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The mathematical model for the rotation of a body about a fixed point is a classical topic of physics mechanics. Physics considers

planar rigid-body motion that is presented by rotation about a fixed point and its curvilinear motion. Analysis of the motions dem-

onstrates the object subjected by the radial and angular accelerations and hence the action of the inertial force and torques. The text-

books of classical mechanics do not describe the angular acceleration of objects and are confined only by the radial one. The angular

acceleration of objects generates the inertial torques acting on the rotating object. Engineering practice requests exact computing of

inertial forces and torques acting on the mechanical components for the quality of machine work. This short communication considers

the physical interpretation of the angular acceleration of a rotating body about the fixed point that generates the inertial torques acing

around its center mass and fixed point.
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Introduction

All textbooks of engineering mechanics contain the chapter that
considers the rotation of the body with the constant angular veloc-
ity about a fixed axis and about the fixed point when the body's
axis is offset on some distance r [1-7]. The mathematical model for
the rotation of the body about a fixed axis is a follows: J,e=T where
J, (kg-m?) is the mass moment of inertia of the body, € (rad/s?) is
the angular acceleration, and T (N-m?) is the external torque acing
on the rotating body. The left side of this expression Je presents the

inertial torque.

Analysis of the rotating body about the fixed point yields the
radial inertial acceleration and hence the radial force that depends

on the values of the angular velocity and radius of rotation.

The radial acceleration of rotating body about the fixed point is

presented by the following equation a = rw? where a is the radial

acceleration, r is the radius of rotation of the body relatively of a fixed
point of rotation and w is the constant angular velocity of its rotation
about a fixed point and the action of the external torque [8-15]. The
left and right of the expression is components of the centrifugal and
centripetal forces respectively according the textbooks. The text-
books present the centrifugal force that is F = ma (kg-m/s?), where
m is the mass and a is the radial acceleration of the rotating body
about the fixed point. The centripetal force is presented by the fol-
lowing: F. = mre? (kg-m/s?), where all components are as specified
above. Two components of the expression have different physical
interpretations, i.e., there is dual presentations of the one physical
term. Such dualism contradicts mathematical logic and mathemat-
ics that is exact science and does not allow ambiguous interpreta-
tions. The practice of the rotation of the body about the fixed point
demonstrates its turn about its own center mass and hence the ac-
tion of the inertial torque. This short communication describer the
physics of the turn of the body about its center mass at the process

of rotation about the fixed point.
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Methodology

Analysis of the radial acceleration (a = rw?) yields the following:
the angular velocity w presents the scalar product of the angular
velocity that express the angular acceleration, i.e., w? = €. This an-
gular acceleration does not relate to the rotation of the body about
the fixed point as far as it rotates with the constant angular velocity
w about the fixed point. Logically, the angular acceleration € relates
only to the rotation of the body about its center mass that locates
on the distance r from its fixed point of rotation. The angular ac-
celeration € of the body means it rotates about its center mass and
subjected to the action of the external torque T, that expresses by
the following: T, =] &, where ], is the mass moment of inertia of the

body about its center mass.

The second mathematical proves to establish the proposed so-
lution is presented by the following. The textbooks equation of the
circular motion of the body under the action of the external torque
T that rotates it about the fixed point is as follows: T =]_= (], +mr?)
€, where | = J, + mr? is defined by the parallel axis theorem, other
parameters are as specified above. This equation can be expressed
by the following: T, = ],& + mr’, where the first item of the right
side is T, =] ¢ that is the torque rotating the body about the center
mass. The second item is presented by the following expression: T,
=mr(re) = mar = Fr, where a_= re is the tangential acceleration of
the rotating body, F = ma_is the inertial force, and T, is the torque

acting on the body about the fixed point.

The rotating body about the fixed point is subjected to the ac-
tion of the centrifugal force T of the radial direction, the inertial
torque T, that turns the body about its center mass, and inertial
torque T, acting on the body about the fixed point. These inertial
torques were missed from consideration by the physics that pres-
ent the fundamental principles of classical mechanics. All rotating
bodies always turn around their center mass with the angular ve-
locity of their rotation about the fixed point. This statement is vali-
dated by the circular motion of the moon that always shows its one

side toward the earth.

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.
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Solution
The value of the centrifugal force is as follows:
F=ma=mrw?=0,1x0,4x52=1,0N

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

T =Jo =(ml*2 + mrHe’ = (0,1x0,021/2+0,1x0,4)%5* =0,4005 Nm

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

Results and Discussion

The mathematical models for the radial and angular accelera-
tions of the rotating body about a fixed point are used for com-
puting the inertial forces and torques. An analysis of the rotation
of the body around the fixed point demonstrated, apart from the
centrifugal force, on the body are acting the inertial torques that
turn one about the center mass and fixed point at the process of its
circular motion. The conducted analysis explains the physics of the
inertial torques acting on the body rotating around the fixed point
that validated by practice. The inertial torques are generated by
the kinetic energy of the body’s rotation. These inertial torques do
not describe in the textbooks and present the missed components
in the analytical approach and interpretation of the mathematical

models for the rotating body.

Conclusion

The textbooks of engineering mechanics consider the action
only of the centrifugal force on the body rotating about the fixed
point. The detailed analysis of the rotation of the body around a
fixed point revealed the action of the new two inertial torques. The
first inertial torque turns the body about the center mass and the
second one acting on the body about the fixed point. These iner-
tial torques are generated by the kinetic energy of the body with
circular motion. The physics mechanics missed the two inertial
torques acting on a rotating body about the fixed point. These in-
ertial torques can be considered as the fundamental principles of
classical mechanics. The new inertial torques should be presented

in the textbooks and used by practitioners in engineering.
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