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Abstract. The article analyzes the experimental resultgatibning fuel consumption over the
treated area, and using satellite-based monitafngperating time. The most optimal modes have
been identified for controlling fuel use at agricwhl enterprises.

AHAJIN3 PACXOJA TOIIJNIMBA MAIIMHHO-TPAKTOPHBIMHU
AT'PETATAMHU
Tagpypoe U J]., 3unnamynnun B.B. Aoopazaxoe @.I'., Kaoupoes A.

KntoueBble c10Ba: n3esbHBIN JBUTATENb, PACXO/ TOIUINBA, MOHUTOPUHT, BPMS paOOTEHI.
AHHoTanus. B cratbe mpoaHamM3upOBaHBI PE3yIbTATHl HKCIEPUMEHTOB HOPMHPOBAHMIO Pacxona
ToIUIMBa MO 00paboTaHHOH IUIOMmIaAM, a MO CPEACTBAM CIYTHHKOBOIO MOHHMTOPHHIA BpPEMEHH
paboTsl. BrisiBiieHbI HanboJee ONTHMANIBHBIE PEKUMBI, Il KOHTPOJISI HCIOJIb30BaHUsI TOIIMBA Ha
npeanpustusx AITK.

Fuel costs during the operation of machine-tragtots (MTA) are 30 ... 40%
of all operating costs. Therefore, in recent yeagsicultural enterprises have been
paying increasing attention to the issues of cdimgpMTA fuel consumption. In
particular, satellite monitoring systems are widektyoduced that allow monitoring
in various ways: connecting to a standard analefl&evel sensor, connecting to a
CAN bus, installing a fuel level sensor in a taimstalling a flow meter for fuel on
an engine.

Each of these methods has drawbacks [2], whichad@liow to completely
exclude cases of wasteful use of fuel, includingftthTherefore, often along with
the means of operational technical control, enteepr are guided by the fuel
consumption rate (NRT). Moreover, in some casesl BRhe only way to control.

It should be noted, however, that the use of ctilas of typical fuel
consumption rates for these purposes is not epmaieptable: firstly, the norms of
per hectare fuel consumption have a significardgrgup to 60%) [3], and secondly,
for a huge number of modern MTAs NRT are absent.

In this regard, we proposed to normalize fuel comstion not according to
the treated area, but according to the unit opegaime determined by means of
satellite monitoring in various modes [1]. It wadsown that this technique gives
good results in relation to harvesting equipmept [1

For a preliminary assessment of the appropriateakssing this technique
for rationing fuel consumption by tractor units,permental studies were carried
out, the results of which are given below.

A satellite monitoring controller and a digital fuevel sensor were installed
on the T-150K tractor. This made it possible teed®mine the driving time, mileage
and fuel consumption in two operating modes ofuthigs: 1) main work and turns;
2) moving.

Table 1 shows the MTA in the first of these modes.
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Tab. 1. Indicators of machine-tractor units atrfan work and turns

Ne o . Averagg The Fuel consumption
Conditional | Duration of per
Measure field numben work, h speed, | treated total, || hectare hourly
ment ' km/h |area, hT ' |/ ha ,1/h
T-150K+ BDM-3x4 (operation - stubble disking, working whd3.2 m)

1 2,07 10,60| 5,38] 55,9110,72 | 27,06
2 1 8,07 11,60| 23,02 234,2310,35 | 29,04
3 2,87 11,30( 7,70| 82,96 10,86 | 28,94
4 4,97 11,90| 13,74 142,1210,52 | 28,61
5 4,33 11,30f 12,64 120,y19,69 | 27,86
6 2 1,88 12,00 5,34| 49,60 9,29 | 26,34
7 1,93 11,80 6,24| 57,15 9,18 | 29,56
8 0,73 11,90 2,08| 19,4p 9,38 | 26,52
9 0,93 12,00f 3,55 25,60 7,32 | 27,43
10 1,83 12,00{ 6,09 57,859,54 | 31,56
11 2,80 12,10/ 7,86/ 83,4311,11 | 29,80
12 3 1,83 12,10 5,82 54,50 9,36 | 29,73
13 1,05 12,20 3,87 28,357,34 | 27,00
14 2,02 12,00{ 6,89 61,61 9,06 | 30,55
15 3,10 11,90 9,25| 90,3R 10,03 | 29,14
The average value of the operatign 12,04 - - 9/129,31
The coefficient of variation, 412,34 | 5,24

T-150K+ 4SKP-2,1 (operation - sowing, working width 8.2 m
16 1,33 9,50 6,86| 32,85 4,80 | 24,64
17 1,21 9,70 6,89| 35,80 5,20 | 29,59
18 3 1,13 9,90 7,57 32,10 4,24 | 28,41
19 1,27 9,90 8,34| 34,60 4,21 | 27,32
20 1,27 10,50 7,53| 34,90 4,63 | 27,48
21 0,98 11,00, 7,46/ 30,60 4,16 | 31,12
22 4 0,90 10,20| 6,24 28,30 4,54 | 31,44
23 1,92 10,40 14,54 53,80 3,70 | 28,07
24 3,63 10,60 27,66 107,613,94 | 29,62
25 0,98 10,40 7,87| 27,81 3,65 | 28,28
The average value of the operatign 10,p1 3 - 4,318,6(

The coefficient of variation, % 11,39 6,94
T-150K+ PLN-5-35 (operation - plowing, working width 1.#H

26 1,63 12,00f 2,86 44,8015,70| 27,43
27 2,82 11,80 4,92 80,7016,42 | 28,65
28 5 3,57 11,90/ 8,03 96,2612,17 | 26,99
29 1,88 11,90 3,31 55,4016,74 | 29,42
30 3,07 11,60 5,06| 86,4p17,11 | 28,19
The average value of the operatign 11,84 - - 6.3,28,14
The coefficient of variation, % 15,00 | 3,43

The average value for all operations - 28,53

Coefficient of variation for all operations, |% - 5,57
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As can be seen from table 1, the hourly fuel conqiom on the move with
turns in different conditions (in different fieldsjth different composition of the unit
and the type of work performed) varies in a reld{ivnarrow range - from 24.64 to
31.56 I / h, therefore when using its average valu28.53 | / h as a standard, the
average error will not exceed 1.6 | / h. If we assuhat during the 7-hour shift the
unit's main operation time is 5 hours, then thermrem predicting fuel consumption
when working in the field will be 1.6 * 5 = 8 litgrwhich is quite acceptable.

Per hectare fuel consumption, even with the sarttmge of the agricultural
machine, varies over a wide range:

- on disking - 7.32 to 10.86 | / ha;

- at sowing - from 3.65 t0 5.20 1 / ha;

- on plowing (on one field) - from 12.17 to 17, [/1ha.

This once again testifies to the fact that sigaific errors are possible in
setting consumption rates per hectare.

In addition to the standard for hourly fuel constimmp at the main job, when
implementing our methodology, a consumption stashdar MTA crossings is
necessary. Table 2 shows the relevant indicatorhéobject of study.

Tab. 2. MTA indicators based on the T-150K at lesreksings

(O] .
g Fuel consumption
Speed | S | by ation of Mileage,| AAVerage
range, km § work, h km speed, km ||| Per 100| hourly, |
h — LU I e
P
1 0,48 8,20 16,97 8,600 104,88 17,79
5 0,30 5,40 18,00 5,20 96,30 17,33
3 0,15 2,80 18,67 2,70 96,483 18,00
19-21 73 0,13 2,50 18,75| 2,40 96,00 18,00
5 0,15 3,00 20,00 3,100 103,33 20,67
6 0,20 4,30 21,50 3,30 76,74 16,50
Average 18,98 95,61 18,05
The coefficient of variation, % 10,49 7,77
7 7 10,80 22,34 9,70 89,81 20,07
2924 8 8 6,80 31,38 4,80 70,59 22,156
9 9 5,60 24,00 4,90 87,50 21,00
10 10 4.60 19,71 5,300 115,22 22,71
Average 25,03 91,10 21,96
The coefficient of variation, % 20,21 5,39
11 0,15 3,70 24,67 3,70 100,00 24,47
o5 97 13 0,23 4,90 21,00 6,10 124,49 26,14
12 0,18 4,70 25,64 4,50 95,74 24,55
14 0,33 10,90 32,70 8,10 74,31 24,30
Average 26,00 98,64 24,91
The coefficient of variation, % 20,86 3,35
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15 0,15 3,70 24,67 470 127,03 31,33
16 0,27 7,50 28,13 7,90 105,33 29,63
17 0,12 3,30 28,29 3,50 106,06 30,00
28-30 18 0,17 5,80 34,80 4,90 84,48 29,40
19 0,50 14,40 28,80 14,10 97,92 28,20
20 0,12 3,40 29,14 3,40 100,00 29,14
21 0,10 3,10 31,00 2,90 93,56 29,00
Average 29,26 102,06 29,53
The coefficient of variation, % 12,98 3,30

As can be seen from table 2, the hourly flow radeies slightly, and the
coefficient of variation does not exceed 7.8%, wipibkilometer consumption has a
variation of up to 20.9%.

Fuel consumption at level crossings significantgpends on the speed of
movement (Figure 1). When normalizing the flow rate the basis of satellite
monitoring data and hourly standards, this fact banused to reduce the error,
whereas in the traditional standardization basedhectare and kilometer-wide
standards, the unit speed is unknown and cannasdxtto refine the calculations.
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Fig. 1 Dependence of fuel consumption at levelsirgs on speed

Findings.

1. It is confirmed that control of fuel consumptibg tractor units based on
hectare norms at the main work and kilometer-highms at level crossings leads
to significant errors.

2. Rationing on the basis of hourly fuel consumptstandards for the main
work, moving, as well as satellite monitoring datathe operating time of tractors
(units) in these modes is one of the reliable tdols monitoring fuel use in
agricultural enterprises.
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