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This paper investigates the dynamic behavior and locomotion characteristics of vibration-
driven robots with wheeled chassis, focusing on the comparison of two types of vibra-
tion exciters: a solenoid-type actuator and a centrifugal (inertial) exciter. The research
methodology involves 3D modeling using SolidWorks software to design the robots, nu-
merical modeling in Mathematica software to simulate their motion and predict kinematic
characteristics, and computer simulation in SolidWorks Motion software to validate the
modeling results. The robots utilize overrunning clutches to ensure unidirectional wheel
rotation and achieve forward motion through the principle of pure vibratory and vibro-
impact locomotion. The influence of excitation frequency and operational parameters
on the robot’s speed, acceleration, and displacement is analyzed for both types of ex-
citers. The results demonstrate the effectiveness of both solenoid and centrifugal exciters
in achieving locomotion, with the centrifugal exciter generally providing lower speeds due
to utilizing pure vibration excitation and the solenoid-type actuator offering larger speeds
due to operating at vibro-impact conditions. The findings of this study are valuable
for researchers and engineers working on the design and optimization of vibration-driven
robots for various applications, including pipeline inspection, cleaning, and navigation in
challenging environments.
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1. Introduction

Mobile robotics is a rapidly evolving field with diverse applications ranging from industrial automation
to the exploration of hazardous environments. Among the various locomotion mechanisms employed
in mobile robots, vibration-driven systems have garnered significant attention due to their simplicity,
robustness, and ability to traverse challenging terrains [1,2]. These systems utilize the principle of con-
verting vibrational energy into directional motion, often through asymmetric frictional forces between
the robot and the surface on which it moves [3]. This type of locomotion is particularly advanta-
geous in small-scale robots or those operating in confined environments where conventional locomotion
mechanisms may be impractical [4].

The fundamental concept of vibration-driven locomotion has been explored in numerous studies.
For instance, Du et al. [5] conducted experiments on vibration-driven stick-slip locomotion, providing
insights into the sliding bifurcation perspective. Xu and Fang [6] reviewed recent advancements in
vibration-driven locomotion systems, highlighting their potential for improved performance. Further
research has delved into specific aspects of vibration-driven systems, such as the dynamics and motion
control of capsule robots [7], bifurcation analysis of stick-slip motion [8], and optimization strategies for
enhancing locomotion performance [9,10]. The influence of friction on vibro-impact locomotion systems
has also been investigated [11], emphasizing its crucial role in the dynamic response and motion control
of these robots.
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This paper focuses on two specific types of vibration-driven robots: one actuated by a solenoid-
type actuator and the other by an unbalanced rotor. Previous studies have explored the implementa-
tion of unbalanced rotors in vibration-driven robots for various applications, including in-pipe inspec-
tion [13,14]. Loukanov et al. [15–17] investigated the dynamic characteristics of vibration-driven robots
with unbalanced rotors, contributing valuable insights to the field. The use of solenoid-type actuators
in vibration-driven systems has also been investigated, with a focus on their dynamic behavior and op-
erational conditions [18]. Demarchi et al. [19] focused on modeling a solenoid’s valve movement, while
others have explored the broader applications of solenoids in locomotion and manipulation systems.

The primary objective of this paper is to present a comprehensive analysis of the locomotion con-
ditions of vibration-driven robots with these two distinct excitation mechanisms. The study employs
mathematical modeling, computer simulation, and experimental testing to evaluate and compare the
performance of each robot design [20, 21]. The findings of this research contribute to the understand-
ing and development of vibration-driven robots for diverse applications, including pipeline inspec-
tion [22–25], cleaning, and exploration of confined or hazardous spaces. The research also builds upon
previous work on the mathematical modeling and analysis of vibro-impact locomotion systems [26,27],
as well as the development of control systems for vibratory machines and vibration isolators [28].
Furthermore, it considers the insights gained from studies on solenoid and piezoelectric actuators de-
sign and modeling [29, 30], particularly, implemented in the drives of the wheeled vibration-driven
robots [31].

2. Research methodology

This study employs a comprehensive research methodology that integrates mathematical modeling
and computer simulation to thoroughly investigate the locomotion characteristics of vibration-driven
robots with two distinct excitation mechanisms: a solenoid-type actuator and an unbalanced rotor.
This multifaceted approach enables a detailed analysis and comparison of the dynamic behavior and
performance of each robot design.

Mathematical modeling methods are used to develop dynamic diagrams and derive motion equa-
tions for both robot designs, taking into account the specific characteristics of each excitation mecha-
nism. Computer simulation utilizes SolidWorks software to create 3D models and simulate the robot’s
locomotion under different operational conditions.

This integrated research methodology enables a comprehensive analysis of the locomotion conditions
of the two vibration-driven robot designs. The combination of mathematical modeling and computer
simulation provides a robust framework for evaluating the performance, efficiency, and controllability
of each robot, contributing valuable insights to the field of vibration-driven robotics.

3. 3D models of the vibration-driven robots

The wheeled robot depicted in Figure 1 is designed for movement across a horizontal surface using
vibrations generated by a solenoid (12). Its frame (8) supports four wheels (1) connected to axles (2)
via overrunning clutches (3). These clutches permit the wheels to rotate in only one direction, ensuring
the robot’s forward motion under the action of vibrations. A solenoid (12) is mounted on a plate (9)
attached to the frame (8); its plunger (13) periodically strikes a rubber buffer (10), creating an impulse
for movement. The design also incorporates bearings (5) for smooth wheel rotation, clamps (6, 7) to
secure the wheels to the axles and the axles to the frame, and a return spring (14) that resets the
solenoid’s plunger (13) after each impact. This configuration efficiently converts vibrational energy
into translational motion while maintaining the simplicity and compactness of the robot.

Figure 2 illustrates a wheeled vibration-driven robot propelled by an unbalanced rotor. The robot
consists of a body (8) with four rubber wheels (1). The wheels are mounted on axles (2) with overrun-
ning clutches (3) that allow unidirectional rotation. This ensures the robot moves in a single direction
despite the oscillating motion of the vibration exciter. Ball bearings (5) are used for smooth wheel
rotation and to support additional load. Clamps (6, 7) secure the wheels to the axles and the axles to
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Fig. 1. 3D model of the wheeled vibration-driven
robot actuated by a solenoid-type exciter.

Fig. 2. 3D model of the wheeled vibration-driven
robot actuated by an unbalanced rotor.

the robot’s body. A DC electric motor (9) with an unbalanced rotor (10) is housed within a casing (11)
fixed to the robot’s body. The centrifugal forces generated by the rotating unbalanced mass act upon
the robot’s body, causing a pushing effect. When the direction of these forces aligns with the permitted
direction of rotation by the clutches, the robot moves forward. In the opposite direction, the clutches
block the wheels, keeping the robot stationary.

4. Dynamic diagrams of the corresponding mechanical oscillatory systems

The dynamic diagram shown in Figure 3 represents a simplified model of the robot’s oscillatory system
with a solenoid-type exciter. The robot, depicted as a rigid body with mass m1, moves along the
horizontal axis Ox, and its displacement is described by the generalized coordinate x1. The robot
locomotion is induced by an actuating force F (t), generated by a solenoid, which acts upon a smaller
mass m2. This mass is connected to the robot’s body through a spring with stiffness k1. The diagram
also includes an inertial coordinate system xOy associated with the stationary surface. The generalized
coordinate x2 represents the absolute displacement of the smaller mass m2 relative to the inertial
coordinate system. The impact interaction between the mass m2 and the robot’s body is modeled by
a spring with stiffness k2. This impact occurs when the difference between displacements x2 and x1
exceeds the impact gap δ. The wheels of the robot are equipped with overrunning clutches, allowing
them to rotate freely in one direction (clockwise in this case) and lock in the opposite direction. This
mechanism ensures the robot’s unidirectional motion along the positive direction of the Ox axis.

Fig. 3. Simplified dynamic diagram of the robot’s
mechanical oscillatory system with a solenoid-type ex-

citer.

Fig. 4. Simplified dynamic diagram of the robot’s
mechanical oscillatory system with a centrifugal ex-

citer.

Figure 4 presents a simplified dynamic diagram of the robot’s mechanical system with a centrifugal
exciter. The robot, with mass m1, moves along a straight horizontal surface. Its motion is driven by
centrifugal forces generated by a rotating mass, m2, which revolves around a hinge A at a constant
angular speed ω. This rotating mass is connected to the robot’s body by an eccentric rod AB of
length r. The diagram also depicts an inertial coordinate system xOy, associated with the stationary
surface, and a generalized coordinate x1, which describes the robot’s horizontal displacement. The
wheels are linked to the robot’s body through overrunning (free-wheel) clutches, designed to engage
in one direction and remain free in the other. This mechanism allows the wheels to rotate clockwise,
facilitating the robot’s rightward motion. Leftward movement is restricted as the clutches lock and
prevent the wheels from rotating in that direction.
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5. Mathematical models describing the robots’ locomotion conditions

Using the D’Alembert’s principle, let us derive the following differential equations describing the loco-
motion conditions of the wheeled vibration-driven robot with a solenoid-type exciter (see Figure 3):

(m1 +m2) · ẍ1(t) + (x1(t)− x2(t)) · k1 + (δ0 − (x2(t)− x1(t))) · k
∗
2(t) = F (t)− Ffr(t), (1)

m2 · ẍ2(t) + (x2(t)− x1(t)) · k1 − (δ0 − (x2(t)− x1(t))) · k
∗
2(t) = −F (t), (2)

where δ0 is the initial impact gap or the initial distance between the oscillating mass m2 and the impact
plate of the spring k2 at the equilibrium conditions (state of rest) of the oscillatory system,

k∗2(t) =

{

k2, (x2(t)− x1(t)) > δ0,

0, (x2(t)− x1(t)) < δ0,
(3)

Ffr(t) =

{

0, sign (ẋ1(t)) > 0,
F (t)− (x1(t)− x2(t)) · k1 + (δ0 − (x2(t)− x1(t))) · k

∗
2(t), sign (ẋ1(t)) < 0.

(4)

Equations (1) and (2) represent the differential equations of motion for the robot’s body (mass
m1) and the smaller disturbing mass (mass m2) connected to the solenoid plunger, respectively. These
equations consider the forces acting on each mass, including inertial forces, spring forces, actuation
force of the solenoid (F (t)), and friction force (Ffr(t)). The latter is acting between the robot’s wheels
and the supporting surface. Equation (3) defines the impact conditions between the smaller mass
(m2) and the robot’s body (mass m1). The corresponding conditions are modeled as a spring with
stiffness k2 that engages only when the displacement (x2(t)− x1(t)) exceeds the initial impact gap δ0.
Equation (4) describes the friction force (Ffr(t)) acting on the robot’s body through its wheels. This
force is dependent on the direction of the robot’s motion sign (ẋ1(t)) and is defined differently for
positive and negative velocities. When the robot is attempting to move in a forward (rightward)
direction, the friction force equals zero, while the friction force expression for the robot’s backward
(leftward) locomotion is equal to the sum of all the active forces exerted on the robot’s body.

In essence, the deduced model captures the complex interplay of forces and impacts that drive the
robot’s motion. By solving these differential equations, one can analyze the robot’s dynamic behavior,
predict its locomotion characteristics, and optimize its design for various applications.

Considering the robot’s mechanical system with a centrifugal exciter, specifically an unbalanced
rotor (see Figure 4), let us also utilize the D’Alembert’s principle to derive the following differential
equation governing the robot’s locomotion:

(m1 +m2) · ẍ1(t) = Fc(t)− Ffr(t), (5)

where the centrifugal force (FFc(t)) acting on the unbalanced rotor at its steady-state rotation (with
constant angular speed) can be described as follows:

Fc(t) = m2 · r · ω
2
· cos (ω · t) , (6)

where r is the eccentricity of the unbalanced rotor (or the length of the rod AB in Figure 4); Ffr(t) is
the friction force that is described by the following equation:

Ffr(t) =

{

0, sign (ẋ1(t)) > 0,
Fc(t), sign (ẋ1(t)) < 0.

(7)

Equation (5) represents the equation of motion for the entire robot system, which includes the
robot’s body (mass m1) and the rotating mass (mass m2). This equation considers the forces influenc-
ing the system’s movement: inertial force, which represents the combined inertia of the robot’s body
and the rotating mass; centrifugal force, which represents the force generated by the rotating mass (m2)
due to its eccentric motion (with eccentricity r and angular speed ω). This force acts as the driving
force for the robot’s locomotion; friction force (Ffr(t)) that opposes the robot’s motion. Equation (7)
describes the friction force (Ffr(t)) acting on the robot’s body through its wheels. This force is defined
as a piecewise function dependent on the direction of the robot’s velocity. When sign (ẋ1(t)) > 0, this
implies the robot is moving to the right (or stationary). In this case, the friction force is considered
negligible. This simplification might be based on the assumption that the friction force is relatively
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small compared to the driving centrifugal force when the robot moves in the intended direction. When
sign (ẋ1(t)) < 0, this implies the robot is attempting to move to the left. In this scenario, the friction
force is equal to the centrifugal force (Fc(t)). This effectively cancels out the centrifugal force, pre-
venting the robot from moving backward. This behavior is consistent with the presence of overrunning
clutches in the robot’s wheels, which lock and prevent reverse rotation.

The considered friction model captures the effect of the overrunning clutches, allowing forward
motion driven by the centrifugal force while preventing backward motion. This simplified representa-
tion of friction helps in understanding the fundamental dynamics of the robot’s locomotion without
delving into complex friction models. In essence, the deduced model simplifies the robot’s dynamics
by considering the combined effect of the robot’s body and the rotating mass as a single unit. The
centrifugal force generated by the rotating mass is the primary driver of motion, while the friction force
acts as resistance. By solving this differential equation, one can analyze the robot’s motion character-
istics, predict its behavior under different operating conditions (varying rotor speeds and friction), and
optimize its design for specific applications.

6. Numerical modeling of locomotion conditions of the considered vibration-driven
robots in Mathematica software

Wolfram Mathematica likely utilizes numerical methods like the Runge–Kutta methods to solve the dif-
ferential equations governing the robot’s motion. These methods provide accurate and stable solutions
for dynamic systems, especially those with periodic forcing functions like the centrifugal or solenoid-
type exciter in this study. Specifically, the NDSolve function in Mathematica is a powerful tool for
solving differential equations numerically, and it employs an adaptive step size control algorithm to
ensure accuracy and efficiency.

Fig. 5. Results of mathematical modeling of loco-
motion conditions of the wheeled vibration-driven

robot with a solenoid-type exciter.

While carrying out numerical modeling, the fol-
lowing input parameters of the wheeled vibration-
driven robots have been adopted based on the cor-
responding 3D models developed in the SolidWorks
software: m1 = 1.05 kg, m2 = 0.1 kg, r = 0.028m,
δ0 = 0.009m. The studied forced frequencies are
3Hz, 6Hz, and 9Hz – for the case of centrifugal ex-
citer, and 6Hz – for solenoid-type exciter due to the
large duration of numerical solving of the correspond-
ing system of differential equations (1) and (2). The
amplitude value of the solenoid push-pull force was
assumed to be equal to that of the centrifugal force
of the unbalanced rotor. In order to obtain the vibro-
impact working regimes of the solenoid-type exciter,
the following stiffness coefficients were considered:
k1 = 22H/m, k1 = 103 H/m.

The Wolfram Mathematica modeling results
shown in Figure 5 illustrate the locomotion charac-
teristics of the wheeled vibration-driven robot with a
solenoid-type exciter. The model, based on the differential equations (1) and (2) describing the robot’s
motion, provides insights into how the robot’s acceleration, speed, and displacement vary over time
due to the solenoid actuation. The upper graph displays a pulsating pattern with distinct peaks and
troughs, indicating rapid changes in acceleration caused by the solenoid’s plunger impacts. The acceler-
ation of the robot’s body fluctuates between approximately −2m/s2 and 2m/s2. The non-symmetrical
nature of the acceleration profile is due to the impact and return phases of the solenoid actuation. The
speed graph exhibits a fluctuating pattern with an overall increasing trend. This suggests that the
robot maintains a net forward motion despite the intermittent accelerations and decelerations caused
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by the solenoid. The speed varies between 0m/s and about 0.12 m/s, with the peaks corresponding
to the instances of positive acceleration. The displacement graph clearly shows the robot’s continuous
forward movement over time. The upward trend of the graph confirms the successful conversion of
the vibrational energy from the solenoid actuator into directed locomotion. Over the simulated time
frame of 1 second, the robot achieves a displacement of roughly 0.06m.

Fig. 6. Results of mathematical modeling of loco-
motion conditions of the wheeled vibration-driven

robot with a centrifugal exciter.

The Wolfram Mathematica modeling results
shown in Figure 6 illustrate the locomotion charac-
teristics of the wheeled vibration-driven robot with a
centrifugal exciter under different excitation frequen-
cies (3Hz, 6Hz, and 9Hz). The model, based on the
differential equation (5) describing the robot’s mo-
tion, provides insights into how the robot’s acceler-
ation, speed, and displacement vary over time with
changes in the unbalanced rotor’s speed. The upper
graph shows a consistent sinusoidal pattern for each
frequency, indicating periodic changes in the robot’s
acceleration. The amplitude of acceleration increases
with higher frequencies, suggesting a stronger driv-
ing force from the centrifugal exciter. For instance,
at 3Hz, the acceleration fluctuates between approx-
imately −0.08m/s2 and 0.08m/s2, while at 9Hz, it
ranges from −2.3m/s2 to 2.3m/s2. The speed graphs
exhibit a fluctuating pattern with an overall increas-

ing trend for all frequencies. This indicates that the robot maintains a net forward motion despite
the oscillations. Higher frequencies lead to more pronounced fluctuations in speed and a higher aver-
age speed. At 3Hz, the speed varies between 0m/s and roughly 0.02m/s, whereas at 9Hz, it ranges
from 0.086m/s to approximately 0.17m/s. The displacement graphs clearly demonstrate the robot’s
continuous forward movement over time. The slope of each curve represents the average speed, which
increases with higher excitation frequencies. This confirms that the robot effectively converts the vibra-
tional energy into directional motion, and higher frequencies result in faster locomotion. For example,
at 3Hz, the robot travels approximately 0.014m in 1 second, while at 9Hz, it covers around 0.126m in
the same time frame. Considering the excitation frequency of 6Hz, the robot’s acceleration oscillates
between roughly −0.68m/s2 and 0.68m/s2; the speed fluctuates between 0.4m/s and about 0.75m/s;
in 1 second, the robot travels approximately 0.056 meters.

7. Computer simulation of the robots’ locomotion in SolidWorks Motion software

SolidWorks Motion employs a numerical solver to simulate the robot’s motion. This solver utilizes a
time-stepping approach to calculate the robot’s position, velocity, and acceleration at discrete time
intervals. The specific numerical method used in SolidWorks Motion is typically a variation of the
Runge–Kutta method, which is a widely used technique for solving ordinary differential equations.
This method provides accurate and stable solutions for dynamic systems, such as the vibration-driven
robot in this study.

The SolidWorks Motion simulation results shown in Figure 7 effectively demonstrate the locomo-
tion characteristics of the wheeled vibration-driven robot with a solenoid-type exciter. The simulation
visualizes the robot’s movement driven by the periodic impacts of the solenoid actuator. The upper
graph exhibits a pulsating pattern with rapid changes in acceleration, reaching peak values of approxi-
mately ±2000mm/s2 and even more. These sudden changes correspond to the impacts of the solenoid
actuator, which impart impulsive forces to the robot’s body. The speed graph displays a fluctuating
pattern with an overall increasing trend. The speed fluctuates between approximately 0mm/s and
117mm/s, indicating that the robot experiences periods of acceleration and deceleration. However,
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the net effect is a forward motion with a positive average speed. The displacement graph clearly shows
the robot’s continuous forward movement over time. The upward trend of the graph confirms the suc-
cessful conversion of the vibrational energy from the solenoid actuator into directed locomotion. Over
a time interval of 3 seconds, the robot achieves a displacement of approximately 175mm, indicating
an average speed of roughly 58mm/s.

Fig. 7. Results of computer simulation of locomotion
conditions of the wheeled vibration-driven robot with

a centrifugal exciter.

Fig. 8. Results of computer simulation of locomotion
conditions of the wheeled vibration-driven robot with

a centrifugal exciter.

The SolidWorks Motion simulation results shown in Figure 8 effectively illustrate the locomotion
characteristics of the wheeled vibration-driven robot with a centrifugal exciter. The simulation visu-
alizes the robot’s movement along a straight line, driven by the centrifugal forces generated by the
rotating unbalanced mass. The acceleration graph displays a sinusoidal pattern with peaks reaching
approximately ±676mm/s2. This periodic change in acceleration is consistent with the nature of the
centrifugal force generated by the rotating unbalanced mass. The speed graph shows a fluctuating pat-
tern, ranging from approximately 38mm/s to 75mm/s. Despite these fluctuations, the robot maintains
a net forward motion, as indicated by the positive average speed. The displacement graph exhibits a
clear upward trend, indicating the robot’s continuous forward movement. Over a time interval of 3 sec-
onds, the robot covers a distance of approximately 169mm, resulting in an average speed exceeding
56mm/s.

8. Discussion of the obtained results

This section generalizes the results obtained from the numerical modeling and computer simulations
of the locomotion conditions of the two vibration-driven robot designs.

The Wolfram Mathematica modeling results illustrate the locomotion characteristics of both robot
designs under varying excitation frequencies. The model of the robot with a solenoid-type exciter
demonstrates the robot’s acceleration, speed, and displacement profiles over time. The acceleration
graph exhibits a pulsating pattern, the speed graph shows fluctuations with an overall increasing
trend, and the displacement graph confirms continuous forward motion. The model of the robot with
centrifugal exciter demonstrates the influence of the excitation frequency on the robot’s locomotion.
Higher frequencies result in faster movement but also more pronounced oscillations in speed and accel-
eration. The graphs show how the robot’s acceleration, speed, and displacement change with varying
frequencies.

The SolidWorks Motion simulation results provide a visual representation of the robots’ movement
and generate graphs illustrating their kinematic characteristics. For the robot with solenoid-type ex-
citer, the simulation results show the robot’s horizontal acceleration, speed, and displacement over
time. The acceleration graph exhibits a pulsating pattern, the speed graph shows fluctuations with an
overall increasing trend, and the displacement graph demonstrates continuous forward motion. Consid-
ering the robot with centrifugal exciter, the simulation results show the robot’s horizontal acceleration,
speed, and displacement over time. The acceleration graph exhibits a sinusoidal pattern, the speed
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graph shows fluctuations with an overall increasing trend, and the displacement graph demonstrates
continuous forward locomotion.

The results from both numerical modeling and computer simulation demonstrate the effectiveness
of both solenoid and centrifugal exciters in achieving locomotion. However, the centrifugal exciter
generally provides lower speeds due to utilizing pure vibration excitation, while the solenoid-type
actuator offers larger speeds due to operating at vibro-impact conditions. The findings also highlight
the influence of excitation frequency and operational parameters on the robot’s speed, acceleration,
and displacement for both types of exciters. Higher excitation frequencies generally lead to faster
locomotion but also more pronounced oscillations in acceleration and speed.

The obtained results are consistent with the findings of other researchers in the field of vibration-
driven robotics. For instance, [3, 4, 6, 7] investigated the influence of excitation frequency and friction
on the locomotion of vibration-driven robots and observed similar trends in speed and acceleration.
The use of overrunning clutches to achieve unidirectional motion has also been explored in various
studies, such as [16–18], which reported similar locomotion behaviors. The present study builds upon
the authors’ previous works [1, 14, 31] by providing a detailed comparative analysis of two distinct
excitation mechanisms and their impact on robot locomotion.

Further research can be directed towards optimizing the design and control parameters of the
robots to improve their locomotion efficiency and adaptability to different terrains. Investigating the
influence of various friction models, exploring different control algorithms, and developing energy-
efficient actuation mechanisms are potential avenues for future research. Additionally, the application
of these robots in specific tasks, such as pipeline inspection, cleaning, and exploration of hazardous
environments, can be further explored.

The vibration-driven robots investigated in this study have potential applications in various fields.
Their compact size, simple design, and ability to navigate challenging terrains make them suitable for
tasks such as pipeline inspection and maintenance, exploration of confined or hazardous spaces, cleaning
of narrow and hard-to-reach areas, search and rescue operations, and environmental monitoring.

9. Conclusions

The paper investigates the dynamic behavior and locomotion characteristics of vibration-driven robots
with wheeled chassis, focusing on the comparison of two types of vibration exciters: a solenoid-type
actuator and a centrifugal (inertial) exciter. The research methodology involves 3D modeling using
SolidWorks software to design the robots, numerical modeling in Mathematica software to simulate
their motion and predict kinematic characteristics, and computer simulation in SolidWorks Motion soft-
ware to validate the modeling results. The robots utilize overrunning clutches to ensure unidirectional
wheel rotation and achieve forward motion through the principle of pure vibratory and vibro-impact
locomotion. The influence of excitation frequency and operational parameters on the robot’s speed,
acceleration, and displacement is analyzed for both types of exciters. The results demonstrate the effec-
tiveness of both solenoid and centrifugal exciters in achieving locomotion, with the centrifugal exciter
generally providing lower speeds (approximately 56mm/s) due to utilizing pure vibration excitation
and the solenoid-type actuator offering larger speeds (approximately 60mm/s) due to operating at
vibro-impact conditions. The findings of this study are valuable for researchers and engineers working
on the design and optimization of vibration-driven robots for various applications, including pipeline
inspection, cleaning, and navigation in challenging environments.
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Математичне моделювання та комп’ютерне симулювання умов
руху роботiв з вiбрацiйним приводом

Корендiй В., Качур О., Киричук В., Маркович Б.

Нацiональний унiверситет “Львiвська полiтехнiка”,

вул. С. Бандери, 12, 79013, Львiв, Україна

У цiй статтi дослiджено динамiчну поведiнку та характеристики руху роботiв з вiб-
рацiйним приводом та колiсним шасi, зосереджуючись на порiвняннi двох типiв вiб-
рацiйних збудникiв коливань: електромагнiтного актуатора та вiдцентрового (iнер-
цiйного) вiброзбудника. Методологiя дослiдження включає 3D-моделювання в про-
грамному забезпеченнi SolidWorks для проєктування роботiв, чисельне моделювання
в Mathematica для iмiтацiї їхнього руху та прогнозування кiнематичних характерис-
тик, а також комп’ютерне симулювання в SolidWorks Motion для валiдацiї резуль-
татiв математичного моделювання. Роботи використовують обгiннi муфти для за-
безпечення однонапрямленого обертання колiс та досягнення поступального руху за
принципами чисто вiбрацiйного та вiброударного збудження. Проаналiзовано вплив
частоти збудження та iнших експлуатацiйних параметрiв на швидкiсть, пришвидшен-
ня та перемiщення робота для обох типiв вiброзбудникiв. Результати демонструють
ефективнiсть як електромагнiтних, так i вiдцентрових вiброзбудникiв у досягненнi
необхiдних параметрiв руху, причому вiдцентровий вiброзбудник загалом забезпе-
чує нижчi швидкостi руху робота через використання чисто вiбрацiйного збуджен-
ня, тодi як електромагнiтний актуатор забезпечує бiльшi швидкостi завдяки роботi
у вiброударних режимах. Результати цього дослiдження можуть бути цiнними для
дослiдникiв та iнженерiв, якi працюють над проєктуванням та оптимiзацiєю роботiв
iз вiбрацiйним приводом для рiзних застосувань, включаючи iнспектування i чищен-
ня трубопроводiв та перемiщення в складних умовах та середовищах (наприклад,
помiж завалами будинкiв).

Ключовi слова: математична модель; комп’ютерне симулювання; електро-

магнiтний вiброзбудник; незбалансований ротор; характеристики руху; динамiчна

схема; мобiльна робототехнiка; колiсне шасi; обгiнна муфта.
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