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OBJECTIVES:
¢ To understand the force-motion relationship in components subjected to external forces and analysis of
standard mechanisms.
e Tounderstand the undesirable effects of unbalances resulting from preseribed motions in mechanism.
¢ Tounderstand the effect of Dynamics of undesirable vibrations.
¢ Tounderstand the principles in mechanisms used for speed control and stability control.

UNIT1I FORCE ANALYSIS 12

Dynamic force analysis - Inertia force and Inertia torque- D Alembert’s principle -Dynamic Analysis in reciprocating
engines — Gas forces - Inertia effect of connecting rod - Bearing loads - Crank shaft torque - Turning moment diagrams
-Fly Wheels - Flywheels of punching presses- Dynamics of Cam- follower mechanism.

UNIT II BALANCING 12

Static and dynamic balancing - Balancing of rotating masses — Balancing a single cylinder engine - Balancing of Multi-
cylinder inline, V-engines - Partial balancing in engines - Balancing of linkages - Balancing machines-Field balancing
of discs and rotors,

UNIT III FREE VIBRATION 12

Basic features of vibratory systems — Degrees of freedom - single degree of freedom - Free vibration- Equations of
motion - Natural frequency - Types of Damping - Damped vibration- Torsional vibration of shaft - Critical speeds
of shafts - Torsional vibration - Two and three rotor torsional systems.

UNIT IV FORCED VIBRATION 12

Response of one degree freedom systems to periodic forcing - Harmonic disturbances - Disturbance caused by
unbalance - Support motion -transmissibility - Vibration isolation vibration measurement.

UNIT V MECHANISM FOR CONTROL 12
Governors - Types - Centrifugal governors - Gravity controlled and spring controlled centrifugal governors -
Characteristics - Effect of friction - Controlling force curves. Gyroscopes -Gyroscopic forces and torques - Gyroscopic
stabilization - Gyroscopic effects in Automobiles, ships and airplanes.

TOTAL : 60 PERIODS

OUTCOMES:

Upon the completion of this course the students will be able to

CO1 Calculate static and dynamic forces of mechanisms.

CO2 Calculate the balancing masses and their locations of reciprocating and rotating masses.

CO3 Compute the frequency of free vibration.

CO4 Compute the frequency of forced vibration and damping coefficient.

CO5 Calculate the speed and lift of the governor and estimate the gyroscopic effect on automobiles, ships and airplanes.
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UNIT — 1 - FORCE ANALYSIS

1.1 INTRODUCTION

The subject Dynamics of Machines may be defined as that branch of
Engineering-science, which deals with the study of relative motion between the
various parts of a machine, and forces which act on them. The knowledge of this
subject is very essential for an engineer in designing the various parts of a machine.

A machine is a device which receives energy in some available form and
utilises it to do some particular type of work.

If the acceleration of moving links in a mechanism is running with
considerable amount of linear and/or angular accelerations, inertia forces are
generated and these inertia forces also must be overcome by the driving motor
as an addition to the forces exerted by the external load or work the mechanism
does.

1.2 NEWTON’ S LAW :
First Law

Everybody will persist in its state of rest or of uniform motion (constant
velocity) in a straight line unless it is compelled to change that state by forces
impressed on it. This means that in the absence of a non-zero net force, the
center of mass of a body either is at rest or moves at a constant velocity.

Second Law

A body of mass m subject to a force F undergoes an acceleration a that
has the same direction as the force and a magnitude that is directly proportional
to the force and inversely proportional to the mass, i.e., F = ma. Alternatively,
the total forcc applied on a body is cqual to the time derivative of lincar
momentum of the body.

Third Law

The mutual forces of action and rcaction between two bodics arc cqual,
opposite and collinear. This means that whenever a first body exerts a force F
on a second body, the second body exerts a force —F on the first body. F and —F
are equal in magnitude and opposite in direction. This law is sometimes referred
to as the action-reaction law, with F called the "action" and —F the "reaction”

1.3 TYPES OF FORCE ANALYSIS:

LI Equilibrium of members with two forces

LI Equilibrium of members with three forces
Equilibrium of members with two forces and torque | | Equilibrium
of members with two couples.

LI Equilibrium of members with four forces.



1.3.1 Principle of Super Position:

Sometimes the number of external forces and inertial forces acting on a
mechanism are too much for graphical solution. In this case we apply the
method of superposition. Using superposition the entire system is broken up
into (n) problems, where n is the number of forces, by considering the external
and inertial forces of each link individually. Response of a linear system to
several forces acting simultaneously is equal to the sum of responses of the
system to the forces individually. This approach is useful because it can be
performed by graphically.

1.3.2 Free Body Diagram:

A free body diagram 1s a pictorial representation often used by physicists
and engineers to analyze the forces acting on a body of interest. A free body
diagram shows all forces of all types acting on this body. Drawing such a
diagram can aid in solving for the unknown forces or the equations of motion
of the body. Creating a free body diagram can make it easier to understand the
forces, and torques or moments, in relation to one another and suggest the
proper concepts to apply in order to find the solution to a problem. The diagrams
are also used as a conceptual device to help identify the internal forces—for
example, shear forces and bending moments in beams—which are developed
within structures.

1.4 DYNAMIC ANALYSIS OF FOUR BAR MECHANISM:

A four-bar linkage or simply a 4-bar or four-bar is the simplest movable
linkage. It consists of four rigid bodies (called bars or links), each attached to
two others by single joints or pivots to form closed loop. Fourbars arc simple
mechanisms common in mechanical engineering machine design and fall under
the study of kinematics.

[0 Dynamic Analysis of Reciprocating engines.

LI Inertia force and torque analysis by neglecting weight of connecting rod.

I'l  Velocity and acceleration of piston.

Il Angular vclocity and Angular acccleration of connecting rod.

M Force and Torque Analysis in reciprocating engine neglecting the weight
of connecting rod.

I'l  Equivalent Dynamical System

I'l Determination of two masscs of cquivalent dynamical system

The incrtia force 1s an imaginary forcc, which when acts upon a rigid body,

brings it in an equilibrium position. It is numerically equal to the accelerating
force in magnitude, but eppesite in direction. Mathematically,

Inertia force =— Accelerating force =—m.a

where m = Mass of the body, and



@ = Lincar acccleration of the centre of gravity of the body.

Similarly, the inertia torque is an imaginary torque, which when applied
upon the rigid body, brings it in equilib-rium position. It is equal to the
accelerating couple in magni-tude but eppesife in direction.

1.4.1 D-Alembert’s Principle
Consider a rigid body acted upon by a system of forces. The system may be
reduced to a single resultant force acting on the body whose magnitude is given by
the product of the mass of the body and the lincar acceleration of the centre of mass
of the body. According to Newton’s second law of motion,
F=mua
F = Resultant force acting on the body, m
= Mass of the body, and
= Linear acceleration of the centre of mass of the
a body.

The equation (7) may also be written as:
F-ma=0
A little consideration will show, that if the quantity — m.a be treated as a force,
equal, opposite and with the same line of action as the resultant force F, and include
this force with the system of forces of which F is the resultant, then the complete
system of forces will be in cquilibrium. This principle is known as DAlembert’s
principle. The equal and opposite force — m.a 1s known as reversed effective force
or the inertia force (briefly written as /7). The equation (&) may be written as
F+ Fi=0..(3i)

Thus, D-Alembert’s principle states that the resultant force acting on a body
together with the reversed effective force (or inertia force), are in equilibrium.

This principlc is used to reduce a dynamic problem into an cquivalent static

problem.

1.4.2 Velocity and Acceleration of the Reciprocating Parts in Engines

The velocity and acceleration of the reciprocating parts of the steam engine
or internal combustion engine (briefly called as I.C. engine) may be determined by
graphical method or analytical method. The velocity and acceleration, by graphical
method, may be determined by one of the following constructions: 1. Klien’s
construction, 2. Ritterhaus’s construction, and 3. Bennett’s

construction.

We shall now discuss these constructions, in detail, in the following pages.

1.5 KLIEN’S CONSTRUCTION

Let OC be the crank and PC the connecting rod of a reciprocating steam
engine, as shown in Fig. 15.2 (@). Let the crank makes an angle 6 with the line of
stroke PO and rotates with uniform angular velocity w rad/s in a clockwise
direction. The Klien’s velocity and acceleration diagrams are drawn as discussed
below:
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Klien’s acceleration diagram. (b) Velocity diagram. (c) Acceleration

diagram.
Fig. 15.2. Klien’s construction.

1.5.1 Klien’s velocity diagram

First of all, draw OM perpendicular to OP; such that it intersects the line PC
produced at M. The triangle OCM is known as Klien’s velocity diagram. In this
triangle OCM,

OM may be regarded as a line perpendicular to PO,

CM may be regarded as a line parallel to PC,and  ...(Q It is the same

line.)

CO may be regarded as a line parallel to CO.

We have already discussed that the velocity diagram for given configuration is a
triangle ocp as shown in Fig. 15.2 (b). If this triangle is revolved through 90°, it
will be a triangle oci p1, in which oc; represents veo (i.e. velocity of C with
respect to O or velocity of crank pin C) and is paralel to OC, op1 represents veo

(i.e. velocity of P with respect to O or velocity of cross-
head or piston P) and is perpendicular to OP, and cip1 represents vec (7.e.

velocity of P with respect to C) and is parallcl to CP.

Thus, we see that by drawing the Klien’s velocity diagram, the velocities of
various points may be obtained without drawing a separate velocity diagram.

1.5.2 Klien’s acceleration diagram
The Klien’s acceleration dia-gram is drawn as discussed below:

1. First of all, draw a circle with C as centre and CM as radius.
2. Draw another circle with PC as diameter. Let this circle
intersect the previous circle at K and L.
3. Join KL and produce it to intersect PO at N. Let KL intersect
PCat Q.
This forms the quadrilateral CONO, which 1s known as Kfien’s acceleration

diagram.
Wc have alrcady discussed that the acccleration diagram for the given
configuration is as shown in Fig. 15. 2 (¢). We know that
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