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Abstract

The paper presents the results of theoretical and experimental studies on the substantiation of
the working width of the tillage implement for deep tillage. The field experiment was conducted
using the «Kirovets» K 744P2 tractor, with an engine power of 257 kW and an operating mass of
17,000 kg. It was revealed that the optimum working width of the implement should be 4.9-5.6 m at
the travel speed of 2.2-2.0 m/s respectively. This provides a working capacity of 3.9-4.0 ha/h, with the
fuel consumption of 13.7-14.1 kg/ha. The optimization criteria for selecting the optimum working
width were the working capacity and specific fuel consumption per hectare. The data obtained
based on the experimental studies are comparable with the results of theoretical studies, which
indicates the reliability of the developed mathematical model for determining the working width of
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the agricultural implement.
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INTRODUCTION

Deep tillage is an indispensable element of many
agricultural technologies. In regions where soils
are vulnerable to wind erosion, like Northern
Kazakhstan (Akshalov and Kuzhinov, 2017), it
is necessary to conduct deep tillage without soil
inversion, co-called deep subsurface tillage (Kuvaev,
2018). The major advantage of this tillage method
is that it protects the soil against wind erosion by
leaving the crop residues on the surface and also
decompacts the soil layer. It is especially relevant
for soils with heavy mechanical composition
and low humus content, which is also typical for
Northern Kazakhstan (Baisholanov, 2017). On the
other hand, of all the technological operations,
deep tillage is the most energy-intensive. One of the
ways to reduce the specific energy consumption
of agricultural machinery is to increase working
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capacity. It is known that theoretical field capacity,
C, (ha/h), for agricultural machinery is determined
by the formula:

C,=036% W, xV, (1)

working width of the implement, m;
72— travel speed, m/s.
The 0.36 is a conversion constant.

As can be seen from the expression (1), the
capacity directly depends on the working width and
the travel speed. The travel speed of the implement
for deep subsurface tillage is strictly limited by the
agronomic requirements (2.0-2.8 m/s) (Tabashnikov,
2010). An increase in speed leads to excessive soil
pulverization, as a result, much of the stubble and
other crop residues are covered with the soil. In
this regard, the most realistic way to increase the
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capacity of the implement is to increase its working
width. On the other hand, there is a functional
correlation between the working width (along with
other factors) and the draft resistance of the tillage
implement, formulated by A. P. Goryachkin at the
beginning of the XX century (Ceccarelli et al., 2017):

R,;=R, +R, +R, =

:Gle+k><a><Wi+p><a><V\/l_><V2) 2)
R,.....total draft resistance of the tillage implement, N;
R g resistance, caused by the {friction of the

working parts of the tillage machine against
soil (dead resistance), N;

R, ... resistance, caused by the destruction of the
soil layer (useful resistance), N;

R ....speed resistance, caused by the movement of
the soil layer, N;

G,......weight of the tillage implement, N;

i coefficient of the soil-steel sliding friction;

Koo specific soil resistance, N/m?;

Qe tilling depth, m;

p-.......s0il density, kg/m3.

The reliability of this mathematical model has
been repeatedly confirmed by researchers as
a result of theoretical and experimental studies
(Sharov and Strekalev, 1973; Panov and Vetohin,
2008; Zhalnin, 2019; Croitoru et al., 2016).

The resistance caused by the destruction of the
soil layer is at least 70% of the total draft resistance.
According to formula (2), the useful resistance
(R,,) depends on the specific soil resistance, tilling
depth, and the working width. Therefore, the three
parameters will have the greatest effect on the value
of the total draft resistance of the tillage implement.
The specific resistance of soil mainly depends on
its physical and mechanical properties (moisture,
density, hardness, mechanical composition, etc.),
which are difficult or impossible to influence. The
tilling depth, as well as the travel speed, has a very
narrow range of variations, which depends on the
agronomic requirements. The working depth of the
deep tillage should be set at 5centimeters below
the plow sole layer. In the conditions of Northern
Kazakhstan, deep tillage of a = 0.25-0.27 m depth
would be the most effective (Ovchinnikova and
Shilov, 2016). In this case, the working width is
the parameter that can be used to adjust the value
of the draft resistance depending on the traction
capabilities of the power unit. This statement is
confirmed by the work of other researchers. For
example, researchers from Sari Agricultural and
Natural Resources University (Moeenifar et al,
2014) found that of all the above-mentioned
parameters the working width has the greatest
influence on the draft resistance.

In the work (Shirov and Parkhomenko, 2013)
the authors, based on the summary of the data
obtained from the deep-rippers tests, derived an
empirical relationship between the parameters and

operation modes of the deep-rippers and physical
and mechanical properties of the soil. As a result of
the research, the authors concluded that the tilling
depth and the working width of the implement
have the greatest influence on the value of the draft
resistance.

In summary, it can be concluded that of all the
factors, the greatest positive correlation is observed
between the draft resistance and the working
width of the implement. To ensure the maximum
performance of the implement, according to
formula (1), the working width of the implement
should be selected based on the calculations that
will take into account the draft resistance created
by the tillage implement and traction capabilities of
the tractor connected with this implement.

The best option for determining the working
width of the tillage implement is the one in which
there are traction characteristics of the tractor under
consideration, determined for a specific agriculture
background. In that case, it is possible to compare the
draft resistance of the tillage implement of different
working widths with the traction and energy
capabilities of the tractor and to determine the
possible speed and fuel consumption (University of
Nebraska-Lincoln, 2020). However, very often such
information is not included in the publicly available
tractor  specifications. Manufacturers provide
a minimum amount of technical information (e.g.
effective engine power, fuel consumption per
hour, tractor mass). In this case, methods similar
to the one presented in Cardei et al. (2017) are used
to substantiate the optimum working width. The
values of the traction force calculated according to
this method take into account only the engine power
and do not take into account the operating mass of
the tractor, which also affects its traction capabilities.
In addition, not all methods of calculation take
into account fuel consumption (kg/ha) at various
operating modes, which in turn has a direct impact
on economic efficiency.

Cardei (2001) proposed a mathematical model to
determine the required tractor traction force, but
this work does not show the relationship between
power and mass of the tractor.

In the works (Khafizov et al, 2015; Khafizov
et al, 2016; Nurmiev et al., 2018), the authors made
an attempt to determine the optimal tractor mass
for specific tillage implements using developed
mathematical models, which consider the influence
of tractor mass on the total energy costs. However,
the mathematical models in question do not show
the relationship between the tractor mass and the
traction force it creates. Therefore, the development
of a mathematical model for determining the
working width of the tillage implement, which will
show the relationship between power and mass
of the tractor and which will take into account
the influence of the mass of the power unit on the
traction force it creates, is relevant.
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This study aims to substantiate the working
width of the tillage implement. For this purpose,
a mathematical model for determining the optimum
working width of the tillage implement was
developed, which took into account its mass, travel
speed, draft resistance, physical and mechanical
properties of the soil, and traction capabilities of
the tractor. Moreover, the prototype model of the
tillage implement was produced and tested in the
field to clarify the working width of the implement.
The optimization criteria for selecting the optimum
working width were the working capacity and the
specific fuel consumption per hectare.

MATERIAL AND METHODS

Methodology of the Theoretical Studies

To determine the working width of the tillage
implement, we consider the rational formula of
Goryachkin (2), according to which the weight of
the agricultural implement, G, (m), is represented as
follows:

G=WxM,xg 3)

M,,......specific mass per meter of implement width,
kg/m;

Y- S gravitational acceleration, m/s%

Then equation (2) takes the following form:
Rd:WistngXf+anXWi+anme V2. (4)
Equation (4) can be solved with respect to, W, (m):

R

= (5)
(Mg, xgx f+kxa+pxaxV?)

M/i:

The movement of the agricultural implement will
be possible if the following criterion is satisfied:

Pyxn,zR, (6)

P ...drawbar pull (traction force of the power
unit), N;
n,......coefficient of traction force reserve.

P, (N) is determined by the following expression:

N
P, =—®x10°, 7
b VX 7

dp

N, ...drawbar power (power required to provide
the traction force of the tractor), kW.

According to the power balance for the
established operating mode of the tractor moving
on a horizontal surface and operating without the
PTO shaft, the engine power N, (kW), is used directly
to ensure the tractor's traction force N, (kW) as well
as to overcome energy losses caused by various
circumstances:

Ne = Ndb + Nrr + Nr + Nin + Nclimb + N(S + Ndef’ (8)

where

N, ...power used to overcome friction in tractor
transmission components that transmit torque
from the engine crankshaft to the driving
wheels, kW;

N_....power required to overcome internal resistance
arising in the tractor's undercarriage (hysteresis
loss in rubber wheels of the tractor), KW;

N, ...power needed to change the speed of the
tractor (overcoming inertia), KW;

N ,.»-power expended on climbing, KW;

N;....power expended on slipping of the driving
wheels, kW;

N,.power expended on soil deformation and rut
formation.

According to formula (8), N, (kW) will be
determined as the difference between the engine
power N, (kW), and all the mentioned power losses:

Ndb:Ne_(Nzr+Nr+Nin+Nclimb+Né+Ndef)‘ 9)

The N, (kW), to N, (kW), ratio shows which part of
the engine power (power spent), taking into account
the losses mentioned is converted into the energy
(useful) required to provide the traction force of
the power unit and is called tractive efficiency, n,
(Macmillan, 2002):

=y (10)

e

Consequently N, (kW), will be determined by the
following formula:
N,=N,xn, (11)
where
N,.....engine power, kW;
n,-.tractive efficiency of the tractor.

The value of n, is most accurately determined when
conducting the drawbar test of a specific tractor.

Taking into account formulas (6, 7, 10, 11),
formula (5) will have the following form:

W < N xn, xn, '
' (Mspxgxf+k><a+p><axvz)><v

(12)

Input data for theoretical studies are presented in
Tab. I

The coefficient of the soil-steel sliding friction
is determined in accordance with the method
described in (Chumakov, 2017).

The value of specific soil resistance is determined
experimentally for soils typical for the region under
consideration.

The accepted value of soil density ensures the
performance of the tillage implements in the most
difficult conditions.

The value of tractive efficiency of the tractor is
accepted based on the results of acceptance tests of
tractors of the “Kirovets” K-744 series, conducted in
the Kostanay region (Astafiev et al., 2018).
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L. Input data for the theoretical determination of the working width of the tillage implement in the first approximation

Index Notations Unit of measure Index value
The specific mass of the implement M, kg/m 490-600
Gravitational acceleration g m/s? 9.81
Coefficient of the soil-steel sliding friction f - 0.3
Specific soil resistance k N/m? 36000
Tilling depth a m 0.15-0.30
Soil density p kg/m? 1500
Working travel speed %4 m/s
Engine power N, kw 260-280
Tractive efficiency of the tractor N, = 0.67-0.70
Coefficient of traction force reserve n, - 0.95

The necessity of using the coefficient of traction
force reserve is explained by the overcoming of climbs
and other local obstacles when driving on the field.

Calculations by formula (12) make it possible to
determine the range of variations of the working
width of the implement for the tractor with known
effective engine power. However, it is necessary
to make additional calculations to determine
the optimum value of the working width of the
implement. The optimization criteria for determining
the working width of the tillage implement are the
working capacity and specific fuel consumption per
hectare. Maximum performance with minimum
specific fuel consumption should be ensured.

Traction capabilities of the tractor depend not
only on the power characteristics of its engine but
also on its operating mass (Guskov et al., 1988):

Panzk]xcpngMop, (13)

P _..tangential traction force of the tractor, N;

coefficient of the load on the driving wheels

(for the 4WD tractors A, = 1);

[0 - coefficient of adhesion, allowed under the terms
of adhesion and agronomic requirements;

,--Operating mass of the tractor, kg.
In addition, the tangential traction force P, (N),
of the tractor upon conditions of the unlform

movement on a horizontal surface can be
determined using the following formula:
Po=0y ¥ Py + R =D, Py +f xgxM op? (14)
A, - coefficient of the possible overload;

Ry rolling resistance, N;

 p— coefficient of the tractor rolling friction.

Then, equating formulas (13) and (14) with taking
into account formulas (7) and (11), we obtain the
expression for determining the required operating
mass of the tractor:

XN, xm,

IS 15
@” (k X(P frl)ngV (4>

The specific fuel consumption per hectare is
determined in the following sequence. First, we
determine the fuel consumption per hour, Q (kg/h):

g x
Q= 1000

(16)
7 J— specific fuel consumption, g/kW.h.

Knowing the fuel consumption per hour and
the capacity, we determine the specific fuel
consumption per hectare, Q,, (kg/ha):

-9

=< 17
Qha C[ ( )

During the calculation procedure, the effective
engine power and specific fuel consumption are
taken from the condition that the tractor engine in
all modes runs at rated speed.

Input data for calculations are presented in Tab. II.

It should be noted that during calculations, the
developed tillage implement will be aggregated
with the «Kirovets» K-744R2 tractor with the
maximum operating mass of M,, = 17,000 kg (with
twin wheels), effective engine power of N, = 257kW
and specific fuel consumption of ¢q, = - 213 g/kW.h
at the nominal speed of the engine crankshaft of
1900 rpm (Peterburgsky Tractorny Zavod, 2019).

The coefficient of the possible overload is taken
from the condition of tractor aggregation under
the most difficult conditions, in accordance with
(Guskov et al., 1988). The coefficient of the load on
the driving Wheels is taken from the condition of
the load redistribution between the front and rear
wheels during the tractor work (Guskov et al., 1988).
The value of the coefficient of the soil-tractor wheels
adhesion is taken based on the maximum allowed
slipping of the tractor:
0=1-56, (18)
o J— tractor slipping.

Slipping affects the tractor's energy performance
and also has a negative effect on the soil layer



Substantiation of the Working Width of the Tillage Implement 25

II: Input data for the final specification of the working width of the tillage implement

Index Notations Unit of measure Index value
Coefficient of the possible overload AV, = 13-14
Coefficient of the load on the driving wheels A - 1.00
Coefficient of the adhesion, allowed under the terms of adhesion
and agrotechnical requirements ¢ B
Coefficient of the tractor rolling friction £, - 0.18

— a rut is formed, soil compaction occurs, the
growth and development of plants deteriorate. For
the 4WD tractors, the maximum slipping is 16%
(Guskov et al, 1988). This is the least desirable
operating condition for the tillage implement due
to high slipping power losses. The use of the most
unfavorable initial conditions in the mathematical
model will ensure the operability of the developed
tillage implement in the most difficult operating
conditions.

The coefficient of the tractor rolling friction was
obtained in accordance with (Guskov et al., 1988).

To determine the optimal working width of the
tillage implement, the values of W, determined in
accordance with formula (12) and corresponding
travel speed will be presented in tabular form.
We determine the value of drawbar pull, which
the tractor can develop at the given travel speed
according to formulas (7) and (11), and also we
determine the required operating mass of the
tractor according to equation (15). Knowing the
values of W, and V, according to formula (1), we
determine the field capacity of the tillage implement.
The values of Q,, determined in accordance with
formula (17) will also be listed in the table.

The movement of the tillage implement with
the considered working width and travel speed

can be provided when, firstly, the drawbar pull is
greater than the draft resistance created by the
implement, according to formula (6), and secondly,
the calculated value of the operating mass of the
tractor does not exceed the actual one. Taking into
account these limitations, the working width of
the implement and corresponding travel speed are
selected to provide maximum working capacity and
minimum fuel consumption per hectare.

Methodology of the Experimental Studies

To establish the validity of the developed theoretical
model for determining the working width of the tillage
implement, the field research tests were conducted on
the experimental prototype. The general view of the
experimental prototype is presented in Fig. 1.

The structural and technological configuration of
operating parts, parameters of the loosening and
pressing operating tools were determined as a result
of previously conducted research (Derepaskin et al.,
2017; Kuvaev and Derepaskin, 2018).

To characterize the cultivated soil layer during the
period of the research tests, the values of moisture,
density, and hardness of the treated soil layer were
determined. The measurements were performed
in accordance with GOST 20915-2011. The main

fi

1: General view of the prototype model of the tillage implement
1 - main frame; 2 — side frame; 3 — support wheel; 4 — support and
transport wheel; 5 — coulter disc; 6 — subsurface sweep tillage tool;

7 — press wheel
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III: Technical characteristics of the prototype model of the
tillage implement

Index Index value
Mounting method trailing
Working travel speed, m/s 2.0-2.8
Tilling depth, m 0.15-0.30
Working width, m 5.6-6.3
Number of tillage tools 7-9

Mass of the implement, kg no more than 3800

technical characteristics of the prototype model of
the tillage implement are presented in Tab. III.

The plan for conducting experimental studies
to clarify the working width of the agricultural
implements is presented in Tab. IV.

The change in the working width of the
experimental model occurs due to the change in the
number of tillage tools.

As a power unit, the «Kirovets» K-744R2 tractor
with an effective engine power of N, = 257-260kW
was used.

Draft resistance was determined by direct
measurement using the device DIN-1U (manufactured
by Interpribor, Russian Federation), shown in Fig. 2.

Fuel consumption was measured by a discrete
fuel flowmeter IP-197 with a volumetric piston-type
dosing mechanism (manufactured by KubNIITIM,
Russian Federation). Measurement of speed and
slipping of the tractor wheels was made by two

IV: Experimental research plan

impulse 8-cam sensors of wheel rotation. The signals
received from the fuel flowmeter and pulse wheel
rotation sensors were processed by information-
measuring system [P-238 (manufactured by
KubNIITIM, Russian Federation). The view of these
devices is shown in Fig. 3 (connection wires or
hoses are not represented in the figure).

Draft resistance, fuel consumption, and travel
speed were determined in accordance with GOST R
52777-2007.

3: General view of the electronic measuring system designed
to measure fuel consumption and travel speed

1 - digital metering system IP-238; 2 — electronic discrete
signal conversion unit of the fuel flowmeter; 3 - fuel flow
sensor; 4 — impulse wheel sensor

Variable parameter Variation limit

Evaluation criterion

Working width of the implement 4.2;49;56;6.3

Working travel speed 2.0;2.2;2.5;2.8

o draft resistance, kKN
« working capacity, ha/h
« specific fuel consumption per hectare, kg/ha

a)

2: Device DIN-1U

b)

1 - force-measuring sensor (strain gauge); 2 — force-transmitting devices; 3 — shielded wire; 4 — electronic unit; 5 — traction
coupling device of the experimental model; 6 — tractor mounted system
a) general view of the device; b) view of the device installed between the tractor-mounted system and the traction

coupling device of the experimental model
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RESULTS AND DISCUSSION

Results of the Theoretical Studies

The working width of the tillage implement was
determined in accordance with the methodology
of the theoretical studies. The results of the
calculations are presented in Fig. 4.

An analysis of the obtained dependence allows
us to conclude that, with a constant power of the
tractor, an increase in the travel speed and the
tilling depth leads to a decrease in the working
width due to increased draft resistance.

In Northern Kazakhstan, the maximum depth of the
deep tillage typically does not exceed 0.25m. Let us
consider this condition as the most unfavorable and
examine the implement's work in more detail (Fig. 5).

According to Fig. 5, at a constant tilling depth of
a = 0.25 m, at the agronomically acceptable speed
range of V = 2.0-2.8m/s for the engine power

working width of the implement (W, m)

of N, = 260kW, the working width range at the
considered speeds will be = 3.7-5.6 m.

We use the obtained data to determine the
optimal value of the working width of the tillage
implement in accordance with the methodology of
the theoretical studies. Since the working width of
a single tillage tool is 0.7 m, the working width of
the tillage implement should be a multiple of the
working width of the single tillage tool.

The results of the calculations are shown in Fig. 6.

The intersection points of the curves P, and R,
characterize the speed mode, which ensures the
maximum use of the traction capabilities of the
power unit, coupled with the tillage implement
under consideration (respectively for each W,
value). The intersection of the vertical line drawn
from these points with the M, (calculated) curve
characterizes the required tractor mass to achieve
the obtained traction force.

4: The relationship between the working width Wi of the tillage implement, tilling depth a and travel speed V

(at Ne = 260 kW)

5: Therelationship between the working width Wi of the tillage implement
and the travel speed V (at a = 0.25m and Ne = 260 kW)
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6: Effect of travel speed (V, m/s) and working width (Wi, m) of the tillage
implement on the draft resistance (Rd, kN) of the tillage implement. Effect of travel
speed (V, m/s) on drawbar pull (Pdb, kN) of the power unit and required operating

mass (Mop, calculated, kg).

V: Results of the theoretical studies on the substantiation of the working width of the tillage implement

W, (m) V (m/s) R, (KN) P, (KN) M, (kg.10%) C, (ha/h) Q,, kg/ha)
4.2 2.5 66.53 67.81 13.24 3.81 14.37
4.9 2.2 7541 75.96 14.83 3.97 13.79
5.6 2.0 84.10 85.45 16.69 4.07 1345

There are three intersection points of P, and R,
curves in the 2.0-2.8 m/s speed range. The values of
W,V P,,R,and M, corresponding to these points,
as well as C, and Q,, values, calculated according to
formulas (1) and (17) are presented in Tab. V.

An analysis of the results shows that in the
conditions under consideration, maximum working
capacity with minimum specific fuel consumption
is provided at W, = 49-5.6m and V = 2.0-2.3m/s.
At this speed, the drawbar pull is strong enough
to overcome the draft resistance produced by
the implement (P, = 75.96kN, R, = 75.41KkN,
and P, = 8545KkN, R, = 84.10kN respectively at
V=2.2m/sand V =2.0m/s), and the calculated value
of the operating mass required to create the traction
force does not exceed the actual one.

VI: Moisture, hardness and density of soil layers

Thus, based on the theoretical studies carried
out to substantiate the working width of the tillage
implement for the «Kirovets» K-744R2 tractor with
the maximum operating mass of M, = 17,000kg
and effective engine power of N, = 257kW, it was
revealed that the optimum working width should be
W, =49-5.6m at the travel speed of V = 2.2-2.0m/s
respectively.

The reliability of the results of the theoretical
studies was verified during experimental studies.

Results of the Experimental Studies

Experimental studies of the prototype model of the
tillage implement were carried out in JSC «Zarya»
of the Mendykarinsky district, Kostanay region,
Republic of Kazakhstan, in grain crop stubble field.
The soil type is classified as black earth (chernozem)

Indicator
Soil layer, m
Moisture (%) Hardness (MPa) Density (kg/m?)

0-0.05 14.10 1.10 1100
0.05-0.10 14.50 3.00 1200
0.10-0.15 16.60 4.70 1300
0.15-0.20 20.40 5.50 1300
0.20-0.25 18.90 6.10 1400
0.25-0.30 17.60 7.10 1400
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7: Experimental model of the tillage implement aggregated with the tractor

«Kirovets» K-744P2

VIL: Results of the experimental studies on the substantiation of the working width of the tillage implement

W, (m) V (m/s) R, (kN) C, (ha/h) Q,, (kg/ha)
2.0 63.0 2.9 18.8
4.2 2.2 64.7 34 17.2
2.5 67.1 3.8 14.6
2.0 70.1 3.4 15.8
4.9
2.2 74.8 B 141
5.6 2.0 83.2 4.0 13.7
6.3 1.5 90.5 34 17.9

and by its mechanical composition as loam. The
condition of the soil layer during the studies was
characterized by the following indicators given in
Tab. VL

The specific tractive resistance of the soil in the
cultivated area was 38 kN/m?

The view of the experimental model of the tillage
implement aggregated with the tractor «Kirovets»
K-744P2 is presented in Fig. 7.

Experimental studies were carried out in
accordance with the research methodology. The
results of experimental studies are presented in
Tab. VII.

Traction capabilities and operating mass of the
tractor made it possible to overcome the draft
resistance created by the implement with the
working widths of W, = 42m (max V = 2.5m/s),
W, =49m (max V = 2.2m/s) and W, = 5.6 m (max
V =2.0m/s). In doing so, the engine crankshaft speed
corresponded to the nominal speed (1900 rpm), and

the value of slipping did not exceed the limit value.
A further increase in speed was not possible due to
increased slipping of the tractor's driving wheels by
more than 16% and a drop in the engine crankshaft
speed below nominal. For the same reason, it was
not possible to provide steady movement of the
tractor at W, = 6.3m.

The data obtained during the experimental
studies are comparable with the results of the
theoretical studies, which indicates the reliability of
the developed mathematical model for determining
the working width of the tillage implement.

Summarizing the information presented above,
it can be concluded that with the tractor under
consideration, the optimum working width of the
implement should be W, = 4.9-5.6m at the travel
speed of V = 2.2-2.0m/s respectively. This ensures
the capacity of C, = 3.9-4.0ha/h with the fuel
consumption per hectare of Q, = 13.7-14.1kg/ha.

CONCLUSION
An analysis of the scientific literature showed that the existing method for determining the working
width of tillage implements is based on comparing the draft resistance created by the implement
(at different working widths) with the traction capabilities of a particular tractor, obtained by an
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experimental (traction characteristic of a tractor) or calculated way. The traction characteristic
of a tractor provides sufficient accuracy to determine the optimum working width of the tillage
implement. However, very often such information is not included in the publicly available tractor
specifications. The available methods do not take into account the operating mass of the tractor when
determining the traction capabilities of the tractor. As a result, the calculated value for the tractor's
traction force may be overestimated.

During the theoretical studies, a mathematical model for determining the optimum working width
of the tillage implement to the tractor under consideration was developed, which took into account
its mass, travel speed and the draft resistance it creates, the physical and mechanical characteristics
of the soil, as well as the traction capabilities of the tractor. The optimization criteria for selecting
the optimum working width were the working capacity and specific fuel consumption per hectare.
The proposed mathematical model can be used to substantiate the structural parameters of the tillage
implements, specifically to determine its working width.

The data obtained during the experimental studies were confirmed during the field experiment,
which indicates the reliability of the developed mathematical model for determining the working
width of the agricultural implement.

It was found that with the considered tractor with an engine power of 257 kW and an operating mass
of 17,000kg, the optimum working width of the implement at the tilling depth of 0.25m should be
4.9-5.6 m at the travel speed of 2.2-2.0m/s respectively. This provides the capacity of 3.9-4.0ha/h,
with the fuel consumption of 13.7-14.1 kg/ha.
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