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The article is devoted to the most pressing problem of developing a dynamic mathematical model of a
hydraulic drive for folding and unfolding a wide-cut agricultural unit and research. To achieve this goal, a system
analysis of the processes involved in the hydraulic drive, which indicates the transfer of the unit from the transport
position in operation, was carried out. Monitored by hydraulic systems. An examination of known mathematical
models and their methods was carried out. An analysis was carried out and trends in the development of
agricultural units and equipment for soil treatment. Their advantages and shortcomings are analyzed. It is noted
that one of the direct developments of current agricultural machinery is an increase in working width. This trend
is justified from the point of view of the economy of burning, a reduction in the number of passes of the unit and
a change in the strengthening of the soil, which positively flows into the soil and promotes its fuelability. To a
few of these machines, the complexity of the maneuvers should be brought into account. To make it easier to
maneuver around the turning method, it is better to equip these units with a system for transferring from the
transport position to the operator. This system can respond to current situations, and itself: high speed, but the
flexibility of the folding section, compactness. To complete this task, the hydraulic drive must be turned on
completely. This drive has numerous advantages, such as compactness, high strength, ability to operate at high
speeds and dampen vibrations. A hydraulic drive circuit has been designed to transfer the unit from the transport
position to the operating position due to the incoming hydraulic motors. A mathematical model of the drive has
been developed, which includes the balance of the drive and the forces that act on the working bodies of the
hydraulic motors. The extracted results allow you to analyze in detail the processes in the drive and determine
the optimal parameters to ensure efficient operation of the system.

Key words: wide-cut unit of agricultural significance, hydraulic drive, hydraulic cylinder, three-
position distributor, mathematical model of the drive, structure diagram, parameter, follow-up.

Eq. 70. Fig. 3. Ref. 19.

1. Problem formulation

As we know, the rural dominion is a priority sector of the economy of our state. Therefore, the
production of these galusa is intensively developing, and will require modern economical and handy units and
machines. Having analyzed the current trends in the development of machine design, it can be seen that
hydraulic drives are increasingly used. This is due to the significant advantages of this type of drives, whether
mechanical or electrical. And the compactness, tightness, freedom of arrangement. With the remaining time
of stagnation of wide-reach soil-cultivating units, a significant increase in width has arisen due to a decrease
in the number of passes during field cultivation, as a result of a change in the hardening of the soil, and savings
in soil. With a wide-grip unit, the worker is positioned to fold the turns and collapse along a folding path.
Therefore, in order to achieve this task, wide-cut units have hydraulic systems that allow the unit to be quickly
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moved from the transport position to the working position and to the back. Hydraulic systems of this type offer

advantages in terms of fluidity, smoothness and accuracy of movement of working parts. To secure the data,

it was necessary to carry out a complex investigation of this system in order to identify specific design

characteristics. This problem can be solved with the help of mathematical modeling. Therefore, the
investigation of these processes using the method of avoiding them is an urgent task.

2. Analysis of recent research and publications

The issues of research, design and implementation of the hydraulic drive were dealt with by many
scientists both in our country and abroad.

Such scientists as T.M. Bashta, I.A. Nemyrovsky were involved in the development and research of
hydraulic drives for agricultural machines. and many others.

The publication [1] is dedicated to the study of the operation of the hydraulic drive of the cutting
device. This work is devoted to the research questions of the investigation of the processes occurring in the
hydraulic drive of working bodies in the event of shock loads and taking into account the oscillatory processes
associated with both the occurrence of significant fluctuations in pressure and the flow of the working fluid,
as well as the consequence of the technical imperfection of the circuit design solution of the hydraulic drive.
It is noted that oscillating processes have a negative effect on the resource of the hydraulic drive, reduce the
utilization ratio of the set power of the drive and productivity, reduce reliability, and increase the energy
consumption of the drive and the machine as a whole.

A fundamentally new structural and technological scheme of a cutting mechanism for unloading silage
from trench storages with hydraulic drive of working bodies is proposed. The structure of the hydraulic drive
of the cutting mechanism has been developed, adapted to the change in the technological load on the working
bodies, which will allow to coordinate the operating modes of the cutting mechanism and correspond to
modern, innovative approaches to the creation of resource-saving and energy-efficient equipment.

The proposed approaches to the modeling of these systems make it possible to apply them to a wide
range of machines.

There is a well-known scheme of the hydraulic
drive for transferring a wide-grip transport machine
from the transport position to the working position and
vice versa [2], which is presented in fig. 1.

Presented in fig. 1 scheme works in the

4 ﬁ/ \ 11 following sequence. In the event that the di_stributpr is

/ turned on in the neutral position, the working fluid is
22 ij/ not sqppligd to the corresponding hydraulic lines, but

i NS | is drained into the tank through the safety valve of the

1 TR 17/ 2% N\ 25 pumping station.

5 gL el In the case when the switching of the right

B N s cavity occurs, the working fluid is supplied to the input

L of the logical valve "or" through the hydraulic line 20.

7 5/ \\ =2 The spool of the valve "Or" is currently fixed in the
e | | ML A extreme left position.

? | - >< Then, from the outlet of the "Or" valve, through
the hydraulic line 22 and the throttle with the block of
check valves 12 and 15, the working fluid enters the

L/Q" piston cavities of the hydraulic cylinders 8 and 9.
c From the drain cavities of the hydraulic
Fig. 1. Hydraulic drive for transferring a wide- cylinders 8, 9, throttles and non-return valves 13 and
grip agricultural unit from the transport 14, the working fluid along line 23 is diverted to the
position to the working position. logic valve "or". After that, through the hydraulic

Source: grouped by author based on [1] spool distributor 2, the working fluid enters the drain

hydraulic line. In this case, pistons with rods move up.
This movement occurs until the sections of the cultivator stop, after which this movement stops. After that,
the pressure in the cavities of the hydraulic cylinders 8 and 9 begins to increase, and the pressure in the
hydraulic line 20, to which the pressure valve 4 is connected, also increases. line, the pressure increases in the
hydraulic line 20, to which the inlet of the pressure valve 4 is connected. This valve opens to discharge the
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working hydraulic fluid when the pressure increases to the setting pressure value. If this valve is opened, the

working fluid gets under the end of the spool of logic valve 3 and throws it to the right position with subsequent

fixation. As a result, the inlet of logic valve 3, throttles with check valves 16 and 19 and the lower piston

cavities of hydraulic cylinders 10 and 11 are under pressure, from which the working fluid enters the throttles

with check valves 17 and 18, through hydraulic line 25, logic valve 3, hydraulic distributor 2 and from it to

the drain line. As a result, the pistons of the hydraulic cylinder 10 and the hydraulic cylinder 11 move up and

accordingly open the extreme sections until the stop.

The disadvantages of this scheme include its complexity and the rather significant cost of completing it.

In the work [4], the authors covered the issue of the occurrence and propagation of vibrations in the
structures of agricultural tractors.

Thus, solving the problem of justifying the parameters of the hydraulic drive for transferring the wide-
grip agricultural machine from the transport position to the working position and vice versa is an urgent
scientific and practical task. In the case of a positive solution to this problem, domestic enterprises will be
able to modernize existing wide-ranging agricultural units and create new ones at a higher quality level, which
in turn will contribute to the process of entering foreign markets and improve their position on the domestic
market.

Therefore, it should be noted that the topic of the publication is relevant and needs further consideration.

3. The purpose of the article

The aim of the research is to develop a mathematical model of the hydraulic drive of the positioning
mechanism of a wide-grip agricultural unit with a tracking system.

4. Results and discussion

As it follows from the analysis of literary sources, the most effective way of regulating the speed of
movement of working bodies for use in hydraulic systems for positioning parts of agricultural machinery units
is a hydraulic lock.

The hydraulic scheme of the proposed drive is shown in Fig. 2, where 1, 3, 8, 17, 21, 23 — supply and
discharge mains of the working fluid; 2 — spreader; 4, 7, 18, 20 — inlet and outlet channels of the working fluid
in the hydraulic lock housing; 5 — the closing element of the non-return valve; 6 — check valve springs; 9, 11,
16, 19 — working cavities of the hydraulic lock; 10 — check valve seats; 12 — plunger; 13, 14 — hydraulic
cylinder cavity; 15 — hydraulic cylinder; 22 — hydraulic lock assembly, 24 — safety valve.

7 B I To build a mathematical model, we will use the
i A1 A following assumptions:
— - 5 * pump supply is unchanged during drive operation;
B * the hydraulic system works at a fixed
= 7 temperature regime, so we consider the viscosity of the
B working fluid to be a constant value;
U - 19 . pipe_lines and hydraulic mains are considered
& absolutely rigid;
e O * to take into account the compressibility of the
e Bl working fluid due to the gases dissolved in it, the reduced
N 22 modulus of elasticity of the system is introduced,
S \ 23 * we believe that there is no delay when the
e hydraulic equipment is activated.
~ 24 We build our mathematical model based on the

Fig. 2. Scheme of the hydraulic drive for equations of the continuity of the working fluid and
the deployment of the section of the wide- ~ Newton's second law.

grip soil tillage tool The cost balance equation between cavities 13
and 14 will look like this:
Q13 = kQ14 , (1)

where k — the multiplication factor.
The force balance equation of plunger 12 will have the following form:

Fpll - Fplﬁ -F.- F;z - ij;r =0 2
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where F,; — pressure force of the working fluid from the side of the cavity 11 on the plunger 12, N;

Fp16 — pressure force of the working fluid from the side of the cavity 16 on the plunger 12, N; F_ —the force
of action of the closing element of the valve 5 on the plunger 12, N; F — force of inertia of the plunger, N;

pr,r — the force of liquid friction that occurs during the movement of the plunger in the housing groove, N.

The equation of motion of the piston of the hydraulic cylinder 15, taking into account the inertial load,
will have the following form:

Fp13 - Fp14 +Fy - Fh[é - Fhir =0, (3)

where F;; —force of liquid pressure on the piston of the hydraulic cylinder from the side of the piston

cavity, N; F,, — force of liquid pressure on the piston of the hydraulic cylinder from the side of the rod
cavity, N; F,. — the force acting on the hydraulic cylinder rod from the side of the external load, N;
F.. —reduced inertial force of moving parts of the system moving together with the piston of the hydraulic

cylinder, N; thr — the total force of liquid friction that occurs when the piston moves in the hydraulic cylinder

housing, N.
For equation (1), we determine the flow rate of the working fluid through cavity 13, taking into account
the compressibility of the fluid, respectively:
Qu=Q,-Q , 4)

where Q,; — consumption through cavity 11, m%s; Q, — flow rate of the working fluid, taking into

account its compressibility, m?/s.
We define the multiplication factor k as the ratio of the areas of the through sections:

f
k=22, )
1:14
where f,;, f,, — the area of the piston of the hydraulic cylinder, respectively, from the side of the

piston and rod cavities, m?.
The terms of equation (2) can be described as follows:
Fpll =Pu fpl ' (6)
where P,, - the pressure in the cavity 11, the sought value, is one of the main investigated parameters,
N/m?; f - area of the end surface of the plunger, m?.

FplG = p16 fpl ' (7)

pl

where p,, —pressure in the cavity 16.

The equation of the balance of forces acting on the plunger of the hydraulic lock has the following

form according to Fig. 3:
Fv = Fs + F;;Ilg - Fvs - F;:llﬁ + den ; (8)

p.

where F, — the force of action on the valve spring 6, N; valg — the force perceived by the valve from
the action on its surface of pressure pio, N; va3 —the force perceived by the valve from the action on its surface

of the pressure ps in the gap Ss, N; vale — the force perceived by the valve from the pressure acting on its

surface pis, N; F,, —hydrodynamic force acting on closing the valve, N.

) d2s
ni = m/{w dtzm ' (9)

where m’ - total weight of plunger and valve, kg; S, — displacement of the plunger during time t,

nu

corresponding to the displacement of the valve S, m.

yn
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Figure 3 shows the following designations — Si, S4 — valve clearances; S, =25y - Sg + S1 + S — the gap
between the valve pusher and the plunger in cavity 11; 2So — the sum of the clearances S; and S; at the neutral
position of the plunger; Sz — the gap between the valve pusher and the plunger in cavity 16; di — diameter of
the plunger; d, — diameter of valve pushers; ds; — inner valve seat diameter; ds — outer valve seat diameter;
L — the length of the valve channel; X; = Xo + S; — amount of deformation of the check valve spring; Xo is the
value of the pretension of the spring.

S; S5 S 5 We believe that friction
changes according to a linear law and
is proportional to the speed of
movement of the element.

Ne1(128) /2025 TexHika, eHepreTHuka,
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A L[] . ds
w9 HA SH—- { \/Vl For =k —7 (10)
URAS . [T where ky — a complex
S coefficient that takes into account
fluid friction in the annular gap
,_XL ]l [ 4/\/2‘ between the plunger and the
Fig. 3. Hydrokinematic scheme of the hydraulic lock hydraulic lock body.

The power factors included
in equation (3) are described by the following calculation dependencies:

Fp13 = P f13’ (11)
where p,; — pressure in the pipeline 13, N/m?;
Fp14 = Pufia (12)
where p,, — pressure in the pipeline 14, N/ m?;
a d’s
ic = mhc dtzhc ' (13)

where m,. — the weight of the moving parts of the unit section reduced to the piston, kg;

S, — displacement of the piston of the hydraulic cylinder during time t, m.
ds,,

dt
where k.. — complex coefficient of friction, which takes into account the friction conditions in the

annular gap between the piston and the hydraulic cylinder body.
We calculate the flow rate of the working fluid in cavity 11 according to the following relationship:
ds,
Q11=Qp_Q(p1)_Qy1+fp|Tv (15)
where Q, — pump performance 1, m¥s; Q( p,) — consumption of the working fluid caused by the
operation of valve 24, in the event of an increase in the pressure in the hydraulic drive to the level of the

beginning of its opening, m*/s; le — increase in flow due to the compression of the volume of liquid V1, which

Fr=k. (14)

ds
is at this moment in the area from the pump to cavity 16 inclusive, m%c; fo dtpl — increase in flow due to

piston movements over time t, m%/s.
v, d(Pss)
=8 , 16
Qye E  qt (16)
where V; —the volume of liquid that is at this moment in the area from gap S; to cavity 13 inclusive, m®.
The components of equations (15) and (16) are defined as:

7d?
fpl = Tl , m? 17)
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where d — plunger diameter (Fig. 2), m.

n | 2
Pis = ADyg :(Z‘fwi + A Zd jg& N/, (18)
i=1 16 gflﬁ

where Ap,; — pressure losses in local and linear supports along the length of the pipeline from cavity

16 to the tank, N/m? &, — loss coefficient of the i-th local resistance; i, n — ordinal index and number of local
resistances on the pipeline section from cavity 16 to the tank; A, — pipeline resistance coefficient;

|, — pipeline length from cavity 16 to the tank, m; f, — live cross-sectional area of the pipeline 21, m?;

Q16 — flow through the cavity 16, m®/s.
The elastic force of the spring included in equation (8) is determined as follows:

F.=c:(X,+S,).N, (19)
where ¢ —spring stiffness 6, N/m; X, —precompression of the spring, m; S, —the amount of additional
compression, which corresponds to the gap Sa4, m.

Fy;llg =f, Pi, (20)
where f, — the area of influence on the sealing element of the pressure in the cavity 19, m?, pio — cavity
pressure 19, N/m?,

F;g = f4/3 pcp ' (21)
where f,,; —the area of influence on the closing element of the pressure in the gap Sa, m; p. — average
pressure in the gap Ss, N/m?2,

F;;llﬁ = fs P, (22)
where f, —the area of influence on the closing element of the pressure in the cavity 16, m?2.
The hydrodynamic force can be determined based on the dependence presented in the work [5]:

Fan = %(ul -0, -COS(%D , (23)

Q

where
_4Q
7d? f
where a — valve cone angle in a flat valve o =180°,c0s () =0, therefore, for a locking element of
this type, the dynamic force can be determined as follows:

v, 10V, = (24)

k

7 (25)

where Q,4 — flow through the cavity 19.
The components in equation (26) are calculated based on the conditions:
my =mg +m,, (26)

where m, — weight of the plunger, kg; m, - valve mass, kg;

S, =5,+S, (27)
where So — clearance in neutral position, we think that So = 0.
The components of pressure equations (2.57) and (2.58) in cavities 13 and 14 can be expressed as

where Ap;;, — pressure loss in the gap Si, N/m?% &, — coefficient of the i-th local resistance;
i, n—ordinal inwherex and the number of local resistances on the pipeline section from gap S1 to cavity 13;

\
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A, — pipeline resistance coefficient 8; 111 — pipeline length 8, m; fi1 — live cross-sectional area of the pipeline

8, m?,
Py = (i Srai T Z ] 7%

I14
2¢2
d14 ng f17
where Ap,q, — pressure loss in the gap Ss, N/m?, i, n — ordinal index and the number of local resistances

on the pipeline section from cavity 14 to the gap Ss; lis — pipeline length from cavity 14 to cavity 19, m;
f17 — live cross-sectional area of local or linear resistance, m2.
The current stroke of the piston can be determined from the dependence:

+ plG + Ap163 ! (29)

t
Y= tQL()dt , (30)
( o f17
where to — the time of the start of the movement, s; t — current time, s.
The consumption of the working fluid in the 16th cavity is described by the following dependence:

ds
Q16 = ng - fm d{'.” ySy? mS/C’ (31)

where QyS‘1 — increase in flow rate due to pressure drop across the throttle element.
The cross-sectional area 4 of the throttle window is calculated according to the formula:

md?
f,=
4 (32)
where d, — the outer diameter of the seat of the locking element, m;
-(df -d;)
== 33
413 4 (33)
where ds - valve seat inner diameter, m;
7d?
f,="H, 34
377, (34)
P = Pis + APy , (35)

where Ap,, — pressure loss in the gap Sa, N/m?.

The pressure ps can be determined as an arithmetic mean, since the Reynolds number Re for the
operating range of the gap and flow rate is less than the critical one for a flat valve. And in this case, according
to the work of M.I. Levytskyi and E.I. Tsukhanova "Calculations of control devices for braking hydraulic
drives", the change in pressure in the gap occurs according to a linear law:

+
pcp = plg 2 pla ] (36)
and taking into account (35);
A\

Consumption of working fluid Q19 we determine taking into account (15), (16) i (18) as:
1 ds,,
ng :Q14_Qy17 :E QP_Q(pl)_le+ fplT_ y8 _le7 (38)

where Qyi17 — increase in flow due to compression of the volume of liquid that is at this moment between
cavities 14 and 19 inclusive, m¥s.
The amount of pressure loss Ap for clearance Si, we calculate according to the following dependence:

_rQ’
ZANYE
where Q — fluid flow through this throttling element, m*/c; Ap —pressure drop across the throttle, N/m?; &
— coefficient of local resistance; g - acceleration of free fall; ¥ — specific gravity of the working fluid, N/m2,

Ap (39)
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Coefficient of local resistance & for a flat valve, provided the ratios are met, can be determined from
the following relationship:

2
E=ay,+ f, :0.55+4(%—0.1j+0'1iﬁ
° (40)
For clearance S;
2
&, = 2$ + 0'1525d3 -1.852. (41)
d, S,
For clearance S; given that the area of the liquid jet f,:
fo=1,, = ﬂ-dSSl_ (42)
pressure losses are determined by the following expression:
2
) (2d4+ 0,15§d4 -1, 85} Q
Ap,,. = 76u.Qu d Sy _
113 — 2 2 -
29 (7d,S 29 (7d,S
g ( 3 4) g ( 3 4) (43)
7/[2812 34+0,155df —l,BSSijf1
3
29 (7d,S,)" S?
We determine pressure losses Ap,q, in the gap Sa:
yQ’
Ap=——
u-f°2g , (44)

where u — cost factor.
Cost factor 4 is a function of the ratio of clearance and diameters — 1, = f (d,,d,, S, ), and for our case:
S4

=K, -—=. 45
lLlj' v d3 ( )
Since the cross-sectional area of the gap can be defined in our case as:
fs, =7d.S,, (46)
then the pressure losses in the gap Ss can be expressed as a dependence:
7/Q129
A =— 47
Pass K27’Ss29 “n
Then the cost increase Qy34 , is defined by dependence:
d(A
st4 = \ﬁ ( p163) ) (48)

E dt
where V,, —the volume of liquid located in the section of the pipeline from the gap Ss to the tank, m?.

Cost growth Q,;;

V,, d
Qy17 = % : % , (49)

where V,; — volume of working fluid, which is in this period of time in the area from cavity 14 to

cavity 19 inclusive, mé,
To determine the gap S: in equation (50) buwhere, an additional equation is required, which can be
made without proceeding from the equilibrium condition of the closing element (valve opening moment)

FP9 + Fc,{ - F;j:l + Fd/in - FFg/ + Fklll =0, (50)
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where F,, — force of liquid pressure ps from the side of cavity 9 on the closing element, N;

F.,, —force of liquid pressure p1: from the side of cavity 11 on the closing element, N; FC’ — the force with
which the spring acts on the closing element of the valve 5, N; FP“;’/ — the force perceived by the valve from

' Kn

acting on its pressure surface pf,p inthe gap S1, N; F’ - valve inertia force, N.
Power F.q is determined in the following way:
Fos = T4, (51)
where f, —the area of influence on the closing element of the pressure in the cavity 9, m% p, — cavity
pressure 9, N/m?;
F =c(X,+$,), (52)

where ¢ — spring stiffness 6, N/m; X, — spring preload, m; S; — additional spring tension, according to
the gap S;, m;

Fon =3 pn, (53)
where f, — the area of influence on the closing element of the pressure in the cavity 11, m?

p,; — cavity pressure 11, N/m?,
The dynamic force is accordingly described by the following relationship:

2

Pl =l (54)
grd,

FPK;/ = f4/3 pép (55)

where f,, — the area of influence on the closing element of the pressure in the gap Si, m?

pﬁp — average pressure in the gap Ss, N/m?.

2
Fl:; = mm % ! (56)
where m_ — weight of the valve, kg.
The value of the average reduced pressure in the gap:
A
Pl = =, (57)

Substituting into equation (50), dependencies (51 - 57) get possessed:

2
f,Pg+C( X, +S,)— fyp, + ng17 fapl +m dSl:O. (58)

4/3 M
d? P dt?

Let's rewrite the equation (58) in a more visual form:

4Q;
C(XO+S) fapy + g7 157;
59
(231234—%0.1555df —1.85312JQ1217 d2s -
—(f,+1,) : Mg =0

4gr*d:s;! < dt?
For convenience when writing mowherel (reducing bulkiness), we introduce coefficients that include

constant values (constants) that depend on specific design parameters.
The equation for determining the pressure p1s let's convert to the form:

6 = KisQip (60)
Accordingly, the coefficient Kig;
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Z ly Y
{Zfﬂ /111 29k2f1i

, (61)
and the coefficient Ks;
7/{25 34+ 0.155df —1.85814J
K = 3 : 62
° 2g7%d2s! ©2)
Taking into account the above, the equation for p1; will take the following form:
Pz = Py — KSQ121 - K11Q123 . (63)

At the same time, it should be taken into account that the coefficient Ks is a function of the gap S:.
Since the gap S; — theoretically, the value is variable during the process, so is the coefficient Ks is a variable
guantity.
Accordingly, the coefficient K,.
Y
K =——~——. 64
“ ZgK;ﬂzkz (64)
Dependency for pressure calculation:
MU
14 = K14Q123 + ?leg + K16Q126' (65)

4
As a result of transformations, we get the following equation:

P fm — P fm _(C(Xo +Sl)+( Pis +Ap16) f4

Ap 4Q%y ds d?s, - (66)
( Pis +Tlej a3~ P T3 fo+ gﬂklidsg - km d_t4 =m,, dt24
After simplification, equation (66) will have the following form:
K QZ
Piy fm — Py frm _C(Xo +81)_ 2;:8219 ( f4 + fs)_
, 4 : (67)
ds, d<s
dng m E = mnﬂ dt24

The dependence for determining the speed of movement of the hydraulic cylinder rod can be written
in the form:

Q; K, Qf
P — KSQ121 - K11Q123 - K14 kl3 - S% k19 -
2
_K 6 QlG u _ keu dSeu — mzu d Seu
1

k f13 f, dt  f, dt? (68)
Since the increase in the stroke of the piston over time dS /dt is its speed, and if the condition of

uninterrupted flow is observed, it is numerically equal to the speed of the fluid in the hydraulic cylinder, then
we can write:

ds,, _ %
dt (69)
Then:
2 2 5 K Q2
Py — KsQ11 - K11Q13 - K14 i__g_lg -

k S2 Kk

(70)
Qle t; ZM dQ13
KlG 2 2
k f13 f13 f13 dt
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Thus, a system of equations consisting of one linear and three differential equations with four variables
is proposed F,,S;,Q,5, Py, the solution of which allows to reveal the dynamic characteristics of the hydraulic

positioning mechanism, equipped with decelerating equipment in the form of a typical hydraulic lock.

The resulting mathematical problem was solved using the Runge—Kutta—Feldberg numerical method
with automatic change of the differentiation step. As a result of numerical modeling, the transient processes of
the change of the gap S4 and the current pressure pi1 in the cavity 11 of the considered hydraulic mechanism
were obtained, depending on the magnitude of the external load on the output link Fc of the executive hydraulic
motor of the positioning mechanism. In fig. 3 presents the transient processes that were obtained when using
the initial data, according to the hydraulic drive of the Verdis 3.5 cultivator, aggregated with the John Deere
8010 tractor.

Graphs of changes in the gap on the regulating element and pulsation of the pressure rc in the cavity
11 of the decelerating equipment with a constant accompanying load on the rotary mechanism.
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Fig. 4. Transient processes of gap and pressure changes

From a technical point of view, it is quite difficult to track the fluctuations of the regulating element,
so it is with the help of mathematical modeling that we can investigate the processes that take place directly in
the hydraulic unit.

As can be seen from fig.4, the closing element of the valve performs an oscillating movement with an
amplitude of 2 MPa and a period of 0.2 s, and the amplitude of the oscillations increases noticeably. Therefore,
the system works in an unstable mode. The presence of unstable operating modes negatively affects the
operation of hydraulic systems and mechanical systems in general. The consequences of this phenomenon are
premature failure of the locking and regulating equipment, increased wear of hinges and friction pairs.

5. Conclusion

In order to identify and eliminate the cause of the unstable operation of the rotary mechanism, the
parameters of the system that have the greatest influence on the control elements should be determined.

The analysis of dynamic characteristics and mathematical description of the positioning mechanism
of the section of the wide-grip tillage tool showed that the greatest influence on the working characteristics of
the positioning mechanism is revealed by the influence of the regulated pressure drop on the regulating element
6 (Fig. 2). Since the value of the regulating gap Ss stands at a given total area in the fourth degree in the
denominator, and its insignificant change is where there is a significant change in pressure in the system, as a
result of which the force on the regulating element increases, causing it to move with significant acceleration.
As a result, there is a significant overregulation of pressure, as a result of which the regulating element makes
oscillating movements, thereby causing unstable operation of the hydraulic system. It is possible to reduce the
influence of the regulated pressure drop on the regulating element in this design both by reducing the diameters
of the outlet holes and by reducing the pressure drop in the system.

The pressure drop in this design is determined by the resistance of the hydraulic system and depends
on the external load on the hydraulic cylinder rod, that is, on the direct technological purpose of the rotary
mechanism. Therefore, reducing the influence of the regulated pressure on the regulating element due to the
reduction of the total pressure drop in the system is unacceptable.

A decrease in the diameters of the output holes ds will have a negative effect on the functioning of the
rotary mechanism in the active load mode, since in this case the reduced cross-section causes additional non-
productive energy losses due to throttling.
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PO3POBKA TUHAMIYHOI MOJEJI I'l/IPABJIIYHOI'O ITIPUBOJY MEXAHI3MY
HO3NLHIOHYBAHHSA HNIMPOKO3AXBATHOI'O CUVIBCBKOT'OCIHOAAPCBKOI'O AT'PET'ATY

Cmamms npucesauena SUPIUWeHHI0 aKmyaivbHoi npobdiemu po3pooKu OUHAMIYHOI MamMeMamuyHol
MoOeni 2i0pasniuHo20 npusooy 0Jisl CKIAOAHHS Md PO3KAAOAHHS WUPOKO3AXEAMHO20 CLIbCbKOZOCNOOAPCHKO20
aepezamy ma ii 0ocaioxcenHs. [na docaeHenns yiei memu 0y10 npogedeHo CUCIeMHULL AHANI3 NPOYecis, ujo
8i00ysaomubcst y 2IOpasiiuHOMy Npueoodi, AKull GION0BI0AE 3 NEePeBedeHHs azpeeamy 3 MPAHCHOPMHO20
noaosicentsi  poooue. Jocnioxceno gioomi eiopasniuni cucmemu. 1Iposedeno 02510 8i0OMUX MAMEMAMUYHUX
MoOenell ma cnocobig ix nobyoosu. llposedeno ananiz ma menoeHyii po36UMK) CilbCbKO2OCHOOAPCHKUX
azpezamie ma 3Hapadsb 01 06pobimky pyumy. Ilpoananizosano ix nepesazu ma HeOONKU. 3a3HayeHO, WO
OOHUM 13 HANPAMKIB PO3GUMKY CYYACHUX CITbCLKO20CNOOAPCHKUX Acpe2amis € 30IIbUeHHs WUPUHU 3aX6am).
Jlana menOenyin € 8UNPaABOAH0I0 3 MOUKU 30pY eKOHOMII NANUBA, CKOPOYEHHS KiIbKOCI NPOXodis azpezamy
ma 3MeHUEeHHS YWINbHEeHHs TPYHMY, WO NO3UMUBHO BNIUBAE HA U020 CMAH IPYHMY mda RIOSUWLYE U020
pooiouicmb. [0 HeOONIKI8 OaHUX MAUuUH Cli0 8i0HeCmU CKAAOHICMb GUKOHAHHA MaHespis. st cnpoujeHHs
MAHes8pYSants 3 Memoio pOo36Opomy OAXiCAHO OCHACMUMU Yi dazpe2amu CUCTHEMOI0 NepededeHHs 3
MPAHCROPMHO20 NON0JICEHHS V poboue. [lana cucmema mae 8i0nogioamu HACMYRHUM BUMO2AM, d CAMe:
BUCOKA WBUOKOOIS, 0OHAKOB8A WBUOKICMb CKIA0AHHA ceKYill, KoMnakmuicmo. /[ns eupiuenHs 0anoi 3a0ayi
00YinbHO euKopucmamu 2iopasiiyHuil npueod. Lleil npueod mace wucienHi nepesacu, maxi Kk KOMRAKMHICMb,
BUCOKA NOMYIHCHICTb, 30AMHICMb NPAYIOBAMU HA BUCOKUX UBUOKOCIAX MA 2dcumu 8iopayii. 3anponoHosano
cxeMy 2i0pagniuHoco npugody Ojisi NepesedeHHs dazpezamy 3 MPAHCNOPMHO20 8 poboue NONONHCEHHS i3
HOCMYNOBUM BMUKAHHAM 2i0po08uzyHie. Po3pobieno mamemamuuny Mooens npugooy, sKd GKII0UAE PIGHAHHSL
banaucy piouHu, cuiu ma MOMeHmuU, wo Oilomv Ha poboui opeanu 2iopodsucynie. Ompumani pe3yibmamu
00360JIA110Mb  PEMENbHO AHANI3Y8AMU NpOYecu 6 NpUusoodi ma GUIHAYUMU ORMUMAIbHI napamvempu Oas
3abe3neyeHHs eghekmusHoi pobomu cucmemu.

Knwwuosi cnoea: wupoxopizuuil azpeeam CilbCbKoO2OCNOOAPCHKO20 NPUSHAYEHHS, 2IOPOnpUsoo,
2I0pOYUNIHOp, MPUNOZUYILIHULL PO3NOOLIbHUK, MAMEMAmuyHa Mo0eilb Hpueody, CMPYKmMYpHA CcXemd,
napamemp, Cynpo800NCeHHs.
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