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CHAPTER- 1 

 

1.1 NEED OF LIMIT, FITS AND TOLERANCE, 

MAXIMUM LIMIT OF SIZE, MINIMUM LIMIT OF 

SIZE, DEVIATION, UPPER DEVIATION,  LOWER 

DEVIATION, TOLERANCE, ALLOWANCE, 
 

Need of Limits, Fit and Tolerance  

The need of limits, fit and tolerance is due to following reasons: 

1. Mass production and specialization 

2. Standardization 

3. Interchangeability  

 

 Mass production and specialization: Due to various advantages of mass 

production, it is not possible for an industry to produce all the components of a 

machine. This concept leads to the need of maximum and minimum limit of 

sizes of machine components. 

 Standardization: The growing technology has introduce elements of 

standardization specifying the size of machine components nationally and 

internationally in order to enjoy the benefits of large scale production. It helps 

in reducing the time and efforts to make the new machine. It minimizes the 

production cost. It helps in improving the quality of finishing goods.  

 Interchangeability: It ensures the possibility of assembling a unit or machine 

without indulging in extra machining. If various machines are provided with 

interchangeability for spare parts, they can be repairable for replacement of 

worn out parts in service condition.  

 

 

 



Important Terms used in Limit System 

 Basic Dimension: It is also known as Nominal dimension. It is dimension of 

machine element derived from design calculation.  

 Limit if Sizes: These are extreme permissible sizes for dimension. The largest 

permissible size is called Maximum limit of size or upper limit while the 

smallest permissible size is called minimum limit of size or lower limit. 

 Deviation: It is the algebraic difference between actual measured size and 

corresponding basic size. 

 Upper Deviation: It is the algebraic difference between maximum limit of 

size and corresponding basic size. 

 Lowe Deviation: It is the algebraic difference between minimum limit of size 

and corresponding basic size. 

 Tolerance: It is the difference between upper limit and lower limit of the sizes 

of a component. It is of two types:  

(i) Unilateral Tolerance  

(ii) Bilateral Tolerance 

 Allowance: It is the intentional difference between maximum material 

condition of mating parts.   

 

1.2 FUNDAMENTAL DEVIATION, CLEARANCE, 

MAXIMUM CLEARANCE, MINIMUM CLEARANCE. 

FITS – CLEARANCE FIT, INTERFERENCE FIT AND 

TRANSITION FIT. HOLE BASIS SYSTEM, SHAFT 

BASIS SYSTEM 

Important Terms used in Limit System 

 Basic Dimension: It is also known as Nominal dimension. It is dimension of 

machine element derived from design calculation. 



 Fundamental deviation: It is one of the two deviation which is easily chosen 

in order to define the position of tolerance zone with respect to zero line. 

 Clearance: It may be defined as the difference between the dimension of the 

hole and the shaft given intentionally to get particular type of fit. Clearance 

may be positive or negative.  

 Maximum Clearance: It is the difference between the maximum size of hole 

and minimum size of shaft.  

 Minimum Clearance: It is the difference between the minimum size of hole 

and maximum size of shaft. 

Fit  

The assembly of two mating parts is called fit. The fits are given as under in 

ordinary machine condition:  

1. Force fit e.g. Railway fit, Tram card. 

2. Running fit e.g. shaft is rotating in bearing. 

3.  Push fit e.g. Shaft rotate in locating plugs. 

4.  Driving fit. e.g. pulley fitted on a shaft with key. 

 

Types of Fit 

1. Clearance Fit: In this fit, minimum hole diameter is larger than 

maximum shaft diameter. Here both maximum and minimum clearances 

are always positive. 

 
2. Transition Fit: In this fit, tolerance zone of both shaft and hole overlap. 

Here maximum clearance is positive while minimum clearance is 

negative. 



 
3. Interference Fit: In this fit, maximum hole diameter is always smaller 

than minimum shaft diameter. Here both maximum and minimum 

clearances are always negative.  

 

Hole Basis System:  

In this system, tolerance zone of hole is kept constant while tolerance zone of 

shaft is varied above and below the zero line. The hole basis system is used for 

engine building, locomotive construction etc. In this system lower deviation for 

hole is zero.  

 

Shaft Basis System: 

In this system, tolerance zone of shaft is kept constant while tolerance zone of 

hole is varied above and below the zero line. In this system upper deviation for 

shaft is zero.  

 



 

1.3 TOLERANCE GRADES, CALCULATING VALUES OF 

CLEARANCE, INTERFERENCE, HOLE TOLERANCE, 

SHAFT TOLERANCE WITH GIVEN BASIC SIZE FOR 

COMMON ASSEMBLIES LIKE H7/G6, H7/M6, H8/P6. 

  

 
Tolerance Grades 



 
 

 



 
 

Symbols of Fit 

 
 

 

 

 



CHAPTER-2 

 

 

2.1 UNIVERSAL COUPLING AND OLDHAM COUPLING 

(ASSEMBLY)  

 

 UNIVERSAL COUPLING 

Universal coupling is also known as Hooke’s joint. It is used to couple two shafts 

whose axes are not in line with each other, but intersecting at small angle 30
 

degree.  

 
 

 

 

 



 OLDHAM COUPLING 

This Coupling is used to connect two shafts where axes are parallel, but not in 

alignment. This type of coupling is suitable for transmitting heavy running at 

constant speed even when axial alignment varies. 

  

 
 

 

 

 

 

 

 



2.2 BEARINGS 

 

2.2.1 BUSHED BEARING (ASSEMBLY)  
      It is the modification of solid bearing. There is hole which support the rotating 

shaft. The bush should not rotate with shaft. 

 



 
 

Either there should be force fit between the body and the bush. The material used 

for the bush is brass, gun metal and phosphor-bronze.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.2.2 BALL BEARING AND ROLLER BEARING 

(ASSEMBLY)  

 Ball Bearing 

Ball bearing is used to minimize the friction. These are used on large and fast 

moving machine. Wear and tear is practically negligible. These bearing require 

small space and much small quantity of lubricant. The balls are made of high 

carbon chrome steel hardened and polished whereas the cage is made of steel or 

brass. 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Roller Bearing 

Roller bearing is used to change the sliding friction into pure rolling friction. 

Roller bearing are used on large and fast running machines such that electric 

motor, automobile etc. The roller are made of high carbon steel hardened and 

polished whereas cage is of steel or brass. 

 

 

 

 

 

 

 

 

 

 

 



2.2.3 PLUMMER BLOCK (ASSEMBLY)  
       Plumber block is like a journal bearing. When load varies and speed of rotating 

shaft is too high, plumber block is used. 

 



 
 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.2.4 FOOT STEP BEARING (ASSEMBLY)  
       It is used to support the lower end of a rotating shaft. It consist of cast iron 

circular block with a base.   

 



 
 

A footstep bearing consists of a cast iron block into which a bush consisting of a collar 

at the top is fitted. The shaft rests on a pad. The pad is prevented from rotating by a 

pin, inserted half inside the block and half in the pad and away from the center. The 

collar of the bush is made hollow to serve as an oil sump for lubrication of the bearing. 

Since, it is subjected to heavy thrust loads along the axis of the shaft and operates 

without clearance between the conjugate parts, an adequate supply of oil to the 

rubbing surfaces is extremely important for footstep bearings. 

 

 

 

 

 

 



2.3 PULLEYS 

  

2.3.1 PULLEYS, FUNCTION OF PULLEY, TYPES AND 

MATERIALS OF PULLEY  

 Pulley: Pulleys are used to transmit power from one shaft to another shaft with 

the help of belts and ropes at a distance. Pulleys are generally consist of three 

parts: 

(i) Hub or boss 

(ii) Rim 

(iii) Web or arms 

 

 Types of Pulley:  

(1) Stepped Pulley 

(2) Fast and Loose pulley 

(3) V- Belt Pulley 

 

 Material of Pulley: 

Pulleys are Generally made of Cast iron, wrought iron, steel and wood. 

 

 

 2.3.2  FREE HAND SKETCH OF VARIOUS TYPES OF 

PULLEYS 

 To be drawn the Students at their own by taking 

proportionate dimentions 
  

2.3.3  FAST AND LOOSE PULLEY 
 A fast pulley is keyed to the machine shaft while the loose pulley runs freely. 

The belt runs over the fast pulley to transmit power by the machine and it is 

shifted to the loose pulley when the machine is not required to transmit power. 

By this way, stopping of one machine does not interfere with the other machines 

which run by the same line shaft. Paper Pulleys, Fast and Loose Pulleys. The 

loose pulley is provided with a cast iron or gun-metal bush with a collar at one 

end to prevent axial movement. The rim of the fast pulley is made larger than the 

loose pulley so that the belt may run slackly on the loose pulley. The loose pulley 

usually have longer hub in order to reduce wear and friction and it requires 



proper lubrication. Fast and loose pulley drive, is used when the driven or 

machine shaft is to be started or stopped when ever desired without interfering 

with the driving shaft. A pulley which is keyed to the machine shaft is called fast 

pulley and runs at the same speed as that of machine shaft. A loose pulley runs 

freely over the machine shaft and is incapable of transmitting any power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.4 PIPE JOINTS 

 

2.4.1 TYPES OF PIPE JOINTS, SYMBOL & LINE LAYOUT 

OF PIPE LINES  

 Pipe Joint :  

Pipe joints can be connected together to increase the length of pipe or pipes can 

be connected to different fittings to obtain the required layout. Types of pipe 

Joints: 

(iv) Cast Iron Flanged Joint 

(v) Socket and Spigot Joint  

(vi) Hydraulic Joint 

(vii) Union Joint 

(viii) Expansion Joint 

 

 Symbol:  

 
 



2.4.2 EXPANSION JOINT 
The pipe which carry steam at very high pressure have the provision of longitudinal 

expansion due to change in temperature. The expansion pipe joint is provided with 

gland and stuffing box to make it steam tight perfectly. The pipe which is inserted 

in the stuffing box is free to move in the box. To prevent the leakage of steam 

asbestos packing is used. A brass liner is also attached to prevent corrosion.  

  
 

 



 
 

 

 

 

 

 



 

2.4.3 FLANGED PIPE AND RIGHT ANGLED BEND JOINT 

(ASSEMBLY DRAWING)  
 

 

 

FLANGED PIPE JOINT 

 
 

 

 

 

 



 

  

RIGHT ANGLED BEND JOINT 

 

 



 

2.5 LATHE TOOL HOLDER (ASSEMBLY DRAWING) 

 

 
 

 

 

 



2.6 READING AND INTERPRETATION OF 

MECHANICAL COMPONENTS AND ASSEMBLY

  

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2.7 SKETCHING PRACTICE OF BEARINGS AND 

BRACKET.  
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Connecting Rod 

 



Crank Shaft and Flywheel 
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CHAPTER 6 
 Boiler Parts  
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Steam Stop Valve 



CHAPTER-7 

Mechanical Screw Jack (Assembled 
Drawing) 



CHAPTER-8 
 Gears  

A gear is a rotating machine part having cut teeth 



Classification of Gear 

The gears can be classified in the following way:- 

1. Depending on the relative position of the 
geometrical axes of the driving and driven shaft 

2. Depending upon the housing design. 

3. Depending upon the peripheral Velocity. 

4. Depending upon the shape of teeth. 

 



Depending on the relative position of the 

geometrical axes of the 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 Gears 

 5. Spiral Bevel Gears 

Non-parallel, Non Intersecting 

Shafts     

1. Spiral Gears 

2. Hypoid Gears 

3. Worm Gears 



Depending upon the housing design 

• Open Drives:- The gear drive is without a 
casing and is subjected to the action of dust 
and dirt. 

• Closed Drives:- The gear Drives are enclosed 
in special casings and are protected against 
dirt and dust and are properly lubricated.  

 



Depending upon the peripheral Velocity 

1. Low Velocity: V is < 3 m/s. 

2. Medium Velocity: V=3 to 15 m/s. 

3. High Velocity: V is>15 m/s. 

 



Depending Upon the Type of Gearing 

• External Gearing The teeth are provided on the external surfaces 

• Internal Gearing The teeth are provided on the internal surfaces 

• Rack and Pinion it has infinite Pitch Diameter 



Depend upon shape of teeth of the Gear 

• Straight teeth Gear it has straight Teeth 

• Helical teeth Gear  it has helical Teeth 

• Herringbone Teeth Gear same as double helical gears but  there 

is no space between the opposite sets of teeth 

• Curved Teeth Gear the teeth are Curved 



Gear Nomenclature 



Gear Nomenclature 

1. Pitch circle 
 Pitch circle is the imaginary circle that rolls without slipping with a pitch 

circle of a mating gear. 
2. Pitch Circle Diameter 
 The pitch circle diameter is the diameter of the pitch circle. It is also 

known as pitch diameter. 
3. Pressure angle 
 Pressure angle is the angle between the common normal at the point of 

tooth contact and the common tangent to the pitch circle. The usual 
pressure angles are 14½° and 20°. 

4. Pitch point 
 It is a common point of contact between two pitch circles. 
5. Pitch surface 
 It is the surface of the imaginary rolling cylinder that the toothed gear may 

be considered to replace. 
 

 
 



Gear Nomenclature 

6. Addendum 
 The addendum is the radial distance of a tooth from the pitch circle to the 

top of the tooth. 
7. Dedendum 
 Dedendum is the circle drawn through the bottom of the teeth. It is also 

called “root circle”. 
8. Addendum circle 
 It is the circle drawn through the top of the teeth and it is concentric with 

the pitch circle. 
9. Dedendum circle 
 It is the circle drawn through the bottom of the tooth. It is also called 

“root circle”. 
10. Base Circle 
 The base circle of involute gear is the circle from which involute tooth 

profiles are determined. 
 
 

 
 



Gear Nomenclature 
11. Circular pitch 

 The circular pitch is the distance measured on the circumference of the pitch circle from a 
point of one tooth to the corresponding point on the next tooth. It is denoted by Pc. 

  Pc = πd/T 

  D = diameter of the circle 

  T = No. of teeth on the wheel 

12. Diametral Pitch 

 It is the ratio of a number of teeth to the pitch circle diameter. It is indicated by Pd. 

  Pd = T/d = π/Pc 

  Pc = πd/T 

     Where, 

  T= No. of teeth, 

  d= Pitch circle diameter. 

13. Module 

 A module is the ratio of pitch circle diameter by m. m= d/T 

14. Clearance 

 Clearance is the difference between the dedendum of one gear and the addendum of the 
mating gear. 



Gear Nomenclature 

15. Total Depth 
 Total depth is the radial distance between the addendum and the 

dedendum of a gear. It is equal to the sum of addendum and dedendum. 
16. Working Depth 
 It is the radial distance from the addendum circle to the clearance circle. It 

is equal to the sum of the addendum of the two meshing gears. 
17. Tooth thickness 
 Tooth thickness is the width of the tooth measured along the pitch circle. 
18. Tooth space 
 Tooth space is the width of space between the two adjacent teeth 

measured along the pitch circle. 
19. Face of the tooth 
 It is the surface of the tooth above the pitch surface. 
20. Flank of the tooth 
 The flank of the tooth is the surface of the tooth below the pitch surface. 



Gear Nomenclature 

21. Top land 

 The top land is the surface of the top of the tooth. 

22. Face width 

 Face width is the width of the gear tooth measured parallel to its axis. 

23. Profile 

 It is the curve formed by the face and flank of the tooth. 

24. Backlash 

 Backlash is the difference between the thickness of a tooth and the width 
of a tooth space on which it meshes. 



Convention of Gears 



Draw the actual profile of involutes teeth of 

spur gear by different methods 

There are two methods given of construction of 
Spur gear profile 

• Tracing Paper Method 

• Base Circle Method 



Draw the actual profile of involutes teeth of 

spur gear by different methods 



Draw the actual profile of involutes teeth of 

spur gear by different methods 


