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K. Ragulskisl, A. Pauliukas

INVESTIGATION OF DYNAMICS OF THE MANIPULATOR WITH ROTATIONAL
EXCITATION

VY po6oTi 1ocIiKeHO TMHAMIKY MaHIITyJIsITopa 3 00epTaabHIM 30yPKEHHSIM.

CrioyaTKy IOKTaZHO OIMCAaHO MOJENb 13 30yIKeHHSIM OOMeKeHOi MOTY)KHOCTi. OCHOBHMMH YacTHHAMH
MOJIeNi CHCTEeMH € Maca AucOallaHCy poTopa, o oOepTaeThesi, yAapHa Maca BiOpaTropa i HepyxoMi HpsiMi JITHIHHI
OmopH, IO 3a0e3MeuyroTh HampsM pyxomoi Macu. CucTtemMa Ma€ TPpH CTYIEHS CBOOOAHM, Ta ii JHMHAMiKa OMHCYETHCS
TphoMa JudepeHIiaTbHIMH PIBHAHHAMH APYTOTO MOPSIIKY.

[TotiM mpOBOIUTHCS MOCTIHKEHHS TUHAMIKH THUIIOBUX IapaMeTpiB cHCTeMH. [lOCHiIKYyIOThCS MEpeMillleHHS,
LIBUIKOCTI, KyT, KyTOBa IIBUIKICTh, PI3HUL MEPEMIIIEHb Ta PI3HULI MIBUIKOCTEH 3aI€KHO BiJl 4acy.

Takox omrcaHO MaHIMYJIATOP i3 30yIKCHHAM HEOOMEXEeHOT MOTYKHOCTI. CHCTeMa Mae JiBa CTYIEHI CBOOOIH,
Ta 1i AUHaMiKa ONHUCYETHCS ABOMA M (epeHIiaTbHIMY PIBHSIHHSAMHM JPYTOTo MOPSIKY.

IMoTiM TPOBOAMTHCS TOCTIDKEHHS! TUHAMIKM MAaHIMYJSATOpa i3 30yDKEHHSIM HEOOMEXEHY MOTYXHICTh HpH
TUIIOBHX ITapaMeTpax CHCTeMH. lIpencraBieHi nepexiaHi, a TaKoXK PyXH, IO BCTAHOBHJIMCS, JJIsI THIIOBUX ITapaMeTpiB
cucreM. J{0CTiKYIOThCS TepeMilieHHsI, BUAKOCTI, PI3HUIIA IepeMillleHb Ta Pi3HUI MIBUAKOCTEH SIK QyHKIIi yacy.

[omano rpadiyni 3almeKHOCTI I PI3HUX 3HAYCHb JKOPCTKOCTI. BOHHM MO3BONAIOTH 3pO3YyMITH BILIHB
BEJIMYMHH KOPCTKOCTI Ha IWHAMIYHY MTOBEIIHKY MaHIIyJIsATOPA.

Pesynbprati 3acTocOBaHi MpH MPOEKTYBaHHI MaHIMTyJIATOPIB i3 00epPTaNbHUM 30YPKCHHSM.

KiouoBi cioBa: oOeproBanbHe MOPYIICHHSA, MaHIMYJIATOPH, poOOTH, rpadivHi CIHiBAUICHHS, HEJiHIHHA
TIOBE/IiHKA.

INTRODUCTION

Dynamics of the manipulator with rotational excitation is investigated in this paper.

First the model with excitation of limited power is described in detail and dynamics for typical
parameters of the system is investigated.

Then the manipulator with excitation of unlimited power is described and investigated. Transient and
steady state motions for typical parameters of the system are presented.

Results are applied in the process of design of manipulators with rotational excitation.

Robot performing stepping motion is proposed in [1]. Robot with impact interactions is investigated in
[2]. System with two sided impacts is analyzed in [3]. Pipe robot with self-stopping mechanism is
investigated in [4]. Soft impacts are analyzed in [5]. Vibrating systems with impacts are investigated in [6].
Vibrations in transmissions are analyzed in [7]. Synchronization of mechanical systems is investigated in [8].
Precise robots are described in [9]. Industrial robots are analyzed in [10]. New mechanisms in contemporary
robot engineering are presented in [11]. Mechanics of vibrating systems is investigated in [12].

In this paper displacements, velocities, angle, angular velocity, difference of displacements and
difference of velocities as functions of time are investigated. Graphical relationships for different values of
stiffness are presented. They enable us to understand the influence of the value of stiffness on the dynamic
behavior of the manipulator.

MODEL OF THE MANIPULATOR WITH ROTATIONAL EXCITATION

Manipulator with rotational excitation is shown in Fig. 1.

The following notation is introduced:

AB=r. (1)
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supports, which ensure the direction of the moving mass m,

The coordinates of the main points determining the investigated system are:

0(0,0); O, (%, —1,0); A(%,,0); B(X, ;).

Location of the exciting mass of the exciter of vibrations is expressed as:

X, =X, + I COS,

y, =—rsing.

Velocities are determined as:

%, =% —rgsing,

Y, =—T@®Cose.

Kinetic energy has the following form:

2

_ .2 «\2 . . - % .9 & .
T= 5 [xo +(ro) 2x0r(psm(p}+ 5 Ko+
Derivatives of the kinetic energy have the following forms:
(T ). =(m,+my )%, —myr(@sing+¢* cosp),
T, =mr(rg—%sing),
(T,). ~T, =mr(rj—%sing).
Potential energy has the following form:
Hz%C(x2 —x, 1)
Potential forces have the following forms:
I, =C(x,—x,—1),
I, =C(x, =%, +1).
Dissipative function has the following form:
1 SN T § .
D=§H (%, — %) +§H03x§.
Dissipative forces have the following forms:
D;2 =H ()’(2 —)'(0),

Figure 1. Model of the system: XOY — the immovable coordinate system; 1 — mass m, of the disbalance of
the rotor rotating about the point A; 2 — impacting mass m, of the vibrator; 3 — immovable straight linear
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D;O =H()'<O—)'(2)+ H %, (16)
According to the coordinate x, the following force is acting:
Q, =—A-BX, (17)
and according to the coordinate ¢ the following moment of the force is acting:
M, =C-Dg, (18)

where A, B, C and D are constant positive quantities.
When the following condition is satisfied:

X, =%, <, (19)
m,X, +C(X, =%, —1)+H (%, —%)=0, (20)

dynamics of the system is described by the following equations:
%, + P* (%, —% —1)+h(%,—%)=0, (21)
(1+ 1) % —r(@sing+¢* cosp)+ p* (X, =X, +1)+h(% =%, )+ %, =—a—bx,, (22)
rg—X,sing=c—de, (23)

where it is denoted:
ﬂ:%,azi,bzi,czi,d—i,h:i, h03=H03,p2=£. (24)
m, m, m, rm, rm, m, m, m,
When the following condition is satisfied:

X, =X, =1, (25)

impact of the mass m, with the mass mo takes place in a moment of time, where the change of velocities of
those masses takes place according to the theorem of quantity of motion and losses of velocity of impact, that
is:

X + kg =X + pXg, (26)
)'(+ _)'(+
B @

2 0
where R is the coefficient of restitution of the impact. From those equations X, and x, are found.
Thus, it is obtained that:

.1

K=l R% + (4 =R)% | (28)
X =ﬁ (1-uR) %, +u(1+R)%, | (29)

RESULTS OF INVESTIGATION OF DYNAMICS OF THE MANIPULATOR
The following parameters of the investigated manipulator were assumed:

=0.03, h=0.2, ©=0.5,r=0.02, h; =02, b=0.2, a=0.01, d=0.2, c=0.4, R=0.7. (30)
The following initial conditions were assumed:
x,(0)=1, x,(0)=0, ¢(0)=0, %,(0)=0, %,(0)=0, ¢(0)=0. (31)
Results for:
p=1 (32)
are presented in Fig. 2.
0.228 } 0.029
‘ 0 /L/ﬁl/ﬂ//ljl/l/ t
0.023 1 -0.012
e 20.862 0 20.862
a) X, (t) b) %, (t)
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Figure 2. Dynamics of the manipulator when p =1

are presented in Fig. 3.
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Figure 3. Dynamics of the manipulator when p=2

From the presented results the influence of the stiffness to the dynamic behavior of the manipulator
with rotational excitation is seen.

INVESTIGATION OF DYNAMICS FOR THE CASE OF EXCITATION OF UNLIMITED
POWER

In this case the equations of dynamics take the form presented further.

When the following condition is satisfied:

X, — %, <1, (34)

dynamics of the system is described by the following equations:
%, +P° (%, —% —1)+h(%,—%)=0, (35)
(14 2) % + p? (% — %, +1)+h(%, =%, )+ hy,%, =—a—bx, + re’ cosat, (36)

where w denotes the frequency of rotational excitation.
The following parameters of the investigated manipulator were assumed:

w=22,1=0.03, h=0.1 4=05,h,=0.1 b=0.1, a=0.01, r=0.02, R=0.7. (37)
The following initial conditions were assumed:
%,(0)=1, %,(0)=0, %,(0)=0, %,(0)=0. (38)
Results for:
p=1 (39)

are presented in Fig. 4.

X, %,
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Figure 4. Dynamics of the manipulator when p =1

are presented in Fig. 5.
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Figure 5. Dynamics of the manipulator when p=2

32.992

(40)

From the presented results the influence of the stiffness to the transient processes of the manipulator
with rotational excitation is seen.
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RESULTS OF INVESTIGATION OF STEADY STATE MOTIONS
Results for:

p=1 (41)
are presented in Fig. 6.
X, %,
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46.819 t 0.045 t
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Figure 6. Steady state dynamics of the manipulator when p =1

Results for:

p=2 (42)
are presented in Fig. 7.
X %,
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23.929 t 0.080 t
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a) X, (t) b) %, (t)
X, .
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n CYYACHI TEXHOAOM B MAWWMHOBYAYBAHHI TA TRPAHCMOPTI, 2024, Nel (22)



© K. Ragulskis, A. Pauliukas, P. Paskevicius, B. Spruogis, A. Matuliauskas, V. Mistinas, L. Ragulskis 2024

c) X (t) d) %, (t)

b /Uy,

i dliaall

0.030 0.035

0.021 t -0.024

270.478 276.190 270.478 276.190

) %, (1)~ % (1) 0 % (1) %,(1)

Figure 7. Steady state dynamics of the manipulator when p=2

From the presented results the influence of the stiffness to the steady state motions of the manipulator
with rotational excitation is seen.

CONCLUSIONS

Dynamics of the manipulator with rotational excitation is investigated. The model with excitation of
limited power is described in detail and dynamics for typical parameters of the system is investigated.
Displacements, velocities, angle, angular velocity, difference of displacements and difference of velocities as
functions of time are investigated.

The manipulator with excitation of unlimited power is described and investigated. Transient and
steady state motions for typical parameters of the system are presented. Displacements, velocities, difference
of displacements and difference of velocities as functions of time are investigated.

Graphical relationships for different values of stiffness are presented. They enable us to understand the
influence of the value of stiffness on the dynamic behavior of the manipulator.

Results are applied in the process of design of manipulators with rotational excitation.
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K. Ragulskis, A. Pauliukas, P. Paskevi¢ius, B. Spruogis, A. Matuliauskas, V. Mistinas, L. Ragulskis.
Investigation of dynamics of the manipulator with rotational excitation.

Dynamics of the manipulator with rotational excitation is investigated in this paper.

First the model with excitation of limited power is described in detail. The main parts of the model of
the system are the mass of the disbalance of the rotating rotor, the impacting mass of the vibrator and the
immovable straight linear supports, which ensure the direction of the moving mass. The system has three
degrees of freedom, and its dynamics is described by the three differential equations of the second order.

Then investigation of dynamics for typical parameters of the system is performed. Displacements,
velocities, angle, angular velocity, difference of displacements and difference of velocities as functions of
time are investigated.

Also, the manipulator with excitation of unlimited power is described. The system has two degrees of
freedom, and its dynamics is described by the two differential equations of the second order.

Then investigation of dynamics of the manipulator with excitation of unlimited power for typical
parameters of the system is performed. Transient as well as steady state motions for typical parameters of the
system are presented. Displacements, velocities, difference of displacements and difference of velocities as
functions of time are investigated.

Graphical relationships for different values of stiffness are presented. They enable us to understand the
influence of the value of stiffness on the dynamic behavior of the manipulator.

Results are applied in the process of design of manipulators with rotational excitation.

KEYWORDS: ROTATIONAL EXCITATION, MANIPULATORS, ROBOTS, GRAPHICAL
RELATIONSHIPS, NONLINEAR BEHAVIOR.
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