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Abstract. Cargo is transported not only on the roads but also at various field conditions. Tractors with trailers
are mostly used on the field conditions. The tractor is loaded drawbar pull more when transporting a bigger
cargo. On drawbar pull not only slippage of the tractor depends, but also vertical loads of the driving wheels of
the tractor. It is recommended to decrease the inflation pressure in the tires in order to reduce slippage. The
energy losses due to slippage can be significantly reduced by selecting the optimal inflation pressure in the tires.
In order to properly select tractor trailers aggregates and choose 2WD or 4WD driving mode of the tractor
suitable for the field conditions it is very important to predict the slippage value in advance. In such a case,
traction ratio is usually used to predict slippage. The paper deals with the influence of the inflation pressure of
the driving wheels on the traction ratio of the tractor. The drawbar pull influence of the vertical loads of the
driving wheels of the tractor is analyzed. Also the slippage dependencies between the drawbar pull of the tractor
and the traction ratio, when driving with 2WD and 4WD modes at various different inflation pressures in the
tires, are presented.
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Introduction

Wheeled tractors are used for a whole year in agriculture. There are three groups of operation
modes of the tractor by specification of operations: operations on the fields, when the tractor is loaded
by a big drawbar pull (ploughing, cultivation, sowing and etc.); operations at a big friction efficiency
in high speed (transport operations); operations with the tractor when the driving wheels are loaded
unproportionaly on the driving axles (operations with front loader and etc.) [1; 2].

There is currently deteriorating ecological situation associated with mineral fuel consumption in
the world nowadays. Therefore, in 2011 the United States provided minimal requirements relating to
the tractor efficiency increasing in transport operations, which have already come into force in
2017 [3].

Slippage of the tractor is one of the main energy-economic indicators of compounding tractors
with aggregates. It is one of the main indicators performing the tire road surface interaction [4-7].
Slippage depends on the drawbar pull. It is researched, that with the increase of slippage the drawbar
pull also increases. The maximal drawbar pull can be developed on 15-20 % slippage [4-8]. But due
to the negative impact of slippage on the soil surface maximum slippage of wheeled tractor can be
limited to 15 % [4]. The recommended value of slippage must be taken into account to compounding
tractor aggregates. For example, on plowing operations the recommended value of slippage must be
approximately 8-12 % [4; 5]. If the slippage is oversized or too low, energy waste increases.

The exploitation period of the tire, economical effect, and drawbar pull of the tractor depend on
the air pressure in the tires. The air pressure in the tires must be increased on the road. The air pressure
in the tires must be about 1.4-1.6 bar on the road in higher speed [9]. However, in the field conditions,
as the softer surface of the road, the inflation pressure in the tires should be reduced, thus reduced
slippage of the tractor and increased operating economy.

Scientists recommend decreasing the air pressure in tires to reduce slippage [9-15]. The tire
customizers are developing tires as low pressure as possible in using. In addition, there are more
popular inflation pressure changing systems in agriculture nowadays. Choosing the inflation pressure
the recommended slippage values vertical loads of the driving wheel and the working speed in
agricultural operations should be taken into account.

Before selecting the number of units and driven axles of field work, it is necessary to predict the
tractor slippage. Traction ratio is used to predict slippage of the tractor [16; 17]. However, the
mathematical expression of the traction ratio underestimate the air pressure in the tires. Tyre pressure
has a significant influence on the tractor slippage.
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Dealing with the drive wheel slippage adjustment possibilities and reaching optimal ecological-
economic results at the same time it is needed to know the traction ratio dependencies on the inflation
pressure in the tires, vertical load of the tires and drawbar pull developed on different soils type. Road
surface physical and mechanical properties of the transport operation are always different, because the
same cargo is transported from the field on the road and conversely, so the slippage dependencies need
to be found experimentally.

Materials and methods

Dry stubble was selected (hardness in 5 cm depth was 0.40 MPa, soil moisture in 5 cm depth was
14 %) for investigations. For slippage dependency on drawbar pull tests at different inflation
pressures in the tires of the tractor, the tractor “Case Farmall 115U was used. The investigations were
performed with turn off front driving wheels and blocked rear differential. Tractor drawbar pull was
performed by pulling tractors “Zetor 10540” and “MTZ 82”, which were connected on rigid link 80
cm above road surface. There was fitted a drawbar pull measurement sensor.

The main technical data of the tractors used in the experiments are shown in Table 1.

Table 1
Technical data of tractors

Technical data Caself Saéma“ Zetor 10540 | MTZ 82
Rated engine power, kW 83 78.3 58,82
Weight of the tractor, kg 4250 4336 3420
Wheelbase, mm 2350 2380 2450

. Michelin Multibib
Front tires 340/65R24 16.9 — 14 R38 16.9R38

. Michelin Multibib
Rear tires 540/65R34 12.4-28 TZ19 15.5R30
Weight of the front axle, kg 1990 1848 1221
Weight of the rear axle, kg 2260 2488 2449

During the investigations the distance was measured, which the rear wheels of the tractor drove in
10 revolutions during the experiments. Laser rangefinder Bosch PLR 50 was used to measure the
distance. Measurement precision is 2 mm.

The coefficient of slippage of the tractor rear wheels during exploitation with 2WD driving
wheels was calculated by equation:
52575 _ Saxa(F) T Saxa(k=0) ‘ 0
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where s;, — the theoretical distance of the rear wheel travelling during 10 revolutions
accordingly;
s, — the actual distance of the rear wheel travel during 10 revolutions.

The coefficient of slippage of the tractor during exploitation with 4WD driving wheels was
calculated by equation:
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The theoretical distance s, was determined according to the American Society of Agricultural
Engineers (ASAE) standard S296.2 as the distance travelled per revolution of the wheel when
operating at the specified zero condition; s,z — the distance, which drives the rear wheels in 10 rates
when the tractor was loaded drawbar pull with 2WD driving wheels; sy — the distance, which
drives the rear wheels in 10 rates when the tractor was loaded drawbar pull with 4WD driving wheels.

The traction ratio was calculated by the next equation:
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where F, — the drawbar pull of the tractor;
G, — the vertical load of the driving wheels of the tractor.

Traction ratio is calculated by using rear wheel vertical load when the tractor drives with 4X2
driving wheels, traction ratio is calculated by using all vertical load of the tractor when the tractor
drives with 4X4 driving wheels.

All investigations were performed on soil preparing for sowing and stubble, driving on the third
diapason and second gear, on 1400 rpm engine speed with blocked rear differential.

The inflation pressures in the front and rear tires of the tractor were changed during the
investigations. Pressures were selected respectively 80, 120, 140, 160, 200, 240 kPa for the
investigations.

Vertical load of the wheels was determined on a flat area on the electronic axle weigher WPD-2.
The tractor “Case Farmall 115 U” was affected on different loads of the drawbar pull. The
measurement precision is 2 kg.

In order to obtain greater reliability and precision of the results, the tests were repeated three
times.

Results and discussion

It is known that drawbar pull has influence on the vertical load of the driving wheels of the
tractor.The results of the tractor “Case Farmall 115 U” vertical load on the rear wheel of the traction
force are shown in Figure 1. The vertical load increases in proportion to the biggest load on the
drawbar pull. Vertical load increases in proportion to the largest load on the drawbar pull by
regression equation from Fig. 1:

G, =0.513F, +26.452, 4

where G, —vertical load of the rear driving wheel;
F, — drawbar pull.

38 | |
G, = 0,5131F, + 26,452 r

R*=0.999 s

28
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Fig. 1. Tractor “Case Farmall 115U"" vertical load of rear wheels G,
dependency on drawbar pull F,

Increasing the load (drawbar pull) of the tractor, the rear wheel vertical load increases
proportionally. When the tractor is loaded 6.2 kN of drawbar pull, the vertical rear wheel load was
29.7 kN, and at 22.3 kN of drawbar pull, vertical load was 37.8 kN respectively (Fig. 1).
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Tractor slippage depends on the drawbar pull. Slippage of the tractor “Case Farmall 115U
dependencies on drawbar pull are shown at different inflation pressure in the tractor tires during
exploitation on stubble with 4X2 driving wheels in Fig. 2. The inflation pressure in the rear tires
during the investigations was 80; 120; 160; 200; 240 kPa. Tractor slippage also depends on the weight
distribution (weight transfer effect) to the driving wheels; therefore, the vertical load dependence on
drawbar pull is shown in the same graph.
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Fig. 2. Slippage of rear driving wheel dependence on drawbar pull driving with the tractor
“Case Farmall 115U” 4X2 driving wheels on stubble at different inflation pressure in tires: 80;
120; 160; 200; 240 kPa. Vertical load of rear wheels G, dependence on drawbar pull F,

As shown in Figure 2, when the tractor loaded on a low drawbar pull (F; < 15 kN) slippage of the
tractor less depends on the inflation pressure in the driving wheels. At 80 kPa of inflation pressure,
maximal slippage of the tractor is equal to 5.8 %, and by increasing the inflation pressure from 80 to
240 kPa, slippage of the tractor increases to 9 %. When the tractor is loaded 15 kN of drawbar pull,
slippage of the tractor is equal 12.2 and 5.2 %, when the pressure in the rear tires is 240 and 180 kPa,
respectively. And when the tractor is loaded 20 kN drawbar pull, slippage increases to 34.5 % when
the pressure in the rear tires is 240 kPa and 12.2 %, when the pressure in the rear tires is 80 kPa.

At 15 kN drawbar pull the tractor slips 26 % less, when the inflation pressure is reduced from 240
to 80 kPa respectively. In higher loads, when the drabar pull is equal 20 kN, the tractor slips 56 % less,
reducing the inflation pressure in the driving wheels from 240 to 80 kPa driving with the tractor 4X2
driving wheels in stubble.

Knowing the driving wheel vertical loads and developed drawbar pull by using dependencies
from the first and second picture slippage dependencies of the traction ratio at different inflation
pressure in the rear wheels are created (Fig. 3).

At low traction ratio (¢ < 0.35) slippage of the tractor is small: between 3.4-4.3 % (Fig. 3) by
changing the inflation pressure in the tires.

Operating with the tractor at higher loads, when the traction ratio is 0.45 slippage of the tractor is
equal to 10.5 %, when the inflation pressure in the tractor rear tires is 240 kPa and 6.2 %, when the
inflation pressure in the rear tires is 80 kPa. When the traction ratio is 0.50 slippage of the tractor is
equal to 17.7 %, when the inflation pressure in the rear tires is 240 kPa and 6.2 %, when the inflation
pressure in the rear tires is 80 kPa. When the traction ratio is 0.55, the tractor slips 36.8 %, when the
inflation pressure in the rear tires is 240 kPa, the tractor slips 12.7 %, when the inflation pressure in
the rear tires is 80 kPa (Fig. 3).

As shown in Fig. 3, tractor slippage decreases in 32 % by reducing the inflation pressure in the
driving wheel tires from 240 to 80 kPa, when the traction ratio is equal 0.4. At 0.55 of traction ratio,
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slippage of the tractor decreases in 64 % by reducing the inflation pressure in the driving wheels from
240 to 80 kPa.

The inflation pressure in the tires of the tractor has influence on the performance during
exploitation with 4x4 driving wheels. Therefore, in order to reach the optimal economical-ecological
indicators it is necessary to adjust the inflation pressure in the tires properly.

During operation with 4X4 wheel drive the total weight of the tractor with hitched horizontally

flexible link on the aggregate is consistent and equal 47.64 kN.
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Fig. 3. Slippage dependence on traction ratio driving with the tractor ’Case Farmall 115U 4X2
driving wheels on stubble at different inflation pressure in front
and rear tires: 80; 120; 160; 200; 240 kPa

Slippage of the tractor “Case Farmall 115U dependencies on drawbar pull at different inflation
pressure in the tractor tires during exploitation on stubble with 4X4 driving wheels are shown in
Fig. 4. The inflation pressure in the front and rear tires during the investigations was respectively: 80
and 80; 120 and 120; 160 and 160; 200 and 200; 240 and 240 kPa.

At low loads of the tractor, when the drawbar pull was less than 14 kN, the slippage of the tractor
was small and varied from 6.7 to 5.1 %, when the inflation pressure was 240 and 80 kPa in the driving
wheels respectively.

At higher loads the inflation pressure in the tractor tires has a much greater influence on the
tractor’s slippage. At 15 kN of drawbar pull, slippage of the tractor was 7.0 and 4 %, when the
inflation pressure in the tires was respectively 240 and 80 kPa. At 20 kN of drawbar pull, slippage of
the tractor was 15.1 and 6.3 %, and with increased load up to 23.5 kN the tractor slippage was
31.87 and 9.6 %, respectively, when the inflation pressure in the front and rear tires was 240 kPa and
80 kPa, respectively (Fig. 4).

Thus, slippage can be reduced up to 23.9 % by reducing the inflation pressure in the front and rear
driving wheels from 240 to 80 kPa. At higher loads the inflation pressure in the tires has higher
influence: at 15 kN of drawbar pull slippage can be reduced up to 42.9 %, at 20 kN of drawbar pull
slippage can be reduced up to 58.2 % and at 23.5 % of drawbar pull slippage can be reduced to 69.9 %
by reduction of the inflation pressure in the driving wheels from 240 kPa to 80 kPa respectively during
exploitation with 4X4 driving wheels of the tractor “Case Farmall 115U

Compounding various tractor aggregates for transport operations in the field conditions with 4X4
driving wheels, a very important task is slippage prediction in advance. Traction ratio is also used for
slippage prediction. In this case the traction ratio is calculated by basing the total vertical weight and
developed drawbar pull of the tractor during exploitation with 4X4 driving wheels.
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Fig. 4. Slippage of the tractor ,,Case Farmall 115U” dependence on drawbar pull driving with
4X4 driving wheels on stubble at different inflation pressure in front and rear tires: 80 and 80;
120 and 120; 160 and 160; 200 and 200; 240 and 240 kPa

There are shown slippage dependencies on the traction ratio at different inflation pressure in the
front and rear driving wheels during exploitation with 4X4 driving wheels. Inflation pressure in the
front and rear tires during the investigations was respectively: 80 and 80; 120 and 120; 160 and 160;
200 and 200; 240 and 240 kPa.
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Fig. 5. Slippage of the tractor ,,Case Farmall 115U dependence on traction ratio driving with
4X4 driving wheels on stubble at different inflation pressure in front and rear tires: 80 and 80;
120 and 120; 160 and 160; 200 and 200; 240 and 240 kPa

At low traction ratio (¢ < 0.35) the slippage of tractor is small: up to 4.6-8.4 % (Fig. 5) by
changing the inflation pressure in the tires.

Operating with the tractor at higher loads (when the traction ratio is equal 0.4) slippage of the
tractor is equal to 13.1 %, when the inflation pressure in the tractor's rear tires is 240 kPa and 6.2 %,
when the inflation pressure in the rear tires is 80 kPa. When the traction ratio is 0.45, slippage of the
tractor is equal to 19.6 %, when the inflation pressure in the rear tires is 240 kPa and 7.5 % when the
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inflation pressure in the rear tires is 80 kPa. When the traction ratio is 0.48, the tractor slips 27.5 %
when the inflation pressure in the rear tires is 240 kPa and 9.5 %, when the inflation pressure in the
rear tires is 80 kPa (Fig. 3).

As shown in Fig. 5, slippage of the tractor decreases in 61,73 % by reducing the inflation pressure
in the driving wheels from 240 to 80 kPa driving with the tractor ,,Case Farmall 115U with 4X4
driving wheels in stubble, when the traction ratio is equal to 0.45. At 0.48 of traction ratio, slippage of
the tractor decreases in 64.5 % by reducing the inflation pressure in the driving wheels from 240 to
80 kPa.

In both cases slippage of the tractor “Case Farmall 115U could be significantly reduced by
reducing the inflation pressure in the driving wheels from 240 to 80 kPa. Driving with 4X2 driving
wheels slippage could be reduced up to 69.9 %, and driving with 4X4 driving wheels could be reduced
up to 64.5 %, respectively.

As it can be seen from the field tests, inflation pressure in the driving wheels has a significant
influence on slippage prediction of the tractor. Therefore, further investigations are necessary in the
future that will estimated the regression equitation, applying of which should predict the influence of
the inflation pressure in the driving wheels to the traction ratio, by which slippage of the tractor in
advance could be precisely predicted.

Tractor slippage is influenced by many factors. Some of the factors related to the soil physical and
mechanical properties are very different. Therefore, in each case slippage of the tractor is different
[1;4;9;10;13;14].

Conclusions

1. Increasing the drawbar pull from 6.2 to 22.3 kN, vertical rear load increases from 29.7 to 37.8 kN,
but vertical load of the tractor is constantly 47.64 kN.

2. Slippage is 69.9 % less by reducing the inflation pressure in the tires from 240 to 80 kPa operating
with the tractor “Case Farmall 115 U” with 4X2 driving wheels, when the traction ratio is equal to
0.55.

3. Slippage is 64.5 % less by reducing the inflation pressure in the tires from 240 to 80 kPa operating
with the tractor “Case Farmall 115 U” with 4X4 driving wheels, when the traction ratio is equal to
0.48.

4. Inflation pressure in the driving wheels has a major influence on slippage prediction of the tractor.
Therefore, in order to predict slippage of the tractor during traction operations it is necessary to
take into account the inflation pressure in the tires of the driving wheels.
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