Drawing Instruments

and Their Uses

1.1. INTRODUCTION

Engineering drawing is a universal graphic
language of engineers. It is used by them to develop
and record their ideas and transmit them to others for
execution. [t is the shortest of all shorthands as it can
express the complete information about an object,
say a machine part, with the exactness and detail as
no written language can describe even in many pages.

Like the rules of any written language drawing
has its own rules : it has its grammar in the theory of
projection, its idioms in conventionalised practice,
and its abbreviations in symbols. As bad language is
irksome to a master in language, wrong drawing is
annoying to a trained eye. Like music or mathematics,

language of drawing must be unambigous and
international. This is ensured by various national
and international standards in the form of code of
practice for engineering drawings. The knowledge of
drawing is an important requirement for all technical
personnel — engineers, designers, draughtsmen,
mechanics, etc.

1.2, DRAWING INSTRUMENTS

A good set of drawing instruments should be
possessed by every student before commencing the.
study of engineering drawing. The quality and
accuracy of drawings depend largely on the quality
of instruments. The following is the list of drawing
instruments and materials required by students.

Fig. 1.1 : Drawing instrument box

Scanned by CamScanner




1.2

I. Drawing board, size B, 900 x 650 mm
2. Tee-square 90°
3. Set-squares, 45° (200 mm), and 30°- 60° (250

mm)

4. Drawing instruments box (Fig. L.1).,containing

the following :

(1) Compass with interchangeable pencil and pen

legs, size 150 mm

(i) Hair spring divider, size 150 mm
(#i7) Bow pencil, size 100 mm
() Bow pen, size 100 mm
(v) Bowdivider, size 100 mm
(vi) Lengthening bar, size 125 mm
(vii) Inking pen, fine and medium, size 150 mm
(viii) Case of lead
(ix) Screwdriver

(x)
5.

6.
&
s

0.
10.
1.
12.
13.

14.

Spare screws and pointers for various joints
and instruments.

Scale, plastic, boxwood or set of cardboard
scales, size 300 mm

Protractor, 180° or 360°, size 150 mm
Drawing paper

Drawing pencils, HB, H, 2H, 3H and 4H, one or
more of each grade.

Rubber eraser, soft

Pocket knife or pencil sharpener

Duster or handkerchief

Drawing pins or adhesive tape

Sand paper. grade 0 to 00, or sand paper block

French curves.

Drawing Board. (Fig. 1.2). Drawing board
is made of best seasoned wood about 25 mm thick. To
prevent warping, the board should be made of narrow
strips glued edge to edge rather than from one piece.
On the underside of the board two battens are fixed
by screws in slots to allow contraction or expansion
due to atmospheric conditions. On the left side of the
board a straight, ebony edge is fitted against which
the stock of tee-square moves. This is the working
edge of the drawing board. The top face of the board

should be perfectly levelled and smooth.
The standard sizes of drawing board according
101.5.962-1967 are given in Table 1.1.

MACHINE DRAWING

Fig. 1.2 : Back view of a drawing board
Table 1.1: Standard size of drawing boards

Designation Dimensions, mm
B, 1500 x 1000
B, 1000 = 700
B, 700 x 500
B, 500 x 350

For working it is convenient to keep the board
tilted at an inclination of 15°to 20° by a block of wood
or a Trestle as shown in Fig. 1.3. It is tiring to work on
a flat board.

U

Fig. 1.3 : Trestle for drawing board

Scanned by CamScanner



DRAWING INSTRUMENTS AND ThEg yges

Tee-square, (Fig. 1.4
consists of two parts, the bl
blade is rigidly fixed to the stock by brass 5 d
pins. The blade has an ebony cdige and is .
wider at the stock for rigidity. The stock algent’:rally
ebony edge. “The blade has a 5
the tee-square when not ip
square depends on the size of the board,

Working edge of board
must be straight

Length of T-Square

Working edge of T-square Head

/ must be straight

Working edge of T-square
must be straight

25 - i
Hardwood
Head

Fig. 1.4 : Tee-square

Before using the tee-square it is necessary to
test the straightness of its working ed_ge. Itis done as
shown in Fig. 1.5. Draw a sharp line with a hard pencil
along the entire length of the working edge. Next turn
the tee-square over and draw the .hm': again over th_e
same edge. The two lines must coincide if the edge hls
absolutely straight, otherwise the space bes}m;en toi
lines will give twice the error of the blade. The errer
should be rectified by scraping the edge with ascrap
or a sharp file. )

Thzrrt)ee-square is a delicate piece of "I’tsf;‘;?s"i;“
on which the accuracy of drawing dBP:m:;:O ::ing oﬁ
damaged by careless handling and 5('; thepslan Sard
the floor. The B.LS. has recommende

sizes of tee-squares

~—~{90°

— —
— —

| Blade o
For hanging /

on nail

Knsparent plastic edge

permits seeing drawing
underneath

as shown in Table 1.2.

1 L 3
Table 1.2: Standard sizes of lee-squares
Designation Working edge
- length ln mm
Ty 1500 £ 10
T 1000 + 10
T, 700 +5
Ty 500+5

Set-square. Transparent, colourless plastic
sel-squares are most commonly used. They have '
either straight edge or bevel edge. Thickness varies
asarule between 1.5 mmto 2.5 mm: the latter is more
useful for inking work. Two set-squares, 45° and 30°-
60°are required. The length of the set-square is given
by the longer edge containing the right angle; 45°
set-squares are 150, 200, 250, and 320 mm long and
60° set-squares are 200, 320 and 420 mm long.

|

Fig. 1.6 : Clinograph
A clinograph
(Fig. 1.6).

Scales. In engineering drawing plastic or
boxwood scale or a set of cardboard scales is used.
The scales are either flat or triangular. Flat scales more
than 1.5 mm thick are bevelled at both the edges for
ease of measurement. The scale is used to transfer
the dimensions of an object to the drawing. It should
never be used as a straight edge for drawing lines.

is an adjustable set-square

Protractor. Transparent celluloid protractors
are generally used. They are semicircular (180°) or
circular (360°) in shape. The circumferential edge of a
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protractor is graduated 1727 or 19 division, is numbered
at every 10% interval and is readable from both the
ends as shown In Fig, 1,7, The diameter of the
semiclrele s called the base of the protractor and its
centre is marked by a short line perpendicular to it
Fhe protractor is used to draw or measure such angles
as cannot b drawn with the set-square,

Fig 1.7 : Protractor

Drawing paper. For drawing purposes hand
made paper with smooth surface and weighing about
25 or 30 kg per ream is suitable,

The paper should be uniform in thickness and as
white as possible, Its fibre should not come out when
eraser is used on it. The ink should not spread on

2. The sides of each size are in the ratio |- JZ— ,

3. The surface aren of the basic size is one square mere y
e L2 xp = |,

X 0841m and y = 1'189m

4. Special clongated size (Second choice). When shey
of greater length is needed, one of the sizes in Table | 4
should be used. These sizes are obtained by extending
the shorter sides of a format of the ISO-A series 1
lengths that are multiples of the shorter sides of the
chosen basic format.

Table1.4: Special elongated sizes (second choice)

Designation Dimensions, mm
Ay =3 420 ~ 891
Ay x4 420 = 1189
Ay x3 297 = 630
Ay x3 297 » 841
Ay x5 297 = 1051

5. Exceptional elongated sizes (Third choice), When
a very large or extra elongated sheet is essential, one of
the size in Table 1.5 should be used. These sizes are
obtained by extending the shorter sides of a forrhat of
the ISO-A series to lengths that are multiples of the
shorter sides of the chosen basic format,

Table1.5: Exceptional elongated sizes (third choice)

paper used for inking, Dru\.ving papers are available Designation Dimensions, mm
in rolls of 75 to 180 cm width and about 20 metres
Ag x 2* 1189 x 1682
length,
i : . Apx3 1189 x 2523+
The standard size of drawing sheets, according A 58 S5 FIg
SO-A Series (First choice), are given '
T"'Il‘l"l :OHI Bk b Ay x4 841 x 2378+
e Ayx3 594 x 1261
Table 1.3: Standard size of drawing paper Ay x4 594 x 1682
Sheet Trimmed size, mm | Untrimmed size, mml A, x5 594 x 2102
Designation | width % length width x length Ay x5 420 = 1486
Ay x 6 420 = 1783
1,189 880 = 1,230 3
Ao 841 % 1,1 o Ay x 7 420 x 2080
A, 594 ~ 841 625 x 88 Ay * 6 297 x 1261
A, 420 * 594 450 ~ 625 Ayx7 297 x 1471
A, 297 x 420 330 « 450 Ay <8 297 * 1682
Ay 210 = 397 240 = 330 Aygx9 297 = 1892
Notes ; * This size is equal 1o 2A, of the I1SO-A series

I, Two successive sizes of the series are obtained by
halfing or doubling as shown in Fig 1.8.

+ For practical reasons, the use of these sizes is not
advisable.
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MNG INSTRUMENTS AND THEIR USES

6. The original drawing should pe
sheet permitting the necessary ¢

7. Drawing sheets may be used w
horizontally or vertically,
Pencil. Drawing

of graphite mixed wij

ma_dc on the smallest
larity ang resolution,

ith their longer sides

penci! leads are made chiefly
th varying Quantities of clay to

the Ey!:e of work, texture of paper, atmospheric
humidity, make of pencil, etc. In the beginning HB or
H gra}de may be used for freehand sketching and
lenerfng and 2H or 3H grade for outlines. After some
practice H grade may be used for freehand sketching
ar}d lettering, etc., and 2H or 3H grade for outlines.
LmFs of uniform thickness and darkness can be more
easily drawn with hard grade pencils. The dimension
lines and lines which are thin lines shown be drawn

with a pencil of a grade or two harder than that for the
outline.

Fig. 1.8 : Successive size of a drawing paper

1.5
Table 1.6 : Classification of pencils
Grade of pencil Hardness Remark
10H to 4H Extremely hard Not useful for
engineering
drawing
3H Very hard ]
2H |Hard
H Moderately hard General
F  |Firm purpose
HB  |Medium pencils
B |Moderately soft:
and black —
2B Soft and black =
3B |Very soft and black Too soft for
4Bto8 |Very soft and engineering
very black drawing

For hand sketching and lettering a pencil
sharpened in the usual conical way should be used
but for drawing outlines pencil should be sharpened
to a chisel point as shown in Fig. 1.9. With chisel
point the width of the line does not sensibly increase
as lead wears out.

i

@P

|-'--
40
I &
f

(@)

Fig. 1.9 : Chisel and conical points

A conical point will last longer if the pencil is
rotated while drawing,

A student should keep two or three pencils of
the same grade for drawing outlines so that he has

not to sharpen one pencil very often,

Rubber or Eraser. For removing pencil lines
from the paper many varieties of Indian rubber of
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different degrees of hardness are available. Choose a
good quality, fairly soft rubber which is effective
without damaging the paper. A thin sheet-metal
erasing shield may be used to prevent erasure of
correct lines adjacent to mistakes. 4 very soft eraser
known as art gum or art cleaner block is very useful
Jor cleaning finished drawings.

Drawing pins and adhesive tapes. The
drawing sheets are fixed on the board by steel pins
having curved brass tops. Adhesive tapes are also
used for the same purpose and have the advantage
that they do not make a hole in the sheet. Clips or
metallic fold back clamps may be used in place of pins
or adhesive tapes.

The use of drawing pins should be avoided as
they ruin expensive boards, especially when used
away from their corners. "

- Sand paper block. (Fig. 1.10). The sand
paper block is a wooden block, about 150 x 50 x 12
mm, having a piece of sand paper pasted or nailed
over the rectangular portion of the block. The sand
paper should be replaced when it is worn out. Sand
paper block is used for sharpening the pencils, which
is required very frequently.

Sand Paper

Fig. 1.10 : Sand paper block

French curves. For curves other than circular
arcs, a set of French curves made of transparent
plastic are used as shown in Fig. 1.11. The method of
drawing a curve with French curvz is lined up, by trial

_ and error method, so that it passes through at least
three points of the required curve. The curve drawn
should be smooth without overlapping patches or
sudden changes in direction. '

MACHIN
%

Fig. 1.11 : A set of typical french curves

A flexible curve, Fig. 1.12, if available, is also
useful for drawing curves.

Fig. 1.12 : Flexible curve

1.3. DRAFTING MACHINES

Drafting machine is a special form of drafting desk
fitted with a linkage to serve the functions of T-square,
set-square, parallel ruler, protractor and scales. Itis a
device to prepare drawings quickly, accurately and
neatly, and is used in almost all drawing offices (See
Fig. 1.13). The drafting machines board can be
adjusted at any angle with the horizontal. The linkage
provided in the drafting machine has two blades
(straight edges with engraved scales) set at right
angles to each other. It remains balanced at any angle.
The blades are detachable and can be replaced by a
variety of blades. The adjusting head has a protractor
with vernier attachment so that the blades may be set
at any required angle. Drafting machines are available

in various sizes.
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DRAWING INSTRUMENTS AND THEIR USES

Fig. 1.13 (a) : Drafting machine

Mini-drafter. The engineering students now-
a-days use a separate manufactured linkage known
as mini-drafter. It has an adjustable head with mutually
perpendicular scales attached. It is mounted on a
normal drawing board placed on a trestle. Mini-drafter
has replaced the tee-square.

Drawing Board

Fig. 1.13 (b) : Mini-drafter

1.7

1.4. DRAWING LINES WITH TEE-SQUARE
AND SET-SQUARES

The tee-square is used for drawing horizontal
lines. Vertical lines are drawn with the tee-square and
the set-square. The lines at 45° and 30°- 60° are drawn
with set-squares.

Horizontal lines (Fig. 1.14). The horizontal
lines are drawn by holding the stock of the tee- square
firmly against the drawing board with the left hand
while running the pencil along the working edge with
the right hand. The pencil should be held in a plane
perpendicular to the paper but it should be inclined
about 60° to the right, as shown in Fig. 1.14. A line
should always be drawn from left to right. If conical
point is used, the pencil should be rotated the full
length of the line to ensure uniform thickness.

Fig. 1.14 : Drawing horizontal lines

Vertical lines (Fig. 1.15). The vertical lines
are drawn by holding the stock of the tee-square firmly
against the drawing board with the left hand while
placing the 45° and 30° - 60° set-squares along its
edge with the right angle of the set-square
perpendicular to the tee-square.

Vertical lines are drawn from bottom to top with
the pencil tilted about 60° to the right or away from
the body.

Lines at 45° and 30° - 60°. A 45° line may
be drawn by moving the pencil upward or downward
along the hypotenuse of the 45° set-square with either
of its legs resting on the tee-square, as shown in

* Fig. 1.16. A 30° or 60° line may be obtained in a

similar manner. A circle can be divided into 8 equal
parts with the 45° set square and 12 equal parts with
the 30° - 60° set square.
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Fig. 115 Drawing

vertieal Hiea

b tbeabadiens JIACHING DRAWING
-——_u—_-_-_'"-—n-___-_-‘-

Lines at 157 and 307, Lines at 15 and 3y
can be diawn by the combination of set-square 34
shown in Vig, 1,17, A circle may thus be divided iny,
20 sejul parts with the aid of the two set Squares,

Parallel lines. The method to obtain paralle|
lines consists of lining up the hypotenuse of ser.
wunre, us In Fig, 1,18, along the line to be drawn,

The set square i slided backward or forward
nlong the working edge of the tee-square and desired
parallel lines are obtained, Short parallel lines can be
obtained by using two set-squares as shown in Fig,
119,

Perpendicular lines. Perpendicular lines be
drawn In many ways. One of the methods is similar to
that employed for drawing parallel lines. The set-
wquares and the tee-squares are lined up in the same
way and the set-square is moved to the intersecting
point on the given line. At this point the set square is
trned over as shown in Fig. 1.20 and line is drawn
through this point,

N
)
|
‘IP\‘ |
|
|
: Base
i Line
. -
® o

Fig. 1.17 : Drawing lines at 15° and 75°
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1.9

Fig. 1.18 : Drawing parallel lines with tee-square and set-square

N\
-——

[ ——— —— ——— i ————

Fig.1.19: Drawing parallel lines with fwo set-square

1.5. USE OF DRAWING INSTRUMENTS

Compass. Circles and arcs of the circles are
drawn with the help of the compass. Small circles of
up to about 25 mm diameter are drawn with bow
compass. Circles up to about 120 mm diameter are
drawn with compass having the pencil and inking
attachment, with their legs straight as shown in
Fig. 1.21.

For drawing larger circles both legs should be
bent at the knee joint (breaking the legs) so that they

Fig. 1.20 : Drawing perpendicular lines with
set-square and tee-square
are perpendicular to the surface of the paper as shown
in Fig. 1.22.

*As the needle is required to be inserted in the
paper it is kept about 1 mm longer than the lead point.
To draw a circle, first draw its centre lines. Adjust the
compass to ths required radius and put the needle
point lightly at the intersection of the centre lines.
Give aslight inclination to the compass in the forward
direction and draw the circle clockwise while rotating
the handle between the thumb and the first two fingers
of the right hand (Fig. 1.22). While drawing concentric
circles smallest circle is drawn first.
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Circle of more than 300 mm diameter are drawn
with the aid of the lengthening bar, as shown in Fig.
1.23. The lower part of the pencil leg is first detached
and the lengthening bar inserted in its place. The
detached part is then fitted at the end of the
lengthening bar. For drawing large circles it is often
necessary to guide the pencil leg with hand.

As it is difficult to exert the same pressure on the
lead in the compass as on a pencil, the lead used in
compass is about one grade lower than that of pencil
to get the same darkness for circles and lines.

Dividers. The divider consists of two legs
hinged at the upper end and has steel points at both
the lower ends. The divider is manipulated by one
hand only. It is used for dividing distances into a
prescribed number of equal parts or for transferring
dimensions and distances. Small adjustments are made
with the hair spring by adjusting the small thumb
SCrew.

The method of dividing a line into a given number
of equal parts is as follows (Fig. 1.24). Open the dividers
until the distance between the point is estimated to
be equal to the length of a division and step off the
line lightly by rotating the divider by half revolution
alternately in an opposite direction on either side of
the line. If the last prick mark misses the end point,
incréase or decrease the setting by an amount
estimated to be equal to the error divided by the
numbers of divisions, before lifting the dividers from
the paper. Step off the line again and repeat the
procedure until the dividers are correctly set and
indent the division points.

Small bow divider is adjusted by a nut and should
be used for making minute divisions and large number
of short equal divisions.

NMACHINE
—%

\1/

Fig.1.22 : “Breaking” the legs of the compass

Fig. 1.23 : Use of lengthening bay
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1.11

Fig. 1.24 : Dividing a line by dividers

Inking Pen (Fig. 1.25). The inking pen is used
for drawing straight lines and irregular curved lines.
It consists of a pair of steel nibs fitted to a holder, the
nibs being equal and elliptical in shape. Nibs that are
too sharp or blunt are unsatisfactory. The worn out
nibs can be sharpened by honing.

Black waterproof India ink is ‘
used in the inking pen. It is a 4
colloidal solution of fine particles
of carbon and gum. The bottle of
ink should be carefully covered
to prevent evaporation of the
solvent. The ink is filled between
the nibs of the pen by the quill
attached to the stopper of the ink
bottle and the thickness of the line Fig. 1.25 : Inking

is adjusted by the width between pen

the nibs by the adjusting screw. A small amount of
ink, about 5 mm high in the pen, should be used ata
time. Any ink which may have set outside should be
wiped off. Indian ink dries rapidly and deposits of
carbon frequently clog the pen. Therefore, the pen
should be wiped often with a soft cloth or chamois.

The technique of drawing lines with inking pen
is as follows: Set both nibs of the ruling pen parallel

to the guiding edge, as shown in Fig. 1.25 by holding
the pen in vertical position inclined about 60° with
the paper in the direction of the line. Hold the pen
keeping the adjusting screw facing away from the
body. Press the pen lightly against the ruling edge to
ensure accuracy of linework. At the end of each stroke
raise the pen off the paper quickly and move the
guiding edge from the wet line.

Ink bow pen and compass with inking
attachment are used respectively for small and large
circles and area.

1.6. LAYOUT OF DRAWING SHEETS

The layout should facilitate the reading of
drawings and make it possible of essential references
to be located easily. Sufficient extra margin should be
left to facilitate easy filing and binding wherever
necessary. The typical layout of drawing sheet 4,
and A, are shown in Fig. 1.26.

The following important points may be noted—

1. Borders and frames. Borders enclosed
by the edges of the trimmed sheet and the frame
limiting the drawing space shall be provided with all
sizes. It is recommended that these borders have the
minimum width of 20 mm for size A, and A, and a
minimum width of 10 mm forsize A4,, A, and 4.
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Minimum width

(20 mm for AQ and A1,
1 10 mm for A2, A3 and A4)

MACHIN
—%

1 | 2 | ! 4 | 5 [ 8
A A
Edge 5 B
N Drawing Space
'™ Cc
Frame
b Title Block D
}4 .
1 | 2 | 3 ol 4 / 1 5 | [

%ﬂd Reference

Border/

/ Title block shall contain name,

date, projection symbol, scale,
title and drawing number

Fig. 1.26 : A typical layout of drawing sheet, sizes AD and A,

2. Centering marks. Four centering marks
shall be provided on all drawings in order to facilitate

the positioning of the drawing when reproduced or
microfilmed.

3. Grid reference. The provision of grid
reference sysfem is recommended for all sizes in order
to permit easy location on the drawing of details,
additions, modifications, etc. The number of divisions
should be divisible by two and be chosen in relation
to the complexity of the drawing. It is recommended
that the Tength of any
comprising the grid shall not be less than 25 mm and
not more than 75 mm.

The rectangles of the grid should be referred by
means of capital letters along one edge and numerals
along the other edge. The numbering direction may
start at the sheet corner opposite to the title block
and may be repeated on the opposite sides.

The title block is an important feature in a
drawing and should be placed at the bottom right
hand ceiner of the sheet where it is readily seen when
the prints are folded in the prescribed manner, The
size of the title block recommended is 185 x 65 mm or

side of the rectangles,

170 x 65 for all sizes (See Fig. 1.27). The title block
contains the following information: the title of drawinz.
drawing and sheet number, scale, symbol denoting
the method of projection, name of the firm and initials
of the technical staff who prepare the drawing. The
physical example of parts list on a drawing is shown
inFig. 1.28.

For class work the information in the title block
may be modified to suit the requirement. For example
the title block may be 30 mm high divided into three
sub-block in which name of the institution, title of the
drawing and particulars of student may be written.

For class room training, layout as given in
Fig. 1.29 may be used.

The spacing of the drawing on the sheet should
be central. If more than one figure is to be drawn, the
space should be divided in suitable blocks and the
figures should be drawn in the centre of these blocks:

The drawing paper should be fixed on the board
with equal distance from its top and bottom edges
and one of its shorter edges at about 30 mm from the
working edge of the board. If'the paper is much smalket

than the board it may be fixed about 50 mm from s
lower edge,
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(a)

(b)

(c)

(d)

1.13

x 185
[ . ! 20 __Jl_ 25 =__Jl 10
NAME OF THE FIRM =
/ NAME |paTE| 2
. DESIGNED ~
DRAWN ~
@ CHECKED ~
STANDARD ~
APPROVED ~
SCALE TITLE ==t
DRAWING NUMBER
= @ 8
| SHEET 1 OF 4
-25 1 105 P (55) |
[] Ll 1
185
J0...10 35 15
] ADDITIONAL INFORMATION | MATERIAL o
TOLERANCE NAME DATE i
DESIGNED
DRAWN
0 NAME OF THE FIRM CHECKED
i ; STANDARD
w| |Rera|ZONE| BRIEF RECORD APPROVED
o} |SCALE TITLE DRAWING NUMBER .
-—1 -
J
y - “EJ[ SHEET 2 OF 4
25 NS (100) . ] ‘F
- 185
|
[ | |
No, OFF| STOCK SIZE SEMI PRODUCT | MATERIAL NET wikg [STOCK wikgl  DRG No. (ASSY)
RS WARDNESS | CASE DEPTH |PATTERN No|TOTAL Net wi
SCALE | DESIGNED ‘E] '@ d
DRAWN : :
i CHECKED AFPD
o STANDARD DATE a
TYPE GROUP USEDIN|  ALTERATION AREA|SIGN | DATE |INDEX
uo;a::m : oF 02 SUPERSEDED BY DRAWING NUMBER
REPLACES
NAME OF THE FIRM SHEET JOF 4
185 -l
1
y | 7w [DESIGNATION AND FINAL DIMENSIONS [maTeRIAL] WEIGHT| PATTERN NO. | REMARKS
o
82
=]
Nsm
gis
aPg
9 %2 2 ALTERATIONS OLD. NO.| DATE |[NAME|AREALQTY | ASSY No.
w2 DESIGNATATION SCALE|ORAWN APPOD
B3 CHECKED G
Egg STANDARD
a2 MONOGRAM
2E OF THE NAME OF THE FIRM —y = =1
z FIRM Lol _sueeTaors 1 |

Fig. 1.27. Title blocks
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DRAWING NUMBER OR
PART No. DESCRIPTION REFERENCE NUMBER

MATERIAL

No. OFF | REMARKS

L]

DATE [NAME NAME OF THE FIRM

DRAWN

CHECKED PART LIST NUMBER
TRACED

COMPARED SUPPLEMENT

PROVED TITLE
DRAWING NUMBER
REF DATED
No. IDATE BRIEF RECORD INITIALS
Fig. 1.28 : Typical example of parts list on a drawing
[Tg]
a0 _ 15
/ @ Title block
@ Cutsize

<} | Name of the Institution

=1 | Title of the drawing fi
2| [ Name of the student Scale B
2| | Class R i

oll No @ @

o = Ty
= Sheet No.

o} oS50 | 50 | 50 |

Fig. 1.29 : Sheet layout (suggested for sheets prepared in classrooms)
s
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1.15

For clean and good drawing
to clean the board, the tee
before use.

» Students are adyised
-SqQuare and the instruments

1.7. NUMBERING MULTIPLE SHEET
DRAWINGS

Multiple sheet drawings marked with the same
registration or identification number should be
indicated by means of a sequential sheet number. In
addition, the total number of sheets should be shown
onsheet 1, for example:

. n
Sheet No.= —
P

where, n= sheet number
and  p= total number of sheets

An abbreviated title block containing only the
identification zone may be used for all sheets after
the first sheet.

1.8. FOLDING OF PRINTS

Two methods of folding of prints, one suitable
for prints for filing or binding and the other for keeping
in filing cabinet, together with different stages of
foldingare given in Fig. 1.30 and Fig. 1.31. All large
prints of sizes higher than A, are folded to A, size.
The title blocks of all the folded prints appear in
topmost position. The bottom right hand corner is
the outermost visible section and must have a width
not less than 190 mm. Depending on the method of
folding adopted, suitable folding marks are to be
introduced in the tracing sheets as guide.

1.9. IDEALS OF GOOD DRAWING
The student must make it a habit to produce good

drawing. A carelessly done drawing gives a poor

impression of habit and knowledge of the slud-cflt. A
good drawing must satisfy the following conditions.

(a) Drawing must be accurate : An inaccurate
drawing loses much of its usefulness. For drawing to
be accurate, the instruments must be kept in good
condition.

(b) Drawing must be neat : A neat drawing
invites appreciation.

(¢) Drawing must Jfollow standard conventions :

Making of drawings is not an end in ilself. The
drawing made is “read” by engineers in production
department, erection work, etc. Unless the drawing
follows the standard conventions, the person who

has to read the drawing may get a wrong impression
of the object.

Thus, a drawing of maximum usefulness is

accurate, neat, legible and conventionally correct.

1.10. IMPORTANT POINTS TO BE

OBSERVED AT THE DRAWING BOARD
A fresher invariably finds that his drawings

inevitably become dirty and the presentation is not
attractive. The following hints are therefore given to
help the students in making good drawings.

1. One of the first rule to learn is to keep your

pencil sharp so that your lines are always crisp. Never
sharpena pencil so that the dust falls on the drawing
board, tee-square. set-squares, etc. Resharpen the
pencils as soon as they become blunt. Soft pencils
and too superficial lines spread graphite dust. Use
hard pencils and complete the heaviest lines last. Do
not draw too faintly and too grey.

2. Keep your hands clean. Also, keep your

instruments clean by wiping with a duster. Remove
all loose matter from your drawing with a duster, not
with your hands.

3. Rubbing out must be reduced to a minimum

and should not be over-vigorous. Defer all rubbing
on final drawing as long as possible. Eraser dust
should be removed by lightly flicking with a clean
soft duster. Never brush across the surface of
drawing with the paln of the hand or the shirt/coat
sleeve. Brushing by hand or sleeve makes the entire
drawing sheet dirty.

4. Do not collect all of your drawing

instruments, sharpener, sand paper, duster, etc., on
the drawing board. As far as possible keep them away
from the drawing board in a bag or a box.

5. Use a backing paper below the drawing sheet

to provide some resilience under the drawing material.

6. Avoid perspiring over the drawing.
7. While not drawing, cover the drawing with a
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* sheet of a paper.

8. While lettering, place a paper underhand.

9. Never apply the points of dividers directly to
a good scale. The measurement should be taken
directly by putting the scale on the line.

10. Always plan the arrangement of the whole
drawing on the paper before making any marks
whatsoever,

11. Build up the drawing from centre lines and
base lines which are common to two views.

12. Do not try to complete one view before
proceeding to another. It is better to draw in parts of
each view which are aligned along horizontal or
vertical lines and work on each of the views in some
sort of rotation.

13. Differentiate from the begining between thick
and thin lines. Thick lines should be two to three
times thicker than thin lines,

14. If the progress is too slow, usually the
procedures ‘are wrong. Study technique, especially
in the use of scale. Much time is lost in attempts to
avoid intersecting lines and in rubbing at the faintline
stage.

1.11. SCALE DRAWING

Sometimes objects have to be drawn larger or
smaller than their actual size. Thus a boiler would be
drawn to a reduced scale, whereas parts manufactured
on automats would ordinarily be drawn to an enlarged
scale. The Indian Standard: SP:46-1988 recommends
the scales given in Table 1.7 for use on engineering
drawings. '

Ascaleof lmmto10 mm (1:10) means that | mm on
the drawing represents 10 mm on the object. Such a
scale has a representative fraction of 1/10. Thus
Representative Fraction, R.F,, is defined as

size on drawing
size on object

“Scales”, graduated to facilitate drawing to scale,
are time-saving accessories. A fully divided scale has
the basic units subdivided throughout its length. If
only the end unit is subdivided, the scale is said to be

open-divided.

MACHINE DRAWING
Table 1.7 Scale for use on technical drawings
Fuhzc_a_.’e Reduced scale Em'a‘rged.!;';e-—_
1:1 I 50:1
I+8 20 ]
1:10 10: 1]
1:50 311
;100 22
1:200
1:500
1:1000
1:2000
[ : 5000
1:10000

1.12. CLASSIFICATION OF MACHINE
DRAWINGS

Machine drawings are made for various purposes
and are classified as follows :

1. Shop drawings. Shop drawings are a set
of drawings for manufacture of each component of a
product and their subsequent assembly. The shop
drawings therefore consist of part drawings and
assembly drawings.

(a) Partdrawings. A part drawing is a drawing of
all individual parts of the machine with all
details necessary for its manufacture. The
drawing consists of a sufficient number of
views with all the dimensions and limits and
surface finish details.

(b) Assembly drawings. Anassembly drawing of
a product or a machine shows the relative
positions of the various parts. In assembly
drawing, generally only overall or major
dimensions are given and dotted lines are not
shown. A table of “parts list™ giving the part
number, its material and quantity required is
generally included.

The shop drawings (part drawings and assembly
drawings) form the major bulk of the machine
drawings.

2. Drawings for  instruction
manuals, These are assembly drawings without
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dimensions but with each component numbered for

ease in identifying during disassembly ang
subsequent reassembly.

3. Drawings for catalogues. The
drawings for including in catalogues are merely
outlines of assembly drawing with only the major and
overall dimensions given to give an idea about the
size of the machine and space required for installation.

4. Schematic drawings. Schematic
drawings are made for complicated machinery to
explain its principle of working. In schematic drawing
the parts are replaced by their respective conventional
representation. ' :

5. Patent drawings. Patent drawings are
drawings filed when a patent is sought for a new
design. These drawings contain no dimensions and
are not detailed. However, they should be made as
self-explanatory as possible by adding pictorial views,
ifrequired. The important features may be numbered
giving references to specifications.

1.13. REPRODUCTION OF DRAWINGS

The most important method of reproduction of
drawings is the blue printing process, called ferro-
pressiate process.

(a) Ferro-pressiate process. It gives
prints in white lines on a blue background. In this
process the back of the drawing is placed in contact
with the sensitized surface of the ferro-pressiate paper
and exposed to sunlight or electric arc lamp in a
printing frame. The frame is kept facing and normal to
the light. The time of exposure is decided by trial. It
depends on the intensity of the light, opacity of the

1.19

tracing and the rapidity of the paper. The printing
frame should be opened and closed in the dark room.

The other processes of reproduction are as
follows:

(b) Ferro-gallic process. This process
gives black lines on white background. The ferro-

gallic paper has a coating of gallic acid powder. The
€Xposure process is similar to ferro-pressiate process.

After exposure, the paper is immersed with face

downwarf:l ina bath of running water and development
is obtained.

() Ammonia process. This process gives
brown or red lines on white background. The ammonia
sensitized papers are also exposed in the same way
as the ferro-pressiate paper. After the exposure the
print is put in the ammonia box containing 10%
ammonia solution. The lines are developed by the
ammonia vapour. To get rid of ammonia odour the
print is kept in the open air for sometime.

(d) Sepia or photo process. This process
gives white line on a deep brown background. If the
negative is made on a thin sepia paper, the prints will
be with brown or blue lines on a white background.
Sepia papers are sensitized with a solution of silver
salts. After exposure the prints are washed with the
photo developing process.

(¢) Photostat. This process is a simplified
form of camera and became very common. Enlargement
or reduction to any convenient size can also be
obtained by photostat process.

(/) Drawing storage in digital form.
In case of drawing produced on CAD system, they
are stored digitally on tape or disks and not as hard
copies.

Section A

1.1. Why drawing is called the universal language of
engineers ?

1.2. Lis the essential drawing materials required to work
ina drawing class.

1.3. What are the standard sizes of the drawing board?

Drawing paper ? How successive sizes of paper
are obtained ?

L4. How a tee-square can be tested ?
LS. Whatisa clinograph ?
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Types of Lines ay
| | Lettering

21. TYPES OF LINES 1. Qutlines (type A). Outlipe, ,
continuous thick lines drawn to represeny Visible

edges and surface boundaries of objects, The outline
should be outstanding, i.e. intensely black i
appearance.

For general engineering the Bureau of Indian
Standards (B.1.S.) has recommended the types of lines
shown in Figure 2.1 to be used.

Line Description General Applications

A Continuous thick Al  Visible outlines ]
' ' A2 Visible edges

Continuous thin (straight or curved) | Bl  Imaginary lines of intersection

B2 Dimension lines

B3 Projection lines

B B4 Leader lines

B5 Hatching

B6  Outlines of revolved sections in plane
B7  Short centre lines

C ~—~————— ~— | Continuous thin free hand" Cl  Limits of partial or interrupted views and
1) A Continuous thin (Straight) sections, if the limit is not a chain thin

D 1 1 V with zigzags DIl - Line

E oo e e e e e e Dashed thick? El  Hidden outlines

E2  Hidden edges
F1  Hidden outlines

F Sormnsammmm s Dashed thin F2 Hidden edges
Chain thin : G1 Centre lines
G - i G2 Lines of symmetry
- F2  Trajectories B -
H ~—-——== | Chain thin, thick at ends and . ’
i — ...i changes of direction HI - Cutting planes
- - ]
J —- - - Chain thick _ J1I' - Indication of lines of surface to which?
special requirement applies R
Chain thin double-dashed K1  Outlines of adjacent parts -
" ) i , K2 Alternative and extreme position of
- - movable parts )

K3 Centroidal lines . olane
K4 = Parts situated in front of‘lhei“‘i"?f,J

(1) This type of line is suited Jor reproduction of drawings by machines: .
(2) A“h‘"_”gh two alternatives are available, it is recommended that on 4"y -
drawing, only one type of line be used.
Fig. 2.1: Types of lines
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TYPES OF LINES AND LETTERING

2.23

2. Hidden lines (dotted or dashed
lines, type E and F). Hidden lines are thick or
thin lines consisting of short dashes, closely and
evenly spaced and represent hidden edges or surfaces.
Hidden lines should be used only where their use
definitely assists in the interpretation of drawing

3. Centre lines (type G). Centre lines are
used for symmetrical objects. It consists of a thin line
with alternate long and short dashes in proportion
ranging from 6:1 to 4 : 1, closely and evenly spaced.
The centre lines should project for a short distance
beyond the outline to which they refer, but wherever

177

necessary, for dimensioning or to correlate views,
they may be extended.

Locus lines are drawn same as centre lines.

4. Dimension lines, extension lines
construction lines and hatching lines
(type B) Dimensions lines, extension lines,
construction lines and hatching lines are drawn as
continuous thin lines so as to contrast with the heavier
outline on the drawing.

Construction lines are drawn in geometrical
drawings only. Section lines are drawn inclined at

45° spaced evenly (about 1.5 mm apart) to make a
shaded effect.

Fig. 2.2 : Typical applications of recommended lines
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5. Cutting plane lines (type H). The
cutting plane on which a section has been taken js
indicated by thin, thick at ends and changes of
direction.

6. Break lines (type C and D). Break
lines are used on both detail and assembly drawings.
Type C is continuous thin line drawn frechand. This
is used for limits of partial or interrupted views and
sections. Type D is continuous thin (straight) with
zig zags.

7. Adjacent parts and alternate
positions (type K). A chain thin double-dashed
line is used for adjacent parts and for alternate

positions. Typical applications of recommended lines
are shown in Fig. 2.2

2-2. THICKNESS OF LINES

Two thickness of lines are used. The ratio of the
thick to the thin line should not be less than 2:1,
Gxading of Ines is 11 V2 increments. The thickness
of lines should be chosen according to the size and
the type of the drawing from the following range: 0-18,
0-25, 0-35,0-5,0-7, 1, 1-4 and 2 mm. See Table 2.1.

Table 21 : Thickness of lines in mm

Group Line Thickness Lettering
Thick Thin Dimension figures

and Symbols
0-35 0-35 0-18 025
0-50 0-50 0-25 0-35
0-70 0-70 0-35 050
1-00 1-00 0-50 070
1-40 1-40 0-70 1:00
2-00 2-00 1-00 1-40

Notes :

. Owing to difficulties in certain methods of reproduction.
the line thickness of 0 18 should be avoided,

2. Forall views of one picce to the same scale. the thickness
of the lines should be the same.

3. The minimum space between parallel lines including
hatching should never be less than twice the thickness
of the heaviest line. It is recommended that these spaces

should never be less than () 7mm.

2.3."LETTERING

Lettering is V'E:I'y important in engineeting drawing
and the student is advised (o master it by C“"‘élnrﬁ
practice and continuous efforts o improye, B
lettering can spoil the appearance and eyey,
usefulness of a drawing. In engineering drawing
lettering should not be ornamental and obscgre, ;r',','f,
main  requirements for lettering on engineerjpy
drawings are legibility, untformity and euse thel
rapidity in execution, Simple single-stroke broad
letters are best in this respect,

All the letters should be in capital except where
lower case letters are accepted in international Usage
for abbreviations, The lower case letters ire, however,
used in architectural drawings.

2-4. STYLES OF LETTERING

A few important styles of lettering are piven
in Fig. 2:3 10 2-7, Fig. 2:3 shows Modern Roman
Fig. 2-4 shows Commercial Gothic which is
sometimes used in show drawings and main titles of
ink drawings. Fig. 2:5 shows stencil lettering done
by stencil plates which are available In sizes from 2
mmto 25 mm. Butmost of the lettering in englncering
drawing is frechand, single-stroke, vertical ot sloping
as shown in Fig, 2:6 and 27, Single stroke means
that the thickness of the line of the letter i5 such as is
obiained in one stroke of the pencil. It does not mean
that the letter should be made in one stroke without
lifting the pencil,

Both the vertical and the sloping types of letlers
are in general use, For writing numbers, titles and
reference numbers vertical style may be used, The
sloping style has the advantage that slight errors i
inclination, formation of letters or spacing do nol
show so much as in vertical style. In sloping style an
inclination of about 75° (o horizontal s
recommended.  “This style should be practised by

drawing guide lines and following the sequence ol
strokes as indicated.

*Lettering is sometimes called “printing” which is a wrong word. as printing refers 1o only printed words made i press
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OrthographiQ

3.1.INTRODUCTION

An object has three dimensions, namely length,
breadth and height. The problem is to represent three-
dimensional objects on two-dimensional surface of
the paper. One method of representation is the
pictorial projection. (Isometric projection is a kind
of pictorial projection). In pictorial projection, we easily
get the idea of the actual shape of an object. But this
method cannot be universally adopted, mainly
because all objects except the simplest cannot be
drawn easily and with rapidity in pictorial projection.
Other drawbacks of pictorial projection are that all
the lines cannot be measured from pictorial views
and objects are liable to appear distorted.

3.2. ORTHOGRAPHIC PROJECTION

In machine drawing orthographic projection is -

universally used. The only disadvantage of this
method is that shape cannot be easily interpreted by
an untrained eye. It requires a thorough

Q:
R = e
1 P
L ol
2ND | ST | P
1”75
20
I |
50 I
3RD 4TH Z_|L%y ...__i%_-r
(a) (b)
Four dihedral Points in first and
angles third quadrant

Fig. 3.1 : Projection of points

understanding of the principles of Projectiq,

great practice to read orthographic viey "

Four dihedral angles or
projection is a view obtained on a plan
to the plane from every point of an object, Ty,
lines are called projectors. In orthographic p'ﬁztectim
all the projectors-are parallel to each other and:'
perpendicular to the plane of projection, Ty, wmz
orthographic means 1o write or 10 drg, al righ
angles. Two planes are necessary in this method of
projection, the vertical plane (V.P.) and the horizon
plane (H.P.) at right angles to each other, These plangs
are called the coordinate planes or principal planes
of projection. The planes may be considered extending
infinitely in both directions, as shown in Fig. 3.1(g)
forming four dihedral angles. In Fig. 3.1 (b), the point
P is in first quadrant, 50 mm above H.P. and 75 mmin
front of V.P. The point Z is in third quadrant, 50 mm
below H.P. and 50 mm behind V.P. Their views i

orthographic projection are shown in Fig. 3.1(d) and
(e) respectively.

quadrant |
€ by lines dray

1ST Angle R0 ANgE
T 1P (Plan)
g | 27
IV
X : | Y
wl| | X l
ol 2
1Lip, 1
Plan
(© (@) ciond
- e tion
kRotgtmn ofH.P, Projection of Pm}cr:'nf
eeping V.P. fixed point ¥
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ORTHOGRAT

RAPHIC PROJECTIONS

Auxillary vertical

plane \

Front Elevation

| Projection

Vertical
plane

—Projector

LS -8,

Horizontal plane

(b) Conventional representation of
first angle projection

L

3.37

Side view C

. ——

- Elevation A

(c)

-
—_———

i s

L]
I
|
I
1
i
|
|

HiE
1|
11
1
R B T R WL,
|
- N
1
B o e Ceet S
G |

[
i

b e e e

(d)

Fig. 3.2 : First angle method of projection
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3.3. DESIGNATION OF VIEWS

There are two methods of orthographic
projection: first angle projection and third angle
projection. Each ol the two methods can be used
without prejudice to the principles established.
However, Indian Standards prescribe as a basic
requirement use of first angle projection.

3.4, RELATIVE POSITION OF VIEWS

A three-dimensional object has six views. (See
Fig. 3.2 and 3.4). The designation of views is as
follows: (Fig. 3.3 and 3.5).

(i) View indirection A = View from the front
(i) View in direction B = View from above
(iff) View indirection C = View from the right
(iv) View indirection D= View from the left
(v) View indirection E = View from below
(vi) View indirection F = View from the rear

__,_._————-‘_'__

MACHINE DRAWING
DRAWING

3.5. FIRST ANGLE PROJECTION

In the first angle projection the object is placeg
in the first dihedral angle or quadrant as shown i,
Fig. 3.2 and the observer looks from outside frop,
right side of the quadrant (observer is assumeqd g
infinite distance from the object). In other words he
object is between the obser:ver and the plane of
projection. An object may be viewed in six directions:
top, bottom, front, rear, right, side and left side. Seg
Fig. 3.3. Among these views important ones are frop
view known as elevation, top view known as plan
and side views known as end views or end elevations
Elevation is projected on V.P;, plan on H.P. and side
views on auxiliary vertical planes (A.V.P.) whichare at
right angles to both H.P. and V.P. It should be noted
that every view gives [wo dimensions: elevation gives
length and height, plan gives length and breadih,
and side view gives breadth and height,

e e ]

Right side view

Rear view

Bottom View
I ——
. l
| |
| |
} |
N J
Front view Lefl side view
Top view

Fig. 3.3 : Six views of on object — First angle projection
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3.39
Hanzontal
plane :
I
I
i
H i
T0P “
i
s |
<! :
: . Auxillary
T I '
b N vertical plane
Venicsl ——
plans
Projsction ——

& ‘ \f?
W S i
Frant éh?aﬁan R El

(a) (b) Conventional Representation of
third angle projection

Plan B
N i S
T ] |~ ‘:““‘\ |
------ __.___\ ‘\\ \\\
H T 1 == \\\ A 3
—————— - ._,_‘_‘:"‘-.\ LY \\ \\
\ Top L4 -2, 5 .
;| ! T Tl T
H L LU T T TR T |
[c 300 S 1 S | S 0 WL
¥ LB o T T Tt
Front i G opid 1
i i Right Side 1 1 1
- R 3 S — gt
i iR b |
e I 5 |
I [ IEEREEPENENIS NE——— [
l I I r
EovallonA Elevation A L, SideView C
() (d)

Fig. 3.4 : Third angle method of projection
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Rear View Left Side View

Fig. 3.5 : Six views of an object —

Let L = length, B = breadth, H = height

Elevation gives Land H
Plan gives LandB
Side view gives BandH

Having drawn the three views, we have to
rotate H.P. and A.V.P. 5o that they come in the plane
of V.P,, because in drawing sheet, all the views are
drawn in one plane surface. The standard method of
rotation is to keep V.P. fixed and to revolve H P. and

A.V.P. away from the object as shown in F, igs. 3.1 (¢)
and 3.2 (c).

By this method of rotation the plan (top view )
comes below the elevation and side view vieweq from
the left comes on the right and the side view viewed

from the right comes on the lefi. The view from the
bottom is placed above. The view from the rear may
be placed on the left or on the right, as convenient.

F'_.__ﬁ-——"""'—_——
—_-___..—__-"
Top View
E
Front View Right Side View
1
Bottomn View

Third angle projection

The above relative positions of the views 5
characteristic of the first angle projection. The
conventional representation of the first anglt
Projection is shown in Fig. 3.2 ().

3.6. THIRD ANGLE PROJECTION

In third angle projection the object is placed if
third dihedral angle of quadrant as shown in
3.4. The planes of projection come between e
tye of the observer and the object. The planes are
:;Si'.md 'ransparent. The elevation is drawn on VP
oKing from the front and the plan on H.P., lookin
from the‘top. The side views may be drawn on AVP's
P pendicular to both H.p, and v.p,, looking from
lhihfti; the left as the case may be . As in the €as¢®
tobe iS¢ Projection, H.P. and A.V.P. are assum®
‘N2edto V.P. and revolved away from the 0bje!

the
Fig.
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in order to bring them in the plane of - .

from Fig. 3.4. that the plan COE‘lBS :)\?:r :hz tI(: ¥ ;Een
elevation and the side view looking from 1eﬁpc0 the
to the left of the elevation. Similarly, the sideo'?les
looking from the right comes to the right 0;’131“;

elevation. Fig. 3.5 gives the six views of an object in

the third angle projection.

Thus in the third angle projection we get a more
natural arrangement of views. The plan which is
looked from the top comes on the top of the elevation
The side views also come on the same side from whicﬁ;
they are viewed. The view from below is placed
underneath. The view from the rear may be placed on
the left or on the right, as convenient. The reading of
the drawing and visualization of the object is easier in
the third angle projection, particularly where the shape
of the object is complicated and when there are a
number of auxiliary views drawn on auxiliary inclined
planes.

The third angle method is used in America while
the first angle projection is used in some countries of
Europe. The Bureau of Indian Standards has
recommended the first angle method projection. A
thorough practice in both the first and the third angle
projection should, therefore, be acquired.

It is assumed that H.P. is hinged to V.P., and the
H.P is revolved to bring it in the same plane as VP.If
the second or the fourth angle projection is udopted
the plan and elevation may overlap and hence they
are not used.

3.7. COMBINATION OF TWO SYSTEMS

ation of the first angle and

Sometimes a combin
ng. The

third angle system is made in the same dra?vi
plan may be drawn below the elevation as in the first
angle projection but the side view may be dr_awn on
the same side from Wwhich it is viewed, as in third
angle projection. In the combination system, to avoid
confusion, arrows should be given indicating the

3.41
——
- * ]
! |
! |
| |
| |
 EO——— ]
Side view viewed
from the left - Elevation
. Plan

Fig. 3.6 : Combination of first and third
angle projection

direction from which the object is viewed as in Fig.3.6.

ora note should be placed below the view concerned. ,

The combination of first and third angle projection

- is not recommended.

3.8. GHOICE OF VIEWS

The most informative view of an object should
be used as the front or principal view. Generally, this
view shows the part in the functioning position. Parts
which can be used in any position should preferable
be drawn in the main position of manufacturing or

" mounting. The other views, including sections,
‘should be so chosen that the object is made clear

with minimum number of views, hidden lines are
avoided as far as possible and there is no unnecessary
repetition of details.

If the direction of viewing is different than the
standard direction, the views may be shown by
reference arrows and a capital letter as shown in Fig.
3.7and 3.8.
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4.1. Sketching orthographic views ;
Sketch, both in first and third angle projection. plan, elevation and side view from given pictorjy Views
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4.2. Drawing of orthographic views.
Draw, both in first and third angle projections. plan.

clevation and side v iew from the given PiCtoria) Viey
~ ‘ag_

42\

\ee

2 Holes, ¢ 23 at
153 centres Fig. 4.60
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Fig. 4.64
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Fig. 4.75

Fig. 4.76
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8.1. INTRODUCTION

In an orthographic projection hidden details are
shofvn by d.ashed l.mes‘ When there are t0o many
hidden dctafls the view becomes obscure and cannot
be read egsu_ly due to a network of dashed lines, In
such case 1t IS c—ustomary to draw views by assuming
the object as being cut through by an imaginary plane,
Such views are known as sectional views and the
imaginary plane is called a cutting plane or a section
plane. The section plane is taken parallel to the plane
on which the view is projected. The sectional view is
o drawn removing nearer portion view is drawn
moving nearer portion of the object. It shows the
shape of the section as well as the visible edges and
~ contours of the object behind the section plane.

_There should be some convention to indicate the
portion which has been sectioned. We should also
indicate where imaginary cutting plane passes or
where the section has been taken.

The section is made evident by drawing hatching
lines where the cutting plane cuts the object, as shown
inFig. 8.1. Hatching lines are drawn as thin IiFes ata
well defined angle, preferable 45° to the axis or to
the main outline. The hatching lines should be
uniformly spaced and should be about 1 to 3 mm apart

depending on the size of drawing.
Cutting plane is indicted by a thick long dash ?’d
two short dashes alternately and evenly spa;ed' o 'n!S
de§iglled by capital letters, the d_::'e;_:::Eu(:t i:glep‘T;nE
being shown by arrows resting on 1t. .
line, called the line of section or tra.ce o)} rf;le cu::t I:S
plane, may be omitted when the location of the cutting
plane is quite obvious. o " .
When a portion of the objects fem‘“: foina z
the section in one view it is not assumed to be remove

L — —___Sectional Views

or omitted in making the other views. The other views
are drawn as if the entire object exists as a whole. In
other words, a section view drawn on one of the
Projections does not entail changes in any of the other
projection.

8.2. FULL SECTION

When an object is assumed to be cut through
entirely in to two halves and the front halfis removed
it is said to be in Sull section. In writing, the world

- ‘full’ is generally omitted.

Example 8.1. Fig. 8.1 (a) shows the isometric
view of a slide block, and Fig 8.1 (b) shows its
elevation, plan and side view in orthographic
projection. For drawing the sectional elevation
imagine the object to be cut by a plane ABCD and the
front portion removed showing the internal features.
The sectional view shows the shape of the section
along with all visible parts of the object behind it, as
shown in Fig. 8.1 (). For drawing the sectional plan
imagine the object to be cut by a plane EFGH and the
top portion removed as in Fig. 8.1 (d). For drawing
the sectional side view imagine the object to be cut
by a plane PORS and the right half portion removed
as in Fig. 8.1(e). With the above cutting planes,
sectional elevation, sectional plan and sectional side
view have been drawn, which should be carefully
studied. The traces of the cutting planes shown in other
views should be noted. ‘

It is not necessary that in a drawing all the views
of an object should be sectional views. Note that
different cutting planes are used r Jifferent sectional
views.

Example 8.2. Fig 8.2 (a) shows an object and

Fig. 8.2 (¢) and Fig. 8.2 (d) its elevation side view.

Scanned by CamScanner



8.118

Slide block
material cast iron

A ——— —

e ———

A — ——

50 _50

g—

on XX

Sectional elevation

onYY

Sectiona|
side view
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A

Ny RERALR

25 Dirill

(c)
Fig. 8.2 (i) Outside and sectional views — Cone pulley

6 x 3 Keyway

Note that the views are not easily understood due to
too many dashed lines. In Fig 8.2 (a) the same object
has been cut by an imaginary plane ABCD and it has
been drawn removing the front half of the object in
Fig.8.2 (b). This view is much easier to understand
than the outside view. In Fig. 8.2 () and Fig, 8.2 )]
are shown the mistakes a beginner is likely to make
in drawing sectional views. In Fig. 8.2 (e) one of the
visible edge has been drawn a dotted line, and other
dotted lines are unncessary and should be avoided.
In Fig. 8.2 (f) visible edges have not been drawn.

/////////// %

145
105
50

(b)
S —
1
| 1 Crown
e
I Y T
= I
o o
8 ol | Fo=qt==m=tf=—==-l o
- F=——tt=——- Lt ~
N | S * ______
| | |
l...__L i
|
jpmm==l
E---"
40 40
120
—

(d)
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Incorrect

AR
(e)

8.3. HALF SECTION

In full section the cutting plane passes fully
through the object and the front half of the object is
removed. If the cutting plane passes only half way
through the object and one quarter of the object in
front is removed it is called half section as in Fig.
8.3. In half-sectional view, half the object is sectioned
and the other half is in outside view. Thus in half-
sectional view both inside and outside views are
shown in on single view and instead of two views
one view is sufficient. The student should compare
carefully the outside, full sectional and half-sectional
elevations in Fig. 8.3. Half-sectional views are
particularly used in assembly drawing. /t would be
easily appreciated that half sectional views are m ainly
applicable to symmetrical objects and when both
inside and outside views are essential for
understanding the object. In half sectional views jt is
preferable to locate the section to the right of the

vertical exis or below the horizontal exis, '

Note: Dashed lines for hidden details should not
gfenerall_‘,f be drawn in the portion shown in outside
View as it complicates the drawing withoyt adding
any further information, However this
violated if S be

@) dashed lines add t
drawing, or

(b) dashed lines are requ

of the hidden details,

0 the clarity of the

Ired for dimensioning

L,

IIIIIIIIIIIIV
7

|

—

W///////////////////////A

V IIIIIIIIIA

Incorrecy

92

Fig. 8.2. (ii) Incorrect sectional views — Cone pulley

8.4. RULES OF SECTIONING

The following rules of sectioning shoulq 1
thoroughly studied to understand this importan 10]5:
of machine drawing. ’

1. Section lines should be thin to obtajn COntrzg
with outlines and should normally be drayy atn
angle of45°. When the shape of the object s o44 anf
section lines drawn at 45° become parallel to
outline of the object it is preferable to draw sectios
lines at 45° to the main outline as shown in Fig.84
The pencil used for section lines may bea grade harde
(3H for section lines, when 2H for outlines) to obtzn

. thinness,

2. The spacing of section lines should &
uniform as shown in Fig. 8.5 (a). It may vary fion
I'mm in small drawings to 3 mm or more in lrz
drawings. For an average drawing a spacing of?
about 2 mm is good.

To draw section lines at equal spacing withot
any aid is difficult for a beginner. Equal spacing ‘"
be obtained easily by m'ark:'ng permanently aline®"
45° Set-square at a distance from the edge ef?”d .
the spacing between the section lines. This lir o
be marked by the bow divider. This would obﬂ_af
the necessity of wasting time on practice of 8"
section lines at uniform spacing.

_ Fig. 8.5 (b)and Fig. 8.5 (c) show incorree!s*"
tines. In Fig. 8.5 (b) the lines are uniformly
and are too near. I Fig. 8.5 (c) the section 2
too thick.

ection
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(b) Elevation halfin section on Xx (c) Side view half in section on YY

— Y o 3
(d) Plan o '
B
' 1
-' Z -/ | é 7
(e) (e) Elevation full in section

Fig. 8.3. Half- sectional views = Comparison with outside and full sectional views
ig. 8.3. 2

Fig. 8.4. Section lines it odd shapes
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7.

Incormecl

—_,—

E e
.

: 7
s s /f
Incorrect

Fig. 8.5, Spacing of section lines

'y r
i
& 4

Yy s,
v

e el

T
|
!J

—_—— ——

= )
& l-.h "' -' '1

('. ’ S J
Correct h Incorract

Fig. 8.6. Sectional areas cannot be bounded

by dashed lines
AT

Correct

\

2
7,

Incorrect
Fig. 8.7. Hatching of adjacent parts

. T°

72727 0°
@\ ZZ{///, // % /N
\\\\‘

o

Fig. 8.8. Hatching of many adjacent parts

3. No sectional area can ever be bounded by
dashed lines (see Fig. 8.6)

4. All sectioned areas in a view of a single
piece must be sectioned in the same direction. Also
section lines for the same Piece in different views
must be in the same direction as in Fig. 8.1 t0 8.3.

5. Two adjacent parts in an assembly drawing are
hatched in opposite directions as shown in Fig, 8.7

sy

Fip, 8.8 shows hatehing whey here gy,
adjacent parts. The hatehing bs at g gl Ul'4‘1-
the main outlines of the view (marked), On g
part, adjacent to the Tty the section fiyg, it ),
atan angle of 45" in the opposite cllnrctlnnfmmlr,l,“fn
On o third part, adjacent (o the firat (g, he ””N;_‘.
drawn atan angle of 307 0r 60, with the g, ,m"”*h' :
ol the view (marked), For additiong) adjiceny [l:!llt.
any suitable angle may be used o mak, oich f
stand out separately and clearly,

iy,
. fl‘

i,
e

=L,

]

[I.'|[|

0. The visible edges and contoury, behing the
cutting plane must be shown (see Fig, 4, and “?'
8.2) Fig 8.2 (/) shows the wrong projection 4 Visihl
edges have not been shown, '

7. Where sections of the same par iy, Parally
planes are shown side by side the hatching lifey
should be similarly spaced, but offyet along th,
dividing line between the sections (see iy, 8.9)

Fig. 8.9. Hatching of a part in different
parallel planes

8. Hidden details should bot be shown in
sectional views unless necessary for the description
and understanding of the object. See F ig. 8.1and82
Fig. 8.2 (e) shows dashed lines in the view which
should be avoided, .

9. The cutting plane with reference latters an¢
arrows should be indicated in the other view &2
line unless it is obvious (See Fig. 8.1).

10. Sometimes more than one view of th*
object is shown in section. In such cases each
section is to be considered separately withost
reference to what has been removed for the ot
view (See Fig.8.1).

.I 1. In half sections the line oblai *
cutting should not be shown as firm line as it W0

ncd b}
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purely imaginary and no edge is r
iect i i esen
object in that position p t on the

12.  For large areas full section I
n lines
be drawn. See Fig 8.10. need not

77777 27 27777

V(S /LSS S ‘ T
LSS
B SN ARSARRR AN \\\\\\\\\\'/\\Q\"{{\/

T

I RS
///////////////;\}E/“\r)

) 7

Fig. 8.10. Hatching of large areas

- ——
-

AN

13.  Thin sections may be shown entirely black.
A space may be left between adjacent sections as
shown in Fig. 8.11.

()
8.11. Thin sections

Fig.

'14. Dimensions for a section should be placed
*‘autlsucle the section, if possible. If the dimension is
|f151de the sectioned area, an opening in the section
line should be left for the dimension as shown in Fig.

8:12. l'—lowever, no opening should be left for
dimension lines or arrowheads.

\

N
N

—
Incorrect
T
! : $30 /
| I L/
|
- / 7
i %
Correct

Fig.8.12. Dimensioning in sectional views

15. Number of sectional views should be as small
as possible without infringing on the clarity of the
drawing as a whole.

8.5. COMMON MISTAKES IN SECTIONING

Fig. 8.13 shows the common mistakes which are
committed in sectioning.

1. InFig. 8.13 (), edges visible behind the actual
cut have not been shown. In Fig. 8.13 () left figure
represents two parallel angle iron whereas right hand
figure represents a sectioned flanged bush.

2. In Fig. 8.13 (¢), thick full line must not be
cross hatched.

3. InFig. 8.13 (d), dotted line must never border
hatching.

4. In Fig, (e), chordal sections must be avoided

by stepping.
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i all portions of one component 8.6. PARTIAL EN ouy " _F_______L
5. InFig. 8.13 (f),allportio | i

must be shown with the same type of hatching. '
The common mistakes in drawing section lines
are :
(i) Lack of uniform spacing
(i) Section lines spaced too close together.
(iii) Section lines drawn too heavy due to dull
pencil
(iv) Section lines not terminated at the outline.
(v) Spacing not varying with the size of the area
sectioned.

Wrong or

impossible Corect

s
%\&\\\

' (a)

¥
/////
S

NN

77070 7
{ ANZAT.

L-_-__J A

AR

e e

VI FFTTTIS

SRR

1

Fig. 8.13. Common mistakes in segﬁaﬂ!.ng _

Sometimes only a particular hidden S
required for which either a ﬁl'll sectional o h;;
sectional view is unnecessary or it may cutaway SG:r
important outside shape. In ".mCh_casfesaPﬂniais ™
only is taken and the section is limited by g g,
irregular, freehand, break line as shown in Fig g :
Such a section is called a partial or broken 0:;: -

local section.

Fig.8.14. Partial or broken out or local section

8.7. REVOLVED SECTION

Revolved section is used to show the cross-
section of objects like arms, spokes, structural
sections, etc., on the actual view of the part, ths
avoiding the drawing of another view. In the revolved
section a cutting plane is assumed perpendicular to
the centre line or axis, which is then revolved throuh
90° as shown in Fig. 8.15.

Sometimes, the view may be broken away on ez
side of a revolved section, as in Fig. 8.16, a1
Fig.8.16, to make the section clear. Also, it may be
useful if a long drawing is to be reduced, which allows
areasonably big scale as in Fig. 8.17. Fig8.18 shows
the common mistakes in drawing revolved sectio®

8.8. REMOVED SECTION

A removed section also shows the cross-sectio?
of an object, like revolved section, but outside ¢
view, as shown in Fig. 8.19 to 8.21. The remot
section is generally drawn around the extenswﬂ:
the cutting plane line as shown in Fig. g.19 and S n
However, it may be drawn in any convenient }3{’5‘“&5
on the sheet or even on a separate sheet In SU":h ¥
the cutting plane is always shown on the drawing inc;
BB, etc.) and removed section identified bY il
the corresponding cutting plane (see Fig: 82

A
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Fig. 8.15. Revolved section

I

n

AN\

Fig. 8.16. Revolved secﬁmil — view broken way — example 1

= A, A

|
—

I ] AN |
| | %
| | : N
: I 2 . [ &N \\\ ]
11~ TS S 1 |
== : Incorrect
Incorrect |
| T‘" T AR ]
Pl 51|
| | I _'E_;,_
l -
: 1=+ TN N ) ‘| [ ]

. o Correct
—J“I':;I Correct |

Fig. 8.18. Common mistakes in drawing revolved section
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The advantages of removed section are as  Note:

follows: I. A removed section should not be Totate
1. Itkeeps the view intact. but should be drawn in its natural PrﬂjEc[;d
2. Theremoved section may be drawn to a larger position.

When the shape of the object is Varying o
is not uniform several sections may pe
shown (see Fig. 8.19 to 8.21).

E 3. Difference between sectional viey and
% % revolved or removed sections. The revolveq

L

_i_.‘

scale, if necessary, to show the shape clearly or for 2.
clear dimensioning,

or removed section is a representatiop of
only what lies in the cutting plane jsej
while the sectional view is a representatior;
not only of what lies in the cutting plane but
also of what lies beyond it.

4. The holes and recesses in revolved ang
removed section are shown in the same way
as in sectional view. '

ot

-__[___-
il

Fig. 8.19. Removed Section — Example 1
3. The removed section may be used where
revolved section cannot be drawn due to restriction
of space.

A—= | B —— (e [}—»—,
| |

|

R
.
L

Section AA Secti
ection BB Section GG Section DD

Fig. 8.20. Removed section — Example 2

8.9. OFF-SET SECTION
Plane a bent or offset cutting plane is taken which

In an object there ma
y be several features whi
. r ch as in Fig. 82
are not in one continuous straight line. If aJ| these FO 3s;s4thmugh W )

::ea!ures are to be shown a number of sections ma
! ;we to be taken. However, a]| the features may bg
OWn In one section if instead of One straight cuttin

g

Note : As cutting planes are imaginary the berd

or . ' '
th:ﬁ?et are not actually there in the object and ¥
reiore; not shown in the sectional vieW-

Scanned by CamScanner



SECTIONAL VIEWS

Fig. 8.21. Removed Section — Example 3

position of the offset plane is always shown by a
cutting plane line in the view in which it is seen

edgewise.

VA
A\

A
NNV

-l
|

————— —— ] — ——— —— — —--‘,

———— o —— i ————————— —

|

8.127

Where the location of a single cutting plane is
obvious, no indication of its position or identification
is required (see Fig. 8.25).

8.10 CONVENTIONAL VIOLATIONS OR
EXCEPTIONAL CASES.

1. Exceptions to the general rule for indicating
sectioning is made where sectioning plane passes
through rivets, bolts, nuts, rods, keys, pins, cotters,
shafts, pulley, arms, etc., as shown in Fig. 8.26. These
should be normal outside views. The reason for not
sectioning these parts is that they have no internal
construction and are more easily recognized by their
exterior views. If these parts are sectioned, drawing
may become more confusing and difficult to read.

2. Ribs or Webs in section. A rib or web
is a thin flat part of an object used for bracings or
adding strength (see Fig. 8.27). When a cutting plane
passes longitudinally through the centre of rib or web,
the rib should not be sectioned as it would give a

1
“J(f////// .V K
\\\\E \\\\ BANNN

3D
A A

m———mmerea

||_..
1:.__

&

———— ———

- —— i —— — -

%

Fig. 8.22. Off-set section in two parallel — Examplel
1g. O 3 %
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Section XX

=

Section AA I

Fig. 8.23. Off-set section in two parallel
planes — Example 2

S
- T
\3—‘— -{—+-—-\r
N ~.L7
N Pl "

e
o=y

Fig. 8.25. Single cu tting plane

ng. 8.26. Rl-b, S.'.[ﬂﬁ and crank pin are ﬂ:ﬂ‘t
shown in section
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\—_\—

79 5
ZER 7/
Zm7 1 U
7 B
75474, {///f///,

Fig. 8.27. Ribs or webs in section. No section lines when cutting plane passes longitudinally

false impression of thickness or solidity. However, if
the cutting plane passes crosswise through the rib or
web, it would be sectioned [see Fig. 8.28 (a)]

3. Spokes in section. The spokes of a wheel
are not sectioned because otherwise they would not
show the open effect of spokes and would give the
appearance of solid web [see Fig. 8.28 ()]

4. Aligned secti on-Revolution of

features. Any part having odd numbr*:r (1, 3 59,
etc.) of spokes, ribs or holes will give an

unsymmetrical and misleading section if the principles
of true projection are strictly adhered to, as illustrated
by the drawing of a hand wheel in Fig. 8.29 (b). In
such cases, when the true projection of a piece could
result in confusion, foreshortening, or in unnecessary
expenditure of time by draughtsman, the inclined
elements should be rotated in the plane of paper (See
Fig. 8.29 (¢) and Fig. 8.30.

5. Half views. In limited space half views
may be drawn of a symmetrical object. If the front
view is a half or full section, it is customary to draw

Appears {o be
X Solid web Spokes X:
RN Open
I
L\i NSNS NN
NN NN Y [ S— L B e = B D O SR ) S
g —— NN RN
NN \
“ |
TS I
Incorrect Correct ) Y

Goned (a)

Fig. 8.28. Sectioning of webs and spokes or anns
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(a) (b) true projection (c) Aligned projection
Fig. 8.29. Aligned system of sectioning — spokes in section
Note False Revolved
solidi

Hole Y
| 8.

N | AN

A

! ex
- i 7 = - - : FREEEY 4 s Cf
/
= £ o i
Distorted N Q\\“\\s 2 \'
Keyway o e Revolved ke —+-+ ~Hy-
Distorted web E i | N
(Unrevolved)
Incorrect Correct A
N
R -
NN N
SN NN
Il}correl:t Correct

Fig. 8.30. Aligned system of sectionin — webs in section
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the back half of the top view [see Fig. 8 31 (4)]. If the
front view is not sectioned and a half top view is

shown, it should be of the front half of the obj
b
[See Fig. 8.31 (b)]. € object

| ]

(a) (b)
Fig. 8.31. Drawing of half view

8.11. SPECIAL CASES

(a) Intersection in section. When a
section is drawn through an intersection in which the
exact figure or curve of intersection is small or of no
consequence, the figure of curve of intersection may
be simplified as in Fig. 8.32.

"

| NN

ANRNNNNNNNNN
DR

——— ———

]

- ]
——— —— e

— i ———

]

|
|
|
|
I

Fig. 8.32. Cylindrical intersection simplification

(b) Adjacent parts. Where their
representation is necessary, parts adjacent t? an object
are drawn with continues thin lines. The adjacent part
must never hide the principal part but may be hidden
by the latter. These parts should be hatched only to

avoid confusion and hatching should then be only
along the outlines (see Fig. 8.33).

] 1
[

/)

74

PSS

Fig. 8.33. Hatching of adjacent parts

(c) Parts located in front of a cutting
plane. When it is necessary to represent parts located
in front of the cutting planes, these parts are
represented by thin long chain lines see Fig. 8.34).

T

Wz
(D) ==
-

L

P ILLL LTI

Section AA

A

Fig. 8.34. Part located in front of a cutting plane

8.12. CONVENTIONAL REPRESENTATION
OF MATERIALS

In view of the variety of materials used, B.LS.
has recommended that different conventions of
section lining to differentiate between various
materials be made use of. Recommended conventions
to indicate different materials in section are illustrated
in Fig. 8.35.

Note: B.1.S., recommends that in every case
different materials should be indicated by notes on
drawings or tracings. Any special means (for example
hatching or coloring) used to indicate different
material should be shown by color or colored lines.
The following colours are recommended by B.LS.
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Convention m
Type
- Steel, cast iron, copper end zi-
%’;}U/A‘ﬁ aluminium and @s alioys g °
7 -
7
Metals R
Lead, Zinc, tin, whits-metz| stn
Glass
Glass
!
Porcelain, stoneware, marble, sizte gn
e —
Packing and_insulating Asbestos, fibre, felt, synthetic resiy,
materials products, paper, cork, linoleum,
rubber, leather, wax
insulating and filling materials
_——_'_'-—-_
Liquids Water, oil, petrol, kerosene. etc
Wood K Wood, plywood, etc.
4
r A A A i~
Concrete ataa s
Al a &% a
H—___
Fig. 8.35. Conventional représentahbn of materigls
Table 8.1: B.LS. recommendations for colours for various materials
S.No. | Material =3
: - a S.No. Material Colour
. ast iron # ¥
Payne’s grey Z Brickwork Vermilion
2 | Steel 7 — f
- : Light green
3 Wrought iron Prussian blye 9 I ) '
3 B o . ~arth, Rock Scpla !
: rass, Phosphor- Light Yellow 10 .‘
bronze and Gun . Timber Brunt sienna i
metal ‘ !
=%
5. Copper Crimson lake T -
6, Aluminium White Li
- 1ght gree R
metals, Tins and ki . Glass Pale blue wash
Light alloys 12. Insulation
Black
S (electrical) )
e —
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13- CONVENTIONA
8 L BREAKS as above to accomodate their views in a drawing sheet

1 Th; ?e;hhc!d l:)it; indiéatingthe ends of shafts, rods, With".};t, r:fucling thtv.:r sctafle. N N—
tubes, etc., which have a portion of the length broken ) act construction of drawing “‘S™ break for
out is shown in Fig. 8.36. The long lengths of shafts, solid shaft is shown in Fig. 8.37. In practice it is drawn

; freech
pipes, etc., are generally shown broken in the middle shea-ep: rll:,(;z gzz}?:rﬂe:; Ss}lllcc:ﬂ?l tl?;:: seinealyeseme

Rectangular Section % {
Round Section 4 n—--__%_é o = ‘ -

Pipe or Tubing § IR —— - - - = @_

__________ P TTTTTIITTITTTIIS
Pipe or Tubing -—___-._‘g. - = =
------- S TITLTI LT TETIT LIS
Wood (Rectangular
Section)

Rolled Shapes

Fig. 8.36. Conventional breaks
Freehand

Use compass End
L

307 IS _
T 7 & N 30°

L

r 'i. #
30°
—, \/’ Freehand End

Fig. 8.37. Drawing of “S” break
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Ne
8.14. CONVENTIONAL REPRESENTATION OF COMMON FEATURES

Conventional representation is adopted where complete delineation of the part would involye Nece
drawing time or space [see Fig. 8.38 (a), (b) and (c)]. oy

Title Actual Projection/Section Convention
__—_‘_-_-‘--..

External ATMIIT TN EE

Threads 1uuuMuuuu .uurmuuuur’ -

Internal
Threads

Slotted
Head

Square end
and Flat

Radial
Ribs

Serrated
Shaft

Splined
Shaft

Chain
Wheel
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NAL VIEWS
SECTION 8.135

Title

Actual projection/section

Conventlon

Ratchet F
and
pinion

o (&

Bearing _ 1 E_____. o I
. RN

Straight ns ;_

knurling

T

Diamond : - . e - —
knurling Wil '

Holes on : '

a linear & _é‘_,_ e
pitch & y | |

P Y

A
-
b

Y
{
A

Holes on
circular
pitch

Repeated Af — = ‘
parts -@ 'e} L
r r r [ | |

Fig. 8.38 (b) Conventional representation of common features
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8.15. SPRINGS

The springs are classified as follows :-

() Compression springs

(i) Tension springs

(7if) Torsion springs

(iv) Leaf springs

(v)- Cup springs

(vi) Spiral springs

MACHINE p
—‘3‘%

A flat spring is made of strip Materi|,
conventional representation of six types of ¢
are shown in Fig. 8.39 (a) to (/).

A spring can be formed by winding oil tempe
spring wire around a cylindrical bar. The wire folly,
a helical path of the screw. Therefore, a spring Canly
drawn similarly to the screw thread. Pitch distane,
are marked off and the coils are given a slope of gy,
half of the pitch.

The detail working drawing of a spring is dravy

: L
Pring,

A torsion spring offers resistance toatorque load.  to show its free lenght.
The extended ends form the torque arms which are The springs are generally not made individual]y
rotated about the axis of the spring.

but purchased from a spring manufacturer.

—_—

Representation

Title

View Section Simplified

10.3.1.2 Cylindrical helical
compression spring of wire of
rectangular cross-section 1 !

10.3.1.1 Cylindrical helical
compression spring of wire of
circular cross-section
i i I

10.3.1.3 Conical helical

I
I I

A
\

|
!

10.3.1.-; Conical helical
cndmpreslsmn spring of wire of
rectangular cross-secti

ot on (volute

)

If necessary, indicate wound left (or right) hand

I ;
fnecessary the cross-section of spring materia] m

Fig. 8.39 (a) Convetional represen

compression spring of wire of
circular cross-section y é
E‘g

1
=

s

ay be indicated in word or by symbol.

g .
Aation of springs — Compression springs
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. SECTIONAL VIEWS

8.137

—

Tiele

10.3.2.1 Cylindrical
hefical tension spring of
wire cf circutar cross-
secticn.

e P

10.3.2.2 Double conical
helical tension spring of
creular cross-section

Fig. 8.39 (b) Convetional representation of springs — Tension springs

Title

Representation

view section simplified

10.3.3.1 Cylindcrical
helical torsion spring of
wire of circular cross-
section (wound right
hand)

()
(2)

If necessary, indicate wound
If necessary the cross-section 0
Fig. 8.39 (c). Conventiona

left (or right) hand. ‘
f spring material may be indicated in words or by symbol (see 10.0,1.2)

I representation of springs = Tension springs
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e ———

Title

10.3.4.1. Seml-eliptic leaf
spring (multi-elliptical
spring shown)

Ropresantation

————— e

— e

%

N

10.3.4.2. Semi-elliptic
leaf spring with eyelets

T =g

10.3.4.3. Semi-elliptic
leaf spring with centre
band

10.3.4.4. Sei-elliptic v

leaf spring with eyelets -

centre band [
&
! ]
I :

Fig. 8.39 (d). Conventional representation of springs - - Leaf springs
i Representation
view section simplified

10.3.5.1. Cup spring

/—;—_\

10.3.5.1. Multi-cup spring
(cups placed in the same
direction)

\

10.3.5.1.Murti-cups i
prin
{successive cupg

alternating in direction)

| V/}

ﬁ

= —
—
—

SECT
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e — e —————

Title Representation

Yiow | simplifiod

- —

10.3.6.1. Spiral spring

10.3:6.2. Spiral spring (the
spring is wound by
rotating the box)

Fig. 8.39 (f). Conventional representation of springs-Spiral springs

8.16. STRUCTURAL SECTIONS

The mild steel “sections” or rolled bars of many shapes are used in structural and other works. The four
common sections are angle, channel, tee and [ or H or joist (see F ig. 8.40). in drawing, tapers in the sections are
not shown.

£
S

)
§

\\\\\\\\\\\\\v..___
s L

S
&
&
&
&
&
“J
&
S
&
&

N
N

=
£

"

W

> !\\\\\‘\\\\\\v
N

N N \
N N
| \ A
\ \
L J F .n\\\\\\\.\\“

Fig. 8.40. Structural sections
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8.145
!
310, 4 holes
on 80 PCD
o™
o
b=
i
Fig. 8.51
d
26 $20, 4 holes placed on the vertical
l horizontal centre lines on a
176 mm PCD
H\@

Fig. 8.53
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;

78

6 735
(/

8 Drill
2 holes

P /;}ﬂ

S

—/

o

Fig. 8.54. Face plate

Fig. 8.55
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SECTION.

I T L2

g.13. Errorsin sectioning oceur in each of the drawings below, Truce or redraw u correct sectlonal view in ench case, “itite
the methods of projection used where applicable (Fig. 8,71)

e —

VI

I

l.4_
: Z
| s H
| I
=
Q<& % //
£
6 -~ [7

®
5
=
|
L

O
—— B
X
N
NN\
Dl
e
BN
&
e
€

[8] [9°

Fig .8.71
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9.1. INTRODUCTION

Dimensioning has an important place in the study
of machine drawing. A drawing gives the shape and
size of the object. The shape of the object is defined
by the views drawn according to the principles of
projection. The size of the object is known by the
dimensions given in the drawing.

Dimension can be defined as a numerical value
expressed in appropriate units of measurement and
indicated graphically on technical drawings with
lines, symbols and notes.

An object is manufactured in workshop according
to the drawing supplied. The dimensions should be
such that they are easily located and there is no
ambiguity in their understanding by the workman.
Also, the workman should not have the necessity of
calculating, scaling or assuming dimensions for
manufacturing the object. Rules are laid to ensure
correct and efficient dimensioning, but perfection in
it can only be achieved by persistent practice., The
Student should make it a habit to study dimensioning
of any orthographic view which he comes across
and thus get habituated to the art of dimensioning.

9.2. SIZE AND LOCATION DIMENSIONS

Object of any shape may be considered to be
made as of a number of geometrical shape such as
Pyramids, cones, etc., or parts of such shépes. When
the size of each simple shape is defined and the
relative positions aré given, the size description is
complete. Thus we have two types of dimensions.
size dimensions and location dimensions. Size
dimensions (S) are those which give the size of the

-

-

S Drill

1o &

i L
! s

o

____:[m
S

S|

-

4

Fig. 9.1. Size and location dimensions

geometric shapes. Location dimension (L) are thos®
which locate the geometric shapes. Study carefull
the size and location dimensions in the views Sh'Jﬁrll
in Fig. 9.1. Note that length, breadth, height. "
diameter of holes are given as size dimensions ﬂ“.
distance between the centre lines of the hole fro™ i
edge are given as location dimensions.

- ' _ _
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e - —— =

EN
r

AN

e "

AR

X AR
I NF
(AUX) Minimum Useful
length of thread
F = A functiondl dimension
Aﬁ; : A non-functional dimension

An auxiliary dimension given without tolerance.

for information only

Fig. 9.2. Functional, non-functional and auxiliary dimensions

9.3. FUNCTIONAL AND DATUM DIMENSIONS

A functional dimension is a dimension which is
essential to the function of piece or space (see F in
Fig. 9.2). A non-functional dimension is a dimension
which is not essential to the function of the piece or
space (See NF in Fig. 9.2). An auxiliary dimension is
one which is given for information purpose only. It
does not govern production or inspection operations
and is derived from other values shown on the
drawing or in related documents. An auxiliary
dimension is given in parenthesis and no tolerance
applies to it (see AUX. in Fig. 9.2). A datum dimension
is a dimension which locates a point, line or plane
exactly. It is enclosed in a frame, thus [30]. It may also
be used to specify the position of an ordinate or a
point which establishes a true profile.

9.4. ELEMENTS OF DIMENSIONING

The elements of dimensioning consist of
dimension lines, extension lines, leaders, arrowheads,
figures, notes and symbols. Their definitions are given
which should be read with reference to Fig. 9.3.

() Dimension lines. Dimension lines are light full
lines used to indicate the measurement, the amount
of which is denoted by figures in a space left in the
dimension line, in upidirectional system, or above th.e.l
dimension line (in aligned system): The dimension is
terminated by arrowheads. Dimension lines, in
general, should be placed 6 to 8 mm away from the

outlines and should be spaced uniformly 6 to 8 mm
Jrom each other.

(i) Extension or projection lines.
Extension or projection lines are light full lines
extending slightly beyond outline and used when
dimension is placed outside the object. Projection
line may be drawn from the outline of the object or
leaving a gap of about 2 mm from the outline. On the
other end the extension line should extend about 3
mm beyond the dimension line. Extension lines are
drawn in a direction perpendicular to the feature to be
dimensioned. Therefore the dimension line, terminated
with the arrowhead, meets the extension line at right
angles.

(i1i) Leaders or pointer lines. Leaders are
lines drawn from notes and figures to show where
these apply, i.e. they ‘lead’ from a note or a dimension.
These are thin straight lines terminated by
arrowheads on lines or dots within the outline of the
object. (see Fig. 9.40 and 9.40). Leader are drawn at
any convenient angle not less than 30°, usually 30°,
45° and 60°, Note that leaders are never drawn vertical
or horizontal or curved. When pointing to a circ,e ar
arc it is drawn radially. The use of long leaders should
be avoided (see Fig. 9.43 and 9.44).

(iv) Arrowheads. Arrowheads are used to
terminate dimension lines. The length of the arrowhead
should be about 3 mm for smaller drawings and 4 to 5
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9.166 %
L;:::errﬁ;ﬁ;;;:y . Dimensiop Ling
- usually 30°, 45° or 60 Extenmnni
¢ 6 drill | 30 C'““*Slng :
8 j 18 i I~ | ‘A
6 Approx I

Point toward _-
-------- CGI"I a

------- Centre/
line ©

15

2 Ga

' ' Approx —s{2-f=—

——

50
I 2 minM

Fig. 9.3. Notation of dimensioning

mm for larger drawings and the base or the depth of
the arrowheads should be about one-third of the
length as shown in Fig. 9.4. The arrowhead may be
drawn open or solid. The open arrowhead may be
drawn either in one stroke towards the point and then
away from it, or in two strokes towards the point as
shown in enlarged form in Fig, 9.4.

]
One stroke ___b-l
T

Two stroke
e
Normal size —s
Normal size
Fig. 9.4. Open Fig. 9.5 Solid
arrowhead arrowhead

T.hc solid arrowhead js usually made narrower
and s.llghtly longer than the Open arrowhead and has
Practically no curvature to the sides as shown in

Fxg 9.5. Itis made in one stroke and then fi|jeg without
lifting the pen or pencil.
B.LS. recommends the use of soliq arrowheads.

arrowhead
as shown in Fig. 9.6. Profi €ads incorrectly

“roficiency jp drawin
arrowheads can be achieved only by painstaking

(a)
(b)

(d)

e —
_—
(C) c——
—_—
e —

(e)

spaces

Arrow not touching line.

Arrow projecting beyond
extension line.

Unsymmetrical arrowhead
Divergence too much,

Length of arrow is small.

Fig. 9.6. Incorrect arrowheads
- () Dots. Clearly marked dotes may be used in
place of adjacent arrowheads where space is limited.

(vi) The oblique stroke, drawn as a short lie
inclined at 45° may also be used (see Fig. 9.7.)

'7*/

Fig. 9.7. Obligue stroke

(v#) The indication of origin is given by drawinga
small open circle of approximately 3 mm in diameter

(see Fig. 9.8).

¢

Fig. 9.8. Origin

9.5. PLACING OF DIMENSIONS

sho
reCommends t
the dimensions :

(@) Aligned system,

Dimensions should be placed on the view which
Ws the relevant features most clearly. The LS.I
he following two systems of placing

(6) Unidirectiona system.

T

e ———

DIMENS

(a
dimens
the bo!
shown
above

A
drawn

all
fro

to
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(a) Aligned system. In this system, al)
dimensions are so placed that they may be read from
the bottom or from the right side of the drawing as
shown in Fig. 9.9, and all dimensions should be pfa;cd
above the dimension line,

As far as possible dimension lines should be
drawn in accordance with Fig, 9.9 and 9, 19,

P ——

&%

4
-t—+—)— n(i} ] &
(=
o~
-0

- g
@

10
20

30

30

45

20

Fig 9.9. Aligned system of dimensioning
(b) Unidirectional system. In this system,
all dimensions are so placed that they may be read
from the bottom edge of the drawing sheet as shown
in Fig. 9.10. In this system dimension lines are broken
to insert dimensions.

o
i

o
W
(=]

2
+ —-(jf)— e

—&

T
-—|1D

—_ 45 -

o

L

t

90

Fig. 9.10. Unidirectional system of dimensioning

In unidirectional system there is no restriction
controlling the direction of dimension lines.

The unidirectional system is advantageous on
lqrgc drawings, where it is inconvenient to read
dimensions from the right-hand side or any other
directions.

Note:

I. Notes must be lettered horizontally and are read
from the bottom of the drawing in cither system.
2. F iz 9.9 :md_ 9.10. shows progressive dimensioning
which avoids cumulative errors. Note : other
type of dimensioning, continuous dimensioning.

Figure 9.20,
; f
¥ I
$20 4—-—— gt — L L 430
t | 450

26 10}

75

Fig. 9.11. Non-horizontal dimension
lines are interrupted

3. Non-horizontal dimensions lines are interrupted,
preferably near the middle so that the value may
be inserted (see. Fig. 9.11 and 9.12).

70

39

W

Fig. 9.12. Non-horizontal dimension
lines are interrupted

9.6. GENERAL RULES OF DIMENSIONING

The art of dimensioning is a diffirnlt one and
hence certain rules have been evolved to achieve the
basic aims of clarity, readability and utility. The student
should study these rules carefully and apply. them
in practice. Any violation to these rules can be
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usefulness.

A few rules have
heading Notation of Dimensl
rules are in addition to them.

1. Standard size of letters and figure.

1534 IDia=

Fig. 9.13. Standard size of letters

9. As far as possible dimensions should be
expressed in one unit only. In inch-foot system
dimension upto 2 ft. are generally shown in inches. In
S.L units generally the dimensions are in mm. The
height of figures may be 3 mm. When all dimensions
are in one unit, a general note is given omitting the
abbreviation.

3. When sufficient space is not available for
placing the dimensions, any of the suitable methods
as shown in Fig. 9.14 and 9.15 may be used.

iven under the

already been & ;
A The following

ioning.

s are shown

25

S &

o |

211 40 h
74

IE

Fig. 9.14. Dimensioning in restricted space
' 30 l I 20 I I I 10
30 4 204

- g 2

I , ok, fe
Vi
10

3

i -

Fig. 9.15. Methods of dx'mensr‘oning a length

(=}
-

I
J_J10
L

.

may be replaced by a clearly marked g, (Se:;.d‘

1

9.16). . .
As far as possible dimensions shoylg p, a

O

(a) outside the views, and (b) befWee'n the i
shown in Figs. 9.17 and 9..18. Dimensiong i
the views serve t0 tie the views t_OgEther andhg )
interpret the drawing as they act in lieu ofpfﬁjmtian
lines. Dimensions should not be placed withi, o
unless drawing becomes clearer by doing so,

el

e

L

Fig. 9.16. Arrowheads replaced by dots

4. Dimensions should not be placed too clost
to each other or to the parts being dimensioned.

5. In aligned system of dimensioning, except
where unavoidable, dimension lines should not bt
placed in the 30° zone shown hatched in Fig. 9.19.

6. Angular dimensional values may be oriented
asFig.9.20 0r9.21.

.7- Dimensions should be placed on the view
Which shows the relevant features most clearly (s
Fig. 9.22).

8. Dimensions relative to a particuiar feature
should be placed in one view rather than spread ovéf
several views,

9. Dimensions are to be taken from visible

“outlines rather than from hidden lines as shéwn i

Fig.9.23,

ace lt? ) PimB"Si‘J“S are to be given from a bas¢ ]inl’;
ol: e line of_ ahole or cylindrical part and impori?”
OT a finished surface which may be readily

Scanned by CamScanner
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9.171
|
10 drit
_________ =11 ¥ 3= i§ hole %L
L ——glllel_sle 5 |
o —— S — 8L g - — g ]
) (| Facings fan
145 e 4=\ 1 high ] 01| 4t
40, 40
180 e 210 _ .95 a1 65 |65 1 120 {65101,
s 930
Fig. 9.27. Overall dimensions
3D -

- 3D . 3D

I

]

7 I
Conl'ect | . F’reférable

RN
N\
N

;

Incorrect

Fig. 9.28. Dimensioning in sectional views

Never do
This is 28 this
correct | ' 1 /

{ //

SL

Avoid this 40 25 ]|
when possible

18

Fig. 9.29. Crossing of dimension and extension lines should be avoided

Ue—ot [V o6

N

Incorrect Correct

Fig. 9.30. Do nat use axis or a contour line as dimension line
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L 19 19

| 7 | L)
[

a ﬁ*
1
L)

() Incomrect (o) Correct

Fig. 9.31. Do not use outline for dimensioning

15 .- 18 _3

—4— - ——d .

Fig. 9.33. Value of dimensions out of angle

19. Projection lines are to be drawn perpendicular
to the outline of the feature to be dimensioned.
However, they can be drawn obliquely, but parallel to
each other in special cases such as on tapered features
as shown in Fig. 9.34,

Fig. 9.34. Projection lines on a tapered feature
20. Arrangement of Dimensions. F ig.9.35 shows
chain dimensioning. 1t should be used only where
the possible accumulation of tolerances does not
endanger the functional requirements of the part.
Where a number of dimensions of the same direction

[L=rr e

- e R S S

Fig.9.35. Chain dimensioning

.-i-'——_ BN AN
\ —
—r FN\\ ]
l \\\\\

\\'\\\\\
g|&|=|et4——}— 18
P P = =

\ '\\
B B \\\\
i -_I-“ \
'
\\\‘l~\.\\\. _—L’

3

6

- 17

Fig. 9.32 Shorter dirrre;zsi?ns nearer the pig,
Staggering of dimensions,
have a common datum feature, parallel dimensiop;,,
can be used as shown in Fig. 9.36, C"’"fline;
dimensioning results from the simultaneous yg, o
the above two methods, as shown Fig. 9.37.

T

Fig.9.37. Combined dimensioning
Superimposed running dimensioning is simplified
paralle| dimensioning and may be used where theré
are space limitatjon and where no legibility problems
would oceyr,

Dimensiona values may be placed, where there

;s e r.i sk of confusion, either near the arrowhead, i"
¢ With the corresponding projection fine (see 9.39

Or near the arrowhead aboye and clear of the dimensio®
line, (see Fig.9.3 9).

=]

L P e Py
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’ p—
° 8 S S 04150 422‘_ 64) |
¥ -

Fig.9.38. Dimensional valyes near the q

rrowhead, ; :
ad, Fig.9.39, Dimensional values near the arrowheads,

(ifi) Leaders which touch lines should normally do
: SO atan angle not less than 30°; they should not be
d-height oflettering  parallel to adjacent dimension or projection lines,
te as shown in Fig.  otherwise it might cause confusion (see Fig. 9.42).

21. Leaders. (i) Leaders should not be draw
curved or made freehand. The leaders may terminz ln
in a short horizontal bar at the m; i
of the first or last line of the ng

9.40.
Less than 30°*

(a) Incorrect

Greater
than 30"

(b) Correct °

/ Fig. 9.42. Inclination of leaders
This face.. - ole... . (iv) The use of long leaders should be avoided

even if it means repeating dimensions or notes (see
Fig.9.43. ) or using letter symbols (see Fig, 9.44).

Fig. 9.40. Leader terminating in a short horizontal
bar at the mid-height of the lettering
(if) The arrowhead of the leader should always
terminate on a line. [fthe arrowhead terminates within
the outline of the object it should end with a dot
instead of arrowhead as shown in Fig. 9.41.

22. Equidistant features. When equidistant
features or uniformly arranged elements arc part of
the drawing specification, dimensioning may be
simplified as follows.

(/) Linear spacing may be dimensioned as shown
in Fig. 9.45. If there is any possibility of confusion
between the length of the space and the number of
spacing, one space shall be dimensioned as in Fig,
9.46.

(if) Angular spacing of holes and other features
may be dimensioned as in Fig. 9.47,

(fif) The angles of the spacing may be omitted if their
number is evident without confusion (sce Fig, 9.48).

(v) Circular spacings may be dimensioned
indirectly by giving the number of elements as shown
in Fig. 9.49.

(v) Inrepeated features, repeating the dimensions
Fig. 9.41. Arrowhead within the outline of the object ~ may be avoided as shown in Fig. 9.50 and 9.51.
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9.174
R10
R0 R10
Correct
Incorrect
Fig. 9.43. Avoid long leaders
9a ¢ 3 holes Y
9,5 & 3 holes
10,5 ¢ 3 holes X
F
10, ¢ 3 holes
‘ (b) Correct

Fig.9.44 Avoid long leaders

66 0600] o olie o ¢
BEX (=50 | =T

15 17 x 18 (=306)

Fig. 9.45 : . y
# Fig. 9.46 : Dimensioning of linear spactg

Fig. 9.47. Dimensioni :
3. 9.47. Dimensioning of angular spacing.
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' 9.175

Fig. 9.48. Omission of angle of spacing if

no confusion. Fig. 9.49. Indirect dimensioning of circular spacing.

)

6 % ¢ 8 (or 6 holes ¢ 8)

8 x ¢ 8 (or 8 holes ¢ 8)

00000

-

R T ="

—

Fig. 9.50. Avoid repeating the dimensions.

s ]

' 20
9.7. METHODS OF DIMENSIONING o | |, H o
COMMON FEATURES b = i

R15
o

1. Diameters. (i) The diametersofa cylinder = &NW
NN

should generally be given in rectangular vie_w in
preference to the view in which it occurs as circles
and should be preceded by symbol 4 in oxder <0,

distinguish the diameter from a length. Never give ?
radius of a cylinder (see Fig. 9.52.) WW
cylinder ( g 7 »
20

(i) Where half views of symmetrical _parts. such

as cylindrical parts, are drawn the portions c.»f the o %‘
dimension lines shown should be extended slightly

beyond the centre line and the second arrow omitted. Fig. 9.53. Dimensioning half views of
(see Fig. 9.53). symmetrical parts

Fig. 9.52. Dimensioning diameter of cylinder

o

(=]
- - - o
-

$100
$55
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space is restricte

iif) Where
hS::r)n in Fig. 9.54 should be used.
5
$92.5
675

$120 >

Fig. 9.54. Dimensioning of diameter in
restricted space

(iv) Circles should be dimensioned by one of the

methods illustrated in Fig. 9.55.

Fig. 9.55. Dimensioning of circles

(v) The diameter of spherical surface should be
dimensioned as shown in Fig, 9,60,

2. Radii. (i) As far as possible the dimensi
line of a radius should pass throy e dimension

gh the centre of the
arc., Where the centre is Jocated by dimensions, the

a clear dot. While

(i) Radij of acres

arcs .
cated should be dj need not have their centres

mensioned as jn Fig.9.57.

MAc HI"E 1

J

5
R15

VEiha

Fig. 9.56. Dimensiouing radii-centre locayy

3

Fig. 9.57. Dimensioning radii -centre not locatel

(iii) When the centre of an arc falls outside
limits of the space available, the dimension lineoft
radius should be broken or interrupted according®
whether or not it is necessary to locate the cef
(see Fig. 9.38).

(iv) Where the size of the radius can be der®
from other dimension it shall be indicated witha radi

arrow and the symbol R without an indication (5“.
Fig. 9.59).

R 50

R 300

)

on

Fig. 9.58, D:‘mcusiom’ng radii-centre of ar
outside the space available
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& Y L 3. Square. The symbol for square, See Fig
-0 9.61. The diameter and square symbols tay be omitted
L where the shape is clearly indicated,
50

Fig. 9.59. Radius symbol without dimensions

(v) The radius of a spherical surface should be
dimensioned as shown in Fig. 9.60. The dimension
should be preceded by

S¢ : Spherical diameter
SR : Spherical radius.
Sphere, ¢ 40

|
|
040

I

Fig. 9.61. Square symbol.

4. Holes. Location of holes would be
dimensioned where possible in the plan view of holes,
See Fig. 9.62.

The method of dimensioning holes on pitch
circles is shown in Fig9.63. .

N
]

5. Bent-up parts. The method of dimensioning
bent-up parts is shown in Fig. 9.64.
here, R 10 6. Chords, arcs and angles. Chords and
arcs should be dimensioned as shown in Fig. 9.65
and angles should be dimensioned as Fig. 9.66. and
the dimensions be so placed as to read from the bottom
of the sheet.

46

JILL
P

7. Countersunk and counterbore. Fig.
9.67 and 9.68. show respectively dimensioning of a

L3
52 countersunk and counterbore hole. It is dimensioned
Fig. 9.60 Dimensioning radius of a spherical by giving maximum diameter and the included single.
surface
15, Dee 20# $10, H11 ¢15‘H11_= e : E__'.‘:I1{), H11

; i 0

| I

t

/ N7

/f | 7

7 410, 20 deep

& @

5, 4 holes

Fig. 9.62. Dimensioning hole sizes
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i

6 holes equally

25

Fig. 9.64. Dimensioning bent up parts

Fig. 9.63. Dimensioning holes on pitch circle

Fig. 9.65. Dimensioning chords and arcs

2]
55°0" £ 00" 45°0" + 0°30’

15°+ W'
] (

Fig. 9.66. Dimensioning angles : ' j (

15 S5 9

Fa S |

ST

- Fig. 9.67. Countersunk hole

\¢8

Fig. 9.68. Counter bore hole
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8. Spot face. Fig. 9.69 shows dimensioning
of a spot-faced hole.

9. Chamfer. Chamfer should be specified as

shown in Fig. 9.70,9.71 &72 by the length and angle
on chamfer and not by a note and a leader.

10. Screw thread. A screw thread should be
accompanied by a note stating its size and type. A

$20

5]

Fig. 9.69. Spot-face

2{_“”0R_ _____ T

2 30°

p— - ———§ -

9,70. Chamfers dimensioned

2 x 45°

| 2 x 45°
——

Fig. 9.71. Chamfers simplified

A Azus" W/

{—- oR +———

2x45°

Fig. 9.72. Internal chamfers

metric screw thread is designated by the letter M
followed by the diameter,

11. Taper. A taper is defined as unit alteration
(in thickness or diameter) in a specific length
measured along the axis in case of shafts and a base
line or a centre line in case of flat pieces (see Fig.
9.73). Dimensioning of external taper is shown Fig.
9.74. Dimensioning of internal taper is.illustrated in
Fig.9.75.

Fig. 9.73. Taper

(1° 25’ 56")

T
-

: Taper 1:20

¢ 36.5

I' 70

|

Fig. 9.74. Dimensioning of external taper

Gmsﬂa%‘ 5° 42’ 38

-_.i_ . .
|

- n
u === 1}
= Taper <

T 1:5 i

25-0.5

Fig. 9.75. Dimensioning of the internal taper.
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9.8. DIMENSIONING OF ASSEMBLY
DRAWINGS
Assembly drawings are made for the following
purposes:

() One kind of assembly drawing is used for
putting the machine or mechanism together. In this
drawing part list of each detail is indicated by leaders
from the number to the details to which they refer. A
bill of materials with sizes of standard parts like bolts,
nuts, rivets., is also given.

(i) Another kind of assembly dl'aWing i
which is used for planning of foundation ang piac%
the anchor bolts. It may show the size and lﬂcatiﬂnln
pulleys, shafting, piping, wiring, etc., for use jj Etti:

- up the machine. Such drawings do not show (1
details of internal construction of the machipe, ;
(iir) Yet another kind of the assembly dfﬁwjng "
used to show the space that the machine wij] Occupy
when set up. One example of assembly dl‘ﬂWing -
given in Fig. 9.76.

9-16 = 32 Hex. 296
- 8-18 x 44 il h
pipe tap\ lL_._ 172
23
8 7 e

120

2I
= E R

-3.4._ |25/t keyseat

S

\No. 15 woodruff

Fig. 9.76. Dimensioning of assembly drawing

9.9. MACHINING SYMBOL

() Wherever it is necessary to indicate that the
surface is machined without either defining the grade
of roughness or the process to be used, a symbol as
shown in l.Tig. 9.77. (a) should be applied which
represents in a simplified way the edge of a cutting
tool. This symbol implies that a machining allowance
shall be provided.

60°

60°

Q

TI7T7 777777 7Trrr

Fig. 9.77. (a) General machining symbol

The v/ symbol is placed to read “right side up’
-when possible it is Placed outside of the boundarie:
of th.e ‘view rather than within. The use of the
mac.l.lmmg symbol should be avoided on dashed lines

: (i) Where all the surfaces are to be machined an
stipulation on the surface finished is required, th
symbol in Fig.9.77 (») may be used.

" VALL OVER

Fig.9.77 () symbol for ail surfaces to
be machined

Note: . _— {
nulnoote. Machmmg symbols, like dimensions, shoul
be ol nr;arly be duplicated and it is desirable that they 3

Placed on the sjze or location of the surface concerne
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Rivets and Riveted

Joints |

13.1. FASTENINGS

In engineering practice fastenings are used to
join together parts in machines or structures. The
fastenings may be of the temporary nature which can
be unfastened easily without breaking anything or of
permanent nature where the fastening has to be
broken to separate the two joining parts. Both types
of fastenings find extensive use in engineering,

(@) Temporary fastenings. Examples of
temporary fastenings are bolts and nuts, studs and
nuts, keys, cotters, pins, etc. They are used in shaft
couplings, machine parts and temporary structures.
Screwed fastening like bolts and nuts, and keys,
cotters or pins can be easily removed by light
hammering -

(b) Permanent fastenings. Examples of
permanent fastenings are soldering, brazing, welding
and riveting, Soldering and brazing are used where
less strength is required and welding or riveting where
more strength is required. Rivets are used in structural
works like roof trusses, bridges, ship building, aircraft
vork and in pressure vessels like boilers, air receivers

Tail r@,
| ol
Shank /_ L\ 5

e

F
s+ V7
Fig 131 Snap head rivet iy critical fopy,

Hea

k

and hydraulic tanks. A riveted joint cannot Elsu:%lly
be dismantled without destroying the rivet. Riveting
is however, being replaced in many of these fields by
welding as the latter is more economical and stronger.

13.2. RIVETS AND METHOD OF RIVETING

A rivet is made of round wrought iron or steel bar
with cup or other shaped head on one side formed by
dies in special machines. Fig. 13.1 shows a snap head,
a cylindrical body or shank and a sli ghtly tapered tail.
Fig. 13.2 show forming another rivet head out of the
tail. A rivet is specified by the diameter of the shank
and length and type of head.

In the past wroght iron was used for rivets. Now
adays mild steel rivets are universally used. The B.1.S.
recommends  that rivets shall be manufactured from
steel conforming eitherto IS 1148-1957. Specifications
for Rivet Bars for Structure Purpose. orto I.S. 1149-
1957 *Specifications for High Tensile Rivet Bars for
'Slructural Purposes’. The rivets of copper and
aluminium are also used for special applications. The

basic requirement of river material is that it should be
ductile.

iEES‘E'
Ei
|

% -

2:25D

o

Y 'R

\

06D

[ [\-Clearance
1-6D before ff\'Eting

Fig. 1 :
8. 13.2, Makmg the ripes head
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13.244
A rivet may be made either by cold heading or by

hot forging. In boi : riveting is always done
hot whereas in m

cold. If rivets are made by the cold-heading process,
they shall subsequently be adequately heat-treated
so that the stresses set up in the cold heading pfocess
are eliminated. If they are made by hot-forging
process, care shall be taken to see that the finished
rivets cool gradually. The rivets shall be clearly
finished with heads concentric with the shanks they
shall be free from imperfections and heavy scales.
The ends of rivets shall by square, cleanly sheared
and free from rag or burr.

Method of riveting. First of all the holes
required in the plate for inserting the rivets are
punched or drilled. In punching, the spacing and
alignment of holes are very imperfect and holes are
generally forced in agreement by hammering a conical
drift into them. This may reduce their cross sectional
area. Besides the metal round the hole is injured by
the lateral flow of the metal under the pressure of the
punch. Therefore, the practice of making holes by
punching has almost been superseded by drilling.

For drilling holes the two plates to be joined are
first “tacked”, i.e. clamped together by a few bolts on
seam (edge) and then the holes are drilled in both the
plates simultaneously. This removes the danger of
misalignment. After drilling “burrs” left may be
removed by slight countersinking. The size of the
hole is 1 mm greater than the size of the rivet for rivet
diameters upto 24 mm, 1.5 mm greater than the size of
rivet for rivet diameters 27 mm to 36 mm, and 2 mm
greater for rivet diameters 39 mm and bigger than 39
mm. This is to allow for expansion when rivet is heated.

Having made the holes the rivets are heated in a
furnace and carried to the plates to be joined. The
rivet is inserted in the hole. One man holds and presses
the head by means of a tool, called dolly, while the
other man hammers the end of the body into the shape
of the head (see Fig. 13.2).

This hammering may be done either by hand or
by pneumatic or hydraulic machine. In machine
riveting steady pressure is maintained which fills the
holes in the plate more completely. It is also more

- _MACHINE p
____;%

rapid and economical. Therefore in large +, :
machine riveting is always preferred. The ;eng:‘h?kg

body required to form a cup or a conical heaq 5 of
1.25 d and to form a countersunk head aboy, 90[1;1
where D is the diameter of the rivet, The le“gth. o
depends upon whether the head is formed by hanﬂm
machine; the machine riveting requires aboy 0.13015
more length than hand riveting as the machiy

COMpresses and swells the rivet till it completely ﬁ||:
the hole, thus making a perfect job. This avoids
bending of rivet under load. When they cool, Fivetg
tends to pull the plates more closely together,

A riveted joint is a permanent fastening anq can
only be separated by chipping off the head of y,
rivets. .

Note: Rivets are ganerally used in shear whereas b
are generally used in tension.

13.3. CAULKING AND FULLERING

In pressure vessels like boilers we require a stean
tight joint. This cannot be achieved however carefully
the riveting is made unless an additional operation,
caulking or fullering is resorted to. Caulking is an
operation of burring down the edges of the plates
and heads of the rivets to form a metal to metal joint
as shown in Fig. 13.3. It is done by a tool of the shape
of a flat-ended cold chiesel about 5 mm thick at the
end and of 40 mm breadth, the edge ground to an
angle of 80° to horizontal to facilitate this operation.
Both internal and external caulking is done in many
cases. Care should be taken not to damage the plate
below the tool or spring the joint open.

Caulking tool

Caulked

W
V222,
AN
N/

Fig. 13.3. Caulking
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RIVETS AND RIVETED JOINTS

Fullering Tool

=

Fig.13.4 Fullering

13.245

‘Combined caulking

and fullering tool

Fig. 13.5. Combined caulking and fullering

D

Rounded
countersunk

]
o i \
~ -] | | | |
> 2 I I 2] I )
[ : | I & | |
1 i : 1 1 >
oy
= s =
[=)] =] @
c c =) 15
|
| Y Y i
1 R~ \ W ¥ _——
D . D D l
snap Cr cup Pan head ' .Pan head
head with tapered neck
i 1-5D .
’ 1-5D " - 2D _
/f/-\ | __I l
= - i =¥
\3 9 s 8 )
S N ) y
. 60°
= 60 £
=4l 2 £
0 9 c
! ®\-/ Y W—’ 1
\j

i I.L.

Flat counternsunk Flat

head

. ot heads for general purposes (length of sha.nk L =2.5D to 10D)
Fig. 13:6&!) I:M:;:’;:eiia;ﬁfgz’;‘:fd 16 : {1 5_{?:, preferred length combination)
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r
|
{ k./lo - j

Pan Head with Tapered Neck

, 0.7D
Al
07D,

| g e !

Rounded Countersunk Head

Countersunk Heaq

1.6D P
D
o=~
ol I I———L:‘D‘—"' , 17D
’D‘: R0.053D mT‘I B
3 : & s
Y 1/ DA
- . 115. | 2 o
= | =l
1 |
I D | _ b r L__D_.

Snap Head

Pan Head, Type 1

Pan Head, Type 2
A= 1.4 D for rivets under 24 mm
= 1.3 D for rivets 24 mm and over

Fig. 13.6 (b) Proportions of Indian Standard boiler rivets L = 2.5D to 7D (see L.S. : 1928 for
preferred length and diameter combination)

A better fluid tight joint can be made by the
operation known as fullering which is shown in Fig
13.4. It has largely replaced caulking. The fullering
tool, having thickness at the end equal to that of
plate, is used in such a way that the greatest pressure
due to blow occurs at A giving a clean finish with less
risk of damaging the plate. Fig. 13.5 show a tool which
combines the features of both caulking and fullering,

13.4. TYPES OF RIVET HEADS

The forms of rivets heads specified by B.1.S. are
shown in Fig. 13.6. Fig. 13.7 (a) shows the method of

drawing a snap head. Fig. 13.7 (b) shows the rough
method of drawing snap head quickly. Note that 3
snap head is not shown as a semicircle.

A rivet head is designated as follows : AP
head rivet of 6 mm diameter and length 30 mm"

Pan head rivet 6 x 30 1.S. : 2155.

. i . ified
Riveted joints in common use can be classifi
as :

(7) structure joints (see IS : 1929)
(i) boiler joints (see IS : 1928) el

The following are the important shapé of
heads : :

5l:I'1-ICI

e
gcl'l

Fig.
cen
sna

whi
fini
| as
5k
al

flu

the
rel

. ha

op

pr
a

I‘i1
or

ri

d:

st
u

y
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RIVETS AND RIVETED JOINTS

1. Snap oy Button head
common shape with machine riyet
structural work. It is easily shaped.

2. Pan head. It has maximum stre
difficult to shape. Pan head rivet op
generally has a snap head Fig, 13.7 (a).

1.5D

- It is the mog
Ng and used i

ngth but js
Opposite end

I_.,_———-

O
| ~
o

D

Fig.13.7 (a) Locating Fig. 13.7 (b) Drawing of

centre for arc of a snap head approxi-
snap head mately. '

3. Conical head. In confined positions
where it is not possible to snap the heads they are
finished by harmmering to the conical form. It is not

| as strong as the snap head. A hammer weighing 4 to
5 kg may be used for shaping the conical head whereas
a 8 kg hammer is required for shaping the snap head.

4. Countersunk head. It is used where
flush surfaces are necessary as in ship building and
the seating of girders. It is the weakest and the least
reliable of all shapes. Countersunk head rivet may

. have a snap head or countersunk head on the
opposite end.

5. Flat head. Flat head is used where the
projecting head of the rivet is objectionable. Itisalso
aweak rivet.

6. Tubular rivet. See Fig. 13.8. ‘Blind tubL{Iar
rivets are used when access is restricted to one s:cl'e
only of metal sheets to be joined. The tubular rivet is
ahollow rivet. It is preassembled ontoa Imandrel. For
riveting operation it is inserted into 2 drilled hole.

Then the mandrel is pulled by 2 SPeCi?I tool
deforming the rivet. At predetermined point the

mandrel breaks when the joint is tight.

Structural rivets are used for structures and. .
standardized from 12 to 48 mm diameter. Boiler rW.e .
used for boiler work, are generally provided with

(a) . (b) (c)
Fig. 13.8. Tubular (hollow) rivet

chamfer of 60° for steam tightness. They are
standardized from 12 to 48 mm diameter. Small rivet
are used for general purposes and are standardized
from 1.6 to 10 mm diameter and may be made of steel

copper, brass or aluminium. See Table 13.1.

Table 13.1. Standard diameter of rivets
Type of rivets

;]

Standard diameter

1.6,2,2.5, 3,4,5,6,8and
10 mm

1. General purpose
rivets below 12 mm
diameter

2. General purpose and
boiler rivets 12-48 mm
diameter

12, 14, 16, 18, 20, 22, 24,
27, 30, 33, 36, 39, 42, and
48 mm

Note: Corresponding rivet hole diameters:
13,15,17,19,21,23,25,28.5,31.5,34.5,37.5,41, 44, 50

13.5. TESTING MANUFACTURED RIVETS

1. Bend Test. The rivet shank is bent cold
and hammered until the two parts of the shank touch
in the manner shown in Fig. 13.9 (a). There should be.
no fracture on the outside of the bend.

2. Flattening Test. The rivet head is
flattened, while hot, in the manner shown in Fig. 13.9

(b). The head is flattened until its diameter is 2.5 times
the diameter of the shank. There should be no cracking

at the edges.

(a) Bend test () Flattening test

Fig. 13.9. Testing manufactured rivets

Scanned by CamScanner




13.248

13.6. RIVET SYMBOLS

The B.1.S. recommends the rivet symbols as
shown in Fig. 13.10.

Shop snap-headed rivets

Shop Csk (near side rivets)
Shop Csk (far side) rivets
Shop Csk (both side) rivets
Site snap-headed rivets |
Site Csk (near side) rivets
Site Csk (far side) rivets

Site Csk (both side) rivets

+ XAk OB DERE

Open hole

Fig. 13.10. Rivet symbols

13.7. TYPES OF JOINTS
Riveted joints may be classified in two types :-

(2) Lap joint. In lap joints one plate overlaps
the other and in drawing are shown in different planes.
All the rivets pass through both plates. The joint is
known as single riveted if there is one row of rivets,

- asshown in Fig. 13.11, double riveted if there are two
rows of rivets as shown in Fig. 13.12 (a) and (), and
S0 on.

Important note : Rivets are not sectioned as
they have standard shape and no extra details are
shown by sectioning.

(b) Butt joint. In butt joints the ends of the
main plates butt up against each other and may be
considered as lying in the same plane. One or two
strap or cover plates are placed over the joint and
riveted to each plate. If there is one cover plate it is
known as single strap butt joint as shown in Fig,
13.13. If there are two cover plates it is known as
double strap butt joint, as shown in Fig. 13.14. Butt

joints are stronger than lap joints and are generally
used for joining thick plates.

VA7
AN are N

N

-

Section on XX

Fig. 13.11. Single riveted lap joint

|
" L
In practice generally two cover plates ¥ W

one on either side of the main plates. ,

A butt joint may be single riveted as in Fié L"|;-.
double riveted as in Fig. 13.16, and 50 01, depet™
on the number of rows of rivets in cach oF 1"
plates,
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[mportant note : In Fig. 13.16 the elevation has

i tion at
peen draW™ with sec XX and only outer rows m 7 -\ én.r

: cut and hence in elevation the ; ) T h _
,,frwetsarﬂ € Inner two /,A:’,'///; ! 7///2’ ////f_

ivets are shown by dashed, i D
o eofive N\ NN e AR

fig. 13.17. shows a combined lap and butt joint,
hichis occasionally used in locomotive boijer work,

|-

15D |, 20+6 T 15D
Seclion on XX

s o . e e el g e

Fig. 13.12 (a) Double riveted lap point, chain riveting

13.8. DEFINITIONS | ’r‘l‘
N v | ¥/
The terms associated with riveted joints are ot A7 |L / / D @“
X defined below, - I AN | b\\g\
Pitch. Pitch., p, is the distance from the centre _1.59\.!/&} ~is0

of one rivet to the centre of the next rivet in the same b
Tow measured parallel with the seam (see Fig. 13.11 _
andFig, 13.12), s

Section on XX

&

: @9 ; BL
__l_]_ ny.
all
; f- H @;
ed X l: , A
f !

15 : ]
ing : | Zig Z2g
|ﬂin L—:—: .

Fig. 13.12 (b) Double riveted lap point zigzag riveting
ig. 13.

= raem
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/1\ /—:\ @Q/////}’

i % 5 | : i 7% \
i\\%& ! N //%\II,/ U I % | \//<’\:\\\\\ 1 \
S e L\
—— . : |.1.5D | 3D | 1__5_12__, -

Fig. 13.13 Single strap butt joint

Fig. 13.15 (a) Single riveted butt joint, double cover plate

/‘I'l\ Cover plate C,

|
: ) . ,i,;/;//fr i A i
ain plate —e .7 N B
Main plate —-F'A ' = RE\ i AN\ B$=—Main plate
| S
I

» Vo i 77
; \l-/ Cover plate C

3D
-t 5D~'~—i Plate C

; X

¢

Plate C

h&_
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J,

|

Main plate A /J\ /I\
——— .

RY 7% ! ;/////57//{%/,'/// 7 Cover plate C,

S

tz| t l‘L

: 20N
v ' WW%W\M ~——Cover plate C,
15D |, 2D |, 3D wle20 .| 15D
Section on XX
= pes — 1]
o~ . - \
( \+/ |
B

©
o

Fig, 13.16. Double riveted butt joint, double cover plate, zigzag riveting
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2. Diagonal pitch. Diagonal pitch, pd, isthe ~ 13.9. FAILURE OF RIVETED JOINTS L

distance from the centre of one rivet to the centre of A riveted joints may fail in four ways,
the next rivet in the adjoining row (see Fig.13.12). 1. By shearing of rivets, if the diameter it cgr‘
. ‘ , . . N ' . 13.

3. Row pitch. Row pitch, pr, is the distance ", , A o e B

3 ‘ » Pry s rivets is smaller than necessary. A rivet is iy, sing|

j ‘rivets i -rivete i 7 ; i ¢

between the adjacent rows of rivets in a multi-riveted shear in a lap joint and single strap butt joint, ang e

Joint. double shear in double strap butt joint, as } ;
=(.6p, for zigzag riveting i » 45 Shown j
i B e Fig. 13.18.

pr= 0.8 p for chain riveting
4. Overlap. In lap joints the overlap of two /I-\
lutes (mini 1.5 D + 1.5 D) is known as overlap = NN
(SecFig13.12), N\EAN
5. Chain riveting, If the rivets on the same % i //////%
|

plate are arranged directly opposite each other it is
known as chain riveting as in Fig. 13.12 (a).

6. Zigzag riveting,. Ifthe rivets on one plate (a) Rivet in single shear
are arranged zigzag, i.e., rivets in one row are placed /-’-\
facing between the two rivets of other row it, is called
zigzag or diagonal riveting as in Fig. 13.13.and 13.17. - l ///(’,/f///‘l :I I/’,; A\ an
7. Margin. The distance between the ed iR 777 - ////
+_vargin. 0h the'edee A | 727 T

of the plate and rivert hole is called margin “m" see
Fig. 13.12 (a). As m= dthe distance of the centre line
of the nearest row of rivets from the edge of the plate 13.18 (b) : Rivets in double shear
isequalto 1.54. d= diameter of rivet

p= pitch of rivets

/'f\ t=thickness of
! plate
&_:{. «\5 /1= tensile stress 4

D

-.’._
<

3 [ fi=
X 4+~ .= shear stress
\:J_/ NN f NNNNEEN f.= crushing stress
‘ \'L/ ’ \"'/ Rivet resistance to shear = — 2
b—30__ . 3 | o | - o Shear= g A -
hor 2. By the tearing of plates between the rivels :‘f ;
- oles if they are Very near each other, as shown in b
[\ﬁ——J—i T -1 I F]g. 13.19. ! l
; T 13.
7710 ='| e }
/ N27E IR\ =7 B
h | cay
i |
’ ¥ ' ) exy
= 1 |
i I
i ?
J'_-m-_ Ihl l' :,I'h'
i | b
o |
LB —
TR T Fig. 13.19, T*?m'fﬂg of the plate between rivets
Fig. 13.17. Combined lap and butt joint Plate resistance to tension of 5
= (p-ad)ytxy, .(132) Wou

i
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| 15 AND RIVETED JOINTS

3. By the crushing of the rivers or

the plate by

sion making the joint loose, a5 shown in i
ig.

M~

gol‘ﬂpres
1320.

-

—I'%»)-—.
F—
Fig. 13.20. Crushing of the rivets and plates
Resistance to crushing
= dxtxf (133)

4. By the tearing of the plate between its edge
and the rivet holes, as shown in Fig. 13.21.

5

T

'(l

Fig. 13.21. Tearing of plate between its
edge and rivet holes
In addition to the above failures rivets may bend
if too long or the plates may be deformed without
fracture as discussed later.

13.10. EMPIRICAL PROPORTIONS

Toavoid the failure of riveted joints by the above
Causes the following empirical proportions based on
®Xperience are taken which ensure a safe joint.

1. Rivet diameter and plate thickness

d= 6+ _
Where ¢ is the thickness of the main plate in mm. This
aoids shearing and crushing of rivets.

The other empirical relation is

d= 3+t +10 mm .
2. Pitch, Pitch is determined by consideration

ﬁf"‘tre“gth. The minimum value of pitch is that WWCE
“ould permj the formation of heads. Too small pitc

13.253

may cause tearin

Too large pitch
genera]l}r taken

g.of the plate between the rivets.

wrll make the joint loose. Pitch is

i ke lﬁr&[s;:\a:: I'n sl!'n:tu_ral j.oinls maximum

ey 3 e\.er..m boiler joints maximum
S Kept 8¢ for steam tightness.

3. Dia . :
given by gonal pitch. The diagonal pitch is

72
pd=“E:+—d-

2

" :v Minimum perpendicular distance
Fe eep rows of rivets or row pitch (pr).
or drawing work it may be taken as follows :

Type of riveting In terms of d In terms of p
In chain riveting 2d+ 6 mm 08p
In Zigzag riveting 2d 0.6p

.Thf:se minimum values allow formation of heads.
Fn Zigzag riveting pr can be taken less which explains
ts advantage over chain riveting. In chain riveting

overlap is reduced.

5. The distance from the centre of the
rivet hole to the nearest edge of the plate
(I). It is kept minimum 1.5 d (margin d), so that the
plate may not split.

6. Thickness of cover plates or straps.
For equal strength the thickness of single cover plates
in a butt joint may be taken equal to the main plate,

" but it is taken slightly more, 1.125¢, so that the joint

may not fail due to cover plate. When two cover plates
are used the thickness is divided between the two
and each plate thickness, ,, is taken 0.7 t 10 0.8z,
For convenience, the empirical proportion for
riveting are tabulated in Table 13.2. All dimensions

are inmm.
Table 13.2. Empirical proportions for riveting

d=6Jt- or 31 +10mm
p =3d, m=d

2p+d
I=1.5d, pd= 3

pr= perpendicular distance between rows of rivets.
prin chain riveting=2d +6mmor 0.8 p

prin zig-Zig riveting=2d or 0.6 p

= 11234 if single strap |

t,=0.71t0 081 if double strip
. ameter of rivets for different

Table 13.3 givesthedi
thickness of plates.
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14.1. INTRODUCTION

Welding is, like riveting, a method of making
permanent joint. It is a process of uniting two pieces
of metal by fusing them together. This may be done
with or without additional (filler ) metal and with or
without the application of pressure. Welding is being
used for ever increasing variety of mechanical and
structural purposes such as building up and fastening
parts together. Welding has displaced riveting in many
industries because of savings in labour as well as
material and reduction in weight by the use of lighter
plates and the elimination of all overlaps and rivets.
Sheet metal work such as tanks and other containers
can be simplified by welding instead of riveting the
Joints. Fabrication by welding is now commonplace.
Standard steel shapes, plates and bars may be welded
together to make machine frames, bases, jigs and
fixtures, and so forth. For j oining of very high pressure
steam pipe, welding is the only acceptable process.

Cast iron, steel and iron alloys, brass, copper and
aluminium are metals that can be welded.
' Thc? aircraft, automotive and ship building
industries have developed welding as a major

fabrication method for aluminjum and magnesium as
well as for steel.

14.2. WELDING PROCESSES

The two basic welding processes are Jusion
velding and pressure weldin g

F.usion welding. It makes use of welding
aterial in the form of a wire or rod which is added

 the weld. The composition of the welding rod is

~

almost the same as that of the parts to pe Weldeg
These filler rods combine with the mety| heiné
welded.

Gas or electric arc is used to create the hey %
that the metals flow together (become plastic),

Gas welding. In this fusion process hey ;
provided by burning a gas (acetylene, propane
hydrogen) mixed with oxygen. A welding torch is s
for this purpose. Gas welding owing to its relatively

. low temperature, is more suitable for light wor

Preparation of plates for oxy-acetylene welding s

_ shown in Fig. 14.1.

- Preparation up to 3 mm

BOOSOANANT

% Preparation up to 12 mm
] 60°=701
\F—/

Preparation above 12 mm
60°-70°

N\ 227, ey
o NRNY

Fig. 14.1 Preparation of plates for
oxy-acetylene welding
Electric arc welding. In this fusion process®
local area of intense heat is created by passing *
electric current through a filler rod, which acts &%
electrode, held at a short distance from the joir" 50
that the electric current is completed by archi®
Electric arc welding is more suitable for heavy """

B
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rN’.-'__ Designation TT—

Lot
1. | Butt weld between plal\ Hlustration Symbol

€s with raise, )
weld, raised edges; edge flanged

D JOINTS
WELDED ~

:

2, | Square butt weld

1% Single-V butt weld

4. Single-bevel butt weld
[ .M’

5. | Single-V butt weld broad root face

6. | Single-bevel butt weld with broad root face

7. Single-U butt weld (parallel or sloping sides)

ERBL

8. Single-J butt weld - V7 &\\\’
9. | Backing run ; back or backing weld %W Ly

10. | Fillet weld

IL. | Plug weld, plug or slot weld/USA

Spﬂt weld o, Ao et SRS

I
AR AR L

dges (symbol 1) not completely penetrated are symbolized as square butt welds
edg

— e

g

13| Seam weld

. Butt welds between plates with raised
(symbol 2) with the weld thickness shown.

Fig. 14.2. Basic welding symbols
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Pressure welding. In this process the areas
to be joined are heated until they become plastic and
are then welded together by applying pressure or
sometimes hammering.

Forge welding is a pressure welding process in
which pieces to be joined are heated and then
hammered together. It is the old welding process.
Wrought iron and low carbon steel can be forge
welding.

Resistance welding is pressure welding process
in which work is heated by a strong electrical current
and then pressure is applied to create the weld. The
forms of resistance welding are : projection welding,
seam welding, spot welding and flash welding. In spot
welding, the parts are overlapped and welds are made
atsuccessive single spots. In flash welding, the pieces
are 50 placed that they are butted, then the weld is
made by heating electrically and squeezing the parts
together. A seam weld is similar to a spot weld except
that a continuous weld is produced. In projection
welding one part is embossed and welds are made at
the successive projections.

14.3. TYPES & REPRESENTATION OF
WELDS

Fig. 14.2 shows basic symbols for various forms
of welded joints as recommended by Bureau of Indian
Standards. The symbol, in general, is similar to the
shape of the welds to be made. When required,
combination of elementary symbols can be used.
Typical examples are given in Fig. 14.3.

A welded joint is represented on drawing by

(@) A basic symbol used to specify the type of
weld (Fig. 14.2).

(6) An arrow and a reference line to indicate
the location of the weld in a joint,

(¢) Supplementary symbols to indicate special
instructions, such as finish, weld-all-round, etc (Fig.
14.4 (a) and (5).

The absence of a supplementary symbo] means
that the shape of the weld surface does not need to be
indicated precisely. Examples of combinations of
elementary and supplementary symbols are given in
Fig 14.5.

(d) Dimension of the weld in cross-gey
in length, where required.

The elements for the rfepresentation of welds &
have specific locations with respect to each °1hara”
shown in Fig. 14.6. 5

Table 14.1. Shape of weld
Shape of weld surface Symboy
(a) Flat (usually finished flush) ——
(b) convex —_
(¢) Concave . P

Weld all-round

Site weld (field
weld)

Flush contour

Convex contour

Concave contour

Grinding finish i
Machining finish / 2 S_f "
M
- C
Chipping finish &
Fig. 14.3
Hlustration Symbol

Flat (flush) single-V bu& weld

Z \N

Convex double-v butt weld

27

Concave fillet weld

* Flat (flush) single
with flat (ﬂush}gb
.—_‘_——\—n—-___

-V butt weld
acking run

1K

—

Fig. 14.4, Example of Application of
supplementary symbols
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Finish symbol
Contour symbol

Size F

Referénce
line

Sides
other
side

— Uﬂawmc

Length of weld

Unwelded length

Field weld symbo|

Weld all aroung

Both
arrow
side

\ s /7 {
e
Basic weld symbol

or detail reference

}
}

Arrow connecting reference
line to arrow side of joint, to
edge prepared member or
both

Fig. 14.6. Standard location of elements of a welding symbol

14.4. TYPICAL EXAMPLES OF REPRES-
ENTATION OF WELDS

Fig. 14.7, 14.8 and 14.9 give typical examples
of representation of welds.

(s .
e, /

Fig. 14.7. Fillet weld, one side of Tee

Fig. 14.8. Fillet weld, each side of Tee

vl

iy

Fig. 14.9. Single-V butt weld

Note that when the weld is to be made on the
arrow side of a joint, the appropriate symbol shoulg
be inverted and placed below the reference line. For
weld to be made on the other side of a joint, the
appropriate symbol should be placed over and belox
the reference line. In all cases the vertical portion of
the symbol should be shown on the left hand side of
the symbol irrespective of the orientation of the weld
metal.

In cases of joints, where only one plate is
prepared, the arrow should point at the plate, the
direction of the edge of preparation being indicated
by the disposition of the symbol relative to the

- reference line as shown in Fig. 14.10. The meaning

of arrow side and other side is shown in Fig. 4.11 and
Fig, 4.12.
. Size. The size of the weld is indicated by
Inserting a dimension on the left hand side of the
symbol as shown in Fig 14.13, and 14.14.

Weld contours. The nominal contours f'f'f
ﬂ{smn, butt and fillet weld should be indicated as in
Fig. 14.15 and 14.16,

Fig. 14.10. Double bevel butt-arrowhead indicati’s
plate to be prepared

pj
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"Other A -

ﬂldau

W

\:\\\':?\\\ N

"Arrow

14.273

"Other
side”

(a) Weld in the arroy side E\‘\?\\&\‘?m\\\&\\‘l\\\\\\%\%\\ﬂ |
- . (b) Weld on the other s,
FIg14.11. T-joint wigy oy fillet weld e
"Other side "Arrow side
of joint A" of joint A" ;?_th_ert;ide [7] "Arrow side
oint A" ioint B*
Arcow line ) of joint B

Joint A

AT

s

Joint B

Arrow line

"Other side
of joint A"

Fig. 14.12. Cruciform joint with two fillet welds
Note: The position of the arrow in these s

placed immediately adjacent to the joint.

A R R

"Arrow side
of joint A"

ketches is chosen for purposes of clarity.

"Other side
of joint B"

Normally, it would be

W

N H

Plain or

Fig.14.13. Size of fillet weld

8x5

2 min 2 min

Fig.14.14. Size of unequal weld

Single U .
Fig. 14.15 Fusion butt weld nominal contours
1g. 14.10.

square

2 min _ |l 2 min
Double V

ol Vi, =

X

==

Double U
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/

A

A

c(wei-:!m:i} ,,,,,,,,,zuur

MERE
suriaca of ‘_—J
o - ominal contours 2
Fig. 14.16. Fillet weld, n Fig 14.21. Example of weld-all-royng

Yarti enetrated weld. The depth of
amauy 4 Aweldto be made on site is indic ated f‘\ ;“'r

partially penetrated butt welds is given in Fig. 14.17,
14.18 ?nm-l‘g. in triangle as shown in Fig. 14.22

7%

10

N\\\\Zzzzz#

Fig. 14.17. Partially penetrated butt-toeld on one side

N\

|54

i-1p

Fig14.22

14.5. DIMENSIONING OF WELDS

Fig.14.18 Partially penetrated b"f"mfdﬂﬂbﬂﬂf sides The dimensioning is given as follows (see Fig
_ 14.23).
AN i
10
5

Fig. 14.19. Partially penetrated butt weld

assymetrical in from

Flush Finish. Where a weld is required to have PR 2828 Evuneples nf e princih
an approximately flush finish without recourse to any Table 14.2. Recommended minimum size
method of finishing, a straight line should be added of fillet weld
as shown in Fig. 14.20. D ke

Plate thickness, Minimum size of weld.
/ / 22 / < 3105 3
6108
Fig. 14.20 Fusion weld with flush finishes 1010 16 6

Weld-All-Round. A weld all round a joint is 17 t0 20 10
shown by a circle placed at the below, connecting the 211035 15
arrow to the reference line as shown in Fig. 14.2] over 36

e 20 ___/'J

- ¥
-

B
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15.1. SCREW THREADS

Bolts and nuts, etc., are widely used for temporary
fastening in engineering. These involve what are
known as screw threads. A screw thread is formed by
cutting or rolling a continuous helical groove on a
cylindrical surface as shown in 15.1. The thread
portion or screw engages with a corresponding
threaded hole in a nut or other machine part. The
screw and nut together are called a screw pair.

Fig. 15.1. Bolt and Nut

The screw threads are of many forms as described
later. The two main forms are Square and Vee. The
thread may be right handed or left handed and single-
Slart or multi-start as defined in the next article.

Threads are generally cut by an accurate thread
Cutting tool in a machine, called /athe. Thread on
*Mall sizes screws are cut by a tool known as die. The
*Mall size holes are threaded by a tool called tap and
the holes so threaded are called tapped holes. &
thread ey on the surface of a screw Is called an

%

Screw Threads and
Screwed Fastenings

external thread while that cut in a hole is called an

internal thread. For example, bolt has external threads
while nut has internal threads,

15.2. DEFINITIONS

The various parts of a screw thread are shown in
Fig. 15.2. and are defined below.

1. Crest. The crest is the top surface joining
the two sides of a thread. Note the crests in external
and internal threads in Fig. 15.2.

2. Root. The root is the bottom surface joining
the sides of two adjacent threads. Note the root both
in external and internal threads in Fig. 15.2

3. Flank. The flank of the thread is the surface
between the crest and the root.

4, Thread angle. The angle of the thread is
the angle between the flank as measured on an axial
plane.

5. Depth of thread. The depth of thread is
the distance between the crest and the root of thread
measured perpendicular to axis.

6. Nominal diameter. The nominal
diameter is the diameter of the cylindrical piece on
which the threads are cut. The screw is specified by
this diameter. '

7. Major diameter. The major diameter is
the diameter of the imaginary cylinder coaxial with
the thread which just touches the crests of an external
thread or roots of an internal thread. It is also
known as outside, crest or full diameter. It is the
greatest diameter of a thread.
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%, Basic pitch ank

-

X

Thread angle

Pitch point

Major cylinder

3,§ o= 5-1.‘.!
- Zle 5l
3E 8z 3o
to 5|8 5(8
5@ BlS 5|3
23 a2 5|*
‘ 3
Depth
L/
[
— D= o
g 218 8
& g;%
o Q:EE
=] @'_"D
g Bt 8
= w.9.:2¥
1
. ——
y

Maijor cylinder

(b) Internal Threads

Fig. 15.2. External and internal threads

8. Minor .diameter. Minor diameter is the
diameter of the imaginary cylinder, coaxial with the
thread which just touches the roots of an external
thread or the crests of an internal thread. It is often
referred to as the root diameter or core diameter on
external threads. It is the smallest diameter of a thread.

9. Effective diameter or pitch
diameter. The effective diameter or pitch. diameter
is the diameter of the imaginary cylinder whose surface
would pass through the threads at such point as to
make the width of the thread and of the spaces between
the threads equal form is pitch. Note the pitch line.

10. Pitch. The pitch is the distance from a

point on a screw thread to a corresponding point on
the next thread measured parallel to the axis, For
example the distance from crest to crest or root to

. root taking adjacent thread form.is pitch. Note (%
pitch in Fig. 15.2.

In British system of units the number Of‘%"“ad:
per inch are written in abbreviation as t.p.i. Itis ¥
that pitch is reciprocal of t.p.i.

. I
teh= ——— [
pitch Lp.L.
W
11.Lead. The lead is the distance Scr;rt
thread advances axially in one turn. In sing|¢';[
threads lead is equal to pitch. For two-start thre? 8
lead is equal to twice the pitch. Fora three-s!art;;1 p
the lead is three times the pitch (see Fig. 152
1526). and so on.
ead.

12. Slope. The slope equals half th‘? l wglopé
single -start threads this is the same as say!ns
cqual half the pitch”.
-
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THREADS AND SCREWED FASTENINGS
B

13. Right-hand and left-hand threaqs.
sereW threads may be right h-and or left hand
&cpendiﬂg on mf: d:rccann of helix @See. Fig. 153 ).
when 8 clockwise rotation screws it on a boly jt j
aid be right-handed. Whe.n a.clockwise rotation
crews off 3 bolt, the thread.ls said to be left-handeq,
In iofi-handed thread an anticlockwise rotation of the
qut SCTEWS it on the bolt.

Ifa thread is left-handed it should be written -
 H.Ifis is right handed not necessary to write it,

Note: In right-handed threads, with the axis of the
screw horizontal, the lines slope down from left to right,
However, 2 section through a tapped hole exposes the
threads and a right-hand thread will appear left-handed in

ﬁ iy Y Y A A

L O H H E———40 5 55
= H H H DV M N5 55
S 5 B e 77 S S

R4

Single-start

Two-start
(a) Left-hand thread

Direction of axial

/ movement of P

0

® o & N
Lead

.
— .,lj 10
Py 0 ]
Direction of circumfe-
rencial movement

12 equal
ivision

(a) Right hand helix

15.281

the section of a

hot . .
Fig 15,4, 12pped hole, and viceversz, 25 shown ia

14. Multi-start thread. In multiple threads
more than one thread is wrapped round the cylinder
on paml.leI helix. (see Fig. 15.3 and Fig 154). The lead
In multi-start thread js equal to (number of threads

Wrapped x pitch). Multi-start threads are used when
quick advance is desjred.

Multi-start threads are discussed in detail later.
Example. Suppose we have a two-start thread of 8
mm lead. If the screw is held firmly the nut will have 2

axial advance of 8 mm for one rotation. The pitch, however,
will be 4 mm.

Single-start
(b) Right-hand thread

Two-start

Direction of axial
movement of P

0 t-hand thread

P, 4

2
4
B
8

12 equal division

10

UDirecﬁon of circumfe-
' rencial movement

12 esual
divis'on
(b) Left hand helix

Fig. 15.3. Directions of helix
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]

Bolt

(a) Right hand threads

Wogmai
J

1

B

Bolt
(B) Left hand threads

Fig. 15.4. Right hand and left-hand threads

15.3. FORMS OF SCREW THREAD

The standardization of the form of screw thread
was an important advancement in engineering as it
enabled interchangeability of screwed fastenings.

There are two main types of screw thread forms
:(a) vee type, used mainly for fastening and adjusting

purpose, and (b) square type, used for transmitting
power. (see Fig. 15.5)

(a) Vee thread

- N\

p

N

I
(b) Square thread

Fig. 15.5. Vee and Square threads

15.3.1. Comparison of Vee and
Threads

I Vee threads are stronger than the Squars
threads as for the same depth a vee thye,
screw has (twice the amount of materiz|
resisting the shearing action at the root of
the thread than a screw with square thread
as shown in Fig. 15.5.

SqUare

2. Vee threads offers greater frictional
resistance to motion than square threads. In
Vee threads a tensile force T in the direction
of axis has a component perpendicular to
axis which has bursting action on the nu
and causes friction. Jt is obvious that friction
will increase with the increase in the angle
of thread. In the square thread there is no
component of T-force perpendicular to the
axis and is, therefore,, the ideal thread for
POwer transmission.

Square t
cannot be cut by dies.

High frictional resistance of vee threads s &
adVantagm%M
Therefore, vee threads are used to tighten piee®
logether @s in bolls and nuts, studs and nuts, %
bolts, Screws, ete.

Square threads on the other hand are sm'mij }

as they

E.JJ

Jor power transmissi ons, |
f‘eEd i ) (6] ' 2 f) /]
Screws, Jacks, tec., where less friction mé

. o
Saving of power. Square threads are also used )
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EADS AND SCREWED FASIE}HMGS
‘sgf‘EW____r_}iE_ i

Jining larger axial movement of p,
uﬁf w per revolution. Square thread 1 5
i;fbef“ replaced by Acme thread
. Jdification of the former.

hut or the
Ome extent
which js a

15.3.2. Forms of Vee Threads

(i) British Standard Whitworth
thread. (Fig. 15.6and 15.7 ().

The British Standard Whitworth thread js the old
siandard thread of Britain. It was commonly used byt
has been superseded by I.S.0 metric thread, I B.S.W.
thread the angle between the slopes of the vees
measured in an axial plane is 55° and one-sixth of the
depth of the full vee is rounded of at top and bottom

Method of drawing Whitworth thread section
Fig. 15.6.

Pitch

(B.S.W.)

t.p.i
(dimension H is also known as the height of the

fundamental triangle),

L

(%)

6.

B—

‘—5‘\\

15.283

Draw vertical lines “pitch apart”.
Draw hori zont
depth, H.

Cut off one sixth of the
top and bottom.

Draw the slanting line representing the sides
of the thread.

Fillet the valleys and radius the crests as
shown in detail in Fig. 15.6 (5).

Hatch and dimension as shown.

als to indicate the theoretical

theoretical depth at

(#) British Standard Fine (B.S.F.) Thread. The
pitches of Whitworth series are not fine enough for
many purposes and therefore a system of fine pitches
of the Whitworth form, known as British Standard
Fine Thread, has been adopted from 1/4 inch to 4
inch, both inclusive. B.S.F. thread has larger effective
and core diameter than the B.S.W. thread and enables
small axial adjustments. B.S.F. threads are generally

used in automobiles and aircraft work.

Tl . P P i
- o il |
,\ |\ /‘\ /'_
s 11
3 ;4 2 1. I / I I
. i3
1 -:I:cn \/ | \/ \/ t
P2 |, P A
/
I
| [ : | | "
/
5 Crest H
[ . _.; 7 N
s e ’
%. 55° | § ! .
o f 55° z
:F /; s i) ‘L_._._.-—
AL A 4‘/
% 4 ~N (b)
T valeyy
(a)

Fig. 15.6.

Whitworth thread
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(it7) British Standard Pipe (B.S.P.) British
standard pipe thread is a modification of the
Whitworth thread. Its section has idential
proportions, but finer pitches are provided so 1!131
internal and external threads may be cut on thin tubing
and piping. It is used for iron and steel piping and for
tubes for gas, steam and water. When used for specific
high-pressure applications, the BSP threads are cut
in a tapered rather than a cylindrical surface.

With external pipe threading, the diameter usually
quoted is the bore (against the usual practice) and
not the outside diameter of the thread. Thus,the
outside diameter of a threaded pipe having a bore of
1 inch nominal diameter is 1.309 inch. Pipes of 1 inch
to 6 inch diameters have the same number of threads
perinch, viz. 11.

(fv) British Association (B.A.) Thread. Fig. 15.7
(b). B.A. thread is used in small instruments below
Yainch diameter, B.S.W. thread in the smaller sizes,
say upto 1/8 inch are considerably coarser in pitch
than B.A. thread; consequently the latter hold with
greater tenacity and stronger in cross-section. B.A.
thread of a thread angle of 41'%4".

Theoretical depth, H= 1.136P
Actual depth h= 06P

(v) American National or Sellers Thread. Fig.
15.7 (¢). Itis the old standard vee thread of America
with a thread angle of 60°. Its uses correspond to that
of B.S.W. thread in Britain.

" Theoretical depth, H= 0.866P
Actual depth, h= %H=0.649P
(m_'j ISO Metric Thread. The Indian Standard
Institution has adopted ISO ([nternﬁtional
Organimtian for Standardization) metric thread. The
basic profile of the ISO metric screw thread is a vee-
form thread as shown in Fig. 15.7 (d-1).
In the ISO metric s
The design profiles of external and internal threads.
are shown in [Fig. 15.7 (d-2)]. It may be noted that the
root which is sharp in the basic profile is rounded at
the minor diameter in the design profile of an external
thread. In the case of an internal thread, the root is
rounded at the major diameter to avoid sharp corners,
The following are the relations between the various
parameters designated in Fig. 15.7. (d-2),

E.m

d = Major diameye,
. |
d,=Pitch diameye,

Internal thread

D = Major diameter
D, = Pitch diameter

D, = Minor diameter d; = Minor diamey, |

P= pitch D Y
H= 0.866025p
D= d=major diameter
3
= d-0.64952p
il
= d-1.08253p
H H
dy= dy=2 |5 =) =d-1.22687p
_ D-D; 5
H,= 5 -§H=0.54127p
fo B0y LT
15 5~ 34 H=061343p
H
R= o ~0.14434p

The B.LS. recommends two thread series—coas:
pitch series and fine pitch series. The largest of th

r‘

i 1

pitches associated with a thread diameter is calld

the coarse pitch. The rest of the pitches associad
with that diameter are called fine pitch. The diamet
are given as first choice as second choice, and thit
choice: The coarse series is suitable for fasteners®®
for general purpose application. The fine Sﬂiﬁﬁ‘
used for special applications such as for thin “"l?'i
components, fine adjustment on machine tools, €

The diameter pitch combination for 1.5.0- mel™
screw threads is given in Table.

Todrawing ISO metric thread

(@) To draw an external (bolt thread) MH>
to a scale of 20-] (see Fig. 15.8)

I . N .T. 7. 7. |

; it dre"
l. Drawa horizontal line AB and from !! % ) b

vertical lines (say seven) half a pitch (o™
apart.

‘_A
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P 0.236H

Y

H=H38P h=06P  |0.236H

(b) B.A.Thread

PR, PR
|

A

R R R TR I RRTR R

\

L op |

MMM &

H=0.858P h=0.645P

(¢) Americen National Thread

&

L]

-

™

]
s |
D
g L
2 | 72 L >
=l == N
= - o
ul : Z 2 2
:{1 >

; PJ?,!

0.1395p /

(g) Buttress Thread

5.7, Forms of serew thread

Fig. 1

H=05P

{¢) Square Thread

(h) Knuckle Thread
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Fig. 15.7 (d-1) Basic profile of the ISO metric screw thread
| & Nut \
} Tio \ '\‘A N
) ] f
P 1 ﬁ\ i
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IT| wilo + =
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‘ V/{\V // // Tl
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Fig. 15.7 (d-2)

ISO metric screw thread design profiles of external screw threads

4 Tiw / ; B

L \
30° o
. | / 0° 0y 30

Bolt

Fig. 15.8. 1O metric externg] thread
L
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Fig. 15.9. 1SO metric internal thread

7 Draw the flanks inclined at 30°
3. Join the apex points to obtain the height H.

4. AtH/8 from the top and H/6 from the bottom,
draw horizontal lines.

5. At H/6 bisect the angles marked C and D to

obtain the intersection point £ which must

lie on the vertical construction line.

6. With centre E draw tangential root arcs and
complete the required thread profile by
drawing the thick outlines.

(b) To draw an internal (nut) thread M 24 x 3
toascale of 20:1. (see Fig. 15.9).

l. Process as in the case of external bolt thread
and draw horizontal lines at H/8 from the top
and H/4 from the bottom.

2. Complete the required thread profile by
- drawing the thick outlines.

Designation of ISO metric screw
thread. The pitch-diameter combination of an ISO
metric screw thread is designated by the letter ‘M’
followed by the values of the hominal diameter and
the pitch, with the two values being separated ?)’ the
sign (x). For example a pitch-diameter combination of
thread size 10 mm and pitch 1.25 mm is designated 2
M10x 1.2,

n the designation,

h. For example
thread

. Ifthere is no indication of pitch i
' means the standard coarse pitc :
" 10 designates a pitch diameter combination
%2 10mm and pitch. 1.5 mm.

There are three classes of fit between external
(holt) threads and internal (nut) threads :

(9) The close fit for high quality precision work: it
is a fine tolerance fit and requires very thorough
Inspection.

(i) The Medium fit for general application.

(iif) The free fit for quick and easy assembly with
threads occasionally becoming dirty and shightly
damaged

The complete designation of thread may be given
M 10 x 1.25 - 6H for internal thread and M 10 x 1.25 -
6g for external thread or M 10 x 1.25 — 6H/6g for the
pair; 6H/6g is tolerance class symbol. See Fig. 15. 10.
The class of fit is given in table 15.1.
Table 15.1. Class of fit for threads

Class of fit Tolerance class
Internal External
Close 6H 4h
Medium 6H 62
Free 7H 8g

For external threads
Tolerance position «¢™ (large allowance)

Tolerance position “g" (small allowance)

Tolerance position “h™ (no allowance)

For internal threads
Tolerance position “G" (small allowance)

Tolerance position “H" (no allowance)
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ISO Designation

Normal Dia

Pitch may be omitted

Pitch dia
tolerance symbol

Tolerance position

Tolerance grade

Tolerance grage

; Pitch _fo‘ Goaﬁﬁéhreads M 16 x 15 -5 g 6
M16x15 '7 Crest dia
—\ tolerance
—klance
(__ B Symbog|
L 2]
25 ] =

Fig. 15.10. Thread designation

15.3.3. Square Thread. Fig. 15.7 (e). In
square thread the depth is half the pitch. To draw the
square thread section, first draw two horizontal 1/2 P
apart and then a number of perpendiculars 1/2 P apart
so as to have a row of squares and complete as shown
in Fig. 15.7 (e).
~ 15.3.4. Modification of square vee
form. Fig. 15.7 (/) (g) and (h).

' (i) AcmieThread Fig.15.7 (). Acme literally means
point of perfection. Acme thread is a modification of
square thread. It is easier to cut (due to its taper) as
they can be cut in thread milling machines. Also it is
stronger at the root because of the wider base. Other
advantage of Acme thread over square thread is that
it can be easily disengaged from a split nut, (made in
two halves), as on the lead screw is required. Acme
thread has applications in/valve spindles, lathe lead
screws and heavy power transmission, but its inclined
- flanks give rise to some frictional resistance.

(7)) Buttress Thread. Fig.15.7 (g). Buttress literally

means a projecting support built on to the outside of
a wall: This form of thread is known as Buttress thread
due to its shape. Buttress thread is a combination of
the vee and the square threads. It combine
frictional resistance of the square thread with the
strength of vee thread when the force acts in one
direction only, i.e. at right angles to the vertical face.
It has applications where little work is to be done
during reverse motion as in certain types of screw
presses, quick-acting wood vices, slides breech-locks
of large guns, jacks in aeroplane propellers, etc.

Buttress thread is easily produced in thread mj| ing
and thread grinding machines.

Theoretical depth, H= P

Actual depth, H= 3/4H=0.75p

Fig. 15.7 (g) shows the profile of modern buttres
thread.

(iif) Knuckle Thread. Fig. 15.7 (). Though knuckle
thread is a crude thread, it is the only thread which
can be rolled as well as cast. It is a special purpose
thread having applications where there is rough usage
and heavy wear. Knuckle thread is used in instances
where the corners of screw are liable to be damaged
as in heavy outdoor applications. It is used in modified
forms in electric bulbs and sockets, bottle tops,
fountain pen caps, hydrants, etc.

Inknuckle thread there is an increased amount of
screw friction, so that rather more clearance between
screw and nut is necessary.

The depth of knuckle thread is % P. To draw 2
knuckle section, on either side of a thin centre line
describe arow of tangential semicircles of radius %P

15.4. TRUE PROJECTION OF SCREW
THREAD '

The true shape of a screw thread is a helical curve

The true projections of a vee thread and squart
thread are shown in Fig. 15.11 and 15.12 respectively

.AS the time and labour involved in drawing ¢
Projections is considerable they are generally not U
In practice; instead quick conventional methods &%
used, as given below.

e
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Nut

---------

H=-61P \

- External Internal

Fig. 15.11. True projection of vee threads
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External : ///l;‘,tfjﬁi'
Fig. 15.12. True projection of square threads

f
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15.5. CONVENTIONAL REPRESENTATION y c
OF SCREW THREADS | —— . \
15.5.1 Vee Thread (See Fig. 15.13) g J
To draw by a conventional method a righthanded .
ISO metric threaded piece, 36 mm diameter, 75 mm
long and pitch 4 mm. Q2 e w—
. Draw two rectangle of 36 mm x 75 mm. ;
2. Forright hand thread, mark off 4 mm (equal -
to pitch) spaces along the bottom of the Section XX X
rectangie.'l\d.a_rk off 2 mm (equal to 1/2 P) for Fig. 15.15. Conventional representatioy
the first division at the top left-hand end of (symbol) of extenal threads
the rectangle, and make all the other spaces
4 mm (equal to pitch) along the top. Join the W{ ______
points as shown. P4l =
Slope of each line=2mm= 1/2 P. L —
v |

The depth of the thread =0.61 P=0.61 x4 = 1

2.44 mm (exact 2.45 mm according to the

table). Therefore, draw very light lines 2.5 W S
I
N

mm from the top and bottom of the rectangle o —-—-——7)

to indicate depth. " Y

4. Draw the dark lines (representing the valleys) //////////m
‘_'“:ﬁwa}’ between the light sloping lines Fig. 15.16. Conventional representation
indicating crests. (symbol) of intenal threads

Ez;;:;gf_zsd; E:‘_”mfi -l shtow iraring?lthe defining the crests of the threads. For an end view of
PICHENE the cresicand tie valloy sorew threads, the thread roots are represented by

are joined which gives the slope of vee as ] :
shown in Fig. 15.14. Also see Fig, 15.4 and part of a circle, about three quarters the circumference

note the slope of internal threads in section =~ tengt;
which is opposite to that of the external Note. In assemblies of threaded parts externtly
threads because in section the other side of ~ threaded parts are always shown covering internt/)
is hole visible. threaded parts and are not hidden by them as shown infi¢
. . 15.17. |
Simple Thread Convention or Symbol —
The simplest thread convention or rather symbol - —t-T
is drawing two lines to indicate the depth of the thread \

asrepresented in Fig. 15.15t0 15.18.

Fig. 15.15and 15.16 show the external and internal
thread respectively.

For visible screw threads, the crests of threads i ] - _I;[f i

are defined by a continuous thick line and roots of
threads by a continous thin line. For hidden screw
threads the crest and the roots of threads are shown
by medium thick short dashes. In threaded parts o
shown in section, hatching is extended to the line 15.17. Assembly of threaded parts
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15.5.2- Pipe Threads |
Fig. 15.18 shows conventions of representing
external pipe threads in section.
Fig. 15.19 shows conventions of interna] pipe
(hread in section.

15.5.3. Square Threads [Fig. 15.20 (a)]

To draw by a conventional method a right-handed
and a left-handed square threaded piece 100 mm
diameter, 150 mm long and pitch 24 mm,

() Normal method
1. Draw two rectangles 100 mm x 150 mm.

AN

= External Thread

(Section)

EOMINNNNINN NIRRT
(a)

2. Mark space 12 mm (1/2 V) along the g
and bottom of the rectangls

3. The depth being 1/2 P, deaw hetisemsat e
12 mm from the top and botters of W
rectangle,

-

4. Finish off the threads as shown in Fig 528
(a).
Fig. 15.20 (b) shows the conventionz
representation of internal threads, Note in seesior
the thread has square shape.

\ \\\\\\\\Q\\\\ W

{ \ \\\\\\\ SOCMAR R R R Y

(b)

¥'ig. 15.18. External pipe threads in section

ATEEE T LR

[
Internal thread

SHTTFIETIRTRINS SN

)

— =

(Section) : '
Iy A G:AHHsT:E:IIIrrEEER \\\\\\I\\ CURERRERNNRNE
(b) (c)
“ Fig. 15.19. Internal pipe threads in section
|12r12|12E12 P | / 4 P
L L 777 R
l — s
F—P Section //,4
5 L. .ol 8 - L
3 M4+ B <
SRR HH RS
- % 45
ey = Slope ':% P Left Hand
Right Hand

Fig. 15.20 (a)Conventio

nal representation of square threads — external threads
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Fig. 15.20 (b) Conventional representation of

square threads - internal threads

(i) Elaborate method : For a large or show
drawing the thread may be drawn as shown in Fig.
I5.21, which gives the idea of the sides of the threads.
Study the figure minutely for clearly understanding

the construction.

Screw o ocrew Nut A
only and nut only "]

7
,/

Fig. 15.21. Elaborate conventional
of square threads

95 e
e 12

representation

——______’EIACHIMEDRA%
15.6. EXAMPLE OF THREADE P|ECE\\! SCRE!
. §
1. Lifting Eye-bolt
Fig 15.22 shows an eye bo) Used fop .
machines. Itis screwed above the centre Mgrayl-ﬁing -
the job. ty ,,:h
$0.8D
- 15
7 15.7.
L=
Fif
comPD-
D 0 turn ne
- cord W
agains
compo:
similar
Fig. 15.22, Lifting eye bolt shown ]

2. Adjustable joint for round rods

The joint shown in Fig. 15.23 is used fir
connection of tension members of steel structurs
cranes, tension rope of telegraph and electric poles
etc. The joint allows length of a tie bar to be adjustad
Looking from the right, if the nut is tuned in
clockwise direction the ends of the rods will mov
closer to each other but jf it is turned in the
anticlockwise direction they will move further apat

3. Coupler

Fig. 15.24 shows 2 coupler which is used f
railway carriage,

777777 A ’/////////////}’/

g5 & ‘“F““%L

S SRR

60 _‘

! ! ~170

Fig. 15.

) L.
60

23. Adjustable Jjoint for round rods
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nurl
SQ Thd.x8(L.H.)

AT : |

Fig. 15.24. Coupler for railway carriage
7. MULTI-START THR i
15.7 EADS In single-start threads if the axial advance of nut

Fig. 15.25. and 15.26. A single-start thread js  Per revolution is increased by increasing the pitch,
composed of a single ridge around a shaft with each the depth is correspondingly increased, as there is a
rurn next to the pervious turn. It is similar to a single  definite relation between pitch and the depth. It
cord wound r.ound a rod each turn packed tightly reduces the minimum cross-section of the bolt and
against the previous one. Multiple threads are  thus the bolt becomes weak.
composed of two or more ridges side by side which is In multiple start threads
similar to two or more cords wound round a rod as

i 5 Lead= pi ;
shown Fig.15.25. ead= pitch x number of start

Lead _:

Lead
(b)

15.25. Single and multi-start threads

Fig.
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Thread dia

| _Lead |

Mean dia
Thread dia

—-—
—
—

Pitch

Thus for the lead the pitch and consequently the
depth decrease as the number of start increases as
shown in Fig. 15.25. Therefore the application of multi-
start thread is where large lead is required without
reducing the cross-section of the nut. Multiple-start
threads are also used where easy screwing is required
as in the cap of fountain pens, valve stems, etc.
Note : In even number of threads, as two-start and
four-start, the crests on both sides are directly opposite
each other. In odd number of threads, as in single-start and
three-start crest on one side of the screw is opposite the
root of the other.

15.8. NUTS

A nut has internal threads. The most common
form of nuts is hexagonal. It roughly comprises a
hexagonal prism. For screwing it is turned by a
spanner (of the open-ended, ring or socket type) and
a new hold is obtained by turning through 60°. In
square nuts the spanner has a better hold but a new
hold is obtained by turning through 90° and hence it
is not so convenient. Besides hexagonal and square
shf:pe, cylindrical and other forms are also used to
suit particular requirements,

Hexagonal Nut. Fig. 15.27 shows a hexagonal
nut. The upper comers of the hexagonal prism are
bevelled off or chamfered at 30° ¢o the base of the

nut. It is done to remove the sharp comers whi
which ma
hurt the workman. The chamfering is general ly conica{

The dfmensions of the hexagonal nut cannot be
expressed in terms of the nominal diameter of the bolt.
The ]'ﬂdllalil Standards proportions for nuts and bolts
are given n table at the end of the book. The three
important dimensions of a hexagonal nut are size
across corner, size across flats and height.

] : For
elementary work the following approxim

ate

Fig. 15.26. Depth of multi-start threads

dimensions expressed in terms of D, the diamg,
the serewed hole in the nut, may be useq. :

Table15.3. Approximate dimensgp,
of hexagonal nut

Let D =Diameter of the screwed hole m_!m
and outside or nominal diameter of bolt. 1

Size across flats =125D+6my
Size across corners = (Flats) = ]-555
Height of nut =08DtoD
Radius of front chamfer =Dto128§
Chamfer at top = 30° to base of ns

The following procedure should be adopted »
drawing three views of a hexagonal nut.

1. Commence with the plan. Draw acircle (oper
ended) equal to D to represent nominal or outsié
diameter. To represent minor (or root or core) diame
draw a full circle of 3/4 D. Describe third circle w
diameter equal to size across flats. This represt
chamfer circle. Using tee square and 60° set-sq

circumscribe a regular hexagon, thus completing e
plan.

2. To draw the front elevation, project outliot
from the plan and describe are ABC of radis I"{B'
cutting the verticals in A and C. Mark off the po**
D, A, C. E in one line. Draw the vertical throug’"
bisecting the distance between D and A. Joi" Dlg.-
and bisect at right angles, thus locating the ‘e."uemé
arc DKA. Similarly, draw the arc CLE. BY usifé
30° set-square chamfer the corners..

3. Todraw the side view, projectits O“Hmcf;:;
the front elévation and plan; Mark off points o
the same line as D, A, C, E. Draw the aref_'- 2
GNH in the same way as in the front elevation

Ofa
the

Slan
giVe

| -
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Size across corners
Size across'flats N
. 1M IN
\ i G i H
Al il
I i
¥ il
:},l Hi
! T} S i
I 1 1
i }
b Flats x 1.155 d / —y
| = >
' ‘
'Dl : |
2 "
1 ' /
Yl
Fig. 15.27. Hexagonl nut
Important Note:

I. When two or more views of a hexagonal nut are
required commence with the view showing the
circles. thus using the “Size across flats™.

When only one view of the nut is to be drawn it
should be the view having “Size across corners”.
On elevation showing three faces of the hexagonal
nuts. show the upper corners chamfered.

i Onelevation showing two faces of the hexagonal

nut, show upper corner square. Remember always
¢ is obtained.

r

e

that in this view a rectangular outlin

Sketching a hexagonal nut. For CIUiCE
Ekmhi“g proportions take ‘“‘size across corner
2D,

Fig. 15.28 shows the steps in sketching a nut.

Square nut, Fig. 15.29 shows the three vicw.'s
Grasq“m nut. In this nut the distance a cross ﬂat.s *
Le Sme  as in the hexagonal nut. The Indian
:.LandardS proportions for square bolts and nuts are
-"Mintable at end of the book. The following aré

€3 i .
PProximate proportions.

Fig. 15.28. Steps in sketching a nut
Table 15.4Appmximatepmportion ofsquare nut

D
= D + 6 mm
Size across flats I;S o
Gjze across cOrners = (flats) 2
= (flats) x 1.414
Radius of the view across flat =1.75D
Fie. 15.30showsa spanner which holds the “'size
= *

across flats” of a nut of any shape.
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(a)

dg rox.
10 PP

Flats
O
Q
<

LI | .
View across flats

)
Fig. 15.29. Square nut

15.9. BOLTS AND NUTS

Example. To draw three views ofa 24 mm diameter,
95 mm long, hexagonal-headed bolt and nut, F ig. 15.31.

1. Draw the centre line of the front view and
about it draw the rectangle 24 mm x 95 mm_

2. Describe acircle in the end view of diameter
1.25D + 6 mm (size across flat), and about it

circumscribe a regular hexagon using the tee
and the 60° set-square.

3. Anywhere on the threaded portion of the
bolt draw the front view of the nut outline, projected

-square

L/

!
Fig. 15.30. Spanner
from the end view. Similarly add the outlin¢ bolt

head
1
Bolt heads are usually thinner than nuts, about~

3
4. Take the pitch of the screw threads ®
from table and complete the views as sho¥™

: nut-
Fig. 15.32 shows square-headed bolt and

d
Table 15.5. .S.1 specification for thre?
length (1.5.1363-1060)

[eng!
Bolt length Thread

mm
(i) For lengths up to and 2D+

including 80 mm
(if) For lengths above 80 mm
and including 200 mm

: 20 ™
(ii) For length above 200 mm ___.Edj/
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'f

ErB L=

i

N
Mﬁhq:

|
.

End view

Slope 1.5 ?

Elevation

(b) Finished view
Fig. 15.31. Steps in drawing three views of hexagonal-headed bolt and nut

P s
YN / ﬂjDA

I A -
o _I_ ——3- & =] - -

N —\ / \ /

\>+2
T
Fig. 15.32. Square-headed bolt and nut .

Designation. A black hexagonal bolt of nominal
diameter 12 mm and length 70 mm provided with a
hexagonal nut is designated as Hexagonal bolt
MI2 x 70 N [IS : 1363]. Leading dimensions of bolts
and nuts are given in table at the end of the book.

15.9.1. Other Forms of Boltheads and
Nuts ' :

Tee and Cheese heads. Fig. 15.33 (@) and (6)
Show respectively a tee head and cheese or cylindrical
head. The tee-headed bolts are used as fasteners
Where bolts can slide in tee slots as in lathes and
Other machine tools. Cheese head is easy to
Manufacture by turning in lathes.

Note : A square on the shaft is represented
‘Onventionally by two thin cross line.

Castle Nut. Fig. 15.34 (a) show
€astle nut, The castle nut consists O

s two views of 2
f a simple

.hexagonal nut with a superimposed cylindrical portion
of the shape of a castle. Six slot are cut in the circular
portion for inserting a split pin for locking. Locking
can be done at every 60° or 1/6th revolution of the
nut. This nut is largely used in automobile work and
in machine parts subjected to sudden shocks and

. much vibration. The dimensions of castle nut should

be taken from the table given at the end of the book.

For castle nut of about 25 mm diameter the
following approximate proportion can be used.

s=d,=D.W=11D,M0.1D,n=025D

The views of castle nut should be drawn commencing
with plan. as it contains circles. Note the projection
of slots. The slot in elevation shows true shape as it
is parallel to the plane of projection (V.P.) The side
slots are inclined. to V.P, and therefore they are

Note:

narrower in elevation,
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Washers. Fig. 15.36. Washer is a metal piece
placed below the nut or below head in case of tap bolt
or screw to serve the following purposes :
2D+3

- -l

e

Fig. 15.36. Washer

I. To provide a smooth seating for the nut to
turn on.
2. Todistribute the force over a large area.
" 3. To prevent the nut from cutting into the

0.12D

e
1 |

metal.
Table 15.6. Dimensions of washer of
for drawing purpose:
Diameter of washer =2Dto 2D + 3D
Thickness of whasher =.012D 10 0.2D
Diameter of hole =D+0.5mmtoD+ Ilmm
Chamfer, if provided = 3(°

1510. PREVENTION OF BOLT HEAD
ROTATION

Fig. 15.37. Ifthreads of nut are even slightly tight
on threads of bolt when nut is screwed, the whole
bolt rotates and nut cannot be tightened. The only
way to tighten the nut is to hold the bolt head by
hand or spanner or better to provide something to
prevent bolt head rotation.

The two methods of preventing bolt head
rotation are :
|. to provide square neck in bolt which fits in a
square hole [see Fig. 15.37(a)].
2. to provide' a snug, a pin fixed near the bolt
head or an integral projection below the bolt head,
whiich fits in a corresponding hole in the object. [See

Fig. 15.37(b)and (¢)].

0.75D

]
L
=4
c

0.75D

T
N

(a) Squareneck (b)) Snug (separate pin)

Fig. 15.37. Preveation of bolt head rotatioy,
15.11. LOCKING DEVICES

When a bolted machine part is subjecteq "
vibration the nut tends to get loose or slacken back.
as in crossheads and connecting rods. Many locking
devices for nuts are used in practice.

Some are friction locks and some are positiye
locks. The important of these devices are describe
below.

1. Lock Nut. Fig. 15.38. This is the mos

common locking device. In this device a nutis |

tightened in the ordinary way and then another nutis
tightened over it almost to its limit. The upper nutis
then held by a spanner while the lower nut is tumed
back as far as possible by another spanner. The

threads of the two nuts will now be in contacts |
shown in Fig. 15.38 () with opposite clearances which
provide a wedging action. The upper nut carries ¢ |

total axial load and is made of normal thickness whilt

the lower nut is reduced in thickness to one-halfor |
two-third of this for the sake of economy [see FiZ- |

15.38 (a)]

However, in majority of the cases the smallerni! |

is putat the top as placing it in the bottom necessita®
the use of a thin spanner which is not genﬁfau?
available [see Fig. 15.38 (b)]. Sometimes a
compromise both nuts are made in thickness equal
three-fourth of the normal [see Fig. 15.38 (c)]

2. Pins. Fig. 15.39 and 15.40 (d,e). Ther¢
three types of pins—cylindrical, tapered and spll
Tapered pins may be used passing through the bﬂlf
and the middle of the nut. Tapered pins generalfﬁ
have a taper of 1 in 50. Split pins are driven throvs
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i Lock nut

Lock nut

0.5D to

i
&

15.301
s
(] [ g
al° DF
~
=]

H=D

_0.75D

2277

(@)
() (c)
— —4-
.L lorlL F a
(a) Cylindrical pin
Taper 1:50 Taper 1:50
e ce—
c
L ) L
(d) (b) Solid tapered pin _ (c)Split tapered pin

Fig. 15.38. Lock nut

the bolt above the nut [see Fig. 15.39(;]. When pins
are used, threads on the bolt are turned down to core
diameter to avoid the burring of the threads caused
by drilling. Pins are often used as extra locking
Arangements.

3. Castle Nut. See Fig. 15.34 (a)

4. Slotted Nut. See Fig. 15.34 (b) and
15.40@}_ :

5. Sawn nut or Wiles lock nut. F}E-
1540 (5). Asawn nutis aregular hexagonal nut having
45w cut and is screwed in the normal way and th;n
locked by tightening the set-screw. The hole of the
*elscrew in the upper portion of the nut is a clearance

.

Fig. 15.39. Cylindrical and tapered pins

hole whereas in the lower portjon it is tapped. In small
nuts instead of using a set-screw, locking is done by
hammering the two halves of the nut together.

6. Ring, Penn and Grooved Nut. Fig.
15.41. A grooved nut is a regular nut with a cylindrical
extension on the lower part, which sits in a
counterboard hole. Locking is done by a set-screw
passing from the edge which bears in a recess in the
cylindrical portion. This method of locking is only
possible if the bolt is reasonably near the edge as in
the marine type connecting rod ends. If the edge is
not near, a separate collar may be used as in Fig.

1541.
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Slotted Nut Sawn Nut Locking by spiit pin
(a) . (b) (0)
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J OL‘ was
@ ! Tapered Pin /(o) -
Fig. 15.40. Locking devices Sfor nut ?Vc;!
. . of t
| 4 . Stop or Locking Plate. Fig. 1542 |
shm\.vs a locking plate, Adjustment of the nut is !
' possible by angular interval of 60°. In small nuts 3
copper or brass strip with a hole for the bolt s used. I
Q .
% | 8
N o
1.35
S . D Locking plate
0.20] N ] .:__.\_
| " =,

~

0.25D_,

———
g \\%/::;

Fig. 15.41, Ring Penn or Grooved nut

with separate collay ; o
i Fig. 15.42. Stop or locking plate |

iy
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(a) single cojl

(a) Double cojf

S
J 4l
1L

A
1]s|]
1,

JSﬁ_ﬂ:’ min
A

Chain line is shown for
flat end spring washer

& r
‘/_
Detail at A s | 5
h, |
hy = (2s + 2K) ey Section XX

Fig. 15.43. Spring washer

After tightening the nut the two edges of the strip are
tuned up and down respectively.

8. Spring Washers. Fig. 15.43. Spring
washers are often used under the nut for locking . By

putting a spring washer under the nut thread of the -

the other. When there is not sufficient space on one
side either a tap bolt or a stud is used.

- A tap bolt is an ordinary bolt [see Fig. 15.44, and
Fig. 15.46 (c)] but threaded almost throughout its
length. It passes through a clearance hole in one

bolt is pressed against the thread of the nut. Spring
washers may be single coil or double coil. The ends
of the washers may be bent or flat.

machine part and screwed in a tapped hole in other.
Tap bolts should not be used when screwing and

P
r

| T3
(. Il |
e

///

Ilﬂi _
N\

% T

(a)

=

Fig. 15.44. Tap bolt

1512, TAP BOLTS AND STUDS

Fig. 15.44 and Fig. 15.46 (¢). '
_ Bolt and nuts can be used only _when there l:
SUfficient space for bolt head on one side and nut 0

unscrewing is required often, -otherwise the threads
are damaged particularly if the material is cast iron. (A
tap bolt or set-screw may be used as an adjusting
screw and to close a hole meant for a lifting screw.
The eye bolt shown in Fig. 15.22 is a form of tap bolt).

The above disadvantage of tap bolt is eliminated
in the use of a studs [Fig. 15.45 (a)], which are used
for components that are removed frequently, like
cylinder heads, cover lids, etc. A stud is a cylindrical
piece threaded at both ends and plain in the middle.
One end of stud is screwed tightly in a tapped hole of
one machine part. The plain portion passes through
the second part and the nut is tightened over 1t At
(b) the stud has a squre neck. At (¢) is a stud with a
collar. The two removing parts can be s‘eparated by
simply removing the nut without uncrewing the stud.
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Fig. 15.45. Different types of studs

Thus the threads in the tapped hole are not damaged.
Fig. 15.46 shows the use of bolt, stud, and tap bolt.

~

(b) Stud

(n) Bolt (c) Tap bolt

Fig. 15.46 Use of bolt, stud, and tap bolt

To ensure that the nut is fully engaged when
assembled the bolt or stud thread must be long
enough to extend on both sides of the nut in its
tightened position, as shown in Fig. 15.46 (@) and (b).

Methods of tightening a stud. A stud
with plain cylindrical middle cannot be tightened in
the tapped hole by a spanner or an ordinary nut. It
may be tightened by two nuts locked mutually upon
the upper cylindrical portion. For unscrewing the stud
the same methods as for fixing is used.

15.13. ENDS OF DRILLED HOLES ANp
SCREWED PIECES

A drill has a conical end with an angle of 11§
The drilled end of a hole in drawing is made with
angle of 120° for convenience (see Fig. 15.47). Tr

_ diameter of the drilled hole is the core diameter oftre

tapped hole. In order to facilitate tapping of 2 blird
hole, the depth of the drilled hole should always be
greater than the length of the threaded portion =
shown in Fig. 15.45 (c). Note that the threads inth
hole appear left-handed for a right-handed stud or
screw. The stud or screw should never bear again
the bottom of the tapped hole. A gap of two or thre
times the thread pitch is left to allow for partially &
thread at the bottom of the hole. )

Note the left-handed appearance of threads "i
tapped hole under the stud (having right-hand®
threads). The screwed depth for cast iron ma;}_b"
taken 1 %4 D and the depth of the tapped hole 1+

15.14. MACHINE SCREWS - '
Machine screws are used in machines

. 451
fastening two parts together. One of the parts h-I{
YWE-

tapped hole and the other part has clearance he*
The screw is used by passing it through the clea

hole in one part to screw into the threaded hol¢!

ranc

other. Screws are not secured by a nut. various 107"
of machine screws are shown in Fig. 1548

S

pthd ¢
5

)
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Fig. 15.47. Ends of drilled holesand screwed pieces
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(a) Rounded head (b) Pan head (c) Fillister (d) Oval (c) Flat-countersink

Fig. 15.48. Various types of machine screws

They are provided with a slot in the head for a
screw driver. The thread for the countersunk-head
screw is taken up to the head while for the others a
distance equal to 2 x pitch or less is left plain.

Set-screws. Set-screws are mainly used for
Preventing relative movement between two machine
Parts such as between eccentric sheave and
Crankshaft of a steam engine. The various types of
Set-screws and their heads are shown in Fig. 15.49.
The headless type of set screw are known as g ub
Screws. These are used where a projecting head would
be dangerous, They may be provided with a slot for
SCrew driver or a hexagonal hole for a wrench. Grub
STews are used for locating collars.

15.15. FOUNDATION BOLTS

Foundation bolts are used for fixing machines to
their foundations. They are of various shapes. The
common method of fixing a foundation bolt is to
suspend it in a hole and after levelling the machine fill
the same with a fine thin grout consisting of equal
parts of sand and cement. When grout is set, which
takes about a week, the nut is finally adjusted.

Instead of cement grout molten lead and sulphur
may be employed. The advantage of lead and sulphur
is that they set in a few minutes. Lead requites caulking
after it has set. The various types of foundation bolts

are given below :
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1. Loop bolt. A simple form of foundation
bolt is forged from a mild steel bar by forming an eye
at the bottom. A cross piece is fixed in the eye [see
Fig, 15.50 ()]

2. Bolt with square plate. At (b) is
shown a bolt with a square neck carrying a square
plate. The square plate distributes load over a larger

area. >

3. Ragbolt. At15.50 (¢)is showna Rag bolt
which is used for fixing heavy machines to stone or
concrete foundations. It is a tapered bolt of rectangular

section. Its edges or sides are indented or gashed
with a black smit’s sett.

4. Cottered bolt. At 15.50 (d) is shown a
cottered bolt which is used in various forms. It consists
of a cotter bearing against a washer and is screwed
below the floor or foundation level. It should be noted

N Ris / E [ €2 S \ ‘
15.306 MACHINE DRy,
==X
Wrench ?1\
n M omom
| - | |
l | |
'* ‘ > e
30, I :
<D D o
: ] I
PAMY
> L 4
{ 1/ b 2_' \J 7
Y Cone point Cup point
(a) Square cog point (b) Oval (€) Screw driver head Flat point

Fig. 15.49. Various types of set-screws

that the cotter slot must be longer than the full depth
of the horns or extended ends of the cotter,

5. Lewis Bolt. At15.50 (e) is shown aLewi
bolt which is used for temporary foundation and for
slinging blocks of stone. It has one tapering side
which lies against a side of the hole having
corresponding taper. This bolt can be easily withdraw
by simply removing the key.

6. Foundation Nut and Screw. A
15.50 () is shown a foundation nut and screw. The
nut is grouted in the floor without any projection and :
therefore machine can be slide over without !iﬁiﬂg- '
After putting the machine in position and leveiling L
the screw is tightened by an Allen key. The machin®

can be easily removed by simply withdrawing ¢
screw. |
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Fig. 15.50. Foundation bolts
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