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Abstract. The productivity of technological processes in agriculture is
determined by the set of transport and technological means used. The
article describes the models for the unification of shift performance, taking
into account a wide range of agricultural cargoes and a large number of
works on their movement in the process of cultivation and harvesting of
agricultural crops. A step-by-step modeling of scenarios for the use of
transport and technological means was carried out on the basis of the
optimality criterion and forecasting the period of agricultural work. They
confirmed that the objective function is of theoretical and practical interest,
as it helps to determine the optimal values of the power of technical means,
depending on the combination of production conditions. The numerical
value of power obtained by calculation can serve as a guide for
manufacturers of agricultural machinery in the development of promising
vehicles for a specific consumer, depending on the availability of resources
and production and economic conditions.

1 Introduction

In agricultural production, during cultivation and harvesting, it is customary to distinguish
transport and technological processes with appropriate methods for standardizing work. The
peculiarity of the processes lies in the sequential execution of cyclic operations that ensure
the transportation of technological material to the point of destination - directly or with its
preliminary collection (subsequent distribution) on the field [1]. The implementation of
technological processes for the cultivation of agricultural crops requires the use of modern,
promising technical means of mechanizing individual stages of the production cycle.
Today, there is a tendency in the modernization of agricultural machines, as well as the
formation of concepts for new types of equipment, and as a result, design with subsequent
elements of release into production [2]. Along with this, research is underway in the field of
changing energy sources, power plants, for example, a tractor with an electric motor. For
the operation of technical means, in the implementation of mechanized work related to the
production of crop products that meet the criteria of optimality, mathematical modeling of
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production processes is required, taking into account a systematic approach [3,4]. For this
purpose, precise numerical values of the operational parameters of transport and transport-
technological units are required, to determine them and conduct an operational and
technological assessment, which carries additional time and material costs. In this regard,
the purpose of the study is the development, modeling of the operational performance of
transport (TS), transport, and technological means (TTS) in the implementation of
mechanized work in crop production.

2 Materials and Methods

We used a systematic approach to the optimization technique. In accordance with the
principle of unification of calculations by excluding conversion factors of different
dimensions of the expression for determining the performance of energy resources:

W, =QV,-z/L,

W, =QV, -7/ L,

where Wr¢ — vehicle capacity, t / h, Wrrc — productivity of transport and technological
means, t / h, Q — cargo capacity, t, V- — speed of movement on the road with a load, km/h,
T — shift working time utilization rate, Lr — distance of transportation of cargo or process
material, km, p — a coefficient that allows you to adjust the "clean transport” performance
taking into account the additional phase of work — " clean work in the field».

The relationship between the productivity of the transport-technological process and the
purely transport process, expressed in terms of the correction factor |, is as follows:

Wore =Wy

In the absence of a field phase in the operation of the transport and technological means,
K = 1. Therefore, the technological means performs the functionality of only the vehicle,
which provides the basis for determining the unified (for these types of energy means)
formula:

W=Q-VF-T-,u/LF

In the course of studying the optimization of the performance of mechanized work, a
generalized parameter is usually chosen as a criterion — the engine power of an energy
vehicle. At the same time, the optimal values of this indicator are determined, which
correspond to specific combinations of production and agricultural landscape conditions.
However, the transport and transport-technological process is always caused by a
combination of the values Q and V G, on which the energy characteristic of transport,
namely the power of the power plant, depends. A priori, these values affect the stages of
vehicle design. At the same time, the combined combination of production and agricultural
landscape conditions has a wide range, so there is no optimal TS and TTS in different
conditions.

To determine the optimal power and parameters of the mobile power means, it is
necessary to determine the nature of the influence of the values Q and V... Moreover, it is
impossible to determine the influence of each of them, since they are interconnected as
elements of the power balance. We suggest expressing their product from the power
balance, taking into account the movement of a car or tractor on the road in the form:
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RV N-&
QVr g-f -(1+5e—+—5,7 +';'q )/(77M 75 )

where N — engine power of the power vehicle, kW, SN - power utilization factor, g —
acceleration of free fall, m?/s, f — coefficient of resistance to movement (including lifting),
®»% — the mass ratio, respectively, of the power machine M, the trailer M, and cargo
in an additional trailer Q, to the nominal cargo capacity Q of the main capacity (body), N«
N — coefficients that take into account power loss in the transmission and wheel slip. We
made changes to the equation. The denominator in the formula characterizes the specific
energy consumption per unit of cargo displacement P,. For the same type of vehicles of
different capacities, we get:

Py =g f(1+8,+5,+5, )/nM-nd L&y H/kr

where Py — specific energy consumption per unit of cargo movement, N / kg. With this
in mind, the formula is converted to the following form:

we N#
Pu-Lr

This expression allows you to determine the performance of both transport and process
units.

3 Results and Discussion

The given mathematical calculations made it possible to determine the operational
performance as a function of the characteristics of the external conditions of the process
and the power of the technical means. Taking into account the Cob correction factor for
local conditions, the expression of the objective function W is written as the optimization
objective function:

N-u

Py-L,

We illustrate the calculated stages of determining the operational performance
indicators using the algorithm for the vehicle and TTS in the implementation of mechanized

works related to the transportation of agricultural goods, technological material, as well as
in the collection and distribution processes (Fig. 1).
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Fig. 1. Unified performance detection algorithm
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These aspects of the mathematical model allow us to determine the formula of
operational performance as a function of the characteristics of the external conditions of the
process and the power of the technical means. Taking into account the correction factor of
the Cob for local conditions, we get:

w :M(h—dN ) Kog
PN

where K,s — correction factor, h-coefficient characterizing the loss of shift time,
depending on the engine power, d — coefficient characterizing the loss of shift time,
independent of the engine power. Using the performance formula as an objective function
(criterion W — max), the differentiation method can be used to derive an expression for
determining the optimal power Ny. The block diagram of the algorithm for calculating the
performance indicators of mabile vehicles and vehicles is shown in Figure 2.
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Fig. 2. Block diagram of the algorithm for calculating the performance indicators TS and TTS

The subsequent stage of modeling is characterized by the definition and transformation
of the expanded expression of the shift time balance:

Tem =Tnc+Tro+T30+Toc+Txr +Txp+THo

As a result, we obtain an expression of the shift time utilization coefficient t, which is
functionally dependent on the generalized parameter N in the form of a descending straight
line = = h-dN. The coefficients in the formula are represented by the following algebraic
relations between numbers and quantities:

h=1_ e Ttep Hlop Hlroc (tXFC +0c +tHOC) n

TCM
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Each of the coefficients — a parameter of the use of funds, characterizes the relative
weighted average loss of shift time.

Based on the obtained data, a program was developed for determining the coefficients
of shift time utilization, with the help of which the value of operational productivity is
further determined, in accordance with Figure 3.
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Fig. 3. Values of shift time utilization factors

As a result of the implementation of a more convenient algorithm for calculating and
converting the mathematical apparatus, the output values for wvehicles during the
transportation of mineral fertilizers to the place of their application were obtained.

Car Ural-432065 with a dump truck. The shift time utilization factor was 0,24. Taking
into account the value of t, the operating capacity of 9,1 t/h was calculated. MTZ-82.1
tractor with 2 PTS-6 trailer. The shift time utilization rate was 0,37. The operating capacity
is 6,3 t/h.

We will determine the operational performance for transport and technological means
when applying mineral fertilizers using direct-flow technology. Ural-432065 car with
Amazone spreader. The time utilization factor is 0.52. Taking into account the obtained
value, the operating capacity of 5.5 t/h is found. MTZ-82,1 tractor with a RUM-6 spreader.
The shift time utilization factor is 0,49. The operating capacity is 3,9 t/h.

4 Conclusions

As a result of the conducted research, the acceptability of the formula describing the linear
dependence of the operational performance of technical means on their power is proved.
For new or projected vehicles, in the absence of their operational and technological
assessment, the production rate can be determined with sufficient confidence by extra - and
interpolation or approximation methods based on their calculated performance. Sufficient
reliability is confirmed by the correspondence when comparing the obtained calculated
values of operational indicators with reference data. As a result of the comparison, it was
determined that when performing tractor-transport operations, namely, the delivery of
mineral fertilizers (class | cargo) to storage facilities, the operational productivity is 5.84 t /



E3S Web of Conferences 285, 07027 (2021) https://doi.org/10.1051/e3sconf/202128507027
ABR 2021

h, the obtained theoretical value is 6.3 t/h. In this case, their discrepancy will be 4.2%,
which is acceptable for engineering calculations.
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