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1. IMPORTANCE OF THE RESEARCH 

 

Respecting the circumstances of Hungarian forests, effective afforestation can only be 

achieved in most of the stands by appropriate soil tillage works. Among the afforestation 

operations the two most expensive ones are the site preparation and the soil tillage. (In a 

national average, about 50-60% of the costs connected with afforestation are spent for soil 

tillage). The most significant site preparation activity is the removal of the stumps, which is 

usually avoided when possible. Leaving the stumps unextracted is favoured by the concept of 

natural afforestation approach too. The development of special cultivation technologies for 

stumpy areas could also contribute to this approach. In the recent years the development of 

technical solutions for the soil tending of stumpy forest stands has become especially 

important, mainly as a result of striving for a better cost efficiency. 

The currently applied tools were mostly designed by practical considerations and lack 

of fundamental theoretical description. There are indeed partial data for some instruments, 

however these are not detailed enough. 

In modern agriculture detailed analysis is an important part of the design and 

development process of state-of-the-art machines. Results indicate the usefulness of the 

machines, the quality of the labour under given circumstances as well as possible operational 

defects and constructional imperfections. Experimental data also present a basis for the 

development of new machines and for the upgrading of existing models. 

With these results machine developers and operators have sufficient information to 

solve and to overcome minor and major difficulties that can occur during machine operation, 

thus machines can be operated more professionally, efficiently and energy-savingly. 

In the case of changed circumstances the modification and adaptation of machines is 

only possible if those equipment were designed and built regarding known theoretical aspects. 

Without the knowledge of the forces and stress acting upon the machines, professional repair 

cannot be accomplished either. 

The main goal is to operate the machinery with the highest possible performance at 

optimum quality parameters and with an energy consumption as low as possible. 

The knowledge of fundamental theory makes it possible to achieve the aforementioned 

goals by determining optimum size, arrangement, revolutions per minute, pulling- and driving 

power requirements and other technical features of the designed tools and machines. 

The release of new equipment is always preceded by several years of laboratory and 
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field tests and experiments. By modelling the relationship between the soil and equipment the 

time and cost of the development process can essentially be shortened. Owing to the recent 

rapid development of high performance computers and effective numerical methods these 

modelling calculations can easily be accomplished nowadays. 

While the theoretical aspects of the most frequently used agricultural machines have 

already been established, there are hardly any results for most of the equipment used in 

forestry practice. Nevertheless, the machines used in agriculture cannot always be adapted to 

forest environments, because of the special requirements and circumstances of silviculture. 

It is also indispensable that investigations be carried out concerning not only the 

reliability and quality of the labour of the machines but also the physical and mechanical 

properties of the soil. In order to get acquainted with the theoretical aspects of the working 

principles of the machines, fundamental knowledge on soil mechanics is highly required, as 

most of the forestry and agricultural machines work in direct contact with the soil: some of 

them work with the soil itself, while power machines run on it. During the working operations 

of a cultivator the machine changes the physical properties of the soil, and in turn, the soil also 

affects the machine and its working tools. 

It can be concluded that the design and development of soil cultivation machinery is 

inconceivable without the thorough knowledge of the properties of the soil. 

The biggest difficulty in the modelling of the machine-soil interaction is the 

establishment of the computer model of the soil. Indeed, soil is a complex and complicated 

system which cannot be described with only a few simple parameters. The complex structure 

and inhomogeneity of soils makes the establishment of their general mechanical principles 

and the choice of the right mechanical features extremely difficult. The parameters, currently 

used for soil characterization are not suitable to describe the mechanical features of the soils 

precisely under any circumstances. The relationships calculated from the experimental data 

cannot be generalized without restrictions. 

Moreover, in forest areas the presence of stumps and roots sets additional problems. 

Heavy root systems can increase the solidity of the soil significantly. The relationships 

between soil liquid content and soil resistance are hitherto unknown in the case of stumpy 

areas which justifies the importance of research in this field especially. 
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2. AIMS OF THE RESEARCH 

 

For the tillage of stumpy areas basically such equipment is applied (deep ploughs with 

recurving blades, heavy disc ploughs) which were especially developed for these types of 

soils. Recently, specially designed disc ploughs and rotating strip ploughs are also available 

on the market. Due to their specially designed blades, these equipment are capable to pass 

across stumps and stones without damaging the structural parts of the machine. Nevertheless, 

the theoretical and scientifically based description of these equipment is still lacking. 

At the beginning of his research the author has set the following aims: 

− assessment of the level of mechanization in stumpy forest areas in Hungary; 

− evaluation of the mechanical features of forest soils; 

− investigation of the effect of the root system on soil resistance; 

− evaluating labour quality and mechanical features of a specially designed soil tiller 

with rotating knives (BPG-600); 

− modeling and analysis of rotating tillage tools. 
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3. APPLIED METHODS 

 

In the course of his research the author has studied and evaluated the relevant national 

and international scientific literature. He has reviewed publications specially dealing with the 

theory of soil mechanics and the root system of wood plants. He has also acquired the 

knowledge of the application of numerical methods, primarily of the finite element method. 

The author has carried out field data survey at various forestry enterprises, concerning 

their experience with soil tillage at stumpy forest areas. He has also analyzed the 

constructional and operational parameters of the currently applied machines. 

The author has thoroughly analyzed various soil samples and also carried out soil 

resistance measurements using the 3T System soil layer indicator in order to evaluate the 

mechanical properties of forest soils and to reveal possible relationships with the analyzed soil 

parameters. 

The equipment used for measuring soil resistance is a handheld device, which is 

suitable for the determination of soil liquid content and soil compactness continuously, in 1 

cm steps. The device indicates the water content of the soil related to the field capacity (pF 

2,5) in volume percent. The compactness of the soil was determined from the penetration 

resistance of the probe (cone, 60°; 12,5 mm diameter) and was given in kPa unit. The device 

stores all the measured data which can be evaluated using a computer. For the proper use of 

the device the clay content of the soils has to be known precisely. The clay content has to be 

fed into the device by the use of special codes. 

Three stems were chosen at each of the measurement sites. Soil resistance was 

recorded around the assigned trees along concentric circles. The radius was increased in 0,5 

meter steps up to 3 meters (in total 6 circles and 72 sampling points for each stem). As there 

were no sites available with similar soil conditions, yet without stems, control measurements 

have also been carried out at the centre of gravity of the three stems, assuming that roots have 

no more influence in that point. The exact positions of the measurements have been 

determined which will make a later reconstruction and repeating of the investigations 

possible. 

Altogether eight measurement sites with 24 stems were assigned for the analysis. 

Experiments were designed so as to cover the complete diameter range of the trees of the 

stands. In mixed forest stands experiments were designed to include only sessile oaks. 

The author has carried out his evaluation using a large number of measurements (8 x 3 
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x 72 = 1728 in total) as the variance of the pointwise measurements was rather high. The 

accuracy of the measurements was significantly influenced by the presence of intact roots, 

remaining from previous loggings (carried out during forest tending works) and also by 

stones. 

The data collected with the 3T System device has been evaluated using a statistical 

software (STATISTICA). With the software a surface has been fitted using the measured data, 

which predicts the tendency of soil resistance change as a function of the species, the stem 

diameter and the distance from the stem. 

The complete analysis of the soil involved the determination of porosity, differential 

porosity and clay content. 

For the mechanical and dynamical analysis of the soil tiller with rotating knives the 

operation of the equipment was carried out using a MTZ-82 type power machine. The 

measuring probes were set up at the cardan shaft near the engine. The operation of the ploughs 

was initiated when such stumps were spotted in the ground which could normally not be 

extracted by the machine. With these measurements the torque as well as the alterations of the 

swinging/vibration forces at the cardan shaft could be determined during the operation. 

In order to evaluate the quality of labour of the machine the author has measured soil 

resistance in front of the tractor as well as in the tilled strips using the 3T System device. 

During the numerical analysis of the soil tiller with rotating knives the geometrical 

model of the equipment has been created using the Solid Edge software and the numerical 

analysis has been accomplished with the Ansys 13 finite element software. Soil stress 

parameters have been modelled using the Drucker-Prager material model. The author has 

applied combined FEM-SPH simulation method for the characterization of the soil-equipment 

interaction. 
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4. SUMMARY OF NOVEL SCIENTIFIC RESULTS 

 

1. The author has surveyed the current state of mechanization of soil tillage at stumpy 

areas as well as the applying technical and operating conditions. According to his survey 

carried out at the national level, he has concluded that the level of mechanization is low and 

not solved yet. 

 

2. Using test measurements a new method has been implemented which is suitable for 

obtaining results relatively fast about the effect of the root system on soil resistance. 

 

3. According to the author’s results it has been concluded that the compactness of the 

soil is nearly constant as a function of depth (excluding the topmost humic layers of the soil). 

 

4. Using mathematical statistical methods the author has fitted a surface to the soil 

resistance data which specifies the change of soil resistance as a function of stem diameter and 

distance from the stems. It has been established that around the stems in a radius of 1-1,5 

meters the higher soil resistance can be attributed to the presence of roots. In the case of stems 

having a diameter at breast height less than 30 cm, the influence of the root system on the soil 

resistance has not been indicated. 

 

5. The author has proven that in the case of forest soils the higher soil resistance values 

measured near the stems can be attributed to the dense root system, as this hinders the 

deformation and the sideways movements of the soil in front of the tillage equipment. 

 

6. The author has established that the values of soil resistance vary between (24 – 37) x 

100 kPa in the case of forest soils. For the areas tilled with a soil tiller with rotating knives 

this value ranges between (12 – 20) x 100 kPa. 

 

7. As the result of field experiments it has been concluded that the maximum torque of 

the BPG-600 type soil tiller is 950 Nm, while the average torque is 300 – 400 Nm. For the 

BMP-900 type machine the maximum torque is 1250 Nm. 
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8. During the kinematic analysis of the soil tiller with rotating knives the width of the 

cut soil sections, as well as the waviness of the bottom of the furrows and the force acting on 

the hoes has been determined and evaluated. 

 

9. A novel simulation method has been implemented which is applicable not only for 

the modeling of static tools, but also of rotating tools. This method will provide an adequate 

basis for the numerical analysis of other rotating tools in the future. 

Using the combined FEM/SPH simulation method the horizontal force acting upon the 

rotating tool has been determined as a function of time with two different speeds of the 

tractor. Using the functions fitted on the simulation results the author has calculated the 

maximum and the average values of horizontal force. Moreover, the distribution of the normal 

tension in the soil has also been determined. 
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