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INVESTIGATION OF DYNAMICS OF A PIPE ROBOT WITH SELF-STOPPING
MECHANISM

Pipe robots are used in agricultural engineering for transportation of various materials inside the pipe as well
as for cleaning of internal surfaces of the pipes.

In this paper a model of a pipe robot with self-stopping mechanism is proposed and described in detail.
Numerical investigations are performed, and the obtained results are presented in the form of graphical relationships.
Variations of displacements as well as variations of velocities of the exciting mass and of the case of the pipe robot as
functions of time are investigated. Results for steady state regime of motion are presented.

Displacement of the first degree of freedom, velocity of the first degree of freedom, displacement of the
second degree of freedom, velocity of the second degree of freedom as functions of time in the steady state regime of
motion are investigated. Also, difference of displacements as well as difference of velocities as functions of time in the
steady state regime of motion are represented.

Results for three typical values of the constant force are described in the paper: first the results when the
constant force is assumed equal to zero are presented and then the results for the two typical nonzero values of the
constant force are presented. From the obtained graphical representations, the influence of the value of the constant
force to the dynamic behavior of the pipe robot can be seen.

The obtained graphical representations enable to understand the behavior of the investigated pipe robot with
self-stopping mechanism.

Keywords: pipe robot, self-stopping mechanism, harmonic excitation, steady state motions, parameters of the
system.

INTRODUCTION

Pipe robots are used for transportation of various materials inside the pipe as well as for cleaning of
the internal surfaces of the pipes.

In this paper a model of a pipe robot with self-stopping mechanism is proposed and described in detail.
Numerical investigations are performed, and the obtained results are presented in the form of graphical
relationships.

Variations of displacements as well as variations of velocities of the exciting mass and of the case of
the pipe robot as functions of time are investigated.

The obtained results are used in the process of design of pipe robots.

Implementation of a pipe robot is presented in [1]. Pipe robot with impact interactions is analyzed in
[2]. Pneumatic exciters of vibrations are investigated in [3]. Dynamics of a pipe robot is analyzed in [4].
Vibrations of elements of manipulators and robots are investigated in [5]. Dynamic effects of essentially
nonlinear system are analyzed in [6]. Nonlinearity of specific type is described in [7]. Impact motions in
elements of manipulators and robots are investigated in [8]. Essentially nonlinear systems are analyzed in
[9]. Dynamics of transmissions is investigated in [10]. Synchronization is analyzed in [11]. Robots of high
precision are investigated in [12]. Industrial robots are described in [13]. New mechanisms in robotics are
described in [14]. Specific nonlinear systems are investigated in [15]. Nonlinear effects of vibrations are
analyzed in [16]. Robot of a special type is investigated in [17]. Periodic orbits of nonlinear mechanical
systems are analyzed in [18].

First, a model of the investigated pipe robot with self-stopping mechanism is presented. Then results
of performed numerical investigations for typical parameters of the system are described. Influence of the
constant force on the dynamic behavior of the pipe robot is investigated.

MODEL OF THE PIPE ROBOT WITH SELF-STOPPING MECHANISM

The exciter of vibrations is located inside the case of a pipe robot, and they are mutually
interconnected by a spring and a damper. The case of a pipe robot interacts with the walls of the pipe by a

, 2023, Nel (20)




© K. Ragulskis, A. Pauliukas, M. Maiak, P. Paskevicius, R. Maskelitnas, L. Ragulskis 2023

self-stopping mechanism, which allows the motion of the case of the pipe robot in one direction and does not
allow the motion of the pipe robot in the opposite direction.

Dynamics of the pipe robot with self-stopping mechanism takes place according to two regimes of
motion: self-stopping mechanism allows the motion of the pipe robot; self-stopping mechanism does not
allow the motion of the pipe robot.

DYNAMICS OF THE SYSTEM WHEN THE SELF-STOPPING MECHANISM ALLOWS
THE MOTION OF THE PIPE ROBOT

Dynamics of the investigated system is described by the following equations:

n]15<1+H(X1_X2)+C(X1_X2):F1’ (1)
m,%, +H (%, —%)+C(x,—x)=F,, 2)

where x; is the displacement of the pipe robot, x, is the displacement of the exciter of vibrations, m; is the
mass of the case of the pipe robot, H is the coefficient of viscous friction between the exciter of vibrations
and the case of the pipe robot, C is the coefficient of stiffness between the exciter of vibrations and the case
of the pipe robot, F; is the force of resistance to the motion of the pipe robot, m; is the mass of the exciter of
vibrations, F, is the exciting force of the exciter of vibrations and the upper dot denotes differentiation with
respect to the time.

It is assumed that the force of resistance to the motion of the pipe robot has the following form:

F=A-Bx, (3)

where A and B are constants.
It is assumed that the exciting force of the exciter of vibrations has the following form:

F, = fsinat, 4)

where f is the amplitude of excitation, w is the frequency of excitation and t is the time variable.
Thus, the equations of motion of the investigated system have the following form:

mX +Bx +H (% —%,)+C(x —X,)=A (5)
m,%, + H (%, =% )+C(x, —x )= f sinat. (6)

This regime of motion takes place until the following condition is satisfied:

X =0. (7)
DYNAMICS OF THE SYSTEM WHEN THE SELF-STOPPING MECHANISM DOES NOT
ALLOW THE MOTION OF THE PIPE ROBOT
In this case it is assumed that:

%, =0. 8)
Dynamics of the exciter of vibrations is described by the following equation:
m,X, + HX, + Cx, = f sinwt + Cx,. 9)
Also, the following force is calculated:
P=A+HX —C(x —X,). (10)
This regime of motion takes place until the following condition is satisfied:

P=0. (11)
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INVESTIGATION OF DYNAMICS OF THE PIPE ROBOT WITH SELF-STOPPING
MECHANISM

The following parameters of the investigated pipe robot with self-stopping mechanism were assumed:

w=1m =1 B=01 H=01 C=1m,=1 f =1 (12)

Investigations for the three values of the constant force of resistance to the motion of the pipe robot
were performed:

A=0, (13)
A=-0.2, (14)
A=-04. (15)

INVESTIGATIONS FOR THE VALUE OF A=0

Variations of displacements as functions of time and of velocities as functions of time are presented in
Fig. 1.
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Xﬂ ).(2
125.23 117
11509 t 0.50 t
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C) X, =X, (t) d) X, =%, (t)

Figure 1. Results of investigation of dynamics for =1, m =1, B=0.1, H=0.1, C=1, m,=1, f =1, A=0

Variations of difference of displacements as functions of time and of difference of velocities as
functions of time are presented in Fig. 2.

INVESTIGATIONS FOR THE VALUE OF A=-0.2

Variations of displacements as functions of time and of velocities as functions of time are presented in
Fig. 3.

Variations of difference of displacements as functions of time and of difference of velocities as
functions of time are presented in Fig. 4.

INVESTIGATIONS FOR THE VALUE OF A=-0.4

Variations of displacements as functions of time and of velocities as functions of time are presented in
Fig. 5.
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Figure 2. Relative motions for =1, m =1, B=0.1, H=0.1, C=1, m, =1 f =1, A=0
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Figure 3. Results of investigation of dynamics for
w=1m=1B=01H=01C=1m=1f=1 A=-02
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Figure 4. Relative motions for =1, m =1, B=0.1, H=0.1, C=1 m, =1, f =1, A=-0.2

Variations of difference of displacements as functions of time and of difference of velocities as
functions of time are presented in Fig. 6.

The obtained graphical representations enable to understand the behavior of the investigated pipe
robot with self-stopping mechanism.
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Figure 5. Results of investigation of dynamics for
w=1m=1B=01H=01C=1m,=1f=1 A=-04
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a) Difference of displacements as function of time b) Difference of velocities as function of time
Figure 6. Relative motions for =1, m =1, B=0.1, H=0.1, C=1, m, =1 f =1, A=-04

CONCLUSIONS

Pipe robots are used in agricultural engineering for transportation of various materials inside the pipe
as well as for cleaning of internal surfaces of the pipes. In this paper a model of a pipe robot with self-
stopping mechanism is proposed and described in detail. Numerical investigations are performed, and the
obtained results are presented in the form of graphical relationships. Variations of displacements as well as
variations of velocities of the exciting mass and of the case of the pipe robot as functions of time are
investigated. Results for steady state regime of motion are presented.

Displacement of the first degree of freedom, velocity of the first degree of freedom, displacement of
the second degree of freedom, velocity of the second degree of freedom as functions of time in the steady
state regime of motion are investigated. Also, difference of displacements as well as difference of velocities
as functions of time in the steady state regime of motion are represented.

Results for three typical values of the constant force are described in the paper: first the results when
the constant force is assumed equal to zero are presented and then the results for the two typical nonzero
values of the constant force are presented. From the obtained graphical representations, the influence of the
value of the constant force to the dynamic behavior of the pipe robot can be seen.

The obtained graphical representations enable to understand the behavior of the investigated pipe
robot with self-stopping mechanism.
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of dynamics of a pipe robot with self-stopping mechanism.

TpyOHi poOOTH BHUKOPHCTOBYIOTHCSI Y  CLIBCBKOTOCHOJAPCHKOMY  MAalIMHOOYIYBaHHI  JUIS
TPAHCHOPTYBAaHHS PI3HUX MaTepiaiB ycepenuHi TpyOH, a TaKOX JUIsl OYMIICHHS BHYTPIIIHIX MOBEPXOHBb
TpYyoO.

VY mif craTTi 3ampoIOHOBaHO 1 JOKIJIAJAHO OMKMCAHO MOJIENh TPyOHOro poOoTa 3 MeXaHi3MOM, IO
caMO3ynHuHAEThCA. [IpoBeNeHO dYHCENbHI MOCHIHKCHHSI, a OTpPUMaHi pe3yNbTaTH TOMAaHO y BHIJIIIL
rpadiuyHuX 3aJeKHOCTEeH. JIOCIIKYIOTHCS 3MIHH MTEPEMIILICHB, a TAKOX 3MIHHU IIBUIKOCTEH 30yAIHBOT Macu
Ta KopmIycy TpyOompoBigHoro podora sik ¢yHkuii yacy. [IpeacraBieHi pe3ynbTaTu Ol peKUMY PyXy, IO
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BCTaHOBHUBCH.

JLOoCTIKYIOTBCS TIEPEMITTIICHHS TIePIIOro CTYIEHS CBOOOM, MBUAKICTh MEPINIOTO CTYICHSI CBOOOIH,
nepeMillleHHsT APYroro CTYNeHs CBOOOIM, INBUAKICT APYroro CTyHeHs CBOOOAM SK (YHKOIl yacy y
CTaLliIOHAPHOMY PEKUMi pyXy. Takox MpeacTaBICHO Pi3HULIIO MEePEMIlIeHb, a TAKOXK PI3HHUIIO IIBUAKOCTEH
SIK (PYHKIIIT 9acy B CTalliOHAPHOMY PEXHMI PYyXY.

VY crarti ommcaHi pe3ynbTaTH TPHOX THUIIOBHX 3HAYEHb MOCTIMHOI CHIIM: CHOYATKYy MpeACTaBIEHI
pe3ybTaTH, KOJM TMOCTiHHA cuiia MpUKAHATAa PIBHOI HYJIIO, a MOTIM IpeACTaBieHi pe3ylbTaTH Uil JBOX
THUIOBHX HEHYJIHOBHX 3HAU€Hb MOCTIHHOI CHIIM. 3 OTpHUMaHHX rpadidyHNX ySBICHb BHIHO BIUIMB BEITHIHHH
MTOCTIHHOI CHITM AMHAMIYHE ITOBEIiHKa poOoTa.

Otpumani  rpadiuni  300paKeHHS  JO3BOJSIOTH  3pO3YMITH  MOBEOIHKY  JOCIHIHKYBaHOTO
TpyOONpOBiTHOTO po0OTa 3 MEXaHI3MOM CaMO3YIHHEHHS.

KaiouoBi cioBa: TpyOompoBigHHMiI poOOT, CaMOTOPMO3HMK MeXaHi3M, TapMOHIYHE IOpPYIIECHHS,
BCTaHOBJICHI PyXY, IapaMeTpH CUCTEMHU.
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