s { | s
[N —— o
i 1 H Y
(YY) N _\ (AN i
%1 AR 7
W NS

N S ERNNAN
\\\\\\\\\\\ “\\\“\///// %

.-\\\\\)’t/.l (ZARNRRS i
N NN

u.{
I .
B

Mo,
N\

&
£ -
[ ]

F AN

i 47 4

T T—

s

"

'
 —

7 NN

NN
AR
NN




FASTENERS

T TS
| LQJ{ lo_?;d ot —__ ! >
| b= e A

T ! ' h

. s i ) 0.‘4d
| Ny N | L
2 \\g 'I \\\\§\§§Zmééﬁ S§§\\§ ]I . \\

\
|
|
|

Q@ ©

Tap Bolt | - Stud



1SO MIE"HH(T PRECISION HEXAGON BOLTS AND SCREWS
(from BS 1692)
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WASHERS FOR MEXACON BOI. TS AND NUTS CLEARANCE HOLES FUR METRIC |
METRIC SERIES ‘ (from BS 4186)
(from 8BS 43230
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Castle nuts and »plit plne
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6) Set SCrews:
—

These tyres or SCrews are aged Lo pLrevent relative motion

between PArts. They may he ugego instead of a key in light power

transmission. They may uluo be wied in connection with a feather

key to Prevent axijal motiocn,
Various combinationsy o' heads ung Points or get SCrews
are shown below.
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Locking Devices

SELF LOCKING NUT




Keys & I'ius

Produotion of & KEY SEAT by unilling oulters .
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Reysg:

Keys and plns

They are used to prevent relative motion belween a shaft and

the connected member -~ hrough which torque 1s being transuwitted.

Common t4pes of keys:

1) The saddle key: a) ilollow saddle

b) Flat gaddie

A saddle key may be straight or tapered.

A straight key should be used with a set® gcrew.

u
ey

// l
'/..f //,/l / Hub
—/,/ /// :
£
///////l/// TG \ R
/ A |
) \ 37,\\ shalt
ol Vlow saddle '

iat  gackdle
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2) The fquare key:
D S0Te key

Ie" common ih generay Industria) machinary,
May pe tapered or Strajght,

“[[_]
b |

b=t
'3) The flat key:
e SEL ARGy ¢

May be tapereq or straight.

For botn Square ang flat keys jir tapered the height is tapered by 1:9¢
They may have €ib heads

to facilitate removal,

4) The Kennegy key:
———11€dy key:

For heavy duty installationu.

11



5) The Woodrurf key:
-W—.M

Suitable for very small torques fo avold

troublesone fitting;

It does no tipping or re

Iling.
Well adapted to tapered shafts.
et _"\\\
: e % Y
3 - ‘L \\\>y\
o Y
S +

6) The round key:
i ot Y

For heavy duty installations.

B O el e
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The function of .pins may e classified ag follows:

1) Egpating-pinq(ggyel pl

g8 or Dowels for short):
They fix the relative

rosltion of two parts,

ing on them.

Negligible forces act

13



+2) Shear pines:

They_tranqmit gervice loads.

They mdy be tapered or stralght.

A ‘
{ '
Staigrht pin £ N i h\

y’.

To aveid
unecessar,

wea kcninre
of the sha

They haye the function of a shear pin but aré designed to fail at =

predetermined load and thus protect expensive parts from damage.
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HELICAL COMPRESSION SPRING

Sectioned $pring

d = Wire diarneter

D := Coil Diameter

U= Free length

L = Cornprassed length
p = pitch

ar= -
Gt
=
=

=

Compressed spring

—

C—
I
i - ’
= . ==
e il
s g
('_</< ’
/‘>,5
(et ’
_'/":>./
(--f_::' =
Plain Ends Plain and Squared ends Squared and
Ground erids Ground ends
Type of Ends Total Coils Solid length Free Length
Plain n (n+1)d np+d
Plain and Ground n nd np
- squared 2 (n+3)d np+3d
Squared and ground ) (n+2)d np+2d

n = number of gctive coils

15
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Antifriction Bearings

Ball Bearings

Single row Deep groovs ball bearings Angular contact D.G. ball bearings

1

A S RN T B

L E ‘. PR ." P 40N l
Deep groove Thrust bhll bearings




Antifriction Bearings (2)
Rolleg' Bearings '

Sk

(10

GOSN G

. !
Tapered thrust roller bearings ' 3earing Fixations
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Main types of ball be
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(ears
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. l;.._ Tooth Y el P‘(C(‘i
. Dedendum thicknegg ™ =}~ I M'Z e
S P
S iy =
Cleranze - “Fi Ny
R < Fillet

radius
Dedendum ~ Clearance
ci'cle circle

T
~ \~\\
B\

Momenclatre of gear reeth,
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GEARS

g&‘d %:ch Circle
?37

Deddendum C|rcae Addendum Circle:

Spur Gear Geometry

£ ~-
Spur Gear Side View Spur Gear Sec. Side View
S y:cn 5
1 2
l RH. Pinion >~ | | ~ [
/ .y e TR
/ - 7
— T -.I S— po— 1— o A
|
L.H. Gear J' - 4
- = | /—" |
| \
el \\
. e s ik e 2
Helical Gear Elevation Hslical Gear Side View  Helical Gear Sec. Side View
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Rack and Pinion Fack and Pinion Rack and Pinion
Elevation Side View Sec. Side View
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Straight BLVeI Gears Straight Bevel Gears
Sec. Side View

_ T I o G
Worm & Worm-Wheel Worm & Worm -Wheel Worm & Worm-Wheel
Elevation Side View Sec. Side View

~
)
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Weldod Joints

1. Fabrication in which welding is uscd ng an alterhalive for

casting or forging:.

J;NI'EED’J | / O
i / t
| / E;/, // j //

peiss v

—
\
v

. Welded arm
Casted brachket Welded bracket

2 _ Fabrication in which weldinpg in gsubstituted for riveting.

\: \\ Wk } -\( E N \§§§§§3
{ 74 ;/////////// v }7/;”/7;/7/—‘/1?: }
3 " L
Lap welded joint : Lap rivctcd Joint
3~ Welding is used as a repair medium.
To fill a crack , To 111 a gap

) /,/7/7// * T

To repair a worn surface . To weld a broken

\ . ’ mcmber

" ///j’g

/// 7

g
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WELD &

SYMBOLS
Butt - Welding Fillet -Welding
/“H‘ A i
ik P ) "ég ]
g o
Square

Single - Fillet

‘ [——‘—f""/}ﬂ———' /,/";"J' L_f:li
i ‘;ﬁ’ 4 l L -

A-B—\1
: [ il
Open Square Double - Fillet
‘ D A5
40° -
| ok ik £ % %
| 7 . K | T Y
2 , .
40° Single - V Single - Bevel
50
s R4 [:}D D -
(7 l | [ | Y
TN A
40° Single - Bevel Double - Bevel
; 40 5
ﬁg;
7 a3
%’ 4 .. L |
3

L
B

Double - Fillet

40° Double - Bevel




Filts and Tolerances

In the ISO system there are 27 positions provided for 18 grades of tolerances

on both shaft and holes. This gives wide range of tclerance zone positions varying
from above to below the basic size for both shaft and holes.

a,b,ccdd e, ef f fg, a9, h,j, k m,n, p.rs,tu v xy,z za, zb, zc
- Lower case letters are designated for shatt tolerance and capital letters for holes
- The "H" hole is the only one which has the basic size at the lower limit.
- The "h" shatt is the only one which has the basic size at the upper limit.
These two fundamental deviaticns (zero for both "h" shaft and "H" hole) enable a

selection of fits to be made on either shatft or hole basis.

Haole Tolerance

' T PG Y 5
Upper deviation %/?ﬁ/ o /é Tolerance] N g
; s { {/ # Vi (Fundamental deviafion)
XZéizf KXXzGg— 1
Max. i ) ~ {Min.__ _ _|[Basic Sizg
L Limit
T
/ / v/? / ‘///
A A AN
ShaftTolerance
. Ay AN NI = S
[Tolerance]
L.ower deviation o Upper Limit
' (Fundamental daviation)
B A NS [
| Max. | [BasicSizd
Min. = = 1r —
Limit mit

Upper deviation = d may -d basic Lower deviation = d min. - d basic

Tolarance = o max. - d min.

25



The hole basis system

Fits are obtained by regarding the hole dimension as standard with zero
fundamiental deviation “H” &nd varying the fundamental deviation of the shaft
to suit. The 18 grades of tolerances is applied to alter the size of tolerance
zones when required.

The shaft basis system

In this case the fundamenial deviation of the shaft is zero “h” and fits are
obtained by varying the fundamental deviation of the hole as well as applying
the 18 grades of tolerances.

Note: + It ks iraportant to note that the hole base system is most commonly
used b it~is, easier to produce standard holes by drilling or

reaming and than turning the shaft to suit the fit desired where it is
easier to get accurate measurements.

4 In some cases the shaft basis system is required as in case when
turning different parts on one shaft with constant diameter.

Designation of fits

For a hole H®Y
N
4
A capital letter indicates 1he A number indicating
position of tolerance the grade of tolerance
(H—zero fundamental deviztion) '
For a shaft | d
rForasnan V, :
¥ QM
A jower case letter indicates the A number indicating
position of tolerance the grade of tolerance

(d — -ve fundamental deviation)
the fit is therefore designated as HY9-d10

Example: Applying H9-d10 fit to a &0 mm shaft basic size using tables we
have the tolerancas limits:

Mols + 0.074 | Shaft -0.100
0.000 | 20.220
d hole max. = 80.074 mm d shaft max. = 79.900 mm

d hole min. = 80.000 mm d shaftmin. = 79.780 mm

26



Min. clearance

Hole Basis System

Comparison between the three classes of Fits

\

N\\§ |
N\

NN

2
-

>

Max. clearance

2 3

ANN

N

LN AW

R

Basic
Size

Woindiosd

Max. clearance

\

N

N\

7

Clearance Fit

d shar < d hole

Positive allowance -

Min. clearance = d hole min. - d shaft max.
Max. clearance =0 set max. - 0 nte min.

hole shedt

relative motion exists

Max. interference

viax. interference

Basic
Size

N\

NN

\

: Y

Min. interference

Transition Fit

d shatt max. > (1 hole min.

d shatt min. < { hole max.

Max. clearance = d hole max. - d shaft min.
Max. interference = d shatt max. - d hole min.

Relative motion possible
when clearence exists

Interference Fit

o S

[
!

——————— ——

=

ot

Basic
Size

d shatt min. > d hote max.

Negative allowance

Min. Interference = d shaft min. - d hole max.

Max. Interference = d shatpir. - d hole mer
AKX wiawn

relative motion impossible




SELECTION CF FITS - H

OLE 13ASIS SYSTEM

CLEARANCE TRANSITION INTERFERENCE
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) 3 +60| -60 [+25 -20 [+25 -14 [+14 -6 [+10 -2 [+10 0 [+10 +6 [+10 +10 [+10 +12 | +10 +%2
0l-120]0c -60jo -29]¢ -6]lo -8lo -6]0o o0lo +4flo +8 0 +
. P I i e G G N G TRz w6 ¢z w0 | Mz [
-145]0 -70l0 -s0| o w8lo .12]lo -8lo +1|lo0 +8l0  +12 +
p o |¥90| 80 [+36 -40 [+36 -2 (v} 13 |viE -5 [+15 O [+5 +10[+15 +10 [+15 #24 | +15 +g§
' o |-170]l0 -98lo -s1]o -zlo .14lo -oflo +1]o +0jo  +#5| o0 +
& 18 [7110] %5 [T B0 [45 i [w7 16|18 -6 [Fi8 O [vg iz +8 w23 [718 29 | +18 | 0
.205]0 120lo0 75)¢ -3¢lo 170 -11]o +1] 0 +2]0 +8 +
“ 0 |*150| 110 [+67 -85 [+62 40 [+a3 20 [Fei - 7 [¥21 D [+21 +15[v21 +28 [+21  +35 | +21 | +48
1o |40 149l0 -w2|0 -41lo -20]0 -13|lo0o +2]/0 +5]0 +2]| 0 +35
=720
0
- “ 1160 280 [+62 -80 |+62 -50|+30 -26|+25 .9 |+25 0 [+25 +18|+25 +33 [+25 w42 | 426 | 459
% s o [30]0 1800 -112/¢ -s50l0 -25 |0 -16|0 +2]0 +17|0 " +26 | © +43
.290
-140 +72
" 8 1,100 330 |+7¢ -100 |+74 -60 [+as -20 [+30 -10 |+30 o [+30 +21|+30 +39 [+30 51 | +30 | +83
- = o 95010 -220|/0 -134]0 -e0loc -20 |0 -19|0 +2|0 +20|0 +32| 0O +78
-340 +59
70 )
w 100 |,500| -ag0 [+87 -120 [+87 -72 [+64 -36 |35 -12 [+35 0 |+35 +25|+35 445 [+35 459 | +35 | +71
poun o 10 [Feo]o 2600 -8 0 -71|c -3 [0 2|0 +3|0 +B|0 7| O 101
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You are given the details of a C

the following views of the as
vertical position: a) ELEVATION
Dimensions in MM

k¥ |

sembled unit, the handle

ONTROL HANDLE ASSEMBLY. Draw
being in the
b) SEC. SIDE VIEW (Y-Y)

All unspecified radii are R3
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You are Given the details of a SCREW JACK. Assemble all parts, with spindle
fixed at 50 mm from the Bush, and draw the following views:
2- H.8EC. SIDE VIEW

1- SEC. ELEVATION
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3- PLAN
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You are given the details of a SCREWJACK. Assemble all parts

and draw the following views:

All dimensions in mms

All unspecified
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a) H. SEC. ELEVATION

b) PLAN
radii are R2
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You are given the details of a COMPRESSION COUPLING. Assenble all parts
using 4 M10 through bolts. Draw the following views:

a) H. SEC. ELEVATION (A-A) b) H. SEC. SIDE VIEW (B-B)
All dimensions in mms All unspecified radii are R3
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You Are given the details of an
ECCENTRIC ASSEMBLY

Assemble All Parts using two
M12 through bolts and draw the
following views:

1- H.SEC. ELEVATION
2- H.SEC. SIDE VIEW (B-C-D)
3- PLAN

All dimensions in mms
All unspecified radii are R3

ECCENTRIC No. OFF 1
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You are given the details of a NON - RETURN VALVE ASSEMBLY . Assemble all parts and draw

the following views:

a) SEC. ELEVATION

All dimensions in mm

' b) H. SEC. SIDE VIEW (A-A)
All unspecified radii are R3
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You are given the details ofa NON - RETURN VALVE ASSEMBLY. Assemble all parts and draw
the following views:

All dimensions in mm

a) SEC. ELEVATION

b) H. SEC. SIDE VIEW

c) PLAN

. All unspecified radii are R3
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You are given the details of a JOURNAL BEARING. Secure the cap to the
base using two M12 studs . Draw the following Views:
2-H.SEC.SIDE VIEW(A-C-B) 3-PLAN

1-H.SEC.ELEVATION

All unspecified radii are R3.
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All dimensions are in mm .
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You are given the details ofa JOURNAL BEARING . Assemble All Parts and Draw the following views:
' a) H. SEC. ELEVATION

All dimensions in mm

b) SEC. SIDE VIEW (A - A)
All unspecified radii are R3
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You are given the details ofa BALL BEARING ASSEMBLY. Assemble the bearing in
position and secure the cover with two M8 Tap bolts. Draw to the following views:
a) ELEVATION b) SEC. SIDE VIEW (B - B) ¢)H. SEC. PLAN (A -A)
All dimensions in mm. All unspecified Radii are R2
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The details
are given a

a) H. SEC. ELEV.

of a STUFFING BOX
bove. Assemble all

parts and draw the following:

b) PLAN

All dimensions are in mm .
All unspecified radii are R2 .
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You are given the details of a VICE. Assemble all parts with the SLIDING JAW and
Draw to FULL SIZE the following:

b) PLAN
All Unspecified radii are R3

FIXED JAW 100 mm apart.

a) SECTION ELEVATION (E-E)

All Dimensions in mm.
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You are given the details of an QIL BURNER. Assemble all parts and draw
the following: a) SEC. ELEVATION b) SIDE VIEW c¢) PLAN

All Dimensions in mms

All unspecified Radii are R2
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You are given the details ofa SAFETY VALVE .

1- SEC. ELEV.(A-A)

All dimensions are in mm

2- SIDE VIEW

3- H. SEC. PLAN (B-B)
All unspecified radii are R2 .

Assemble all parts and draw to full size :
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You are given the details of a SAFETY VALVE ASSEMBLY. Assemble all parts with the spring

compressed to a length of 45"mm and draw the following views:

a) SEC. ELEVATION
All dimensions in mm

b) SIDE VIEW
All unspecified radii are R2
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c) PLAN
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You are given the details of a NON RETURN VALVE
Assemble all parts and draw to full size the following :
I- Section Elevation Page 212

2- Half Section Side View
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You are given the details of a FILTER. Assemble all parts and draw the following:
a) SEC. ELEV.

All dimensions in MM

b) H. SEC. SIDE VIEW (B-B)

All unspecified radii are R3

c) SEC. PLAN (AFCD)
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