
© K. Ragulskis, A. Pauliukas, P. Paškevičius, B. Spruogis, A. Matuliauskas, V. Mištinas, L. Ragulskis 2024 
 

38 , 2024, №1 (22) 
 

 

УДК 621.317 

UDC 621.317 

 

K. Ragulskis
1

, A. Pauliukas
2

, P. Paškevičius
3
, B. Spruogis

4
, A. Matuliauskas5, V. Mištinas6, 

L. Ragulskis
7 

1
Kaunas University of Technology, K. Donelaičio Str. 73, LT-44249, Kaunas, Lithuania 

2
Vytautas Magnus University, Studentų Str. 11, LT-53361, Akademija, Kaunas District, Lithuania 

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

4, 5, 6
Vilnius Gediminas Technical University, Saulėtekio Ave. 11, LT-10223, Vilnius, 

Lithuania 
7
Vytautas Magnus University, Vileikos Str. 8, LT-44404, Kaunas, Lithuania 

 

INVESTIGATION OF DYNAMICS OF THE MANIPULATOR WITH ROTATIONAL 

EXCITATION 

 

У роботі досліджено динаміку маніпулятора з обертальним збудженням. 

Спочатку докладно описано модель із збудженням обмеженої потужності. Основними частинами 

моделі системи є маса дисбалансу ротора, що обертається, ударна маса вібратора і нерухомі прямі лінійні 

опори, що забезпечують напрям рухомої маси. Система має три ступеня свободи, та її динаміка описується 

трьома диференціальними рівняннями другого порядку. 

Потім проводиться дослідження динаміки типових параметрів системи. Досліджуються переміщення, 

швидкості, кут, кутова швидкість, різниця переміщень та різниця швидкостей залежно від часу. 

Також описано маніпулятор із збудженням необмеженої потужності. Система має два ступені свободи, 

та її динаміка описується двома диференціальними рівняннями другого порядку. 

Потім проводиться дослідження динаміки маніпулятора із збудженням необмежену потужність при 

типових параметрах системи. Представлені перехідні, а також рухи, що встановилися, для типових параметрів 

системи. Досліджуються переміщення, швидкості, різниця переміщень та різниця швидкостей як функції часу. 

Подано графічні залежності для різних значень жорсткості. Вони дозволяють зрозуміти вплив 

величини жорсткості на динамічну поведінку маніпулятора. 

Результати застосовані при проектуванні маніпуляторів із обертальним збудженням. 

Ключові слова: оберювальне порушення, маніпулятори, роботи, графічні співділення, нелінійна 

поведінка. 

 

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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Figure 1. Model of the system: XOY – the immovable coordinate system; 1 – mass 

1
m  of the disbalance of 

the rotor rotating about the point A; 2 – impacting mass 
2

m  of the vibrator; 3 – immovable straight linear 

supports, which ensure the direction of the moving mass 
0

m  

 

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

       1 0 0 1 1
0,0 ;  ,0 ;  ,0 ;  , .O O x r A x B x y  (2) 

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

1 0
cos ,x x r    (3) 

1
sin .y r    (4) 

Velocities are determined as: 

1 0
sin ,x x r    (5) 

1
cos .y r    (6) 

Kinetic energy has the following form: 

 
22 2 201 2

0 0 0 2
2 sin .

2 2 2

mm m
T x r x r x x       

 
 (7) 

Derivatives of the kinetic energy have the following forms: 

     
0

.
2

1 0 0 1
sin cos ,

x
t

T m m x m r          (8) 

 1 0
sin ,T m r r x      (9) 

   
.

1 0
sin .

t
T T m r r x        (10) 

Potential energy has the following form: 

 
2

2 0

1
.

2
C x x l     (11) 

Potential forces have the following forms: 

 
2 2 0

,
x

C x x l     (12) 

 
0 0 2

.
x

C x x l     (13) 

Dissipative function has the following form: 

 
2 2

2 0 03 0

1 1
.

2 2
D H x x H x    (14) 

Dissipative forces have the following forms: 

 
2 2 0

,
x

D H x x    (15) 
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 
0 0 2 03 0

.
x

D H x x H x     (16) 

According to the coordinate 
0

x  the following force is acting: 

0 0
,

x
Q A Bx    (17) 

and according to the coordinate   the following moment of the force is acting: 

,M C D    (18) 

where A, B, C and D are constant positive quantities. 

When the following condition is satisfied: 

2 0
,x x l   (19) 

   2 2 2 0 2 0
0,m x C x x l H x x       (20) 

dynamics of the system is described by the following equations: 

   2

2 2 0 2 0
0,x p x x l h x x       (21) 

       2 2

0 0 2 0 2 03 0 0
1 sin cos ,x r p x x l h x x h x a bx                 (22) 

0
sin ,r x c d      (23) 

where it is denoted: 

20 03

03

2 2 2 2 2 2 2 2

,  ,  ,  ,  ,  ,  ,  .
m HA B C D H C

a b c d h h p
m m m rm rm m m m

          (24) 

When the following condition is satisfied: 

2 0
,x x l   (25) 

impact of the mass m2 with the mass m0 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: 

2 0 2 0
,x x x x        (26) 

2 0

2 0

,
x x

R
x x

 

 


 


 (27) 

where R is the coefficient of restitution of the impact. From those equations 
2

x  and 
0

x  are found. 

Thus, it is obtained that: 

   0 2 0

1
1 ,

1
x R x R x



       
 (28) 

   2 2 0

1
1 1 .

1
x R x R x 



       
 (29) 

 

RESULTS OF INVESTIGATION OF DYNAMICS OF THE MANIPULATOR 

The following parameters of the investigated manipulator were assumed: 

03
0.03,  0.2,  =0.5, 0.02,  0.2,  0.2,  0.01,  0.2,  0.4,  0.7.l h r h b a d c R          (30) 

The following initial conditions were assumed: 

           2 0 2 0
0 ,  0 0,  0 0,  0 0,  0 0,  0 0.x l x x x        (31) 

Results for: 

1p   (32) 

are presented in Fig. 2. 

 

  
a)  2

x t  b)  2
x t  
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c)  0

x t  d)  0
x t  

  
e)  t  f)  t  

  
g)    2 0

x t x t  h)    2 0
x t x t  

Figure 2. Dynamics of the manipulator when 1p   

 

Results for: 

2p   (33) 

are presented in Fig. 3. 

 

  
a)  2

x t  b)  2
x t  

  
c)  0

x t  d)  0
x t  
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e)  t  f)  t  

  
g)    2 0

x t x t  h)    2 0
x t x t  

Figure 3. Dynamics of the manipulator when 2p   

 

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: 

2 0
,x x l   (34) 

dynamics of the system is described by the following equations: 

   2

2 2 0 2 0
0,x p x x l h x x       (35) 

     2 2

0 0 2 0 2 03 0 0
1 cos ,x p x x l h x x h x a bx r t              (36) 

where ω denotes the frequency of rotational excitation. 

The following parameters of the investigated manipulator were assumed: 

03
2.2,  0.03,  0.1,  =0.5, 0.1,  0.1,  0.01,  0.02,  0.7.l h h b a r R          (37) 

The following initial conditions were assumed: 

       2 0 2 0
0 ,  0 0,  0 0,  0 0.x l x x x     (38) 

Results for: 

1p   (39) 

are presented in Fig. 4. 

 

  
a)  2

x t  b)  2
x t  
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c)  0

x t  d)  0
x t  

  
e)    2 0

x t x t  f)    2 0
x t x t  

Figure 4. Dynamics of the manipulator when 1p   

 

Results for: 

2p   (40) 

are presented in Fig. 5. 

 

  
a)  2

x t  b)  2
x t  

  
c)  0

x t  d)  0
x t  

  
e)    2 0

x t x t  f)    2 0
x t x t  

Figure 5. Dynamics of the manipulator when 2p   

 

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: 

1p   (41) 

are presented in Fig. 6. 

 

  
a)  2

x t  b)  2
x t  

  
c)  0

x t  d)  0
x t  

  
e)    2 0

x t x t  f)    2 0
x t x t  

Figure 6. Steady state dynamics of the manipulator when 1p   

 

Results for: 

2p   (42) 

are presented in Fig. 7. 

 

  
a)  2

x t  b)  2
x t  
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c)  0
x t  d)  0

x t  

  
e)    2 0

x t x t  f)    2 0
x t x t  

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

 

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. Paškevičius, B. Spruogis, A. Matuliauskas, V. Mištinas, 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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