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Abstract. This paper summarizes computational studies of the dynamic characteristics of a 

mechatronic hydraulic drive with standard and modernized planetary hydraulic motors. The aim is to 

compare the effects of motor design, external disturbances and passive pulsation damping on the 

transient response of the drive. The analysis considers the flow area of the distribution system, the 

diametral clearance between the rotors, pump delivery variations and changes in resisting torque. 

Three cases are examined: constant pump delivery and resisting torque, variable external inputs, and 

operation with a passive pulsation damper. Variations in the distribution flow area are associated with 

pressure and flow rate pulsations, while variations in the diametral clearance are associated with 

torque oscillations. Under variable external inputs, the modernized motor exhibits smaller pressure and 

torque oscillations and reaches the operating speed level earlier than the standard motor. In the case 

with a passive pulsation damper of 5000 cm³, the approximate start-up pressure peaks are 38 and 36 

MPa for the standard and modernized motors, respectively, compared with 90 and 85 MPa without the 

damper. The start-up torque peaks are within 900–1000 N·m for both designs, compared with 

approximately 2100 and 1900 N·m without the damper. However, oscillations under variable loading 

remain in both designs. The results support considering motor design improvements and passive 

damping together when selecting measures to reduce pulsations and start-up loads. The numerical 

estimates apply to the cases considered, taking into account differences in their initial parameters and 

operating conditions. 

Keywords: transient processes, hydraulic drive acceleration, pressure, torque, working fluid flow 

rate, rotational speed. 

Introduction. 

Modern mechatronic systems of self-propelled machinery are subject to increased 

requirements for response speed, accuracy, energy efficiency and stability of operating 

processes. Many actuating mechanisms in such machines are based on hydraulic drives 

capable of providing high torque with relatively small dimensions and low weight. The 

dynamic characteristics of the hydraulic drive directly determine the operating performance of 

the mechatronic system, particularly during start-up, load changes and other transient 

conditions [1, 2]. 

Planetary hydraulic motors are a promising type of hydraulic actuator for mechatronic 

systems of self-propelled machinery, combining compactness, high specific torque and the 

ability to operate under substantial loads. Their design features result in a complex process of 

working volume formation and torque transmission to the output shaft. The design features of 
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the rotor system, particularly the diametral clearance [2, 3], and the distribution system, 

particularly variations in the flow area [4–6], have a significant effect on operating 

characteristics. 

The study of dynamic processes occurring in hydraulic drives of mechatronic systems of 

self-propelled machinery is of particular importance. Pressure, flow rate and torque pulsations 

may reduce motion stability, increase dynamic loads and vibration, and shorten the service 

life of hydraulic drive components [2, 7]. The dynamics of the hydraulic drive are determined 

by the interaction of the pump, pipelines, control and safety devices, hydraulic motor and 

external mechanical load [8]. For a planetary hydraulic motor, periodic processes in the rotor 

system [2, 9] and the distribution system [5, 7, 10] are an additional source of disturbances. 

Changes in the geometry of the working ports affect flow capacity and pressure pulsations, 

while the parameters of the rotor system, including the diametral clearance, affect the 

generation of output torque [3, 9]. However, the combined effect of these factors on hydraulic 

drive dynamics under simultaneous operating disturbances remains insufficiently understood. 

This particularly concerns the quantitative assessment of the relationship between hydraulic 

motor design modifications, pressure and flow rate pulsations, torque variations and relief 

valve operation. 

The use of passive damping devices also requires further study. Hydropneumatic 

accumulators and other smoothing devices are known to reduce the amplitude of hydraulic 

pulsations [11, 12]. However, their effectiveness in a hydraulic drive with a planetary 

hydraulic motor should be assessed taking into account the transient response of the entire 

system. In particular, it is of interest to compare start-up pressure and torque peaks, as well as 

subsequent oscillations of the output parameters, in the computational cases considered 

without a damper and with a passive pulsation damper. 

Thus, it is relevant to systematize the research results on the effects of planetary hydraulic 

motor design parameters, uneven pump delivery, external load variations and passive 

damping on the dynamic characteristics of the hydraulic drive. This synthesis makes it 

possible to compare the potential of hydraulic motor design modifications and the use of a 

pulsation damper, taking into account differences in the initial parameters and conditions of 

the computational cases considered. 

Literature Review.  

Current research on planetary and orbital hydraulic motors can broadly be divided into 

several interrelated areas: improvement of rotor and distribution systems, investigation of 

hydraulic motor output characteristics and dynamics, modeling of pressure and flow rate 

pulsations, development of methods for their suppression, and investigation of the dynamics 

of control and safety devices. Analysis of these areas shows that most existing studies 

consider individual components or individual operating modes of the hydraulic drive, while 

comprehensive investigation of the interaction between design and operating factors remains 

insufficiently developed. 

Approaches to the mathematical description of mechatronic systems with hydraulic 

drives have been proposed [1]. An important advantage of this study is the possibility of 

linking the parameters of individual components to the characteristics of the system as a 

whole. However, the main attention is given to the development of mathematical and 

kinematic models, while operating disturbances and their interaction with the hydraulic 

motor’s own dynamic processes receive limited consideration. 

A substantial proportion of research is devoted to improving the output characteristics of 

planetary hydraulic machines. The influence of tooth curvature radius on the geometric and 

functional parameters of rotors has been investigated [9], and a design for a planetary gear 

mechanism has been proposed [13]. These results confirm the high sensitivity of hydraulic 

motors to the geometric parameters of their working elements. However, the main findings 

primarily concern the assessment of output or geometric characteristics, while the dynamic 
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consequences of changes in these parameters for the entire hydraulic drive receive less 

attention. Thus, an improvement in static characteristics alone does not yet indicate an 

improvement in the dynamic stability of the system. 

Studies of the diametral clearance are of particular importance to the problem under 

consideration [3]. The results show that changes in the clearance can significantly affect the 

operating characteristics of the hydraulic machine. An increase in clearances is also associated 

with changes in internal leakage and the process of torque generation. Therefore, the 

diametral clearance should be considered not only as a parameter of reliability and 

manufacturing accuracy, but also as a factor determining the dynamic behavior of the 

hydraulic drive. 

Another important area is the study of distribution systems. The results show that the 

geometry of the working ports, variations in the flow area [4, 5], and the manufacturing 

accuracy of the components of the planetary hydraulic motor’s end-face distribution system 

[10] directly affect flow capacity. Together with the research findings, this provides a basis 

for considering the distribution system as one of the main sources of periodic disturbances in 

the hydraulic motor. However, research mainly focuses on flow capacity as a characteristic of 

the distribution system, while its relationship with the pressure and torque time histories 

within a closed dynamic system is not considered in sufficient detail. The combined effect of 

the design features of the distribution system and the rotor mechanism is also not fully 

understood, although their periodic interaction generates a substantial proportion of the 

internal disturbances in the planetary hydraulic motor. 

The dynamic behavior of mechatronic systems with planetary hydraulic motors has been 

investigated [2, 7]. The combined effect of hydraulic motor design features and operating 

disturbances is considered in [8], while the use of a passive pulsation damper to reduce start-

up dynamic loads is considered in [14]. These studies are directly related to the problem under 

consideration and demonstrate the need to account for transient processes occurring in the 

hydraulic drive of a mechatronic system of self-propelled machinery. However, further 

development in this area requires a more detailed distinction between the sources of 

disturbances. In particular, it is insufficient to consider the transient process solely as a result 

of a change in the operating mode of the hydraulic drive: the effects of the rotor and 

distribution systems, pump pulsations and external load need to be assessed separately. 

Without this distinction, it is difficult to determine which design parameter is decisive for a 

particular dynamic characteristic. 

A broader body of research is devoted to the dynamics of hydrostatic drives. The 

dynamic processes of a low-speed, high-torque hydrostatic drive have been investigated [15]; 

a mathematical model and analysis of a hydrostatic transmission have been presented [16]; a 

CFD model of internal leakage flow in a radial piston hydraulic motor has been developed 

[17]; the reliability of a mathematical model of transient processes in the hydraulic drive of a 

mechatronic system has been assessed [18]; a dynamic analysis of a hydraulic drive has been 

performed through modeling and simulation [19]; and the dynamic characteristics of a 

hydraulic motor operating under pulsating flow have been investigated [20]. A common 

advantage of these studies is that they consider the hydraulic drive as an interconnected 

hydromechanical system. However, the objects and problems considered do not fully 

correspond to the specific features of a planetary hydraulic motor. As a rule, these studies do 

not account for the periodic formation of the working volume and flow distribution 

characteristic of the hydraulic machine under consideration. 

A separate research area concerns pulsations of speed, delivery and pressure. In [21], a 

model of rotational speed pulsations in a high-torque hydraulic motor is proposed, taking into 

account the effects of friction and leakage at the interfaces between its components. These 

results demonstrate the need to consider internal hydraulic motor processes when analyzing 

motion irregularity. For the hydraulic drive under consideration, it is of interest to compare 

these internal factors with external effects, namely uneven pump delivery and load variations. 
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Dynamic modeling of a pneumatic radial piston motor has been performed [22]; 

pulsations of the delivery flow of a piston pump have been investigated [23]; active control of 

pressure pulsations in an axial piston pump has been analyzed [24]; a mathematical model of 

pressure pulsations in a hydrostatic transmission has been developed [25]; pressure ripple 

characteristics in hydraulic circuits have been simulated [26]; and models of hydropneumatic 

accumulators and their applications in hydraulic systems, including hydraulic shock 

absorption and pulsation damping, have been reviewed [27]. Methods for modeling a passive 

hydraulic damper [12], as well as methods for suppressing pressure pulsations in hydraulic 

systems, have been proposed. The classification and characteristics of pulsation dampers have 

been considered [11]. Despite the wide range of proposed solutions, a significant limitation of 

most studies is that the effectiveness of damping devices is assessed mainly by the reduction 

of pulsations in the hydraulic circuit. This is insufficient for hydraulic drives of mechatronic 

systems of self-propelled machinery, since a reduction in pressure does not necessarily 

produce a proportional reduction in torque oscillations or shorten the transient time. 

The relief valve is an important component affecting the transient process. The 

mathematical foundations of dynamic modeling have been presented [28], and mathematical 

modeling and dynamic analysis of processes occurring in a hydraulic system with a relief 

valve have been performed [29]. These studies show that the valve is a dynamic component 

rather than an ideal device that limits pressure instantaneously. However, most of the models 

considered focus on the valve itself or a local hydraulic circuit. Its effect on the dynamics of a 

drive whose actuator is a planetary hydraulic motor with a pronounced periodic operating 

process remains insufficiently studied. 

Previous studies have considered the effects of the design features of the rotor system [2] 

and the distribution system [7] of a planetary hydraulic motor on the dynamic characteristics 

of the hydraulic drive. The combined effect of hydraulic motor design features and operating 

disturbances [8], as well as the use of a passive pulsation damper to reduce start-up pressure 

and torque surges [14], has been investigated. These results form the basis of the present 

synthesis. Their systematization makes it possible to compare the potential of hydraulic motor 

design modifications and passive damping under different hydraulic drive operating 

conditions. 

The aim of this work is to summarize and compare the results of previous simulations of 

the dynamic characteristics of the hydraulic drive of a mechatronic system with standard and 

modernized planetary hydraulic motors, considering the effects of design parameters, uneven 

pump delivery, external load variations and the use of a passive pulsation damper. The main 

focus is on the reduction of start-up pressure and torque surges, the reduction of pulsations, 

and changes in acceleration duration, taking into account the initial conditions of the 

computational cases considered. 

Research Methodology.  

To achieve the stated aim of summarizing and comparatively assessing previously 

obtained results, the following tasks are addressed: 

– to systematize the input data and conditions of previous simulations that determine the 

specific features of the computational cases considered; 

– to summarize the mathematical relationships and structural and functional diagrams 

used to describe dynamic processes in the hydraulic drive of a mechatronic system with a 

planetary hydraulic motor; 

– to compare the results of studies on the effects of the design features of the rotor and 

distribution systems of standard and modernized hydraulic motors on the dynamic 

characteristics of the hydraulic drive; 

– to analyze previously obtained results, taking into account uneven pump delivery and 

external load variations; 

– to compare start-up pressure and torque peaks and the patterns of variation in output 
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parameters in computational cases without and with a passive pulsation damper, taking into 

account the initial simulation conditions. 

The relationships presented in [30] are used to describe the structure of the mathematical 

model of the hydraulic drive of a mechatronic system with a planetary hydraulic motor. They 

describe variations in output characteristics, taking into account the geometric parameters of 

the hydraulic motor, the movement of rotor system components and changes in the flow area 

of the distribution system. The present work summarizes the results of applying mathematical 

models to analyze hydraulic motor design features, operating disturbances and passive 

damping [2, 7, 8, 14]. 

The sequence of reviewing and comparing the results is shown in Fig. 1. It covers the 

effects of the design features of the rotor and distribution systems of the planetary hydraulic 

motor, external disturbances, namely uneven pump delivery and load fluctuations, and the use 

of a passive pulsation damper. 

First, the results of separate investigations into the effects of the diametral clearance in 

the rotor system [2] and variations in the flow area of the distribution system [7] on the 

dynamic characteristics of the hydraulic drive are considered. Next, the results of 

investigating their combined effect in the presence of operating disturbances [8] and the 

results of using a passive pulsation damper [14] are analyzed. The comparison takes into 

account the initial parameters and simulation conditions of each computational case. 

In the studies considered [2, 7, 8], transient processes in the hydraulic drive of the 

mechatronic system were simulated for a planetary hydraulic motor with a displacement of 

Vhm0 = 160 cm³. The VisSim simulation package was used to determine the effects of the 

design features of the rotor and distribution systems on the dynamic characteristics of the 

hydraulic drive. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 1. Research scheme for the dynamic characteristics of a planetary hydraulic motor 

operating as part of the hydraulic drive of a mechatronic system of self-propelled machinery 
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Simulations were performed for standard and modernized planetary hydraulic motors. 

The structural and functional blocks of the dynamic model are presented below (Figs. 2–12), 

explaining the relationships used and the procedure for setting the parameters. The initial 

conditions of individual computational cases are considered when analyzing the 

corresponding results. 

The input data are specified in block A of the structural and functional diagram of the 

dynamic model of the hydraulic drive of a mechatronic system with a planetary hydraulic 

motor (Fig. 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Input data for the dynamic model 
 

Block B (Fig. 3) allows the rotation of the movable distributor to be simulated and the 

relative angular positions of the ports of the movable and stationary distributors to be 

determined using the relationships [4, 5]: 

– for the movable distributor: 

 

1

2

Z


 = , ( )1 hmt dt =  , ( ) ( )2 1t t  = + , …, ( ) ( )1i it t  −= + ,  (1) 

where Z₁ is the number of ports in the movable distributor; 

– for the stationary distributor: 

 
2

2

Z


 = , 1

2Z


 = , 2 1  = + , …, 1i i  −= + ,  (2) 

where Z₂ is the number of ports in the stationary distributor. 

Block B also allows the angle defining the geometric limits of the distribution ports to be 

determined using the following relationship: 

 
2Z


 = − , (3) 

where δ is the angular clearance between the ports of the movable and stationary distributors. 

Block C (Fig. 4) allows the angular distance between the centers of the overlapping ports 

of the movable and stationary distributors during rotation of the movable distributor to be 

determined using the following expression:  

 ( ) ( )i i it t  = − .  (4) 

block А 



 

43 
 

ТДАТУ АСПГП 

№ 1 (77) 

2026 

ІSSN: 1994-4691 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Dynamic model block for determining the angular positions of the distribution ports of 

the movable and stationary distributors 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Dynamic model block for determining the distance between the centers of the ports of the 

movable and stationary distributors and their overlap angles 

 

It also allows the overlap angles of the pressure ports of the stationary distributor with 

each port of the movable distributor to be determined using the following expression: 

 ( ) ( )i it t  = − .  (5) 

Block D (Fig. 5) allows the overlap area of the pressure ports of the stationary distributor 

with each port of the movable distributor to be determined as a function of time using the 

following expression [4–6]: 

block В 

block С 
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 ( ) ( )
( )02 02

2 1

1 2 2

Z

i i i

i

R R
А t t

Z


  

=

− 
= − − −  

 
 , (6) 

where R1
0 and R2

0 are the inner and outer radii defining the lower and upper boundaries of the 

distribution ports, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5. Dynamic model block for determining the variation in the overlap area of the ports of the 

movable and stationary distributors 

 

Block F (Fig. 6) allows the variation in the working fluid flow rate through the hydraulic 

motor, depending on the design features of the distribution system, to be determined using the 

following expression [5]: 

 ( ) ( )
( ) ( )

2 2

2 1

1 2

2
.

2

Z

hm i i

i

R R p t
Q t t

z


  

=

−  
=  − − −    

  
  (7) 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 6. Dynamic model block for determining the variation in the working fluid flow rate 

through the hydraulic motor 

 

Block G (Fig. 7) allows the variation in the working fluid flow rate through the relief 

valve to be determined using the following expression [1]: 

block D 

block F 
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 ( ) ( )
( )12

.plval

p t
Q t d х t 


=      (8) 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7. Dynamic model block for determining the variation in the working fluid flow rate 

through the relief valve 

 

Block H (Fig. 8) allows the total angle encompassing the high-pressure zone to be 

determined using the following expression: 

 ( ) ( ) ( )2
і ihigh it t t  =  +  or ( ) ( )2

і ihigh t t  = − . (9) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 8. Dynamic model block for determining the total angle encompassing the high-pressure 

zone 

 

Block K (Fig. 9) allows the variation in volumetric losses in the end-face distribution system 

at any instant to be determined using the following expression [5]:  
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where h is the gap height between the contacting surfaces of the movable and stationary 

distributors; p₁ is the pressure in the hydraulic drive of the mechatronic system; R₁ and R₂ are 

the inner and outer radii of the movable and stationary distributors, R1 = R1
0 – b1, R2 = R2

0 – 

b2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 9. Dynamic model block for determining the variation in volumetric losses in the end-face 

distribution system at any instant 

 

Block L (Fig. 10) allows the variation in torque on the shafts of the standard and 

modernized hydraulic motors to be determined using the following expression [9]: 

 1 1( ) 2 ( ) ( 1) .
2

itor

G
M t e p t b z h

 
=     +  

 
 (11) 

 

 

 

 

 

 

 

 
Fig. 10. Dynamic model block for determining the variation in torque on the hydraulic motor 

shaft at any instant 

 

Block M (Fig. 11) includes the calculation of pressure variation and its subsequent 

correction to account for changes in the flow area of the distribution system. The basic 

equation for pressure variation without a passive pulsation damper is given by [30]: 

 
( )

( ) ( )  
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0 01
. 1

0 0

. 1 . 1 . 1
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1
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fl p hm
p hm p leak dr
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p fl suc hm fl hm fl dr
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Е V Vdp t
t е t С р t p

dt V V

С p t p С р t С p t p
Е

 
=    −  −  − −

+ 

−  − −  −  − −       
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 (12) 

block К 

block L 
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 ( ) ( ) ( ) ( )1p p hn hm dr volС t С t p t p Q t    +   − −    
    

The factor 2Efl/(Vp0 + Vhm0) in equation (12) corresponds to the representation adopted in 

[30] for the flow rate components associated with pressure changes in the pump and hydraulic 

motor, with the coefficients Vp0/(2Efl) and Vhm0/(2Efl), respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 11. Dynamic model block for determining the pressure variation in the hydraulic drive at 

any instant 

 

The pressure p₁(t) is determined by integrating equation (12). In block M (Fig. 11), the 

effect of changes in the flow area of the distribution system is taken into account by applying 

a separate algebraic correction to the calculated pressure: 

                                  
 .sec 1

1, 1 2 2

max

4 ( ) ( )
( ) ( ) .

( ) ( )

mean cr mean

corr

min

A A t A p t
p t p t

A t A t

−
= −

+
                              (13)  

where p₁,corr(t) is the pressure with this correction applied, denoted by p′₁ in Fig. 11. 

Figure 11 shows the configuration of block M with a passive pulsation damper of volume 

Vppd = 5000 cm³, used to obtain the results presented in Figs. 23–27. In this implementation, 

the coefficient multiplying the resultant flow rate in the pressure variation equation is taken as 

2Efl/(Vp0 + Vhm0 + Vppd). When Vppd = 0, this coefficient corresponds to the basic equation (12). 

Block N (Fig. 12) allows uneven pump delivery Qр(t) and changes in the load on the 

active working element, characterized by the resisting torque Mr(t), to be specified. External 

disturbances were considered in studies [8, 30]. Taking into account the structure of block N 

(Fig. 12), these inputs are represented as follows: 

 

( ) ( )

( ) ( )

,0 .

( )
max 0, 1 exp sin( ) .

p p p

с кр M

Q t Q Q t

r t
М t M t M t

T
 

= + 


    
= − − +     

   

 (14) 

where Qp,0 is the constant component of pump delivery; ΔQp(t) is the variable component of 

pump delivery generated by the signal generators and switching blocks in block N (Fig. 12). 

In the expression for the resisting torque, r(t) is the signal from the ramp generator shown in 

Fig. 12; T is the time constant of the exponential rise; Mtor(t) is the torque input signal denoted 

block M 
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by Mt(t) in the diagram; Mω and ωM are the amplitude and angular frequency of the harmonic 

torque component. The operation max{0, …} corresponds to replacing negative values of the 

resultant signal with zero in block N. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 12. Dynamic model block for specifying uneven pump delivery and changes in the load on 

the active working element at any instant 

 

The presented structural and functional blocks (Figs. 2–12) explain the modeling of 

transient processes in the hydraulic drive of the mechatronic system, taking into account the 

design features of the rotor system and distribution system of the planetary hydraulic motor, 

external disturbances, and passive damping. The results are considered below for individual 

computational cases, with the initial conditions and sources of previously obtained data 

specified. 

Results. 

At the beginning of acceleration of the hydraulic drive of the mechatronic system, a brief 

start-up pressure surge is observed. According to the curves in Fig. 13, the maximum pressure 

is approximately 88 MPa for the standard hydraulic motor (curve 1) and 85 MPa for the 

modernized hydraulic motor (curve 2). After the start-up surge, the pressure drops sharply. 

Subsequently, for the standard hydraulic motor, the pressure level gradually decreases from 

29 to 26.5 MPa, with oscillations having an amplitude of approximately 2–2.5 MPa (Fig. 13, 

curve 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 13. Pressure variation during acceleration of the hydraulic drive of the mechatronic system: 

1 – standard hydraulic motor; 2 – modernized hydraulic motor  
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The pressure oscillations during the period t = 0.007–0.8 s are associated with changes in 

the flow area of the distribution system of the standard hydraulic motor. During further 

acceleration (t = 0.8–0.9 s), the pressure decreases to the value corresponding to steady-state 

operation. At t > 0.9 s, the amplitude of the pressure oscillations is approximately 1.5 MPa. In 

the computational case considered, no pressure oscillations caused by changes in the flow 

area of the distribution system are observed for the modernized hydraulic motor, since this 

area remains constant (Fig. 13, curve 2). 

During acceleration of the hydraulic drive with the standard hydraulic motor, significant 

pulsations in the working fluid flow rate through the hydraulic motor are observed in the 

initial stage of the transient process (t = 0–0.08 s) (Fig. 14, curve 1). According to [7], their 

magnitude reaches 40 L/min. Subsequently, during the period t = 0.08–0.9 s, the flow rate 

gradually increases, while the pulsations decrease. At t > 0.9 s, the flow rate reaches its 

steady-state value with small pulsations, whose magnitude, according to [7], is up to 2 L/min. 

In the computational case considered, no flow rate oscillations caused by changes in the flow 

area of the distribution system are observed for the modernized hydraulic motor, since this 

area remains constant (Fig. 14, curve 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 14. Variation in the working fluid flow rate through the hydraulic motor during 

acceleration of the hydraulic drive of the mechatronic system: 1 – standard hydraulic motor;  

2 – modernized hydraulic motor 

 

In the initial stage of acceleration of the hydraulic drive with the standard hydraulic 

motor (t = 0–0.08 s), the working fluid flow rate through the relief valve reaches a maximum 

value of approximately 98 L/min and exhibits significant pulsations, whose magnitude, 

according to [7], is up to 40 L/min. These pulsations are associated with changes in the flow 

area of the distribution system of the standard hydraulic motor (Fig. 15, curve 1).  

As acceleration proceeds, the working fluid flow rate through the relief valve gradually 

decreases. For the standard hydraulic motor, the magnitude of the flow rate pulsations also 

decreases. According to the curves in Fig. 15, flow through the valve ceases at approximately 

t = 0.85 s for the standard hydraulic motor (curve 1) and t = 0.75 s for the modernized 

hydraulic motor (curve 2), corresponding to valve closure. In the computational case 

considered, no oscillations in the flow rate through the valve caused by changes in the flow 

area of the distribution system are observed for the modernized hydraulic motor. 

During start-up of the hydraulic drive (t = 0–0.02 s), a brief torque peak is observed on 

the hydraulic motor shaft, reaching approximately 2000 N·m for both designs considered 

(Fig. 16). Subsequently, during the interval t = 0.04–0.8 s for the standard hydraulic motor 
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and t = 0.04–0.72 s for the modernized hydraulic motor, the torque level gradually decreases 

from 630 to 620 N·m. According to [2], changes in the diametral clearance in the rotor system 

of the standard hydraulic motor are accompanied by torque oscillations with an amplitude of 

up to 120–130 N·m (Fig. 16, curve 1). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 15. Variation in the working fluid flow rate through the relief valve during acceleration of 

the hydraulic drive of the mechatronic system: 1 – standard hydraulic motor; 2 – modernized 

hydraulic motor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 16. Torque variation during acceleration of the hydraulic drive of the mechatronic system: 

 1 – standard hydraulic motor; 2 – modernized hydraulic motor 

 

During further acceleration, the torque decreases to its steady-state level during the 

interval t = 0.8–0.9 s for the standard hydraulic motor and t = 0.72–0.8 s for the modernized 

hydraulic motor [2]. At t > 0.9 s, the transient process is practically complete for both designs. 

However, torque oscillations persist in the standard hydraulic motor, with an amplitude of up 

to 63 N·m according to [2] (Fig. 16, curve 1). For the modernized hydraulic motor, no 

pronounced torque pulsations are observed in the curve for the computational case considered 

(Fig. 16, curve 2). 
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During acceleration of the hydraulic drive, the shaft rotational speed of the standard and 

modernized hydraulic motors gradually increases to a steady-state value of approximately 600 

min⁻¹ (Fig. 17). According to [2], this operating condition is reached at approximately t = 0.9 

s for the standard hydraulic motor and t = 0.8 s for the modernized hydraulic motor. Thus, 

under the conditions considered, both designs provide practically the same steady-state 

rotational speed, but their acceleration durations differ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 17. Variation in the hydraulic motor shaft rotational speed during acceleration of the 

hydraulic drive of the mechatronic system: 1 – standard hydraulic motor; 2 – modernized 

hydraulic motor 

 

The results considered [7] show that changes in the flow area of the distribution system 

of the standard hydraulic motor within the range Ath = 222–226 mm² are accompanied by 

pulsations in pressure and working fluid flow rate. When the flow area of the modernized 

distribution system remains constant at Ath = 226 mm², pulsations caused by changes in this 

area are not observed. 

The results of the rotor system study [2] show that changes in the diametral clearance 

within the range G = 0.055–0.21 mm are accompanied by torque pulsations in the standard 

hydraulic motor. For the modernized design, with clearance varying within the range             

G = 0.05–0.06 mm, no pronounced torque pulsations are observed in the computational case 

considered. These results characterize the operation of the hydraulic drive at constant pump 

delivery and resisting torque, without a passive pulsation damper. 

The results of the study of the dynamic characteristics of the hydraulic drive under 

variable external inputs, presented in [8], are considered below. Operating conditions were 

simulated by uneven pump delivery and changes in the resisting torque on the active working 

element. In study [8], the clearance between the rotors of the standard hydraulic motor varied 

within the range G = 0.02–0.21 mm, and the flow area of the distribution system varied within 

the range Ath = 200–226 mm². For the modernized hydraulic motor, the corresponding 

parameters were G = 0.02–0.065 mm and Ath = 226 mm². Thus, the geometric parameters of 

this computational case differ from those of studies [2, 7] considered above. 

In the initial period of acceleration of the hydraulic drive (t = 0–0.02 s), a brief pressure 

surge is observed, reaching approximately 90 MPa for the standard hydraulic motor and 85 

MPa for the modernized hydraulic motor [8] (Fig. 18). After the start-up surge, the pressure 

drops sharply, and its level then gradually decreases from approximately 29 to 27 MPa. 

During this stage, pressure pulsations associated with changes in the flow area of the 

distribution system and uneven pump delivery are observed for the standard hydraulic motor. 
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For the modernized hydraulic motor, the pulsations during this stage are much less 

pronounced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 18. Pressure variation during acceleration of the hydraulic drive of the mechatronic system 

during operation of self-propelled machinery: 1 – standard hydraulic motor; 2 – modernized 

hydraulic motor 

 

During the subsequent stage of the transient process, the mean pressure level decreases, 

but pronounced oscillations caused by variable external inputs persist. According to the 

curves in Fig. 18, the peak-to-peak magnitude of these oscillations is smaller for the 

modernized hydraulic motor than for the standard hydraulic motor. Thus, modernization 

reduces pressure oscillations in the operating mode considered but does not eliminate them 

completely. 

During acceleration of the hydraulic drive, the overall level of the working fluid flow rate 

through the hydraulic motor gradually increases (Fig. 19). For the standard hydraulic motor, 

this process is accompanied by pronounced pulsations associated with changes in the flow 

area of the distribution system and uneven pump delivery (curve 1). For the modernized 

hydraulic motor, the flow rate varies more smoothly, but the oscillations do not disappear 

completely (curve 2). 

After the main acceleration stage, the flow rate oscillates around a steady mean level. 

According to [8], the magnitude of the pulsations during this stage is up to 3 L/min for the 

standard hydraulic motor and up to 2 L/min for the modernized hydraulic motor. The 

remaining pulsations are associated with uneven pump delivery. 

During the initial start-up period of the hydraulic drive, the working fluid flow rate 

through the relief valve reaches approximately 98 L/min for both hydraulic motor designs 

considered [8]. As acceleration proceeds, the overall flow rate level decreases, while 

pronounced pulsations persist (Fig. 20). The flow rate oscillations are larger for the standard 

hydraulic motor than for the modernized hydraulic motor. 

During the final stage of valve operation, the flow rate periodically drops to zero, after 

which individual flow pulses occur again. According to the curves in Fig. 20, flow finally 

ceases at approximately t = 0.95 s for the standard hydraulic motor (curve 1) and t = 0.75 s for 

the modernized hydraulic motor (curve 2). These values characterize the cessation of flow 

through the relief valve in the computational case considered. 

During the initial start-up period of the hydraulic drive (t = 0–0.02 s), a brief torque surge 

is observed, reaching approximately 2100 N·m for the standard hydraulic motor and 1900 

N·m for the modernized hydraulic motor [8] (Fig. 21). After the start-up surge, the torque 
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level decreases to 640–620 N·m. During this stage, pronounced pulsations associated with the 

design features of the rotor system are observed for the standard hydraulic motor (curve 1). 

For the modernized hydraulic motor, the torque varies more smoothly (curve 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 19. Variation in the working fluid flow rate through the hydraulic motor during 

acceleration of the hydraulic drive of the mechatronic system during operation of self-propelled 

machinery: 1 – standard hydraulic motor; 2 – modernized hydraulic motor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 20. Variation in the working fluid flow rate through the relief valve during acceleration of 

the hydraulic drive of the mechatronic system during operation of self-propelled machinery: 1 – 

standard hydraulic motor; 2 – modernized hydraulic motor 

 

During the subsequent stage of the transient process, the mean torque level decreases. 

However, oscillations associated with changes in the resisting torque persist for both designs. 

According to the curves in Fig. 21, the peak-to-peak magnitude of these oscillations is smaller 

for the modernized hydraulic motor than for the standard hydraulic motor. Thus, in the 

operating mode considered, modernization reduces torque oscillations but does not eliminate 

them completely. 
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Fig. 21. Torque variation during acceleration of the hydraulic drive of the mechatronic system 

during operation of self-propelled machinery: 1 – standard hydraulic motor; 2 – modernized 

hydraulic motor 

 

During acceleration of the hydraulic drive, the shaft rotational speed of the standard and 

modernized hydraulic motors increases, approaching a mean level of approximately 600 min⁻¹ 

(Fig. 22). The modernized hydraulic motor reaches this level earlier than the standard 

hydraulic motor. After the main acceleration stage, the rotational speed of both designs 

continues to oscillate around the mean value due to uneven pump delivery and changes in the 

resisting torque [8]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 22. Variation in the hydraulic motor shaft rotational speed during acceleration of the 

hydraulic drive of the mechatronic system during operation of self-propelled machinery: 1 – 

standard hydraulic motor; 2 – modernized hydraulic motor 
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changes in the flow area of the distribution system. However, modernization does not 

eliminate oscillations in the output characteristics caused by uneven pump delivery and 

changes in the load. 

The third computational case considers the operation of the hydraulic drive with a passive 

pulsation damper of 5000 cm³ under variable external inputs. The use of such a damper to 

reduce dynamic loads is considered in [14]. Figures 23–27 present the simulation results for 

the corresponding processes in the standard and modernized hydraulic motors, obtained by 

the authors using the VisSim package. 

During start-up of the hydraulic drive with a passive pulsation damper, a brief increase in 

pressure is observed. According to the curves in Fig. 23, the peak pressure is approximately 

38 MPa for the standard hydraulic motor (curve 1) and 36 MPa for the modernized hydraulic 

motor (curve 2). These values are lower than the start-up maxima shown in Fig. 18 for the 

hydraulic drive without a damper. After the start-up surge, the pressure drops to 

approximately 29 MPa and then gradually decreases. During acceleration, the pressure 

oscillations are more pronounced for the standard hydraulic motor than for the modernized 

hydraulic motor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 23. Pressure variation during acceleration of the hydraulic drive of the mechatronic system 

during operation of self-propelled machinery with a passive pulsation damper: 1 – standard 

hydraulic motor; 2 – modernized hydraulic motor 

 

As the mean pressure level decreases further, smooth oscillations associated with changes 

in the resisting torque persist for both designs. Thus, in the computational case presented, the 

use of a passive damper is accompanied by a reduction in start-up pressure peaks but does not 

completely eliminate oscillations under variable load. 

The curves in Fig. 24 show the variation in the working fluid flow rate through the 

hydraulic motor when a passive pulsation damper is used. During acceleration, the mean flow 

rate increases, approaching 100 L/min. For the standard hydraulic motor (curve 1), this 

increase is accompanied by pronounced pulsations. For the modernized hydraulic motor 

(curve 2), the flow rate increases more smoothly and reaches the level corresponding to the 

end of the main acceleration stage earlier. 

After acceleration, flow rate oscillations persist for both designs, with more pronounced 

oscillations in the standard hydraulic motor. Thus, in the hydraulic drive with a passive 

pulsation damper considered here, the modernized hydraulic motor exhibits smoother flow 

rate variation both during acceleration and during subsequent operation under variable 

external inputs. 
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Fig. 24. Variation in the working fluid flow rate through the hydraulic motor during 

acceleration of the hydraulic drive of the mechatronic system during operation of self-propelled 

machinery with a passive pulsation damper: 1 – standard hydraulic motor; 2 – modernized 

hydraulic motor 

 

Figure 25 presents the curves of the working fluid flow rate through the relief valve when 

a passive pulsation damper is used. At the beginning of start-up, there is no flow through the 

valve. The flow rate then briefly rises to a maximum value of approximately 98 L/min. 

Subsequently, as the hydraulic motor accelerates, the mean flow rate through the valve 

decreases. This process is accompanied by pulsations that are more pronounced for the 

standard hydraulic motor (curve 1) than for the modernized hydraulic motor (curve 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 25. Variation in the working fluid flow rate through the relief valve during acceleration of 

the hydraulic drive of the mechatronic system during operation of self-propelled machinery with 

a passive pulsation damper: 1 – standard hydraulic motor; 2 – modernized hydraulic motor 

 

According to the curves, flow through the relief valve ceases after the final pulsations at 
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hydraulic motor. During the subsequent period shown in the curves, the flow rate through the 

valve remains zero. 

During start-up of the hydraulic drive with a passive pulsation damper, a brief torque 

surge is observed (Fig. 26). According to the curves presented, the peak values for both 

designs are approximately within the range of 900–1000 N·m. After the start-up surge, the 

torque decreases to approximately 600–650 N·m, and its mean value then gradually 

decreases. During this stage, torque oscillations are more pronounced for the standard 

hydraulic motor (curve 1) than for the modernizsed hydraulic motor (curve 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 26. Torque variation during acceleration of the hydraulic drive of the mechatronic system 

during operation of self-propelled machinery with a passive pulsation damper: 1 – standard 

hydraulic motor; 2 – modernized hydraulic motor 

  

The subsequent decrease in the mean torque level begins earlier for the modernized 

hydraulic motor than for the standard hydraulic motor. During further operation, smooth 

torque oscillations persist for both designs under variable external load. A comparison of 

Figs. 21 and 26 shows that, in the computational case presented with a passive pulsation 

damper, the start-up torque maxima are substantially lower than in the case without a damper. 

However, torque oscillations are not completely eliminated. 

Figure 27 presents the variation in the hydraulic motor shaft rotational speed when a 

passive pulsation damper is used. During acceleration, the rotational speed of both designs 

increases, approaching approximately 600 min⁻¹. The modernized hydraulic motor (curve 2) 

reaches this level earlier than the standard hydraulic motor (curve 1). 

After the main acceleration stage, the rotational speed oscillates around the mean level 

reached. Under the variable external inputs considered, these oscillations are more 

pronounced for the standard hydraulic motor than for the modernized hydraulic motor. Thus, 

the use of a passive pulsation damper does not eliminate rotational speed oscillations during 

subsequent operation of the hydraulic drive. 

A comparison of the computational cases considered without a damper and with a passive 

pulsation damper of 5000 cm³ shows a reduction in start-up pressure and torque maxima when 

the damper is used. In Fig. 18, the peak pressure values are approximately 90 and 85 MPa for 

the standard and modernized hydraulic motors, respectively, whereas in Fig. 23 they are 

approximately 38 and 36 MPa. The start-up torque maxima decrease from approximately 

2100 and 1900 N·m (Fig. 21) to values within the range of 900–1000 N·m (Fig. 26). 
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Fig. 27. Variation in the hydraulic motor shaft rotational speed during acceleration of the 

hydraulic drive of the mechatronic system during operation of self-propelled machinery with a 

passive pulsation damper: 1 – standard hydraulic motor; 2 – modernized hydraulic motor 

 

Differences between the characteristics of the standard and modernized hydraulic motors 

persist in the hydraulic drive with a passive pulsation damper. The modernized hydraulic 

motor exhibits smoother variations in flow rate and torque during acceleration and reaches the 

operating rotational speed level earlier. However, under variable external inputs, oscillations 

in the output parameters persist for both designs. 

Discussion.  

A comparison of the results considered allows discussion of the effects of the design 

features of the planetary hydraulic motor, variable external inputs, and a passive pulsation 

damper on the dynamic characteristics of the hydraulic drive. The computational cases 

presented bring together the results of studies of the rotor and distribution systems [2, 7], 

hydraulic drive operation under operating disturbances [8], and the use of a passive pulsation 

damper [14]. When comparing these cases, differences in the initial geometric parameters and 

calculation conditions must be taken into account. Therefore, differences between individual 

cases cannot always be explained by a change in only one factor. 

At constant pump delivery and resisting torque, changes in the flow area of the 

distribution system are accompanied by pressure and flow rate pulsations [7], while changes 

in the diametral clearance between the rotors are accompanied by torque oscillations [2]. For 

the modernized design with a constant flow area and a smaller range of clearance variation, 

the corresponding pulsations are less pronounced. These results help identify directions for 

improving the hydraulic motor design. However, pressure, flow rate, and torque are 

interrelated, so the effects of the rotor and distribution systems should not be considered 

completely independent. 

Under variable pump delivery and resisting torque, the modernized hydraulic motor also 

exhibits smoother variations in the output parameters and reaches the operating rotational 

speed level earlier [8]. However, design modernization does not eliminate oscillations caused 

by external inputs. Therefore, the reduction of internal sources of pulsations must be 

considered together with the operating conditions of the hydraulic drive. 

In the computational case with a passive pulsation damper of 5000 cm³, the start-up 

pressure and torque maxima are lower than in the case considered without a damper. 

However, both the differences between the standard and modernized hydraulic motors and the 
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oscillations during subsequent operation under variable load persist. This allows the passive 

damper to be considered an additional means of reducing start-up dynamic loads. The results 

presented do not justify extending the degree of reduction in start-up maxima to all 

subsequent oscillations in pressure, flow rate, and torque. 

The operation of the relief valve must also be taken into account when interpreting 

transient processes. The flow rate curves for the valve show individual flow pulses followed 

by cessation of flow. The time at which flow ceases characterizes valve operation but does 

not, by itself, determine the completion of hydraulic motor acceleration. The acceleration 

duration should be assessed from the rotational speed curve using a common criterion for 

reaching the operating mode. 

The synthesis presented is limited to the designs, parameters, and computational 

operating conditions considered. Numerical estimates obtained directly from the curves are 

approximate. A quantitative comparison of oscillations requires identical time intervals and a 

consistent definition of the measure used, either amplitude or full peak-to-peak magnitude. 

The reduction in oscillations under the operating conditions considered indicates improved 

dynamic performance but does not replace a separate study of hydraulic drive stability. 

The practical significance of the results considered lies in providing a basis for jointly 

considering the hydraulic motor design, operating disturbances, and passive damping 

measures when designing the hydraulic drive. Maintaining a constant flow area of the 

distribution system and reducing the range of clearance variation between the rotors help 

reduce the associated pulsations, while the use of a passive damper further limits start-up 

loads. The selection of specific parameters requires consideration of the operating conditions 

and permissible oscillations in the output characteristics. 

Conclusions.  

1. The results of computational studies of the dynamic characteristics of the hydraulic 

drive of a mechatronic system with standard and modernized planetary hydraulic motors have 

been summarized. Cases with constant pump delivery and resisting torque, variable external 

inputs, and the use of a passive pulsation damper have been considered. A comparison of 

these results makes it possible to assess how design and operating factors are reflected in 

variations in pressure, flow rate, torque, and rotational speed. 

2. Under the computational operating conditions considered, changes in the flow area of 

the distribution system are accompanied by pulsations in pressure and working fluid flow rate, 

while changes in the diametral clearance between the rotors are accompanied by torque 

oscillations. A constant flow area and a smaller range of clearance variation in the modernized 

hydraulic motor contribute to reducing the corresponding pulsations. 

3. Under variable pump delivery and resisting torque, the modernized hydraulic motor 

exhibits smaller pressure and torque oscillations and reaches the operating rotational speed 

level earlier than the standard hydraulic motor. However, oscillations in the output parameters 

caused by external inputs persist for both designs. 

4. In the computational case considered with a passive pulsation damper of 5000 cm³, the 

start-up pressure maxima are approximately 38 and 36 MPa for the standard and modernized 

hydraulic motors, respectively, compared with approximately 90 and 85 MPa in the case 

without a damper. The start-up torque maxima are within the range of 900–1000 N·m for both 

designs, compared with approximately 2100 and 1900 N·m without a damper. These 

estimates characterize the reduction in start-up loads under the conditions considered; 

subsequent oscillations under variable load are not completely eliminated. 

5. The results considered support the joint consideration of hydraulic motor design 

parameters, operating disturbances, and passive damping measures when designing the 

hydraulic drive. Modernization of the rotor and distribution systems reduces pulsations 

associated with their geometry, while a passive damper further limits start-up loads. The 
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quantitative results relate to the computational cases presented and should be applied with due 

consideration of differences in the initial parameters and operating conditions. 
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СИСТЕМИ З ПЛАНЕТАРНИМ ГІДРОМОТОРОМ 

 
А. І. Панченко1, А. А. Волошина1, I. А. Панченко1, І. М. Холод1, А. А. Волошин2 
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Анотація 

У статті узагальнено результати розрахункових досліджень динамічних характеристик 

гідроприводу мехатронної системи із серійним і модернізованим планетарними гідромоторами. 

Мета роботи – зіставити вплив конструкції гідромотора, зовнішніх збурень і пасивного гасіння 

пульсацій на перехідні процеси гідроприводу. В аналізі враховано площу прохідного перерізу 

розподільної системи, діаметральний зазор між роторами, нерівномірність подачі насоса та 

зміну моменту опору. Розглянуто три випадки: постійні подача насоса й момент опору, змінні 

зовнішні впливи та робота з пасивним гасником пульсацій. Зміна площі прохідного перерізу 

розподільної системи супроводжується пульсаціями тиску й витрати робочої рідини, а зміна 

діаметрального зазору — коливаннями крутного моменту. За змінних зовнішніх впливів 

модернізований гідромотор характеризується меншими коливаннями тиску й крутного моменту 

та раніше досягає робочого рівня частоти обертання порівняно із серійним. У випадку 

застосування пасивного гасника пульсацій об’ємом 5000 см³ пускові максимуми тиску 

становлять приблизно 38 і 36 МПа для серійного та модернізованого гідромоторів відповідно, 

порівняно з 90 і 85 МПа без гасника. Пускові максимуми крутного моменту перебувають у 

межах 900–1000 Н·м для обох конструкцій, порівняно з приблизно 2100 і 1900 Н·м без гасника. 

Водночас коливання за змінного навантаження зберігаються в обох конструкцій. Результати 

обґрунтовують доцільність спільного розгляду конструктивного вдосконалення гідромотора та 

пасивного демпфування під час вибору заходів зі зменшення пульсацій і пускових 

навантажень. Числові оцінки стосуються розглянутих випадків з урахуванням відмінностей 

їхніх вихідних параметрів та умов роботи. 

Ключові слова: перехідні процеси, розгін гідроприводу, тиск, крутний момент, витрата 

робочої рідини, частота обертання. 
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