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







Mechanics
Science which describes and predicts the condition

of rest or motion of bodies under the action of forces

Mechanics of Rigid Bodies

Mechanics of Deformable Bodies

Mechanics of Fluids









•

•



•

•

Mechanics of Rigid Bodies
Statics: dealing with bodies at rest.

Dynamics : dealing with bodies in motion.

Kinematics

It describes the motion of objects

It is the study of description of motion

Kinetics

studies forces that cause changes of motion

It is the study of explanation of motion



Mechanisms and Machines

Wiper Mechanism Dumping Machine



Mechanisms and Machines

•
•

Kinematics
Study of motion of Connected rigid bodies

Kinetics
For the same system,

the word mechanism is used if studying kinematics
the word machine is used if studying kinetics

 



Mechanisms and Machines
Kinematic Analysis

Kinematics
Kinematic Synthesis

•

•

In Kinematic analysis, motion characteristics such as
displacement, velocity, acceleration are investigated  for given
geometric parameters.
Kinematic synthesis deals with the inverse problem.



Types of Constrained Motions



a)
b)

Completely constrained motion.
When the motion between a pair is limited to a definite direction
irrespective of the direction of force applied, then the motion is
said to be a completely constrained motion.

e.g.
The motion of a square bar in a square hole.
The motion of a shaft with collars at each end in a circular hole.



Types of Constrained Motions





a)

Incompletely constrained motion.
When the motion between a pair can take place in more than one
direction, then the motion is called an incompletely constrained
motion.
The change in the direction of impressed force may alter the
direction of relative motion between the pair.

e.g.
A circular bar or shaft in a circular hole, as shown in Fig., is an
example of an incompletely constrained motion as it may either
rotate or slide in a hole.



Types of Constrained Motions





a)
b)
c)

Successfully constrained motion.
 When the motion between the elements,
forming a pair, is such that the constrained
motion is not completed by itself, but by some
other means, then the motion is said to be
successfully constrained motion.
e.g.
A shaft in a foot-step bearing
piston reciprocating inside an engine cylinder
An I.C. engine valve (these are kept on their
seat by a spring)



Basic Definitions & Nomenclature

Kinematic Link: A resistant body or a group of resistant bodies with
rigid connections preventing their relative movement is called a link
or kinematic link.

•
•
•
•

Slider Crank Mechanism
4 links namely

Frame and guide
Crank
Connecting rod
Slider (piston)

Singular Link
A link which is
connected to only one
other link
Binary Link
A link which is connected to two other links.
Ternary Link
A link which is connected to three other links.



Basic Definitions & Nomenclature

Kinematic Pairs: A kinematic pair or simply a pair is a joint of two
links having relative motion between them

•
•

•

•

Slider Crank Mechanism
4 kinematic pairs

Crank and Frame
Crank and
Connecting rod
Connecting rod and
Slider (piston)
Slider (piston) and
Frame



Basic Definitions & Nomenclature

Degrees of Freedom of a kinematic Pair: The number of independent
coordinates (pair variables) required to completely specify the
relative movement.
 
Types of Kinematic Pairs
(based on the possible relative movements)

1) Revolute/Turning Pair 2) Prismatic/Sliding Pair



Basic Definitions & Nomenclature
3) Screw/Helical Pair 4) Cylindric Pair

5) Spheric Pair 6) Planar Pair



Basic Definitions & Nomenclature

Types of Kinematic Pairs
(based on the nature of contact)
 
Lower pairs: A pair of links having surface or area contact.
e.g.: Revolute Pair, Prismatic Pair, Screw Pair, Cylindric Pair, Spheric
Pair & Planar Pair
 
Higher pairs: A pair of links having line or point contact.
e.g.: wheel rolling on a surface, cam and follower pair, toothed gears

Meshing gear tooths



Basic Definitions & Nomenclature

Types of Kinematic Pairs
(based on the nature of constraint)
Form closed pair: when the contact between the elements of a
kinematic pair is maintained only by the geometric forms of the
contacting surfaces.
e.g.: all the lower pairs
Force closed pair: when the contact between the elements of a
kinematic pair is maintained by an external force (e.g. that of spring)
.
e.g.:
 



Basic Definitions & Nomenclature
Kinematic Chain : A series of link connected by kinematic pairs.
 
Kinematic Chain
 

Closed Chain
The connected links form a closed loop.

Open Chain
The connected links form an open loop.

 
Kinematic Chain
 

Simple Chain

Compound Chain



Basic Definitions & Nomenclature

• A mechanism can be defined as a closed kinematic chain with
one fixed link.

D.O.F. of Mechanism: No. of independent pair variables needed to
completely define the relative movements between all its links.
Constrained Mechanism: no. of input motions = D.O.F. of
Mechanism
 
Linkage: A mechanism consisting of only the lower pairs.



Basic Definitions & Nomenclature

•

•

•

•

Planar Mechanism/linkage: All the points of mechanism move in
parallel planes.

A planar linkage can have only revolute and prismatic pairs.

All the revolute axes are normal to the plane of motion.

All the prismatic pair axes are parallel to the plane.

A single view perpendicular to the plane of motion reveals the

true motions.
 



Limit and Disguise of Revolute Pair

•

Revolute and Prismatic pair are the basic building blocks o all lower
pairs.

A prismatic pair can always be thought of as the limit of a

revolute pair.



Kutzbach Equation



Grubler criterion



Kutzbach Equation



Kutzbach Equation



Kutzbach Equation



Kinematic Inversions





Mechanisms that are derived from the same kinematic chain but
have a different link fixed to ground.
The relative motions of the links are the same in kinematic
inversions (i.e., the motions at the joints are the same), but the
absolute motions of the links are different, since they are being
referenced to different links.

Figure (b): Two of the four possible kinematic
inversions of the mechanism in Figure (a)

Figure (a)



Kinematic Inversions

Inversions Of 4 Bar Kinematic Chain








If in a four bar kinematic chain all links are free, motion will be
unconstrained.
From a four link kinematic chain, four different mechanisms can
be obtained by fixing each of the four links turn by turn.
 All these mechanisms are called inversions of the parent
kinematic chain.
 By this principle of inversions of a four link chain, several useful
mechanisms can be obtained.



Kinematic Inversions

Inversions of Kinematic Chain with all the four kinematic pairs as
revolute pairs




All the four inversions of such a chain are identical.
However, by suitably altering the proportions of lengths of links 1,
2, 3 and 4 respectively several mechanisms are obtained.

Figure: Crank-rocker
Mechanism

Crank-rocker Mechanism



Kinematic Inversions
Inversions of Kinematic Chain with all the four kinematic pairs as
revolute pairs
Crank-rocker Mechanism



Kinematic Inversions
Inversions of Kinematic Chain with all the four kinematic pairs as
revolute pairs

Double Lever Mechanism or Rocker-Rocker Mechanism



Kinematic Inversions
Inversions of Kinematic Chain with all the four kinematic pairs as
revolute pairs

Double Crank Mechanism
 The links 2 and 4 of the double crank mechanism make complete

revolutions. There are two forms of this mechanism.

 Parallel Crank Mechanism



Kinematic Inversions
Inversions of Kinematic Chain with all the four kinematic pairs as
revolute pairs

Double Crank Mechanism

 Drag Link Mechanism



Kinematic Inversions
Inversions of Kinematic Chain with three revolute pairs and one
sliding pair

First Inversion



Kinematic Inversions
Inversions of Kinematic Chain with three revolute pairs and one
sliding pair

Second Inversion

Whitworth Quick Return Motion Mechanism



Kinematic Inversions
Inversions of Kinematic Chain with three revolute pairs and one
sliding pair



Kinematic Inversions
Inversions of Kinematic Chain with three revolute pairs and one
sliding pair

Third Inversion

(a) Oscillating Cylinder Engine

•

•

•

This inversion is obtained by
fixing link 3.
Link 1 works as a slider which
slides in slotted or cylindrical
link 4.
Link 2 works as a crank.



Kinematic Inversions
Third Inversion

(b) Crank and Slotted Lever
Mechanism

•

•

•

O2A1 and O2A2 are two positions of crank when link 4 will be tangential to
the crank circle and corresponding to which ram will have extreme
positions.
When crank travels from position O2A1 and O2A2 forward stroke takes
place.
When crank moves further from position O2A2 to O2A1 return stroke takes
place.



Kinematic Inversions
Inversions of Kinematic Chain with three revolute pairs and one
sliding pair

Fourth Inversion

•

•

This inversion is obtained by
fixing link 4.
The pendulum pump and
hand pump are examples of
this inversion.

Pendulum



Kinematic Inversions
Inversions of Kinematic Chain with three revolute pairs and one
sliding pair

Fourth Inversion

Hand Pump



Kinematic Inversions

P1: Discuss in detail the kinematic inversions of Double Slider Crank
Chain.
 



Mechanisms with

 Lower Pair



STRAIGHT-LINE MECHANISMS

Paucellier Mechanism
A Paucellier mechanism consists of eight links such that

As the link OQ moves around O, P moves in a
straight line perpendicular to OA.
All the joints are pin-jointed.



STRAIGHT-LINE MECHANISMS

Paucellier Mechanism

This means that the projection of P on AO produced is constant for all the configurations.
or P moves in a straight line perpendicular to AO.



STRAIGHT-LINE MECHANISMS

Paucellier Mechanism



 This mechanism requires only six links as compared with the eight links required by
the Peaucellier mechanism.

STRAIGHT-LINE MECHANISMS

Hart Mechanism

 ABCD is a trapezium

 OQ rotates about O, P moves in a line
perpendicular to EO produced.

EQP is a straight line



STRAIGHT-LINE MECHANISMS

Hart Mechanism



STRAIGHT-LINE MECHANISMS

Hart Mechanism



STRAIGHT-LINE MECHANISMS

Hart Mechanism



STRAIGHT-LINE MECHANISMS

Scott-Russel Mechanism



STRAIGHT-LINE MECHANISMS

Scott-Russel Mechanism



STRAIGHT-LINE MECHANISMS

P2: Discuss in detail three Approximate Straight Line
Motion Mechanisms.



Pantograph





Uses of Pantograph








A pantograph is an instrument used to reproduce to an enlarged or
a reduced scale and as exactly as possible the path described by a
given point.
A pantograph is mostly used for the reproduction of plane areas
and figures such as maps, plans etc., on enlarged or reduced
scales.
It is, sometimes, used as an indicator rig in order to reproduce to a
small scale the displacement of the crosshead and therefore of
the piston of a reciprocating steam engine. It is also used to guide
cutting tools.
A modified form of pantograph is used to collect power at the top
of an electric locomotive.



Uses of Pantograph





STEERING GEAR MECHANISM





The steering gear mechanism is used for changing the direction of two or
more of the wheel axles with reference to the chassis, so as to move the
automobile in any desired path.
Usually the two back wheels have a common axis, which is fixed in
direction with reference to the chassis and the steering is done by means
of the front wheels.



STEERING GEAR MECHANISM

• This is the fundamental equation for correct steering. If this condition is
satisfied, there will be no skidding of the wheels, when the vehicle takes a turn.



DAVIS STEERING GEAR MECHANISM





It is an exact steering gear mechanism. The slotted links AM and BH are
attached to the front wheel axle, which turn on pivots A and B respectively.
The rod CD is constrained to move in the direction of its length, by the
sliding members at P and Q. These constraints are connected to the slotted
link AM and BH by a sliding and a turning pair at each end.



DAVIS STEERING GEAR MECHANISM

We know that



DAVIS STEERING GEAR MECHANISM

Similarly, from

we get

We know that for correct steering,

or

or



ACKERMANN STEERING GEAR MECHANISM











The Ackerman steering gear mechanism is much simpler than Davis gear. The
difference between the Ackerman and Davis steering gears are:

The whole mechanism of the Ackerman steering gear is on back of the front
wheels; whereas in Davis steering gear, it is in front of the wheels.
The Ackerman steering gear consists of turning pairs, whereas Davis steering
gear consists of sliding members.

The shorter links BC and AD are of equal length and are connected by hinge joints
with front wheel axles.
The longer links AB and CD are of unequal length.



ACKERMANN STEERING GEAR MECHANISM









The following are the only three positions for correct steering.
When the vehicle moves along a straight path, the longer links A B and CD are
parallel and the shorter links BC and AD are equally inclined to the longitudinal
axis of the vehicle, as shown by firm lines in Fig. 2.12.
When the vehicle is steering to the left, the position of the gear is shown by
dotted lines in Fig. In this position, the lines of the front wheel axle intersect on
the back wheel axle at I, for correct steering.
When the vehicle is steering to the right, the similar position may be obtained.







Hook’s joint







A Hooke’s joint is used to connect two non parallel and
intersecting shafts.
It is also used for shafts with angular misalignment.
The driving shaft rotates at a uniform angular speed whereas the
driven shaft rotates at a continuously varying angular speed.

 
 







Applications:
Used in automobiles where it is used to transmit power from
the gear box of the engine to the rear axle.
Used for transmission of power to different spindles of
multiple drilling machine.
Used as a knee joint in milling machines.





Hook’s joint



Hook’s joint

(from top view)



Hook’s joint

Angular Velocity Ratio

We have

Differentiating the above equation w.r.t.
time t

or



Hook’s joint

o
r

or

or



Hook’s joint

o
r
Then

o
r
Then



Hook’s joint

Angular Velocity Ratio

Variation in the speed of driven
shaft

Polar velocity
Diagram



Hook’s joint

Angular Acceleration

For finding the acceleration, differentiating the above equation
w.r.t.



Hook’s joint

Angular Acceleration
Acceleration is minimum or maximum when
Which gives



Double Hook’s joint

•
•

1.

2.

3.

A universal joint, consisting of two Hooke’s joints with an
intermediate shaft, that eliminates variations in angular
displacement and velocity between the driving and driven shafts

This speed of the driving and driven shaft is constant
This joint gives a velocity ratio equal to unity, if

The axes of the driving and driven shafts are in the same
plane, and
The driving and driven shafts make equal angles with the
intermediate shaft
The two forks at the ends of intermediate shaft lie in the
same plane.




