
ab and de sides parallel to XY. Join diagonalsetatlige centre o.

Draw the front view a’b’c’d’e’f on XY by drawing mjectors from respective points and draw o’ aghei
75mm above XY on the projector from o.

Enclose the hexagon in a rectangle pqrs.

Draw the isometric view of the base of the pyraimithe parallelogram PQRS.

Mark the Q on the isometric line FC.

From Q erect vertical line and mark O such that,©@5mm

Join OA,0B,0OC,OE and OF to get the isometric view.
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Example: 3
Draw the isometric view of the cone of base diaméfenm and height 58mm when it rests with its baseiP.

g

|
|
|

iy
= 0

s 4 r

-
AL

xS

Steps:
1. Draw the top view and front view of the cone.
2. Enclose the circle in the top view in square.
3. Draw the rhombus PQRS.
4. Draw the base of the cone as an ellipse by foureemethod.
4.1 Join P with C and D which are the mid pointshef opposite sides. Similarly join R with A andfi mid
points of opposite sides.
4.2 With P as centre PC as radius draw arc CD. thieedraw arc AB with R as centre and RA as radius
4.3 Find out the intersection point of RA and Pdking this as centre and radius upto C or B draaaitc BC.
Like this find the intersection point of RB and Re&king this as centre and radius upto A or D, ditssvarc BC
From B and C draw lines parallel to the istioexes and obtain O
From Qdraw a vertical line and mark O such that;©&Bmm.
From O draw two tangents to the ellipse aodpete the isometric view.

No o
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CHAPTER-8
BUILDING DRAWING

Line Plan / Line diagram:

e It is a line sketch drawn not to scale, which iatks the arrangement of rooms, toilet, passa
verandah etc, and position of door / window.

* The dimensions shown in the line diagram are ingidaside dimensions.

« The details given in the line diagram are usedraawdhe building drawing (i.e., Plan, Elevatio
and Sections) to a scale.

e This is drawn for the primary approval of the owrmafore drawing the Plan, Elevation an
Sections.

Plan:

» Plan of a building represents a horizontal seabioouilding.

* It is obtained by cutting the building at certaipight (generally at window sill level) by &
horizontal cutting plane and then, removing thearggart of the building the remaining portion
seen from the top and is projected on the horiz@haae (HP).

Elevation:

e Elevation isone side outward view of a building, which is draiw projecting that side of the
building on a vertical plane (VP). When the builglis seen by standing in front of it then, what
seen and projected on the vertical plane (VP)llsct&ont elevation.

» Similarly, when the building is seen by standingnirany of the side of the building then, what
seen and projected on the VP is caliate elevation.

Section:

» Section refers to a vertical section of building.

» Itis obtained by cutting the building in two palig vertical plane / planes from the top up to helg
the foundation depth (i.e. bottom of footing) ame gart is considered to be removed and the of
remaining part is projected on a vertical planes @lagram so obtained is the sectional view of {
building.

The details of a building can be obtained from phen, elevations and section from a 2
drawing.
As per the syllabus of only drawing of Plan andrEfGlevation of a single room building i

there.
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IMPORTANT TERMS RELATED TO BUILDING
Super-Structure:

Foundation:

Plinth:

Lintel:

Chajja/Sun shade:

Ceiling Height:

71

The portion of the building/structure, which lieboae the ground level, is referred sgper-

structure.

This is the portion of the building, which is cansted below the ground level and is also called

sub-structure.

The main function of foundation is to distribute tlead of whole structure over a large area.

The portion of a building between ground level (God floor level (FL) is called plinth/plinth
wall.
When the thickness of plinth wall is more than stgieucture wall, the projected portion of th
plinth wall from the super-structure wall is callglihth projection.
The vertical distance from GL to FL is termedpéiath height.
Generally plinth height of 450mm/600m is provided.

It is the element of the building, which is prouidever the small openings of the doors/window
verandah to transfer the load coming over thenodhd wall on which they rest.
Now-a-days RCC (Reinforced Cement Concrete) listprovided in the buildings.
Its size depends on the opening size.

Depth and width of lintel is generally of 150mm &8@0Dmm respectively.

It is the horizontal/sloping element of the builgliprovided over the openings on external walls a
projected from the lintel outward to provide prdtec from sun and rain.
Chajja is constructed using RCC.

Thickness and width of a horizontal chajja is 75amd 450mm respectively.

Soffit of the roof slab is termed as ceiling.

The height of room from the flooring to the cajjiis called ceiling height.

as

s/

nd
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Problem No. 1
Draw the plan and front elevation of the buildimgrh the line plan and specifications as giv¢

below.

OFFICE ROOM
W 6000 X 3600mm W

W D W

VERANDAH
1500mm WIDE

LINE PLAN OF A SINGLE
ROOM OFFICE BUILDING

Given Specifications

Wall thickness — 300mm
Plinth height - 600mm
Plinth wall thickness— 400mm
Step
(> Trade - 300mm
(i) Riser — 150mm
Ceiling height for room and verandoh— 3000mm
Spacing of masonry pillars (3300mmx300mm> In verandah
should not exceed 3m
7. Roof slab thickness — 100mm
8. Roof slak projection from the wall (Cornice>— 100mm
S, Chhajja (Sun Shacled:
) Thickness— 72mm
(i Width— 430mm
10. Door & Windows Shedule
(M Window (W> - 1050 X 1350mm
iy Door D) - 1050 X 2100mm
11. Size of Door/Window Chaukath (Frame» 75 X 100mm

ENAENE

o

Steps for drawing Plan
» First imagine that the building (as shown in Figslyut by a horizontal plan at window sill leve

and after removing the top portion remaining peri®as shown in Fig. 2, the pictorial view.
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* Then, the various elements of the building as showfig.2 like the wall, widows, door, pillars
step etc. are projected on a horizontal plan (HEpkng it below the above building as per the
principle of first angle projection.

» The figure obtained from the above projection estbquiredplan as shown in Fig.3.

* The elements of the building, which are above tieaw sill level, are also shown in the plan as

hidden line (i.e. by dashed line in state of camuns line) for example, the chajja.

Steps for drawing Elevation

* The pictorial view of the building from the fronts is shown in Fig. 1

Imagine that observer is standing in front of thewe building and keeping the vertical plane (VP)
behind it the front portion of the building is pecjed on to the VP.

The figure so obtained on the VP is thent elevation as shown in Fig. 3.

As per the principle of first angle projection thent elevation is drawn just above the plan.

Thus, from the plan vertical lines from plinth walall, pillar, etc. are projected. These lines are
cut by horizontal lines at different height to dleé elevation of different elements present in the
front portion of the building.

Fig.1 PICTORIAL VIEW OF THE GIVEN BUILDING
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Fig 2. PICTORIAL VIEW OF THE REMAING PORTION OF THBUILDING CUT BY A
HORIZONTAL PLANE JUST ABOVE THE WINDOW SILL LEVEL

r100
100~ 1

=450

— :4{

757

3000
2400

P.L.
6¢O t G.L
- 1sod 1800 -

FRONT ELEVATION
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300+

ALL DIMENSIONS ARE IN MM

Fig. 3 PLAN AND FRONT ELEVATION

T . Ve
c<ll-50
OFFICE ROOM
6000x3600 H_;
/]
. A:ﬂ /p - |:[/ /ﬁzﬂ/
B 1500 WIDE ¥ .
. * VERANDAH o
S 7 N 7
! ——1700—
—1700— |
300
f
-—2000——
PLAN
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CHAPTER -9
PRACTICE ON AUTOCAD

INTRODUCTION

People have been using visual images to convasitte much longer than they have been using
the written word, and this method continues evetoday’s technologically advanced world. Drawings
are still used to communicate ideas effectively,tbals used to creat drawing have been changesl. Th
advent of computer has created a new collectiotoat / softwares for creation of drawings. One [of
these tools is Computer Added Design (CAD). As corafs have become more advanced in power,
speed, and affordability, CAD has been developededsbecoming easer to obtain and use. AutoCAD
is one of such CAD software, whichis widely usesuad the world for 2D and 3D computel
aided design and drafting of engineering drawinigsis developed and marketed by Autodesk.
AutoCAD was first released in December 1982 bynJ@ralker . It has been subsequently revised and
up-graded. At presnt window based AutoCAD- 2012wvailable in the market.

How to open AutoCAD ?

» Choose Start from the Windows program manager.
= Choose Programs - Autodesk- AutoCAD 2012.
= Click the AutoCAD 2012 for Windows icon.

-':’ Windows DVD Maker -
E=d Windows Fax and Scan
£ Windows Media Center 3dvision03
|6| Windows Media Player
£ Windows Update Documents
w4 XPS Viewer
. Accessories Pictures
., Adobe
. Autodesk
£, Uninstall Tool
AutoCAD 2012 - English
4L Attach Digital Signatures
@& AutoCAD 2012 - English
& Batch Standards Checker
& License Transfcr[ Launch acad.exe

Music

m

Games

Computer

Control Panel

#is Reference Manager

o Dewvices and Printers
ey Reset Settings to Default

. Migrate Custom Settings Default Programs
Autodesk 3ds Max 2012 64-bit - Engl
. Autodesk FBX Plug-ins - Help and Support
4 Back




= OR
= Choose the AutoCAD 2012 icon from the desktop asvshbelow.

-

LutoCan
2012 - E..

AutoCAD 2012 application window appears as shown law.

RIBBON BAR MENU BAR

WCSICON ===
(WORLD COORDINATE SYSTEM)

Drawing area

UCS ICON(USER COORDINATE SYSTEM)

COMMAND WINDOW
/ COORDINATE READOUT ANNOTATION SCALE

Menu browser

= Menu browser is represented by the letter A in red.
= |t provides recently accessed documents.
= |t consists of the file, open, save, save as, éxpdnt, drawing utilities etc.
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A S0 G 70 5|53 Drafting & Annotation  ~ff

@l =] ] Recent Documents

Dum i By Ordered List

R PRINT L1G, HIG, MIG, dwg =
3
I% Spien) [ 30x50 plan.dwg =
APPROVAL OF SUJATA PRADHAN =
E Saye [25.12.13).dwg
F kamma LIBRARY.DWG =
3
] SAVCR E alt efevation.dwg =
‘ FS roc GF.dwg @
Export (4
furniture detail.dwg @
= RAVENSHAW
: @
lgzr Pubiish * B npoorcourt 209.3.aw

L

S roc FR.dwg
=
Drawing b
Litilities
g Close 3

| Options | | Exit AutoCAD 2012

Quick access toolbar:

It includes commonly used options such as new, ogere, plot, undo, and redo etc.

New  gpen save plot
Saveas

Workspaces

» [tis a collection of menus, toolbars,palettes Bbon controls panel that are grouped and organi

so that you can work in a custom, task-orientegvairg environment.
» Four types workspaces are defined in Autocad 2012.
*» Those are

Drafting & Annotation
3D Modeling

3d basics

AutoCAD Classic

o OO0 O

78
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{0} Drafting & Annotation ¥

Drafting & Annotation
3D Basics

3D Modeling
AutoCAD Classic

Function Keys

F1- Help

By pressing the F1 key actually enables the halphEr Pressing F1 while a tooltip or command|i

active displays Help for that command. ChoosingHe#p button in a dialog box displays Help fc
that dialog box.

F2- Text Window

By pressing the F2 key actually enables / activates text window showing the previou
command line activity (command history)

F3- Osnap

By pressing the F3 key actually enables / activatasing object snap modes. Ways to access.
F4- 3D Osnap

F5- IsoPlane

By pressing the F5 key activates teeplane. The isometric plane affects the cursor movem¢
keys only when Snap mode is on and the snap stylsometric. If the snap style is Isometri
Ortho mode uses the appropriate axis pair evemajpSnode is off. The current isometric plar
also determines the orientation of isometric cs@deawn by ELLIPSE.

F6- Dynamic user Co-Ordinative system DUCS)

By pressing the F6 key activates the Dynamic UC$8rarff for 3D Modeling

F7- Grid

By pressing the F7 key activates the Grid commantbedther turns the GRID ON or GRID OFF
F8- Ortho

By pressing the F8 key activates the ORTHO comman@N or OFF. Activating the ORTHO
helps us create lines in straight (linear) VertmaHorizontal

F9- Snap

By pressing the F9 key activates the SNAP comman®N or OFF. Further it restricts cursa
movement to specified intervals. ( Snap to grid)

F10- Polar

By pressing the F10 key activates the Polar TrackiN or OFF. Further Polar tracking restric
cursor movement to specified angles. Polar Snapatsscursor movement to specified incremer
along a polar angle.

-
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How to set the units

How to set the Limits

How to draw a line in AutoCAD?
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Open a new drawing page in the autocad.

Then units shortcut ‘UN’ Enter in the command windo

Select the type of unit & precision under the léngt

For example we select the Decimal type unit & e is 0.000 unit

Length Angle
Type: Types:

[ Decimal [ Decimal Degrees

Precision: Precision:
[ 0.0000 (o

Cloclowise

Inzertion scale
Units to scale insened contert:

[ Millimeters - J

Sample Outpit

1.5.2 00350
3450

Lighting
Linits for specifying the intensity of lighting:

I Intematianal - |

Direction. ..

In command bar type limits then press Enter

Reset Model space limits

ON/ OFF/ <Lower left corner> <0,0 or current segthrere>: Type in an absolute

coordinate or press Enter to select default setiTE: It is best to leave the Lower Left setting
at the 0,0 .

--Prompt: Upper right corner <12,9 or current setthere>: Type in a new absolute
coordinate value for this corner and press EN&TE: The default limits values in AutoCAD are
12 and 9. If you change to Metric units, the nurslrange to the equivalent value in millimetres,.

LINE:- creates straight line segments

Command: L press Enter

Autocad will ask to specify the starting pointeoline. Just one click on the screen or using
coordinate axis with numerical values will spedifg onset point.

Then program will ask to end the line with anotheint.

Then click somewhere on the screen or use codsdaas with numerical values as well.
For example :- A line draw in 25mm distance

Command: L enter
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= LINE Specify first point: 0
= Specify next point or [Undo]: 25

How to draw a rectangle in AutoCAD?

RECTANGLE:-The Rectangle command is used to dragctangle whose sides are vertical and
horizontal. The Rectangle command also has a nuaoflgtions like Chamfer, Elevation, Fillet,
Thickness or Width.

= Command: REC or rectang
Specify first corner point or [Chamfer/Elevationl&/Thickness/Width]: pick point

Specify other corner point or [Area/Dimensions/Rotd: @60,30

60

Y

I

30

= Rectangle with Chamfer

= Command:rec _rectang
Specify first corner point or [Chamfer/Elevationl&¥/Thickness/Width]: C
Specify first chamfer distance for rectangles <0®a 5
Specify second chamfer distance for rectanglesOt®.®: 5
Specify first corner point or [Chamfer/Elevationl&/Thickness/Width]: pick point
Specify other corner point or [Area/Dimensions/Riotd: @50,30

5

Y

30

50
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= Rectangle with Elevation

= Command: rec _rectang
Specify first corner point or [Chamfer/Elevationl&/Thickness/Width]: E
Specify the elevation for rectangles <25.0000>: 25
Specify first corner point or [Chamfer/Elevationl&/Thickness/Width]: 0,0
Specify other corner point or [Area/Dimensions/Riotd: @50,30
Command: RECTANGLE
Current rectangle modes: Elevation=25.0000
Specify first corner point or [Chamfer/Elevationl&i/Thickness/Width]: E
Specify the elevation for rectangles <25.0000>: 50
Specify first corner point or [Chamfer/Elevationl&i/Thickness/Width]: 0,0
Specify other corner point or [Area/Dimensions/Riotd: @50,30

» Rectangle with Fillet
= Command:rec _rectang
Specify first corner point or [Chamfer/Elevationl€¥/Thickness/Width]: F
Specify fillet radius for rectangles <5.0000>: 5
Specify first corner point or [Chamfer/Elevationl&i/Thickness/Width]: 0,0 or pick point
Specify other corner point or [Area/Dimensions/Riotd: @50,30

Bs

i \

50

i
!

30
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= Rectangle with Thickness

= Command:rec _rectang
Specify first corner point or [Chamfer/Elevationl&/Thickness/Width]: T
Specify thickness for rectangles <0.0000>: 10
Specify first corner point or [Chamfer/Elevationl&i/Thickness/Width]: 0,0
Specify other corner point or [Area/Dimensions/Riotd: @100,50

How to draw a circle in AutoCAD?

= Circle: create circles, various combinations oftogrradius, diameter, points on the circumference,
and points on other objects.

» Keyboard Command: C

» CIRCLE command has 5 options for drawing circles.

= (Circle by Centre - Radius

=  Write C in command window and press Enter
CIRCLE Specify centre point for circle or [3P/2R/{tan tan

= radius)]:pick a point

= Specify radius of circle or [Diameter]: 100

= Circle using Center - Diameter
= Command:C
CIRCLE Specify centre point for circle or [3P/2R/{tan tan radius)]:
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Specify radius of circle or [Diameter] <0.0>: D
Specify diameter of circle <0.0>: 500

Circle with the 2 Point

This method is simpler than the first one becausaly requires to pick two points on the scres
to make the circle. It needs the two endpoints dibaneter of the circle.

Command: C and press Enter

CIRCLE Specify centre point for circle or [3P/2R/{tan tan radius)]: 2p

Specify first end point of circle's diameter:

Specify second end point of circle's diameter.

//2nd endpoint of the diameter

% 1st end

Ist end point of the diameter’” pomt of the
. diameter

Drawing the Tangent Tangent Radius circle
Draws a circle with a specified radius tangenino bbjects.
Sometimes more than one circle matches the specifieeria. The program draws the circle of tf
specified radius whose tangent points are closdsiet selected points.
Command: C and press Enter
CIRCLE Specify center point for circle or [3P/2R/{tan tan radius)]: t
o0 Specify point on object for first tangent of circle
o Specify point on object for second tangent of eircl
o Specify radius of circle <1413.0504>: 1500

e




How to draw an ellipse in AutoCAD?

Center ellipse
Command: ellipse

Specify axis endpoint of ellipse or [Arc/Center]: ¢
Specify center of ellipse: pick point

Specify endpoint of axis: <Ortho on> 250
Specify distance to other axis or [Rotation]: 500

500

250

How to draw an arc in AutoCAD?

3 points Method

Command: a and press Enter

ARC Specify start point of arc or [Center]: pick foint
Specify second point of arc or [Center/End]:

85
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Specify end point of arc:

2nd point

3rd point

1st point

EDIT COMMANDS and MODIFY COMMANS IN AutoCAD

How to use move command AutoCAD?

Move: This command helps in moving an object usiregdistance & direction specified by a base

point followed by a second point.

Keyboard Command: M

Command Sequence

Command: m _MOVE

Select objects: Specify opposite corner: 1 found
Select objects:

Specify base point or [Displacement] <Displacement>
Specify second point or <use first point as disphaent>:

_E}_

before durlng after

How to use array command in AutoCAD?

Array- The Array command makes multiple copiesadésted objects in a rectangular matrix
(columns and rows) or a polar (circular) pattern.

keyboard Command: AR

The Rectangular Array

174
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= The illustration on the right shows the resulta@éctangular array with two columns an three
rows. The distance between rows is indicated vighdimension DR and between columns with
DC.

= When creating rectangular arrays it is importanmetnember that new rows are created above th
original object and new columns are created taitite of the original object.

2 Columns

e
-
=
=
(a8
=
3

I
L—-—m‘—-—l

Rectangular Array

= Command: AR ARRAY
Select objects: <SELECT THE RECTANGLE> 1 found
Select objects: <ENTER>
Enter array type [Rectangular/PAth/POlar] <Rectédagu <ENTER>
Select grip to edit array or [ASsociative/Base
point/COUNt/Spacing/COLumns/Rolkevels/eXit]<eXit>: R
Enter the number of rows or [Expression] <2>: 3
Specify the distance between rows or [Total/Expoegs<0.7500>: 15
Type = Rectangular Associative = Yes
Select grip to edit array or [ASsociative/Base
point/COUNt/Spacing/COLumfRows/Levels/eXit]<eXit>: COL
Enter the number of columns or [Expression] <4>: 2
Specify the distance between columns or [Total/Eggion] <0.7500>: 25
Specify the incrementing elevation betwemns or [Expresson] <0.0000>:<ENTER>
Select grip to edit array or [ASsociative/Base
point/COUNt/Spacing/COLumns/Rows/Levels/eXit]|<eXitENTER>

D




¥ Rectangular Amay ™ Palar &mray

E Fones: |3 E m] Columns: |2 B

— Offzet distance and direction

Row affset: |1 9 e E[} >[}|
Column offzet: |25 g Tél
Angle of array: IEI >[}|

7% Bu default, if the row offset is negative.,
@ rowsz are added downward. [F the

. column offzet iz negative, columnz are
TP added to the left.

2
E’l@ Select objects

1 objects zelected

| e

acs

ak.

Cancel

dll

Help

Polar array-

Command: ar ARRAY
Select objects: 1 found
Select objects:<ENTER>

Enter array type [Rectangular/PAth/POlar] <Rectdagu PO

Type = Polar Associative = Yes

Specify center point of array or [Base point/Axigatation]:C

Enter number of items or [Angle between/Expressiaiy: 6

Specify the angle to fill (+=ccw, -=cw) or [EXpréss] <360>: 360

Press Enter to accept or [ASsociative/Base poemdtAngle between/Fill

angle/ROWSs/Levels/ROTate items/eXit]<eXit>:
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" Rectangular Aray ' Polar Anay

Center point; |395.8482 i |339.2'|98 ’{}l

—Method and values
hdethod:
Total number of items & Angle to fl j

Tatal number of items:

Angle to fill: IE0

e

1
]

For angle ta fill, a positive value specifies
counterclockwize rotation. & negative value
specifies clockwize rotation,

Angle between items: E

Tip

2 x|

EL} Select objects

1 objects selected

[V Futate items as copied More ¥ |

]9
Cancel
Presview <

Help

kL

How to use mirror command in AutoCAD?

Mirror: Creates symmetrical mirror images by flipgiobjects to a specific axis. The axis on whig

object is flipped is called a mirror line.

Command: Ml

Command: Ml _MIRROR
Select objects: <SELECT THE 3 LINES> Specify opposorner: 3 found
Select objects: <ENTER>

Specify first point of mirror line: <SELECT 8,5>
Specify second point of mirror line: <SELECT 8,2>
Erase source objects? [Yes/No] <N>: <ENTER>

89
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How to use stretch command in AutoCAD?

= Stretch:-Objects that are partially enclosed byogsing window are stretched.
= Keyboard Command: S
= Command:S_STRETCH

Select objects to stretch by crossing-window ossimg-polygon...

Select objects: (pick first point of crossing wimgo

Specify opposite corner: (pick second point of vaww)l

Select objects: (to end selection)

Specify base point or displacement: (pick basetpoin

Specify second point of displacement: (pick seqooidt)

Select Vertex During Stretch Afee Steeteh
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How to use scale command in AutoCAD?

Scale:- To scale an object, specify a base pomhiastale factor. A scale factor is greater than 1
enlarges the object. On the other hand the scelerfes between 0&1 then the object shrinks.
Keyboard Command: SC

Command: SCALE

Select objects: (pick objects to be scaled, P1)

Select objects: (to end selection)

Specify base point: (pick base point, P2)

Specify scale factor or [Reference]: (pick secoam P3 or enter scale factor)

AT N J:
RO
/. I') .
[ M. i
b ll Y o H .: I A
PR ER
\J '-.,__‘ "J:D/
\,_‘_h__-'__'/
Before Scale Douwing Al

How to use chamfer command in AutoCAD?

Chamfer:-a chamfer options connects two objectk @it angled line. The chamfered corners hel
to convert sharp corners into uniform angled caner

Keyboard Command: CHA

Command: CHa _CHAMFER

(TRIM mode) Current chamfer Distl = 25.0000, Dist25.0000

Select first line or [Undo/Polyline/Distance/Angleim/mEthod/Multiple]: d

Specify first chamfer distance <25.0000>: 50 Speséfcond chamfer distance <50.0000>: 50
Select first line or [Undo/Polyline/Distance/Angleim/mEthod/Multiple]:

Select second line or shift-select to apply coorgDistance/Angle/Method]:




How to use fillet command in AutoCAD?

How to use trim command in AutoCAD?

92

Fillet: A fillet connects two objects with an afat tangent to the objects & has a specified radiu
Filleting produces a rounded corner effect.

Keyboard Command: F

Command: F_ FILLET

Current settings: Mode = TRIM, Radius = 10.0000

Select first object or [Polyline/Radius/Trim]: R

Specify fillet radius <10.000>: 25

Select first object or [Polyline/Radius/Trim]: (Ri€1)

Select second object : (pick P2)

Trim:- The Trim command can be used to trim a p&&n object. In order to trim an object one
must draw a second object which forms the "cutéidge". Cutting edges can be lines, xlines, ray
polylines, circles, arcs or ellipses. Blocks and tannot be trimmed or used as cutting edges.
The command’s alias. Command: Tr

Command: TRIM

Current settings: Projection=UCS Edge=None

Select cutting edges ...

Select objects: (select the cutting edge, P1)

Select objects: (to end cutting edge selection)

Select object to trim or shift-select to extendRnoject/Edge/Undo]:(pick the part of the square
which you want to trim, P2)

Ul

(2




How to use extend command in AutoCAD?
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Select object to trim or shift-select to extendRnoject/Edge/Undo]: (pick the circle, P3)
Select object to trim or shift-select to extendRnoject/Edge/Undo]: (to end)

Extend:-This command extends a line, polyline artarmeet another drawing object (known as t
boundary edge)

Keyboard Command: Ex

Command: EXTEND

Current settings: Projection=UCS Edge=None

Select boundary edges ...

Select objects: (select the boundary edge, P1)

Select objects: (to end boundary edge selection)

Select object to extend or shift-select to trinjRnoject/Edge/Undo]: (pick the object which you
want to be extended, P2)

Select object to extend or shift-select to trinjRnoject/Edge/Undo]: (pick another object which
you want to be extended, P3)

Select object to extend or shift-select to trinjRnoject/Edge/Undo]: (to end)
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Problem 1  Draw the projections of a hexagonal prism oésafl base 25mm and height 50mm resting
with its base on H.P. such that one of its rectiargaces is perpendicular to V.P.

PLAN

1. Select polygon in ribbon bar
or
Write pol in command window and press Enter

Line Polyline Clrcle Arc

Creates an equilateral closed polyline

Draw ~

[ PoLARDIST

| 4] *T‘ POLARMODE

= Commar "y POLYGON =
CD‘T“EFT' POLYSIDES =

\ Command : F'GLI

You can specify the different parameters of the polygon
inchuding the number of sides. The difference between the
inscribed and circumscribed options is shown,

GRBEND DL N

2. POLYGON ENTER NUMBER OF SIDES <4>: 6
3. SPECIFY CENTRE OF POLYGON OR [EDGE] : E SPECIFY BIRENDPOINT OF EDGE:
SPECIFY SECOND ENDPOINT OF EDGE: 25

ELEVATION

1. Create a horizontal line.

2. Then use Line command to draw perpendicular tzbotal line




N

~

. COMMAND: PLINE

SPECIFY START POINT:

CURRENT LINE-WIDTH IS 1

SPECIFY NEXT POINT OR [ARC/HALFWIDTH/LENGTH/UNDO/WDTH]: 50

3

e T RV AR U
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. Then text & dimension commands are used to obka&ndquired plan and elevation as shown

below.
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Problem 2: Draw the projection of a cylinder of base 30mm d¢tan and axis 50mm long resting with
its base on H.P. and axis 25 mm in front of V.P.

PLAN

4. Command: C or CIRCLE

5. Specify center point for circle or [3P/2P/Ttr (tiam radius)]:

Specify radius of circle or [Diameter] <15>: d Sipgdiameter of circle <30>: 30
&

2 IV e EIIOS’ZDD]@L]IM - DHO 0RBENICL

v

-

4] 4/ ¥ P} Model { Layout1 [ Layout?

Specify radius of circle or [Diameter]: d Specify diameter of circle: 38

Command :

6. Then go to dimension in menu bar & click centre knar




Dimension

Quick Dimension

Linear
Aligned
Arc Length
Ordinate

Radius
Jogged
Diameter
Angular

Baseline

Continue

Dimension Space

Dimension Break

Multileader
Tolerance...
Center Mark
Inspection

Jogged Linear

=
4,
17
fir
®
A
®
A
—
(a
i
P
=
®
e
J\{
i

Oblique
Align Text

Dimension Style...
Override
Update

A5

=y
il

Reassociate Dimensions

7. Command: |

8. LINE Specify first point:
Specify next point or [Undo]: @15<45
& extend the line

O O

9. Mirror the angle line & create perpendicular lirerizontal & vertical

Ortho: 7 < 80°

Orth:7 <907

ELEVATION
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5. Create a line of horizontal

6. Then use command L and press ENTER
7. Draw perpendiculars from the points on circlenooizontal line

[
\ /

8. COMMAND: PLINE
SPECIFY START POINT:
CURRENT LINE-WIDTH IS 1

SPECIFY NEXT POINT OR [ARC/HALFWIDTH/LENGTH/UNDO/WDTH]: 50

O\
@

9. Create a centre line & change the centre line type

98
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10.Then text & dimension commands are used to obka&nmdquired plan and elevation as shown
below.

214" 3

<>

(1) ©
2)

D

Problem 3 Draw the projections of pentagonal pyramid sifilbase 30mm and height 60mm resting
with its base on H. P. such that one of the eddbeobase is perpendicular to V.P.

|
|
|
|
!
|

PLAN

1. Select polygon in ribbon bar
or
Write pol in command window and press Enter
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Ml [, POLARDIST

i "TA'E, POLARMODE

= Commar " POLYGON
Commar T poLysIDES -

2. POLYGON ENTER NUMBER OF SIDES <4>: 6
3. SPECIFY CENTRE OF POLYGON OR [EDGE] : E SPECIFY BIRENDPOINT OF EDGE:
SPECIFY SECOND ENDPOINT OF EDGE: 30

4. All points joins in endpoint to end point in Lineramand

5. Command: |
LINE Specify first point:
Specify next point or [Undo]: 10

6. Create a line & delete the perpendicular line




7. Then use command L and press ENTER
Draw perpendiculars from the points on circle toizantal line

8. Command: | LINE Specify first point:
Specify next point or [Undo]: 60

101




9. Join the line end point to end point & stretch ¢eatre line

102

10.Then text & dimension commands are used to obka&nmdquired plan and elevation as shown

below.
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Problem 4: Draw the projection of a right circular cone of e&@®mm and height 60mm when resting
with its base on H.P.
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PLAN

10.Command: C or CIRCLE
Specify center point for circle or [3P/2P/Ttr (tam radius)]:
Specify radius of circle or [Diameter] <15>: d Sipgdiameter of circle <30>: 40

11.Then go to dimension in menu bar & click centre knar

tation i ML,

a Dimension
DUtP Quick Dimension
te _"/-"IH Linear
o (] #,  Aligned
Arc Length
Ordinate

oo

oo
ify =
Radius
Jogged
Diameter
Angular

Baseline

Continue

Dimension Space

Dimension Break

Multileader
Tolerance...
Center Mark
Inspection

Jogged Linear

{7
|t
&
gl
®
A
=
i
i
I
Fefil
®
t
J\(
el

Oblique
Align Text

Dimension Style...
Override
Update

A% M

AE

Reaszociate Dimensions

=4l

12.Command: | LINE Specify first point:
Specify next point or [Undo]: @15<45
& extend the line
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O O

13.Mirror the angle line & create perpendicular lirmikontal & vertical

ELEVATION

11.CREATE A LINE OF HORIZONTAL

ah
\_/

12. THEN L ENTER POINT TO PERPENDICULAR TO HORIZONTAILLINE

[N
"/

13.Command: | LINE Specify first point:
Specify next point or [Undo]: 60
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14.Join the line end point to end point

-/

a o¥
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D

dl
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Endpoint
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10.Then text & dimension commands are used to obk&nmdquired plan and elevation as shown
below.
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Draw the isometric view of a hexagonal prism siflbase 25mm and height 60mm resting
on the ground in vertical position and one of tide ®f the hexagon is parallel to V.P.

1. Command: | LINE
Specify first point:

Problem 5:

2. Command: |
LINE Specify first point:
Specify next point or [Undo]: @50<30

3. Mirror to opposite side

Ortho: 20 < 907

4. Command: ¢ CIRCLE

Specify center point for circle or [3P/2P/Ttr (tizam
radius)]:

Specify radius of circle or [Diameter] <25>: 50
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5. Then join the lines circles intersection point 8ete the circle

6. Draw a circle in the midpoint of line

Command: CIRCLE Specify center point for circld@®/2P/Ttr (tan tan
radius)]:

Specify radius of circle or [Diameter] <25>: d Sipgdiameter of circle <50>: 25

7. Join the line & delete the circle




8. Then copy the object from perpendicular distance 60

9. Then join the line endpoint to endpoint

110
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10.Then text & dimension commands are used to obka&nmdquired plan and elevation as shown
below.




R
F
S Q
A
p
Ri
E<
D1
F
S Qi
D. A
=)
3]
{ P ]
[#%]
S
[]

Problem 6: Draw the isometric view of a hexagonal pyramididés30mm and height 75mm, when it i
resting on H. P. such that an edge of base islpbtalV.P.

112
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1. Command: | LINE Specify first point:

2. Command: | LINE Specify first point:
Specify next point or [Undo]: @60<30

3. Mirror to opposite side

Ortho: 20 < 90°

a

4. Command: ¢ CIRCLE Specify center point for circtd2P/2P/Ttr (tan tan
radius)]:
Specify radius of circle or [Diameter] <25>: 60
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5. Then join the lines circles intersection point 8ete the circle

6. Draw a circle in the midpoint of line

Command: CIRCLE Specify center point for circld@®/2P/Ttr (tan tan
radius)]:

Specify radius of circle or [Diameter] <25>: d Sipgdiameter of circle <50>: 30

7. Join the line & delete the circle

8. Line enter centre point distance 75




9. Then join the line endpoint to endpoint
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10.Then text & dimension commands are used to obka&nmdquired plan and elevation as shown
below.
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Problem 7: Draw the isometric view of a cylinder of base 50mtismeter and 70 mm height is resting
with its base on H.P.

1. Command: | LINE Specify first point:

2. Command: | LINE Specify first point:
Specify next point or [Undo]: @50<30

3. Mirror to opposite side

Ortho: 20 < 90°

a

4. Command: ¢ CIRCLE Specify center point for circtd2P/2P/Ttr (tan tan
radius)]:
Specify radius of circle or [Diameter] <25>: 50
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5. Then join the lines circles intersection point &8ate the circle

6. Draw a circle in the midpoint of line

Command: CIRCLE Specify center point for circld@®/2P/Ttr (tan tan
radius)]:

Specify radius of circle or [Diameter] <25>: d Sipgdiameter of circle <50>: 35

7. Join the line intersection point to intersectiomp@&. delete the circle




=

8. Command: c CIRCLE Specify center point for circtd2P/2P/Ttr (tan tan
radius)]:
Specify radius of circle or [Diameter] <18>: 7

>

9. Then create arc in 3points

10.Then copy the object in perpendicular distance
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11.Join line from end point to end point

12. Add text on the drawing
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Problem 8: Draw the isometric view of a cone of base 40mm éi@mand height 58mm when it rests
with its base on H.P.

1. Command: | LINE Specify first point:

2. Command: | LINE Specify first point:
Specify next point or [Undo]: @40<30




3. Mirror to opposite side

Ortho: 20 < 907

4. Command: ¢ CIRCLE Specify center point for circtd2P/2P/Ttr (tan tan
radius)]:
Specify radius of circle or [Diameter] <25>: 40

6. Join the line from midpoint to corner point
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7. Then create elipse

8. Command: | LINE Specify first point:

Specify next point or [Undo]: 58

N

9. Line join from end point to end point
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10.Add text on the drawing
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EXERCISES

. Aline CD 80mm long is inclined at an angle of 8H.P. and 45 ° to V./P. The point C is 20mm
above H.P. and 30mm in front of V.P. Draw the pebgn of the straight line CD.

. Draw the projection of a circle of 5cm diameter ing\vts plane vertical and inclined at 30° to V.P|

Its centre is 3cm above the H.P. and 2cm in fronhe V.P.

. Draw the projection of a pentagonal pyramid basamZedge and axis 65mm long, having its bas
on the H.P. and an edge of the base parallel t¥ fRe

. Draw the projection of a regular pentagonal pristhe ®f base 30mm and axis 60mm long resting
with its base on H.P. such that one of its rectiargaces is parallel to and 10mm in front of V.P.

. Draw the isometric view of a pentagonal pyramideb@smm edge and axis 65mm long, having it

base on the H.P. and an edge of the base paatle tv.P.

. Draw the isometric projection of a regular pentaggrism side of base 30mm and axis 60mm

long resting with its base on H.P. such that oniésatectangular faces is parallel to V.P.
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