Research Article

Advances in Robotics & Automation Technology

doi: 10.39127/2021/ARAT:1000103
Ragulskis K, et al. Ad Robo Auto Tech: ARAT-103

Investigation of Dynamics of a Pipe Robot Experiencing Impact
Interactions

K. Ragulskis?*, B. Spruogis?, P. Paskevicius3, A. Matuliauskas?, V. MiStinas5, A. Pauliukasé, L. Ragulskis?

1Kaunas University of Technology, K. Donelaicio Str. 73, LT-44249, Kaunas, Lithuania
245Department of Mobile Machinery and Railway Transport, Faculty of Transport Engineering, Vilnius Gediminas Technical

University, Plytinés Str. 27, LT-10105, Vilnius, Lithuania

3Company “Vaivora”, Palemono Str. 2a, LT-52191, Kaunas, Lithuania

6Institute of Power and Transport Machinery Engineering, Faculty of Agricultural Engineering, Vytautas Magnus University,
Studenty Str. 11, LT-53361, Akademija, Kaunas District, Lithuania

7Department of Systems Analysis, Faculty of Informatics, Vytautas Magnus University, Vileikos Str. 8, LT-44404, Kaunas,

Lithuania

*Corresponding author: Liutauras Mykolas Ragulskis, 1Kaunas University of Technology, K. Donelaicio Str. 73, LT-44249,

Kaunas, Lithuania.

Citation: Ragulskis K, Spruogis B, Paskevicius P, Matuliauskas A, Mistinas V, et al. (2021) Investigation of Dynamics of a Pipe
Robot Experiencing Impact Interactions. Ad Robo Auto Tech: ARAT-103.

Received Date: 17 September, 2021; Accepted Date: 24 September, 2021; Publised Date: 30 September, 2021

Abstract

In the process of design of pipe robots, it is important to investigate dynamics of their elements in which impact interactions
take place. Soft impacts represent more precise model of impact interactions than ideal impacts. Thus, their investigation is
important in engineering. In this paper dynamical behaviour of a vibrating system with soft impacts and zones of single

valued motions are investigated.

Keywords: pipe robot, impact interactions, soft impacts, vibro impact system, dynamic behaviour, region of existence, single

valued motions.

Introduction

In the process of design of pipe robots, it is important to
investigate dynamics of their elements in which impact
interactions take place. Soft impacts represent more
precise model of impact interactions than ideal impacts.
Thus, their investigation is important in engineering. In this
paper dynamical behaviour of a vibrating system with soft
impacts and zones of single valued motions are
investigated.
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Pipe robots and related vibrational effects were
investigated in several earlier papers [1-12]. Dynamics of
essentially nonlinear systems with impacts is investigated
in [13]. Transmissions and their vibrations are analysed in
[14]. Nonlinear effects in robots are investigated in [15].
The investigations presented in this paper are based on the
basic results presented in those three research
monographs.

Schematic representation of a pipe robot with impact
interactions is shown in Fig. 1.
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Figure 1: Pipe robot with impact interactions
First, in this paper model of the system with soft impacts presented. Three frequency regions in which single valued
performing vibrations is presented. The results for typical regimes of motion take place are analysed.

regimes of dynamics of the investigated system are The presented results are used in the process of design of

pipe robots with impact interactions.
Model of the system with soft impacts

The following notation is used:
R A = ey
m m m m m
where H denotes the coefficient of viscous friction, m denotes the mass, Ho denotes the coefficient of viscous friction of the
support, C denotes the coefficient of stiffness, Co denotes the coefficient of stiffness of the support and F denotes the
amplitude of the harmonic exciting force acting to the mass.
Dynamics of the investigated system is described by the following equations:

5<+(h+ho)x+(p2+p§)x= f sinet, when x = x,, (2)
$+hx+ p?x = f sinat, 3)
hy%, + p2%, =0, when x < X, (4)

where x is the displacement, w is the frequency of the exciting force, t is the time, xo is the displacement of the support.
Differentiation with respect to time is denoted by the upper dot.
The following parameters of the investigated system were assumed:

f=1 h=01 h =0.1, p> =1, pZ =128. (5)

Periodic regimes of motion are investigated.

Investigation of dynamics of the vibro impact system side of this zone. Those two values determine the location
with soft impacts in the first zone of single valued of the lower boundary of this zone.
motions

The third value of frequency of excitation represents
Dynamics of the system for five typical values of frequency motion at the typical for the first zone of single valued
of excitation are represented. The first value of frequency motions frequency of excitation. The fourth value of
of excitation is near to the region of the first zone of single frequency of excitation is near to the region of the first zone
valued motions from the external side of this zone. The of single valued motions from the internal side of this zone.
second value of frequency of excitation is near to the region The fifth value of frequency of excitation is near to the
of the first zone of single valued motions from the internal region of the first zone of single valued motions from the
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external side of this zone. Those two values determine the

location of the upper boundary of this zone.
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Two periods of the exciting force are investigated.

Graphical results are presented in the (Figures 2, 3, 4, 5, 6).
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Figure 2: Motion of the systemat f =1, h=0.1, h; =0.1, p® =1, p? =128, =12

Fig. 2 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of
displacement of the support in time for @ =1.2.
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Figure 3: Motion of the systemat f =1, h=0.1, h, =0.1, p® =1, p? =128, »=1.3

Fig. 3 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of
displacement of the support in time for ®=1.3.
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Figure 4: Motion of the systemat f =1, h=0.1, h, =0.1, p® =1, p =128, =2

Fig. 4 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of
displacement of the support in time for o= 2.
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Figure 5: Motion of the systemat f =1, h=0.1, h; =0.1, p2 =1 pg =128, =25

Fig. 5 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of
displacement of the support in time for w=2.5.
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Figure 6: Motion of the systemat f =1, h=0.1, h; =0.1, p* =1, p} =128, =26

Fig. 6 shows variation of displacement of the system in time,
variation of velocity of the system in time, variation of
displacement of the support in time for o= 2.6.

The presented graphical results determine the location of
the first zone of single valued motions and show typical
behavior of the investigated vibro impact system with soft
impacts in it.

Investigation of dynamics of the vibro impact system
with soft impacts in the second zone of single valued
motions

Dynamics of the system for five typical values of frequency
of excitation are represented. The first value of frequency
of excitation is near to the region of the second zone of
single valued motions from the external side of this zone.
The second value of frequency of excitation is near to the

0.029 . t 0823

region of the second zone of single valued motions from the
internal side of this zone. Those two values determine the
location of the lower boundary of this zone.

The third value of frequency of excitation represents
motion at the typical for the second zone of single valued
motions frequency of excitation.

The fourth value of frequency of excitation is near to the
region of the second zone of single valued motions from the
internal side of this zone. The fifth value of frequency of
excitation is near to the region of the second zone of single
valued motions from the external side of this zone. Those
two values determine the location of the upper boundary of
this zone. Four periods of the exciting force are
investigated. Graphical results are presented in the Figures
7,8,9,10,11.
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Figure 7: Motion of the systemat f =1, h=0.1, h, =0.1, p2 =1, pg =128, w=3.1

Fig. 7 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of

displacement of the support in time for @ =3.1.
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Figure 8: Motion of the systemat f =1, h=0.1 h, =0.1, p2 =1 pg =128, ®=3.2

Fig. 8 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of

displacement of the support in time for @ =3.2.
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Figure 9: Motion of the systemat f =1, h=0.1, h, =0.1, p? =1, pg =128, w=4

Fig. 9 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of

displacement of the support in time for o= 4.
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Figure 10: Motion of the systemat f =1, h=0.1 h, =0.1, p® =1, pg =128, =43

Fig. 10 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of

displacement of the support in time for @ =4.3.
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Figure 11: Motion of the system at f =1, h=0.1, h,=0.1, p’ =1, p? =128, w=4.4

Fig. 11 shows variation of displacement of the system in
time, variation of velocity of the system in time, variation of
displacement of the support in time for @ =4.4.

The presented graphical results determine the location of
the second zone of single valued motions and show typical
behavior of the investigated vibro impact system with soft
impacts in it.

Investigation of dynamics of the vibro impact system
with soft impacts in the third zone of single valued
motions

Dynamics of the system for four typical values of frequency
of excitation are represented. The first value of frequency
of excitation is near to the region of the third zone of single
valued motions from the external side of this zone. The
second value of frequency of excitation is near to the region
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of the third zone of single valued motions from the internal
side of this zone. Those two values determine the location
of the lower boundary of this zone.

The third value of frequency of excitation represents
motion at the typical for the third zone of single valued
motions frequency of excitation.

Also, the third value of frequency of excitation is near to the
region of the third zone of single valued motions from the
internal side of this zone. The fourth value of frequency of
excitation is near to the region of the third zone of single
valued motions from the external side of this zone. Those
two values determine the location of the upper boundary of
this zone.

Six periods of the exciting force are investigated. Graphical
results are presented in the Figures 12, 13, 14, 15.
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Figure 12: Motion of the systemat f =1, h=0.1, h, =0.1, p? =1, pg =128, w=4.7

Fig. 12 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of
displacement of the support in time for w=4.7.
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Figure 13: Motion of the systemat f =1, h=0.1 h, =0.1, p® =1, pg =128, ®=4.8

Fig. 13 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of
displacement of the support in time for @ =4.8.
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Figure 14: Motion of the systemat f =1, h=0.1, hy=0.1, p® =1, pg =128, =6

Fig. 14 shows variation of displacement of the system in time, variation of velocity of the system in time, variation of
displacement of the support in time for @ =6.

. A\/\/ t

164.805

-0.430

158,625

a) Displacement of the system as
function of time

LA A
VAY,

b) Velocity of the system as function
of time

-0575

158.625 164.805

*o

0.028

Oy

164.805

158625

c) Displacement of the support as
function of time

Figure 15: Motion of the systemat f =1, h=0.1 h, =0.1, p® =1, pg =128, w=6.1

Fig. 15 shows variation of displacement of the system in
time, variation of velocity of the system in time, variation of
displacement of the support in time for @ =6.1.
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impacts in it.

The presented graphical results determine the location of
the third zone of single valued motions and show typical
behavior of the investigated vibro impact system with soft
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Main characteristics of dynamic behaviour in the three
zones of single valued motions

Results for the first zone of single valued motions are

presented in Fig. 16.
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Figure 16: Characteristics of steady state motion for the first zone of single valued motions as functions of frequency of
excitation in periodic regime for f =1 h=0.1, h; =0.1, p® =1, pg =128

Results for the second zone of single valued motions are presented in Fig. 17.
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Figure 17: Characteristics of steady state motion for the second zone of single valued motions as functions of frequency of
excitation in periodic regime for f =1 h=0.1, h; =0.1, p2 =1 pg =128

Results for the third zone of single valued motions are presented in Fig. 18.
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Figure 18: Characteristics of steady state motion for the third zone of single valued motions as functions of frequency of
excitation in periodic regime for f =1 h=0.1, h; =0.1, p2 =1 pg =128

Three resonant zones of single valued motions are
investigated. They represent optimal regions of operation
of the pipe robot with soft impacts.

Conclusions

In engineering applications, it is important to investigate
dynamics of vibrating systems in which impact interactions
take place. Soft impacts represent more precise model of
impact interactions than ideal impacts. Thus, their
investigation is important in engineering practice. In this

Ad Robo Auto Tech: ARAT: 2021; Issue 2

paper dynamical behaviour of a vibrating system with soft
impacts and the first three zones of single valued motions
are investigated.

Graphical results for typical regimes of dynamics of the
investigated system are presented. The first three
frequency regions in which single valued regimes of motion
take place are analysed in detail.
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The presented results are used in the process of design of
pipe robots with impact interactions taking place in their
elements.

References

1.

Spruogis B., Ragulskis K., Bogdevicius M., Ragulskis M.,
Matuliauskas A., Mistinas V. (2002) Robot performing
stepping motion inside the pipe. Patent: LT 4968 B
2002-10-25, (in Lithuanian).

Ragulskis K. Bogdevi¢ius M., Mistinas V. (2006)
Analysis of dynamic processes in self-exciting vibration
of an inpipe robot. Mechanika 2006: Proceedings of the
11th International Conference, April 6-7 2006, Kaunas
University of Technology, Lithuanian Academy of
Sciences, IFTOMM National Committee of Lithuania,
Baltic Association of Mechanical Engineering, ISSN
1822-2951, Kaunas, 2006, p. 274-277.

Ragulskis K., Spruogis B., Matuliauskas A., MiStinas V.
(2006) Investigation of dynamics of a pipe robot.
Journal of Vibroengineering, Vol. 8, Issue 2, p. 40-44.
Mistinas V., Matuliauskas A., Ragulskis K., Spruogis B.
(2006) Behaviour of dynamic processes in self-exciting
vibration of an inpipe robot. Vibroengineering 2006:
Proceedings of the 6th International Conference,
October 12-14 2006, Kaunas, Lithuania, Lithuanian
Academy of Sciences, [FToMM National Committee,
Kaunas University of Technology, ISSN 1822-1262,
Kaunas, 2006, p. 91-94.

Ragulskis K., Spruogis B., Matuliauskas A., MiStinas V.
(2006) Analysis of vibrations in the element of a pipe
robot. Journal of Vibroengineering, Vol. 8, Issue 4, p. 9-
11.

Matuliauskas A., Mistinas V., PataSiené L., Ragulskis K.,
Spruogis B. (2007) Interaction of vibrating and
translation motions. Journal of Vibroengineering, Vol.
9, Issue 4, p. 77-81.
https://www.jvejournals.com/article/10156
Ragulskis L., Ragulskis K., Bubulis A. Spruogis B,
Mistinas V., Matuliauskas A. (2008) Investigation of
dynamics of fluid in the elements of a pipe robot.

10.

11.

12.

13.

14.

15.

Journal of Vibroengineering, Vilnius, Vol. 10, Issue 2, p.
209-212. https://www.jvejournals.com/article /10192
Ragulskis K. Bogdevitius M., Mistinas V. (2008)
Behaviour of dynamic processes in self-exciting
vibration of a pipe robot. Journal of Vibroengineering,
Vol. 10, Issue 3, p. 397-399.
https://www.jvejournals.com/article/10224

Ragulskis K., Spruogis B., Bogdevicius M., Matuliauskas
A., Mistinas V., Ragulskis L. (2020) Qualities of a
vibrator, the elastic element of which has different
coefficients of stiffness in the two intervals of

displacements, in a separate case. Journal of
Mechanical Engineering, Automation and Control
Systems, Vol. 1, Issue 1, p. 37-45.

https://www.jvejournals.com/article /21532
Ragulskis K., Spruogis B., Bogdevic¢ius M., Matuliauskas
A., Mistinas V., Ragulskis L. (2020) Motion of vibration
manipulators with self stopping device in one direction
with interactions of two non deformable elements in
one direction. Mechanika, Vol. 26(6), p. 526-531.
https://mechanika.ktu.lt/index.php/Mech/article/vie
w/25527

Ragulskis K., Spruogis B., Bogdevicius M., Pauliukas A.,
Matuliauskas A., MiStinas V. Ragulskis L. (2020)
Investigation of dynamics of a pipe robot with
vibrational drive and unsymmetric with respect to the
direction of velocity of motion dissipative forces.
Agricultural  Engineering, Vol. 52, p. 1-6.
http://ageng.asu.lt/ae/article/view/170

Ragulskis K., Spruogis B., Bogdevic¢ius M., Matuliauskas
A., Mistinas V., Ragulskis L. (2020) Dynamics of a two
mass pipe robot with the self-stopping mechanism
based on viscous friction. Mathematical Models in
Engineering, Vol. 6, Issue 4, p. 172-178.
https://www.jvejournals.com/article /21824
Ragulskiené V. (1974) Vibro-Shock Systems (Theory
and Applications). Mintis, Vilnius, (in Russian).

Kurila R. Ragulskiené V. (1986) Two-Dimensional
Vibro-Transmissions. Mokslas, Vilnius, (in Russian).
Ragulskis K., Bansevicius R., Barauskas R., Kulvietis G.
(1987) Vibromotors for Precision Microrobots.
Hemisphere, New York.

Copyright: © 2021 Ragulskis K, et al. This Open Access Article is licensed under a Creative Commons Attribution 4.0 International
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.

Ad Robo Auto Tech: ARAT: 2021; Issue 2

Page: 8|8



https://www.jvejournals.com/article/10156
https://www.jvejournals.com/article/10192
https://www.jvejournals.com/article/10224
https://www.jvejournals.com/article/21532
https://mechanika.ktu.lt/index.php/Mech/article/view/25527
https://mechanika.ktu.lt/index.php/Mech/article/view/25527
http://ageng.asu.lt/ae/article/view/170
https://www.jvejournals.com/article/21824
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

