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Abstract 

 

This is the full article based on a conference paper. Pipe robots are used in agricultural engineering for 

transportation of materials. Also, they are used for cleaning the internal surfaces of the pipes. In the process of 

numerical investigation of dynamics of a pipe robot, a specific model for viscous friction is used. This influences 

the results of numerical calculations of dynamics of a pipe robot. A numerical procedure for more precise 

calculation of viscous friction is proposed in the paper. Results of investigations for two values of time steps are 

obtained and presented: without the proposed procedure and with it. Advantages of the improved calculation of 

viscous friction are indicated. 
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1. Introduction 

 

This is the full article based on a conference paper (Ragulskis et al., 2023). Graphical results 

without improved calculation of viscous friction and with it were obtained for two typical values of 

time steps. In the conference paper only results for the first value of time step and only with improved 

calculation of viscous friction are presented in detail. This paper presents the results of calculations for 

both values of time steps without application of the proposed procedure and with it. 

Pipe robots are used in agricultural engineering for transportation of materials. Also, they are used 

for cleaning the internal surfaces of the pipes. 

In the process of numerical investigation of dynamics of a pipe robot, a specific model for viscous 

friction is used. This influences the results of numerical calculations of dynamics of a pipe robot. 

A numerical procedure for more precise calculation of viscous friction is proposed in the paper. 

Results of investigations for two values of time steps are obtained and presented: without the proposed 

procedure and with it. 

Advantages of the improved calculation of viscous friction are indicated. 

Pipe robots are investigated in [1]. Related problems of dynamics are investigated in [2 - 11] and 

in other research papers. Dynamics of essentially nonlinear vibrating systems is investigated in [12]. 

Dynamics of transmissions is investigated in [13]. Robots and their dynamics are investigated in [14]. 

First the model of a pipe robot having one degree of freedom with forced harmonic excitation is 

presented. Then the procedure for improved calculation of viscous friction is described. Graphical 

results without improved calculation of viscous friction and with it are obtained and mutually 

compared. 

https://doi.org/10.15544/ageng.2023.55.7
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2. Model of the pipe robot 

 

Model of a pipe robot was presented in a conference paper [15]. 

It is assumed that the pipe robot is described by the differential equation: 

 

 (1) 

 

where x denotes the displacement of the pipe robot, h denotes the coefficient of viscous friction, f 

denotes the amplitude of harmonic excitation, ω denotes the frequency of harmonic excitation, t 

denotes the time variable, and the upper dot denotes differentiation with respect to the time. 

The nonlinear viscous friction has the form: 

 

 
(2) 

 

where h1 and h2 are assumed to be constant values. 

The force of viscous friction is denoted as: 

 

 (3) 

 

3. Improved calculation of viscous friction in the model of a pipe robot 

 

Procedure for improved calculation of viscous friction in the model of a pipe robot was presented 

in a conference paper [15]. 

It is assumed that T denotes the time step, the subscript 0 represents the beginning of a time step 

and the subscript T represents the end of a time step. 

Viscous friction is assumed as: 

 

 
(4) 

 

If: 

 

 (5) 

 

and: 

 

 (6) 

 

or if: 

 

 (7) 

 

and: 

 

 (8) 

 

then the concept of reduced time step is introduced: 

 

 
(9) 

 

Then: 
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(10) 

 (11) 

 
(12) 

 

4. Results of investigation of dynamics of a pipe robot 

 

The following parameters of the pipe robot are assumed: 

 

 (13) 

 

Calculations from zero initial conditions are performed: 

 

 (14) 

 

Results for two values of the time step are investigated: 

 

 

(15) 

 

and: 

 

 

(16) 

 

Results of calculations for the first value of the time step with improved calculation of viscous 

friction were presented in a conference paper [15]. 

 

4.1. Results of calculations for the first value of the time step 

 

4.1.1. Conventional calculation of viscous friction 

 

Variation of displacement, velocity, acceleration, and velocity multiplied by acceleration is 

presented in Fig. 1. 

The phase trajectories of the pipe robot are presented in Fig. 2. 

Force of viscous friction as function of velocity is presented in Fig. 3. 

 

4.1.2. Improved calculation of viscous friction 

 

Results of calculations for the first value of the time step with improved calculation of viscous 

friction were presented in a conference paper [15]. 

Variation of displacement, velocity, acceleration, and velocity multiplied by acceleration is 

presented in Fig. 4. 

The phase trajectories of the pipe robot are presented in Fig. 5. 

Force of viscous friction as function of velocity is presented in Fig. 6. 
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a) Displacement as function of time b) Velocity as function of time 

  

c) Acceleration as function of time 
d) Velocity multiplied by acceleration as 

function of time 

Fig. 1. Dynamics of the pipe robot 

 

  
a) Velocity as function of displacement b) Acceleration as function of velocity 

 
c) Velocity multiplied by acceleration as function of displacement 

Fig. 2. Phase trajectories of the pipe robot 

 

 
Fig. 3. Force of viscous friction as function of velocity 
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a) Displacement as function of time b) Velocity as function of time 

  

c) Acceleration as function of time 
d) Velocity multiplied by acceleration as 

function of time 

Fig. 4. Dynamics of the pipe robot [15] 

 

  
a) Velocity as function of displacement b) Acceleration as function of velocity 

 
c) Velocity multiplied by acceleration as function of displacement 

Fig. 5. Phase trajectories of the pipe robot [15] 

 

 
Fig. 6. Force of viscous friction as function of velocity [15] 

 

It can be noted that the improved procedure for calculation of viscous friction has advantages, 

which are evident from the comparison of some of the corresponding graphical results. This is 
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especially clear from the comparison of force of viscous friction as function of velocity at the origin of 

the coordinate system. 

 

4.2. Results of calculations for the second value of the time step 

 

4.2.1. Conventional calculation of viscous friction 

 

Variation of displacement, velocity, acceleration, and velocity multiplied by acceleration is 

presented in Fig. 7. 

 

  
a) Displacement as function of time b) Velocity as function of time 

  

c) Acceleration as function of time 
d) Velocity multiplied by acceleration as 

function of time 

Fig. 7. Dynamics of the pipe robot 

 

The phase trajectories of the pipe robot are presented in Fig. 8. 

 

  
a) Velocity as function of displacement b) Acceleration as function of velocity 

 
c) Velocity multiplied by acceleration as function of displacement 

Fig. 8. Phase trajectories of the pipe robot 

 

Force of viscous friction as function of velocity is presented in Fig. 9. 
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Fig. 9. Force of viscous friction as function of velocity 

 

4.2.2. Improved calculation of viscous friction 

 

Variation of displacement, velocity, acceleration, and velocity multiplied by acceleration is 

presented in Fig. 10. 

 

  
a) Displacement as function of time b) Velocity as function of time 

  

c) Acceleration as function of time 
d) Velocity multiplied by acceleration as 

function of time 

Fig. 10. Dynamics of the pipe robot 

 

The phase trajectories of the pipe robot are presented in Fig. 11. 

Force of viscous friction as function of velocity is presented in Fig. 12. 

It can be noted that the improved procedure for calculation of viscous friction has advantages, 

which are evident from the comparison of some of the corresponding graphical results. This is 

especially clear from the comparison of force of viscous friction as function of velocity at the origin of 

the coordinate system. 

From the presented investigation advantages of the improved calculation of the force of viscous 

friction are observed. 

 

5. Conclusions 

 

In the process of numerical investigation of dynamics of a pipe robot, a specific model for viscous 

friction is used. This influences the results of numerical calculations of dynamics of a pipe robot. A 

numerical procedure for more precise calculation of viscous friction is proposed in the paper. Results 

of investigations for two values of time steps are obtained and presented: without the proposed 

procedure and with it. 
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a) Velocity as function of displacement b) Acceleration as function of velocity 

 
c) Velocity multiplied by acceleration as function of displacement 

Fig. 11. Phase trajectories of the pipe robot 

 

 
Fig. 12. Force of viscous friction as function of velocity 

 

Variations of displacement, velocity, acceleration, and velocity multiplied by acceleration are 

investigated. Phase trajectories of the pipe robot are obtained. Force of viscous friction as function of 

velocity is represented. 

It can be noted that the improved procedure for calculation of viscous friction has advantages, 

which are evident from the comparison of some of the corresponding graphical results. This is 

especially clear from the comparison of force of viscous friction as function of velocity at the origin of 

the coordinate system. 

From the presented investigation advantages of the improved calculation of the force of viscous 

friction are observed. 
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