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DIFFERENTIAL EQUATION MODELLING )
OF MECHANICAL SYSTEMS N STOLEE

There are two types of mechanical systems based on the type of
motion

*Translational mechanical systems

*Rotational mechanical systems
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MODELLING OF TRANSLATIONAL >
MECHANICAL SYSTEMS

Translational mechanical systems move along a straight line.
three basic elements.

1. mass

2. spring

3. dashpot or damper.
If a force is applied to a translational mechanical system, then it is
opposed by opposing forces due to mass, elasticity and friction of the
system.
Since the applied force and the opposing forces are in opposite
directions, the algebraic sum of the forces acting on the system is zero. Let
us now see the force opposed by these three elements individually.
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N MASS -

LISTITUTIONS

Mass is the property of a body, which stores kinetic energy. If a force is applied on a
body having mass M, then it is opposed by an opposing force due to mass. This opposing

force is proportional to the acceleration of the body. Assume elasticity and friction are
negligible.

s D¢
Where,
M i F is the applied force
F,, is the opposing
S L LSS L L S force due to mass
M IS mass
F xa a Is acceleration

X is displacement
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SPRING >

CLTSIITUTION S
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Where,
F o x F is the applied force
F is the opposing force
F, = Kx due_ to elasticity of
spring
F=F,=Kx K is spring constant

X is displacement
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DASHPOT >

CLLSTITUTION S

Where,
. is the opposing force
o b o
Fy v due to friction of
dx dashpot
coefficient
F = . dx Vv is velocity
b dt X is displacement
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MODELING OF ROTATIONAL
MECHANICAL SYSTEMS

Rotational mechanical systems move about a fixed axis.
three basic elements.

1. moment of inertia,

2. torsional spring

3. dashpot.

If a torque is applied to a rotational mechanical system, then it is
opposed by opposing torques due to moment of inertia, elasticity and
friction of the system.

Since the applied torque and the opposing torques are in opposite
directions, the algebraic sum of torques acting on the system is zero. Let
us now see the torque opposed by these three elements individually.

LLTTITITIONS
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ACTIVITY

SI7iDTNE,

UPSC IAS Prelims Exam Pattern 1515:
- The General Studies Paper 1 tests candidates knowledge of
History, Geography, Polity, Economy, Environment, General
Science and Current Events.
- The General Studies (CSAT) tests candidates’' mental ability,
numerical ability and command over English Language. This
paper is qualifying in nature.

Paper No. of Questions Total Marks Duration
Pape.r l: General 100 150 2 Hours
Studies

Paper ll: General 30 150 5 Hours

Studies (CSAT)
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ACTIVITY-IAS QUESTIONS

Consider the following statements:

1. The first case of Coronavirus was reported from China

2. Coronavirus is officially known as 'COVID-19'

3. The Coronavirus is highly contagious disease, but does not spread from human
to animal.

Which of the above statement(s) is/are incorrect?

a) 1 only

b) 3 only

c) 2 and 3 only

d) 1 and 3 only

CLLSTITUTIONS

When is the Global Handwashing Day observed every
year?

a) August 12

b) September 6

c) October 15

d) November 15
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MOMENT OF INERTIA

SI7iDTNE,

In translational mechanical system, mass stores kinetic energy. Similarly,
in rotational mechanical system, moment of inertia stores Kinetic energy.

If a torque is applied on a body having moment of inertia J, then it is
opposed by an opposing torque due to the moment of inertia. This opposing

torque is proportional to angular acceleration of the body. Assume elasticity and
friction are negligible.

O >
T e

Where,
2 Tis the applied torque
S 2 Tjis the opposing torque due to moment of inertia
aze 2 J is moment of inertia
— Ty = T — T ——
dz= i i
3 @ IS angular acceleration
aze 2 @ is angular displacement
T=T5 =T 15
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TORSIONAL SPRING

SI7iDTNE,

In translational mechanical system, spring stores potential energy. Similarly, in
rotational mechanical system, torsional spring stores potential energy.
If a torque is applied on torsional spring K, then it is opposed by an opposing

torque due to the elasticity of torsional spring.

This opposing torque is proportional to the angular displacement of the torsional

spring. Assume that the moment of inertia and friction are negligible.
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TORSIONAL SPRING

CLTTITUTIONS
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VWhere,
= T is the applied torgue
= Tk 1S the opposing torque due to elasticity of torsional spring
= K is the torsional spring constant

= 8 1s angular displacement
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DASHPOT

CLTSIITUTION S

If a torque is applied on dashpot B, then it is opposed by an opposing
torque due to the rotational friction of the dashpot.

This opposing torque is proportional to the angular velocity of the
body. Assume the moment of inertia and elasticity are negligible.

e %
I:I: _r% /f Where

o Ty s the opposing torque due to the rotational friction of the dashpt

ks = o Bis the rotational frction coefficient
— T3, — B — BSZ 1 Wi the angular velooy
r— 7y — 532 2§15 the anqular displacement
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SHTITIonS

SUMMARY
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