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Abstract 

To increase the energy efficiency of soil tillage with a disc harrow, the interaction of the working 

elements (discs) with the soil was studied through mathematical modeling, with the aim of finding a 

local optimum. This involves a systemic approach, considering the agrotechnical, agrobiological 

aspects and the characteristics of the soil work process, and from the point of view of engineering 

sciences, studying the inputs and outputs of the system (the desired final state of the soil, correlated 

with the initial state). The present paper deals with problems related to the disc harrow aggregate, 

studying the phenomena of the dynamics of the interaction between the working elements (discs) 

and the soil, only from the point of view of energy aspects (to work with minimal specific energy 

consumption, relative to the soil surface worked), the other facets being touched upon only 

tangentially, where necessary and possible. Knowing the initial and final state of the soil, how these 

changes can be achieved is defined, a state that must be maintained over a longer term, in correlation 

with the requirements of the plants to be cultivated, the pedo-climatic conditions, the requirements 

for maintaining soil fertility, and slowing down the process of soil destruction.  

Keywords: disc harrow; energy efficiency; disc-soil interaction 

 

1. Introduction 

The research of phenomena related to soil work, in correlation with the development/design of 

the equipment/organs necessary for their performance, resembles more an art than a science, in that 

it is based primarily on intuition. The methods used (even quantitative) are empirical and represent 

a materialization of optimization processes through successive trials. Through trials, certain 

parameters of the working organ are modified, accepting a local optimum if the initial requirements 

are satisfied, and the qualitative criteria regarding the soil condition reach appropriate levels. This 

approach also has a scientific foundation; however, the use of these methods rarely leads to optimal 

solutions, although the intended result is finding a local optimum. 

First of all, researchers in the field consider the agrotechnical and agrobiological aspects of soil 

work systematically, regarding the process itself as a "black box", studying the inputs and outputs of 

the system [1]. A more complex approach by researchers must also take into account the 

characteristics of the soil processing process, also from the point of view of engineering sciences. 

Today, research and development in the field studies what happens in these processes, but without 

controlling them. This situation will not be able to change until a coherent system is developed that 

quantitatively and qualitatively describes the processes. 

Any change in the state of the soil can be considered soil work, which is usually performed 

annually, using mechanical methods of soil manipulation, modifying its physical, chemical, and 
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biological properties, among other things, depending on the requirements of the plants being 

cultivated. 

There are two very important aspects of the study of soil work: 

1. defining the optimal state of the soil for a given purpose (usually, the cultivation of a certain 

crop); 

2. determining the methods, technologies, and equipment that best correspond to the 

achievement of this local optimum. 

The present work will deal with some problems related to the second aspect by considering the 

disc harrow equipment/aggregate, studying the phenomena of the dynamics of the interaction 

between the working organs (stellated discs) and the soil, only from the point of view of energy 

aspects, the other facets of the problem being touched upon only tangentially, and strictly necessary, 

respectively possible.  

There are two approaches to studying these problems from two different angles, usually. The 

first is the technical, engineering way of thinking, which tries to improve the financial and 

constructive efficiency of their working organs, while the second is the way in which agricultural 

technicians directly look at the effects on crop plants. Both approaches are unilateral and, to some 

extent, empirical, if not studied in a correlated manner and through their results, offer only partial 

solutions, if they are not integrated into a systemic way of thinking [2]. 

Such a systemic approach requires research that, in addition to studying the processes from an 

energetic point of view, also investigates the effect of the working organs of soil-working machines 

and/or various technologies on the soil, both in the short term and in the medium or long term. 

The study of dynamic effects in the soil-working tool system is important primarily because of 

the analysis of the energy consumption of the respective processes, but the intended purpose must 

also be considered, i.e., the desired final state of the soil, correlated with the initial state. As shown 

by Young et al. [3], the main purpose of soil works is to bring the soil from an existing initial state to 

a desired final state, obviously from a technical point of view. 

Soil, which is one of the most important natural resources, has been and continues to be subject 

to a process of degradation due to erosion caused by natural forces and/or agricultural practices [4]. 

Maintaining a productive and profitable agriculture in the long term requires improving soil 

management methods, more precisely, its fertility and physical condition, which must be maintained 

within a range in which the soil can regenerate. This is possible, recently, by increasing the share of 

new soil tillage technologies in agriculture, so that the soil is brought to that state to which, under 

given environmental conditions, it improves the general condition and fertility of the soil, or at least 

does not worsen them [5], and achieves high yields. Negi et al. [6] studied the complex relationship 

between the productions achieved, the soil tillage system, and its se�lement due to the traffic of 

agricultural aggregates. Four systems were compared, namely: no tillage, i.e., direct sowing in the 

field, ploughing with a plough with a furrow, loosening with a chisel cultivator, and loosening with 

a subsoiler. The most important conclusion was that where the degree of soil compaction reaches 

significant values, significantly higher yields are achieved by loosening it. 

A common idea among as many researchers as possible is that the point of view according to 

which the quality of soil processing is determined exclusively by the degree of fragmentation, 

loosening, and the vertical structure of the soil must be challenged. Singh et al. [4] propose a so-called 

index of the degree of processing, with values varying between zero (conditions unusable by plants) 

and one (conditions that do not limit plant growth). This index was calculated as a multiplicative 

combination of indices determined for apparent density, penetration resistance (cone index, 

according to ASAE Standard, Anonymous [7]), lump size uniformity coefficient, organic ma�er 

content, and plasticity index. Based on experiments, the following characteristic ranges were 

proposed: 

- 0…0.5, for poor growing conditions; 

- 0.5…0.8 - average cultivation conditions; 

- i 0.8…1, in for optimal plant cultivation conditions. 
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Based on field tests, a good correlation was found between the index of the degree of processing 

and the production per hectare. The correlation coefficient takes values between 0.15 and 0.86, and in 

10 out of 16 cases, it is higher than 0.60, meaning that the correlation level is appropriate. 

Based on previous research (Colvin et al. [8] and Singh et al. [9]), it can be argued that a synthetic 

value can be defined, which can globally characterize the state of processing of a soil and its fertility. 

Once such an index is defined, the notions of prescribed soil works [10] or precision soil works [11] 

become operative and can help increase the energy efficiency of agricultural production. 

In addition to the a�ention paid to reducing energy consumption and the interest in using soil 

conservation technologies (conscious and continuous concerns), administrative measures have been 

taken to encourage farmers to use technologies that slow down the degradation of agricultural soils 

(while maintaining production at an acceptable level). At the same time, the so-called controlled 

traffic technology has been developed, in which the wheels of agricultural aggregates run throughout 

the entire vegetation period on the same tracks, which are neither worked nor sown [11]. 

Improving the energy efficiency of soil work by optimizing the operating characteristics of the 

aggregates (including the aggregate that has a disc harrow as a component) is one of the most 

commonly used methods. In principle, the aim is for the disc harrow aggregate to work with minimal 

specific energy consumption, i.e., energy consumption related either to the soil surface worked in 

cross-section or, more rarely, to the working width. 

Therefore, this paper presents theoretical notions relating to the disc harrow 

equipment/aggregate, analyzing the phenomena of the dynamics of the interaction of the working 

organs (discs) and the soil, only from the point of view of energy aspects. 

2. Materials and Methods 

In accordance with the purpose of the work, the soil cultivation through the disc-soil interaction 

of a disc harrow was analyzed to increase energy efficiency, given that the soil is the loose layer 

formed under natural conditions on the surface of the earth, which ensures plant life [12]. The role of 

the soil is essential for the normal functioning of all terrestrial and aquatic ecosystems, which, 

through various auto-morphic processes, permanently produces phytomass that forms the basis for 

the development of all organisms [12,13]. The soil performs functions essential for existence on Earth, 

following the accumulation and supply of nutrients and energy to all living organisms [12] (Fig. 1). 

- 

Figure 1. Soil functions 

Disc harrows have main purpose is to prepare the seedbed for sowing or planting, usually 

performing superficial soil work consisting of loosening it, breaking and shredding the clouds 

resulting from plowing, leveling the land surface, breaking the crust, harrowing the seeds, and 

incorporating fertilizers, herbicides, etc. They consist of a frame on which several sections called 
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ba�eries are mounted. A disc ba�ery includes in its composition the ba�ery frame and a number of 

discs mounted on a square-section shaft spaced apart by means of spacer bushes. The active elements 

are concave discs (spherical caps) with a sharp, continuous (smooth) or discontinuous (notched) 

periphery, made of steel (Figure 2) [14,15] and have a more energetic action on the soil. 

 

                   (a)                (b)                (c)            

Figure 2. Types of discs and disc position during work: (a) spherical cap with full contour; (b) truncated cone 

[16]; (c) disc position during work; D – disc diameter; R - radius of the spherical cap; i - angle of incidence 

(sharpening); α - angle of a�ack. 

If the discs are mounted in two rows, the discs on the rear row are placed on the center of the 

intervals between the discs on the front row and have the concavities facing in the opposite direction 

to those on the front row, for the purpose of leveling the ground. 

Discs are grouped in ba�eries arranged perpendicular to the soil surface and at an angle, α, of 

10 – 300 to the direction of advance, called the angle of a�ack. Due to contact with the soil, in the 

process of work, the discs rotate and penetrate the soil to a certain depth that depends on the mass 

that returns to a disc and on the vertical component of the resistance opposed by the soil, conditioned 

by the size of the angle of a�ack. 

The shaft with discs is a�ached to the ba�ery frame by bearings and supports. Scrapers are 

mounted on the ba�ery frame to clean the active parts and unclog them. 

For a more energetic action on plant debris and clods, in some combined disc harrows, the front 

ba�ery consists of notched discs, and the rear ba�ery consists of smooth discs (Figure 3). 

 

Figure 3. Semi-mounted disc harrow: 1 – harrow frame; 2 – ba�ery frame; 3 – spacers; 4 – ba�ery bearing; 5 – 

ba�ery support; 6 – ba�ery shaft; 7 - notched disc; 8 – smooth disc; 9 - traction triangle; 10 – transport wheels; 11 

– ba�ery angle adjustment device; 12 – scraper support. 

The study of the interaction (dynamic effect) in the soil-working organ (disc) system is 

important, first of all, for the analysis of energy consumption in the work process, but the intended 

goal must also be taken into account, i.e., the desired final state of the soil, correlated with the initial 

state. In this context, the energy balance in the work process of the disc harrow must be studied, more 

precisely the energy balance rate, through the ratio between the amount of energy contained in the 

final product (primary and/or secondary) of the seedbed preparation process and the energy 

consumed in the process of making the finished product (see Figure 1). 
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It is known that, in the case of any economic activity, in addition to an increase in production, it 

is necessary to improve economic efficiency. In the special case of seedbed preparation, an important 

goal is to increase energy efficiency, which, in principle, can take place in two ways: reducing the 

amount of energy introduced into the production process and increasing the amount of energy 

contained in the final products. 

Regarding the initial state of the soil, it is necessary to define its physical, dynamic, chemical, 

and biological characteristics. It is obvious that through soil work, only the physical and dynamic 

characteristics can be influenced in the short term. From the point of view of the requirements of the 

cultivated plants, these do not remain unchanged throughout the vegetation period. The germination 

bed must allow good contact of the seeds with the moist soil, but, on the other hand, it must be loose 

enough to allow rapid germination. Thus, the desired final state is usually characterized by a spatially 

variable structure, both vertically and horizontally, but below the working depth, a compacted soil 

is produced; an effect that is amplified if the works are carried out several times at the same working 

depth [17]. 

Knowing the initial and final state of the soil, the method/methods by which these changes can 

be achieved must be defined, to which it must be specified that it is not enough to achieve a certain 

state of the soil at a given time, but this state must be maintained over a longer term. In resolving 

these issues, they must be correlated with the requirements of the plants that will be cultivated, the 

preceding plant, the entire rotation of which the respective crops are part, the pedo-climatic 

conditions, the requirements for maintaining soil fertility in the long term, and slowing down the 

process of soil destruction. 

In this sense, the a�empts of several soil tillage machine manufacturers to design working tools 

that can efficiently loosen the soil but produce as few surface changes as possible [17–19]. 

The most recent ones refer to the development of automatic control and operation strategies, 

respectively, to the development of sensors necessary for the automation of soil tillage processes 

[3,20]. Figure 4 shows the block diagram of an automatic soil tillage control system. 

 

Figure 4. Block diagram of an automatic soil tillage control system. 

As can be seen from the block diagram, at present this research is in continuous expansion; there 

are still no solutions to the question of what to do in the case of automatic real-time control, if the 

result of the work does not fall within the prescribed interval of the physical state of the soil. 

When studying the energy consumption in the case of soil tillage with a disc harrow, the energy 

consumption of the entire aggregate, consisting of the energy source (tractor) and the trailed 

agricultural machinery, is often considered through the energy correlation between them. Thus, the 

energy consumption has several components related to the movement of the energy source on the 

field, these being the energy necessary to overcome rolling resistance, the energy dissipated due to 

the slippage of the drive wheels, the energy necessary to move, and possibly, to drive the agricultural 

machinery to till the soil. 

3. Results and Discussions 

3.1. Germination Bed Preparation 

To ensure appropriate conditions for seed germination, it is necessary to loosen the soil to an 

appropriate depth that favors aeration, storage and retention of the largest possible amount of water, 
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the accumulation of optimal amounts of nutrients necessary for plant growth, in short "hard bed and 

soft blanket" [21], in other words a "perfect" bed in which the seeds have a "blanket" without plant 

debris and weeds and loosened over the entire surface (Figure 5). 

 

Figure 5. Germination bed structure. 

A suitable and good germination bed ensures quality sowing on a weed-free field, seed 

germination and uniform plant emergence, achieving optimal density and ultimately large and high-

quality harvests. 

For this, it is necessary to determine the qualitative indices regarding the preparation of the 

germination bed for sowing and planting. Qualitative indices ensure maximum economic effects in 

the specific conditions of each plant exploitation and represent a complex of measurable or 

determinable quantities using measuring devices, instruments, or equipment. These indices 

characterize the degree to which the imposed agrotechnical requirements [21, 22, to ensure optimal 

germination [23,24] have been met and are presented with indicative values [25–27], in Table 1. 

Table 1. Guideline values of qualitative indices for seedbed preparation in the field. 

No. crt. Qualitative indices in seedbed preparation Values 

1 Average deviation from average working depth δa ≤ ±0,10 ⋅ am 

2 Maximum deviation from average working depth Δa ≤ ±0,20 ⋅ am 

3 Standard deviation of working depth δs ≤ ±0,10 ⋅ am 

4 Coefficient of variation of working depth ca  ≤ ±0,10 

5 Degree of soil fragmentation Dfs > 75% 

6 Soil penetration resistance - light soil: σp < 15 kPa  

- medium soil: σp = 15-50 kPa 

  - heavy soil: σp = 50 - 150 kPa  

- very heavy soil: σp > 150 kPa 

7 Degree of soil loosening Dls ≈ 20 … 30% 

8 Degree of soil leveling D’ls > 40% 

9 Degree of weed destruction Dd > 95% 

3.2. Theoretical Research on the Disc-Soil Interaction of the Disc Harrow 

Soil cultivation through the interaction between discs and soil can be presented as a mechanical 

system that illustrates the complexity of the interdependence between factors influencing soil quality 

and energy consumption [1,28]. An example of systems thinking is presented in Figure 6. The input 

to the system is represented by the initial properties and characteristics of the soil, Si, and the energy 

applied to the system, E, to obtain the final characteristics Sf at the output. 
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Figure 6. Representation of the soil processing system: (I) – Initial; (O) - Obtaining. 

Thus, the input to the system is represented by the initial properties and characteristics of the 

soil (Si) and the energy applied to the system (E) to obtain the final characteristics (Sf) at the output. 

This can be represented by a mathematical equation of the form: 

    Sf = f(Si, E)                                                           (1) 

This equation represents the functional relationship between the disc and the soil. If the elements 

of the equation are expressed appropriately, this will lead to an explicit mathematical expression that 

defines the process of soil processing by the discs of the disc harrow. In order to quantify the 

parameters involved in the process [28–30] it is necessary to divide the system (relation (1)) into a 

series of subsystems (relations), Figure 7. 

 

Figure 7. Decomposition of the interaction system between the working body (disc) and the soil. 

Thus, the energy, E can be expressed by the relationship: 

E = f(Cg, Mm, Si),                           (2) 

where, Cg – the geometric characteristics of the disc, Mm - the mode of movement during the working 

process. 

As a result, the relation (1) can be wri�en as follows: 

Sf = f(Cg, Mm, Si).                     (3) 

Each element/parameter of the relationship/equation can be characterized as a subsystem that 

can be described by its own equations: 

Cg = f1(geometric parameters of the working body (angles, dimensions, …));        (4) 

Mm = f2(motion parameters (velocities, displacements, …));                 (5) 

Si = f3(parameters regarding the physical-mechanical properties of the soil (tensions, 

densities, deformations, humidity, porosity, compactness, … )).         (6) 

Based on the previous relationships ((1) … (6)) and the scheme in Figure 8, a quantifiable 

mathematical model is obtained [31], and the interaction between the working body and the soil can 

be traced according to Figure 9. 
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Figure 8. Scheme of interaction between the working body (disc) and the soil 

 

Figure 9. Result of the interaction between the working body (disc) and the soil 

3.3. Mathematical Modeling of the Energy Consumption of Disc Harrows for Seedbed Preparation 

In general, the technical equipment used for seedbed preparation can positively or negatively 

influence the physical and mechanical properties of the soil. The total mechanical energy, Et, required 

for soil processing with the disc harrow can be determined with the relationship [25,27]: 

Et = Ew + El, [J]                                   (7) 
where, Ew - the energy required to perform mechanized soil work, in J; El - the energy consumed 

through losses in the disc shaft bearings, in J. 

The total mechanical energy of a system, Et, is its capacity to perform useful mechanical work, 

L, and is the product of the power consumed, P, in W, and the operating time, t, in s, that is: 

Et = L = P∙t. [J]                                    (8) 
The power consumed, P, is the product of the forces acting on the machine while performing the 

work, F, and the speed, v, according to the relationship: 

P = F ∙ v. [W]                                           (9) 
Schematically, the energy study of the disc harrow is presented in Figure 10. 
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Figure 10. Energy study of the disc harrow for soil cultivation. 

In turn, the energy required for soil processing with the disc harrow, Ec is composed of: 

Ep = Em + Ec/l, [J]                                    (10) 

so:  Et = Em + Ec/l + Elb, [J]                            (11) 
where, Em – the energy required to move the harrow, in J; Ec/l - the energy required to break up/loosen 

the soil, in J; Elb - the energy consumed through losses in the disc shaft bearings, in J. 

Based on the relation (11), the mathematical model of energy consumption in the working 

process of the disc harrow can be established. Thus, the energy required for movement, Em is 

transformed into mechanical work not required for the harrow movement, Lm and is directly 

proportional to the weight of the harrow, Wh and to the coefficient of resistance to movement, cr 

between the harrow and the soil, that is:  

Em = Lm = Pm∙tm = f( Wh, cr), [J]                          (12) 
where: Pm - the power required to move the harrow, in W, and tm - the time, how long the movement 

is performed, in s. 

Reducing energy consumption when moving the harrow can be achieved by reducing Wh even 

from the design phase and using appropriate materials, and reducing the cr by using discs with the 

largest diameters and concavities. 

The energy required to perform mechanical shredding/loosening operations, Es/l is transformed 

into mechanical work not required for shredding/loosening, Ls/l by the harrow and is used to break 

boulders, crush and loosen the soil and is directly proportional to the working depth, a, the working 

width of the disc, b, the number of discs in the soil at a given time, z and the physical and mechanical 

properties of the soil, ks, as follows:   

Es/l = Ls/l = Ps/l∙ts/l = f(a, b, z, ks),  [J]                         (13) 
where, Ps/l - the power required for soil shredding/loosening, in W; ts/l - the time during which the 

shredding/loosening is performed, in s. 

The specific shredding/loosening surface, Ss/l, is the geometric parameter of the displaced amount 

of soil and represents the ratio between the soil shredding/loosening (cu�ing) surface, St, and its 

volume, V: 

Ssp = 
��

�
, [���]                                      (14) 

where, St – cu�ing surface of the soil (of the spherical curvilinear segment ABE in Figure 11), whose 

working width is b, in m2; V – volume of displaced soil, in m3. 

The surface, St, is approximately determined by the relation:  

St = SABD = SABE ∙sin α, [m2]                           (15) 
where, the notations correspond to Figure 11 and have the following meanings: α - is the angle of 

a�ack, in radians; s - the advance of the disc harrow (and therefore of each disc), in m, when moving 

at its average working speed, v, in m/s; a - the working depth (shredding/loosening), in m; D - the 
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diameter of a disc (all discs of a harrow have the same diameter); φ - the angle of contact of the disc 

with the soil, in radians. 

 

Figure 11. Dimensions of the displaced soil slice and the contact angle of the disc with the soil. 

The volume, V is determined, approximately, as follows:     

V ≈ 
�∙��∙�

�
, [��],                              (16) 

and  s = v/n, [m]                              (17) 
where, n – rotation speed of the drive and fixing shaft of the discs in the working process, in rpm. 

With these notations, the surface of the spherical curvilinear segment, SABE becomes: 

SABE =  
�

�
∙
��

�

�
−

��

�
���

�

�
���

�

�
=

�

�
��(� − sin �).             (18) 

Therefore:   St = 
�

�
��(�  − sin �) ⋅ sin α,                   (19) 

where, φ - the angle of contact of the disc with the ground (see Figure 12), results from the equality: 

cos 
�

�
=

�

�
 ��

�

�

=> � = 2 ������ �1 −  
��

�
�.                    (20) 

The working width of the disc, b will be: 

b = AB⋅ sin �,                                 (21) 
where AB – the length of the chord of the circle with the diameter, D, at the distance, a, and the length 

of the chord, AB, results from the expression: 

(AB)2 = (D/2)2 – [(D/2) – a]2, astfel AB = 2��(� − �),                   (22) 

respectively:  b = 2��(� − �) ⋅ sin �.  [m]                         (23) 

Then:       V = 
�

�
∙���(���) ⋅ ��� �∙�

�
=

��∙�∙����∙��(���)

��
. [m3]           (24) 

By substituting relations (19) and (24) into (14), the specific surface area relation, Ssp of 

shredding/thinning, becomes: 

Ssp = 

�

�
��(����� �)∙��� � 

��∙�∙����∙��(���)

��

=  
����(����� �)∙��� � 

���∙�∙����∙��(���)
 [m2]         (25) 

Under specific working conditions: D = 0.51 m, b = 0.12 m, v = 4 m/s, n = 2.55 rot/s, α = 15 degree, 

at different working depths, a, respectively at different working speeds, v and the same working 

depth, a = 0.15 m, the following values were obtained, presented in Table 2 and graphically in Figure 

12. 
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Table 2. Calculated values of the specific cu�ing surface, Ssp, in concrete working conditions. 

Nr. 

crt. 

Working  

depth, a (m) 

Contact angle 

disc - soil, φ 

(degree) 

Specific 

surface,  

Ssp (m-1) 

 Working 

speed, v (m/s) 

Specific 

surface,  

Ssp (m-1) 

1. 0.05 72.98 1.18 1 8.88 

2. 0.07 86.98 1.36 2 4.44 

3. 0.09 99.36 1.57 3 2.96 

4. 0.11 110.69 1.85 4 2.41 

5. 0.13 121.29 2.22  

6. 0.15 131.37 2.41 

 

(a)                                               (b) 

Figure 12. Variation of specific surface area when working the soil with a disc harrow: (a) - with working depth, 

and (b) - with working speed. 

From the graphical representations, it can be seen that Ssp increases with the working depth, a 

and decreases with the increase in the average working speed, v, so that the degree of 

shredding/loosening is optimal. 

Regarding the working depth, its value is determined primarily according to agrotechnical 

criteria, which results in an optimal working depth range. The actual value at which the work will be 

carried out can also be determined according to other requirements, such as energy ones. 

Of much greater importance is the correlation of the distance between the discs with the working 

depth so that both the specific traction resistance is minimized and the volume of loosened soil is as 

large as possible. The working speed is also particularly important. Modern tractors, especially those 

of medium and high power, have transmissions designed so that they work efficiently in the speed 

range from 8 to 12 km/h, in this range, the slip values are the lowest. 

Thus, Berntsen and Berre [32] show that the effect of speed on the soil shredding process defines 

the shredding efficiency as the ratio between the energy required for shredding and the total energy 

consumed. Figure 13 shows the variation of the shredding efficiency as a function of the speed of the 

discs in one pass. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 March 2026 doi:10.20944/preprints202603.0625.v1

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.0625.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 16 

 

 

Figure 13. Shredding efficiency depending on working speed for the case of the disc harrow 

3.4. Reducing Energy Consumption Related to Soil Cultivation with a Disc Harrow  

A first solution to reduce the energy consumption of the disc harrow in the soil cultivation 

aggregate is related to the optimization of the operating characteristics, with reference to the optimal 

correlation of the tractive power of the energy source with the tractive resistance, to the optimal 

choice of the working speed, and sometimes - if not determined unambiguously for technological 

reasons - even the working depth. A second solution in the case of certain soil cultivation machines, 

where the working depth is determined by the weight of the machine (disc harrows, rolling knife 

harrows, etc.), is to reduce the weight of the machines. For this purpose, the so-called machine mass 

utilization index, Ium, is used, which defines the ratio between the useful mass, mu of the soil tillage 

machine (depending on the type of machine) necessary to maintain the working tools in the soil at 

the maximum working depth and the total mass, mt real [32,33], that is: 

  Ium = 
��

��
.                                  (26) 

In the case of disc harrows Ium = 0.7. The ideal value of Ium is equal to unity. A value of Ium > l 

means that the mass of the machine is not large enough for the machine to work stably at the 

maximum working depth, 

A very important direction for reducing energy consumption is the optimization of the geometry 

of the working elements that are in contact with the soil (here the discs), because their geometry 

determines not only the energy consumption, but also the effect that the work has on the soil. For this 

reason, the optimization of the shape and size of the working elements (discs) should not be done 

exclusively according to energy criteria, but the effect of the changes on the soil must also be studied. 

From this point of view, two functional relationships are defined, particularly important, namely 

[33,34]: 

Fo = f(Go, Mo, Si),                                   (27) 

respectively:       Sf = g(Go, Mo, Si),                                                      (28) 

where: Fo - function describing the forces acting on the working element (stellated disc); Go - function 

describing the geometry of the working element; Mo - function describing the movement of the 

working element; Si - function describing the initial state of the soil (see Figure 7); Sf - function 

describing the final state of the soil (see Figure 7), and f and g are two functional relations, which 

define how the process proceeds. 

These are abstract, very complex mathematical functions, which in the simplest case can be 

considered as real functions of several variables each, and f and g can be different, or not. 

Knowing the mathematical form of relations (27) and (28), would put designers in a particularly 

favorable situation: they could design both the shape and the movement of the working elements 

(discs) using exact deterministic methods. But even in the absence of these functional relationships, 

they provide guidelines for an empirical design based on correct mathematical relationships (even if 

they are abstract). Deriving relations (27) and (28), we can write: 

    ��� =
��

���
��� +  

��

���
��� +  

��

���
���                    (29) 
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and               dSf  = 
��

 ���
��� + 

��

���
��� +  

��

���
���                                 (30) 

 
From relations (29) and (30) the fundamental principle of qualitative designs of the working 

element results. If, for example, we modify the geometry of a working element (disc) without 

modifying its movement (type of movement, speed, working depth, spatial arrangement with respect 

to the velocity vector) and the tests are made in soil of the same type and having the same initial state, 

then all the changes in terms of the forces that appear in the process will be due to the geometric 

changes. This is also demonstrated mathematically, since: 

                         ��� = �
��

���
� ���                     (31) 

    dSf  = �
��

���
� ���,                                    (32) 

because dMo = dSi = 0. 

In general, the working method used in practice is based on this approach, through which a local 

and partial optimization can be made. 

At the same time, for discs that come into contact with the soil, the problem of reducing the 

friction between their surface and the soil is raised, as another possibility of reducing energy 

consumption. For this, there is research to reduce friction by modifying the roughness of the surface, 

covering the disc surfaces with materials with reduced friction in contact with the soil, and using 

various lubrication methods. There are several solutions/measures to reduce energy consumption, 

but more important are those from the point of view of preserving the fertility of agricultural soils, 

i.e. the development and use of working organs and machines that can combat soil compaction, and 

in this way, indirectly, also lead to an increase in the energy efficiency of the preparation of the 

seedbed for plant cultivation. 

4. Conclusions 

By reducing energy consumption during soil cultivation (preparation of the seedbed) with the 

help of a disc harrow: 

- a soil structure favorable to plant cultivation is obtained by: rapid infiltration and retention of 

water in the soil, necessary for seed germination; providing the seeds with a sufficient amount of air 

following the gas exchanges that take place in the soil; minimizing resistance to root system 

penetration. 

- mechanical removal of weeds is ensured and allows the incorporation of plant residues after 

harvesting, mineral fertilizers, amendments, etc., into the soil. 

- it combats diseases and pests as a result of the introduction/placement of plant residues at 

depth, where conditions are not favorable for them. 

- positively influences the activity of aerobic microorganisms in the soil and the soil water regime 

(accumulation and retention of water in the soil, in case of excess moisture, it improves internal 

drainage, respectively positively influences soil porosity and the economic efficiency of soil works 

(fuels, lubricants, wear of the disc harrow equipment, etc.). 

Following the analysis of the theoretical and partially experimental results, from the point of 

view of optimizing the studied parameters, it was highlighted that: 

- the choice of working depth must be in correlation with the requirements of the plant (the 

agrotechnical interval corresponding to the plant), to avoid a significant increase in soil resistance to 

work (especially the traction component); 

- the choice of the working speed of the soil crushing/loosening aggregate must be as high as 

possible, if the state of the land allows at the time of the work; the extra energy consumed due to the 

increase in soil resistance is reflected in the efficiency shredding); the operating mode should be 

optimal, from the point of view of specific fuel consumption. 
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The structure of the energy balance was highlighted, theoretically analyzing the energy aspects 

related to the technology of soil cultivation, for the preservation of its fertility, considering the 

appropriate parameters of the working organs (discs of the harrow). 

A description of the aspects on which the theoretical model is based was made, which describes 

the interaction between the shredding/loosening organs (discs) and the soil, for increasing the energy 

efficiency in the soil working process. 

The performance criterion of the working organ (disc) - soil system is given by the energy 

consumption, in the soil processing process, for preparing the germinal bed in the field. 

The developed theoretical model highlighted the correlation between energy efficiency and 

depth, respectively working speed, validated for concrete conditions, in the sense that energy 

consumption increases with increasing working depth and decreases with increasing working speed, 

in the soil working process. 

Also, the theoretical model describes well enough the effect of working depth and speed in the 

soil processing process and ensures the appropriate economic efficiency and clearly defines the 

crumbling/loosening area of  disc harrows. 

The mathematical modeling carried out to reduce the energy consumption of the working bodies 

(discs) of disc harrows was done with the aim of positively influencing the physical-mechanical 

properties of the soil and establishing the optimal parameters for this purpose.  

Reducing the energy consumption for the technical equipment of disc harrows can also be 

achieved by reducing their weight, using lighter materials but appropriate in terms of resistance to 

mechanical stress, and by reducing the rolling resistance coefficient. The use of working bodies 

beyond the permissible wear limits leads to high energy consumption and failure to achieve the 

qualitative indices of the work. 

The influence of the studied factors (depth and speed of work) is to be studied experimentally 

in the field, in order to observe the level of correlation between theory and practice. In addition, it is 

necessary to continue theoretical and experimental research, to determine the energy consumption 

and for other aggregates for soil crushing/loosening, and their optimization. Also, to carry out 

theoretical and experimental studies, using the finite element method of the interaction between the 

working bodies and the soil to find the best shapes of the technical equipment. 
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