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JUSTIFICATION OF THE PARAMETERS A REAR-MOUNTED LINKAGE
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(Tavria State Agrotechnological University)

Abstract — To ensure the statically high universality, wide span tractors
(vehicles) can (and undoubtedly should) be aggregated with various trailed, semi-
mounted and mounted agricultural machines and implements. The sealing effect on the
soil of their running systems in the fertile (agrotechnical) zone of the field, as well as
the traction and coupling properties, stability and controllability of the movement of
wide span vehicle is substantially determined by the scheme of their connection and
the parameters of the rear-mounted linkage. The purpose of research is to increase the
traction and traction properties, stability and controllability of the movement of wide
span tractor (vehicle) and to reduce the sealing effect of running machinery systems
on the soil in the fertile zone of the field, by justifying the parameters of their hinged
devices and the scheme of attaching agricultural machines and implements to them.
Theoretical studies, synthesis of structural schemes and parameters of a wide span
tractor (vehicle) were carried out by simulating the conditions of its operation on a
PC. The research methods are based on the basic principles of theoretical mechanics
and tractor theory using the Mathcad package. As a physical object of research, a wide
span vehicle design of the Tavria State Agrotechnological University (TSAU), Ukraine.
A result of the conducted researches it was established that in addition to the angles of
inclination of the rear-mounted linkage wide span tractor (vehicle), such design
parameters as the distance from the hinged device to the center of resistance and the
support wheel of the agricultural machine or implement have a significant effect on the
redistribution of normal reactions on its front and rear wheels. With the purpose of
almost completely eliminating the sealing effect on the soil of the running systems of
machines in the fertile (agrotechnical) zone of the field, it is recommended to use
regulators on wide span tractors (vehicles) to correct the normal vertical load on the
support wheels of an agricultural machine or implement that work according to the
principle of known traction tractors.

Formulation of the problem. Recently, wide span vehicles (more often referred
to as wide span tractors) have become increasingly popular in the world [1, 2]. The
latter make it possible to realize technology of track, bridge and controlled traffic
farming [3, 4]. And their development corresponds to the vector of scientific and
technological progress directly in the trend of automation and robotization of
agricultural production.

Owing to their quite high versatility, wide span tractors (vehicles) can (and
undoubtedly should) be aggregated with various trailed, semi-mounted and mounted
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agricultural machines and implements. Due to the weight of the latter and tractive
resistance, regardless of the way they are connected by means of an attachment, they
can cause a significant redistribution of vertical loads on the wheels of the bridge
tractor. The main problem is that if the agricultural machines and implements are not
connected correctly, there may be no loading, but, conversely, unloading the steering
and driving wheels of a wide span tractor (vehicle) with all the ensuing consequences.
At the same time, the vertical load on the supporting wheels of the attached agricultural
machines and tools placed, as a rule, in the agrotechnical (fertile) zone of the field can
be substantially increased. Because of this, as a result of the excessive sealing effect of
the running systems of machines on the soil, the entire effect of the controlled traffic
farming can be reduced to zero. Therefore, the issue of studying the influence of the
parameters of the rear-mounted linkage a wide span tractor (vehicle) and the scheme
of attaching machines and implements to it on the nature of the change in the vertical
loads on its wheels is urgent.

This work is devoted to studying the features of aggregation of wide span tractor
(vehicle) with agricultural machines and implements.

Analysis of recent studies and publications. The existing world experience in
the integration of wide span tractors (vehicles) has shown the possibility of using three-
point rear-mounted linkage on them (Fig. 1). The study of the structural features of the
latter when used on wide span tractors (vehicles) is practically not covered in the
scientific literature. It is fairly well known that the angles of inclination of the central
and lower links of its hinged mechanism exert a significant influence on the
redistribution of normal reactions on the wheels of a traditional tractor. And the very
nature of the redistribution of normal reactions on the tractor wheels is determined by
the design parameters of its hinged mechanism and the agricultural machine or
implements aggregated with it. For example, with the increase in the angle of
inclination of the central traction of the front attachment of the arable unit, built
according to the "push-pull” scheme based on the tractor of the HTZ series 120/160,
vertical reactions on the front axle of the tractor increase, and in the rear — decrease [5].
The same picture is observed with an increase in the angle of inclination of the lower
links. At the same time, these regularities are valid for the traditional layout of the
machine-tractor unit, when the attachments with attached agricultural machines and
implements are located outside the zone of the tractor's wheelbase. And, naturally, they
are not suitable for analysis of the character of the change in vertical reactions on the
wheels of wide span tractors (vehicles).

Also, taking into account the possibility of unification of the rear-mounted
linkages of wide span tractors (vehicles) with traditional ones, the parameters of which
are determined by the 1SO 730:2009, it is necessary to establish the correspondence of
sizes and requirements for a three-point rear-mounted linkage intended for connection
of agricultural machinery and implements to the tractor. This 1SO 730:2009 standard
defines the various categories of three-point rear-mounted linkage that are used for
various agricultural tractors.
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b)
Fig. 1 — The rear-mounted linkages of wide span tractor (vehicle) ASALIift WS9600
(http://www.gartnertidende.dk) (a) and design of TSAU [6] (b)

It should also be noted that recently certain trends in improving the design of
three-point rear-mounted linkage of tractors [7-12] have been outlined. But, the
problem of studying the influence of the parameters of the rear-mounted linkages of a
wide span tractors (vehicles) and the scheme of attaching machines and implements to
it on the character of the change in the vertical loads on its wheels is not paid enough
attention.

Statement of the objective and tasks of the study. The objective of the study
IS to increase the traction and traction properties, stability and controllability of the
movement of wide span tractor (vehicle) and to reduce the sealing effect of running
machinery systems on the soil in the fertile zone of the field, by justifying the
parameters of their hinged devices and the scheme of attaching agricultural machines
and implements to them.

To achieve the set objective, the following tasks were solved:

- to determine the influence of the angles of inclination of the traction devices a
rear-mounted linkage of wide span tractor (vehicle) and its design parameters on the
nature of the redistribution of normal reactions on the front, rear wheels and support
wheels of the agricultural implement;

- to justify the optimal variant of adjusting a rear-mounted linkage of wide span
tractor (vehicle) in order to increase its traction and coupling properties, stability and
controllability of the movement;

- to propose a way to reduce the sealing effect of the running systems of
machines on the soil in the fertile zone of the field.
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Methods of research. Theoretical studies, synthesis of structural schemes and
parameters of a wide span tractor (vehicle) were carried out by simulating the
conditions of its operation on a PC. The research methods are based on the basic
principles of theoretical mechanics and tractor theory using the Mathcad package. As
a physical object of research, a wide span vehicle design of the Tavria State
Agrotechnological University (TSAU), Ukraine.

The basic part of the study. To solve the problem, we formulate the equilibrium
condition of the wide span vehicle in the longitudinal-vertical plane. To do this,
consider it as a physical solid body that has a longitudinal plane of symmetry passing
through the center of its masses. With the agricultural machine attached to it, we will
present it in the calculation scheme in the form of a flat equivalent model (Fig. 2). The
working bodies of aggregated agricultural machines and implements in the model are
represented by the projection of one working organ in which the resultant (horizontal
Rx and vertical Ry components) are concentrated their traction resistance. The
quantitative relationship between them, as is known, is determined by the type of the
working organ itself. This equivalent working body is assembled with a wide span
vehicle with the help of the central and lower links of its attachments. All support
wheels that can have an aggregate agricultural machine or implement on the scheme
are represented by one equivalent support wheel.
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Fig. 2 — The scheme of forces and moments acting on the wide span vehicle in the longitudinal-
vertical plane

In accordance with the generally accepted principle of replacing bonds by the
forces of their reactions, the mutual influence of the vehicle and agricultural
implements is expressed through the forces X and Y, which are concentrated in the
instantaneous center of rotation of the attached device (point z, see Fig. 2). When
considering the vehicle's equilibrium condition, we take the positive direction of the
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forces X and Y, and for the agricultural implement — the negative one.

The coordinates of the instantaneous center of rotation of rear-mounted linkage
of the wide span vehicle (Zx and Zy) (Fig. 2) are not constant in time during its
movement. But since the trend of their oscillations is not very large, it practically does
not affect the character of the redistribution of vertical loads on the front and rear
wheels of the wide span vehicle, whereby they (coordinates) are taken constant.

Of the possible options for connecting machines and tools to a wide span vehicle,
the angles of inclination of the central («) and lower (f) links of its rear-mounted
linkage can be either positive or negative, or equal to zero (Fig. 2).

Proceeding from the foregoing it follows that the rear-mounted linkage of the
wide span vehicle, depending on the angles of inclination of its central and lower links,
can have six variants of its adjustment:

1)a>0,[3<0;

2)a<0,p>0;

3)a<0,p<0,a/<|p|; (1)
4)o.>0,8>0,a>p;

5)a<0,B<0,o|>Bf;

6)a>0,p>0,0<p.

Depending on the angles « and g of the tilt, respectively, of the central and lower
links of the rear-mounted linkage wide span vehicle, the coordinates of its instantaneous
turning center (Zx and Zy) can be expressed through its design parameters (Fig. 3).
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Fig. 3 — Scheme for determining the coordinates of the instantaneous center of rotation of the rear-
mounted linkage wide span vehicle

The coordinates of the instantaneous center of rotation of the rear-mounted
linkage in each of the variants (1) according to Fig. 3 can be defined as follows:
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hn —hy .
TAN(a) - TAN(B)’ (2)
(hy —hy JTAN(B)
TAN(a)-TAN(B)’

gy =

Zy =h -

where: Zy, Zy — longitudinal and lateral coordinates of the instantaneous center of
rotation of the rear-mounted linkage wide span vehicle; hp, h; — are design
parameters, the nature of which is clear from Fig. 4.

To calculate the two vertical reactions N4 and N on the front and rear wheels of
the vehicle (see Fig. 2), it is sufficient to make up two systems of equations in which
the sum of the projections of all forces in the vertical plane and the sum of their
moments relative to, for example, point B:

> (Fe)y =0;

o 3)
> Mg (F)=0,

k=1

where: 5 (g ) — the sum of the k-th forces acting on the wide span vehicle in the
kgl( k)y

vertical plane; - (Fo)y ~ the sum of the moments of the k-th forces acting on the
k=1
wide span vehicle relative to point B.

In accordance with the scheme of acting forces (see Fig. 2), we have:

(4)

NA+NB_GO+Y :O,
~Na-L+Gg-a9—Mp—Mg £Y(Zy +hcosp|+d)+ X -Zy =0,

where: Gr, ar— weight of the vehicle and the horizontal coordinate of its center of
mass; M4, M — moments of rolling resistance of the front and rear wheels of the
vehicle, respectively; L — wheelbase of the vehicle; d — distance from the
attached mechanism of the attached agricultural implement to the rear axle of
the wide span vehicle; h — the length of the lower linkage of the rear-mounted
linkage.

The choice of the sign «+» or «—» before the last two terms in the second equation
of the system (4) depends on the position of the instantaneous center of rotation of the
rear-mounted linkage (point xt) relative to point B. So, if the moment formed by the
reactions X and Y, hour, then the sign «+» is put, in the opposite case «—».
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The moments of M, and Mj can be expressed as follows:

M =(Pa=Pa)ra, ©)
Mg =(PB - PfB)rB’

where: Py, P — tangential traction forces on the front and rear wheels of the vehicle,
respectively; P, P — rolling resistance forces of the front and rear wheels of
the vehicle, respectively; r4, rz —radii of the front and rear wheels of the vehicle.

In its turn:

PA: NA, PfAZfNA;
Pa= Na; P@=TNa,

(6)

where: f — coefficient of rolling resistance; ¢ — coefficient of traction of the wide span
vehicle,

According to the system (4), the vertical reactions N, and N, taking into account
the expressions (5) and (6), after the corresponding transformations will be determined
as follows:

NB :GO_Y_NA’
_Go-ap—(Go-Y) rale—f)
f

Y(Zy +hcogpl+d)£ X - Z, (7)
L—(p- '

A (e -1a)

To determine the two unknown reactions X and Y, as well as the unknown
vertical reaction Nk on the support wheel of an equivalent agricultural implement, three
independent equations of its equilibrium are sufficient:

(Fp )y =0; (®)

T3 T3 T3

where: g(pp) — sum of the p-th forces acting on the agricultural implement in the
p=1 "

horizontal plane; % (,:p) — sum of the p-th forces acting on the agricultural
p=1 Y
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implement in the vertical plane; M., (F,) ~SUm of the moments of the p-th forces
p=1

acting on the agricultural implement relative to the instantaneous center of
rotation of the attachment (point ).

In accordance with the scheme of acting forces (see Fig. 2), we have:
N, —Gp—-Ry =Y =0,
- Py —Rg + 0O =0,
+Gp(Dg +hcosp|+ Zx )+ Ry (Dp + hcodp|+ Zy )+ Ny (Dy +hcosp|+ Zy )+
+ Py -Zy Ra(Zy +1 12)-1 | =0,

(9)

where: H — depth of soil cultivation by the agricultural implement; G, — weight of
agricultural implements; Ry, Ry —horizontal and vertical components of traction
resistance of agricultural tools; Py, My — force and moment of rolling resistance
of the supporting wheel of the agricultural implement; Dy, Dp, Dk — design
parameters of the agricultural implements, the nature of which is clear from Fig. 3.

The sign «+» in the third equation of the system (9) is put in the case when the
corresponding forces form a moment with respect to the point =, whose direction
coincides with the direction of the clockwise direction, otherwise the sign «—» is put.

The force Py and the moment M of the rolling resistance of the support wheel
of the agricultural implement can be determined as follows:

Pszka, (10)
Mk = kark,

where: ry — radius of the support wheel of the agricultural implement.

From the system of equations (9), taking into account the expressions (10) after
the corresponding transformations, we find:

Y =Ng -Gj —Ry,

O=1f-Ng +Rg, (11)

+Gj (Dg +hcogp|+ Zy )+ Ry (Dj +hcosp|+Zx )R (Zy +1 /2)
+(Dg +hcosp|+2Zx )+ f-Zy - f -1,

Ne

The systems of equations (7) and (11) allow to determine the optimum values of
both the inclination of the tilt of the rear-mounted linkage and other design parameters
of the wide span vehicle from the position of the desired redistribution of normal
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reactions on its front and rear wheels. The analysis of these expressions shows that, in
addition to the inclination angles of the rear-mounted linkage, a significant influence
on the redistribution of normal reactions on the wheels of the wide span vehicle is
provided by such design parameters as the distance from the attachment to the
resistance center (Dp) and the support wheel (D) of the agricultural implement. It
should be borne in mind that in real operating conditions, the point of application of
the hook load can be shifted relative to the center of mass of the agricultural implement
in one direction or another (for example, the assembly of a wide span vehicle with a
technological capacity).

During the research, the inclination angles of the linkage (« and f) of the rear-
mounted linkage ere changed from —20 degrees. up to 40 deg., that constructively such
values can take place at the wide span vehicle, as it is clearly shown in Fig. 1. With
regard to the distance from the rear-mounted linkage to the center of resistance and the
support wheel of the agricultural implement, the considerations with respect to the
methodology for selecting the values of these parameters follow from the analysis
given below

The results of calculating the normal reactions on the front and rear wheels of
the wide span vehicle TSAU and supporting wheels of its technological part are
represented in relation to the load acting on them in the static position (without hook
load at rest), that is, the degree of their redistribution will be:

_ 100N

I I\li st

where: yi — degree of redistribution of normal reactions on the i-th wheel of the wide
span vehicle and agricultural implements,%; N; — redistributed normal reaction
on the i-th wheel of the bridge tractor and agricultural implements; N;s — load on
the i-th wheel of a wide span vehicle and agricultural implement in a static
position (without a hook load at rest).

Results and discussion. Analysis of the mathematical modeling data shows
(Fig. 4 and 5) that the degree of redistribution of normal reactions on the front, rear
wheels of the TGATU wide span vehicle TSAU and the support wheels of the
agricultural implement essentially depends on the inclination angle o of the central
traction of the rear-mounted linkage.
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Fig. 4 — Degree of redistribution of normal reactions on the front (1), rear (2) wheels of the wide

span vehicle TSAU and supporting wheels of the agricultural implement (3) from the inclination

angle o of the central traction of the rear-mounted linkage with negative inclination of the lower
links (8 = —10 deg)

The analysis of Fig. 4 showed that with a negative angle of inclination of the
central traction of o = —17 deg, the vertical load on the rear wheels (curve 2) of the
wide span vehicle TSAU design corresponds to the value of the static position
(x2=100%). At the same time, its front wheels (curve 1) are somewhat unloaded, which
increased the load on the support wheel of the agricultural implement (curve 3). The
increase in the vertical load on the supporting wheels of agricultural implements is
highly undesirable, since they are usually located in the agrotechnical (fruitful) zone of
the field. And, proceeding from the principles of bridge and controlled traffic farming,
the sealing effect on the soil of the running systems of machines in the fertile zone of
the field should be maximally excluded [4]. With an increase in the angle of inclination
of the central traction « from —10 to 35 deg. the normal reaction on the support wheels
of the agricultural implement tends to desirably decrease relative to its static position,
reaching an unloading rate of up to 40%. But, the vertical load on the front wheels of
the wide span vehicle is also undesirably reduced, almost doubling them. Unloading of
the latter leads to a proportional increase in the vertical load on the rear wheels of the
vehicle (curve 2).

With an increase in the angle of inclination of the central thrust of more than
35 deg., the reverse picture is observed (Fig. 4). Vertical load on the rear wheels of the
wide span vehicle decreases, and on the front wheels increases, approaching, its static
value. Such a result can be explained by a significant decrease in the horizontal
coordinate Zx of the instantaneous center of rotation of the rear-mounted linkage (point
), which caused a redistribution of the moments of the acting forces.

The foregoing analysis summarizes the following. At a negative angle g of the
inclination of the lower links, the most suitable is the adjustment of the rear-mounted
linkage wide span vehicle TSAU, in which the angle of inclination « of the upper link
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has a large positive value, reaching a level of 40 deg. In this case, the vertical load on
its rear wheels is increased by an average of 1.5 times relative to its static state, and the
normal reaction on the front wheels is reduced to 60%, which is permissible from the
point of providing sufficient controllability of the movement of the vehicle under the
kinematic method of its control. The normal reaction on the support wheel of the
agricultural implement is, in this case, desirably reduced or practically equal to its static
value.

But, it should be borne in mind that the adjustment of the three-link rear-mounted
linkage with a large positive angle of inclination of the central rod (reaching 40 deg.
and above) and a negative angle of inclination of the lower links is possible only after
a detailed study of the kinematics of its operation, which may serve as a basis for further
research.

It should also be noted that the location of the agricultural implement in the inter-
wheel space of the wide span vehicle positively affects the provision of sufficient
controllability of the latter under the kinematic method of its control. Since, in the
considered range of the angle of inclination of the top linkage of the rear-mounted
linkage, its front wheels are unloaded by no more than 50%. At the same time, the
normal reaction to them can be reduced to 50% relative to its static position from the
position of reducing the compaction effect on the soil by the support wheels of the
agricultural implement.

With a positive value of the angle of inclination of the lower link of the rear-
mounted linkage wide span vehicle TSAU, which is highly unlikely from the position
of kinematics of the three-link rear-mounted linkage, and also the loading of the rear
wheels, vertical reactions, depending on the angle of inclination of the upper link, are
redistributed as follows (Fig. 5).
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Fig. 5 — Degree of redistribution of normal reactions on the front (1), rear (2) wheels of the wide
span vehicle TSAU and supporting wheels of the agricultural implement (3) from the inclination
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angle o of the central traction of the rear-mounted linkage with a positive inclination of the lower
links (# = 10 deg)

The analysis of Fig. 5 shows that, with a positive angle of inclination of the lower
links of the rear-mounted linkage, unloading of the front wheels of the wide span
vehicle TSAU occurs at an angle of inclination of the upper draft of more than 10 deg.
At the same time, its rear wheels are appropriately loaded. At small positive angles of
inclination of the central draft (less than 10 deg.), despite the increased load on the
front wheels of the wide span vehicle, its rear wheels are almost completely unloaded.
Part of the weight is then redistributed onto the support wheels of the agricultural
implement.

As for the vertical load on the support wheel of the agricultural implement, it
begins to decrease only at elevation angles higher than 25 deg. (Fig. 5). And, having
overcome the mark of the angle of inclination of the last in 37 deg., the nature of the
redistribution of this load begins to change. As a result, we have some decrease in the
vertical load on the rear wheels of the wide span vehicle.

From the foregoing it follows that with a positive angle of inclination of the lower
links of the rear-mounted linkage wide span vehicle TSAU is most desirable to adjust
the upper thrust at angles of inclination from 25 to 35 deg. Since in this case we have a
certain decrease in the sealing effect of the supporting wheels of the agricultural
implement on the soil in the fertile zone of the field, the rear wheels load and the natural
permissible reduction (up to 30%) of the vertical load on its front wheels.

In addition to what has been said, the analysis of Fig. 4 and 5 indicate that to
exclude the negative sealing effect of the support wheels of agricultural machines and
implements on the soil in the agrotechnical (fertile) zone of the field, if possible, then
no more than 50%. In this situation, the additional use of the regulator to correct the
normal load on the support wheels of the agricultural implement will make it possible
to achieve an almost complete elimination of the compacting effect on the soil of the
running systems of machines in the fertile zone of the field. The principle of operation
of this regulator is similar to the widely known hydraulic traction traction amplifiers.
The latter, as is known, form the force necessary to lift the hinged device with a
mounted agricultural machine or implement. The position of the instantaneous turning
center of the hinged mechanism remains unchanged. This condition is met when the
amount of effort of lifting the agricultural implement does not exceed the value
necessary for its penetration from the soil.

When using this regulator on a wide span vehicle, the degree of redistribution of
normal reactions on its front and rear wheels will substantially depend on the horizontal
coordinate of the center of mass (Do) and the center of resistance of the agricultural
implement (Dp). Using the expressions (4) and (7), the degree of redistribution of these
reactions on the front and rear wheels of the wide span vehicle TSAU, depending on
the change in the design parameters Do and Dy, will have the following form (Fig. 6).
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Fig. 6 — Degree of redistribution of normal reactions on the front (1), rear (2) wheels of the wide
span vehicle TSAU using a regulator to adjust the normal load on the support wheels of the
agricultural implement (3)

From the analysis of Fig. 6 it follows that the distance of the center of mass and
the center of resistance of the agricultural machine or implement from the rear-mounted
linkage wide span vehicle results in a natural increase in the load on its rear wheels,
due to the weight of the attachment, and the reduction of the load on the front wheels.
And with the increase in the absolute value of the design parameters Dy and D, to 1.6
m, the vertical load on the front wheels may drop to a critical level (20-40%), which is
the possible loss of controllability of the wide span vehicle with its kinematic control.

At the same time, the constructively possible decrease in the values of these
parameters positively affects the character of the redistribution of vertical loads on the
wheels of the wide span vehicle. Since it almost doubles the load on the rear wheels
and discharges the front wheels by no more than 50%. From the point of maximum
realization of the traction-coupling properties of wide span tractors (vehicles) and so
the absence of a sealing effect on the soil of the running systems of machines in the
fertile zone of the field, the result obtained is the most desirable.

On the basis of the analysis presented above, it should be noted that in most
possible options for setting up a bridge tractor rear-mounted linkage wide span vehicle
we have unloading its front wheels. To increase and, consequently, maintain sufficient
controllability of the wide span vehicle under the kinematic method of its control, it is
advisable to place all possible technological capacities closer to the front axis of its
wheels. Thus, increasing the vertical load on them by adding weight from the process
container to the material.

Conclusion. As a result of the research, it has been established that apart from
the inclination angles of the rear-mounted linkage wide span tractor (vehicle), such
design parameters as the distance from the attachment to the center of resistance and
the support wheel of the agricultural machine or implement have a significant effect on
the redistribution of normal reactions on its front and rear wheels.

Adjustment of the three-link rear-mounted linkage wide span tractor (vehicle) with
a large positive angle of inclination of the central rod (reaching 40 deg. and above) and a
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negative angle of inclination of the lower links is possible only after a detailed study of
the kinematics of its operation, which may serve as the basis for further research.

With the purpose of almost completely eliminating the sealing effect on the soil
of the running systems of machines in the fertile (agrotechnical) zone of the field, it is
recommended to use regulators on wide span tractors (vehicles) to correct the normal
vertical load on the support wheels of an agricultural machine or implement that work
according to the principle of known traction tractors.

In most possible options for setting up a rear-mounted linkage wide span tractor
(vehicle) we have unloading its front wheels. To increase and, consequently, maintain
the residual controllability of the wide span tractor (vehicle) under the kinematic
method of its control, it is expedient to place all possible technological capacities closer
to the front axis of its wheels. Thus, increasing the vertical load on them by adding
weight from the process container to the material.

References

1. Pedersen H.H. Wide span - re-mechanising vegetable production /
Pedersen H.H., Oudshoorn F.W., McPhee J.E., et al. // XXIX International
horticultural congress on horticulture: sustaining lives, livelihoods and
landscapes: international symposia on the physiology of perennial fruit crops and
production systems and mechanisation, precision horticulture and robotics Book
Series: Acta Horticulturae. — 2016. —VVolume: 1130. — Pages: 551-557.

2. Onal I. (2012), Controlled Traffic farming and Wide Span Tractors / 1. Onal //
Journal of Agricultural Machinery Science. — 2012. — Ne8(4). — P. 353-364.

3. Wang Qingjie. Design and experiment of blades-combined no and minimum-till
wheat planter under controlled traffic farming system / Wang Qingjie, Zhao
Hongbo, He Jin, et al. // Transactions of the Chinese Society of Agricultural
Engineering. — 2016. —VVolume: 32, Issue: 17. — Pages: 12-17.

4, Hanukro B.T. KomiitHa Ta mMocToBa cuctemu 3emiiepodocta. Monorpadis /
Hamukto B.T. Vnekcin B.O. — Memrtonons: TOB «Bunmapanuuii 0yaInHOK
MM/]I», 2008. — 270 c.

S. BynrakoB B.M. ArperarupoBanue miyros / bymrakos B.M., KpaBuyk B.H.,
Hanwixkto B.T. — Kues: Arpapnas nayka. — 2008. — 152 c.

6. KyBauor B.II. Crienmanu3upoBaHHOE TPAHCIIOPTHOE CPEICTBO JIsI KOJCUHOTO
semienenus / Kysauos B.I1. // Bectauk XHTYCT um. I1. Bacunenko. — 2014. —
Ne148. — C. 63-69.

7. Bhondave Babu. Design and Development of Electro Hydraulics Hitch Control
for Agricultural Tractor / Bhondave Babu, Ganesan T., Varma Naveen, et al. //
SAE international journal of commercial vehicles. — 2017. — Volume 10, Issue
1. — Pages: 405-410.

8. Bukta AJ. Free play as a source of nonlinearity in tractor-implement systems
during transport / Bukta AJ., Sakai K., Sasao A., et al. // Transactions of the
ASAE. — 2017. — Volume 45, Issue 3. — Pages: 503-508.

9. Pullen D.W.M. Prediction and experimental verification of the hoe path of a rear-
mounted inter-row weeder / Pullen D.W.M., Cowell P.A. // Journal of agricultural
engineering research. — 2000. — VVolume 77, Issue 2. — Pages: 137-153.

10. TIlocmersreB B.M. OGocHOBaHme BBIOOpA CXEMBI YCTPOWCTBA K HABECHOMY
MCXaHHU3MY TpPaKTOpa IIpHU €ro arperaTupoBaHMMU C AWCKOBBIMH OpPYIAHAMU /

45



[Tocmetbe B.M., 3emukoB B.A., JlateimeBa M.A. // Hayunblii xypHau
KyoI'AY. — 2000. -N094(10). — C. 1-8.

11. Pwokux H.E. CoBepiiieHCTBOBaHHE HABECHBIX YCTPOUCTB TpakTopoB (HaBecHble
arperatbl. Kiaccuukanus u yBelIM4eHHE MPOYHOCTH HABECHBIX yCTPOUCTB)/
Peokux H.E. // Hayunsrii xypaan Kyol'AY. — 2005.-No11(03).-C. 1-8.

12. Tlomos B.b. K Bonpocy nmapameTpuieckoil ONTUMH3AINH TOAbEMHO-HABECHOTO
yCTpOMCTBa ~ MOOWMJIBHOTO  JHEPreTHYECKOr0  CpeACTBA Ha  CTaJAuU
npoektupoBanus / [Toro B.B. // Bectauk I'TTY mm. I1.0. Cyxoro. — 2014, —
Ne 2. —C. 3542,

AHHOTAIIUA

OBOCHOBAHUE NAPAMETPOB HABECHOI'O MEXAHU3MA
MOCTOBOI'O TPAKTOPA (TPAHCIIOPTHOTI'O CPEJICTBA)

Kysaues B.II.

s obecneuenusi 00CmMamo4yHO BbICOKOU VHUBEPCANIbHOCHU MOCHOBbLE
mpakmopol mMo2ym (U, HeCOMHEHHO, OOJINCHbL) aAcpecamupo8amvcsi C pPa3IudHbIMU
NPUYEnHviMu, NOJAYHABECHLIMU U HABECHLIMU CElbCKOXO3AUCMBEHHBIMU MAUUHAMU U
opyousimu. Yniomusrowee 6030elcmaue Ha no48)y Ux X0008blX CUCMEM 8 NI0OOHOCHOLL
(acpomexHuueckoll) 301e nous, a makice msa2080-CYyentvle C8OUCMBA, YCMOUYUBOCHb
U Ynpasuiemocms OBUNCEHUS MOCMOBbIX MPAKMOPO8 CYUWECMBEHHbBIM 00pa30M
onpeoenena cxemol ux NPUcoeOUHeHus: U Napamempami Ha8ecHo2o YCMpoucmed.
I nasnas npobaema cocmoum 6 mMOM, 4MO NPU HENPABUILHOM NPUCOeOUHEeHUU
CeNbCKOXO3SAUCMBEHHBIX MAWUH U OPYOULl MOJICem uUMems Mecmo He 002pysKa, d,
Haobopom, paszepy3ka YAPAGIAIOWUX U 8e0YUUX KoJlleC MOCMOB020 MpPAKmopa co
8cemMu BbIMEKAIOWUMU OMCIO0A nociedcmsusamu. Ilpu smom eepmukaibHas Hazpy3Ka
HA ONopHble Koaecd NPUCOCOUHEHHBIX CelbCKOXO3AUCMBEHHbIX MAWUH U Opyoull
Modicem ObIMb CYUWeCm8eHHO Y8eluiend, Ymo Huseiupyem eecb d¢hghexm om KoaeuHou
cucmemsl 3emneodenus. M3zyuenuro ocobeHHOCmel azpecamuposanusi MOCHOBbIX
MPAKMOpPO8 C CelbCKOXO3AUCMBEHHIMU MAUWUHAMU U OPYOUSIMU NOCEAUEHA OAHHAS
paboma. llenvto uccnedosanuil sA615emcs NOBvilUEHUE MA2080-CYENHbIX CEOUCME,
YCMOUYUBOCMU U YNPABIAEMOCU  OBUNCEHUS MOCHMOBbIX MPAKMOpPos, nymem
000CHOBAHUS NAPAMEMPOB UX HABECHBIX YCMPOUCME U CXeMbl NPUCOCOUHEHUsL K HUM
CeNbCKOXO3SAUCMBEHHBIX MAWUH U opyoull. Teopemuueckue uccied0o08anus, CuHmes
KOHCMPYKMUBHBIX CXeM U NaApamempos MOCMO8020 MPAKMOpa OCYUieCmesics
nymem mooenuposanus na 11K ycrnosuii eco ¢pynxkyuonuposanus. B ocrogy memooos
UCCTIe008AHUS NOJIOHCEHbL OCHOBHBIE NPUHYUNDBL MeOPemu4ecKoll MeEXanuKu u meopuu
mpakmopa ¢ ucnonvzoseanuem nakema Mathcad. B kauecmee ¢uzuueckoco oovexma
UCCNIe008aHUSL BLICMYNANO CHEYUATUSUPOBAHHOE WUPOKOKOJIEUHOEe aA2pOCpedCmEo
KOHCMPYKYUU Taspuueckozo 20Cy0apCcmeeHHo2o A2POMEXHONOSUYECKO20
yuugepcumema (TI'ATY), Vkpaunma. B pesyrbmame npoeedeHHbIX UCCA008AHUL
VCMAHOBNIEHO, YUMo KpoMe Vello8 HAKIOHA Mse HABECHO20 YCMPOUCmMEd MOCHO8020
mMpakmopa, cywjeCmeenHoe 6lusiHue Ha nepepacnpeoeienie HOpMAaibHbIX peakyuli Ha
€20 nepeoHUx U 3a0HUX KOJlecax OKa3vlearom makxue KOHCMPYKMUGHble Napamempbol,
KaK paccmosiHue om HABeCH020 YCMPOUCmaea 00 YeHmpa CONPOMUBLEHUS U ONOPHO2O
KoJeca cenbCKoX03aUCmeeHHol mawunol uiu opyous. C yenvio npakmuiecKu noiHo2o0
UCKTIIOUEHUsT YNIIOMHAIOULe20 B030eUCmBUsi HA NOY8Y X0008blX CUCMEM MAWUH 8
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NJIOOOHOCHOU (A2POmMexXHU4ecKol) 30He NOJs PeKOMeHOYemcs UCHOIb308amb HA
MOCMOBbIX MPAKMOPAX pe2yisimopul 0l KOPPEKMUPOBKU HOPMAIbHOU 6EPMUKATIbHOUL
Ha2py3Ku HA ONOPHBLIX KOAECAX CelbCKOXO3AUCMBEHHOU MAWUHbL UTU  OpYyOUus,
pabomarowjux no NPUHYUNY U38eCMHbIX yeeauyumeneu CYenHo2o 8eca mpaouyuOHHbIX
MpaxKmopos.

AHOTANA

OBIPYHTYBAHHS ITAPAMETPIB HABICHOTI'O MEXAHI3MY
MOCTOBOI'O TPAKTOPA (TPAHCIIOPTHOI'O 3ACOBY)

Kysauos B.II.

na 3abe3neuenns 00cmamubo BUCOKOI YHIBEPCANIbHOCI MOCMOBI MPAKmMopu
moocymo (I, 0Oe3CYMHIBHO, NOBUHHI) acpe2amy8amucs 3 pISHUMU NPUYINHUMU,
HANi8HABICHUMU | HABICHUMU CLIbCbKO2OCNOOAPCOKUMU MAWMUHAMU [ 3HAPAOOAMU.
Ywinvuroroua 0ia na epynm ix xo0osux cucmem 8 n100OHOCHIU (A2pOmMexHiuHill) 30Hi
nojis, a MmMaKoxdc ma2080-34iNHI 61ACMUBOCMI, CMIUKICMb I KEePOBAHICMb pPYXY
MOCMOBUX MPAKMOPI6 CYMMEBO BU3HAYEHA CXEMOIO IX NPUEOHAHHA | napamempamu
HagicHo2o mexanizmy. 1'onosna npobrema nonsiecac 8 momy, wo npu HenpasUIbHOM)
NPUEOHAHHS  CIIbCbKO2OCNOOAPCOKUX MAWUH [ 3HAPAO0b MOdce Mamu Micye He
008AHMAMCEHHS, d, HABNAKU, PO3GAHMANCEHHS KEPYIOUUX | 86€0YUUX KOJIC MOCHOB020
mpaxmopa 3 ycima Hacriokamu, axi 36iocu eunausaioms. Ilpu yvomy eepmukanvhe
HABAHMANCEHHS HA ONOPHI KOJeca NMPUEOHAHUX 00 HbO2O CLIbCbKO2OCNOOAPCHKUX
MaAwun [ 3HAPAOb Modce Oymu 3HAYHO 30LIbULEHO, W0 HIBENIOE 8ecb eghekm 8i0
3anpoeaoddicents KoOMUHOI cucmemu 3emaepoocmea. Busuennio ocobausocmeii
azpe2amy8anHsi MOCMOBUX MPAKMOPIE 3 CLIbCbKO2OCNOOAPCOKUMU MAWUHAMU 1
3HapA00AMU npucesayerHa oana poooma. Memorw 00cniodxicensb € niOBUWEHHS MA2080-
3YINHUX G1ACMUBOCMelU, CMIUKOCMI | Kepo8aHOCMI pPYXy MOCMOBUX MPAKMOpIs,
ULTISIXOM OOIDYHMYBAHHS NAPAMEMPIB IX HABICHUX MEXAHI3MIB [ cXeMU NPUEOHAHHSL 00
HUX CLIbCbKO2OCNOOAPCHKUX MAWUH [ 3HAPA0b. Teopemuuni 00CHIONCEHHS, CUHME3
KOHCMPYKMUGHUX CXeM [ napamempie MOCmMo8020 mpaKkmopa 30IUCHI08ABCA WISAXOM
mooenrosanus Ha IIK ymos tioeo ¢hyukyionysanus. B ocHo8y memoois 00CioHCeHH s
NOKNA0EHO OCHOBHI NPUHYUNU MeopemuyHoi Mexaniku [ meopii mpakmopa 3
suxopucmaunsam naxkema Mathcad. B skocmi ¢hizuunozo o06'ekma O0ocniodiceHHs
BUCMYNAB CNeYianiz308anull WUPOKOKONIUHUL azpo3acib koncmpykyii Taepiticbkozo
oepaicasrHoco azpomexnoniociunozo yuieepcumemy (THATY), Ykpaina. B pezyromami
npoBeoeHUx OO0CNIONCeHb BCMAHOBNEHO, W0 KpiM Kymie HAXUly mse HABICHO20
NPUCMPOI0 MOCHMOB020 MPAKMOPA, CYMMEBUL BNIUE HA NEPePO3NO0iN HOPMATLHUX
peakyili Ha 1020 nepeoHix I 3a0HIX Kolecax HA0armov MAaKi KOHCMPYKMUBHI
napamempu, K 8I0CMAHb 8I0 HABICHO20 MEXAHIZMY 00 YEeHmpy Onopy i OnopHo20
KoJeca CilbCbKO20CN00apcbKoi Mawutu abo 3Hapsa00s. 3 Memoro npakmuidHo N0GHO20
BUKTIIOYEHHSL YWIIbHIOIOW020 BNIIUBY HA CPYHIM X000B8UX CUCMEM MAWUH 8 NI0OOHOCHIU
(acpomexniyniii) 30HI NONSL PEKOMEHOYEMbCA GUKOPUCMOBYBAMU HA MOCHOBUX
MpaKkmopax — pecyiamopu  Onsi  KOPUSYBAHHS ~ HOPMAIbHO20 — 8EPMUKAILHO20
HABAHMAIICEHHS HA ONOPHUX KOJIECaX CLIbCbKO20CNO0APCHKOI Mauunu abo 3Hapsaoosl,
AKI npayiooms 3a NPUHYUNOM 8I0OMUX O0BAHMAIICYBAYIE 3UINHOT 8acu MPAOUYTUHUX
mpaxkmopie.
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