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STUDY OF THE MATHEMATICAL MODEL OF HYDRAULIC DRIVES SEGMENT-
FINGER MOWER UNIT 
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Sttudy will indicate the possibility of replacing mechanical drive segment-finger mower with the simple 
hydraulically function one, the simulation of dynamic processes occurring in the hydraulic drive system of segment-
finger cutting unit. Describing of cutting process using a hydraulic drive segment-finger cutting unit. Creating 
mathematical model of the hydraulic drive and the results of its research. Based on the results of mathematical 
modeling it concluded that the mathematical model adequately reflects on the processes occurring in the hydraulic 
drive knives mower when specific load is applied to the working body and can be used for research in order to 
develop recommendations for the design and selection of optimum system parameters type. 

Keywords: hydraulic, segment-finger cutter bar, mower, mowing, working body, dynamic loads, forces of 
inertia. 

F. 48. Fig. 7. Ref. 9. 
 

1. Introduction 
Ukraine was, is and will remain the agro-industrial country in Eastern European area, the agricultural 

sector is one of the largest component of government budget. In order to preserve agricultural sector 
development with increasing global production level, we should implement world standards and trends. If we 
consider the agricultural sector of Ukraine in comparison with other agro-industrial countries, our crop 
production in some indicators can reached international indicators, while the animal continues to decline. 

The actual situation of domestic livestock showing the need for radical changes in approach of 
production processes. Today difficult economic and foreign political relations with neighboring countries 
require total efficiency of livestock production to save the industry as a whole and to improve internal 
product safety. These problems can be successfully solved with constant modernization of technical 
resources and means of production including introduction of modern technologies and research results in the 
manufacturing process. 

Slow development of livestock led to the inability to provide domestic needs in food industry. But 
due to inefficient farming, as calculated in Dairy Association, by the end of this year, Ukraine will cut 10-
20% of cattle [1]. As a result of continuous reduction of livestock, milk production in Ukraine in 2015 
decreased by 7% – to 10.4 million tons. Exports of dairy products decreased to 0.35 million tones of milk 
equivalent, imports reached – 0.15 million tons [1]. The presence of significant domestic demand for animal 
products encourages local farmers to restore the livestock industry as a whole, but the most complex area for 
recovery is our dairy industry. Creating a profitable livestock industry is impossible without introduction of 
modern mechanization and automation of manufacturing processes. 

An important issue that must be addressed in the development of domestic livestock is providing 
high quality fodder. The main type of the feed for a cattle during cold season lasting 192 days a year, is 
roughage which includes hay from perennial grasses. 

The main production process of harvesting this type of food is mowing. Today this process is fully 
mechanized. Significantly widely used rotary mowers are providing high speed cutting and can mow low to 
the ground grass, but they have a number of significant shortcomings - the increased consumption of energy 
per unit of work than the segment-finger mowing, low quality cut at mowing perennial legumes because of 
the destruction of basal stem plants, which ultimately can reduce the total number of slopes for the year, and 
thus to reduce the total amount of hay. As perennial legumes are the main crops of hay in industrial 
environments, the use of rotary mowers is inappropriate. The main disadvantage of using finger mowers 
have a significant dynamic imbalance of the cutting mechanism and the drive mechanism mowers, which in 
turn leads to lower productivity and in rapid wear of the mower. [2] 
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An important role in this matter can play implementation of hydraulic equipment for mowing finger. 
Up to this date, the use of hydraulic drives for process automation is no alternative. At the same time the 
domestic industry does not produce current finger mower with hydraulic working bodies. Therefore, this 
issue remains open for research. 

 
2. Analysis of previous studies and publications 

1 Generally different designs finger mowers have little differences in the design of the cutting part, 
the main differences relate to the layout of individual units and mechanisms block of the tractor, so replacing 
the mechanical drive for hydraulic drive is technologically simple process and can be performed in repair 
shops at any agricultural facilities or farm. 

As noted in [2] Actuators job of mowing finger is the most important element of the design, and the 
most common excuse for cutting apparatus of the mowers reciprocating cutting part is a crank mechanism. 

Because of its simplicity, it is widely used in other machines. Sometimes for providing reciprocating 
cam is used, but this leads to the faster deterioration of structural elements drive, so mowers with 
reciprocating working bodies, trying to use a simple crank mechanism which is lower kinematic pair. 

However, the main drawback of this design is dynamic imbalance [3,4], crank and knives, 
equilibrium may be using balances performing oscillatory or rotational movement in the opposite, but it 
leads to increased weight and complexity of the design. 

Malicious alternating loads leads to vibration, resulting appear harmful alternating stress in the joints 
and drive elements. The appearance of vibration reduces the maximum operating speed of the cutting 
mechanism, which in turn causes a decrease in operating speed and machine-unit productivity. 

Most modern machines for agricultural purposes are made using hydraulic drive because of known 
benefits. Using hydraulic drive provides process automation, reducing fuel consumption by 15% [5], 
reducing dynamic loads, providing protection of workers against overload, reduces repair costs [6, 7]. 

Hydraulic equipment drive systems of active segment-fingers components are the most promising 
area of improvement [8]. Using hydraulic drive on all tractors, both domestic and foreign production will 
allow to use new mechanism with any level of energy method. 

 
3. Formulation of the problem 

The objectives of this study is to improve the design of hydraulic drive system of active mowing 
finger components. To provide fuel savings, cutting process automation, increased productivity, and reduced 
costs for repairs and maintenance mower by reducing harmful alternating loads on the drive mechanism, the 
task is solved by the proposing implementing hydraulic drive system. 

 
4. Presentation of basic material 

The most common design of the cutting apparatus finger mowers with reciprocating cutting element 
is a design based on the principle dezaksial crank mechanism kinematic scheme is shown in Figure 1 [2]. 

 
Fig. 1. The kinematics dezaksial crank mechanism drive the mower cutting apparatus 

 
According to this principle designed mower KS-2,1A. This mower is widely used throughout the 

country, intended for mowing natural and seeded grasses in all soil-climatic zones, has a simple design, 
affordable, versatile, easy to use, has the ability to be aggregated with different power means traction class 
from 0.6 to 1.4 kN. 

Cutting bar mowers shown in figure 2. It consists of a timber 11 moldboard blade 6 and 9. shelf 
digital beam consists of a tape on which fixed inner shoe outlet rod 2 of 3, 7 and outer shoe fingers with 4 
blade support plates, friction plates, clamps the knife blade runners head. The knife blade is made of tape 
segments and head knife. Heaps rack 9 of 10 branching to the outer shoe via spring-loaded device. 
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Fig. 2. Schematic diagram of the cutting apparatus mower KS-2,1A: 1 – stretching, 2 – shoe 

inside, 3 – bars, 4 – fingers, 5 – segments, 6 – than, 7 – shoe exterior, 8, 12 – slider, 9 – heaps shelf,  
10 – stem out, 11 – finger beams, 13 – eccentric sleeve, 14 – main hinge, 15 – traction rod, 16 – rod,  

17 – of  the crank shaft, 18 – the crank finger belt drive , 19 – drive shaft 
 

Actuators house consists of driving the drive shaft 19, which transmits torque of power means to the 
belt drive 18, which is used to partially compensate for alternating dynamic loads at the start of the work and 
to prevent damage to the cutting apparatus when entering into it metal objects or stones and with the crank 
shaft 17 with a finger and a rod 16. 

To solve this problem we proposed to simplify the drive mechanism of the cutting apparatus mowing 
finger KS - 2,1A removing the drive shaft 19 and a belt drive 18 and crank shaft 17 with a finger and adapted 
connecting rod 16 driven by hydraulic motor. 

In this regard, we suggested the following scheme hydraulic drive mower KS–2,1A which is shown 
in Figure 3. 

 Hydraulic scheme this works as follows. When transferring distributor lever 3 into position P1 pump 
delivers hydraulic fluid from the tank to the hydraulic motor power means 4, which shaft begins to rotate, 
resulting segments with the drive links are driven. Segments moving forward, lead plant to blade support 
edge of the plate and cut her finger. Surplus oil at low pressure (0.2-0.5 MPa) coming from the drainage hole 
in the tank tractor hydraulic motor on line 6. 

 
 

Fig. 3. Schematic diagram of the hydraulic mower unit: 1 – water pump, 2–hydro tank, 3–distributors, 
 4–hydraulic engine, 5–cylinder, 6–line forcing 

 
If necessary, the implementation may reverse this lever distributor 3 R1neobhidno transfer to another 

work position, with the working fluid pressure drives the hydraulic motor shaft rotation in the opposite 
direction. 

To convert the cutting machine with transport to work and back to the hydraulic cylinder mower 
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provided 5 which is guided by a similar valve 3 P2. 
To prevent breakage of the cutting machine elements when hit by foreign objects, causing him stop, 

and, consequently, increased pressure in the hydraulic system, the hydraulic drive system provides a safety 
valve KP. 

Investigation of work the hydraulic drive took place by mathematical modeling. Design model 
hydraulic drive machine cutting finger mower shown in Figure 4. 

Design model shown in simplified form without lifting system elements mower in the transport 
position. 

Hydraulic drive mower blade consists of a pumping station and hydraulic motor. QH consumption of 
the working fluid from the pumping station to the input hydraulic motor with a typical volume qм. The elastic 
properties of the oral pipeline connecting a pumping station with a hydraulic motor, determined volume ratio 
compliance W1 and K1(p1), which depends on the inlet pressure р1 hydraulic motor. The load on the hydraulic 
motor shaft GM determined point of the process load on the Мтн executive bodies crank mechanism and the 
inertial load. Summary moment of inertia of the moving parts work to the hydraulic motor shaft has a value 
of I. Elastic properties characterized drain line volume ratio compliance W2 and К2(p2), depending on the 
pressure at the outlet hydraulic motor – р2. 

 
Fig. 4. Diagram of hydraulic drives the cutting machine: 1 – hydraulic pump, 2 – hydraulic motor, 

 3– filter, 4 – tank, 5 – relief valve 
 

The working fluid pump 1 of the tank 4 is supplied in working cavity hydraulic motor 2. The fluid 
from the cavity through a hydraulic motor and distributor filter 3 is discharged into the tank 4. The safety 
valve prevents the destruction of the hydraulic system with increasing load. 

Work mower blade drive continuity equation describes the flow of fluid, drawn up taking into 
account the balance of costs in the hydraulic system and the second kind Lagrange equation that describes 
the work of a crank mechanism. 

In compiling a mathematical model taking into account the results of previous studies have taken 
such assumptions [9]; 

1. density, viscosity and cost factor working fluid does not depend on temperature through the 
system in steady temperature. 

2. compliance factor is independent of fluid pressure and gas content component, as in the steady 
hydraulic mechanism its size varies slightly. 

3. Pressure little backwater in the shower and the same. 
4. Factor leaks and overflows of liquid components in hydraulic units is constant and does not 

depend on the size and shape of the slits. 
5. The distance between the small hydraulic elements, allowing you to see it as a system with 

lumped parameters and does not consider the effect of wave processes. 
6. ripple of the pump in view of its significant frequency excitation does not cause pressure 

fluctuations in the hydraulic system. 
7. The fluid flow in gaps in joints Hydraulic components and hydraulic units has laminar nature. 
To drive improved mathematical model mower blades includes the following equation. 
The equations of fluid flow in arteries that connect the pump station and hydraulic engine according 

to the accepted assumptions provided a relatively small distance between the listed hydro-units be described 
model with lumped parameters, which in this case is a continuity equation of flow. 
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The equation of continuity the flow of the working fluid inlet hydraulic motor has the form: 
1121 деф.пер.вит.МН QQQQQ                                                 (1) 

where - НQ  the flow of fluid entering the hydraulic system of the pump,  

МQ - flow rate through the first hydraulic motor, 1.витQ  - leakage from hydraulic motor, 
1.перQ  - the cost of 

flow of fluid in the hydraulic motor under pressure differential р1 and р2, .1дефQ  - flow rate compensation 
deformation cavity under pressure р1. 

Actual unregulated supply pump is determined by the expression 
обннн nqQ  ,                                                   (2) 

where - нq  the working volume of the pump, нn  - the pump shaft speed,  

об  - volumetric efficiency of the pump. 
Fuel consumed by motors, determined expression. 

  dtdqQ мм /11   ,                                                                 (3) 
where -  1мq  typical volume hydraulic motor, dtd /1  - angular speed hydraulic motor shaft 

rotation. 
Losses to leak through the gaps calculated as the flow rate through the crack plane when adopted 

assumptions: 
- form surfaces, forming a channel leakage, thoroughly; 
- surface roughness note is not accepted. 
In this case, the flow rate through the cross-section of the gap is given by 

111. pQвит                                                                           (4) 
where - 1  carbon leakage of fluid from the cavity, which is under pressure. 
Flows into hydro units with high-pressure chamber into the chamber through the low-pressure 

chambers incomplete tightness hydraulic units are defined by the following dependence 1р . 
Qпер.12 =  пер.12∙(p1-p2),                                                            (5) 

where - пер.12 coefficient of fluid flows between the cavities hydraulic motor according to the 
chamber pressure in low pressure chamber. 

Costs arising during the deformation volume hydraulic drive cavities filled with fluid due to changes 
in pressure in these cavities, determined dependence 

Qдеф1=K1(p1)∙W1∙dp1/dt,                                                            (6) 
where K1(p1) - ratio compliance respective routes and cavities of the hydraulic system, W1 - capacity 

line from the pumping station to the entrance hydraulic motor. 
Substituting expression (2), (3), (4), (5) and (6) in the expression (1) and obtain: 

                 
     1 1

1 1 1 12 1 2 1 1 1 ,н н об м пер
d dpq n q p p p K p W
dt dt
              

           

(7) 

The load acting on the shaft of the hydraulic motor crank mechanism forward using Lagrange 
equations second kind. In general terms this equation for the generalized coordinates 1  is as follows 

1'
1 1

d T T F
dt  

 
 

 
,                                                            (8) 

where T is the complete kinetic energy of the system, 1F  - is a generalized force. 

The calculation scheme for determining the generalized force 1F  is shown in figure 5. 
On the crank OA operates moment Мдв from the hydraulic motor. The connecting rod AB carries a 

plane-parallel motion from the crank OA and provides a translational motion of the slider B. The moment of 
Мдв is countered by the component of the cutting force Qx, the frictional force that occurs in a pair of slide 
guides under the action of the component of the cutting force Fy, and the moment of liquid friction in the 
hydraulic motor. 
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Fig. 5. Scheme of the crank mechanism for actuating the blades of a mower with a hydraulic drive 

 
Calculate the generalized force acting on the crank mechanism, the calculation scheme of which is 

shown in Figure 5. 
The sum of the work of the forces given in the possible movements of the system, corresponding to 

the displacement by the generalized coordinate 1 , 

               1 2 3дв тр трA A M A G A G A G A Fx A Fy A F A M                   (9) 
where  двMA  - is the elementary work of the hydraulic motor,  1GA  - the elementary work of the 

weight G1 crank,  2GA  - the elementary work of the weight G2 of the connecting rod,  3GA  - the 
elementary work of the weight G3 slider,  A Fx  - the elementary work of the projection of the force of 
cutting on the X axis,  A Fy  - the elementary work of the projection of the force of cutting on the Y axis, 

 трFA  - elementary work Friction forces in a pair of slider - guides,  трMA  - elementary work of the 
forces of fluid friction in the hydraulic motor. 

Dependence on the calculation of the elementary operation of the hydraulic motor has the form: 
    1211   ppqMA дв ,                                     (10) 

The essential work of the G1 we calculate the crank by expression: 

    11
1

11 cos
2

 
AO

GGA ,                                           (11) 

An elementary work of the G3 weight of the slider B is equal to zero: 
  03 GA ,                                                                    (12) 

To determine the elementary work of the weight G2 of the connecting rod AB, which performs flat 
motion, we determine the position of its instantaneous velocity center O2 as the point of intersection of the 
perpendiculars performed to the velocities of points A and B. We have: 

    2222 OO GMGA   ,                                                    (13) 
The work is negative, since the direction of movement of the moment of weight G2 relative to the 

axis О2 and the instantaneous movement 2O  are the opposite. We find: 

   cos
2222 

ABGGM o ,                                               (14) 

Where the angle АВО1 is denoted by γ. 
To determine 2О , we use the possible movement Ar  of point A, which simultaneously belongs to 

the crank О1А and the connecting rod AB. For a point A the crank has: 11   AOrA . For point A, the 
connecting rod will be obtained 22 OA AOr   . Then 2211 OAOAO   , from where: 

1
2

1
2  

AO
AO

O .                                                             (15) 
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To determine АО2, we draw an auxiliary horizontally through the point A. From the triangle АО2Е 
we obtain: 

 
 1

2 cos
cos




 ABAO .                                                           (16) 

We substitute the received  22 GM O , 2О  and АО2 in accordance with formulas (14), (15) and (16) 
in expression (13) and we obtain: 

     
 

 1 1
2 2 1 2 1 1

1

cos cos
cos2 2

cos

O A O AABA G G G
AB

    




          


          (17) 

The elementary work of the projection of the force of cutting on the X axis is calculated by 
expression: 

  Bxx rQQA   ,                                                          (18) 
where Br  - the elementary movement of the slider. 
The elementary movement of the slider should be expressed through the elementary angle of rotation 

of the shaft of the hydro-motor. 
For an elementary displacement of point A, an expression is valid: 

1 1 2O A AO                                                                   (19) 
The elementary displacement of point B is determined by expression:   BOrB 2                                                                 (20) 
Given the expression (19), the dependence (20) has the form: 

1
2

1
2  

AO
AO

BOrB
                                                          (21) 

According to Figure 5, the O2B catenary of the triangle О1О2В can be calculated in terms of 
expression: 

   2 2 1sin sinO B AO AB                                                (22) 
To determine the angle γ, we construct an auxiliary vertex AD through point A. 
From the triangles АDО1 and ADO2 we get: 

 





  1

1 sinarcsin 
AB

AO                                                   (23) 

Taking into account the above expressions, we define the elementary movement of the slider, taking 
into account which we find the elementary work of the cutting power described has the form: 

 
 

 

1
1 1

1 1
1

1

sin arcsin sin

cos arcsin sin
x x

O A
AB

A Q Q O A
O A
AB

 
 



          
      

                                     (24) 

The work of the frictional force in a pair of slider - the guide is calculated by the following 
expression: 

 
 

 

1
1 1

1 1
1

1

sin arcsin sin

cos arcsin sin
тр тр Y B тр Y

O A
ABA F f Q r f Q O A

O A
AB

 
  



                
      

,                (25) 

  11  
dt
dMA тртр .                                              (26) 

Consequently, the aggregated force is calculated by the following dependence: 

     
 

 

 

 

1
1 1

1 1
1 1 1 2 1 1 2 1 1

1 1
1

1
1 1

1
1

1

sin arcsin sin
cos cos

2 2 cos arcsin sin

sin arcsin sin

cos arcsin sin

X

тр Y

O A
ABO A O AAQ q p p G G Q O A

O A
AB

O A
ABf Q O A

O A
AB



 
  
 

 



                    
      

          
      

1тр
d
dt

  



 (27) 
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The kinetic energy of the crank mechanism is calculated by the following dependence: 

321 TTTT  ,                                                     (28) 
Where 1T  - the kinetic energy of the crank, 2T  - the kinetic energy of the connecting rod, 3T  - the 

kinetic energy of the slider. 
The crankshaft performs rotational motion, so the dependence for calculating kinetic energy has the 

form: 
2

111 2
1







 

dt
dIT AO ,                                                      (29) 

Where AOI 1  - the moment of inertia of the crank, which is a homogeneous thin rod and is calculated 
by the following dependence: 

2
111 3

1 AOmI AOAO  ,                                                          (30) 

Then expression (29) takes into account the expression (30): 
2

1
2

111 6
1







 

dt
dAOmT AO                                               (31) 

The connecting rod performs a plane-parallel motion, hence the kinetic energy of the connecting rod, 
will be determined by the dependence: 

2
2

2 2
1

2
1

CABABAB Vm
dt
dIT 






  ,                                     (32) 

Where ABI  - the moment of inertia of the connecting rod AB, 
ABdt

d   - the angular speed of rotation 

of the connecting rod AB around the instantaneous center of speed, ABm  - the weight of the connecting rod 
AB, 

CV  - the speed of the center of gravity of the connecting rod AB. 
The moment of inertia of the connecting rod AB is calculated by dependence: 

2

12
1 ABmI ABAB  .                                                  (33) 

We find the dependence of the angular velocity of rotation of the rope around the instantaneous 
center of velocities and the linear velocity of moving the center of gravity of the rope from the generalized 
coordinate 1 . 

As is known, the point A belongs simultaneously to the crank О1А and the connecting rod AB, then 
the point speed can be calculated depending on: 

ABA dt
dAO

dt
dAOV   211 ,                                        (34) 

12

1 
dt
d

dt
d

AO
AO

AB  .                                                   (35) 

Given (20) and (21), the expression (32) will look like: 

1

1
1

11

sinarcsincos

cos







dt
d

AB
AO

AB

AO
dt
d

AB 

















































                                   (36) 

The square of the center of gravity of the crank AV will be calculated according to the dependence: 
22

2 














dt
dY

dt
dXV CC

C
,                                                    (37) 

Where CC Y,X  - the coordinates of the center of gravity of the connecting rod AB. 

 1
1 1 2 1 1 1cos( ) 0.5 cos( ) cos( ) 0.5 cos arcsin sinC

O AX O A AB O A AB
AB

   
 
 
 
 
 

 
           

 
    (38) 

The center of gravity of the crank OA and the connecting rod AB are located in the middle and have 
the same ordinates: 

)sin(5.0 11  AOYC .                                              (39) 
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Having differentiated expressions (38) and (39) in time and substituting expression (38), we obtain 
the following: 

 
 

2
22

2 1 1
1 1 1 1 122

1 1

0.25 sin(2 ) sin( ) 0.5 cos
sin( )

C
O A d dV O A AB

dt d tAB O A

    


                         

(40) 

Then, taking into account the above dependence, the kinetic energy of the connecting rod will be 
determined by the expression: 

 

   

2
2

2
1 1 1 1

2 1 1 1 1221 1 11

cos 0.25 sin(2 )1 1 sin( )
24 2 sin( )cos arcsin sin

AB AB

O A O Ad dT m m O A
dt dtO A AB O A

AB

   


  
  
  
  

  

 
                              

 

 
2

11cos5.0
2
1







  

dt
dABmAB                                             (41) 

The kinetic energy of the slider is determined by the dependence: 
2

3 2
1

BB VmT                                                                (42) 

Determine the linear velocity of the slider: 

 

2
1 1

1 1 122
1 1

0.5 sin(2 ) sin( )
sin( )

B B
O Ad dV X O A

dt dtAB O A

  


         
   

                        (43) 

Substituting the expression (43) into (42), we obtain: 

 

2
2

1 1
3 1 1 122

1 1

0.5 sin(2 )1 sin( )
2 sin( )

B
O A dT m O A

dtAB O A

  


                  

                          (44) 

Consequently, the complete kinetic energy of the system is: 

 

 

2

2
1 12

1 1 1 1
1

1

cos1 1
6 24 cos arcsin sin

O A AB

O Ad dT m O A m
dt dtO A

AB


 


  
  
  
  

  

 
                  
 

 

 
 

2
22

1 1
1 1 1 1 122

1 1

0.25 sin(2 )1 1sin( ) 0.5 cos
2 2sin( )

AB AB
O A d dm O A m AB

dt dtAB O A


   



                              

 

 

2

1112
11

2

1
2

1 )sin(
)sin(

)2sin(5.0
2
1
































 




dt
dAO

AOAB

AO
mB

                                (45) 

Having carried out simple mathematical operations, we calculate a partial derivative of kinetic 
energy at generalized velocity and find a derivative of time from a partial derivative of kinetic energy in a 
generalized coordinate. We calculate the difference 

44  




 TT

dt
d  and give the Lagrange II equation to the 

canonical form, grouping the resulting expression in order of the derivative and putting it in brackets: 

   
2

1 1 12

1
2

пр
пр

dId dI t t Q
dt dt dt        

 
                                       (46) 

Thus equations (1) - (46) describe the operation of a hydraulic drive system for knives of a segmental 
finger cutting device of a mower: 

 1 1 1 1,dK p W p
dt
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1 1 12

1
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dId dI t t Q
dt dt dt        
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O A
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                                 (47) 

The research of the operation of this hydraulic mower system is carried out with the help of the 
software package MathCad. To calculate the transients that occur when the state of a given hydraulic system 
of the equation (1) - (47) is converted into a Cauchy form: 

  1 1 1 .1,2 1 2
1

1 1

н н об м вит перq n q p p pd p
dt K W
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2
4 1 2 1

1 1 2 1
1 1 1

1
2 cos cos

2 2
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пр пр пр

dI
q p p G O A G O Ad dt

dt I І І
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1 1

1
1

1
1
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cos arcsin sin

тр Y
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O A
f Q O A AB

I O A
AB

 
 



            
      

, 

1 1
d
dt
  .                                                              (48) 

To find solutions, we use the Runge-Kutta method with automatic change of the integration step. 
Research of mathematical model of the advanced drive of knives of a mower with a hydraulic drive. 
A characteristic feature of this mathematical model is the presence of a large number of nonlinear 

dependencies that describe the behavior of the elements of this hydro-system. 
As a result of solving this system of equations using software, we obtain transitional processes for 

changing the pressure in the cavities of the hydro-system and the angular velocity of the hydro-motor shown 
in Figures 6 and 7 with the following parity of parameters: q4= 20 cm3/ radian, W1, =200 cm 3, m1 = 10 kg,  
m2 = 10 kg, m3 = 150 kg, βmp4 = 1∙10-2Н∙м∙s, Qн=1∙10-3 м3/s, О1A = 0.4 м,  
АB = 0.6 м. 

  
Fig. 6. The process of pressure change in the cavities 

of the hydrosystem 
Fig. 7. The process of changing the angular 

velocity of the hydraulic motor 
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The transient processes shown in Figures 6 and 7 indicate that the system is operating in steady state, 
the fluctuations of pressure and velocity that arise at the time of start, fade within 2 - 2.5 s. Overregulation at 
speed does not exceed 30%, which indicates a low variability of the transition process. The adjustment time, 
which does not exceed 2.5 s, indicates a sufficiently high level of quality of the adjustment process. The 
obtained parameters of the transition process indicate that the hydro-system does not cause additional 
fluctuations in the design of the mower. 

 
5. Conclusions 

Based on the results of mathematical modeling can be concluded that this mathematical model 
adequately reflects the processes occurring in the drive blade mower with a hydraulic drive with loading of 
the working bodies and can be used for research to develop recommendations for designing and selecting the 
optimal parameters of this type. 
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ДОСЛІДЖЕННЯ МАТЕМАТИЧНОЇ МОДЕЛІ ГІДРОПРИВОДА СЕГМЕНТНО-

ПАЛЬЦЕВОГО РІЗАЛЬНОГО АПАРАТА КОСАРКИ 
Розглядається можливість заміни механічного привода сегментно-пальцевого різального 

апарата косарки простим гідроприводом, проведено моделювання динамічних процесів, які 
протікають в системі гідропривода сегментно-пальцевого різального апарата. Описано 
технологічний процес скошування з використанням гідропривода сегментно-пальцевого 
різального апарата. Наведено математичну модель гідропривода і результати її дослідження. 
На підставі отриманих результатів математичного моделювання зроблено висновок про те, що 
дана математична модель у достатній мірі відображає процеси, які відбуваються у гідроприводі 
ножів косарки при прикладанні навантаження до робочих органів і може бути використана для 
проведення досліджень з метою розроблення рекомендацій по конструюванню та вибору 
оптимальних параметрів систем даного типу. 

Ключові слова: гідропривод, сегментно-пальцевий різальний апарат, косарка, скошування, 
робочий орган, динамічні навантаження, сили інерції. 

Ф. 48. Рис. 7. Літ. 9. 
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ИССЛЕДОВАНИЕ МАТЕМАТИЧЕСКОЙ МОДЕЛИ ГИДРОПРИВОДОВ СЕГМЕНТНОГО-
ПАЛЬЦЕВОГО РЕЖУЩЕГО АППАРАТА КОСИЛКИ 

Рассматривается возможность замены механического привода сегментно-пальцевого 
режущего аппарата косилки простым гидроприводом, проведено моделирование динамических 
процессов, протекающих в системе гидропривода сегментно-пальцевого режущего аппарата. 
Описан технологический процесс скашивания с использованием гидропривода сегментно-
пальцевого режущего аппарата. Приведена математическая модель гидропривода и результаты 
ее исследования. На основании полученных результатов математического моделирования 
сделан вывод о том, что данная математическая модель в достаточной мере отражает 
процессы, происходящие в гидроприводе ножей косилки при приложении нагрузки в рабочие 
органы и может быть использована для проведения исследований с целью разработки 
рекомендаций по конструированию и выбора оптимальных параметров систем данного типа. 

Ключевые слова: гидропривод, сегментно-пальцевый режущий аппарат, косилка, 
скашивания, рабочий орган, динамические нагрузки, силы инерции. 
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