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Summary. The study presents the results of tests concerning 

the traction properties of driving tyres with radial and diagonal 

design on soil covered with turf differing by composition of plant 

species. It was shown that composition of plant species on the 

tested grounds had an effect on the traction forces and rolling 

resistance of tested tyres. Tyre 11.2R24 was characterised by 

effect of the various compositions of species in the soil on the 

demand for pulling power and power lost on wheel slip compared 

with tyre 11.2R24.

Key words: tractive abilities, driving tyre, power balance, soil 

covered with turf.

INTRODUCTION

Farming activities are connected with the operation of 

technical equipment on various types of soil. The character-

istic properties of a given soil determine the tractive abilities 

of the vehicle, that is, the possibility of moving on it without 

deformable grounds which should transfer regular forces 

resulting from the weight of the vehicle and static forces 

connected with the applied driving torque of the wheel and 

-

clude soil covered with turf. The research on turf conducted 

thus far concerns mainly its reaction to intensive utilisation. 

Changes are shown in the aboveground parts of plants, their 

root systems and soil environment [4, 14]. 

It should be stated that the mechanical and traction prop-

are analysed, slip of driving wheels is measured, an energy 

balance of the driving wheel – soil system is conducted. 

on soil. In order to minimize unfavourable changes in soil 

-

in publications indicates a considerable amount of organic 

matter covering the soil and the presence of root system of 

plants. This may have an effect on the tractive abilities of 

a farming tractor interacting with it. It is also worthwhile 

adding that tractors working on meadows and pastures in 

most cases are not equipped with special “grass” type tyres. 

Use of conventional driving tyres involves the possibility 

of damaging plants and the appearance of ruts which are 

usage of these tyres is so common and replacement of them 

with special tyres is connected with additional costs, the 

question arises whether other technical solutions limiting 

the unfavourable phenomena mentioned above are possible? 

Can such a solution be the replacement of driving tyres of 

diagonal design with tyres of radial design? The advantages 

The analysis of issues connected with traction of farming 

tractors was the reason for which the research was under-

taken, the objective of which was to:

-

rolling resistance for tyres of different designs.

with different composition of plant species.

for wheels equipped with the tested tyres for the assumed 



Sciences. The soil on which the research was conducted 

was proper alluvial soil made of strong sandy loan. In site 

I and II a mixture of meadow plants, and in site III and 

of species and percentage share of individual mixtures are 

presented in Table 1.

Ta b l e  1 .  Composition of species and percentage share of 

sown mixtures

Name of species Share [%]

Perennial ryegrass Licampo

Limosa

Timothy grass Lischka

Red clover Nike

White clover Hula

Smooth meadow grass Bila

Pasture mixture

Italian ryegrass Livictory 15

Licampo 45

Limosa

Timothy grass Lischka

In site I and II, the standard of seed sowing was equal 

mineral fertilization was used, no pasturage of animals was 

carried out in the pasture sites. Directly before performance 

m and measurements characterizing the condition of the soil 

i.e. compactness of soil and maximum shear stresses were 

conducted, soil moisture was also determined.

For measurement of soil compactness, a penetrologger 

-
2, was used. The 

additional accessory of this device was the Theta Probe 

-

motion of the wheel, the values of pulling force, driving mo-

ment, theoretical and actual route of the tested wheel were 

registered. The obtained parameters allowed us to calculate 

the value of traction force, rolling resistance and tractive 

of the tested tyres was presented on the basis of calculated 

powers according to formulas 1-5:
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where:

Nk – power supplied to the wheel [W],

NH – pulling power [W],

Nf – power used to overcome rolling resistance [W],

 – power lost on wheel slip [W],

PT- traction force [N],

PH- pulling force [N],

vR – actual route [m],

vT – theoretical route [m],

rD – dynamic radius of the wheel [m],

 – theoretic rotational speed of the tested wheel [s-1].

Table 2 presents the results of parameters characterizing 

stresses and soil compactness were read out for three depths 

measurement depth was concluded. In meadow sites (I and

analysed parameters versus pasture sites were recorded (soil 

moisture 18%). 

Ta b l e  2 .  

Site I Site II Site III

72 78 78

84 118

118 114

2.15 2.57 2.42

Figure 1 presents mean values of traction forces and 

-

that for this tyre no changes in this parameter within sites 

having the same composition of species were shown. Dif-

ferent standards of seed sowing did not have any effect on 

traction properties of this tyre. Tyre 11.2R24 made better 

of analysed parameters. Traction forces achieved differ-

this tyre was characterized by lower dynamics of changes 

which may indicate low sensitivity of this tyre to varying 

resistance for the tested tyres. These two parameters are 

components of the traction force presented above. For this 

tyre, pulling force remained at a comparable level, and 
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tyre may achieve better tractive abilities. 

larger surface of contact with the base enabled it to achieve 

greater pulling forces, however the values of rolling re-

sistance were (apart from site 1) higher than the generated 

pulling force. The obtained results are compliant with 

that design of the tyre had an effect on achieved tractive 

-

the tested sites. Detailed analysis of the power balance 

presented in this way allowed us to show what part of 

supplied power is used for pulling force and what part 

is lost on rolling resistance and wheel slip. It can be 

clearly concluded from the presented progresses that the 

character of changes in analysed powers is comparable 

for individual sites. Fast growth of power supplied to 

the wheel (Nk) was connected with overcoming initial 

resistance to motion, and then this power was stabilized 

for site 4 where proportional growth of its value in line 

with wheel slip is observed. In this site, a higher stand-

ard of seed sowing was used which resulted in higher 

thickness of turf coverage. If this condition is combined 

with higher values of strength parameters in this site, it 

can be assumed that the tyre of diagonal design caused 

more difficult immersion of tread projections as a result 

of which power lost on wheel slip increased with pulling 

power maintained at a comparable level. 
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Figure 4 presents progresses of individual powers in the 

function of slip for the wheel equipped with tyre 11.2R24 in 

the tested sites. The analysed tyre showed higher demand for 

increased pulling power. The power needed to overcome 

which for sites 1 and 2 allows pulling properties comparable 

This was probably connected with a higher adhesion co-

Presentation of the above progresses allowed evaluation 

of the range of changes in the analysed values, however in 

order to analyse the share of individual powers in total power 

supplied to the wheel, their percentage share was presented in 

-

the analysed sites had a lower value compared with the pulling 

force obtained by the radial tyre. Power lost on slip of this tyre 

in sites 1 and 2 also grew which was probably connected with 

the presence of white and red clover forming a considerable 

part of the organic matter reducing the adhesion of this tyre. 

In spite of lower demand for pulling power, tyre 11.2R24 

was able to generate higher pulling abilities which, however, 

took place at the expense of a greater share of power lost on 

rolling resistance. However, this was compensated for by 

lesser demand for power lost on wheel slip. 

-

position of the soil and the type of tyre used have an effect 

on generation of traction forces with different values. The 

tested tyres also showed different rolling resistance and 

Ta b l e  3 .  Results of statistical analysis (F – test value, p – 

probability)

Fac-
tor

Dependent variable

Traction force Rolling resistance

F p F p F p

Soil

Tyre

source: own study

The results of statistical analysis presented in table 4 

allowed it to be proved that both the type of soil and type 

of tyre used have an effect on total power supplied to the 

wheel. Different demand for pulling power, power of rolling 

resistance and power lost on slip were also shown.
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1. In the tested sites, the analysed tyres generated traction 

forces with different values. The completed analysis of 

components of these forces allowed us to conclude that 

tyre 11.2R24 showed better pulling abilities, but growth 

of rolling resistance occurred which resulted in lower 

2. No effect of species-related composition of soil on the 

11.2R24 achieved different pulling forces on turf with 

the same species-related composition but different seed 

sowing standards. Due to considerable stiffness resulting 

forces with comparable values.

-

es because higher losses of power on wheel slip occurred. 

Tyre 11.2R24 lost more power on rolling resistance, but 

its radial design allowed better use of the strength prop-

erties of the soil by reducing wheel slip power. 
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Factor

Dependent variable

Total power Pulling power Power lost on Rolling resistance Power lost on slip

F p F p F P F P

Soil

Tyre

source: own source
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Streszczenie. -

-

do opony 11.2R24.


