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Abstract

Vibration drive based on centrifugal forces can be used as an exciter of vibrations in the structure of a pipe robot.
In this paper, a pipe robot with vibration drive based on centrifugal forces is proposed and investigated. A
dynamic model of the pipe robot is presented, and differential equations of motion are obtained. Model in which
excitation is assumed to be of unlimited power is described and investigated as well. Typical graphical
relationships for the investigated pipe robot with vibration drive based on centrifugal forces are obtained and
presented. It is determined that the obtained results reproduce the main dynamic effects taking place during the
motion of a pipe robot with vibration drive based on centrifugal forces.
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1. Introduction

Vibration drive based on centrifugal forces can be used as an exciter of vibrations in the structure
of a pipe robot. In this paper, a pipe robot with vibration drive based on centrifugal forces is proposed
and investigated.

A dynamic model of the pipe robot is presented, and differential equations of motion are obtained.
Nonlinear viscous friction enables vibrational transportation of the pipe robot.

Model in which excitation is assumed to be of unlimited power is described and investigated as
well.

Typical graphical relationships for the investigated pipe robot with vibration drive based on
centrifugal forces are obtained and presented. It is determined that the obtained results reproduce the
main dynamic effects taking place during the motion of a pipe robot with vibration drive based on
centrifugal forces.

Nonlinear problems of vibration engineering are investigated in [1]. A capsule-type vibration-
driven robot with an electromagnetic actuator and an opposing spring is analyzed in [2]. Contemporary
mechanisms in robot engineering are investigated in [3]. Vision-based motion analysis and deflection
measurement of a robot’s crawler unit is presented in [4]. Underwater robotic system for reservoir
maintenance is investigated in [5]. Simulation and experimental investigation of kinematic
characteristics of the wheeled in-pipe robot actuated by the unbalanced rotor is presented in [6].
Motion simulation and impact gap verification of a wheeled vibration-driven robot for pipelines
inspection is described in [7]. Mathematical modeling and computer simulation of the wheeled
vibration-driven in-pipe robot motion is performed in [8]. Dynamics of a wheeled robot driven by an
unbalanced rotor is investigated in [9]. Development and investigation of the vibration-driven in-pipe
robot is performed in [10]. Transmissions and their dynamics are described in [11]. Nonlinear
vibrating systems are presented in [12]. Design of periodic orbits for mechanical systems is
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investigated in [13]. Essentially nonlinear mechanical systems are analyzed in [14]. Development of
spherical ultrasonic motor for pipe inspection robot is presented in [15].

Model of the pipe robot with vibration drive based on centrifugal forces is presented. First, the full
system is investigated, then excitation of unlimited power is assumed and a simplified model for this
case is also investigated. Graphical representations are obtained and presented.

2. Model of the pipe robot with vibration drive based on centrifugal forces

A pipe robot with vibration drive based on centrifugal forces is presented in Fig. 1. The mass of
the case of the pipe robot is denoted as mo. The displacement of the case of the pipe robot is denoted as
xo. Mass of the exciter of vibrations is denoted as m. Angle of rotation of the exciter of vibrations is
denoted as ¢. Further the upper dot denotes differentiation with respect to the time variable. The

moment of the exciter of vibrations is denoted as M (g' . The coordinate determining the position of

the exciting mass of the exciter of vibrations is denoted as x. The force of resistance according to the
coordinate xo is assumed as —4 — B where 4 and B are assumed to be constant values. The moment

of the driving force of the unbalanced rotor is assumed to be C— D¢ where C and D are assumed to
be constant values.
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Fig. 1. Pipe robot with vibration drive based on centrifugal forces

Here Ox(xo0, 0) denotes the point of attachment of the exciter of vibrations to the pipe robot. Also,
Os(x, y) denotes the location of the exciting mass of the exciter of vibrations. The distance  is defined

as:
0.0, = 7. (1)

Dynamics of the pipe robot is described by the following equations:

. . .2 H i, when 2, = [I} _ .
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mirig + ri,sing) = C— Dg. 3)

The equations are simplified by introducing the notations:

~m  H ~ H; A E c D 4)

Finally, dynamics of the pipe robot with vibration drive based on centrifugal forces is described by
the equations:
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rg 4+ Fpsing = ¢ —dg. (6)
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3. Investigation of dynamics of the pipe robot with vibration drive based on centrifugal forces
Typical parameters of the pipe robot were assumed:
p=02r=10=0204 =0k, =1000,d =0.2,¢ = 0.1, @)

Results for three values of a representing the constant force are shown in Fig. 2, Fig. 3, and Fig. 4.
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Fig. 2. Dynamics of the pipe robot with vibration drive based on centrifugal forces when a =0
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Fig. 3. Dynamics of the pipe robot with vibration drive based on centrifugal forces when a =0.02
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Fig. 4. Dynamics of the pipe robot with vibration drive based on centrifugal forces when a =0.04

34



The obtained results show the influence of the values of a denoting the constant force to the
dynamics of the pipe robot with vibration drive based on centrifugal forces. From the obtained results
it is determined that the distance travelled by the pipe robot with vibration drive based on centrifugal
forces for larger values of a decreases, time interval when the velocity is approximately equal to zero
increases and maximum velocity decreases. The value of @ has an effect influencing the values of
angular velocity.

4. Pipe robot with vibration drive of unlimited power
For the case of vibration drive of unlimited power:
P = wt, (8)

where w is the constant denoting the angular velocity of the exciter of vibrations. Dynamics of the pipe
robot is described by the coordinate xo. The equation of motion has the form:

] " . fy i, when %5 = EI} .
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Typical parameters of the pipe robot were assumed:
w=1u=02b=02h, =0k, =1000,r = 1. (10)

Results for three values of a representing the constant force are shown in Fig. 5, Fig. 6, and Fig. 7.
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Fig. 5. Dynamics of the pipe robot with vibration drive based on centrifugal forces when a =0
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Fig. 6. Dynamics of the pipe robot with vibration drive based on centrifugal forces when a=0.075
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Fig. 7. Dynamics of the pipe robot with vibration drive based on centrifugal forces when a=0.15

The obtained results show the influence of the values of a denoting the constant force to the
dynamics of the pipe robot with vibration drive based on centrifugal forces. From the obtained results
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it is determined that the distance travelled by the pipe robot with vibration drive based on centrifugal
forces for larger values of a decreases, time interval when the velocity is approximately equal to zero
increases and maximum velocity decreases.

This corresponds to the results obtained earlier for the pipe robot with vibration drive based on
centrifugal forces when the power of the exciter of vibrations is limited.

5. Conclusions

The obtained results show the influence of the values of the constant force to the dynamics of the
pipe robot with vibration drive based on centrifugal forces. From the obtained results it is determined
that the distance travelled by the pipe robot with vibration drive based on centrifugal forces for larger
values of the constant force decreases, time interval when the velocity is approximately equal to zero
increases and maximum velocity decreases. The value of the constant force has an effect influencing
the values of angular velocity.

Pipe robot with vibration drive of unlimited power is investigated. The obtained results show the
influence of the values of the constant force to the dynamics of the pipe robot with vibration drive
based on centrifugal forces. From the obtained results it is determined that the distance travelled by the
pipe robot with vibration drive based on centrifugal forces for larger values of the constant force
decreases, time interval when the velocity is approximately equal to zero increases and maximum
velocity decreases.

This corresponds to the results obtained earlier for the pipe robot with vibration drive based on
centrifugal forces when the power of the exciter of vibrations is limited.
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