





INTRODUCTION

No two parts can be prc

manufacturing process.

In any production proce

it is maintained, a certair



INTRODUCTION

Variations arises from;
Improperly adjusted machine
Operator error

Tool wear



INTRODUCTION

* |t is impossible to produce a pe

variations, known as tolerances, need

 The permissible level o

which cannot be co



INTRODUCTION

No component can be manufactur

be made to lie between two limits, U

Designer has to sugge t

The difference betw

tolerance
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Example

Shaft has to be manufactured to a

The shaft has a basic size of 40 mm.




amit, Fits and Tolerances

=Mass Production And Spet
= Standardization
=|nterchangeablli



Tolerances

To satisfy the ever-increasing de

Parts have to be produced with less di



Tolerances

« The algebraic difference betwee

* ltis an absolute value.

- The basic purpose of

the manufacture of cc



Unilateral tolerance

Bilateral tolerance
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‘Unllateral tolerance:

Tolerance Below zero line examples
zone
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Casel ZERO LINE
-ve | I‘ Tolerance
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~ Upper limit




lsUniateral tolerance:
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ZERO e +0.020
—m— Case 1 ZERO LINE
LINE"_ ) -ve -0.040
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3. Compound toleran

‘ 40 £ 0.02 \
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4. Geometric tolerance

Geometric dimensioning and tc

based on how they function, using stat




4. Geometric tole




4. Geometric tole




Consider a shaft havi

22277




The Assembly of Two Mating F

“* RUNNING FIT: One part asse
Shaft in bearing

“ PUSH FIT : One part is assembled
clearance to allow sha otate as In loc

< DRIVING FIT : One par bled into ¢
medium pressure. '

s* FORCE FIT: One pa
wheels, railway wheels




* The degree of tigh

Clearance \ Transition \ |nterference




1. Clearance

Minimum

Tolerance on hole I clearance | Max. Clearance Mln Clearance

V/////////////////A :{:::: -j~ ——I Maximum

clearance

Hole W/////////////A : }: Tolerance on shaft




2. Interference

Minimum
] interference Tolerance

on shaft Maximum

interference

wizall




Wit the larn gest perimissible

I
Tolerance on hole { WM

Hole
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Clearance Transition Interference
Slide Push or snug Force or press
Easy slide Wringing Driving
Running Tight
Slack running Shrink
Loose running Freeze




Description of fit  Class of fit  Application area

Clearance fit
Slide H7/h6 Sealing rings, bearing covers, movable gears in change gear trains, clutches, etc.
Easy slide H7/g7 Lathe spindle, spigots, piston, and slide valves
Running H8/f8 Lubricated bearings (with oil or grease), pumps and smaller motors, gear boxes, shaft
pulleys, etc.
Slack running H8/c11 Oil seals with metal housings, multi-spline shafts, etc.

Loose running H8/d9 Loose pulleys, loose bearings with low revolution, etc.




Force or press

Driving
Tight
Shrink

Freeze

H8/r6

H7/s6
H7/p6
H7/ub, H8/u7

H7/ub, H8/u7

Interference fit

Crankpins, car wheel axles, bearing bushes in castings, etc.

Plug or shaft slightly larger than the hole

Stepped pulleys on the drive shaft of a conveyor

Bronze crowns on worm wheel hubs, couplings, gear wheels, and assembly of piston pin
in IC engine piston

Insertion of exhaust valve seat inserts in engine cylinder blocks and insertion of brass
bushes in various assemblies




Transition fit

Push or snug H7/k6 Pulleys and inner ring of ball bearings on shafts

Wringing H7/n6 Gears of machine tools




Fundamental
deviation

Zero line

F FbG













Tolerance Grade

Tolerance grades indicates the degree

|S: 18 grades of fundamental tolerant
Designated by the letters | | followed by a |
The ISO system provi S

Tolerance values corres

standard tolerance uni




JTolerance Grade
i=0.4533/D +0.001D microns

D = diameter of the partin m

0.001D = Linez
Value of tolers

D is the geo

max “min

b D XD



1 OIETalllC
e Grade

Tolerance grade Im6 IT7 118 IT9 IT10 IT11 1T12 IT13 IT14 IT15 IT16
Standard toleranceunit () 10 16 25 40 64 100 160 250 400 640 1000




Jolerances grades for

applications

Fundamental tolerance  Applications
ITO1-IT4 For production of gauges, plug gauges, and measuring instruments

ITS-IT7 For fits in precision engineering applications such as ball bearings, grinding, fine boring, high-quality
turning, and broaching

IT8-1T11 For general engineering, namely turning, boring, milling, planning, rolling, extrusion, drilling, and
precision tube drawing
IT12-1T14 For sheet metal working or press working

IT15-1T16 For processes such as casting, stamping, rubber moulding, general cutting work, and flame cutting




General Terminolo

Lower deviation
Upper deviation

Egg Hole%

Shaft

olerance

Lower deviation

Upper deviation
zero line and

&1 Line of zero
deviation
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General Terminology
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lerminolo

Deviation: Algebraic difference between, 2

It may be positive,

Upper deviation: Algebraic differe

corresponding basic size

Designated ¢

Lower deviation: Alc

A

corresponding basic si



eneral Terminology

« Actual deviation: Algebrg
corresponding basic size.

- Tolerance Zone: Zone 2n the maxin



Hole Basis

 To obtain the desired class of fits,

shaft must vary.

Two types of systems are

interference, and transitic

(a) Hole basis system

b) Shaft basis ¢



ole Basis systems

The size of the hole Is ker

various types of fits.

Lower deviation of the

the basic size.

Two limits of



Sstems

Wm Shaft tolerance Zero line



Hole Basis systems
Hole tolerance w‘ﬁ

T [z _

W I/ l Shaft tolerance Zero line

a C




Shaft Basis systems
The size of the shaft i1s kept
various types of fits.

Fundamental deviation o pper deviation

iInspection costs.
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Used to specify the tolerance and fits fc
3
Example: Consider the designatio

Basic size of the shaft and hole =40

Nature of fit for the hole b: :m is desig
Fundamentaldeviat |

Tolerance grade; IT7

he shaf ' L,



* First eight designations from

clearance fit

« Designations, JS (js) to ZC (zc) for hole

transition fits




Fundamental Deviation: Deviation,lei e
zero line. (provides the position of the

It may be positive, negative, or ze

Upper deviation: Designatt
I

Lower deviation: Design:



Fundamental deviations
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Shafts Holes Formula for deviations in pm

Z;w Sign Type ;’m 'mda' Inl s Sign (for D in mm)

es - D El + 16074

es - E El e 11D

es = F El + 5504

es - G El + 2500

es Nosign H El Nosign O

& = JS ES + 05

er = K ES > 0

e + M ES = 0.024D + 126

ei + N ES - 0.04D + 21

ei + P ES = 0072D+ 378

i + R ES - Geometric mean of the values for p and
sorPand$S

er + S ES S (T7 + 04D

el + T ES = IT7 + 063D

el + U ES = (T7+D




BIS: 18 grades of fundamental toler
Designated by the letters | T followe

ISO/BIS: ITO1, ITO, and IT1 to IT16.

Tolerance values corre

standard tolerance uni

‘JTolerance Grade



ylerance Grade

i=0.4533/D +0.001D microns
Tolerance unit,

D = diameter of the p

0.001D = Linee

Value of tolera

max “min

D D XD



1 OIETallC
Grade

The various steps specified for the
« 1-3, 3-6, 6-10, 10-1
« 120-180, 180-25(

« 500-630, 630-800, a



1 OIETalllC
e Grade

Tolerance grade Im6 IT7 118 IT9 IT10 IT11 1T12 IT13 IT14 IT15 IT16
Standard toleranceunit () 10 16 25 40 64 100 160 250 400 640 1000




Maximum and
C

v' Letus consider a shaft havinga dimension o

v The maximum metal limit (MML) of the
because at this higher limit, the shaf
metal.

= 3
\
- il
€ X
- ]
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4

v" The shaft will have the least possible amc
mm, and this limit of the shaft is knownas n

v" Similarly, consider a hole having a dimension of 45

v" The hole will have a ma > amount of metz
mm and the lower lin M

v" For example, whe
is removed at the lc
as MML.

v" The higher limit of
willhave the least pa

17






Coupling is a dey
at their ends for t




» To provide connes

made separately

»To allow misalignm
introduce 1anical flexik
>To reduce. ission O
»To intr

> To alter
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> It is used to connec

at a small distance ap:
rectangular slot, are keyec
flanges are positioned such that,
angle to the other.
circular di: g
side and at

two flanges.

slides in t
place betwe






Torsionally stiff |

No lubrication or mainte

Good vibration damping a

Less expens 1 metallic ¢
More misalign e than

NS
Sensitive to _

Usually n
Large @

I
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5.1.C. Engine Parts
1. Piston

2. Connecting rod (Assembl
3. Crankshaft and flywheel {

6.Boiler Parts
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Machin

Bill of Matf:x'ials Machine Vice - Fig. 9.3

Name of Part No. Off.

Base

Movable jaw clamping bolt
Circular nut

_ Lock nut
~Washer




CHAPTER 5. I.C. E

 Piston

* Connecting Rod
* Crank Shaft and flyv
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Classification of Gear

The gears can be classified in

Depending on the relative pos
driving and driven shaft

Depending upon the housing design.
Depending upon the pe Veloci
Depending upon t



Depending on the relative pc

driving and driven shaft

Parallel Shaft 1.Spur
Gears 2.Helical Gears
3.Herringbone

Intersecting Shafts

1. Miter Gears
2. Face Gears |
3. Zero Bevel Gears

-

4. Straight Bevel Ge

5. Spiral Be\ 2ar



Depending upon the hous

and are protected
lubricated. _




Depending upon the perip

1. Low Velocity: Vis<3 m/s.
2. Medium Velocity: V=3 to 15
3. High Velocity: Vis>15 m/s.




* External Gearing theteetharer

* Internal Gearing The teeth are provide
* Rack and Pinion it has nfinite Pitch Diameter




Jependitupon shape
Jigteeth of the Gear

e Straight teeth Gear ithasst

® Helical teeth Gear it ha
* Herringbone Teeth Gear sameas dout

opposite sets of teeth

e Curved Teeth Gea



Gear Nomenclature

Gear Nomenclature

- "‘_,C!g_?_flgur_q__t_:jrctg_

—_

' thickness

F \
Clearance : 7‘7
Dedendum learance

circle circle




Gear Nomenclature

1. Pitch circle 2 N
Pitch circle is the imaginary circle that ro
2. Pitch Circle Diameter
The pitch circle diameter is the diameter of th
3. Pressure angle

Pressure angle is the angle be n the common no
common tangent to the pitch cil al pressure c

4. Pitch point '
Itis a common point of cc
5. Pitch surface

It is the surface of the imagi
replace.



Gear 'o_rnenclature

6. Addendum 2 =N
The addendum is the radial distance of a
7. Dedendum
Dedendum is the circle drawn through the bott
8. Addendum circle :
It is the circle drawn through the top of the teeth and
9. Dedendum circle |
It is the circle drawn through
10. Base Circle |
The base circle of involute



Convention of Gears




Draw the actual profile of |
different methods

There are two methods givelr
profile

* Tracing Paper Method

* Base Circle Method



teeth of spur gear by

Problem 13.1. Draw the profile of involute teeth for a gear having 22 teeth and
diametral pitch 0.1 tooth/mm. Assume pressure angle = 20° Use tracing paper method.

Solution. Given.
Module.

"iteh civele diaametor,
220
Circular pitch. P,
1.1 mmanm

Addendum = 10 mmn
Nddendum circle diameter = -2 =< Addandum
= 220 4 2 > 20 20
Clearance = O 157 m 2.18%7 % 10O H7 man
NDedondum Addendum v Ollaeariainee . = 1 1.7 mm

Doedendum circle dinmetor = 2 > Doedonduam = 2 3 SO 196 .86 man

Tooth thicknoeoss - = -- 15.7 mm

Ii1let radiaus ' = 4.9 rmmam




Problem 13 r

1. D W 3
" 3 . ) a the profile of involute teeth for a gear having 22 teeth
diametral pitch 0.1 tooth/mm. Assume pressure angle = 20°, Use tracing paper methéd
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