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    DEPARTMENT OF MECHANICAL ENGINEERING 

UNIT NOTES 
 

SUBJECT: KINEMATICS OF MACHINERY  
 
 

Unit 1-BASICS OF MECHANISMS 

 

Kinematics 

Kinematics is the branch of classical mechanics which describes the motion of points, bodies 
(objects) and systems of bodies (groups of objects) without consideration of the causes of motion.  

 
Machine 

 

 
 

Resistant Body 
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Link or Element 

 
 
Types of Link 

 
 
Rigid Link 

 
 
Flexible Link 

 
 
Fluid Link 

 
 
Structure 
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Machine Vs Structure 

 
 
Kinematic Pair 

 
 
Classifications 
Based on Nature of contact or Type of contact 
Lower Pair 

  
 
Higher Pair 
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Classification Depends on Relative motion 
Sliding Pair 

 

 
 
(ii) Turning Pair 

 

 
 
(iii) Rolling Pair 
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(iv) Screw Pair 

 

 
(V) Screw Pair 

 

 
 
Depend of Constraining Motion 
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Completely Constrained Motion 

 

 
 
Incompletely Constrained Motion 
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Successfully Constrained Motion 

 

 
Kinematic Chain 

 
 

 
 

 
 

Example:  
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Joints 

 
1. Binary joint 
If two links are connected at the same joint, it is called a Binary Joint. 

 
Here,  
    Number of Links = 4 
 Number of Binary Joints = 4   
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DEGREE OF FREEDOM (OR) MOVABILITY 

Degrees of freedom (DOF): It is the number of independent coordinates required to describe the position of a 
body in space.  

It is also defined as the number of inputs (number of independent coordinates) required describing the 
configuration or position of all the links of the mechanism, with respect to the fixed link at any given instant. 

 
Figure 1.19. 

A free body in space (fig 1.19) can have six degrees of freedom. i.e. linear positions along x, y and z axes and 
rotational/angular positions with respect to x, y and z axes. In a kinematic pair, depending on the constraints 
imposed on the motion, the links may lose some of the six degrees of freedom. 

 

KUTZBACH CRITERION 

kutzbach criterion for determining the number of degrees of freedom of movability (n) of a plane 
mechanism. 

F=3(n−1) −2l−h 
Where  n= no. of links 
 l=no. of binary joints 
This equation is called kutzbach criterion for determining the number of degrees of freedom of 
movability (n) of a plane mechanism. 

 

GRUBLER’S CRITERION FOR PLANE MECHANISM: 

The Grubler’s criterion applies to the mechanism to the only single degree of freedom joints where 
the overall movability of the mechanism is unity. Substituting F = 1 and h = 0 in kutzbach equation, 
we have, 

1=3(n−1) −2l 
1=3(n−1) −2l 

or 
 3n−2l−4=0 
3n−2l−4=0 

This equation is known as the Grubler’s criterion for mechanisms with constrained motion. 

A little consideration will show that a plane mechanism with a movability of 1 and only single 
degree of freedom joints cannot have odd number of links. The simplest possible mechanism of this 
type are a four bar mechanism and a slider-crank mechanism in which l=4 and j=4. 
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EXAMPLES FOR DEGREE OF FREEDOM USING KUTZBACH CRITERION 

F = 3(n-1)-2l-h.  

Where, 

F = Degrees of freedom 

n = Number of links = n2 + n3 +……+nj,  

where, n2 = number of binary links,  

n3 = number of ternary links…etc. 

l = Number of lower pairs, which is obtained by counting the number of joints. If more than two links 
are joined together at any point, then, one additional lower pair is to be considered for every 
additional link. 

h = Number of higher pairs 

Examples of determination of degrees of freedom of planar mechanisms: 

Example: 1:  

Find the degree of freedom for the given arrangement shown in figure 1.20 

 
Figure 1.20. 

F = 3(n-1)-2l-h 

Here, 

Number of links, n = 4,  

Number of lower Pairs, l = 4  

Number of higher Pair, h = 0. 

F = 3(n-1)-2l-h 

F = 3(4-1)-2(4) – 0 = 1 

Degree of freedom, F= 1 

i.e., one input to any one link will result in definite motion of all the links 

 

Example :2  

Find the degree of freedom for the given arrangement shown in figure 1.21 
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Figure 1.21. 

 

 

 

 

F = 3(n-1)-2l-h 

Here, 

Number of links, n = 5,  

Number of lower Pairs, l = 5  

Number of higher Pair, h = 0. 

 

F = 3(n-1)-2l-h 

F = 3(5-1)-2(5) = 2                                   Degree of freedom, F= 2 

i.e., two inputs to any two links are required to yield definite motions in all the links. 
 

Example: 3  

Find the degree of freedom for the given arrangement shown in figure 1.22 

F = 3(n-1)-2l-h 

Here, 

Number of links, n = 6,  

Number of lower Pairs, l = 7 (1,6) ,( 6,5) , ( 5,3), (3,4), (1,4), (2,3), (2,1) 

Number of higher Pair, h = 0. 

 
 

Figure 1.22. 
F = 3(n-1)-2l-h 

F = 3(6-1)-2(7) = 1                       Degree of freedom, F= 1 

i.e., one input to any one link will result in definite motion of all the links. 

https://engineering.myindialist.com/wp-content/uploads/2013/03/clip_image0102.jpg
https://engineering.myindialist.com/wp-content/uploads/2013/03/clip_image0121.jpg
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Example: 4  

Find the degree of freedom for the given arrangement shown in figure 1.23 

 
Figure 1.23. 

F = 3(n-1)-2l-h 

Here, 

Number of links, n = 11,  

Number of lower Pairs, l = 15  

No.of binary joints = (1, 2) (1, 3) (1, 11), (9, 10) (7, 9) (1, 7) (6, 7) = 7 

No.of ternary joints = (3, 4,6) ((2,4,5) (5,7,8) (8,10,11) = 4 

So Number of binary joints = 1 x (No.of binary joints) + 2(No.of ternary joints) 

                                            = 1 (7) + 2(4) 

                                       l   = 15 

Number of higher Pair, h = 0. 

F = 3(n-1)-2l-h 

F = 3(11-1)-2(15) = 0           Degree of freedom, F= 0      i.e., it’s a structure, having no motion between them. 
 

 

GRASHOF’S LAW  

It states that for a four-bar linkage system, if the sum of length of shortest and longest of a planar quadrilateral 
linkage is less than or equal to the sum of the remaining two links , then the shortest link can rotate freely with 
respect to neighbouring link.  
 
In a four bar chain there are four turning pairs and no sliding pairs. Let denote the smallest link of four 
bar linkage with S and the longest link by L and the other two links by P and Q as shown in figure 1.24.  
 
The necessary condition to satisfy Grashof’s Law is  :   S + L ≤ P + Q  

 

 
Figure 1.24. Four Bar Chain 
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Inversion Mechanism 
 Inversion of a kinematic linkage or mechanism is observing the motion of the 
members of the mechanism with fixing different links as reference frame. Each time when a different 
link is chose as the frame link the mechanism shows different characteristics of the motion. 

 

 

 
 
Inversions of 4-Bar Chain 
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Inversions of 4 bar Chain 
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Watt indicator Mechanism 

 
 
Inversions of Single Slider Chain 

 
 
First Inversion 
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Second Inversions 

  

 

 
Third Inversion 
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Fourth Inversion 

 

 
                 
Pendulum Pump 
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Third Inversion 
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MECHANISMS 
 
Toggle Mechanism 
The toggle mechanisms can be used in the situation when one needs to output large force subject to a 
short stroke, for example, the stone crushers and mechanical presses, etc. The shown mechanism has 
a toggle position when the two lower links arrange to be aligned. At this position, the slider can 
produce an extremely large power to press workpiece. 
 
Ratchet and Pawl Mechanism 
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Geneva Wheel Mechanism 
 

Geneva mechanism, also called Geneva Stop, one of the 
most commonly used devices for 
producing intermittent rotary motion, characterized by 
alternate periods of motion and rest with no reversal in 
direction. It is also used for indexing (i.e., rotating a shaft 
through a prescribed angle). 
In the Figure the driver A carries a pin or roller R that fits in the 
four radial slots in the follower B. Between the slots there are 
four concave surfaces that fit the surface S on the driver and 
serve to keep the follower from rotating when they are fully 
engaged. In the position shown, the pin is entering one of the slots, and, on further rotation of the driver, 
it will move into the slot and rotate the follower through 90°. After the pin leaves the slot, the driver will 
rotate through 270° while the follower dwells—i.e., stands still. The lowest practical number of slots in 
a Geneva mechanism is 3; more than 18 are seldom used. If one of the slot positions is uncut, the number 
of turns that the driver can make is limited. It is said that the Geneva mechanism was invented by a Swiss 
watchmaker to prevent the over winding of watch springs. For this reason it is sometimes called a Geneva 
stop. 

 
Universal Joint 
A universal joint is a mechanical device that allows one or more rotating shafts to be linked together, 
allowing the transmission of torque and/or rotary 
motion. It also allows for transmission of power 
between two points that are not in line with each other. 
Universal joints come in a wide variety of shapes, sizes 
and configurations to accommodate the infinite amount 
of applications they can go into. You should always 
consult a professional before selecting a universal joint. 
 
 

STRAIGHT LINE MOTION MECHANISMS 

Straight line motion mechanisms are mechanisms, having a point that moves along a straight 
line, or nearly along a straight line, without being guided by a plane surface. 

 

Peaucellier exact straight line motion mechanism: 

 

 Peaucellier exact straight line motion mechanism 

Here, AE is the input link and point E moves along a circular path of radius AE = AB. Also, EC = 
ED = PC = PD and BC = BD. Point P of the mechanism moves along exact straight line, 
perpendicular to BA extended. 

https://www.merriam-webster.com/dictionary/intermittent
https://www.britannica.com/technology/roller-farm-machine
https://www.britannica.com/place/Geneva-Switzerland
https://www.britannica.com/technology/mechanism-machinery
https://www.britannica.com/technology/watch
http://engineering.myindialist.com/wp-content/uploads/2013/03/clip_image0083.jpg
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To prove B, E and P lie on same straight line: 

Triangles BCD, ECD and PCD are all isosceles triangles having common base CD and apex points 
being B, E and P. Therefore points B, E and P always lie on the perpendicular bisector of CD. Hence 
these three points always lie on the same straight line. 

To prove product of BE and BP is constant. 

In triangles BFC and PFC, 

 

 and  

But since BC and PC are constants, product of BP and BE is constant, which is the condition for 
exact straight line motion. Thus point P always moves along a straight line perpendicular to BA as 
shown in the fig 

 

Scott Russel Straight Line Mechanism 

The complexity of the mechanisms to generate exact straight lines can be reduced by 
introduction of one or more slider crank linkages. It is possible to 
generate an exact straight line using the slider crank mechanism but the 
range of motion is limited. Based on the geometry of the linkage the 
output motion is a simple sine function of the drive link or a simple 
harmonic motion. It is evident from the figure that this mechanism is 
made up of isosceles triangles, AB, AC and AO2 are of equal lengths. 

Mechanical Advantage 

 
Transmission Angle. 

 
 

• The angle between Coupler and the follower 
 
Effect of transmission Angle 
 

 

http://engineering.myindialist.com/wp-content/uploads/2013/03/clip_image014.gif
http://engineering.myindialist.com/wp-content/uploads/2013/03/clip_image010.gif
http://engineering.myindialist.com/wp-content/uploads/2013/03/clip_image012.gif
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Unit 2- KINEMATICS OF LINKAGE MECHANISMS 
 
 
Instantaneous Centre of Rotation 

 
 
Example 

 

 

 
 
Velocity of a point on a link by Instantaneous Centre Method 
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Number of Instantaneous Centers in a Mechanism 

 

 

 

 

 

 

 
Types of Instantaneous Centres 
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Coriolis component of Acceleration 

 
 
Magnitude of coriolis component of acceleration 

 
 
Motions  
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Kinematic Synthesis 
 

 
 
Type of Synthesis 

 
 
Number Synthesis 

 
 
Dimensional Synthesis 
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Types of synthesis Problems   (Tasks of kinematic synthesis) 

 
 
 
Problems 
 
             In a four bar chain ABCD,AD is fixed and is 120mm long .the crank  AB is 30mm long 
and rotates at 100r.p.m clockwise. While the link CD=60mm oscillates about D,BC and AD are 
of equal length. Find the angular velocity and angular acceleration of the link BC when BAD= 
60degree. 
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2. In a four link mechanism , the crank AB rotates at 36 rad/sec. the lengths of the links are 
AB=200mm,BC=400mm,CD=450mm and AD=600mm is the fixed link. At the instant when AB 
is at right angle to AD. Determine the velocity and acceleration at  (i)  the mid point of the link 
BC. 
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3.  In a slider crank mechanism , the length of crank OB and connecting rod AB are 125mm 
and 500mm respectively. The center of gravity of the connecting rod is 250mm from the slider 
A. the crank speed is 600r.p.m clockwise . when the crank has turned 45 degree form the inner 
dead center position , determine 
1. Linear velocity and acceleration of the mid point of the connecting rod and  
2. Angular velocity and angular acceleration of the connecting rod. 
 

 
 

 

 
 

 
4. In the mechanism as shown in fig, the crank OA rotates at 20r.p.m  anticlockwise and gives 
motion to the sliding B and D. the dimensions of various links are OA=300mm; AB= 1200mm; 
BC=450mm and CD= 450mm. 
        For the given configuration , determine  
         (i)  velocity of sliding at B and D, 
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         (ii) angular velocity of CD, 
         (iii) linear acceleration of D and  
          (iv) angular acceleration of CD. 

 

 

 
 

 



 

 

33 
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Unit 3- KINEMATICS OF CAM MECHANISMS 
 

Cam 
A cam may be defined as a machine element having a curved 
outline or a curved groove, which, by its oscillation or rotation 
motion, gives a predetermined specified motion to another element 
called the follower . The cam has a very important function in the 
operation of many classes of machines, especially those of the 
automatic type, such as printing presses, shoe machinery, textile 
machinery, gear-cutting machines, and screw machines. 
 
 

Types of Cam 
A Cam is a reciprocating, oscillating or rotating body which imparts reciprocating or 
oscillating motion to a second body, called the follower, with which it is in contact. The shape 
of the cam depends upon its own motion, the required motion of the follower and the shape of 
the contact face of the follower. 
 

 
Cams are classified according to the direction of displacement of the follower with respect to the axis 
or oscillation of the cam. The two most important types are : 
 Disc or Radial Cams In these the working surface of the cam is shaped that the reciprocation or 

oscillation of the follower is in a plane at right angles to the axis of the cam. ( see examples c; d; 
e; f above ) 

 Cylindrical Cams These are often used in machine- tools and the cam imparts an oscillation or 
reciprocation to the follower in a plane parallel to the axis of the cam. ( see examples g and h 
above) 

Types Of Follower. 
Followers can be divided according to the shape of that part which is in contact with the cam.. The 
following diagram shows some of the more common types: 

a. Knife edged. These are not often used due to the rapid rate of wear of the knife edge. This 
design produces a considerable side thrust between the follower and the guide. 
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b. Roller Follower. The roller follower has the advantage that the sliding motion between cam 
and follower is largely replaced by a rolling motion. Note that sliding is not entirely 
eliminated since the inertia of the roller prevents it from responding instantaneously to the 
change of angular velocity required by the varying peripheral speed of the cam. This type of 
follower also produces a considerable side thrust. 

c. Flat or Mushroom Follower. These have the advantage that the only side thrust is that due 
to friction between the contact surfaces of cam and follower. The relative motion is one of 
sliding but it may be possible to reduce this by off setting the axis of the follower as shown in 
the diagram. This results in the the follower revolving under the influence of the cam. 

d. Flat faced Follower. These are really an example of the mushroom follower and are used 
where space is limited. The most obvious example being automobile engines. 

Radial Followers 

When the motion of the follower is along an 
axis passing through the centre of the cam, it 
is known as radial followers. Above figures 
are examples of this type. 

 

When the motion of the follower is along an axis 
away from the axis of the cam centre, it is called 
off-set follower. Above figures are examples of 
this type. 

Cam Nomenclature 

 Cam profile: The outer surface of the disc cam. 
 Base circle : The circle with the shortest radius from the 

cam center to any part of the cam profile. 

 Trace point: It is a point on the follower, and its 
motion describes the movement of the follower. It is 
used to generate the pitch curve. 

https://www.codecogs.com/users/23287/Cams-0002.png
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 Pitch curve : The path generated by the trace point as the follower is rotated about a 
stationery cam. 

 Prime circle: The smallest circle from the cam center through the pitch curve 
 Pressure angle: The angle between the direction of the follower movement and the normal to 

the pitch curve. 
 Pitch point: Pitch point corresponds to the point of maximum pressure angle. 
 Pitch circle: A circle drawn from the cam center and passes through the pitch point is called 

Pitch circle 
 Stroke: The greatest distance or angle through which the follower moves or rotates 

Types of follower motion 

1. Uniform motion ( constant velocity) 
2. Simple harmonic motion 
3. Uniform acceleration and retardation motion 
4. Cycloidal motion 

Problem 

1. A cam operating a knife edged follower has the following data: 
   (a) Follower moves outward through 40 mm during 60* of cam rotation 

 (b) Follower dwells for the next 45*. 
 (c) Follower returns to its original position during next 90*. 
 (d) Follower dwells for the rest of the rotation. 

The displacement of the follower is to take place with uniform velocity during the both 
outward and return strokes. The least radius of the cam is 50 mm. Draw the profile of the cam 
when (1) the axis of the follower passes through the cam axis, and (2) the axis of the Follower is 
offset by 18 mm towards right from the cam axis. 
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2. A cam rotating clockwise with a uniform speed is to give the roller follower of 20 mm 
diameter with the following motion. 

 (a) Follower to move outward through a distance of 30 mm during 120* of cam rotation. 
        (b) Follower to dwell for 60* of cam rotation. 
        (c) Follower to return its initial position during 90* of cam rotation and  
        (d) Follower to dwell for the remaining 90* of cam rotation. 
The minimum radius of the cam is 45 mm and the displacement of the follower is to take place 
with SHM on both the outward and return strokes. Draw the cam profile when  

 (1) The line of stroke of the follower passes through the axis of the cam shaft, and  
 (2) The line of stroke of the follower is offset by 15 mm from the axis of the cam. 
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3. A cam drives a flat reciprocating follower in the following manner. During first 90* rotation 
of cam, follower moves outwards through a distance of 30 mm with SHM. The follower dwells 
during next 90* of cam rotation. During next 90* of cam rotation, the follower moves inwards 
with SHM. The follower dwells for the next 90* of cam rotation. The minimum radius of the 
cam is 40 mm. Draw the profile of the cam. Also calculate the maximum values of velocity and 
acceleration when the cam rotates at 10 rad/s. 
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4. A flat faced mushroom follower is operated by a uniformly rotating cam. The follower is 
raised through a distance of 25 mm in 120* rotation of the cam, remains at rest of for 
the next 30* and is lowered during further 120* rotation of the cam. The raising of the 
follower takes place with cycloidal motion and lowering with uniform acceleration and 
deceleration. The least radius of the cam is 25 mm which rotates at 300 rpm. 
Draw the cam profile and determine the values of the maximum velocity and maximum 
acceleration during rising and maximum velocity and uniform acceleration and 
deceleration during lowering of the follower. 
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Tangent Cam 

When the flanks of the cam are straight and tangential to the base circle and nose circle, then 
the cam is known as tangent cam.  

Pressure Angle 
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Under Cutting in Cam 

 

 

Methods to Avoid Undercutting in Cam 
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Unit 4 – GEARS AND GEAR TRAINS 
 
Gear 

• Gears are toothed wheels used for transmitting motion and power from one shaft to another 
when they are not too far apart and when a constant velocity ratio is desired  

 
Advantages of Gear Drive 

• Since there is no slip, so exact velocity ratio is obtained. 
• Larger power can be transmitted.(Compare to Belt & Chain) 
• Its more efficient (upto 99%) 
• Its require less space 

 
Types of Gears 
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(1) Parallel Axes Gears 

1 Spur Gear   

 
 
This is a cylindrical shaped gear, in which the teeth are parallel to the axis. It is the most commonly 
used gear with a wide range of applications and is the easiest to manufacture. 

2 Gear Rack  

 
This is a linear shaped gear which can mesh with a spur gear with any number of teeth. The gear 
rack is a portion of a spur gear with an infinite radius. 

3 Internal Gear  

 
Internal Gear and Spur Gear  
This is a cylindrical shaped gear, but with the teeth inside the circular ring. It can mesh with a spur 
gear. Internal gears are often used in planetary gear systems. 

4 Helical Gear  

 
This is a cylindrical shaped gear with helicoid teeth. Helical gears can bear more load than spur 
gears, and work more quietly. They are widely used in industry. A disadvantage is the 
axial thrust force caused by the helix form. 

5 Helical Rack  

 

https://khkgears.net/product-category/gear-rack/
https://khkgears.net/product-category/gear-rack/
https://khkgears.net/product-category/gear-rack/
https://khkgears.net/gearwords/thrust/
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This is a linear shaped gear that meshes with a helical gear. A Helical Rack can be regarded as a 
portion of a helical gear with infinite radius. 

6 Double Helical Gear  

 
A gear with both left-hand and right-hand helical teeth. The double helical form balances the inherent 
thrust forces. 

(2) Intersecting Axes 

1 Straight Bevel Gear  

  
This is a gear in which the teeth have tapered conical elements that have the same direction as the 
pitch cone base line (generatrix). The straight bevel gear is both the simplest to produce and the most 
widely applied in the bevel gear family. 

2 Spiral Bevel Gear  

 
This is a bevel gear with a helical angle of spiral teeth. It is much more complex to manufacture, but 
offers higher strength and less noise. 

3 Zerol Bevel Gear  

 



 

 

45 
 

This is a special type of spiral bevel gear, where the spiral angle is zero degree. It has the 
characteristics of both the straight and spiral bevel gears. The forces acting upon the tooth are the 
same as for a straight bevel gear. 

(3) Nonparallel and Nonintersecting Axes Gears 

1 Worm Gear Pair  

 
Worm gear pair is the name for a meshed worm and worm wheel. An outstanding feature is that it 
offers a very large gear ratio in a single mesh. It also provides quiet and smooth action. However, 
transmission efficiency is poor. 

2 Screw Gear (Crossed Helical Gear)  

 
A pair of cylindrical gears used to drive non-parallel and nonintersecting shafts where the teeth of 
one or both members of the pair are of screw form. Screw gears are used in the combination of screw 
gear / screw gear, or screw gear / spur gear. Screw gears assure smooth, quiet operation. However, 
they are not suitable for transmission of high horsepower. 

(4) Other Special Gears 

1 Face Gear  

 
A pseudo bevel gear that is limited to 90° intersecting axes. The face gear is a circular disc with a 
ring of teeth cut in its side face; hence the name Face Gear. 

2 Enveloping Gear Pair  

 
This worm set uses a special worm shape that partially envelops the worm gear as viewed in the 
direction of the worm gear axis. Its big advantage over the standard worm is much higher load 
capacity. However, the worm gear is very complicated to design and produce. 



 

 

46 
 

3 Hypoid Gear  

 
This gear is a slight deviation from a bevel gear that originated as a special development for the 
automobile industry. This permitted the drive to the rear axle to be nonintersecting, and thus allowed 
the auto body to be lowered. It looks very much like the spiral bevel gear. However, it is complicated 
to design and is the most difficult to produce on a bevel gear generator. 

Involute tooth profiles 
Involute curve is a path generated by a tracing point on a cord as the cord is unwrapped from a cylinder called 
the base cylinder  
 

 
 
 
 
Spur Gear Terminology 
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Pinion 

 The smallest of two matting gear. The largest often called the gears or the wheel. 
 

pitch circle 

 It is an imaginary circle, which is pure rolling action. For actual gear to give the same motion. 

Pitch circle diameter: 

It is diameter of the Pitch Circle. When the size of the gear is specified by pitch circle diameter. It is 
also known as pitch diameter. 

Pitch point: 

It is a common point of contact between the two pitch circle. 

Pitch surface: 

It is a surface of Rolling disc which meshing gears are replaced at pitch circle. 

Pitch: 

Two mating gear of pitch are same.That should be having Three Types of pitch. 

Circular pitch 

What is distance between circumference of a pitch circle from a point of one tooth to the 
corresponding point of adjacent tooth. 

Diametral pitch 

It is the ratio between the pitch circle diameter to number of teeth. it is called diametral pitch. 

module pitch 

It Is ratio between pitch circle diameter to the number of teeth. 

Addendum Circle(tip circle): 

The circle drawn through the top of the teeth and it is concentric with the Pitch Circle.  

Addendum: 

it is radial distance between the Pitch circle to bottom of the tooth. 
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Dedendum circle( root circle) 

It is circle draw through bottom of the circle. 

Dedendum: 

The radial distance of teeth in between pitch circle to bottom of the teeth. 

Clearance: 

The Clarence is a radial distance between the top of teeth to the bottom of the teeth in two meshing 
gear. A circle is drawn through the top of the meshing gear is called as clearance circle. 

Total depth: 

It is radial distance between the addendum circle to dedendum circle of gear. 
So we can calculate the total death: 
Total depth = addendum + dedendum 

Working depth: 

It is a Radial distance between the addendum circle to clearance circlet.It is also equal to sum of 
addendum of the two meshing gear. 

Tooth thickness: 

The Measuring of width the tooth along the Pitch Circle. 

Tooth space: 

It is measurement by space of width between to adjacent teeth measuring along the pitch circle. 

Backlash: 

It is difference between space of the tooth and thickness of the tooth along the Pitch Circle. 
Backlash = tooth space – tooth thickness 

Face Width: 

It is measurement of gear width by parallel to its axis. 

Top land: 

It is your surface of top of the teeth. it is called top land. 
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Bottom Land: 

It is surface of the bottom of the teeth between adjacent fillets. 

Face: 

It is tooth surface between top Land to Pitch Circle. 

Flank: 

The tooth surface between bottom land to pitch circle including fillet. 

Fillet: 

It is curved shape of the toothed flank at root circle. 
Pressure angle( angle of obliquity): 
The angle between the common normal to two gearing of teeth at point of contact and a common 
tangent at a point of pitch Point. It is called pressure angle in the Gearing. The standard pressure 
angle of the teeth is 14 1/2 degree and 20 degree. 

Path of contact: 

The point of contact of two teeth from beginning to end of engagement. 
Length of path of contact( contact length): 
It is measured by length of the common normal cutoff by addendum circle of the pinion and wheel.  

Arc of content: 

The path is measured by a point on the circle from beginning to end of engagement in pair of teeth. 
The arc of contact is divided by two types. The are 
(i) arc of approach 
(ii) Arc of recess 

Arc of approach: It is path of contact from the beginning of engagement to end of pitch point. 
Arc of recess: it is path of contact from Pitch point to end of engagement of pair of teeth. 

Velocity ratio: 

It is ratio between speed of driving gear to speed of driven gears. 

Contact ratio: 

The ratio between length of Arc of contact to circular pitch.it is called as Contact ratio. 

Law of Gearing: 



 

 

50 
 

To obtain a constant velocity ratio, the common normal of any instant of teeth at each point of 
contact should always pass through a pitch point, Situated on line joining center of rotation of the of 
mating gear. 

Mean of Other Words:(The condition made by the tooth profile to maintain a constant angular 
velocity ratio in between two pair of gear. The fundamental of condition which must be satisfied 
designing the profile of the teeth of gear wheel.) 

General form of gear tooth profile: 

The shape of two curve that fulfill the law of gearing, it can be used in teeth profile. if the profile of 
teeth of one matting gear is arbitrarily and profile of other gear is determined,so to satisfy the law of 
gearing, it type of teeth is known as conjugate teeth. The gear are having conjugate teeth can be 
successfully used for power transmission of motion. but there are difficult to manufacturing by using 
a special device which are costly. So the conjugate teeth are not used in most common method. 
So the common form of the profile used in actual practical purpose; 
They are (i) involute profile (ii) cycloidal tooth profile 

Standard System of gear tooth profile: 

American gear manufacture Association(AGMA) and American National standard Institute(ANSI) 
for standardized following for form of gear teeth profile depending upon the pressure angle. 
1. 14 ½ ⁰ composite system 
2. 14 ½ ⁰ full depth involute system 
3. 20⁰ full depth envelope system 
4. 20⁰ degree stub involute system 

Advantages of 14 ½ ⁰ involute system 

It type of profile teeth could be having smooth and noiseless operation. 
Very strong teeth 
Advantages of 14 degree involute system 
It will be reduced the risk of undercutting 
It will be stronger teeth with a load carrying capacity 
It will be having greater length of contact 

Gear material 

the modern industrial widely various gear materials are used. The gears material are classified in two 
types. They are Metallic and non metallic material. 
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(1) metallic material: 

 Steel: it is more common material of manufacturing of gears. Almost all types of Steel have 
been used in this manufacturing purpose. 

 To combine the property of toughness and teeth hardness, steel gears are heat treated. 
 The Steel With Brinell hardness number < 350 are used to light and medium duty purpose. 

But >350 BHN are used to heavy duty and it require to compactness. 
 The plain carbon steel used for medium duty application such as 50 C 8,45 C 8, 50 C 4 and 

55 C 8.For the heavy duty application alloy Steel are used like as 40 Cr 1 , 30 Ni 3 Cr 65 
Mo 55.For planetary gear train the recommended Steel of 35 Ni 1 Cr 60. 

cast iron: 

The cast iron is a extensive gear material. Because of low cost,good machinability, and moderate 
Mechanical properties. For general purpose, the large size gear made from grey cast iron (FG 200, 
FG 260 or FG 350) 
Disadvantage: it is a low tensile strength 

bronze: 

 It is mainly used to worm gears drive because of ability of highest sliding load. 
 It is most suitable for corrosion and wear problem. 

Disadvantage: there are costly material. 
 The bronze Alloys like as manganese bronze, aluminium bronze, Silicon bronze or 
 phosphorus bronze are used in manufacture of gears. 

(2) non metallic material: 

The non metallic materials like as wood, rawhide, synthetic resin, compressed paper are used for 
gears. 
Advantage:i. Cost very low ii. Noiseless operation iii. Damping of shock and vibration. 
Disadvantage: low heat conductivity and low load carrying capacity 

Selection of Gears Materials: 

Selection of gears material depends on the various reason as follows, 

 Service type 
 The speed of peripheral 
 Manufacturing method 
 Degree of accuracy requirement 
 Material cost 
 Wear and shock resistance 
 Weight and space limitation 
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 Impact load , maximum load and life  of gear 
 The safety and other consideration 

Gear manufacturing method: 

The manufacture of gear followed by various process and that can be classified, 

Gear milling process: 

 Gear milling is a process of cutting a material by feeding a work piece under rotating of 
multiple tooth cutter. When the cutting action for many teeth around the milling cutter and 
providing a fast method of machining. So the machined surface maybe followed by 
flat,angular, or curved.The machining of surface in above require shape of material. 

 Spur gear, helical gear and straight bevel gear are milled by this method. 
 The machining of surface finish having about 3.2μm. 

Gear generating 

The gears are formed together in serious of passes by generating tool shape like as mating of gears 
one to another.The hubs or shapers can be used by this method. The surface finish of machining 
process can be obtained by 1.6μm. 

 Gear hobbing: 

it is an simply method, which cutting tool shaped in worm. The gear hobbing method can produce 
almost any Shape of external tooth form expect bevel gears. It also control tooth spacing, lead angle 
and profile. 

Gear shaping: 

The gear shaper is used and the teeth may be generated with either rack cutter or pinion cutter. It can 
produce internal and external spur gears, helical gears, herringbone gears and face gears. 

Gear moulding: 

It is achieved by mass production of gears. 

       Injection moulding: 

It can produce light weight gears of thermoplastic materials. 

       Die casting: 

The die casting method, the shape of gears depends on the Die shape. It is similar to Melton metal 
casting. Brass, aluminium, Zince and magnesium gear are made by this process. 
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       Sintering: 

It is used to manufacture of small and heavy duty gears for pumps and instrument. Iron and brass 
material are most common material of sintering method. 

       Investment casting: 

It can produce medium duty gears of iron and steel for rough application 

Law of Gearing 
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Interference 

• The mating of two non involutes tooth profiles is known as interference  

Undercutting in gears 

• When the tip of the tooth undercuts the root (flank) of the mating gear tooth, some portion of 
the flank will be removed. This process of removal of material due to interference 
phenomenon is called undercutting.  
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Methods to Avoid Interference 

• By modifying addendum of gear teeth 
• By increasing the pressure angle 
• By modifying tooth profile or tooth shifting 
• By increasing the centre distance 
• By increasing no. of teeth on the mating pinion 
• By Undercutting the radial flank of the pinion 

 

Problem 

1. A pair of gears having 40 and 30 teeth respectively are 25o involutes form. The addendum 
length is 5mm and module pitch is 2.5mm. If the smaller wheel is driver and rotates at 1500 
rpm, find the velocity of sliding (i) At the point of engagement (ii) At the point of disengagement 
(iii) At the pitch point. 
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GEAR TRAIN 
 
It’s a combination of wheels by means of which motion is transmitted from one shaft to another shaft  
 

 
 

 
 
Problems 
 

1. Two parallel shafts are connected by a simple gear train. The speed of the driving gear and the 
driven gear is 360 rpm and 120 rpm respectively. The number of teeth on the driving gear is 30. 
Determine i) Speed ratio ii) The Train Value  iii) Number of teeth on the driven or Follower 
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Simple gear train 
Characteristics of simple gear train 

 Gears are in the form of series 

 Axes of gears remains fixed 

 Each gear is mounted on different shaft 

 
 
Compound gear train 
Characteristics of compound gear train 

 All the characteristics are same as simple gear train except that more than two gears can also be 
mounted on a single shaft 
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Reverted Gear Train 
 

 
 
 
 
 
EpiCyclic Gear Train 
 
   A gear train that consists of one or more outer gears rotating around a central gear.  
   Epicylic gear trains are also known as planetary gear trains.  
 
 

Applications 
 
 
 
Types  

a) Simple Epyclic Gear Train 
When only one gear on each shaft in any epicyclic gear train is called simple epicyclic gear train  

 
 

b) Compound Epyclic Gear Train 
When there are more than one gear on a shaft in any epicyclic gear train is called as compound 
epicyclic gear train 

 
Methods to find Velocity Ratio 

1. Tabulation Method 
2. Algebraic or Formula Method  
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In an epicyclic gear train, an arm carries two gears A & B having 24 & 30 teeth respectively. The 
arm rotates at 100 rpm in the clockwise direction. Find the speed of the gear B on its own 
axis, when the gear A is fixed. If instead of being fixed, the wheel A rotates at 200 rpm in the 
counter clockwise direction, what will the speed of B? 

 Given Data:  
  TA = 24:  TB = 30:  NC = 100 rpm (Clockwise) 
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2. In an epicyclic gear train an annular wheel A having 54 teeth meshes with a planet 
wheel B which gears with a sun wheel C, the wheels A &C beings coaxial. The wheel B is 
carried on a pin fixed on end of the arm P which rotates about the axis of the wheels A 
& C. If the wheel A makes 20 rpm in a clockwise sense and the arm rotates at 100 rpm 
in the anticlockwise direction and the wheel C has 24 teeth, determine the speed and 
sense of rotation of wheel C? 
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In an epicyclic gear train the internal wheels A & B are compound wheels C & D rotate 
independently about axis O. the wheel E & F rotate on pins fixed on the arm G. E gears 
with A & C. Wheel F gears with B & D. All the wheels have the same module and the 
number of teeth are TC=28; TD = 26; TE = TF= 18. 

 (1) Sketch the arrangement and find the number of teeth on A & B. 
(2)  If the arm G makes 100 rpm clockwise and A is fixed, find the  speed of B. 
(3) If the arm G makes 100 rpm clockwise and wheel A make 10 rpm counter clockwise, 
find the speed of B. 
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Unit 5- FRICTION IN MACHINE ELEMENTS 

 

 

 

 

 
 
Dry Friction 

 
 
Laws of Dry Friction 

 
 
Limiting Friction 
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Forms of Screw and Nut 

 

 
 
 
 
 
 
 

 
 
Types of Threads 

 
 
Terminology Used in Lead Screw 
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Problems 
 
 

1.   A bolt with a square threaded screw has mean diameter of 25 mm and a pitch of 3 mm. 
It carries axial thrust of 10 KN on the bolt head of 25 mm mean radius. If coefficient of 
friction is 0.12, find the force required at the end of a spanner 450 mm long in 
tightening up the bolt. 
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2. The follower data relates to screw jack: 
                            Pitch of the threaded screw  =  8mm 
                      Diameter of the threaded screw  = 40 mm 
Coefficient of friction between screw and nut  =  0.1 
                                                                   Load  = 20 kW  
Assuming that load rotates with the screw, determine  
1. The ratio of torques required to raise and lower the load  
2.  The efficiency of the machine  
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CLUTCH 
 

• A clutch is a mechanical device that engages and disengages the power transmission, 
especially from driving shaft to driven shaft.  
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Single Plate Clutch 
 

 



 

 

69 
 

 
 

 
 

1. An automotive single plate clutch consists of two pairs of contacting surfaces. The inner 

and outer radii of friction plate are 120 mm and 250 mm respectively. The coefficient of 

friction is 0.25 and the total axial force is 15kN.Calaulate the power transmitting 

capacity of the clutch plate at 500 r.p.m. using  

(i) Uniform wear theory and                (ii)        Uniform pressure theory. 
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2.  A single plate friction clutch, with both sides of the plate being effective, is used to transmit 
power at 1440 r.p.m. It has outer and inner radii 80 mm and 60 mm respectively. The 
maximum intensity of pressure is limited to 10 x 104 N/m2. If the coefficient of friction is 0.3, 
determine            (i)Total pressure exerted on the plate and             (ii) Power transmitted.
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3. A multiple clutch consisting of 6 plates, each plate of external diameter 150 mm and internal 
diameter 100 mm is to transmit 7.5 kW at 900 r.p.m. Assuming coefficient of friction is 
0.1,determine the pressure on each effective pair of surfaces in contact. 
 
 

 

 
 

 
 
 

4. A multiple clutch has three discs on the driving shafts and two on the driven shafts. The 
outside diameter of the contact surfaces is 240 mm and inside diameter is 120 mm. 
Assume uniform wear coefficient of friction as 0.3, find the maximum axial intensity of 
pressure between the discs for transmitting 25 kW at 1575 r.p.m. 
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BRAKES 
 

• It’s a mechanical device by means of which motion of a body is retarded for slowing down 
(or) to bring it to rest by applying artificial frictional resistance  
 

Types of Brakes 
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Advantages of Hydraulic Brakes 

 
 

Disadvantages of Hydraulic Brakes 
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Disc Brakes  
 
Disc brakes consist of a disc brake rotor - which is attached to the wheel - and a caliper, which holds 
the disc brake pads. Hydraulic pressure from the master cylinder causes the caliper piston to clamp 
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the disc brake rotor between the disc brake pads. This creates friction between the pads and rotor, 
causing your car to slow down or stop.  
  

 
 

Drum Brakes  
 
Drum brakes consist of a brake drum attached to the wheel, a wheel cylinder, brake shoes, and brake 
return springs. Hydraulic pressure from the master cylinder causes the wheel cylinder to press the 
brake shoes against the brake drum. This creates friction between the shoes and drum to slow or stop 
your car.  
  

 
 
 
Emergency Brakes  
 
Vehicles also come equipped with a secondary braking system, known as emergency, or parking 
brakes.  Emergency brakes are independent of the service brakes, and are not powered by 
hydraulics.  Parking brakes use cables to mechanically apply the brakes (usually the rear brake). 
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There are a few different types of emergency brakes, which include: a stick lever located between the 
driver and passenger seats; a pedal located to the left of the floor pedals; or a push button or handle 
located somewhere near the steering column. Emergency brakes are most often used as a parking 
brake to help keep a vehicle stationary while parked.  And, yes, they are also used in emergency 
situations, in case the other brake system fails!  
 
Anti-Lock Brakes  
Computer-controlled anti-lock braking systems (ABS) is an important safety feature which is 
equipped on most newer vehicles. When brakes are applied suddenly, ABS prevents the wheels from 
locking up and the tires from skidding. The system monitors the speed of each wheel and 
automatically pulses the brake pressure on and off rapidly on any wheels where skidding is detected. 
This is beneficial for driving on wet and slippery roads. ABS works with the service brakes to 
decrease stopping distance and increase control and stability of the vehicle during hard braking. 
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