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 Agricultural tillage involves soil cutting, soil turning, and soil pulverization and thus 

demands high energy, not just due to the large amount of soil mass that must be moved, 
but also due to inefficient methods of energy transfer to the soil. The most widely used 

energy-transfer method is to pull the tillage tool through the soil. Various methods have 

been attempted to improve efficiency such as vibratory tillage tools. However, 

development of more efficient methods effectively depends upon the necessity for 

improved understanding of tillage tool mechanics. Complete tillage mechanics is far 

from being realized, although generalized relations have been proposed. 
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INTRODUCTION 

 

 Tillage tools apply forces to soil resulting soil failure for enhanced agricultural production; e.g., by 

increasing emergence, improving plant rooting, increasing infiltration, and controlling erosion [2]. The primary 

interest in tillage operations is the application of mechanical forces by machines to change the soil condition for 

agricultural production purposes [1].  

 The force systems, applied by a tool, can cause the soil to yield by shear, compression, tension, and/or 

plastic flow. Yield or failure conditions in soil are much complex than in many engineering materials because 

soil conditions vary from a near liquid state to a brittle state. Shear failure and fracture for brittle materials have 

a clear meaning. Fracture by shear is also observed in soil. In some cases, however, fracture is not apparent in 

soils which may exhibit plastic flow and permanent deformation. The stress state that causes soil fracture or 

plastic flow is a measure of the soil shear strength. Thus, shear failure is some function of the stress state than 

just causes failure [2]. The amount of force required to shear the soil would change based upon soil conditions, 

tool specifications, and operational parameters employed during a tillage operation.  

 Depth of cut, width of cut, tool shape (including cutting edges), tool arrangement, and travel speed are 

factors that may affect draft and the energy utilization efficiency for a specific soil condition. The effects of 

these parameters vary with different types of implements and with different soil conditions [4]. Factors such as 

soil texture, soil moisture content, soil compaction, tool geometry, tool operating depth, tool forward speed, and 

tool rack angle obviously affect the energy requirement of a tillage operation. There has been much research that 

discusses the effect of these factors for different soil and tool conditions on tool energy requirement although 

each of them has some limitations in their applications [3,4].  

 In spite of the capability of various methods [6]. To model soil-tool interaction, researchers are still working 

on new models to compensate for some shortcomings of the current models. These methods are either 

complicated or ignoring some basic aspects that affect the results. For example, analytical methods are not able 

to account for all aspects of a real situation of a tillage operation as a dynamic process. Empirical methods are 

very costly due to the instrumentations which are required to record data precisely. These methods also cannot 

be implemented at any desired time and place since providing required instrumentation may not be possible, and 

in most cases, empirical methods represent only regional conditions. On the other hand, finite element methods 

are very professional methods to be implemented as they need good knowledge of mathematics and computer 

science. In addition, the predictions of FEM models are based on particular constitutive relationships. The 

parameters involved in such relationships are normally acquired through laboratory tests such as triaxial tests. 

Since soil in such laboratory tests undergoes situations that do not represent actual soil failure during tillage 

operations, those modeling methods need improvement. Therefore, it seems necessary to investigate new 

models for soil-tool interaction process in order to achieve better predictions of draft and energy requirements of 

different tillage implements during real operations. Since the application of soil mechanics in agriculture is 
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complicated due to non-homogeneity of soil medium, further attempt to explore some aspects of soil dynamics 

in tillage, which have not received enough attention, should be undertaken. In current research, efforts have 

been made to introduce a model that accounts for different energy consuming components of a narrow tillage 

tool.  is a literature review that addresses fundamentals of soil mechanics regarding main issues such as speed, 

depth, soil and tool specifications affecting draft and energy requirements, operational conditions, and the 

interactions among these factors. In chapter 3, materials used for the tests, experimental procedure, and 

components of statistical analysis have been explained.  With the results of the experiments and the trends of 

draft and energy requirements of the tool, employed in this research, due to the change in moisture content, tool 

depth, and tool forward speed. In addition, soil mechanics theories have been implemented to justify those 

trends and to discuss regression equations determined for the energy components.so, suggestions for future 

research have been given based on the results obtained from this research.  

 

Soil Parameters: 

  Soil physical and mechanical properties and soil dynamics properties have significant influences on the 

amount of energy requirement of a tillage operation. In this section, some of the most important soil physical 

and soil dynamic properties which affect draft and energy requirements of tillage tools are discussed [5]. 

 

Soil Physical Properties: 

 Soil moisture content and soil texture affect mechanical behaviour and strength of soil. Soils at same 

mechanical and environmental conditions but different texture behave differently. Camp and Gill and smith  

reported that shear strength parameters of fine grained soils decreased with increasing moisture content. 

However, the soil density was concurrently decreasing as the moisture content was increased. Presence of water 

in void space of fine- grained soils can have a major impact on the engineering behaviour of the soil.  Therefore, 

it is important to know not only how much water is present, but also how it can affect engineering behaviours. 

As moisture content of a soil increases, the soil changes from a brittle solid to a plastic solid and eventually to a 

viscous liquid. Atterberg limits are moisture contents at certain limiting or critical stages of soil behaviour.  

These limits along with the natural moisture content are paramount in predicting the behaviour of fine-grained 

soils.  The limits can be correlated to the engineering properties such as soil strength, compressibility, swelling 

potential, clay mineralogy, and stress history [7]. reported that the effect of tool speed on draft was also 

influenced by the clay and moisture content.  

 Bulk density of a soil is a function of soil moisture at any given amount of compactive effort. As the soil 

wetness increases, the moisture weakens the inter-particle bonds, causing swelling and reducing internal friction 

making the soil more workable and compactable.  However, as the soil wetness nears saturation, the fractional 

volume of expellable air is reduced and the soil can no longer be compacted to the same degree as before with 

the same compactive effort.  The optimum moisture content is the point at which the soil wetness is just enough 

to expel all the air from the soil, and the corresponding density is the maximum dry density. Mouazen and 

Ramon  reported that draft force of subsoiler was increased with wet and dry bulk densities where it decreased 

with soil moisture content. Draft force was changed linearly with moisture content where it was a quadratic 

function of wet bulk density and a cubic function of dry bulk density respectively. The decrease in draft with 

moisture content did not extend beyond a moisture content of 17%.  

 Mechanical behaviour of soil is influenced by any changes that occur in soil bulk density. This normally 

happens during tillage operations. [8] studied the effect of soil moisture content and density effect on soil shear 

strength parameters of coarse grained soils during tillage operations. It was reported that cohesion and friction 

angle of those three loamy sand soils employed in the study increased with increasing soil density.  

 Tillage treatments are expected to affect soil response and crop yield. [7] evaluated the effect of no till, 

chisel plow, moldboard plow, and plow systems on three types of soil (poorly drained, medium, and fine 

textured) in Iowa.  

 

Soil Dynamic Properties:  

 Dynamic properties of soil was defined as those soil properties which become manifest through soil 

movement [4]  According to this definition, if a block of soil starts moving on a flat surface, the resultant 

friction angle is a dynamic property of soil which does not appear unless soil starts moving. As well, when loose 

soil is compacted, its strength increases; therefore, soil strength is another dynamic property of soil. 

 

Soil Cohesion: 

 Although the nature of cohesion is not fully understood, it can be considered as the strength of the soil that 

is not dependent on the applied force. [6] defined it as bonding force among soil particles per unit area. They 

have counted it as a soil property which is affected by many factors including soil type, moisture content, and 

pore space. In soil mechanics, clay soils are classified as cohesive soils where sands are determined as non-

cohesive or frictional soils, because sands may have no cohesion at all. 
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Soil-soil Friction: 

 During the tillage, part of energy requirement is expended to overcome the interlocking force of particles 

and their rolling and sliding on each other. Angle of internal friction (f)  exhibits the existence of friction force 

between soil particles. Its value is affected by soil porosity, moisture content, normal stress, and grain size 

distribution. Angle of internal friction is not affected by the rate of shear. Sandy soils are mostly named 

frictional soils because of their nature that usually have a larger angle of internal friction in comparison with the 

clays. In general, well-graded sands with a larger relative density and sharp edge particles have a larger angle of 

internal friction when compared to the uniform sands with lower density and round edge particles. In an 

unsaturated agricultural soil, angle of internal friction varies from 25 for moist, loose, fine texture soils to about 

45 for dry, dense, coarse textured soils. 

 

Soil Cone Index: 

  Cone index of agricultural soils is a very important factor that is measured in most tillage studies, and it 

indicates the resistance of soil to penetration. Since in each tillage activity, a tillage tool should be initially able 

to penetrate the soil, cone index values at different depths of different types of soils can help researchers to 

evaluate and compare soil mechanical strength and forces engaged in tillage operations. The ASAE Standards  

emphasizes that cone index does not provide specific soil values such as cohesion, angle of friction or 

coefficient of soil-metal friction.  

 

Soil Compaction: 

 Compaction is the densification of soils through the application of mechanical energy resulting in a 

reduction of air voids with little or no reduction in moisture content. Soil compaction is to some extent an 

unavoidable event that frequently occurs as a result of machinery traffic on agricultural soils. Although certain 

amount of soil compaction is required to ensure better contact between seeds and soil particles, any extra 

compaction increases soil strength and causes several problems.  Many researchers have reported the harmful 

effects of soil compaction on soil structure including reduction of air filed void spaces, changes in soil matrix 

gaseous composition and increases in resistance to root growth [5, 6, 3]. 
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