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A rotating body about the fixed point is subjected

by inertial torques

Abstract

The planar rigid-body motion of a body is a classical topic of textbooks of engineering
mechanics. This planar rigid-body motion considers its rotation about an axis and
a curvilinear motion. The textbooks of classical mechanics describe only the radial
acceleration and centrifugal force acting on the rotating body. Detailed analysis of the
rotation of a body about a fixed point discovered the action of the two inertial torques
and the angular acceleration. This inertial torques acting on the rotating bodies are not
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considered by lecturers, engineers, and practitioners. None of the less, this inertial torques

are fundamental as the centrifugal force acting on the rotating body and should be computed
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in engineering with the aim to enhance the quality of machine work. This manuscript
presents the physical interpretation of the angular acceleration of a rotating body that

generates the two inertial torques acting about its center mass and fixed point.

Keywords: rotating body, radial and angular acceleration, inertial force and torque

Introduction

Classical mechanics describes the planar rigid-body motion
with its rotation about its centre mass and curvilinear motion about
the fixed point.! The planar rigid-body motion generates its radial
acceleration and the radial force that depends on the values of the
angular velocityunder the action of the external torque and radius
of gyration.”” The textbooks of engineering mechanics present the
mathematical model for the radial acceleration of rotating body about
the fixed point by the expression a = 7" where a is the radial
acceleration, r is the radius of gyration of the body, and w is the
constantangular velocity of the body rotation about a fixed point.® The
textbooks present the expression ma = mre’ , where m is the mass
of the body, as the centrifugal F, = ma and centripetal F, . mra’
forces respectively and other components are as specified above.!%13
Analysis of two expressions for the radial force demonstrates the dual
presentations of the one physical term which has different physical
interpretations.'* !¢ This dualism contradicts mathematical rules that
do not allow ambiguous interpretations due to the mathematical logic
of the exact science. The physics of the rotation of the body about the
fixed point manifests the turn of the body about its center mass and
the turn about the fixed point. It means the rotating body is under the
action of the two inertial torques. This manuscript gives the physical
interpretation and mathematical proof of the action of the inertial
torques on the body at the process of its rotation about the fixed point.

Methodology

The textbooks of engineering mechanics derive the mathematical
model for the radial acceleration of the rotating body about the fixed
point based on the schematic of Figure 1a & 1b. The radial acceleration
of the rotating body is presented by the following expression:

a = ro’ 1)

where a_ is radial acceleration; r is the radius of rotation of the
body about the fixed point o, @ is the constant angular velocity of
rotation of the body. The radial acceleration a is obtained by the time
derivative of the change of the tangential velocity AV of the rotation

of the body about the fixed point. The right side of Eq. 1 presents
the scalar product of the constant angular velocity @ that expresses
the angular acceleration, i.e., @ =e¢. This angular acceleration
¢ relates to the change of the tangential velocity of rotation of the
body about its center mass p . It means the body rotates about its
center mass with acceleration under the action of the inertial torque
T,=J& where J, is the mass moment of inertia of the body about
its center mass, other parameters are as specified above. The second
mathematical proves of the inertial torque Tp acting on the rotating
body is presented by the following. The equation of the circular
motion of the body under the action of the external torque 7 that
rotates it about the fixed point is presented by the following:

Figure | Schematic of the rotating of the body about the fixed point.

T=Je =(Jb+ mr2)£ @)

Where J =J, + mr’ s defined by the parallel axis theorem,
other parameters are as specified above.

The right side of Eq. (2) can be rewritten by the following
expression:

T=Je +m's 3)

Where J, & = Tp that is the torque acting on rotating the body
about its center mass.

The second item of Eq. (3) is presented by the following expression:
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A rotating body about the fixed point is subjected by inertial torques

Ta = mr(rg) =ma,r = Fr

“)

where r& = a, is the tangential acceleration of the rotating body
about the fixed point o, ma, = F is the inertial force, and 7, is the
inertial torque acting on the body about the fixed point.

The obtained result demonstrates the rotating body about the
fixed point is subjected to the action of the inertial torque T, that
turns the body about its center mass, and inertial torque 7, acting on
the body about the fixed point 7T = T,+T,. These inertial torques
do not consider in the textbooks of engineering mechanics but they
are fundamental as the centrifugal force in physics mechanics.
Generalization of the conducted analysis enables stating that all
rotating bodies about the fixed point always submerged by the action
of the centrifugal force F, of the radial direction and two inertial
torques. The one inertial toque turns the body around its center
mass and the second one turns about the fixed point Figure 1c. This
statement is validated by the practice and by the circular motion of the
moon about the earth that always shows its one side.

Case study

The disc of the radius 0.02 m, the mass of 0.1 kg that located on
the length 0.4 m from the fixed point rotates with the constant angular
velocity of 5 rad/s. Determine the values of the centrifugal force and
the inertial torque acting on the disc.

Solution

The value of the centrifugal force is as follows:

F = ma=mre = 0,1 x 0,4 x5 = LON

The disc turns around its center mass under the action of the
inertial torque of the value:

T=Jo =ml’ /2+mr’)e =(0,1x0,02°/2+0,1x04°)x5" = 04005 Nm

where J is the disc mass moment of inertia about the fixed point.

Results and discussion

Mathematical analysis of the rotation of the body about the fixed
point yields the two inertial torques and the centrifugal force are
acting on the body. The inertial torqueses turn the body about the
centre mass and fixed point at the process of its circular motion. These
inertial torques are fundamental as the centrifugal force acting on
the body rotating around the fixed point. These inertial torques are
the missed components in the analytical approach and interpretation
of the mathematical models for the rotating body in the textbooks.
The kinetic energy of the rotation of the body around the fixed point
generates the inertial torques. The textbooks and manuals should
consider the mathematical models for the inertial torques acting on
the rotating body.

Conclusion

The textbooks of classical mechanics consider the planar motion
of the rigid body which curvilinear motion generates the centrifugal
force acting on the body rotating about the fixed point. The analysis
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of the rotation of the body at this condition demonstrated the action of
the two inertial torques. The first inertial torque turns the body about
its center mass and the second torque turns about the fixed point of its
rotation. The physics of the two inertial torques acting on a rotating
body about the fixed point originated from the kinetic energy of
its curvilinear motion. This inertial torques are fundamental as the
centrifugal force of classical mechanics and should be presented in
the textbooks and manuals.
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