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Editorial 
 

 

The National Institute of Research-Development for Machines and Installations designed to Agriculture and 

Food Industry - INMA Bucharest has the oldest and most prestigious research activity in the field of agricultural machinery 

and mechanizing technologies in Romania. 
 

Short History 

V In 1927, the first research Center for Agricultural Machinery in Agricultural Research Institute of Romania -

 ICAR  (Establishing Law was published in O.D. no. 97/05.05.1927) was established; 

V In 1930, was founded The Testing Department of Agricultural Machinery and Tools by transforming Agricultural 

Research Centre of ICAR - that founded the science of methodologies and experimental techniques in the field (Decision 

no. 2000/1930 of ICAR  Manager - GHEORGHE IONESCU ĹIĹEĹTI); 

V In 1952, was established the Research Institute for Mechanization and Electrification of Agriculture - ICMA 

Búneasa, by transforming the Department of Agricultural Machines and Tools Testing; 

V In 1979, the Research Institute of Scientific and Technological Engineering for Agricultural Machinery and Tools 

° ICSITMUA was founded - subordinated to Ministry of Machine Building Industry - MICM, by unifying ICMA 

subordinated to MAA with ICPMA subordinated to MICM; 

V In 1996 the National Institute of Research-Development for Machines and Installations designed to Agriculture

and Food Industry ° INMA was founded ° according to G.D.  no.1308/25.11.1996, by reorganizing ICSITMUA, 

G.D  no. 1308/1996 coordinated by the Ministry  of  Education and Research G.D.  no. 823/2004; 

V In 2008 INMA has been accredited to carry out research and developing activities financed from public funds under

 G.D. no. 551/2007, Decision of the National Authority for Scientific Research - ANCSno. 9634/2008. 
 

As a result of widening the spectrum of communication, dissemination and implementation of scientific research results,

 in 2000 was founded the institute magazine, issued under the name of SCIENTIFIC PAPERS (INMATEH), ISSN 

1583 ð 1019.  

Starting with volume 30, no. 1/2010, the magazine changed its name to INMATEH - Agricultural Engineering, 

appearing both in print format (ISSN 2068 - 4215),  and online  (ISSN online: 2068 - 2239). The magazine is bilingual, 

abstract being published in native language and English, with a rhythm of three issues / year: January-April, May-August, 

September-December and is recognized by CNCSIS ° with B+ category. Published articles are from the field  of AGRICU

LTURAL ENGINEERING: technologies and technical equipment for agriculture and food industry, renewable  energy,    

machinery testing, environment, transport in agriculture  etc.  and  are evaluated by specialists inside the country  and  abroad,  in 

mentioned domains. 

Technical level and performance processes, technology and machinery for agriculture and food industry increasing, according 

to national requirements and European and international regulations, as well as exploitation of renewable resources in terms 

of efficiency, life, health and environment protection represent referential elements for the magazine ¢INMATEH - Agricultural 

 Engineering®. 

We are thankful to all readers, publishers and assessors. 
 

Editor in chief, 

Ph.D. Eng. Vladut Nicolae-Valentin 
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ABSTRACT 

The conducted researches on a ploughing aggregate, composed according to the "push-pull" scheme 

as part of the HTZ-16131 tractor with a frontal two-bottom plough and a rear-mounted four-bottom plough, 

show that there is a positive correlation between the input impact ï the turning angle of the driven wheels of 

the tractor, and the output parameter ï its relative bearing. The maximum value of the mutual correlation 

function between these parameters is quite high, reaching mark 0.88. The researched ploughing aggregate, 

operating according to the "push-pull" scheme, has satisfactory path indicators. The path variations of the 

furrow laid by this aggregate are of a low-frequency nature. Arrangement of the supporting wheel of the 

frontal plough outside the furrow and its movement across an undeveloped agrophone does not lead to the 

deterioration in the steering ability of the explored ploughing aggregate. 

 

ABSTRAKTS 

PǛc çpush-pullè shǛmas komplektǛtu arġanas agregǕtu: traktora HTZ-16131 ar pakaǸǛjǕs uzkares 

ļetru korpusu un ar frontǕlo divu korpusu arklu pǛtǭjumi liecina, ka starp ieejas parametru ï traktora vadriteǺu 

pagrieziena leǺǵi un izejas parametru ï agregǕta kursa leǺǵi pastǕv pozitǭva korelǕcijas sakarǭba. 

SavstarpǛjǕs korelǕcijas funkcijas maksimǕlǕ vǛrtǭba starp ġiem parametriem ir pietiekami augsta un 

sasniedz atzǭmi 0.88. PǛtǕmajam, pǛc çpush-pullè shǛmas komplektǛtajam arġanas agregǕtam ir 

apmierinoġi trajektorijas parametri. Ar ġo agregǕtu veidotǕs vagas trajektorijas svǕrstǭbǕm ir zema frekvence. 

FrontǕlǕ arkla atbalsta riteǺa novietojums vagǕ vai uz neapstrǕdǕta agrofona nesamazina pǛtǕmǕ arġanas 

agregǕta vadǕmǭbu. 

 

INTRODUCTION 

Despite the high energy intensity, arable farming still occupies an important place in the soil tillage 

system (Barwicki et al., 2014; Meca and Cârdei, 2012). Under the conditions of many soil and climatic zones 

it is impossible to replace completely ploughing with other ways of soil treatment, such as boardless and 

shallow ploughing. Therefore, constant search is going on for improved machines and operating tools for 

ploughing, there is continued improvement of the aggregation schemes, and so on (Rucins and Vilde, 2005; 

Nadykto et al., 2017). 

For instance, already now there is a widespread scheme in the world of a ploughing aggregate, 

composed of a tractor, a frontal and a rear-mounted plough, conventionally called "push-pull" (Bulgakov et 

al., 2008; Nadykto et al, 2016). But practical experience of their use has shown that, in case the frontal 

ploughing tool is not properly attached, there may arise not loading but, conversely, unloading of the frontal 

driven wheels of the tractor with inevitable loss of stability and steering ability of the entire ploughing 

aggregate (Bulgakov et al., 2017; Nadykto et al., 2017). Hence it follows that the presence of a frontal plough 

may significantly worsen the stability of the movement of the ploughing aggregate, composed according to 

the "push-pull" scheme. 

According to the scientific hypothesis, developed by us, it was assumed that increase in the adhesive 

force of the aggregating tractor due to the use of a frontal plough can ensure increased operating width of 
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the ploughing aggregate, composed according to the "push-pull" scheme, at least by the width of one plough 

body in contrast to the aggregates with only one rear-mounted implement. Increase in the adhesive force of 

the aggregating tractor should, in its turn, lead to increase in the stability of the operating movement, reduced 

skidding of its propulsors and the specific fuel consumption by the ploughing aggregate, composed 

according to the "push-pull" scheme (Macmillan, 2002). 

When choosing a scheme for aggregating a frontal implement, there is a variant prevailing among 

the scientists about a pivotal attachment of the implement to the tractor (Dontsov, 2008). They explain the 

choice of such a constructive solution by the fact that the ploughing implement, when encountering a 

mechanical obstacle, may deviate aside and avoid being damaged. Besides, it is claimed that, in order to 

ensure stable movement of the frontally mounted implement, the instantaneous turning centre of the frontally 

mounted tractor linkage must be in front of the suspension axis. 

Certain attention should be paid to the postulate that, in order to increase the stability of the 

movement of the frontal pivotally attached implement, its operating elements must be arranged in the form of 

a wedge (Dontsov, 1989). 

Some scientists argue that the stability of the movement of the tools operating in the pushing mode 

can be ensured by introducing flexible elements into the structure of the frontally mounted mechanism of the 

aggregating tractor (Ploschadnov et al., 2005). 

Therefore, to ensure efficient application of the ploughing machine-and-tractor aggregates in 

agriculture, which are composed according to the "push-pull" scheme, it is expedient to study more deeply 

the stability issues of their movement. 

The aim of this study is to increase the stability of the movement in a horizontal plane of a ploughing 

aggregate, assembled according to the "push-pull" scheme on the basis of data obtained during the field 

experimental data. 

 

MATERIALS AND METHODS 

The experimental studies were carried out on the basis of modern methods of conducting field 

experimental studies using strain gauge equipment and a measuring complex based on the analogue-to-

digital converter. Processing of the obtained data on a PC was carried out by statistical methods applying a 

correlation-spectral analysis. 

As a research object was chosen a ploughing machine-and-tractor aggregate on the basis of the 

tractor HTZ-16131 (Fig. 1). The technological part of the machine-and-tractor aggregate included a test 

sample of a two-bottom frontal plough (Fig. 2) and a rear-mounted tensometric plough (Fig. 3) with a 35 cm 

operating width of each body. 

 
Fig. 1 - Tractor HTZ-16131 in the aggregate with a frontal (two-bottom) plough and a rear-mounted  

(four-bottom) strain-gauge plough (the "push-pull" scheme) 

 

In the theoretical studies conducted by us it was established that, in order to avoid insufficient loading 

and, on the contrary, unloading of the front wheels of the aggregating tractor with a rated tractive effort of 

30...32 kN, the frontal plough should have two bodies, and the rear plough should have 4 bodies (the "2 + 4" 

scheme) (Nadykto et al., 2017). Thus an experimental ploughing machine-and-tractor aggregate was 

composed, working according. 
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Fig. 2 - A frontal double-bottom plough Fig. 3 - A rear-mounted tensometric plough  

 

In the theoretical studies conducted by us it was established that, in order to avoid insufficient loading 

and, on the contrary, unloading of the front wheels of the aggregating tractor with a rated tractive effort of 

30...32 kN, the frontal plough should have two bodies, and the rear plough should have 4 bodies (the "2 + 4" 

scheme) (Nadykto et al., 2017). Thus an experimental ploughing machine-and-tractor aggregate was 

composed, working according to the "2 + 4" scheme and equipped with a frontal two-bottom plough and a 

rear-mounted four-bottom plough. 

The first pass of the aggregate across the selected section of the field during the field experimental 

studies was carried out using a stable reference point, which ensured rectilinearity. Then the aggregate, 

composed according to the "push-pull" scheme, moved across a control section, 250 m long, in the forward 

and reverse directions. 

The movement of the aggregating tractor HTZ-16131 within the above-described ploughing aggregate 

took place by means of the right-side wheels in the furrow, and with the left-side ones running across the 

undeveloped agrophone. It was assumed that the nature of the vertical oscillations of the left and the right 

sideboards of the aggregating tractor is practically the same. 

Taking into account the design features of the researched ploughing aggregate, a set of measuring 

and recording equipment was developed using an analogue-to-digital converter that ensured unbiased 

assessment of the parameters to be studied. 

To record the relative bearing of the tractor working within the ploughing machine-and-tractor 

aggregate, composed according to the "push-pull" scheme, a gyroscopic semi-compass GPK-52 was used, 

which was located in the zone of the longitudinal coordinate of the centre of mass of tractor HTZ-16131 

(Fig. 4). The alternating current of voltage 36 V and a frequency of 400 Hz, necessary for the GPK-52 

operation, were produced by a special PT-70 converter (Fig. 5). 

The deviation of the path of the furrow from the straight line was measured by a metric ruler. The base 

straight line was staked out with a length of 250 m. The measurements were carried out in steps of 1 m. The 

frontal and the rear-mounted ploughs of the ploughing aggregate to be researched were adjusted to a depth 

of 25 cm. The aggregate moved on the control section with a forward velocity, which was determined by 

means of a track-measuring wheel and was fixed on the PC within the velocity range of 1.4...2.2 mĀs-1 

allowed from agrotechnical standpoint. 
 

1 

2 

 
Fig. 4 - Installation of the gyroscopic semi-compass GPK-52 (1)  

and the current transducer PT-70 (2) on tractor HTZ-16131  
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Fig. 5 - The connection diagram of the gyroscopic semi-compass GPK-52 

with the PT-70 current transducer 

 

Experimental researches of this ploughing aggregate were carried out on an agrophone (disked 

sunflower stubble), the average moisture content of which in the 0...30 cm layer was 13.8%. The soil density 

was within the range of 1.26...1.29 gĀcm-3. Weediness of the field did not exceed 95 gĀm-2. 

 

RESULTS 

It has been established during the conducted research that the variation in the relative bearing (ű) of 

the tractor was insignificant, the dispersion of the process was 0.96 deg2. Analysis of the normalised spectral 

density of this process showed that the frequency range of its course is 0...3 s-1 (Fig. 6).   
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Fig. 6 - Normalised spectral density of variations of the relative bearing of the aggregating  

tractor HTZ-16131  

 

Having determined the mean square deviation and the normalised spectral density of variations of 

relative bearing ű, we found the required experimental amplitude-frequency characteristic of the 

experimental ploughing aggregate (Fig. 7). 

The nature of the experimental amplitude-frequency characteristic of the experimental ploughing 

aggregate shows (Fig. 7) that tractor HTZ 16131, together with the frontal plough, responds most noticeably 

to disturbances the frequency of which occurs within the range of 1...2 s-1. In general, the process of 

changing the experimental amplitude of the frequency-frequency characteristic of the ploughing aggregate is 

close to the theoretical one (Bulgakov et al., 2016). The actual discrepancy between these comparable 

characteristics is not more than 8%. 
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Fig. 7 - An experimental amplitude-frequency characteristic  

of the researched ploughing machine-and-tractor aggregate  

 

 By the conducted research it was established that the ploughing aggregate, composed according to 

the "push-pull" scheme of tractor HTZ-16131 with a frontal two-bottom and a rear-mounted four-bottom 

plough, has satisfactory path indicators. The basis for such a conclusion is the nature of variations of the 

furrow path, laid by this aggregate. In reality, they are of a sufficiently low frequency (Fig. 8). 
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Fig. 8 - Normalised spectral density of the furrow path variations laid  

by the aggregate operating according to the "push-pull" scheme 

 

The main dispersion spectrum, the value of which is 69.16 cm2, is concentrated in the frequency range 

0...0.50 m-1. At a velocity of the aggregate movement 2 mĀs-1, it is 0...1.0 s-1 or only 0...0.16 Hz. The length of 

the correlation link of the furrow path variations of the ploughing aggregate is at least 11 m. 

Such a result is satisfactory since the cut-off frequency of the spectral density of the furrow path 

variations is 0.50 m-1, which is only twice as large as the frequency that represents the acceptable non-

rectilinearity of the row crops (Nadykto et al., 2009). 

Since the tractor HTZ-16131 with aggregated ploughs moves with its right-side wheels along the 

furrow, the statistical characteristics of the turning angle of its driven wheels (parameter Ŭ) do not differ 

significantly from the similar dispersion characteristics, or from the normalised correlation function and 

spectral density, representing variations of the furrow path. 

However, as relates to the relative bearing of the aggregating tractor (parameter ű), the statistical 

characteristics are basically different. Due to the lateral drift angles of the tires of the running wheels of the 

aggregating tractor, the energy (it is the same dispersion) and the internal structure of the variations of its 

relative bearing are a little different. In a numerical expression, the dispersion of the variations of parameter 

ű was 2.96 deg., and parameter Ŭ ï 2.10 deg. 

The statistical processing on the PC was performed by 250 ordinates of the parameters Ŭ and ű. For 

such arrays of initial data, the tabular value F of Fisher's ratio test at the statistical significance level of 0.05 

turned out to be equal to 1.39 (Dospechov, 2012; Gerber and Green, 2012). 

 

https://www.amazon.com/Alan-S.-Gerber/e/B006W1OS3G/ref=la_B006W1OS3G_ntt_srch_lnk_1?qid=1516187975&sr=1-1
https://www.amazon.com/Donald-P.-Green/e/B001HCVQEY/ref=la_B006W1OS3G_ntt_srch_lnk_1?qid=1516187975&sr=1-1
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Because the actual value F of Fisher's ratio test (equal to 1.41) is greater than the tabular (equal, 

1.39), the null hypothesis about the equality of the estimated variances is not rejected. With a probability of 

95%, it can be claimed that the variation dispersion of the relative bearing of the tractor is by no means 

greater than a similar indicator for the relative bearing of its driven wheels. 

Perhaps because of this the variations spectrum of parameter ű is wider in comparison with angle Ŭ. 

Thus, if the cut-off frequency for the spectral density of the variations of the driven wheel turning angle is 

0.3 s-1, then for the relative bearing it is approximately 0.42 s-1 (Fig. 9). 
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Fig. 9 - Normalised spectral densities of variations of the  

driven wheels turning angle of the tractor HTZ-16131 (1) and its relative bearing (2) 

 

Despite the difference in the nature of variations of parameters Ŭ and ű, there is a close correlation 

between them. It is unambiguously represented by the normalised correlation function. Analysis of its 

behaviour shows (Fig. 10) that there is a positive correlation between the input impact ï the turning angle of 

the driven wheels of the tractor, and the output parameter ï its relative bearing. The maximum value of the 

mutual correlation function is quite high, reaching mark 0.88. 
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Fig. 10 - Mutual correlation function of variations in the relative bearing of the tractor HTZ-16131  

by the turning angle of its driven wheels 

 

The shift of the maximum value of the mutual correlation function to the right indicates that the relative 

bearing of the aggregating tractor is the turning function of its driven wheels, and not vice versa. If this 

maximum were in the second quadrant, value Ŭ would be considered as a reaction of the operator-driver to 

such a disturbance as an unwanted turn of the tractor body to one or the other side. 

The shift of the maximum value of the mutual correlation function to the right of the vertical axis by 

0.8 s indicates that it takes place precisely at the time when the change in the relative bearing of the tractor 

for the control action ï the turning angle of its driven wheels ï is delayed.  
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On the basis of what was laid out above, you can conclude the main thing. In the proposed variant of 

the ploughing machine-and-tractor aggregate, composed according to the "push-pull" scheme, the 

supporting wheel of the frontal plough is running outside the furrow. On the field it is moving across an 

undeveloped agrophone. This is in contrast to the world-wide variants of ploughing aggregates operating 

according to the "push-pull" scheme, which provide for the movement of the supporting wheel of the frontal 

implement in the furrow thus as if providing satisfactory control and stability of the movement of such an 

aggregate. But, on the basis on the analysis of the above-mentioned mutual correlation function (Fig. 10), it 

can be claimed that this decision does not lead to deterioration in the control of the movement of the 

researched ploughing aggregate assembled according the "push-pull" scheme. 

The conducted research allows substantiating practical recommendations on the choice of a scheme 

and parameters of the ploughing aggregate, composed according to the "push-pull" scheme on the basis of 

the tractor HTZ-16131, from the position of satisfactory stability of its movement. So, the scheme of placing 

the tractor in the structure of ploughing aggregate is direct. When working in an aggregate with frontal and 

rear-mounted ploughs, the tractor HTZ-16131 should move with the right-side wheels running in the furrow. 

The air pressure in the tires should be as follows: the frontal wheels (with the tractor running straight) - 0.125 

MPa, the rear wheels ï 0.170 MPa. Any mobility of the frontal plough in a horizontal plane relative to the 

tractor is undesirable. During the operation the supporting wheel of the frontal plough moves outside the 

furrow. Although its removal from the connecting triangle of the frontal plough reduces the vertical load on 

the frontal wheels of the tractor, the change of this indicator is significant. Proceeding from this, when 

choosing the location of the wheel mentioned, it is necessary to carry out constructive limitations. 

 

CONCLUSIONS 

1. The ploughing aggregate, composed according to the "push-pull" scheme as part of the HTZ-16131 

tractor with a frontal two-bottom and a rear-mounted four-bottom plough, has satisfactory path indicators. 

The variations of the furrow path laid by this aggregate are of a low-frequency nature. The basic dispersion 

spectrum, the value of which is 69.16 cm2, is concentrated within the frequency range 0...0.50 m-1. At the 

velocity of the ploughing aggregate 2.0 mĀs-1, it is 0...1.0 s-1 or only 0...0.16 Hz. 

2. There is a positive correlation between the input impact ï the turning angle of the driven wheels of 

the tractor HTZ-16131, and the output parameter ï its relative bearing. The maximum value of the mutual 

correlation function between these parameters is quite high, reaching mark 0.88. The shift of the maximum 

value of the mutual correlation function to the right by 0.8 s indicates that the relative bearing of the tractor is 

the turning function of its driven wheels, but the reaction of the tractor to the control impact lags precisely by 

the same time. 

3. Arrangement of the supporting wheel of the frontal plough outside the furrow and its movement 

across an undeveloped agrophone does not lead to deterioration in the steering ability and stability of the 

movement of the researched ploughing aggregate, composed according to the "push-pull" scheme. 
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ABSTRACT 

 The mini tiller is a type of agricultural equipment used for hilly and mountainous regions. The intense 

vibration it produces causes harm to the manipulatorôs body. Hence, it is imperative to analyse reported 

studies on the mini tiller, especially addressing the limitations of this machine. The mini tiller, brand 1z-105, 

was selected to be used as a prototype in several experiments using three different conditions. The data 

was analyzed in the time and frequency domains and the effects on the human body were explored. Finally, 

suggestion was made regarding the handling comfort of the mini tiller if it is articulated. 

 

 

җ ῾ҙ ̆ ῒ ꜚ ᵬ ᵣ ᴴ Ȃ ԍ ̆ ᾢ
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ԍ № ̆ ₮ԅ ᵬ ̆ҹ ᶫ ᶭ Ȃ 

 

 

INTRODUCTION 

China is a country with complex land formation. The statistics indicate that over 60% of the area is 

comprised of hilly and mountainous regions, and more than 40% of agricultural acreage is located in this 

terrain. It is difficult to implement modernization and mechanization for agriculture in hilly regions, resulting 

in the limitation of using large agricultural equipment. The mini tiller is driven by a gasoline or diesel internal 

combustion engine of 2~7.5 kW, weighs 50~150 kg, and has a tilling depth of 10~16 cm. Due to the 

advantages, such as being multifunctional, small in size and light weight, it is popular. 

Although such characteristics are advantageous in hilly or mountainous terrain, the mini tiller has 

significant disadvantages, including severe vibration which cannot be endured. Studies suggest that the 

intense vibration can cause moving disorders, damage to various body organs including the ear, spine and 

gastrointestinal disorders, and neurological disease (Ahmadian H., et al., 2012; Li, et al., 2016). Another 

disadvantage is operator fatigue caused by the operator walking behind the machine during tilling for 15~20 

km (Mehta C. R., et al., 1997). In Italy, 13% of injuries from all accidents are related to the use of power 

tillers (Fabbri A., et al., 2017). With increasing urbanization, the older generation will be the operators of 

such equipment, and severe injuries, even death, are reported frequently. The handling comfort of mini 

tillers needs to be improved. 

The biggest shortcoming of the mini tiller is the production of strong vibrations by the engine, rotary 

blade and uneven soil tilling. In addition, it is hard to find elastic components in the mini tiller resulting in the 

vibration amplitude to be difficult to buffer. During the tilling process, tires are replaced by the rotary blade, 

and almost all modules are assembled on a rigid rack. The harsh operating environment and the design 

faults, which are a result of lowering the cost, make the performance unacceptable for operators. Vibration 

is a complicated movement for the human body to react to, and some factors including vibration magnitude, 

frequency, duration time, input position, etc., are especially significant to the effects. It appears that some 

environmental elements, including light, heat and noise, are also relative to the effects of vibration (British 

Standards 6481, 1987, ISO 2631/1, 1985). There are multiple studies reported in the literature on the 

effects of vibration. The disease White Hand syndrome can be caused by vibration, and the mechanism of 
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the illness has been reported (Ragni L., et al., 1999). In order to determine optimal properties of the mini 

tiller, the vibrational mechanism of the tiller is analyzed and some measures for reducing vibration have 

been introduced (Yang J., et al., 2005). The Finite Element Method (FEM) is an effective low cost method 

used to achieve an optimized structure of agriculture machinery (Xu F., et al., 2008). The steering system 

must also be flexible in agricultural equipment (Nafchi A. M., et al., 2011). The majority of the vibration is 

from the engine and the vibration effect of different fuels must be considered (Heidary B., et al., 2013). 

Studies on the transmission of vibrations from the blade to the body are not easy to analyse. Therefore, it is 

crucial to establish a vibration model and reduce the vibration experienced by the operator (Fabbri A., et al., 

2017). Parts of the vibration is generated during the tilling process and the geometry of blade and the scoop 

angle characteristics of a handheld tillerôs rotary blade has been explored (Zhang Y. H., et al., 2016). 

Vibrational testing and a response analysis of the power tiller are essential (Xu H. B., et al., 2016).  

The structure of mini tillers requires the structural optimization of the handlebars using vibration 

modal analysis (Niu P., et al., 2017). In reference [15], pre-stress means are used to analyse the vibration 

of the mini tiller, and the consistency between theoretical outcome and test data has been achieved (Wang 

Z., et al., 2018). 

Improving the handling comfort of the mini tiller is filled with challenges, due to several factors 

contributing to the performance, such as rotation speed of the engine, the geometry of rotary blade, the soil 

type, the depth and width of tilling (Vaghela, et al., 2013, Fajardo A. L., et al., 2014, Matin M.A., et al., 

2015). High value-added agriculture needs more advanced equipment with low pollution and satisfactory 

performance, especially in facility agriculture such as in the greenhouse. Therefore, tests for this study were 

finished in the two soils of the greenhouse. 

 

MATERIALS AND METHODS 

Compared to field experiments, the theoretical analysis of the mini tiller is easy and cost effective to 

conduct. However, not all the characteristics can be described precisely. For example, the soil model is 

hard to build, and some details of soil structure must be omitted to simplify the model.  

The experimental location was situated at 29.81° N latitude and 106.42 ° E longitude, and field tests 

were completed on April 5, 2017. The mini tiller had worked for two years and its technique condition was 

good. The air temperature in the greenhouse was 21.5°C and the soil texture was a sandy loam. The 

parameters of mini tiller are listed in Table 1. 

 

Table 1 

Specification of the mini tiller 

Mini tiller item Parameter  

Engine type  Four stroke direct injection 

Related power 4.41 kW 

Related rotation speed 3600 min/r 

Cylinder number  1 

Tilling depth 10-12 cm 

Tilling width 75 cm 

Transmission 2 forward and 1 reverse 

Cooling system Air cooling 

Blade  Machete 

 

The experimental scenario of mini tiller is recorded in Figure 1. The three-dimensional acceleration 

sensor was 356A16, which was produced by the PCB Company in the US. The frequency scope was 0.3~6

kHz , and measured range was -50~50 g . In addition, the sensitivity of the instrument in x- , y-  and z- 

coordinate directions was 98.2, 101.0 and 98.5 /mv g , respectively. The acquisition card was NI 9234, 

which was made in NI Company in the US, the input voltage was -5~5 V and the rate of digital signal was 

51.2 kHz . The vibration was transmitted from the rotary blade and engine to the body through the 

handlebar of the mini tiller, so the acceleration sensor was attached to the end of bar using the 502 glue. 

The coordinate directions of sensor and the whole measuring system are shown in Figure 1.   
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Fig. 1 - Sensor in the mini tiller and connection relation for different components 

 

An experiment was undertaken in a greenhouse, as described below. Firstly, the acceleration sensor 

was situated outside of the handlebar, and uses a data cable to link the sensor, the acquisition card and 

USB port of the laptop. Secondly, vibration signals from the mini tiller with no load were collected using 

LabVIEW program when the tiller was operated. Thirdly, vibration signals were gathered while the tiller was 

running with a full load. During the process, the throttle was fixed in the open position and the gear ratio 

was unchanged. The experiments were repeated on two different grounds. Soil 1, had a moisture content of 

13.5%, and average firmness of 0.41-0.63. The corresponding parameters in soil 2 were 9.4% and 0.58-

0.75, respectively. The principle of vibration signal disposing is described in Figure 2. 
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Fig. 2 - The principle of vibration signal disposing 

 

RESULTS 

Results under different conditions are recorded and shown in Figure 3. The mini tiller working without 

a load and the acceleration signal is shown in Figure 3a.  

The mini tiller working under full load on soil that was less firm in texture is shown in Figure 3b.  

In Figure 3c the experiment is repeated on a firmer textured soil.  

The outcomes are expressed in a narrower frequency band in Figure 3d. 

       
 

      a)                                                                                                    b) 

Fig. 3 - Acceleration signal of the mini tiller under different conditions 
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c)                                                                           d) 

Fig. 3 - Acceleration signal of the mini tiller under different conditions 

 

From Figure 3, it appears that the acceleration signal in the time domain occurs periodically. The 

primary reason for this could be the configuration of rotary blade which is symmetrical, reflected as the 

periodicity of curves. The variation in the curves could be attributed to the random firmness and moisture 

content of the soil. Furthermore, the variable power output of the engine is also reflected in the curves. 

While in the frequency domain, it is noted that the frequency spectrum is very distinct at the same frequency 

band. It is hard to find the same peak and trough in Figure 3, and individual signals do not represent 

characteristic vibrations during tilling. The application of statistics could be useful in describing the vibration 

process. The root mean square (RMS) value of weighted acceleration is used to analyse the vibration signal 

in the frequency domain, which can represent the vibrational energy, using the following equation: 

                                                                 2

1

/
n

rms i

i

a a n
=

å õ
= æ ö
ç ÷
ä                                                               (1) 

Where:  
ia is the measured acceleration amplitude, [ms-2]; 

      n  - the number of acquisitions; 

      
rmsa -the vibration acceleration RMS value, [ms-2]. 

Accordingly, the results can be seen in Figure 4. 

 
Fig. 4 - Vibration acceleration value in coordinate directions 

 

In Figure 4, the acceleration at the end of the handlebar in the coordinate directions is different, 

which may be caused by the different stresses in each coordinate direction. The soil surface is uneven 

which result in the amount of tilling being varied, and the distribution of soil firmness is random. Therefore, 

the acceleration amplitude in each coordinate direction is unique. In no tilling mode acceleration in the  x- 

coordinate direction it was 43% greater than that in the z- axis direction, while it was similar to the 

acceleration in the y-axis direction. Compared with tilling 1 and tilling 2 modes, the acceleration in x- 

coordinate direction was 9% and 15% greater, respectively. Correspondingly, the acceleration in y-

coordinate direction was 6% and 51% greater, and acceleration in z-coordinate direction it was -22% and 

10% greater, respectively. Overall, the acceleration in each axial direction was irregular, which was 

generated by the random values of the different forces exerted.  
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In the moving mode, the peak of vibration frequencies were 45 Hz, 216 Hz and 768 Hz, and the 

corresponding amplitudes were 6.8
2ms- , 10

2ms- and 5.6
2ms- , respectively. However, the distribution and 

amplitude of the frequency in tilling mode 1 were significantly different to the values in the moving mode. 

The vibration frequency peak in coordinate directions under tilling mode 2 coincided at 35 Hz, which is 

dissimilar to other modes. In contrast to the moving and tilling mode 1, the acceleration in the x-

coordinate direction was 168% and 65% greater, while in the y-coordinate direction, the acceleration was 

55% and 70% smaller, and in the z-coordinate direction it was 25% and 44% smaller. The human body is 

complicated in its reaction to vibration, resulting in different frequencies not being equally disruptive. 

Namely, different internal organs of the body can have different masses, damping and elasticity, so the 

resonance frequency within each is unique. For example, 4~8 Hz in the vertical direction and 1~2 Hz in the 

horizontal direction are more sensitive than other frequencies for most people. Hence, it is necessary to 

give the distribution of the frequency peaks (Table 2) and the vibration frequency of the mini tiller should be 

kept greater or smaller than the frequencies humans are sensitive to in order to ensure handling comfort. 

 

Table 2 

Human reactions to RMS weighted acceleration levels 

Test 

x-axis direction y-axis direction z-axis direction 

Vibration 

frequency 
Amplitude 

Vibration 

frequency 
Amplitude 

Vibration 

frequency 
Amplitude 

[Hz] [ms-2] [Hz] [ms-2] [Hz] [ms-2] 

Moving 45 6.8 216 10 768 5.6 

Tilling 1 527 11 397 15 20 7.5 

Tilling 2 35 18.2 35 4.5 35 4.2 

 

From the analysis above, it was noted that vibration frequency is diverse under different tilling 

conditions. Therefore, enhancing the handling comfort of the mini tiller is difficult. It is convenient to use the 

total acceleration value rmsa  in any coordinate axis, because human reaction is a result of the whole 

vibration input in three coordinate directions. The equation 2 is used for calculating the total weighted 

acceleration value. 

2 2 21.4 1.4sum x y za a a a= + +                                                       (2) 

Where: 

xa  is the acceleration RMS value in x-coordinate axes, [ms-2]; 

ya -the acceleration RMS value in y-coordinate axes, [ms-2]; 

za -the acceleration RMS value in z-coordinate axes, [ms-2]; 

suma -the total weighted acceleration value, [ms-2]. 

Using equation (2), the responding values were calculated as 51.8
2ms- , 52.78

2ms-  and 38.41
2ms- , 

respectively. It is accepted that the acceleration level can be used to evaluate the riding comfort of vehicles 

(Table 3). Comparing the tilling process results it is shown that the handling comfort of the mini tiller is 

unacceptable, and possibly the reason why operators of the mini tiller are frequently injured. 

Table 3 

Human reactions to RMS weighted acceleration levels  

Weighted RMS acceleration Description of human reactions 

[ms-2] / 

̖0.315 Not uncomfortable 

0.315-0.630 A little uncomfortable 

0.5-1.0 Fairly uncomfortable 

0.8-1.6 Uncomfortable 

1.25-2.50 Very uncomfortable 

̘2 Extremely uncomfortable 
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Compared with studies reported in the literature (Vaghela, et al., 2013, Bahareh H., et al., 2013, Li, 

et al., 2016), the RMS of test accelerations in this study were much greater. The distinction between 

different internal combustion engines was not obvious, so the most probable cause lies in the process of 

tilling itself, the key to enhance the handling comfort of the mini tiller. The stresses on the rotary blade of the 

mini tiller are shown in Figure 5. 
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Fig. 5 - The stress analysis of rotary blade during tilling 

 

The mechanism of the equilibrium of the blade can be described by equation 3 as : 

1 2 3

1 3 2 1 2

cos cos sin 0

cos sin sin 0

G N N F

F F F N N

q q q

q q q

+ - + =ë
ì
- - - + =í

                                         (3) 

Where: 

G is the gravity of blade, [ms-2]; 

q- the angle between the line
'Oo and the line Om, [°]; 

1N -the clod pressure above the blade, [N]; 

2N -the clod pressure below the blade, [N]; 

1F -the force of blade roller, [N]; 

2F -the acceleration resistance, [N]; 

3F -the frictional force between the blade and soil, [N].  

 

 Furthermore, several forces can be described in more specific forms, which is convenient for 

calculating results. For example, 
2F =

dv
m

dt
d , and 

3F =
1 2( )N N ASm m- + , where md  signifies acceleration 

mass,m shows friction coefficient between the blade and soil texture, Sexpresses the area of adhesive 

water envelop, and A  represents the absorbing load caused by water film. The parameters in equation (3) 

can be measured and the results recorded under different conditions. Using equation (3), it can be 

concluded that different tilling depth results in different clod pressures on each coordinate direction, and the 

mechanical equilibrium also changes. A couple of dynamic parameters, including power output of the 

engine, firmness of the soil texture, different tilling depths, and different acceleration forces, cause a 

continuous couple and act on the rack of the mini tiller, creating vibration. If the changes of parameters are 

large, intense vibration can be produced. 

From Figure 5, the rotary blade cuts the soil into a small slice or clod and throws it to the shield in 

each bite. If the firmness of soil is greater, then a smaller load may be finished in each bite, assuming the 

power output of the engine is unchanged. Significant variation from the composite force of the blade is 

generated due to the change of soil firmness and rotating fluctuation of the engine. The situation is 

aggravated by the single cylinder of the engine which has a lopsided reciprocating and rotary torque. The 

significant differences in experimental outcomes are due to the firmness of soil, and the relation between 

the firmness and acceleration is shown in Figure 4.  
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There is a paradox in Figure 4. The firmness in the first soil texture is smaller than that in the second 

soil texture, while the acceleration of the handlebar is smaller in the two soils. In addition, the acceleration 

at the end of the handlebar in the moving mode is greater than that of the acceleration in the tilling mode. 

These results agree with that reported by Li, et al., 2016. During the process of tilling, more vibrational 

energy is absorbed by the soil than that transmitted to the handlebar. If the tilling depth is increased, the 

acceleration is reduced. It is not economical to decrease the acceleration by enlarging the tilling depth, as 

this will cause higher fuel consumption by the engine and disperse more soil. Whether heightening the 

tilling depth is feasible should be considered in another study. 

 

CONCLUSIONS 

The tilling process is complicated under changing conditions, with further studies, including 

theoretical analysis and field experiments, needed to understand it. 

¶ The vibration frequency for the mini tiller is wide, and it is hard to keep the frequency within a 

range to result in satisfactory handling comfort under different terrain and working conditions. It is feasible 

to design an active system which matches diverse terrains. 

¶ Test results show that the manipulatorôs body is hurt by the evident vibration during the mini tiller 

working. In the hilly and mountainous regions, how to transform vibration energy which is produced by the 

rotary blade and the single cylinder engine into other energy form is more urgent. 

¶ The physical design of the mini tiller should be improved greatly. It is unreasonable to use a rigid 

structure for the mini tiller. In addition, some elastic components should be included into the assembly of 

the mini tiller to buffer the vibrational energy. 
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ABSTRACT 

The construction of a new pneumatic and mechanical seeding device for precision seeding of tilled 

crops with peripheral location of cells on a seed disk and a passive device for removing unnecessary seeds 

in a centrifugal method is suggested. It is assumed that the seeding device works even without the creation 

of vacuum. The parameters of the seeding device have been determined analytically. It was proved that the 

proposed design of the pneumatic and mechanical seeding device provides qualitative dosage of seeds 

without creating vacuum in the system, but with a limited angular velocity of 11.25 rad/s. 

To remove extra seeds in the pneumatic and mechanical seeding device we used pockets in the 

casing of the seeding device above the filling section in which, under the influence of inertia forces, excess 

seeds get in and are directed back to the filling section. In order not to remove the main seed along with the 

extra seed when the rotation velocity of the seed disc approaches the velocity of the seeding device, 

additional force should be applied that would keep the main seed in the cell, that is, the force of suction. 

 

ʈɽɿʖʄɽ 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʩʪʨʫʢʮʽʶ ʥʦʚʦʛʦ ʧʥʝʚʤʦʤʝʭʘʥʽʯʥʦʛʦ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʩʽʚʫ 

ʥʘʩʽʥʥʷ ʧʨʦʩʘʧʥʠʭ ʢʫʣʴʪʫʨ ʟ ʧʝʨʠʬʝʨʽʡʥʠʤ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʢʦʤʽʨʦʢ ʥʘ ʚʠʩʽʚʥʦʤʫ ʜʠʩʢʫ ʪʘ ʧʘʩʠʚʥʠʤ 

ʧʨʠʩʪʨʦʻʤ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʡʚʦʛʦ ʥʘʩʽʥʥʷ ʚʽʜʮʝʥʪʨʦʚʠʤ ʩʧʦʩʦʙʦʤ. ʇʨʠʡʥʷʪʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʚʠʩʽʚʥʠʡ ʘʧʘʨʘʪ ʧʨʘʮʶʻ ʥʘʚʽʪʴ ʙʝʟ ʩʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʫ. ɸʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨʠ 

ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ. ɼʦʚʝʜʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʥʝʚʤʦʤʝʭʘʥʽʯʥʦʛʦ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʫ 

ʜʦʟʚʦʣʷʻ ʷʢʽʩʥʦ ʜʦʟʫʚʘʪʠ ʥʘʩʽʥʥʷ ʙʝʟ ʩʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʫ ʚ ʩʠʩʪʝʤʽ, ʘʣʝ ʧʨʠ ʦʙʤʝʞʝʥʽʡ ʢʫʪʦʚʽʡ 

ʰʚʠʜʢʦʩʪʽ ʫ 11,25 ʨʘʜ/ʩ.  

ɼʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʡʚʦʛʦ ʥʘʩʽʥʥʷ ʚ ʧʥʝʚʤʦʤʝʭʘʥʽʯʥʦʤʫ ʚʠʩʽʚʥʦʤʫ ʘʧʘʨʘʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʞʥʠʥʠ ʚ ʢʦʧʫʩʽ ʚʠʩʽʚʥʦʛʦ ʘʧʘʨʘʪʘ ʥʘʜ ʟʦʥʦʶ ʟʘʧʦʚʥʝʥʥʷ, ʚ ʷʢʫ ʧʽʜ ʜʽʻʶ ʩʠʣ ʽʥʝʨʮʽʾ 

ʧʦʪʨʘʧʣʷʻ ʟʘʡʚʝ ʥʘʩʽʥʥʷ ʪʘ ʩʧʨʷʤʦʚʫʶʪʴʩʷ ʥʘʟʘʜ ʜʦ ʟʦʥʠ ʟʘʧʦʚʥʝʥʥʷ. ɼʣʷ ʥʝ ʚʠʜʘʣʝʥʥʷ ʨʘʟʦʤ ʽʟ 

ʟʘʡʚʦʶ ʥʘʩʽʥʠʥʦʶ ʦʩʥʦʚʥʦʾ ʥʘʩʽʥʠʥʠ ʧʨʠ ʥʘʙʣʠʞʝʥʥʽ ʢʦʣʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʚʠʩʽʚʥʦʛʦ ʜʠʩʢʘ 

ʜʦ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʦʩʽʚʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʦʜʘʪʢʦʚʫ ʩʠʣʫ, ʷʢʘ ʫʪʨʠʤʘʣʘ ʙ 

ʦʩʥʦʚʥʫ ʥʘʩʽʥʠʥʫ ʚ ʢʦʤʽʨʮʽ, ʪʦʙʪʦ ʩʠʣʫ ʧʨʠʩʤʦʢʪʫʚʘʥʥʷ. 

 

INTRODUCTION 

The formation of a single-seed stream is the main task for seeding devices of tilled crops. The 

effectiveness of their operation is assessed by the quality of seed flow formation. The quality is higher if the 

number of misfed seeds and "twin" seeds is lower. Both misfed and "twin" seeds negatively affect the yield of 

crops. In the first case the number of plants decreases and in the second case the problem is their mass, 

due to the ineffective distribution of feeding areas of the root system and the competition of the above-

ground part for obtaining sunlight. 

Many scientists (Boyko A. I., 2003; Sysolin P.V., 2004; Amosov V.V., 2007; Sydorchuk O., 2014; 

Voytyuk, D. G., 2005), studied the problem of the formation of single-seed flow. As a result, the designs of 

high-performance pneumatic-mechanical seeding devices were created. They exceed technological 

parameters of the best reliable mechanical devices. However, the quality of the operation of pneumatic and 
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mechanical seeding devices considerably depends on providing the specified value of rarefaction in the 

vacuum system for each crop and maintaining its stability.  

In real conditions, with the intervention of unmanaged random factors, this is a rather complicated 

problem which is confirmed by differences in the results of laboratory and field studies. 

Therefore, the main task is to create the design of a pneumatic and mechanical seeding device which 

operates with the least impact of the pressure changes in the system. 

Having analyzed the design features of seeding devices for tilled crops precision seeding (Boyko A. I., 

2003; Sysolin P.V., 2004; Mursec B., 2007; Amosov V.V., 2007; Sysolin P.V., 2001), a perspective direction 

of its improvement was determined. 

The design of a unique pneumatic and mechanical device (Petrenko M. M., 2011; Petrenko M. M., 

2013) (Fig. 1) was developed at the Department of Agricultural Engineering of Central Ukrainian National 

Technical University. The seed disk 1 has cells 2 which are formed by sectoral cut-outs of the disk and 

blades 3. Externally, the cells are covered by the device casing 5.  

 
Fig. 1 - The model of the pneumatic and mechanical seeding device 

1 ï seed disk; 2 ï cell; 3 ï blade; 4 ï driving shaft; 5 ï casing; 6 ï seeding outlet;  

7 ï inactive appliance for removing extra seeds; 8 ï vacuum chamber; 9 ï seeds. 

 

The process of the seeding device operation is as follows. When the disk is rotating, the blades catch 

a seed and automatically place it in a cell. The vacuum created in the system keeps the seed from 

transverse tangential and radial displacement. In addition, the blades prevent the trapped particles to fall out 

in the tangential direction, and the casing prevents falling out in the radial direction. In this way, the particles 

move to the pocket 7 where the excess "twin" seeds are removed. 

The suggested device has a significant advantage over the classical ones, since it ensures the forced 

seizure of the seeds with blades and the constructive elements to be kept in cells. Let us consider the 

operation of the device in the worst conditions with the absence of vacuum. 

The analysis of the suggested design of the seeding device (Petrenko M. M., 2011; Petrenko M. M., 

2013; Vasylkovska K.V., 2016) allows us asserting that seeds can be caught, removed and dropped even 

without the use of vacuum in the vacuum chamber. 

 

MATERIALS AND METHODS 

The objective of the research is to identify the performance of the suggested pneumatic and 

mechanical seeding device in the conditions of an unstable vacuum in the system, in particular, when it is 

absent. 

Research tasks: 

- creation of the physical model of the experimental pneumatic and mechanical seeding device; 

- mathematization of the physical model if there is no vacuum; 

- obtaining the correspondence which characterizes the performance of the seeding device if there is 

no vacuum; 

- the analysis of the correspondence and development of scientific and methodological 

recommendations (Vasylkovska K. V., 2014). 

Theoretical studies were carried out using the elements of theoretical mechanics, differential and 

integral calculus and mathematical modelling. The research results were processed by the "MathCAD 14" 

program. 
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RESULTS 

Let us consider the operation of the suggested pneumatic and mechanical seeding device if there is 

no vacuum. 

At the first stage a seed is caught by a blade (Fig. 2). In this case, it is possible to catch several "twin" 

seeds in the YOZ plane (Fig. 2b). The tangential movement of the caught seeds with the absence of vacuum 

is possible due to the corresponding ratio of centrifugal force to the gravity of the grain: 

1²=
G

I
K             (1) 

where K  is the property of kinematic mode; 

I is the centrifugal force; 

G is the gravity force. 

 

 
ʘ 

 
b 

Fig. 2 - Catching a seed by the blade: 

ʘ ï in the XOY plane; b ï in the YOZ plane 

 

Removing the captured "twin" seeds occurs in the pocket of the seeding device casing (Fig. 3). 

 

Fig. 3 - Removal of the ñtwinò seeds in the pocket of the seeding device casing 

To prevent the removal of the main seed, the velocity of its radial displacement and the angle of 

pocket opening e (Fig. 4) must be such as to follow the assumption: 

2

d
L<       (2) 

where d is the diameter of the seed. 

Let us consider the process of moving the main seed on the blade in the moving coordinate system 

n-t  in general case with an installed blade at the angle a to the normal (Fig. 4).  

The seed is influenced by the gravity force G , the centrifugal force I  and the friction force ʪʨF . We 

shall not take into account other forces as they are not important. 
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Fig. 4 - Physical model of the seed movement on the blade in the pocket 

 

The differential equation of the seed moving on the blade in the pocket is the following: 

awbbaw cosrm+cosgm-) singm+sinr(-m-f='S'm 22 ÖÖÖÖÖÖÖÖÖÖÖÖ  (3) 

where G is the gravity force, gmG Ö= , [N]; 

I  is the centrifugal force, rmI ÖÖ= 2w , [N]; 

ʪʨF  is the friction force, ) singm+sinr(-mf=NfF 2
ʪʨ baw ÖÖÖÖÖÖÖ= , [N]; 

N  is the normal response force, [N]; 

f  is the coefficient of the seed friction on the casing material; 

m  is the mass of the seed, [kg]; 

b the angle of the blade adjustment vertically, twaj
p

b ++-= 0
2

; 

j is the angle of the pocket placement; 

0a  is the angle which defines the position of the blade beginning. 

To shorten the mass m, we shall have: 

awbbaw cosr+cosg-) singfsinr(f='S' 22 ÖÖÖÖÖ-ÖÖÖ   (4) 

From Fig. 4 we have:                   constsinrsinr 0 =Ö=Ö 0aa  

Therefore:                                     0aa oscrSoscr 0Ö+=Ö  

where S is the movement along the axis t during the period of turning of the disk at the angle e. 

We have the equation of second order with the fixed factor relatively to the required function )t(SS= : 

C+t)+
2

cos(g-t)+
2

sin(g-f= SS 00
2 waj

p
waj

p
w +-Ö+-ÖÖ-¡¡   (5) 
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The movement of a seed in the radial direction L  is in the range of: 

2
0 0

d
cosSL <Ö=< a                    (8) 

To fulfil the assumption (8), the seed should move in radial direction for the period of time needed for 

the disk to return to anglee. That determines the size of the pocket of the inactive appliance for removing 

excess seeds: 

w

e
=t               (9) 

where e is the angle which determines the size of the inactive appliance, [rad]; 

w is the angular velocity of the seed disk, [rad/s]. 

Thus, we get: 
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We shall form the correspondence of the seed movement on the blade relatively to the disk rotation 

angle at different angular velocities for the radially installed blade (Fig. 5) (Amosov V.V., 2007; Babak V. P., 

2004). 

As can we can see on the graph of the dependence of the particle movement on the spade from the 

disk rotation angle (Fig. 5), to ensure the ascent of the excess seed, the centrifugal force must exceed the 

seed force of gravity, namely, the angular velocity must exceed the limiting value of 11.25 rad/s. With a 

smaller value of the angular velocity the particle will move on the shoulder blade backwards which will result 

in its falling to the pick-up chamber. 

 
Fig. 5 - Correlation of seed movement on the blade to disk rotation angle 

at the angular velocity - w [rad/s] 

1 ï 30 rad/s, 2 ï 25 rad/s, 3 ï 20 rad/s, 4 ï 15 rad/s; 5 ï 11.25 rad/s; 6 ï 10 rad/s 
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However, when the rotation speed of the seed disk is approaching the seed drill speed, the main seed 

along with the extra seed can be removed from the cell. For the guarantee that the main seed does not fall 

out, it is necessary to use additional force that would keep it in the cell, which is the force of suction P . 

 

CONCLUSIONS 

The design of the new pneumatic and mechanical device increases the angular velocity of cells and 

reduces their number on the sowing disk and significantly reduces thinning in the vacuum chamber. 

Therefore, the proposed sowing device increases technological efficiency of seeding tilled crops and reduces 

energy intensity. 

Consequently, the proposed construction of a new pneumo-mechanical seeding machine with 

peripheral arrangement of cells and inertial removal of excess seed allows the sowing of seeds of different 

cultivars. Thus, the design of the seeding device can operate without the use of vacuum but with a limited 

angular velocity of 11.25 rad/s. 

The blade, which is behind the cell, allows you to reliably grab the seeds and hold it during movement 

to the reset zone. In order that the main seed does not fall out together with the extra seed when the rotation 

speed is approaching the seeding device speed, it is necessary to use additional force to keep the main 

seed in the cell, that is, the force of suction. 
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ABSTRACT 

Under production conditions it was carried out a test with a drill CPH 2000 for direct seeding. It was 

evaluated the quality of the drill work and the economical evaluation was done. Obtained results showed that 

the average value of the practical depth of seeding was of 50.0±2.85 mm and, of practical rate of seed 

sowing was of 94.0±0.5 seed/m. Economical evaluation of the drill use indicates reduction in fuel and 

lubricants consumption per hectare of about 20.0 %, in comparison with traditional technology. These results 

show that this type of drill can be recommended for wide use in agricultural farms. 

 

RESUME 

Lôessai dôun semoir CPH 2000 pour semis direct a ®t® effectu® dans les conditions de production. La 

qualité du travail du semoir a été évaluée et l'évaluation économique a été faite. Les résultats obtenus ont 

montré que la valeur moyenne de la profondeur pratique de l'ensemencement était de 50,0±2,85 mm et que 

le rendement pratique de semis était de 94,0±0,5 grains/m. L'évaluation économique de l'utilisation du 

semoir indique une réduction par hectare de la consommation en carburant et en lubrifiant d'environ 20,0% 

par rapport à la technologie traditionnelle. Ces résultats montrent que ce type de semoir peut être 

recommandé pour une large utilisation dans les fermes agricoles. 

 

INTRODUCTION 

World experience of agriculture proved that deep annual tillage of the soil does not only bring benefits, 

but also causes irreparable harm, strengthening erosion processes (Sysolin et al, 2008; Kosolap et al, 2010; 

Kuksa, 2008). When the human influence on the soil became much more tangible, intensified, agriculture 

faced the problem of rapid soils degradation and a sharp decrease in their fertility (Lihochvor, 2006; Novatski 

et al, 2007). 

Over the past hundred years, black earth soils have lost more than half of their potential fertility 

(humus, nutrient reserves, structure and other properties) (Panichev, 2007; Skuryatin et al, 2008). These 

phenomena are caused by large plowing of lands, widespread use of plowing, high intensity of tillage and 

insignificant return of organic matter to soil. This problem can be solved with the help of the latest soil-

protective energy, resource- and moisture-saving technologies (Anderson 1997, Carr et al, 2007, Endres et 

al, 2007). 

The cost of agricultural products depends on the choice of technological operations and technical 

means for their implementation (Warouma, et al, 2010). 

According to traditional (classical) technology, a huge amount of resources are spent on tillage: fuel 

and lubricants, fleet of machinery, working time, fertilizers, as a result, water and wind erosions increased, 

the content of organic matter in the soil decreased and, on the whole, environmental condition got worse 

(Markovskaya et al, 200; Medvedev 2003; Medvedev et al, 2004; Makurina et al, 2014). 

The traditional technology of growing crops based on the use of plowing and which is a significant 

consumer of energy resources (which largely affects the cost price of products) has already exhausted itself 

due to the continuous degradation of soils and huge energy intensity. It has been established that 50% of 

energy and 25% of labour costs of field mechanized worksô total volume account for such a soil treatment 

system (Marchenko et al, 2009; Sysolin P.V., 2001). 

Analysis of experimental research results and theoretical developments of the last decade determines 

two possible ways for the further development of intensive agricultural technologies. The defining feature of 

both is the desire to reduce spending and cost of production. This can be achieved through the creation of a 

resource-saving technology, or the introduction of direct seeding technology based on chemicalization and 

sowing on the minimum prepared field surface. 
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Recently, in order to save fuel and labour costs, it is recommended to use combined till-plant 

aggregates more widely (Gaidenko et al, 2014; Oleg, 2012; Salo et al, 2010). 

The creation of combined till-plant machines is caused by high demands on the quality of pre-sowing 

tillage and the need to reduce the time gap between tillage and seed sowing. Today, the market offers a 

large number of combined machines with different types of tools (Kravchuk et al, 2004, Gaidenko, 2013). 

Analyzing the economic indicators of various technologies of soil cultivation and sowing, we can 

conclude that the transition to energy-saving technologies will provide economy of fuel from 13 to 87% 

compared to the traditional ones. Significant in this case is also a reduction in labour costs (Ivanishin et al, 

2006). Direct seeding improves significantly soil lift and saves about 50% of the passage (Chervet et al, 

2007). Specialized equipment is essential for successful direct seeding. But, for marketing purposes, dealers 

and manufacturers of agricultural machinery give sometimes fake information on the technical and 

operational performance of their products (Warouma et al, 2010). That's why it's important to test the 

performance of these machines. 

Therefore, in the conditions of each farm, specialists must clearly determine which technology and 

with which set of agricultural machines the maximum profit will be achieved with minimal financial and energy 

costs. The aim of this work was to reduce the production cost of plant growing by rational acquisition and 

efficient use of agricultural park from modern agricultural machines for agrarian formations.  

 

MATERIALS AND METHODS 

The test was carried out in 2016 at the State Enterprise "Experimental farm "Elitne" at the Kirovograd 

state agricultural experimental station of the National Academy of Agrarian Sciences of Ukraine. 

The equipment used in traditional plowing is composed of units: tractor T-150 and cultivator 2KPS-4; 

tractor MTZ-80/82 and seeder CZ-3, 6; tractor MTZ-80/82 and rollers 3KKSH. 

 The mechanical seed drill CPH 2000 of direct seeding with an operating width of 6.0 m was 

aggregated with the tractor Case Puma 195 (Fig. 1). 

 
Fig. 1 - Mechanical seed drill CPH 2000 for direct seeding (No-Till) aggregated with a tractor Case Puma195  

 

The mechanical seed drill CP 2000 for direct seeding consists of: 

- batteries of disc knives with 34 pieces, staggered at a distance of 17.78 cm from each other, which 

contributes to self-cleaning from plant residues. The pressure of the knives on the soil is 203 kg, which is 

sufficient to ensure cutting of plant residues, soil and formation of furrow up to 15.24 cm in depth (Fig.2,a); 

a)                                                                        b) 

Fig. 2 - The components of the mechanical seed drill CPH 2000 for direct seeding  

with the tractor Case Puma 195: battery of disc knives (a), mechanical seed drill (b) 
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- mechanical seed drill with 34 double-disc openers, which have an operating stroke of 27.94 cm and 

provide a seeding depth up to 8.9 cm, in the range of opener pressure on the soil from 45.36 to 63.05 kg. 

The bunker consists of 2 compartments for seeds and fertilizers; the capacity is respectively 1691.5 and 540 

litres. The length and height of the seed drill are 6.0 and 2.49 m, respectively, with a mass of 4715 kg (Fig. 2, 

b). 

For the unit, the working speed, as provided by the manufacturer, was 10 ± 0.5 km/h. 

When carrying out production tests, the unit performed a technological operation ï sowing of cereals 

(winter wheat) with the simultaneous application of granulated mineral fertilizers and packing the crops on 

the field after pre-sowing cultivation. 

The established rate of seed sowing was 200 kg/ha, fertilizers ï 61 kg/ha. The established depth of 

seeding was ï 50 ± 0.5 mm. 

Determination of moisture and hardness of the soil was carried out in accordance with GOST 20915-

75 "Agricultural machinery. Methods for determining the conditions of tests", respectively, humidity was done 

by thermo-mass method and hardness ï with a hardness tester. During the operation of the unit, a rectilinear 

mode of movement was selected with loop pear-shaped turns in a circle (Fig. 3). 

 

Fig. 3 - Scheme of the accounting area and movement of the unit 

 

During the work it was done a periodical control of the operationôs main parameters of the unit under 

investigation (engine speed, the slip of driving wheels; the working speed of the aggregate, the value of the 

engine load index), the values of which were fixed from the control panel of the tractor. 

The operational and technological evaluation of machine-tractor aggregates was carried out in 

accordance with GOST 24055-88, while determining (Gritsishin et al, 1992): 

- productivity per hour of operational time (Won), ha/h: 

Won = W / (T1 + T2)                 (1) 

where W is the volume of a performed work, ha; 

T1 ï the time for which the machine performs the main work (sowing), hour; 

T2 ï the time for which the machine performs additional work (turn, loading of seeds, etc.), hour. 

- productivity per hour of shift time of work (Wcm), ha/h: 

Wcm = W / (T1 + T2 + T3 + T41 + T5 + T6 + T7)    (2) 

where ʊ3 ï time for machine maintenance, preparation for work, hour; 

ʊ41 - time for elimination of technological malfunctions, hour; 

T5 - time for rest, hour; 

T6 - time for free movement, hour; 

T7 - time for testing the machine, hour. 

- productivity per hour of operating time (Wek), ha/h: 

Wek = W / (T1 + T2 + T3 + T41 + T5 + T6 + T7 + T42)               (3) 

where T42 ï  the time to eliminate technical problems, hour. 
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The investigated coefficients were determined by such formulas (Listopad et al, 1986): 

- use of driving time: 

Kd = T1 / (T1 + T2)         (4) 

- technological services: 

K1 = T1 / (T1 + T3)         (5) 

- reliability of the technological process: 

K2 = T1 / (T1 + T41)         (6) 

- reliability of the technical process: 

K3 = T1 / (T1 + T42)         (7) 

 

The evaluation of the quality of the drill's work was done in accordance with OST 70.5-1.82 for the 

following indicators: the correspondence of actual seeding depth to the specified depth; the deviation of the 

actual rate of seed sowing from the preset one; straightness of longitudinal rows. 

The depth of seed sowing was determined by their direct arrangement in a row on the day of sowing. 

For this purpose, three survey sites with a length of 1 m and a width of two passes of the planter were 

planned. The distance between the counting sites along the aggregate course was 10 m. The number of 

measurements was 100. 

To determine the practical rate of seed sowing, the sowing machines poured a certain number of 

seeds with the expectation that it would be enough for several passes of the drill. The rest of the seeds were 

selected and weighed. By the difference in the weight of the seeds that was covered, and the residues, the 

amount of seeds actually sown was determined. 

The straightness of the longitudinal rows was determined in three rows 25 m long, disposed 

diagonally. On each of the repetitions of the experiment, the distance from the centre line of the row to the 

centre of the plants was measured. The centre line was found by placing the cord in the centre of the rows. 

To compare the two technologies, the indicators such as costs of time, costs of fuel, labor and 

lubricants were determined. 

 

RESULTS  

¶ Results 

The location of the test had the following characteristics: precursor ï annual grasses; number of 

standing plant residues from 0.3 to 0.5 pcs/m2; average diameter of plant residues from 3 to 5 mm; the 

average length of standing plant remains is 0.18-0.12 m; weight of plant residues up to 10 g/m2; the relief of 

the field surface is a plateau levelled, the slope is up to 1°. 

The moisture content in the layer from 0 to 5 cm was 8.6%, from 5 to 10 cm ï 12.73%. The average 

moisture content of the sowing soil was 10.66%. 

The soil hardness value in the layer from 0 to 5 cm was 2.45 kg/cm2, in the layer from 5 to 10 cm ï 

2.73 kg/cm2. The average value of the hardness of the soil seed layer was 2.59 kg/cm2. 

During the operating movement of the unit, the parameters studied had the following numerical values: 

engine speed 2043 ± 35 rpm, the slip of driving wheelsï 4.86 ± 1%; the operating speed of the unit was 8.64 

± 0.55 km/h (Table 1). Since the tractor, which was part of the seeding unit, passed the running-in period, the 

value of the engine load index was in the range from 75 to 80%. 

 

Table 1 

Values of the studied parameters during the operating movement of the unit 

ˉ Parameter 

Repetition 
Average 

value 1 2 3 4 5 6 7 

1 
Engine rotational frequency, 

rpm 
2060 2070 2000 2040 2060 2050 2020 2043±35 

2 Slip of driving wheels,% 4 5 5 6 5 4 5 4.86±1 

3 
Operating speed of the 

machine, km/h 
8.5 8.5 9.5 8.1 8.5 9 8.4 8.64±0.55 

 

When the drill was working on the processed soil, due to the growth of the rolling resistance 

coefficient, it was self-deepening. 
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The results of the duration cycles of unit work are shown in Table 2. 

Table 2 

Duration of cycles 

ˉ 
ˉ of a 

position 

Duration of cycle 

(min) with: 

Repetition Average value on 

repetitions 

(min) I II III 

1 1-2 Operating stroke 6 6 5 5.40 

2 2-3 Turn 2 1 2 1.40 

3 3-4 Operating stroke 5 6 6 5.40 

4 4-5 Turn 2 2 2 2.0 

5 5-6 Operating stroke 6 6 5 5.40 

6 6-7 Turn 2 2 2 2.0 

7 7-8 Operating stroke 5 6 5 5.20 

8 8-9 Turn 1 2 2 1.40 

9 9-10 Operating stroke 6 5 5 5.20 

 

Thus, the average operating time of the unit was 5 minutes 32 seconds, of a turn ï 1 minute 50 

seconds, of the operating cycle ï 7 min. 22 seconds. The structure of the operation cycles of the unit during 

the studied period is shown in Fig. 4. 

 

 
Fig. 4 - Structure of operation cycles of the unit during the period under study 

 

When the indicators of the unit performance were calculated, it was found that within the range of 

changes in the duration of the operating stroke from 5 min up to 6 min, the value of work productivity varied 

from 4.6 to 5.5 ha/h. It was established that with an average value of the unit operating stroke duration of 5 

min 32 s, the work productivity value per hour of the main time was 4.69 hectares. 

The productivity of operative time per hour was 2.56 hectares, variable time ï 2.01 hectares, 

operational ï 1.99 hectares. 

The investigated coefficients had the following values: use of the movement time 0.7; technological 

maintenance 0.94; reliability of the technological process 0.99; reliability of the technical process 1; the 

specific fuel consumption was 7.6 l/ha. According to the results of the researches, the seeding depth value 

ranged from 47.6 to 53.3 mm. The average seeding depth value was 50 ± 2.85 mm (Table 3). 
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Table 3 
Results of seeding depth measurements 

Indicator 
Average value on repetitions Average value of an 

experiment, mm I II III 

Depth of seeding, mm 53.3 47.6 49.2 50.0±2.85 

 

According to the results of the researches, the value of actual seed sowing ranged from 93.4 to 94.4 

pcs/m. The average value of the actual seed sowing was 94.0 ± 0.5 pcs/m. The deviation of the actual seed 

sowing from the preset rate ranged from 1.9 to 2.9%. The average value of seed sowing deviation was 2.3 ± 

0.5% (Table 4). 

Table 4 

Results of determination of seed sowing practical rate  

Indicator 
Average value on repetitions Average value of an 

experiment, pcs/m I II III 

Seed sowing practical rate, 

pcs/m  
94.2 94.4 93.4 94.0±0,5 

Deviation from the preset rate, %  ï2.1 ï1.9 ï2.9 ï2.3±0,5 

 

According to the results of the researches, the value of the longitudinal rows straightness fluctuated 

within ± 5 mm. 

The obtained results make it possible to determine the economic efficiency of using this aggregate 

(Table 5). 

Table 5 
Economic efficiency of use of a mechanical seed drill CPH 2000 of direct seeding 

Indicators 

Comparison of technologies 

Direct Sowing Technology 

(No-Till) 
Traditional 

Winter wheat 

Composition of the aggregates that are 

involved 

The Case Puma 195 tractor 

+ seed drill CPH 2000 

Tractor T-150 + 

cultivator 2KPS-4; 

Tractor MTZ-80/82 + 

seeder CZ-3,6; 

Tractor MTZ-80/82 + 

rollers 3KKSH 

Costs of time, man-hour/ha 0.99 0.76 

With traditional technology,% 30.3 100 

The costs of fuel and lubricants, l/ha 7.6 9.5 

With traditional technology, % -20.0 100 

Labour, fuel and lubricants costs UAH*/ha 167.2 209.0 

With traditional technology, % -20.0 100 

* UAH- Ukrainian Currency: 1USD = 26 UAH  

 

Economic evaluation of the use of this drill indicates a reduction in the cost of fuel and lubricants and 

total costs per a hectare by 20.0%, in comparison with the traditional technology. 

 

¶ Discussions 

According to the obtained results, the actual operating speed of the unit (8.64 ± 0.55 km/h) was less 

than the working speed set by the manufacturer (10 ± 0.5 km/h), this is due to the operation of the unit on the 

field after preliminary processing of soil, the hardness of which in the upper layers was 2.45 kg/cm2. 

According to the results of the researches, the seeding depth ranged from 47.6 to 53.3 mm. The 

average seeding depth was 50.0 ± 2.85 mm, which corresponds to a technologically specified value. 

Also, the value of seed sowing practical rate ranged from 93.4 to 94.4 pcs/m. The average value of 

actual seed sowing was 94.0 ± 0.5 pcs/m, which corresponds to 198.3 kg/ha. The established rate of seed 

sowing on the seed drill was 203 kg/ha, which corresponds to 96.23 pcs/m. The deviation of the practical 

seed sowing from a given norm ranged from 1.9 to 2.9%. The average value of the seed sowing deviation 

was 2.3%, which does not exceed the allowable values of agrotechnical requirements (3.0%). 



Vol. 56, No. 3 /2018  INMATEH ïAgricultural Engineering 

37 

 

The value of straightness of longitudinal rows fluctuated within ± 5 mm, which does not exceed the 

allowable values of agrotechnical requirements ± 10 mm. 

When the drill was working on the processed soil, due to the growth of the rolling resistance 

coefficient, it was self-deepening, which convinces the efficiency of the drillôs work on unprocessed soils. 

The costs of fuels and lubricants were 9.5 litres per hectare with traditional technology, and 7.6 litres 

per hectare with direct seeding technology (untreated soils). These figures are not confirmed with the found 

figures (Salo, 2010) when using the scarifier-drill KRU-4, where the costs of fuel and lubricants were 11.0 

l/ha and using the till-plant complex for sowing cereals, where these costs were 9.9 l/ha (Gaidenko, 2014). 

Economic evaluation of the use of this drill indicates a reduction in the costs of fuel and lubricants and 

total costs per hectare by 20.0%, in comparison with the traditional technology. These figures are consistent 

with the results (Vanishina, 2006), where they were in the range of 13 to 80%, but do not confirm the results 

(Warouma et al, 2010), where they are between 8.1 and 10.0% in two different fields (Gaidenko, 2013) and 

where in the implementation of major agrotechnical operations, the reduction of costs were 11.5% compared 

with the traditional technology. 

 

CONCLUSIONS 

The use of direct seeding technology is one of the ways to reduce costs for technological operations. 

In comparison with conventional tillage, the direct seeding system is characterized by the decrease in fuel 

consumption, in work time, in labor, in agricultural tools passages number and in tools used number. 

The costs of fuels and lubricants for direct sowing and traditional technology have the order of 7.6 l/ha 

and 9.5 l/ha, respectively; labour costs, fuel and lubricants for direct sowing and traditional technology have 

the order of 167.2 UAH/ha and 209.0 UAH/ha, respectively. 

The use of a mechanical seed drill for direct seeding of the CPH 2000 series, when assembling with 

the Case Puma 195 tractor, carrying out the technological operation ï surface tillage with simultaneous 

sowing of winter wheat, local application of granular mineral fertilizers in a row and packing of crops, satisfies 

agrotechnical requirements and according to preliminary conclusions, can be recommended for widespread 

use in agricultural enterprises. 

These results would allow developing a complex of high-productive soil-cultivating and sowing 

machines, and can be also used in developing typical rates of production and consumption of fuel for this 

unit. 

It would be necessary to continue this research in the future by doing a production performance 

analysis to make much more complete comparison of the two technologies. 
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ABSTRACT 

The value of the grain seeds is in the ability to germinate and ensure high yields. The main 

technological process for preserving the properties of seeds is drying. The proper carrying out and providing 

of rational modes of drying is a necessary condition to preserve the high ability to germinate. For the object 

of drying we have taken wheat seeds to determine the rational regimes. The research of the drying process 

kinetics is carried out on a convective drying stand in the following modes: coolant temperature in the drying 

chamber t = 50-80ęC, velocity V = 0.5-1.5 m/s. The highest intensity of drying occurs from an increase in the 

temperature of the coolant from 50 to 80°C in 3 times, but the main indicator is wheat maximum permissible 

temperature, which, at the coolant temperature of 50ÁC, is 48.6Áʉ. 

The biochemical indicators of wheat seeds were determined in the laboratory of the Institute of 

Technical Thermophysics according to the method on the 7th day of germination. The results of the 

researches showed that the best results of wheat germination were at 50°C at the level of 96%. Coolant 

temperature of 80°C has the most negative influence on wheat germination as the seeds lose their 

properties. 

The analysis of the three-factors of influence, such as temperature and speed of coolant, as well as 

wheat initial humidity, on seed drying time and germination is done.  

The obtained regression equations and obtained response surfaces of seed drying time and 

germination enable us to evaluate the process in terms of drying parametersô influence. 

 

ʈɽɿʖʄɽ 

ʎʽʥʥʽʩʪʴ ʥʘʩʽʥʥʷ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ ʧʦʣʷʛʘʻ ʫ ʟʜʘʪʥʦʩʪʽ ʧʨʦʨʦʱʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʩʦʢʦʛʦ ʚʨʦʞʘʶ. ʆʩʥʦʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʩʽʥʥʷ ʻ 

ʩʫʰʽʥʥʷ. ʇʨʘʚʠʣʴʥʝ ʧʨʦʚʝʜʝʥʥʷ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʩʫʰʽʥʥʷ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ 

ʟʙʝʨʝʞʝʥʥʷ ʚʠʩʦʢʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ ʧʨʦʨʦʩʪʘʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʟʘ ʦʙôʻʢʪ 

ʩʫʰʽʥʥʷ ʥʘʤʠ ʚʟʷʪʦ ʥʘʩʽʥʥʷ ʧʰʝʥʠʮʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʫ ʩʫʰʽʥʥʷ ʧʨʦʚʝʜʝʥʽ ʥʘ 

ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʩʫʰʠʣʴʥʦʤʫ ʩʪʝʥʜʽ ʟʘ ʪʘʢʠʭ ʨʝʞʠʤʽʚ: ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʚ ʩʫʰʠʣʴʥʽʡ ʢʘʤʝʨʽ t 

= 50-80ęʉ, ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ V = 0,5-1,5 ʤ/ʩ. ʅʘʡʙʽʣʴʰʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʫʰʽʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʝʧʣʦʥʦʩʽʷ ʚʽʜ 50 ʜʦ 80Üʉ ʚ 3 ʨʘʟʠ, ʘʣʝ ʦʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʻ ʛʨʘʥʠʯʥʦ-

ʜʦʧʫʩʪʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʰʝʥʠʮʽ, ʱʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʪʝʧʣʦʥʦʩʽʷ 50Áʉ ʩʢʣʘʜʘʻ 48,6Áʉ. 

ɹʽʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʥʘʩʽʥʥʷ ʧʰʝʥʠʮʽ ʚʠʟʥʘʯʘʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ɯʥʩʪʠʪʫʪʫ ʪʝʭʥʽʯʥʦʾ 

ʪʝʧʣʦʬʽʟʠʢʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʥʘ 7 ʜʝʥʴ ʧʨʦʨʦʱʫʚʘʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʨʦʱʫʚʘʥʥʷ ʧʰʝʥʠʮʽ ʧʨʠ 50Áʉ ʥʘ ʨʽʚʥʽ 96%. ʅʘʡʙʽʣʴʰ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ 

ʥʘ ʩʭʦʞʽʩʪʴ ʧʰʝʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ 80Áʉ ʽ ʥʘʩʽʥʥʷ ʚʪʨʘʯʘʻ ʩʚʦʾ ʥʘʩʽʥʥʻʚʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʪʨʠʬʘʢʪʦʨʥʦʛʦ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʩʫʰʽʥʥʷ ï ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʰʚʠʜʢʦʩʪʽ 

ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ, ʘ ʪʘʢʦʞ ʧʦʯʘʪʢʦʚʦʾ ʚʦʣʦʛʦʩʪʽ ʧʰʝʥʠʮʽ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʩʫʰʽʥʥʷ ʪʘ ʩʭʦʞʽʩʪʴ 

ʥʘʩʽʥʥʷ. ʆʪʨʠʤʘʥʽ ʨʝʛʨʝʩʽʡʥʽ ʨʽʚʥʷʥʥʷ ʪʘ ʦʪʨʠʤʘʥʽ ʧʦʚʝʨʭʥʽ ʚʽʜʛʫʢʫ ʪʨʠʚʘʣʦʩʪʽ ʩʫʰʽʥʥʷ ʪʘ 

ʩʭʦʞʦʩʪʽ ʥʘʩʽʥʥʷ, ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʧʨʦʮʝʩ ʚʽʜ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʩʫʰʽʥʥʷ. 

 

INTRODUCTION 

The problem of drying wheat seeds has been raised by various authors and it requires the choice of 

the most rational drying regime. Different approaches and different technological equipment may not always 

accurately reflect the choice of the desired drying regime. The elevated temperatures of the coolant during 
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wheat seeds drying are given in works (Kovalenko ʆ.ɸ., Kosovska N.V., 2012; Savchenko S.V., 2009) 

associated with the conditions of passing the grain through the drying chamber of the shaft dryer, where 

additionally the following drying factors are added: the velocity of the coolant and grain, the height of the 

grain layer, the hydraulic resistance of the layer, constructive features and other conditions. Under laboratory 

conditions, when drying in the elementary layer (Matkivska I.Ja., Atamanyuk V. M., Symak D., 2014), drying 

modes can be characterized more adequately and reliably, but there is a problem with the transfer of 

research results to industrial installations. The main criterion for evaluating seed grain quality is wheat 

heating temperature, which is determined by seed germination ability. 

To determine wheat seeds germination, the author has proposed to dry the wheat seeds from 80 to 

120°C and step modes with an increase in temperature of 80/100 and 80/120°C (Podpryatov G.I., 

Nasikovsky V.A., 2005). There is no indication of the effect of these drying conditions on wheat seed 

properties, only the storage modes are mentioned. In particular, it is indicated that wheat seeds should be 

stored during the first month with a moisture content of 18.0-18.5%, thus increasing the ability to germinate. 

Similar modes of drying are represented in the research work of Kovalenko O.A. for drying wheat at 

80 - 120°C and stepwise drying mode at 80/100 and 80/120°C. The presented studies show that at the 

temperature of 80°C the germination is 89-94,5%, while in stepwise mode it is 63-81%, which cannot be 

recommended for seed grain at all (Kovalenko ʆ.ɸ., Kosovska N.V., 2012). 

In the work of Savchenko S.V. the drying of wheat seeds was carried out in a gravitational-moving 

layer at the temperature of the heat carrier 70 - 85Üʉ, and at the same time the temperature of heating the 

grain was 50 - 62Üʉ (Savchenko S.V., 2009). The greatest germination of wheat seeds at the temperature of 

70°C is 90%, and at an increase of temperature it is 85 - 83%. 

In the research work of Matkivska V., the conditions of wheat seeds drying from 40 to 80 Üʉ were 

analyzed. The germination at a drying temperature of 40, 50, 60, 80Üʉ, respectively, is 99, 98, 90, 30%. In 

this case, it is recommended to use the temperature of 60°C, although it would be desirable to choose a 

temperature of 50°C according to the results of the experiment (Matkivska I.Ja., Atamanyuk V. M.,   Symak 

D., 2014). 

 

MATERIALS AND METHODS 

The high cost of seed grain and energy has set the task for us: to pick up such drying regimes, that 

can provide the high quality of seeds, while minimizing the specific heat consumption of the process. 

Describing the processes of grain drying, they can be conditionally divided into soft and rigid drying 

regimes. The first one is characterized by a relatively low temperature and drying agent speed. In a soft 

mode, the processes of heating and drying the grain pass with a relatively low speed. The rigid mode is 

characterized by increased temperature and speed of the drying agent. From the economic point of view, it is 

desirable to dry the grain in rigid mode with a decrease in the drying time. However, in rigid mode due to 

intense heating and dehydration there is deterioration in its quality: cracking of seeds, change in colour, 

partial or complete destruction of the embryo, deformation of tissues. 

The application of high temperatures at the beginning of wet grain drying process leads to a rapid 

dehydration of its surface, which makes the shells less permeable to moisture (the phenomenon of thermal 

"quenching" of the grain). Under these conditions, a water vapour forms in the surface layer, the output of 

which becomes complicated. It is therefore recommended to dry the seeds at relatively soft temperature 

regimes. In soft mode, drying does not have a complete guarantee of preservation of seed grain properties, 

so during prolonged low temperature drying (depending on the environmental parameters) the formation of 

mould on the surface is possible, and as a result, the damage of the seed material. 

The main parameters that determine the choice of the drying mode and the achievement of high 

quality indicators of dried seeds are the temperature of the drying agent, the grain heating maximum 

temperature, the seeds initial humidity and the duration of their drying. The initial moisture content of grain 

ɤ0 greatly affects the intensity of the drying process and determines the choice of the maximum allowable 

temperatures for heating the grain and the maximum temperatures of the drying agent. 

The maximum permissible temperature for the grain intended for seed is determined based on the 

conditions of energy storage of its germination capacity. With the increase in humidity and the duration of 

grain presence in the heated state, the maximum allowable temperature of it is reduced. 

The works of S.D. Ptitsina, M. Hutchson, V.I. Zhidko, O.N. Katkova, V.A. Rezchikov, N.N. Nevsky, 

V.L. Prokofiev, K.S. Esbolganov are dedicated to the determination of the maximum allowable temperature 

of heating the grain (table 1). 
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Finding the maximum-permissible temperature of seed grain in the proposed formulas of S.D. 

Ptitsina and M. Hutchison depends on the initial humidity and the time of heating the grain t. 

V.I. Zhidko determined the maximum allowable temperature of the grain heating by introducing the 

coefficients and values of the heating time t, n, k and the grain moisture content ɤ. 

O.N. Katkova, V.A. Rezchikov on the basis of processing the experimental data proposed the 

empirical formula, depending on the mass air velocity Vɟ, which characterizes the state of the layer (on 

which the drying time depends), the humidity ɤ and the initial temperature of the coolant t. 

N.N. Nevskaya and V.L. Prokofiev, based on the mass spectrometric radiation of wheat drying 

features, proposed the dependence of the maximum permissible grain temperature on the humidity ɤ and 

the drying time t. 

K.S. Esbolganov, under the conditions of recirculation drying, proposed to use grain mass 

concentration in the heating chamber ɛ, the temperature of the coolant t and the value of the moisture 

content ɤc to calculate the maximum permissible temperature of heating wheat seeds. 

Table 1 
The equation for determining the maximum permissible temperatures for heating the seeds 

ˉ Researcher Equation ˉ Eq. Source 

1 S.D. Ptitsin 
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where: ɤ0 - initial humidity of grain,%; 
Ű - time of grain heating, min. 

(1) (Melnik B.E., Malin N.I., 1980) 

2 M. Hutchinson 
qɻʈ = 122,0 ï 5,41lgt - 441 lgɤ0, 

where: ɤ0 - initial humidity of grain,%; 
Ű - time of grain heating, min. 

(2) 

(Shchitsov S.V., Tikhonchuk 
P.V., Krivuta Z.F., Kolzov A.V. 

2016; 
Shchitov S.V., Krivueca Z.F., 

2012) 

3 V.I. Zhidko 

qɻʈ = t0 ï n Ŀ ɤ0 + k, 
where: t0, n are the constant coefficients obtained 

experimentally for grain with normal gluten  
t0 = 88, n = -2,15; 

k ï coefficient depending on the duration of drying Ű and 
moisture content of the grain: 
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where: ɤʩ - current moisture content of grain,%; 

Ű - time of grain heating, min. 

(3) 
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(Zhidko V.I., Atanazevich V.I., 
1982) 

4 
V.A. Rezchikov, 

R.P. Dubinicheva  
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where: Vɟ - mass velocity of air, kg/m2; 

ɤ - grain moisture content,%; 
t - coolant temperature, °C 

(5) 
(Rezchikov V.A., Dubinicheva 

R.P., 1988) 

5 
N.N. Nevsky, 
V.L. Prokofiev 
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where: ɤ - grain moisture content,%; 
Ű - time of grain heating, min. 

(6) (Tits Z.L., 1967) 

 
It is most appropriate to determine the drying regime according to the biological properties of the grain. 

Acceptable values of temperatures at different time values of impact on the grains, which does not affect the 

processes of life in it, depend on the moisture content of the grain ï the higher the humidity, the lower the 

permissible values of temperatures. 

An irreversible decrease of wet grain lifetime begins at 55°C (coagulation of protein in the germ and 

aleuronic layer), and of dry grain at 65°C. During drying it is necessary to reduce the final temperature of 

heating of seeds by 10-12ʉ, which will allow to preserve the seed properties of the material (fig. 1). (The 

results of the investigation of physical processes during the drying of grain, 2018). 
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Fig. 1 - Change grain permissible temperature during drying 

for different humidity of seed grain 

 
It is necessary to apply a milder drying regime for seed grain. According to M.G. Golik, a complete 

loss of wheat seeds germination occurs when heated to 60°C, at initial moisture content of 20% and higher. 

The germination of unprocessed seeds at a humidity of 20% was 97%, when heated to 45, 50 and 55°C, the 

germination was 87, 82 and 47% respectively. The intensity of moisture removal, which should not exceed 

5%, was indicated in the work. (Golik M.G., Delidovich V.N., Miller B.E., 1972). 

In the work of Savchenko, the studies on the germination of wheat seeds differ significantly from the 

data presented by M.G. Golik. Experimental studies are carried out at the temperature of 75, 85°C, 

respectively, heating the grain up to 50.56°C with a germinating capacity of 90 and 85% respectively 

(Savchenko S.V., 2009). 

The temperature change of the grain and the reduction of the material mass were determined using 

special devices and the developed program in an automatic mode on a convective drying stand. In order to 

assess the quality of the wheat seeds, the standard methods of research were provided by SS 4138 - 2002 

and SS 2240 - 1993 (State Standard 4138 - 2002, 2003; State Standard 2240 - 1993, 1994). 

The research program involves removing the wheat drying kinetics by recording the changes in the 

mass of the material, temperatures of the coolant and in the middle of the material (fig. 2). 

 
Fig. 2 - Scheme of the experimental stand: 

1 - drying chamber; 2 - heater; 3 - fan; 4 - temperature controller; 5 - control panel; 6 - thermometers; 7 - pipe fittings; 
8 - psychrometer; 9 - special gratings; 10 - a bar of scales; 11 ï scales 

RESULTS 
An example of removing the kinetics of the wheat seed drying process at a coolant temperature of 

50°C and a flow velocity of a coolant of 0.5 m/s is shown in fig. 3 

 
Fig. 3 - Removal of kinetics of wheat drying at the coolant temperature of 50Áʉ 

and the speed of 0.5 m/s 
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The main direction of the intensification of wheat seeds drying process is coolant temperature; the 
higher the temperature, the drying rate increases (fig. 4). 

 

  

(a) (b) 

 
(c) 

Fig. 4 - Curves of wheat seed drying depending on the coolant temperature, 
at initial humidity of material 16 (a), 20 (b), 24 (c), 1.5 m/s 

1 - 50°C; 2 - 65°C; 3 - 80°C 

 
The increase of the coolant temperature accelerates the drying process, so at a temperature of 80°C 

compared with 50°C, the wheat drying is faster by almost 3 times. The initial moisture content of the material 

increases the drying time, so the duration at a moisture content of 24% to the final moisture of 13% is 57 

minutes, and a decrease of moisture up to 20% reduces the duration of the process by 16 minutes. 

On the presented temperature curves of wheat seeds heating it can be seen that the material is most 

rapidly heated for 6 - 8 minutes, and then there is a gradual heating to the final temperature (fig. 5). So the 

final temperature is: at 50°C - 48,6°C; 65°C ï 62,26°C; 80°C - 74,62°C. 

 
Fig. 5 - Temperature of wheat seeds heating during drying period 

at initial humidity of material 16 (a), 20 (b), 24 (c), 1.5 m/s 

1 - 50°C; 2 - 65°C; 3 - 80°C 

 

Wheat seeds drying rate, depending on the coolant temperature, is shown in fig. 6. When wheat seeds 

are dried, there is a period of warming up of the material and a period of falling drying rate. In the period of 

warming, the material is heated and a partial evaporation of the moisture from the surface layers takes place. 

 
Fig. 6. Curves of wheat drying rate at an initial humidity of 24% and 

coolant speed 1.5 m/s from temperature 
1 - 50°C; 2 - 65°C; 3 - 80°C 
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The maximum drying speed at a temperature of 80°C is 0.95%/min., the decrease to 65°C reduces the 

speed up to 0,67%/min, and when reduced to 50°C, it is 0,41%/min. 

The curves of wheat seed drying from the effect of the heat transfer velocity showed that with an 

increase in the velocity of the coolant from 0.5 to 1.5 m/s, the increase in the drying rate is 7.3%. Drying 

occurs to the final moisture content of wheat 13%, which corresponds to the equilibrium moisture content of 

the material (fig. 7). 

Fig. 8 shows the curves of the drying speed at different coolant flow velocities, so at coolant velocity of 

1.5 m/s the maximum drying speed at 18.6% humidity corresponds to 0.3%/min. At coolant flow velocity of 

0.5 m/s, the drying rate is reduced up to 0.25%/min, namely by 20%. 

 

  
Fig. 7 - Curves of wheat seed drying at coolant flow 

velocity and a temperature of 50°C 

1 ï 0,5 m/s; 2 ï 1,0 m/s; 3 ï 1,5 m/s 

 

Fig. 8 - Curves of drying rate of wheat seeds from the 

coolant flow velocity at the temperature of 50°C 

1 ï 0,5 m/s; 2 ï 1,0 m/s; 3 ï 1,5 m/s 

 

The rational drying regime was determined by the biochemical properties of wheat seeds, depending 

on the temperature, the initial humidity and the coolant flow velocity (table 2). 

Table 2 
The influence of drying parameters on wheat germinating capacity on the 7-th day of germination 

Temperature of the 
drying agent, Üʉ 

Initial moisture content 
of grain,% 

Drying agent speed, m/s Seed germination,% 

Output - - 99 

50 16 1.5 96 

50 20 0.5 96 

50 24 1.5 96 

65 16 1.5 94 

65 20 0.5 93 

65 24 1.5 90 

80 16 1.5 1 

80 20 0.5 9 

80 24 1.5 0 

 
From the data given in tab. 2, we can draw a conclusion about the significant influence of these 

parameters in the area of high temperatures. Rational drying mode is the temperature of 50°C, where the 

influence of the initial moisture and the speed of the drying agent are not significant. 

The graphs of the drying parametersô influence on wheat germinating capacity on the seventh day of 

germination are shown in figure 9. 

 

   
Fig. 9 ï The effect of drying parameters on wheat germinating capacity on the 7-th day of germination 
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We can assess visually the influence of the coolant temperature on the presented fig. 10. 
 

    
Output 50 65 80 

 
Fig. 10 ï The influence of coolant temperature on the germinating capacity of wheat seeds on the 7-th day of 

germination at the initial moisture content of 20% and the speed of 0.5 m/s 

 
For a mathematical description of the wheat drying process in an elementary layer, we take a three-

factor experiment in accordance with an orthogonal compositional plan of the second order. 

The total number of points in the plan is determined by: 

N = 2n + 2n + N0; (1) 

where: N1 = 2n - number of points of the factor space, determined by the core of the plan. For a three-factor 

experiment n = 3, that is N1 = 23 = 8 

N2 = 2n = 6 - the number of stellar points; 

N0 = 1 is the number of central (zero) points of the plan. 

So, holding a three-factor experiment on three levels requires the conducting of 27 experiments. 

Thatôs why it is necessary to establish the optimal amount of experiments required. This task can be 

solved using modern methods of planning an experiment, in particular mathematical, the basis of which is 

the creation of a mathematical model in the form of a regression equation. 

In orthogonal central planning, the criterion for optimality of the experiment plan is the orthogonality of 

the planning matrix columns. Because of the planning orthogonality, all the coefficients of the regression 

equation are determined independently of each other. The core of the composite plan is the plan for a 

complete factor experiment CFE 2n. 

Experiment planning included the following steps: 

ï compilation of the coding table of factors and levels of variation; 

ï drawing up a plan - matrix; 

ï conducting the experiments according to the plan-matrix 

ï compilation of the regression equation and definition of the coefficients of the equation; 

ï analysis of the mathematical model in the form of a regression equation. 

In the first stage we will compile a table of factors and levels based on the results of the research on 

a convective drying stand (table 3): 

Table 3 
Factors and levels of variation, that influence the wheat seed drying process 

Indexes 

Factors 

Heat carrier Material 

Temperature 
t, Üʉ 

Speed 
V, m/s 

Initial humidity 
W0, % 

Top (+1) 80 1.5 24 

Average (0) 65 1.0 20 

Lower (-1) 50 0.5 16 

Variable interval 15 0.45 4 

Code mark ʭ1 ʭ2 ʭ3 

 
According to the plan, the research was conducted using three levels for each factor - upper (+1), zero 

(0) and lower (-1), the code values of which were determined by the formula: 
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(2) 

where: to, vo, wo ï the value of the factors at the main level, respectively, the temperature and velocity of the 

coolant, the initial humidity and the height of the canola layer; 

Ů1, Ů2, Ů3 ï the interval of factors variation. 
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The mathematical models of the process were constructed in the form of regression equations: 

2 2 2

0 1 1 2 2 3 3 11 1 22 2 33 3

12 1 2 13 1 3 23 2 3.

y a a x a x a x a x a x a x

a x x a x x a x x
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= + + + + + + +

+ + +
 

(3) 

The coefficients of regression can be determined by the following formulas: 
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(4) 

where: q - the value that provides the orthogonality of compositional plans: 

2 3 21 1
(2 2 ) (2 2 1,215 ) 0,73,

15

nq R
N
= + = + Ö =

 

(5) 

b0, b1, b2, b3 ï elements of the plan matrix b0 = 0.0667; b1 = 0.0913; b2 = 0.125; b3 = 0.298. 

The estimation of the errorsô variance when calculating the estimates of the coefficients of the 

quadratic regression equation is calculated by the formulas: 
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where:  

S2
y - estimation of the reproduction dispersion: 
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(7) 

Recommended form of the plan matrix and the results of experiments on Podolianka variety wheat 

seeds drying are presented in table 4. 

Table 4 
The plan matrix and the results of the experiments on Podolianka variety wheat seeds drying 

ˉ 
Experimental conditions t, 

min 

ʉ, 
% ʭ1 ʭ2 ʭ3 ʭ2

1 ʭ2
2 ʭ2

3 ʭ1 ʭ2 ʭ1 ʭ3 ʭ2 ʭ3 ʭ1 ʭ2 ʭ3 

1. -1 -1 -1 +1 + 1 +1 + 1 +1 +1 0.27 0.27 0.27 30 95 

2. +1 -1 -1 +1 + 1 +1 -1 -1 +1 0.27 0.27 0.27 8 9 

3. -1 +1 -1 +1 + 1 +1 -1 +1 -1 0.27 0.27 0.27 23 96 

4. +1 +1 -1 +1 + 1 +1 + 1 -1 -1 0.27 0.27 0.27 6 1 

5. -1 -1 +1 +1 + 1 +1 + 1 -1 -1 0.27 0.27 0.27 64 95 

6. +1 -1 +1 +1 + 1 +1 -1 +1 -1 0.27 0.27 0.27 24 0 

7. -1 +1 +1 +1 + 1 +1 -1 -1 +1 0.27 0.27 0.27 57 96 

8. +1 +1 +1 +1 + 1 +1 + 1 +1 +1 0.27 0.27 0.27 20 0 

9. -1.215 0 0 +1.472 0 0 0 0 0 0.75 -0.73 -0.73 42 93 

10. +1.215 0 0 +1.472 0 0 0 0 0 0.75 -0.73 -0.73 14 10 

11. 0 -1.215 0 0 +1.472 0 0 0 0 -0.73 0.75 -0.73 28 96 

12. 0 +1.215 0 0 +1.472 0 0 0 0 -0.73 0.75 -0.73 22. 94 

13. 0 0 -1.215 0 0 +1.472 0 0 0 -0.73 -0.73 0.75 17 94 

14. 0 0 +1.215 0 0 +1.472 0 0 0 -0.73 -0.73 0.75 31 90 

15. 0 0 0 0 0 0 0 0 0 -0.73 -0.73 -0.73 25 93 

 
After carrying out the experiments, the test of experimentsô reproduction using the Cohrenôs criterion is 

carried out: 
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where:  
S2

k is the selective variance of the output quantity y in the k-line of the planning matrix, obtained from 
"m" of parallel experiments. 
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(9) 

If Gmax < Gʢʨ, with the number of degrees of freedom v1 = m - 1, v2 = N and the level of significance     

Ŭ = 1 - ɔ, then the hypothesis of dispersion homogeneity is accepted. 
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The hypothesis about the static significance of the estimates of the coefficients of the regression 

equation ʘ̔ is checked by means of t - the Stjudentôs criterion: 

,
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a
t

S
=

 

(10) 

The verification of the mathematical model adequacy by the results of the experiment is carried out 

according to Fisher's criterion in the form of the ratio: 
2

2
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S
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S
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where: S2
inad - estimation of inadequacy variance. 
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where: N - number of points of the orthogonal CCP; 

r - number of significant parameters of the regression equation; 
Æ

j
y

 - the value of the response, calculated by the regression equation; 

y  - the average for the series "m" of experiments is the value of a real object reference. 

If the condition is fulfilled: 

Fp < Fʢʨ, (13) 

then the mathematical model is considered adequate, that is, the scattering of the experimental values of the 

response relative to the values of the regression equation of the same order as the scattering, caused by the 

experimental errors. 

The critical significance of the statistics is according to the corresponding tables for the given level of 

significance Ŭ and the degree of freedom v1 = N - r and v2 = N = (m - 1). 

The results of a three-factor experiment on an orthogonal compositional plan of the second order are 

presented in the form of quadratic regression equations: 

- for the germinating capacity of wheat seeds: 

ʉ = 160.4 ï 3.618t ï 25.06V ï 2.53W ï 0.16t2 ï 28.72V2 ï 0.57W2 ï 0.21tV ï 0.026tW +0.5VW; (14) 

- for drying time: 

t = 204.72 ï 0.54t ï 13.65V + 7.78W + 0.01t2 + 4.8 V2 + 0.13tV ï 0.08tW. (15) 

Based on the regression equation of wheat seedsô germinating capacity and duration, the response 

surfaces are constructed (fig. 11). 

 

  

Fig. 11 ï Surface response of the germinating capacity and duration of "Podolianka" variety wheat seeds at the 
action of the coolant temperature, Üʉ 

1 - 50; 2 - 65; 3 - 80 

CONCLUSIONS 

Analyzing the carried out research on the germination of "Podolianka" variety wheat seeds after 

drying, we can conclude: 

¶ The temperature regime of drying is the most rational at a temperature of 50°C, the germination being 

16%. 

 



Vol. 56, No. 3 /2018  INMATEH ïAgricultural Engineering 

48 

 

¶ At this temperature, the speed of the drying agent in the range v = 0.5...1.5 m/s does not significantly 

affect the germination. 

¶ At this temperature, the initial moisture content of the grain in the range of 16-24% also does not 

significantly affect the germination. 

¶ At the temperature of the drying agent of 65°C, the germination limits to 93-94% may be at velocity of 

the drying agent of 1.5 m/s and an initial moisture content of 20%, or at a velocity v = 0.5 m/s and an initial 

moisture content of 16%. 

¶ At the increase in temperature of drying agent to 80°C, the germination is practically small (9%), which 

goes beyond agrotechnical requirements.  
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ABSTRACT 

 Soil preparation based on ploughing is a conventional method commonly adopted for cereal cultivation 

in silty-clay soil. Replacing this method with conservation tillage was the subject of this study based on the 

evaluation of eight implements used in conventional and conservative tillage. By differently combining the 

implements, we hypothesized eight methods and assessed the overall energy balance and quality of work for 

each method. Basing on test results, we proposed an approach to the choice of proper tillage methods, 

aiming at integrating the benefits of conventional and conservative tillage methods. 

 

 

RIASSUNTO 

 La preparazione del terreno basata sull'aratura è un metodo convenzionale comunemente adottato 

per la coltivazione di cereali in terreni limoso-argillosi. La sostituzione di questo metodo con le lavorazioni 

conservative ¯ stato lôoggetto di questo studio basato sulla valutazione di otto attrezzature usate nelle 

lavorazioni convenzionali e conservative dei terreni. Combinando tali attrezzi, abbiamo ipotizzato otto metodi 

e valutato il bilancio energetico e la qualità del lavoro per ciascun metodo. Sulla base dei risultati dei test, 

abbiamo proposto un approccio alla scelta corretta dei metodi di lavorazione, con l'obiettivo di integrare i 

vantaggi dei metodi di lavorazione tradizionali con quelli conservativi. 

 

INTRODUCTION 

 The meanings of the definitions ñconventional tillageò and ñconservation tillageò imply that such 

categories cannot be uniquely defined. In other words, each type of intervention on the soil should be 

assigned to one category or the other depending on the specific type of soil and environmental conditions. 

On the other hand, the soil tillage methods considered conventional for a given environment are dictated by 

the experience gained over the centuries and, therefore, can be identified as the most suitable to preserve 

the characteristics of the soil. From this point of view, there should be a virtual identification between 

conventional and conservation techniques. Such identification is often interrupted within intensive farming 

that progressively eliminated practices such as crop rotation and organic fertilization, maintaining traditional 

(conventional) soil tillage methods and causing, during the years, the occurrence of several problems 

involving both the aspects of energy requirements and soil fertility.  

 For instance, the most common conventional method adopted in silty-clay soils of Central Italy to 

prepare the seedbed for winter cereals, is based on the chopping (rarely the burning) of the residues from 

previous crop, on a medium depth ploughing (0.20 - 0.30 m aimed at burying the residues, and on the 

harrowing of the upper layer, by means of a rotary harrow, a disk harrow or a combined seeder (a machine 

with working tools operated by the tractorôs P.T.O. (Power Take-Off) and a pneumatic seed drill).  

 Unwanted effects of such technique can be: excessive energy requirements (Fanigliulo et al., 2016) 

and related costs (Fedrizzi et al., 2015), worsening of soil structure due to compaction, loss of nutrients in 

deeper layers, mineralization of organic matter in upper layers, increasing soil erosion caused by wind and 

runoff (De Laune and Sij, 2012). Such effects can be limited, in some cases, by adopting conservation 

methods (Lal et al., 2007; Fanigliulo et al., 2017) that contribute to energy savings and to preserving soil 

fertility through the reduction of number of passes and of working depth, by using one pass combined 

machines characterized by wide working width (5-7 m) and working tools with geometry (Godwin, 2007). 
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Combining these points with the maintenance of a surface coverage of at least 30% and with crop rotation 

allows reducing soil erosion, surface disturbance and compaction, preserving natural fertility.  

 Among conservation methods, we can find interventions with different intensity in terms of working 

depth. The main approaches are (ASABE Standard, 2005): reduced tillage, aimed at soil lifting and 

shattering, reducing the compaction of both shallow and deep layers, without inversion (e.g. by means of 

subsoilers or combined cultivators) leaving 15-30% residue cover on soil surface (Townsend et al., 2016); 

minimum tillage, in which the level of soil manipulation is reduced to the least compatible with crop 

production (e.g. with use of disk harrows); no tillage, that entails direct sowing into the previous crop stubble 

with no prior tillage. The comparison among conservation methods was the subject of many studies, 

especially focused on grain yield, greenhouse gas emissions and economic profitability, as few data were 

provided on tillage quality parameters. Other studies regarded the measurements of fuel consumption, force 

of traction and power required by tillage implements (Pochi et al., 2013) under various soil conditions. 

McLaughlin et al. (2008) measured the force of traction and energy inputs of eight tillage implements in a 

clay loam soil. The results showed that significant energy savings can be realized through the selection of 

proper tillage methods and tractor-implement coupling.  

 CREA carried out tests with a series of implements, commonly used for tillage and sowing, collecting, 

for each of them, the data of energy requirements and tillage quality. Combining the implements and relative 

data, allowed to hypothesize four conventional (CONT) and four conservation (CT) methods and to assess 

their relative energy balances and quality of work with the purpose of their comparison, assuming CONT1 as 

a reference. Lastly, the data of measurements have been used to develop a proposal for an integrated tillage 

system capable to adapt, time by time, to the actual needs dictated by the conditions of the soil. 

 

MATERIALS AND METHODS 

 The tests were carried out in the farm of CREA in Monterotondo (Rome, Italy; 42°5'51.26"N; 

12°37'3.52"E; 24 m a.s.l.), on flat surface plots (< 1% slope) and on untilled soil classified as silty-clay (clay 

543 g kg-1, silt 434 g kg-1, sand 23 g kg-1) according to the USDA soil classification system (USDA, 2014). 

Before the tests, in ten random points for each plot, the following parameters were measured at a depth of 

0.40 m (Table 1): water content, dry bulk density, penetration resistance (cone index) and soil biomass 

coverage index (SCI). The first two parameters were determined on soil samples of 100 cm3 extracted by 

means of a manual soil coring tube (Eijkelkamp) and dried in oven at 105°C up to constant mass. Cone 

index (c.i.) was determined according to the ASAE Standard S313.3 (ASABE Standards, 2004), by means of 

a hand-operated Penetrologger (Eijkelkamp), measuring the force needed for the penetration in the untilled 

soil. It provides a detailed vertical profile of soil strength compaction. Then, the SCI was determined by 

analysing digital pictures of square sections of the ground surface with an area of 1 m2. A graphic editor 

programme (Adobe Photoshop), was used to quantify the percentage of soil areas covered by residues. 

 
Table 1  

Average values of the physical-mechanical characteristics of the soil 

Implement type 

 
M.U. Four furrow 

plough 
Rotary 
harrow 

Pneumatic 
seed drill 

Combined 
seeder 

Combined 
cultivator 

Subsoiler 
Disk 

harrow 

Seed drill for 
direct 

seeding 

Water content % 19.4 18.8 22.7 17.3 16.7 22.5 19.5 15.0 

Dry bulk density kg m-3 1460 1490 1410 1260 1600 1400 1470 1200 

Average cone index MPa 1.90 - - - 2.10 1.70 2.25 - 

 

 The main technical data of the tested implements are reported in Table 2. The selected implements 

are commonly used in soil tillage aimed at cereals cultivation. The tests with the seed drills were conducted 

with filled hoppers (seeding rate: 190 kg ha-1). All implements were operated by a 4WD tractor (Case IH MX 

270) with a nominal power of 205 kW and total mass of 11,000 kg. The P.T.O. speed was 104.7 rad s-1 

corresponding to an engine speed of 206.7 rad s-1. All tests were performed with diesel fuel in compliance 

with the EN 590 (EC Standard, 2013). It was always provided by the same supplier. Consequently, its quality 

was assumed to be constant, with a Low Heating Value of 42.7 MJ kg-1.  

 The following parameters were measured: width and depth of tillage; speed, time and capacity of 

work; P.T.O. torque, speed and resulting power; force of traction and resulting power; tractorôs slip and 

corresponding power losses; fuel consumption and energy required per surface unit and per volume unit of 

tilled soil.  
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Table 2 

Main technical data of the tested implements 

Implement type 
Four furrow 

plough 
Rotary 
harrow 

Pneumatic 
seed drill 

Combined 
seeder 

Combined 
cultivator 

Subsoiler 
Disk 

harrow 

Seed drill 
for direct 
seeding 

Working tools 

skim coulter, 
knife 

ploughshare, 
mouldboard 

vertical 
blades, 
packer 
roller 

vertical hoe 
opener 

vertical 
blades, 

hoe opener 

straight 
shanks, 

notched disks, 
roller 

straight 
shanks 

notched 
and plain 
concave 

disks 

single disk 
openers, 

depth band 

Tools number 2x4 40 40 24+24 
5 + 10  

(Ø 610 mm) 
7 18+18 33 

Lateral tools 
spacing (mm) 

1150 245 125 245/125 
950 shanks 
480 disks 

430 230 180 

Total mass (kg) 2560 2910 1930 2680 1730 1670 3465 6380 

 

 Before field tests, the tractorôs engine performances were verified at the dynamometric brake that 

provided the updated characteristic curves of the engine. After field tests, the tractor was newly connected to 

the dynamometric brake used to reproduce the working conditions: the engine speed was set on the same 

values adopted at the start of each test. Then, the engine load was increased in such a way that the resulting 

engine speed reductions were equal to the average speeds measured during the field test. This method 

provided the average values of total torque and power required to the engine and the corresponding fuel 

consumption (Pochi and Fanigliulo, 2010). Multiplying the total power (Wt, kW) by the actual working time 

(To, h ha-1), will provide the energy required per surface unit area: 

      Eha = 3.6 Wt To  [MJ ha-1]               (1) 

 Dividing Eha by the working depth (P, m), will give the energy per unit of volume of tilled soil (Evol), 

expressed in: 

      Ὁ  
 Ͻ

  [MJ 10-3 m-3]     (2) 

 Knowing the power required by tractor self-dislocation (Wsd, kW), it is possible to assess the power 

losses for slip (Ws, kW), by means of the relation (3): 

      Ws = s (Wtr + Wpto + Wsd)  [kW]     (3) 

 where s is the tractor slip, Wtr is the traction power and Wpto is the P.T.O. power. 

 In addition to the aforementioned components or power, the total engine power also includes the 

power dissipated in the transmission of motion to the wheels (Wtrs, kW) and to the power take-off. It was 

assumed the transmission efficiency equal to 0.87. 

 As to the quality of tillage, the evaluation was based on the determination of: crop residues/biomass 

burying degree (BBD), soil surface roughness index (SRI), roughness reduction degree (RRD), clod-breaking 

index (CBI), cloddiness reduction degree (CRD) and seedbed quality index (SQI). They were measured in 

ten random points in each test. 

 The BBD is calculated from the values of the SCI determined before and after the implement tillage by 

means of the equation 4. 

      ὄὄὈ ρππ
 

  [%]                     (4) 

 where SCIus is the soil coverage index of untilled soil and SCIts is the index of tilled soil. 

 The SRI and the working depth were determined immediately after the passage of the implement, by 

means of a profile-meter. The sensor was a laser (Leica Geosystem Disto, Switzerland) moving on a 

horizontal rail placed perpendicularly to the tilled strip. Running along the rail, every 10 mm the sensor 

measures its distance from the ground, drawing the surface profile of the ground. A personal computer 

collects and processes the data. The surface profile is detected in the same point before and after the 

passage of each implement, obtaining the roughness indexes sr1 and sr2 (standard deviations of the 

detected heights series). In addition, were also calculated the average levels of surface before and after the 

tillage, and of the bottom of the tilled layer (after manually removing all the ground).  

 The RRD resulting from the secondary tillage is calculated as follows: 

      ὙὙὈρππ 
 

  [%]            (5) 
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 The cloddiness was measured digging a 0.5 m side square trench to the working depth. The soil 

aggregates were removed from the trench avoiding any manipulation and left to dry for at least 20 min. Then 

they were divided into six size classes by means of hand-operated standard sieves and weighed. An index 

(Iai), ranging from 0 for the biggest class to 1 for the smallest class, was attributed to each class. The 

cloddiness results as the percent of each size class mass referred to total mass of the sample. From the 

cloddiness, the CBI (Ia) is calculated as follows: 

      Ὅ В
Ͻ

  [%]                        (6) 

where: Mi·Iai is the product of the index assigned to a clod size class and the mass (kg) of ground belonging 

to the same class; Mt is the total mass of the sample (kg). 

 Comparing the CBI values observed before (Ia1) and after (Ia2) the secondary tillage, will provide the 

CRD by means of the equation 7. 

      ὅὙὈρππ   [%]      (7) 

 The quality of the seedbed is assessed basing on the cloddiness values observed after the passage of 

the implements. It is described by the SQI, by means of the Eq. (8): 

      ὛὗὍ ᶮ

ᶮ
                     (8) 

where: Mß Ò 10 is the mass of the clods with diameter less or equal to 10 mm and Mø >10 is the mass of the 

clods with a diameter over 10 mm (kg). 

 An instrumental system was used in the tests. A digital encoder, mounted on a rear wheel of the 

tractor measured wheel revolutions on a given distance, allowing calculation of travel speed under tractor 

self-displacement, working conditions and slip. Two mono-axial load cells, with full-scale respectively of 98 

kN (tests with plough, subsoiler and combined cultivator) and 49 kN (tests with rotary harrow, disk harrow, 

seed drill and combined seeder), measuring the force of traction as follows. In traction tests, the load cell is 

lodged in a drawbar properly designed to protect it from transversal stresses and connecting a traction 

vehicle to the tractor-implement system. This is pulled, with gear in ñneutralò, at the same working speed set 

in the actual tillage with the same implement: this test executed with implement working will provide the 

gross traction force. Repeating the test with implement raised will provide the force required by the self-

displacement of the tractor-implement system. The net fraction force will result as the difference between 

said values. Two torque meters were alternatively applied at the tractorôs P.T.O. (full scale 3 kNm and 500 

Nm respectively) depending on the characteristics of tested implements. Torque meters measure the P.T.O. 

torque and speed during the work, required for P.T.O. power calculation. The signals from the sensors were 

recorded at a scan rate of 10 Hz and collected by an integrated data acquisition system on the tractor (field 

unit). By means of a radio-modem, the data collected during the tests are transmitted to a support unit (a van 

equipped as a mobile laboratory) where real time test monitoring and data processing are made. 

 Working speeds and depths were set considering soil physical-mechanical characteristics and tillage 

possibility (according to water content). The plough was set in the in-furrow configuration. Three replications 

were made for each tractor-implement coupling. The experiment was carried out following a randomized 

distribution of the plots treated with each tillage method. The plots were 100 m long and 20 m wide. 

Eight tillage methods (Table 3) were considered in this study, including: four conventional tillage (CONT), two 

reduced tillage (RT), a minimum tillage one (MT) and a no-tillage one (NT). The parameters of field 

performances were measured for each implement and referred to the surface unit area (hectare). 

Consequently, the values of actual and operative working time, fuel consumption, energy requirement and 

energy losses for slip for each tillage method, resulted as the sum of the values measured for each of the 

implements used in it. As to the slip, for each implement, the average values of each replication were used to 

calculate power and energy losses. Regarding the tillage quality indexes (SCI, BBD, SRI, CBI and SQI), for 

each tillage method were considered the values observed after the intervention of the last implement. In the 

case of no-tillage, the quality indexes were assumed to be identical to those resulting from disk harrowing on 

untilled soil, given the similarity between the two operations. 

 The probability of statistically significant differences among tillage methods in terms of field 

performance parameters and tillage quality indexes was assessed by one-way analysis of the variance 

(ANOVA) and subsequent multiple pair-wise comparisons, performed by the Tukeyôs HSD test.  
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The significance of differences (Ŭ = 0.05) among treatments was determined after the Bonferroni correction. 

The statistical procedure was executed by means of the software R (R Core Team, 2013). 

A Principal Component Analysis (PCA) was conducted using the software PAST (Hammer et al., 2001), to 

observe the ordering of treatments and to indirectly analyse which variable best contributes to differentiate 

treatments. Before the PCA, all variables were standardized (i.e., normalized to mean 0 and variance 1) to 

avoid problems caused by different units of measurement. 

Table 3 
Description of the eight tillage methods hypothesized 

Type Method Operations Implements 

C
o

n
v

e
n

ti
o

n
a

l 

CONT1 
main tillage + seedbed preparation in a single 

pass 

four-furrow reversible plough + rotary harrow + 

pneumatic seed drill 

CONT2 
main tillage + seedbed preparation in a double 

pass 

four-furrow reversible plough + offset disk harrow + 

pneumatic seed drill 

CONT3 
main tillage + sowing with contemporary 

seedbed preparation 

four-furrow reversible plough + combined seeder 

CONT4 
main tillage + sowing with contemporary 

seedbed preparation 

subsoiler + combined seeder 

C
o

n
s

e
rv

a
ti

o
n

 

RT1 
main tillage + seedbed preparation in a single 

pass 

subsoiler + offset disk harrow + pneumatic seed 

drill 

RT2 combined tillage in a single pass combined cultivator + pneumatic seed drill 

MT minimum tillage in two passes offset disk harrow + pneumatic seed drill 

NT no-tillage and direct sowing on untilled soil pneumatic seed drill for direct seeding 

 

RESULTS 

 Table 4 shows the average values of the parameter measured for each tractor-implement coupling. 

The highest requirements of energy per surface unit (MJ ha-1) were observed for plough and rotary harrow, 

implements using considerable power at rather low speed. The energy required per volume unit of moved 

soil (MJ 10-3 m-3) was higher for the combined seeder and the rotary harrow (due to the higher power 

required by the tractor P.T.O.). 

Table 4 
Average values of the parameters describing the technical performances of the tested machines 

Implement 
M.U. 

A B C D E F G H I 

Soil conditions untilled ploughed ploughed ploughed refined untilled untilled untilled untilled 
Actual working 
speed 

km h-1 4.31 3.36 6.33 5.03 7.94 5.12 5.40 7.46 7.21 

Working width m 2.50 5.03 3.92 3.00 5.00 2.45 3.00 3.92 5.94 

Working depth m 0.41 0.15 0.19 0.10 0.04 0.37 0.35 0.16 0.04 

Actual working time h ha-1 0.94 0.60 0.42 0.67 0.25 0.81 0.65 0.36 0.24 

Operative working 
time 

h ha-1 1.44 0.69 0.69 0.89 0.38 1.10 0.81 0.63 0.37 

Operative working 
capacity 

ha h-1 0.69 1.44 1.45 1.13 2.63 0.91 1.24 1.60 2.72 

Fuel consumption 
per hour 

kg h-1 31.2 33.8 24.4 30.1 13.1 26.7 31.0 26.6 22.3 

Fuel consumption 
per hectare 

kg ha-1 29.4 20.2 10.3 20.2 3.3 21.7 20.2 9.6 5.3 

Force of traction kN 60.5 11.9 19.0 19.1 9.7 43.5 52.7 30.0 16.5 

Traction power kW 73.4 11.1 33.4 26.7 21.4 61.8 78.9 62.1 33.1 

P.T.O. speed rad s-1 - 107.2 - 108.2 97.0 - - - 104.4 

Torque at the P.T.O. Nm - 860 - 635 38 - - - 70 

Power at the P.T.O. kW - 92.2 - 68.5 3.7 - - - 7.3 

Total engine power kW 119 132.0 85.9 110.6 43.1 91.3 115.0 95.3 91.3 

Energy per surface 
unit 

MJ ha-1 403 284 131 267 39 267 270 124 77 

Energy per volume 
unit 

MJ 10-3m-

3 
99 191 68 268 - 73 76 77 - 

Tractor slip % 28.9 3.6 7.7 5.9 3.1 14.8 11.0 8.8 1.4 

Energy losses  MJ ha-1 125 38 21 39 6 62 55 23 10 

Implement: A: reversible plough; B: rotary harrow; C: offset disk harrow; D: combined seeder; E: pneumatic seed drill;  
F: combined cultivator; G: subsoiler; H: offset disk harrow; I: pneumatic seed drill for direct sowing. 
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 The plough showed the highest fuel consumption for surface unit (kg ha-1), due to high operative 

working time. The higher values of fuel consumption per hour were obtained for the rotary harrow (33.8 kg h-

1), the plough (31.2 kg h-1) and subsoiler (31.0 kg h-1). The average force of traction required for tillage 

ranged from a minimum of 11.9 kN for the rotary harrow, to a maximum of 60.5 kN for the four-furrow plough, 

depending on the high variability of working width and depth. Such parameters can vary depending on the 

conditions of use of each tractor-implement coupling, which, within certain limits, can be managed with the 

aim of reducing power requirements and losses. 

  As to the quality of tillage, Table 5 shows the values of the parameters describing the effects of the 

implements on the soil. The best BBD was provided by the plough (96.6%). Good performance was also 

provided by the combined cultivator (86.6%), with two ranks of disks with opposite angles, which determine 

effective reversing of the soil and its mixing with surface biomass residues. The best SRI was produced by 

the combined seeder, the rotary harrow and the combined cultivator, due to the compacting action of the rear 

rollers. The best performances on CBI were provided by combined seeder and rotary harrow. Even for this 

parameter, the result of the combined cultivator is worth mentioning, considering that it operates a deep 

vertical soil crushing and a good soil breaking in a single pass. As for the SCI, a value higher than 15% was 

observed only with the offset disk harrow on untilled soil. Thus, the observed surface cover cannot be 

considered fully adequate for preventing soil erosion. Statistical analysis showed significant variations of soil 

quality values caused by the implements. Consequently, it was possible to perform, for each parameter, the 

Tukeyôs HSD post-hoc test and to separate the averages (i.e. the averages with the same letter are not 

significantly different) (Table 5). 

Table 5 

Average values of work quality parameters for each implement and results the Tukeyôs HSD test  

(the values followed by the same letter are not significantly different) 

Implement type u.m. 
Reversible 

plough 
Rotary 
harrow 

Disk 
harrow 

Combined 
seeder 

Combined 
cultivator 

Subsoiler 
Disk 

harrow 

Soil condition  untilled ploughed ploughed ploughed untilled untilled untilled 

Coverage index % 3.31 c 0.28 d 2.07 cd 0.55 d 11.57 b 10.74 b 17.08 a 

Biomass burying degree % 96.59 a 91.67 a 33.03 b 79.14 a 86.56 a 75.93 a 82.92 a 

Surface roughness index - 6.70 a 2.41 e 4.86 b 1.70 f 3.60 d 3.90 c 3.80 c 

Roughness reduction degree % - 63.7 b 32.8 c 81.1 a - - - 

Clod-breaking index - 0.35 d 0.81 a 0.60 c 0.84 a 0.66 b 0.61 c 0.64 bc 

Cloddiness reduction degree % - 56.3 a 55.0 a 37.0 b - - - 

Seedbed quality index - 0.20 g 0.87 c 0.43 f 1.08 b 0.82 d 0.75 e 1.47 a 

 
 Basing on the values reported in Table 4, we obtained the overall values of the parameter that 

describe the energy requirements for the eight composed tillage methods. Also in this case the results 

underwent ANOVA and subsequent Tukeyôs HSD test to separate the significant differences (Table 6).  

 

Table 6 

Technical performances of the eight tillage methods and results of Tukeyôs HSD test.  

The averages followed by the same letter do not differ significantly 

Parameters  u.m. CONT1 CONT2 CONT3 CONT4 RT1 RT2 MT NT 

Actual working time h ha-1 1.79 b 2.05 a 1.61 c 1.32 d 1.33 d 1.07 e 0.97 f 0.24 g 

Operative working time h ha-1 2.51 b 3.20 a 2.33 c 1.69 e 1.88 d 1.49 g 1.63 f 0.37 h 

Fuel consumption kg ha-1 52.9 a 53.4 a 49.6 a 40.4 b 33.9 c 25.0 d 22.5 d 5.3 e 

Energy requirement MJ ha-1 725 a 704 a 670 b 537 c 440 d 307 e 286 e 77 f 

Average tractor slip % 11.9 b 11.8 b 17.4 a 8.5 cd 7.3 cd 9.0 c 6.9 d 1.4 e 

Energy losses  MJ ha-1 168 a 172 a 163 a 94 b 82 bc 67 c 52 d 10 e 

 
 Figure 1 shows the percent variations in energy requirements obtainable moving towards more CT, compared 

with CONT1. NT requires about 90% less energy. Moreover, MT and RT2 allow the highest savings of working time. 
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Fig. 1 - Percent reduction of the main technical performance from traditional to more conservation tillage 
methods compared with CONT1 (CONT2, CONT3, CONT4, RT1, RT2, MT, NT = tillage methods) 

 

 The PCA regarded both the energy parameters of Table 6 and the tillage quality indexes of Table 5 

assuming, for each tillage method, the same indexes observed for the implements involved. A bi-plot graph 

(Figure 2) shows the results of the PCA, providing a comprehensive picture of the relationship among 

parameters and tillage methods.  

 

 

Fig. 2 - Biplot graph with the results provided by PCA 
Energy = energy requirement (MJ ha-1); fuel = fuel consumption (kg ha-1); actual time = actual working time (h ha-1);  

operative time = operative working time (h ha-1); losses = energy losses for slip and transmission (MJ ha-1); burying = BBD (%); 
roughness = SRI; seedbed = SQI; coverage = SCI (%); breaking = CBI.  
CONT1, CONT2, CONT3, CONT4, RT1, RT2, MT, NT = tillage methods 

 

 The first two principal components (PC) explained 91.6% of the total variance (64.6% for PC 1 and 

27.0% for PC 2). PC 1 was responsible for the separation between conventional and RT methods: this was 

especially evident for CONT1, CONT2 and CONT3 versus MT and NT, while CONT4, RT1 and RT2 were 

intermediate. NT was the most distant from all other methods. As to PC 2, the visible separation between 

CONT2 and RT1, compared to CONT1, CONT3 and CONT4 can be related to tillage quality aspects. 

 The Table 7 shows the PCA loading values, which define the discriminatory power of each variable in 

the principal component 1 and 2 and its position on the diagram. For instance, the PCA indicates that NT is 

characterized by low working times, fuel consumption, energy requirement and energy losses. These 

parameters are highly related to the conventional methods, especially CONT1, CONT2 and CONT3 (i.e. the 

methods entailing the use of the plough), characterized by the highest energy and fuel requirements and 

operative and actual working times. RT1, RT2 and CONT4 seem more similar in terms of operative 

parameters, as they clearly differ for the quality of tillage: CONT4 provides a better seedbed than RT1 
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(especially in terms of roughness index); the position of RT2 in the diagram is intermediate, (evident with 

respect to PC2). The methods NT, MT and RT2, different in terms of operative parameters (see position with 

respect to PC1), are more similar in terms of tillage quality, providing a medium quality of seedbed, with 

energy saving compared to conventional methods. In this context, the combined cultivator (RT2) seems to be 

an efficient implement, offering reduced energy requirements and good agronomic performance. 

 Considering what is conventional or conservation and the environmental conditions of the tests subject 

of this work, the question is if an indefinite adoption of conservation tillage method is sustainable or not in 

order to preserve soil fertility. In a medium or long-term perspective, it seems probable that the indiscriminate 

application of RT, MT or NT methods in a silty-clay soil could negatively affect its fertility. The natural ground 

settling and the traffic of machines, would determine progressive loosing of structure and increasing soil 

compaction, accelerated by the lack of organic matter (confined, when present, in the surface layer). 

Consequently, the soil could gradually lose its nutrients and the capability to store water in depth, becoming 

asphyxiated and inhospitable to plantsô roots. Such a process can have different duration depending on the 

type of tillage, resulting longer in the case of more energetic techniques (RT1 and RT2) involving deeper 

interventions that, anyway, beyond relatively limited energy savings, would not allow the organic matter to be 

incorporated into the soil and to express its beneficial action towards soil structure.  

 The occurrence of this process could be prevented through a less rigid approach to soil preparation, 

based on the alternation of different tillage methods. This would lead to the definition of flexible tillage cycles 

whose duration and constitution (the whole of the interventions on the ground) will depend on the specific 

environments (e.g.: pedological and climatic characteristics, slope), on the needs of the types of crop to be 

carried out, on the possibility/willingness to apply crop rotation, on the available types of machines. The 

criteria that will guide the decision through such factors should be as simple as possible: for example, they 

could be represented by a few, easily measurable parameters, capable to provide wide and useful 

information. Soil resistance to penetration and moisture are probably the most comprehensive parameters, 

requiring simple measurements. The moisture provides the first indications on soil practicability and the risk 

of damaging its structure. Consequently, the value of field capacity can be assumed as the reference 

moisture value (30 - 35% for silty-clay soils). In general, with moisture above the field capacity, any soil 

manipulation should be avoided, but in case of urgency, such as a delayed sowing following a rainy period, 

MT of NT techniques could represent solutions for seedbed preparation with low impact on the soil. Below 

the field capacity, the possibility of choosing the tillage method will certainly be wider, but still depend on 

other soil actual conditions (mostly the structure and the organic matter). The cone index (c.i.) could be a 

useful parameter to describe the status of the soil. The availability of the trend of the c.i. along the layer 

explored by the roots, rather than its average value, will increase the quality of information. The diagram of 

Figure 3 shows the trend of the c.i. at increasing depth (0 cm up to 40 cm), in a silty-clay soil used for the 

tests described above.  

 

Fig. 3 - Different trend of the c.i. in the same silty-clay soil of the tests, depending on different types of 
intervention, in the 0 - 40 cm depth layer. All measurements were made with soil moisture between 22 and 24%  

 

 The measurements were made during prior CREAôs test activities, by means of the described 

penetrologger. The curves of c.i. are grouped by colour and their shapes clearly differ by each other 

depending on the three operations to which they refer. After two years of spontaneous soil settling, without 
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transit of machines, but characterized by rainy weather, the c.i. increases up to over 2 MPa in the first 5 cm 

of depth. Increasing the depth, the c.i. increases very slowly. The resulting average value is 2.2 MPa. This 

means a high level of compaction interests the whole layer involved in crop growth. One year after medium 

depth ploughing, the general shape of the related curves changes showing the maximum (2.0 - 2.3 MPa) at 

25 - 30 cm of depth, in correspondence of the bottom of ploughing. In this case the c.i. increases, and in the 

0 - 25 cm layer, the soil conditions remain good for the plants. The resulting average c.i. value is 1.7 MPa. 

 The measurements made immediately after the ploughing, show general lower c.i. values although the 

presence of big clods affects its trend that increase in the first 10 cm, then decreases and increases again, 

keeping however distant from the values of the previous cases. The average value is 0.76 MPa. The 

evolution of moisture and c.i. in the layer explored by the crop roots will suggest the most proper methods to 

be adopted with the purpose of maintaining the soil characteristics within a range of sustainability for the 

plants. At the same time, the resulting alternation of methods will allow reducing the overall energy 

requirements, compared to the continuous use of conventional tillage methods. The test results reported 

above can be a basis for formulating hypotheses of an integrated tillage system (based on annual cycles) for 

cereal cultivation and estimating the relative energy demands and the energy savings. 

 Table 8 shows an example of such an approach, showing the evolution of ñcycle 1ò followed by the 

beginning of ñcycle 2ò. The cycles have not predefined duration and alternation of methods, but evolve, 

adapting to the actual soil conditions described by c.i. and moisture. In the example, each cycle starts with a 

conventional technique (CONV1) and ends when the deterioration of soil conditions requires the 

conventional technique anew. The necessary information is provided by the average values of c.i., by the 

shape assumed by the curves of the c.i. vs. increasing depth, by the moisture, considering the reference 

values proposed for these parameters in Figure 3.  

Table 8 

Example of application of the integrated tillage system with reference to the silty-clay soil of the tests 

Cycle Year 
Average 

cone index* 
(MPa) 

Shape of 
cone index 

curves** 

Moisture**
* (%) 

Tillage 
method 
adopted 

Energy 
requirements 

(MJ ha-1) 

Energy losses 
(MJ ha-1) 

1 1 2.2 1 21 CONT 725 168 

1 2 1.8 2 25 RT1 440 82 

1 3 2.0 2 35 MT 286 52 

1 4 2.2 2 34 MT 286 52 

2 1 2.4 1 22 CONT 725 168 

* the values reported must be compared with those reported in Figure 3 for that soil. ** The shapes of c.i. curves refer to the diagram of 
Figure 3, i.e.: ñ1ò: long period of untilled soil, showing high c.i. values already from the first few centimetres, as described by the red 
curves; ñ2ò: cone index gradually increasing to a maximum in correspondence of the tillage bottom at 25-30 cm, as described by the 
blue curves. ñénò: c.i. curves with different shapes can be observed depending on actual soil specific manipulations. *** The reference 

moisture value is the ñfield capacityò, around 35% 

 
 ñCycle 1ò starts with CONV1, based on the ploughing, needed because of the high soil compaction 

level in the surface layer (average cone index: 2.2 MPa; shape of c.i. curve: 1) and lasts 4 years during 

which the tillage methods vary depending on the evolution of soil moisture and compaction. The moisture 

does not represent an obstacle to the ploughing. This operation allows the burial of the surface residues, 

which contribute to restore the organic matter and the structure of the soil. In the 2nd year, the c.i. (average: 

1.8; shape: 2) and moisture testify of still good conditions in the first 25 - 30 cm of soil, with probable 

presence of tillage bottom. RT1 seemed suitable to break it, limiting the risk of water stagnation. In the 3rd 

and 4th years, the compaction progressively increased, but the high humidity did not allow significant 

interventions on the soil. Its preparation for the sowing could be done by MT. At the end of the 4th year, the 

compaction reached the initial level, requiring starting a new cycle, ñCycle 2ò, with CONV1, to restore 

conditions favourable to plantsô growth. The overall energy requirement and losses of the ñcycle 1ò over 4 

years can be estimated by means of the data of Table 6 for each implement. The sum of the annual energy 

requirements reported in Table 8 is equal to 1,737 MJ ha-1. Adopting CONV1 over 4 years would result in 

2,900 MJ ha-1 energy requirements. The about 40% energy saving deriving from the comparison of these 

values is the consequence of lower overall energy requirements and of lower energy losses. The latter, 

calculated similarly to the requests, are equal to about 47% compared to CONV1 repeated over 4 years. The 

lower relative weight of the losses on the global energy balance testifies a progress toward the optimization 

of the energy use. The results of such calculations probably overestimate the actual achievable benefits, 



Vol. 56, No. 3 /2018  INMATEH ïAgricultural Engineering 

58 

 

because indefinitely repeating CONV1 would keep the soil in such conditions that the requirements and 

losses of energy are lower than those used as reference for the comparison just above.  
 
 

 

CONCLUSIONS 

 This study evaluated the effects of the adoption of eight tillage methods (four conventional, CONT, and 

four conservative CT methods) on energy requirements and tillage quality in a silty-clay soil. The results 

showed that CT (specially NT, MT and RT2) allow to achieve significant energy savings (up to 89%), working 

time reduction (up to 85%) and a satisfactory quality of tillage, compared to CONV1, thus widening the range 

of possible options for the farmers. Aiming at preserving the soil fertility, the commonly spread distinction 

between the meanings of CONT and CT gets less rigid, in relation to the characteristics and needs of the soil 

in question, as in the case of the silty-clay soil of this study. In general, conservation and conventional tillage 

methods (according to their common definition) should not be considered antithetical and adopting the 

former or the latter should not be the consequence of ideological, definitive choices, but should derive from 

the continuous evaluation of actual soil conditions, defining, each time, the more proper type of intervention. 

This results in the alternation of different tillage methods, according to flexible integrated tillage system, with 

variable duration, in which the benefits of both conventional and conservation methods are integrated in a 

compromise solution that should allow achieving an overall reduction of energy requirements compared to 

conventional methods and maintaining soil fertility at a satisfactory level during time. 
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ABSTRACT 

The objective of this study was to develop a technique for calculating the resultant force and moment 

of soil resistance to cutting by the blade of the earlier proposed rotary tillage tool as functions of the rotation 

angle on the basis of the developed mathematical model of soil-blade interaction. The dependences taking 

into account the constructive and functional parameters were obtained and analyzed. It was shown that the 

blade is subjected to repeated loads during the soil cutting, so the equivalent resultant force of soil reactions 

acting on the blade changes its magnitude, direction and the point of action periodically with changing the 

rotation angle. The obtained formulas can be used both for carrying out the long-term strength analysis of the 

rotary tool and for optimizing its constructive and functional parameters. The proposed technique allows to 

simplify experiments for determining the rotary tool force characteristics and to reduce their number 

significantly. Thanks to the commonality of the assumptions it can be transferred mainly to other rotary tillage 

tools. 

 

ʈɽɿʖʄɽ 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʩʦʟʜʘʥʠʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʳ ʠ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʤʦʤʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʯʚʳ ʨʝʟʘʥʠʶ ʣʝʟʚʠʝʤ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʘʥʝʝ ʣʦʧʘʩʪʥʦʛʦ ʨʦʪʘʮʠʦʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʝʛʦ 

ʧʦʚʦʨʦʪʘ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʝʟʚʠʷ ʩ ʧʦʯʚʦʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʯʠʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʨʝʟʘʥʠʠ ʧʦʯʚʳ ʣʝʟʚʠʝ ʠʩʧʳʪʳʚʘʝʪ ʮʠʢʣʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ. ʈʘʚʥʦʜʝʡʩʪʚʫʶʱʘʷ 

ʩʠʣ ʨʝʘʢʮʠʡ ʧʦʯʚʳ ʥʘ ʣʝʟʚʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʠʟʤʝʥʷʝʪ ʩʚʦʶ ʚʝʣʠʯʠʥʫ, ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʪʦʯʢʫ 

ʧʨʠʣʦʞʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʬʦʨʤʫʣʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʘʩʯʝʪʘ ʨʦʪʘʮʠʦʥʥʦʛʦ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʥʦ ʪʘʢʞʝ ʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ 

ʨʝʞʠʤʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʩʠʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ ʠʭ ʦʙʲʝʤ. ɹʣʘʛʦʜʘʨʷ ʦʙʱʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʠʩʭʦʜʥʳʭ ʧʦʣʦʞʝʥʠʡ ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠʢʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚ ʦʩʥʦʚʥʦʤ ʧʝʨʝʥʝʩʝʥʘ ʥʘ ʜʨʫʛʠʝ ʨʦʪʘʮʠʦʥʥʳʝ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ. 

 

INTRODUCTION 

The problem of finding the resultant of soil reactions on a rotary tillage tool blade is up-to-date, since 

its solution allows not only to calculate the strength of the blade, but also to determine the rational values of 

its constructive and functional parameters. 

Professor N. Nerli was one of the first who took into account a distribution of elementary soil reactions, 

when he determined the resultant of soil reactions on the blade of a flat disk, free rotating in soil (Nerli, 

1929). Later, many researchers solved similar problems with different success (Sineokov G.N., 1949; 

Luchinskij N.D., 1977). The case of the PTO (power take-off) powered flat disk was researched (Medvedev 

V.I. et al., 1974), and the generalized mathematical theory of soil-disk interaction has been developed 

(Medvedev V.I. et al., 2001). This model allowed setting and solving the single criterion optimization problem 

of the disk constructive and functional parameters (Akimov A.P. et al., 2008) and the bicriterion one for the 

powered disk (Akimov A.P., Konstantinov Y.V, 2016; Akimov A.P., Konstantinov Y.V, 2017).  
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Directions of elementary soil reactions on the blade of a rotary tillage tool depend not only on the 

position of its instantaneous rotation axis, but also on the rotation angle. So the resultant of soil reactions on 

the blade and their resultant moment are functions of that angle. 

When researchers determined the resultant soil resistance force to cutting by a rotary tiller blade, they 

did not take into account the distribution of elementary soil reactions on the blade and it did not allow them to 

calculate the values of resultant soil resistance and resultant moment of soil resistance at an arbitrary 

rotation angle value of the blade (Thakur T.C., Godwin R.J., 1989; Thakur T.C., Godwin R.J., 1990; Kalantari 

D., 2000). Some researchers have plotted the graphs of such dependences on the basis of special 

experiments (Chertkiattipol S., Niyamapa T., 2010; Niyamapa T., Chertkiattipol S., 2010; Matin M.A. et al., 

2015). 

As an alternative to existing rotary tillage tools for the purpose of improving the quality of soil treatment 

and simultaneously reducing its specific tilling energy, the rotary tillage tool (RTT) was proposed, which can 

be used for various agricultural operations (Medvedev V.I. et al., 1984, Akimov A.P. et al., 2015). The 

method to determine the resultant force and the resultant moment of soil reaction forces acting only on the 

surface of this rotary tillage tool depending on the rotation angle was proposed (Akimov A.P., Konstantinov 

Y.V, 2011; Akimov A.P. et al., 2012; Akimov A.P. et al., 2017). But the soil reactions on the RTT blades have 

not been taken into account. 

The major objective of this study was to develop a technique for determining the resultant force and 

resultant moment of soil resistance to cutting by a RTT straight rotary blade, which takes into account the 

distribution of elementary soil reactions and allows determining dependences of these characteristics upon 

the RTT rotation angle. 

 

MATERIALS AND METHODS 

The RTT consists of the flange, to which four identical flat vanes are attached. These vanes are 

quarters of plate, bounded by an ellipse. The blades of the vane small semi-axes are located in a vertical 

plane, and the vanes constitute some angle with it. The projection of all the vanes on the plane is a circle of 

radius r, equal to the small semi-axis of the ellipse. A model sample of the RRT and the RRT row on a shaft 

of rotary plough are shown in Fig. 1 a, b.  

     
(a)                                                                        (b) 

Fig. 1 ï A model sample of the RRT (a) and the RRT row on a shaft of rotary plough (b) 

This rotary tool can be used also in other rotary machines, which perform various agricultural 

operations. It can effectively work as a furrow opener in seeders (Medvedev V.I., Kazakov Y.F., 1984), as a 

ridger in rotary cultivators (Leshhankin A.I., 1991) and as an active coulter (power-take-off driven) in 

ploughing units (Chatkin M.N., 1990). 

For calculating the RTT strength and optimizing the process of its operation it is necessary to develop 

a mathematical model of the RTT interaction with soil and, in particular, to determine the resultant force of 

soil resistance to cutting by this rotary tool. 

Let us assume that a tillage machine or a unit moves rectilinearly with a constant speed v0, the RTT 

rotates around the rotor axis with a constant angular velocity w and its blades during work plunge to a 

maximal depth h into homogeneous soil. The RTT operating regime is characterized by two constant 

dimensionless parameters: by the ratio of rotor peripheral speed to forward velocity of the tillage machine 

(kinematic parameter) l = wr/v0 and the maximal relative depth x = h/r. 
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The minor semi-axis blade of a RTT vane cuts the soil, performing a plane-parallel motion in a vertical 

plane. In the Oxz coordinate system with the origin O on the RTT axis of rotation and uniformly moving with 

the RTT, the position of minor semi-axis blade is set by rotation angle a from the vertical (Fig. 2, a). A soil 

cutting speed, varying along the blade edge, is defined by position of the RTT straight blade instantaneous 

centre of velocity, located at the point C(0; a), a = r/l. Let us also connect with the RTT another coordinate 

system Ox¡z¡, directing the axis Ox ¡on the major semi-axis of vane, and the axis Oz¡ ï on its minor semi-

axis. 

 
Fig. 2 ï Diagram of soil cutting by the first (a) and a non-first (b) blade of the RTT 

On an infinitesimal elementary segment of the blade cutting part, adjacent to a point M¡(0; z¡), with 

length dz¡, the elementary soil reaction force dR acts, which is directed opposite to the vector of absolute 

speed v of this point (Fig. 2, a). The magnitude of the force is equal to dR = QÖdz¡, where Q is the average 

specific force of cutting per unit length of the blade [N/m].  

Let us denote by j the angle between the force vector dR and the positive direction of Ox axis, then 

cosj = (zïa)/[x2+(zïa)2] 1/2, sinj = x/[x2+(zïa)2] 1/2; and x=z¡sina, z = ïz¡cosa (Fig. 2, a). By integrating the 

equality dRx=Qdz¡cosj on the segment of the blade cutting part and passing to the dimensionless variable u 

= lz¡/r, we obtain the formula for the horizontal component of the resultant of soil resistance to cutting (RSR) 

  , 
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where V0 = 1ïl(a,x)/r, and l (a,x) is the length of cutting part of the blade corresponding to the rotation angle 

value a and the maximal depth of the blade equal to h [m]. 

Absolutely similarly the formula for the vertical component of this force is obtained: 
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Let us choose as the positive direction of the moments of forces the direction coinciding with the RTT 

rotation direction, then the moment about the point O of an elementary force of soil resistance to cutting will 

be defined by the equality dMO = ïzÖdRx + xÖdRz (Fig.2,a). By integrating this equality, we find the resultant 

moment of soil resistance to cutting (MSR) 

.
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The integrals in formulas (1) ï (3), depending on the variable a and on the parameters l, V0, are easily 

calculated by the method of undetermined coefficients (Gradshteyn I.S., Ryzhik I.M., 2007). The obtained 

explicit expressions are cumbersome, and we use a way of sequential designations. Let us introduce three 

functions of two variables: 

F1(a,u) = (u2 + 2uÖcosa + 1)0,5  

  F2(a,u) = ln(u + cosa + F1(u,a)) 

   F3(a,u) = 0,5(u ï cosa)ÖF1(u,a)                                                         (4) 
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Then the components of resultant of soil reactions and the resultant moment of soil resistance to cutting by 

the blade will take the following forms: 

Rx = ïQrÖ(G1(a,l,V0) cosa + G2(a,l,V0) sin2a)/l, 

Rz = ïQrÖ(G1(a,l,V0) ï G2(a,l,V0) cosa)sina/l,  

MO = ïQr2Ö(G3(a,l,V0) ï 0,5G2(a,l,V0) sin2a)/l2,                                             (5) 

where the functions Gi(a,l,V0) = Fi(a,l) ï Fi(a,lV0), i = 1, 2, 3. 

The sequential expressions (4)ï(5) have a simple structure, and are easily programmed. They allow 

calculating the values of Rx, Rz, and MO at given values of a, l and V0 with the help of a computer. 

The blade, which is the first to enter into soil (further the first blade), is represented in Fig. 2,a. From 

the diagram it follows that for the first blade l(a,x)=r + (r ï h)/cosa, hence for it 

V0 = (x ï 1)/cosa                                                                     (6) 

For any blade entering into soil after the first one (further non-first blade), formula (6) is valid only at the initial 

stage of cutting. The condition V0 = 1 determines the angle of the beginning of soil cutting process by a blade 

a0 = arccos(xï1). The cutting process by the first blade is completed at a = 2pïa0 (Fig.2,a). Thus, formulas 

(4) ï (6) determine the resultant force and the resultant moment of soil resistance to cutting by the first vane 

blade of RTT at the initial stage (a0 ¢a¢ 2p ï a0). 

For a non-first vane blade of the RTT formula (6) is valid only until the moment of contact of the blade 

edge with the upper surface of the cut soil slice in the point D0 (Fig.2,b). At the final stage of soil cutting the 

edge of the considered RTT blade crosses the upper surface of the slice in some point D of the trochoid 

formed by the previous blade. To this point there corresponds the angle a¡ measured from the vertical 

through the point O¡ which is located on the horizontal straight line passing through point O of the considered 

blade and lying at the distance r from the point D (Fig.2,b). When the RTT rotation axis moves from the 

position determined by the point O¡ to the position determined by the point O, the rotary tool rotates through 

the angle 2p/zb+(aïa¡), and at the same time its rotation axis passes the O¡O distance equal to  

d=[2p/zb + (aïa¡)]Ör/l, where zb=4 is the number of rotary blades. The equality (7) follows from the theorem 

of sines for the triangle O¡DO (Fig.2,b): 

[2p/zb + (aïa¡)]Öl-1cosa + sin(aïa¡) = 0                                            (7) 

As we can see from the Fig. 2, b, rsin(a' ï p/2) = (r ï l)sin(a ï p/2).  

Hence:                                                         V0=cosa¡/cosa                                                                   (8) 

The angle a¡ is a function of the angle a. This function is defined implicitly by the transcendental 

equation (7). It is found by means of solving the equation (7) using one of numerical methods. The 

substitution of this function into the equality (8) allows us to express V0 through the angle a. Thus, equalities 

(7), (8) and (4), (5) at the final stage of cutting determine the resultant force and the total moment of soil 

resistance to cutting by a non-first RTT blade as the composite functions of the angle a. 

The point D0 is located on the soil surface and upper surface of slice. Therefore, if we substitute  

a¡ = arccos(xï1) into equation (7), we obtain the transcendental equation for determining the angle a=a1 of 

the completion of cutting process of the soil surface (initial stage) and the beginning of cutting process of the 

upper surface of soil slice (final stage). This equation is solved numerically for different values of a. 

The value of angle a = a2, corresponding to the completion of soil cutting process by a non-first blade 

of RTT in the point K of cycloids intersection at the bottom of a furrow (Fig. 2, b), is also determined by using 

the equation (7). At this point V0 = 1, a¡ = 2pïa2, so we have sina2 = (p ï a2 ï p/zb)/l. This transcendental 

equation is also solved numerically. If we pass from angle a2 to angle a'g by a'g = a2 - p, then equation (7) 

transforms into the well-known equation, determining the location of crests at the bottom of a furrow during 

the work of rotary tiller (Sineokov G.N., Panov I.M., 1977). 

 

RESULTS 

It follows from formulas (1) and (3) that for the first blade the MSR and the horizontal component of 

RSR depend only on cos a, therefore their graphs versus a for the relative depth x=0.5 and the values l=3; 

3.5 and 5 are symmetric relative to the line a = p (Fig.3a,c). The component Rx is nonnegative, that is, the 

resultant of soil resistance to cutting is the driving forward force. The vertical component Rz (Fig. 3, b) is 
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negative for a < p, that is, the RSR is the lifting up force and for a > p this component is positive, and the 

soil resistance to cutting is the deepening force. As the MSR is always non-positive, it slows down the RTT 

rotation, and for overcoming the moment of soil resistance, it is necessary to apply to the rotary tool the 

positive, equal in modulus, torque. Formulas (1)ï(3) show, that for a<r-h the maximal values of the MSR 

modulus and the RSR horizontal component are reached at the point p and are respectively equal to P = QÖh 

and to M = PÖ(r ï h/2), and the vertical component of RSR at a = p is equal to zero. These expressions 

must be taken into account to carry out the strength analysis of the RTT and the empirical coefficient Q can 

be easily determined experimentally. It also follows from these formulas that at the vertical position of the 

RTT blade reactions of soil resistance to cutting are replaced by the single resultant with the magnitude P, 

directed horizontally towards the RTT motion and applied to the blade edge at the point lying at distance h/2 

from its tip. The moduli of the resultant force components and the resultant moment of soil resistance to 

cutting monotonically increase with increase of the parameter x, but with increase of l only the Rx and MSR 

moduli slightly increase, while the Rz modulus slightly decreases. 

Fig. 3 ï Components of the resultant resistance force of soil to cutting on the axis Ox (a), Oz (b) and  

the resultant resistance moment (c) versus angle a for the first blade 

Fig. 4 shows the graphs of the resultant force components and the resultant moment of soil resistance 

to cutting by the edge of a non-first RTT blade versus the angle a and the parts of the corresponding graphs 

for the blade which is immediately following the non-first one at x = 0.5 and l = 3; 3.5; 5. 

   
Fig. 4 ï Components of the resultant resistance force of soil to cutting on the axis Ox (a), Oz (b) and  

the resultant resistance moment (c) versus angle a for a non-first blade 
 

With increasing a the horizontal component Rx increases from zero monotonically and almost linearly 

at the initial stage of cutting, then continues to increase at the beginning of the final stage (for l = 3.5 and 5) 

until it reaches the maximal value and then it decreases to zero again. The graph of Rx versus the angle a 

has the breaking point in a passage point from the first stage of cutting to the second one. Through the 

period 360 /̄zb = 90  ̄the blade of the following vane of the RTT begins to interact with the soil, therefore the 

specified change of the component Rx repeats again (Fig.4,a). The graph of the vertical component Rz 

(Fig.4,b) versus a is approximately a join of two halves of sinusoids of different amplitudes (for l = 3 and 

3.5). The amplitude of lifting action on the RTT at the initial stage of cutting is much more than the amplitude 

of deepening effect at the final stage. The MSR modulus monotonically increases with increase of the angle 

a at the initial stage of cutting, and it monotonically decreases at the final stage, reaching the greatest value 

at the breaking point of the graph of the MSR versus a (Fig. 4, c). With the increase of the x parameter, the 
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maximal values of MRʉ and the moduli of RSR components significantly increase, and with increase of l 

they decrease, that is explained respectively by increase and by decrease of the linear dimensions of a soil 

slice. 

Carrying out the long-term strength analysis of the RTT, it is necessary to take into account that during 

the interaction of the second and subsequent vanes with soil, the rotary tool is subjected to cyclic loads, the 

vibration amplitude of which is less than the corresponding greatest values of the forces and the moments, 

when soil is being cut by the blade of the first vane. At the large values of l this distinction between the 

amplitudes is considerable. 

The soil-cutting reactions by a blade are generally equivalent to the main vector of forces applied at 

point O with components, which are given by the expressions (1), (2) and to the couple with the main 

moment determined by the formula (3). This system of forces can be replaced with the single equivalent 

resultant force, applied at the point of blade edge, lying from the RTT rotation axis at the distance  

r0 = ï |MO|/[RÖcos(a + y)] , where R = (Rx
2 + Rz

2)0,5, and y = ïarcsin(Rz/R) is the angle between the 

resultant and the positive direction of the Ox axis. 

The graphs of the ratio r0/r versus the angle a for the first blade at a relative depth x = 0.5 practically 

coincide for the values of l=3, 3.5 and 5 (Fig. 5, a). For a < p the distance r0 monotonically decreases from 

the greatest value r0 = r at the moment of contact of the blade edge with the soil surface to the least value r0 

= r ï h/2 at a = p, and then increases to the value equal to r at the moment, when the edge goes out from 

soil. On the contrary, the modulus of the resultant R, almost not depending on the parameter l, at the above 

mentioned values of x and l, for a < p increases monotonically from the least value R = 0 to the greatest 

value P at the point p and then decreases again to zero for a > p (Fig. 5, b). The angle y, weakly depending 

on l, decreases monotonically with increase of a according to an almost linear law (Fig. 5, c). 

   

Fig. 5 ï The relative distance from rotation axis to point of action of the resultant resistance force of soil  

to cutting (a), the RSR modulus (b) and the RSR tilt angle (c) versus angle a for the first blade 

At a = p elementary forces of soil resistance to cutting acting on the blade are equally directed 

(horizontally) and equal in magnitude, so they are equivalent to the single resultant force with the point of 

action in the middle of the cutting part of the blade edge. If the instantaneous centre of velocity is located 

above the soil surface, then for the non-first blade it follows from the formulas (1) ï (3), that Rx = Qr(1 ï V1), 

Rz = 0, MO = ïQr2(1 ï V12)/2, where V1 = ïcos(a¡(p)). Therefore, the ratio r0/r = (1 + V1)/2. 

 

   
Fig. 6 ï The relative distance from rotation axis to point of action of the resultant resistance force of soil  

to cutting (a), the RSR modulus (b) and the RSR tilt angle (c) versus angle a for a non-first blade 
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The graphs of the ratio r0/r versus the angle a for a non-first blade plotted for the values of the x and l 

parameters mentioned above show, that the ratio r0/r decreases at the initial stage of cutting and increases 

on the final one (Fig. 6, a). When soil is being cut, the point of action of the equivalent resultant force 

changes its position from the most remote one from the RTT rotation axis at the beginning and at the end of 

the cutting process, to the nearest position at the transition point from the first stage of cutting to the second 

one at a=a1. With increase of angle a the change character of the modulus of the resultant of soil cutting 

reactions by non-first blade is similar to the change character of the MSR (Fig. 6, b). The angle y 

monotonically decreases with increase of angle a (Fig. 6, c), and the graphs of y versus a practically 

coincide with the corresponding parts of graphs of the angle y for the first blade (Fig. 5, c). 

 

CONCLUSIONS 

With the help of the developed mathematical model of soil-blade interaction it is shown that the RTT 

blade is subjected to repeated loads during the soil cutting. The equivalent resultant force of soil reactions 

acting on the blade changes its magnitude, direction and the point of action periodically with changing the 

RTT rotation angle. The proposed technique allows calculating the resultant force and the resultant moment 

of soil resistance to cutting by the RTT blade as a function of the rotation angle and the RTT parameters.  

It was found that the maximal values of the RTT driving force, of the MSR and of the RSR modulus 

monotonically increase with increasing relative depth x for any value of kinematic parameter l. The angle, 

which the resultant resistance of soil to cutting constitutes with the positive direction of horizontal Ox axis, 

decreases almost linearly with increasing rotation angle a. 

The obtained formulas can be used both for carrying out the long-term strength analysis of the RTT 

and for optimizing the RTT constructive and functional parameters. 

The developed technique of calculation of the resultant force and the resultant moment of soil 

resistance to cutting by the RTT blade as functions of the rotation angle and the RTT parameters is valid also 

for the case of soil cutting by the straight parts (legs) of blades of rotary tillers, and also with some changes it 

can be transferred to calculating the force characteristics of blades of other rotary tillage tools. This 

technique allows simplifying the experiments necessary for determining the resultant force and the resultant 

moment of soil reactions on blades of rotary tillage tools and reducing the number of these experiments 

considerably. 
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ABSTRACT  

 ɸ mathematical model of a grain mixture interaction with a cylindrical sieve was proposed. Two 

options of the model were considered: the axis of the cylindrical sieve rotation is horizontal; the axis is 

inclined to the horizon at a certain angle. 

The calculation scheme of the "a grain heap ï a sieve" system assumes that the grain mixtures move 

integrally affected by the forces of interaction with the sieve, which arise on the contact surface. The forces 

of weight and the centrifugal forces, which arise during the rotation, also affect the integral motion of the 

grain mixtures. It is assumed that the consumption of the mixture at the inlet of the sieve is equal to the total 

grain consumption during the separation and the removed impurities. 

The differential equations which describe the motion of the heap along a cylindrical sieve were 

obtained. These equations can be used both to substantiate the geometric and kinematic characteristics of 

the sieve, and to choose the rational operating mode. 

The graphic illustration of numerical solution of differential equations for a concrete example was 

given. It allows determining the position of the grain heap in the sieve at any time. 

 

ʈɽɿʖʄɽ 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʟʘʻʤʦʜʽʾ ʟʝʨʥʦʚʦʾ ʩʫʤʽʰʽ ʟ ʙʘʨʘʙʘʥʦʤ ʧʨʠ ʦʯʠʱʝʥʥʽ 

ʟʝʨʥʘ. ʈʦʟʛʣʷʥʫʪʽ ʚʘʨʽʘʥʪʠ ʜʣʷ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʙʘʨʘʙʘʥʘ ʻ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʪʘ ʜʣʷ 

ʦʩʽ ʥʘʭʠʣʝʥʦʾ ʜʦ ʛʦʨʠʟʦʥʪʫ ʧʽʜ ʜʝʷʢʠʤ ʢʫʪʦʤ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ çʟʝʨʥʦʚʠʡ ʚʦʨʦʭ ï 

ʨʝʰʝʪʦè ʧʝʨʝʜʙʘʯʘʻ, ʱʦ ʤʘʩʠʚ ʟʝʨʥʦʚʦʾ ʩʫʤʽʰʽ ʨʫʭʘʻʪʴʩʷ ʷʢ ʻʜʠʥʝ ʮʽʣʝ ʧʽʜ ʜʽʻʶ ʩʠʣ ʚʟʘʻʤʦʜʽʾ ʟ 

ʨʝʰʝʪʦʤ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʥʘ ʢʦʥʪʘʢʪʥʽʡ ʧʦʚʝʨʭʥʽ, ʩʠʣ ʚʘʛʠ ʪʘ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ 

ʦʙʝʨʪʘʥʥʽ. ʇʨʠʡʤʘʻʪʴʩʷ, ʱʦ ʚʠʪʨʘʪʘ ʩʫʤʽʰʽ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʚ ʨʝʰʝʪʦ ʜʦʨʽʚʥʶʻ ʩʫʤʘʨʥʽʡ ʚʠʪʨʘʪʽ 

ʟʝʨʥʘ ʧʨʠ ʩʝʧʘʨʫʚʘʥʥʽ ʪʘ ʜʦʤʽʰʦʢ, ʷʢʽ ʚʠʜʘʣʷʶʪʴʩʷ ʟ ʤʘʩʠʚʫ ʧʽʜ ʯʘʩ ʦʯʠʩʪʢʠ. 

ɺʠʚʝʜʝʥʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʨʫʭ ʚʦʨʦʭʘ ʧʦ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʨʝʰʝʪʫ,  ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʷʢ ʧʨʠ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʽʥʝʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʰʝʪʘ, ʪʘʢ ʽ ʧʨʠ ʚʠʙʦʨʽ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʡʦʛʦ ʨʦʙʦʪʠ. 

ʅʘʚʝʜʝʥʘ ʛʨʘʬʽʯʥʘ ʽʣʶʩʪʨʘʮʽʷ ʯʠʩʝʣʴʥʦʛʦ ʨʦʟʚôʷʟʢʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʢʣʘʜʫ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʚ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚʠʟʥʘʯʘʪʠ ʧʦʣʦʞʝʥʥʷ ʟʝʨʥʦʚʦʛʦ 

ʚʦʨʦʭʘ ʚ ʨʝʰʝʪʽ. 

 

INTRODUCTION 

Grain production has the biggest impact on the supply of food to the population and the development 

of forage resources for several agrarian branches (Matveev et al, 2016). The creation of new machines is 

mostly aimed at improving conventional principles, making basic constructions more complex  (Awgichew  

A., 2017; Werby R., 2010). The grain postharvest cleaning and separation problem is new challenge for 

implementing advanced technologies and creating next-generation grain cleaners (Linenk et al, 2012). 

Introducing new grain crops production technologies require high performance of grain cleaning and its 

compliance with the standards of cleanliness (Nesterenko et al, 2017). It is impossible to improve 

postharvest cleaning and separation of grain without implementing advanced technologies and creating next-

generation grain cleaners (Capov & Shepelev, 2010; Jing Z., 2013). There were several attempts to solve 

the problem at hand by optimizing the rational set of particular operations and parameters of grain cleaners 
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that determine the sequential and step-by-step efficient cleaning schemes (Eskhozhin et al, 2016; Tyschenko 

et al, 2010). Outdated grain cleaners have been replaced by new ones for many years, since no significant 

progress has been made in the design of new efficient grain cleaners of local manufacture or the 

development of improved grain cleaning techniques (Li et al. 2009; Mingjie et al, 2012). It is necessary to 

improve separation of grain and create next-generation grain cleaners (Liang et al 2016). Dynamics of corn 

cleaning still remains a complex problem. The commonly used approaches on particle dynamics and 

trajectory tracing and high-speed photography was adopted to quantify the cleaned grain (Li J. et al., 1997; 

Wenqing et al., 2001; Wenqing et al., 2002). The mainstream efforts of research are mostly of parameterized 

characteristics, e.g., adjusting physical parameters of processed materials and changing construction and 

motion to illustrate its cleaning performances (Li H.et al., 2009).  

The goal of this work is to develop a mathematical model for the interaction of a grain heap with a 

drum, which can provide a study of the dependence of the sieve performance on the kinematic and 

geometric characteristics of the system. 

 

MATERIALS AND METHODS 

The research of the grain motion in a cylindrical sieve which rotates around the axis is important for 

substantiating its geometric and kinematic characteristics. These characteristics are necessary to maintain 

the predetermined operating modes and the throughput of the drum during the separation. The common 

approach to the calculation scheme "grain heap - a drum" has not been found yet concerning the interaction 

of the grain mixture with the surface of the cylindrical sieve. In one case the grain heap is considered as ñair-

fluidized mediumò (Kharchenko S., 2014). In other cases, it can be characterized as a bulk material (Pershin 

et al, 2009). It was described the movement both homogeneous and heterogeneous, granular media, the 

vibro viscous factor of which is differently dependent on one of the spatial coordinates. The hydrodynamic 

theory describes the standard vertical movement of pseudo rarefied mixture on the inner surface of the 

cylindrical vibratory centrifugal sieve, which rotates at a constant angular velocity around a vertical axis 

(Tyschenko et al, 2010). The application of the hydrodynamic theory is impossible for cases in which the ñair-

fluidized mediumò does not occur. In addition, there are some doubts regarding the exactness of models of 

the grain interaction with a sieve, in which the grain is loaded with a centrifugal force of inertia, which is 

defined by the angular velocity of the drum. For the moment it has not been mentioned how the model can 

be used to analyse the motion of the grain heap.  In this respect, it is interesting to implement a stationary 

process of grain separation when the axis of the sieve rotation is horizontal. The scheme of forces acting on 

the grain heap in the sieve in the equilibrium state is shown in Fig. 1. 

.  

Fig. 1 - The scheme of forces acting on the grain heap in the sieve in the equilibrium state 
 

In this case, the mixture in the sieve is in a state when the free surface of the heap is inclined to the 

horizon at an angle of natural slope. 

For a sieve with horizontal axis of rotation, it is possible to implement a stationary grain separation 

process in accordance with the scheme shown in Fig. 2. 
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Fig. 2 - Scheme for analyzing the motion of a grain heap in a cylindrical sieve 

 

The friction force Fm  and the weight force P are distributed along the interaction area from below, 

when the material is slid in the sieve. It is assumed that the grain heap, the cross section of which is 

bounded by a chord AB above and an arc ABbelow, moves in a sieve with the rotation without deforming 

from the lower position, in which the axis of symmetry ( OC in Fig. 1) occupies the vertical position 0OC . 

The differential equation of the rotational motion of the heap about the sieve axis has the form 

(Yablonsky and Nykyforova, 1966): 

( )0 0 f sinI M F P OCj j= - Ö                                                      (1) 

where  

0I ï is the polar moment of inertia of the heap, the cross section of which is considered to be 

unchangeable, 
2mkgÖ ;  

j ï an angular acceleration of the heap during the rotation, 
2-s ;  

( )0 fM F ïthe moment of friction forces that arise between the heap and the sieve about the sieve axis, 

mNÖ ;  

Pïthe weight of the heap, N ;  

OC  ï the distance from the centre of the sieve cross-section to the centre of the weight of the heap 

cross section, m ;  

jï an angle of rotation, rad . 

In determining the frictional forces, we take into account that they will arise from the hydrostatic 

pressure of the heap on the sieve and from the centrifugal forces which act on the heap during the rotation. 

The component of the friction forces, which depends on the hydrostatic pressure of the material at an 

arbitrary point A (Fig. 1), determined by the angle )( bj+ , is calculated as: 

f g= Ö Ö Ö ÖPdF f H l ds                                                         (2) 

whereg ī specific weight of the material, 
3/ mN ;  

H  ï the distance from point 1A  to the free surface of the heap cross section ( 11BA in Fig. 2);  

l ī the length of the sieve, m ;  

ds ī elementary section of the arc of the sieve cross section, in the centre of which is the point 1A , m . 
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Taking into account that ds Rdb= , for frictional force on the section ds, we obtain: 

f g b= Ö Ö Ö Ö ÖPdF f H l R d                                                                (3) 

For the height H of the triangle ADBwe obtain: 

( )0 0
0

cos coscos cos
1 cos cos

cos cos cos cos cos

R
ʅ R R

b bb b
b b

b j j j j

å õ å õ
= - Ö = - = -æ ö æ ö
ç ÷ ç ÷

        (4) 

Then                       2 20 0
f

cos cos coscos
1

sin cos cos
PdF f lR d flR

b b bb
g b g

b j j

å õ -
= - Ö =æ ö

ç ÷
                          (5) 

The centrifugal force that falls on the arc ds is determined by the scheme shown in Fig. 3. 

 

Fig. 3 - Scheme for determining the centrifugal force falling on the elementary arc ds 

 

A centrifugal force acts on an element of mass with dimensions (in Figure 3 its cross-section is 

shaded): 

21
VdF lxd dx x

g
g b wD =                                                               (6) 

Integrating this expression from point D to point Awe obtain vdF : 

0
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2 2 2 3 0
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R

dF l d x dx l R d
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           (7) 

Thus, the total frictional force that falls on a section of width ds is defined as 

32
2 0 0

f 3

cos cos cos
1

3 cos cos

R
dF f lR d

g

b b bw
g b

b j

è øå õ -
= Ö - +é ùæ ö

ç ÷ê ú

                          (8) 

For the moment of frictional forces, distributed over the interaction area of the heap with a sieve, it is 

obtained: 

( )
32

3 0 0 0 0 0
0 f 0 0 0 0

cos sin cos
2 sin cos ln ln 2 2

3 2 4 2 4 2 cos cos

R
M F f lR tg tg

g

b b b b bw p p
g b b b b

j j

ë ûè øå õî îå õ å õ
= - - + - - + -é ùì üæ öæ ö æ ö

ç ÷ ç ÷é ùç ÷î îê úí ý

      (9) 

 

According to the known specific weight of the bulk materialg, the square of the heap cross section S  

and the length of the sieve l , for the moment of the heap weight and for the moment of inertia of the heap 

about the sieve axis of rotation, respectively:  

( )

3
2 3 30

0 0 0

0 0

sin1 4 2
sin sin 2 sin sin sin

2 3 2 sin 2 3

R
P OC R R l

b
j g b b j g b j

b b

å õ
Ö Ö = - Ö Ö = Ö Öæ ö

-ç ÷
       (10) 

4

0 0 0 0

1 1
sin 2 sin 4

3 12

lR
I

g

g
b b b
å õ

= - -æ ö
ç ÷

                                                  (11) 
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Substituting the expressions for the geometric characteristics of the heap cross section and for the 

load acting on the heap, after the obvious transformations of the formulas (9), (10) and (11) in equation (1)   

we obtain: 

 

0 0 0

0

32

0 0 0
0 0 0 0

0

3

0

1 1
sin sin 4

3 12

4 2cos sin cos
2 sin cos ln 2 2

3 2 cos cos

4 2

2
sin sin .

3

R

g

tg
R

f
g

tg

b b b j

bp

b b bw
b b b b

j jbp

b j

å õ
- - Ö =æ ö

ç ÷

ë ûè øå õ
+î îé ùæ ö

î îç ÷é ù= - - + - -ì ü
é ùå õî î-æ öé ùî îç ÷ê úí ý

-

         (12) 

 

RESULTS 

The differential equation (12) makes it possible to analyse the motion of a heap in a sieve, the axis of 

which is horizontal. The motion of the heap will be considered as composition of a rotational motion around 

the axis and translational along the x - axis, when the sieve is rotated about the axis, inclined to the horizon 

at angle y (Fig. 4). 

 
Fig. 4 - The scheme of frictional forces acting on the elemental volume of the heap in the sieve with an 

inclined axis of rotation to the horizon 

 

The differential equation of rotational motion will have the form: 

( )0 0 f sin cosI M F P OCt j y= - Ö Ö                                                (13) 

where  yī an angle of inclination of the sieve, rad ; ( )0 fM Ft  ī moment of friction forces, mNÖ . 

The differential equation of motion of the heap along the sieve has the form: 

fsin ʭmx P Fy= -                                                                 (14) 

where ʪ ï mass of the heap, kg ; ʭ ī projection of acceleration on the x-axis; 
f

ʭF ī resultant 

frictional forces directed along the axis of the sieve, N . 

 

Taking into account the information mentioned above, for differential equations of the heap motion we 

obtain: 
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¶ for the rotational component movement 

¶ 

0 0 0

0
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bp j y

w
b j y

w

å õ
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ç ÷
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+î îé ùæ ö -î îç ÷é ù= - - + ³ì ü
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³ - Ö
+         (15)

 
¶  for the translational component motion of the heap along the axis of rotation 

¶ 
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(16)

 

 

The considered mathematical model allows us to investigate the motion of the grain heap in the 

sieve during its rotation. The numerical solution of the system of differential equations, (15) and (16) is 

carried out by the Runge - Kutta method (Porshnev and Belenkova, 2005) according to the initial data given 

in the table 1.  

Table 1 
Output data to a numerical solution 

R
 

[m]
 0b  

[rad]
 

y
 

[rad]
 f  

g
 

[m/s1]
 

l
 

[m]
 

0j  
[rad]

 
0w  

[rad/s]
 

0V
 

[m/s]
 

tD
 

[s]
 

0.45 0.8 0.1 0.3 9.81 1.2 0 0 0 0.01 

 

In integration it was assumed that the grain heap, the cross section of which is determined by the 

radius of the sieve Rand the loading angle 0b, moves from the rest state, with 0;0;0 === Vwj .  

The integration process with the step st 01.0=D was completed at the passage of weight centre of 

the heap cross section along the entire length of the sieve ( ml 2.1= ). The graphic illustration of the solution 

shown in fig.5 makes it possible to determine: the position of the centre of the sieve cross section along the 

sieve length for any moment of its movement (curve 1); the angle of deviation in the normal section of the 

sieve (curve 3); the angular velocity at any moment of time (curve 2). 

 
Fig. 5 - Kinematic characteristics of the grain heap during the interaction with the sieve 
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The numerical solution of the equations above, (15) and (16), allows, based on the analysis of the 

motion of the grain mixture in the sieve, to assign the most efficient operating mode for grain separation. 

 
 
 

CONCLUSIONS 

The mathematical model of interaction of the grain heap with a drum, which rotates around an axis 

inclined to the horizon, has been suggested. 

The solution of differential equations of motion allows determining the speed and time of the egress of 

grain during the separation in a sieve. 

The given mathematical model of a grain heap interaction with a drum can be used in substantiating 

the geometric and kinematic characteristics of the sieve, as well as in choosing a rational mode of its 

operation. 
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ABSTRACT  

Traffic parameters of the road transport means are influenced beside the loads to be transported, the 

travel speeds, the constructive and functional characteristics by the air pressure in the tires which has a 

direct impact on the tire tread wear, rolling resistance, compaction, soil compaction and rolling track wear, 

and finally on the transport operation costs. 

This paper presents the research on a transport articulated vehicle made up of an agricultural tractor 

and a semi-trailer, aiming at continuous monitoring of the transported load in order to determine the optimal 

air pressure in the tires. 

In order to monitor the tire pressure, which is directly influenced by the tire load, an installation was 

created and placed on the articulated vehicle that continuously measures and monitors, in real time, the 

transported load, consisting mainly of two force transducers, two force amplifiers, a micro PLC 

(Programmable logic controller), an operating terminal, and the connection elements between them. 

The records made during experiments are managed using software specifically created for these 

researches. 

The experiments were performed at different loads of the semi-trailer, the results obtained from the tests 

allowing us to determine the authenticity of the software created, on the one hand and the value evolution of 

the measured parameters, on the other hand. 

The determined results allow the operator to make optimal decisions on the air pressure in the tire 

corresponding to the measured load, also taking into account the nature of the transported load, the type and 

condition of the rolling track.  

 

REZUMAT 

Parametrii de rulare ai mijloacelor de transport rutiere sunt influenŞati, pe l©ngŁ sarcinile de transportat, 

vitezele de deplasare, caracteristicile constructive ĸi funcŞionale, ĸi de presiunea aerului din pneuri, care are 

impact direct asupra uzurii benzii de rulare a pneurilor, a rezistenŞei la rulare, a tasŁrii, compactŁrii solului ĸi 

uzurii cŁii de rulare, ĸi, ´n final, asupra cheltuielilor efectuate cu operaŞia de transport. 

Ċn lucrarea de faŞŁ se prezintŁ cercetŁrile efectuate asupra unui autotren de transport alcŁtuit dintr-un 

tractor ĸi o semiremorcŁ agricolŁ, scopul fiind monitorizarea continuŁ a sarcinii transportate, în vederea 

stabilirii presiunii optime a aerului din pneuri 

Pentru monitorizarea presiunii din pneuri, care este influenŞata ´n mod direct de sarcina pe pneu, a fost 

realizatŁ ĸi amplasatŁ pe autotren o instalaŞe care masoarŁ ĸi monitorizeazŁ continuu, ´n timp real, sarcina 

transportatŁ, alcatuitŁ ´n principal din douŁ traductoare de forŞŁ, douŁ amplificatoare de forŞŁ, un micro PLC 

(Controler logic programabil) , un terminal de operare ĸi elementele de conexiune ´ntre acestea. 

ĊInregistrŁrile efectuate ´n timpul experimentŁrilor sunt gestionate cu ajutorul unui soft, special creat 

pentru aceste cercetŁri. 

Experimentarile s-au efectuat la diferite sarcini de încarcare a semiremorcii, rezultatele obŞinute ´n urma 

testŁrilor permiŞ©ndu-ne sŁ stabilim veridicitatea softului creat, pe de o parte, ĸi evolutia valoricŁ a 

parametrilor mŁsuraŞi, pe de altŁ parte. 

Rezultatele determinate permit operatorului sŁ ia decizii optime privind presiunea aerului din pneu, 

corespunzatoare sarcinii masurate, Şin©nd seama totodatŁ ĸi de natura sarcinii transportate, de tipul ĸi starea 

cŁii de rulare. 

mailto:ciupercaradu@yahoo.com
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INTRODUCTION 

The main rolling parameters of road transport means are the transported mass (mass of the load + 

mass of the means of transport) and the travel speed.  

Depending on these parameters, the appropriate rolling system and tire type are established, such as 

air pressure in the tire, with direct implications for tread wear, compaction, soil compaction and rolling track 

wear, rolling resistance, and finally for the transport operation costs. 

The problem of the tires influence in general and of the air pressure in them on the rolling track, 

regardless of its nature and condition, in particular, has been constantly in the attention of the specialists in 

the field, at present being published many papers addressing both the theoretical and experimental aspects.  

The influence of tire parameters on soil compression and compaction processes has been approached 

in various theoretical papers in which equations have been developed for the calculation of the contact area 

of agricultural tires (Biriĸ S. ķt., 2012), the interaction between vehicle wheel and soil and the estimation of 

soil compaction (Cardei P., et al., 2007; Popescu S. et al., 2006), soil degradation as a result of the 

compression and compaction process (Diserens E. et al., 2011; Robescu V.O., Elekes C., 2008;), finite 

element modeling of tire/terrain interaction (Xia K., 2011). 

The influence of tire parameters on the traction characteristics was also an aspect studied over time in 

specialized works of which we mention a traction prediction model for an agricultural tire (Roĸca R., et al., 

2014; Roĸca R., et al. 2017; Tiwari V.K, et al. 2010) traction performance simulation on differently textured 

soils (Battiato A., Diserens E., 2017; Ciuperca R. et al., 2018; Diserens E., 2017; ŧebrowski J, 2010;).  

Considering the importance of tires in general and their air pressure in particular on the rolling 

performance, researchers in the field have also been concerned with the development of practical systems 

for correcting air pressure in the tire in accordance with the type and condition of the rolling surface (Dinu, L., 

2010), systems implemented in particular on military vehicles. 

Existing rolling systems perform as main functions: supporting the load, rolling, braking and partial shock 

absorption. 

The rolling system which is the subject of the present work is equipped with a load monitoring 

installation that allows, besides the functions that any existing system performs, to continuously measure the 

weight of the means of transport. Thus, it provides real-time information on the variation of the weight 

transferred to the articulated vehicle in the transport situations encountered, as well as on the air pressure in 

the tires required according to the load transported, the tire type and the rolling conditions.  

The information provided by the load monitoring installation can be used both in the stage of design and 

realization of the means of transport and the choice of the autotractor in the aggregate as well as in the 

correct choice of the air pressure in the tires or in the monitoring of the means of transport loading operation. 

 

MATERIALS AND METHODS 
It is considered a transport articulated vehicle made up of an autotractor and a means of transport, in 

this case, an agricultural tractor and an agricultural semi-trailer that is placed at rest on a horizontal land. 

The action of the semi-trailer on the tractor (Fig. 1) is represented by the bonding forces R and Ft. The 

force R represents the part of the total weight of the semi-trailer Gs that is distributed on the tractor and which 

contributes to increasing the adhesive weight of the tractor, and Ft is the traction force (Tecusan N., Ionescu 

A., 1982; Badescu M. et al., 2014). 

 

Fig. 1 - Forces and moments acting on the tractor-semi-trailer system 

 

https://www.sciencedirect.com/science/article/pii/S0926580509001514#!
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The normal reaction of the ground on the semi-trailer wheels (tire load) Zs, is determined from the 

momentum equation written in coupling point C, according to the equation (1): 

01 =Ö-Ö sss aGLZ            (1) 

By grouping the terms, we determine the expression of the Zs reaction according to the equation (2): 

1L

aG
Z ss

s

Ö
=                  (2) 

Component R is determined with the equation (3): 

ss ZGR -=                      (3) 

Substituting the expression of the Zs reaction with its expression in equation (2), results the expression 

for the component R, according to the equation (4). 

( )

1

1

1 L

aLG

L

aG
GR ssss

s

-
=

Ö
-= Ö

                             (4) 

The normal ground reaction on the semi-trailer wheels, Zs is the size that will be continuously 

measured and monitored by the monitoring installation, which determines the value of the optimal air 

pressure in the tires, depending on the tire type, the travel speed, the nature and the condition of the rolling 

track. 

To accomplish this, an operating program was designed, according to the logical schema presented in 

(Fig. 2). 

Input data: 

- fixed: tire type; air pressures in the tire recommended by the manufacturer, depending on the load 

and travel speed; rolling track type. 

- variable: load measured by the monitoring installation. 

Output data: optimal air pressure in the tire. 

Operating mode: Select the travel speed of the means of transport and the rolling track type and, 

depending on the load measured by the monitoring system, the operating program will show the optimal air 

pressure in the tire on the display. 

 

Fig. 2 ï Operating program logical schema 

OT ï Operating terminal 

 

The tests were carried out with a transport articulated vehicle consisting of an autotractor and a 

means of transport at rest on a horizontal land, in this case a New Holland TD80D agricultural tractor 

and an agricultural semi-trailer equipped with bogie-type drivetrain (Fig. 3), the semi-trailer being 

equipped with a load monitoring installation, (Fig. 4). 
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Fig. 3 ï Articulated vehicle: New Holland TD80D agricultural tractor and agricultural semi-trailer  

 

 

Fig. 4 ï Load monitoring installation scheme: 

1 ï force transducer; 2 ï force amplifier; 3 - micro PLC; 4 ï operating terminal; 

 5 - accumulator battery; 6 ï double pole fuse; 7 ï connecting cables. 

 

In the case of the present paper, we were interested in the forces acting on the semi-trailer, namely 

RZs;  based on which the operating program determines the required air pressure in the tires. 

Working methodology  

In the first stage of the tests, the semi-trailerôs own mass Gp, and its distribution Zp, Rp, were 

determined by weighting when stationary using the classic system (the weighting machine), and its 

constructive dimensions were measured and calculated (fig.3), the results being: 

- Gp = 4310 daN; Zp = 3770 daN; Rp = 540 daN. 

where: Zp - distribution of Gp on the semi-trailer axle; Rp - the component of Gs that is transferred to the 

tractor.  

Also, the constructive dimensions of the semi-trailer were measured and calculated as follows:  

L1 = 4.8 m; as = 4.2 m; bs = 0.6 m; hs = 1.6 m; hc = 0.45 m 

Since the monitoring system transducers were located between the trailer chassis and the top of the 

rolling system, as shown in (Fig. 4), the weight monitored by them is reduced by the weight of the rolling 

system, the operating program of the system being realized accordingly. 

For these reasons, in order to verify the viability of the previous relations, in the second stage the 

value of the weight measured by the two transducers was set at 3770/2 = 1885 daN each, the actual load 

sustained by the tires on the same side of the trailer. 

In the third stage, the same parameters were determined by weighing and measurements, with the 

semi-trailer loaded at Gs = 7250 daN (own weighting + load) for three values of Gs, the determined values 

being: 

- Gs = 7250 daN; Zs= 6080 daN; R = 1170 daN;  
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L1 = 4.85 m; as = 4.07 m; bs = 0.78 m; hs = 1.65 m; hc = 0.42 m 

where: Zs - distribution of Gs on the semi-trailer axle; Rs - the component of Gs that is transferred to the 

tractor.  

In the fourth stage tests were carried out to check the functionality of the monitoring system for three 

values of Gs (own mass + load), the established values being determined by the existing used load (metal 

tare weights), respectively: 

1. Gs1 = 7250(4310+2940) daN; 
2. Gs2 = 6830(4310+2520) daN; 
3. Gs3 = 5570(4310+1260) daN. 

 

Equipment used for experiments  

- The weighting machine: max. capacity 10t; accuracy class 0.1 ï it weights the semi-trailer mass. 

- The monitoring installation: placed as shown in (Fig. 4):  

- force transducer: max. capacity 10 t; protection class IP 68; accuracy class, 0.05; input 

resistance, Ó 4350 Ý; high output signal of 2.85mV/V ï It converts the mechanical force into an electric 

signal;  

- force amplifier: output, + 10V, 0é10 V and 4é20mA; protection class IP 20. - It amplifies the 

electrical signal received from the transducer; 

- micro PLC: no I/O 14; electrical connecting, 24 VDC; digital input, 8; work blocks max. 200. ï It 

processes the signal received; 

- operating terminal, main characteristics: power terminal, 24 VDC; number of touch keys, 

maximum 50 keys/screen; user memory 512 kB or less - It displays the results obtained and represents the 

operator interface. 

RESULTS  

The results determined by the monitoring system are presented in Table 1. 

Table 1 

Values determined for Zs and R 

Test 
no. 

Parameter 
determined 

Values 

Determined by 
the monitoring 
system [daN] 

Determined by 
weighting 
machine [daN] 

Difference 
[daN] 

Deviation 

[%] 

1 

Gs [daN] 5558 5570 -12 - 0.2 

Zs [daN] 4854 4860 -6 - 0.1 

R [daN] 704 710 -6 - 0.8 

2 

Gs [daN] 6840 6830 +10 0.1 

Zs [daN] 5975 5968 +7 0.1 

R [daN] 865Ă 862 +7 0.3 

3 

Gs [daN] 7261 7250 +11 0.2 

Zs [daN] 6082 6080 +2 0 

R [daN] 1179 1170 +9 0.8 

 

It can be noticed that the differences between the values determined by the classic system and those 

by the monitoring system were insignificant, so the monitoring installation is functioning correctly, the 

deviations having values that fall within the constructive error margin of the used measuring equipment. 

Using the data specified in Table 1, the operating program determined the optimal tire pressures pa, in 

accordance with the rolling track type and the pre-set travel speeds, the results being shown in Table 2, for 

the tire equipped with the 16.00-20/12PR outer cover. 
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Table 2 

Values determined for the air pressure in the tire 

Test 
no. 

Parameter 
determined 

Values determined by the monitoring system 

Speed = 15 km/h 
Ground road   

Speed = 30 km/h 
Concrete road  

Speed = 40 km/h 
Highway   

1 
Gs [daN] 5558 5558 5558 
pa [bar] 1,25 2 2,25 

2 
Gs [daN] 6840 6840 6840 

pa [bar] 1,5 2,25 2,5 

3 
Gs [daN] 7261 7261 7261 

pa [bar] 1,75 2,5 2,75 

 

The operating program interface is presented in (Fig. 5). 

 

 

Fig. 5 ï The operating program interface 

 

The variation of the values of the components Zs and R at the same amount of Gs depends on the 

position of load placement in the trailer to the axis of the driving system. A placement more toward the tractor 

could lead to a situation in which the value of R exceeds the value of the maximum permissible load on the 

tractor from the articulated vehicle, as declared by the manufacturer, which can be dangerous. 

The information provided by the monitoring system, on the operating terminal, can avoid this situation 

because the operator has information about the value of R reconnected during loading of the trailer and can 

coordinate the proper placement of the load in the trailer. 

For the experiments carried out in his work, with articulated vehicle, the variation of R according to the 

position of the load on the trailer, determined by the cart as, is presented in (Fig. 6), in which is marked the 

maximum value of R, allowed by the tractor from the articulated vehicle. 

Experiments have been carried out for the Gs = 7261 daN. 
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Fig. 6 ï The variation of the component R depending on the position of the load on the trailer 

Articulated vehicle: New Holland TD80D agricultural tractor and agricultural semi-trailer  

 

CONCLUSIONS 

1. The rolling system which was the subject of the present paper is equipped with a load monitoring 

installation that performs real-time, continuous measurement of the weight sustained by the trailer rolling 

system and its variation as a result of the weight transferred to the tractor; 

2. The values measured in the experiments for the trailer weight Gs, the soil reaction to the trailer rolling 

system Zs and the weight transfer from the semi-trailer to the tractor R was very close to those determined 

theoretically with the mathematical relations, the deviations calculated as the ratio of the theoretically 

calculated value to the value measured in experiments ranging between 0.1 - 0.8%, values that fall within the 

constructive error margin of the measuring equipment; 

3. The operating program that was realized is working properly, providing the operator with information 

regarding the load on the rolling system and the optimal air pressure in the tires;  

4. Continuous, real-time monitoring of the transported loads provides useful information to the 
operator so that he can optimally control the articulated vehicle rolling parameters by adapting the air 
pressure in the tires according to the transported load, the rolling track type and the travel speed, thus 
reducing the imminent dangers that may occur during the transport operation and ensuring an efficient 
transport. 
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ABSTRACT 

 To ensure maintaining the biological quality of harvested seeds represents a challenge for scientific 

research in ecological agriculture. The production of seed material, organic certified, depends to a great 

extent on the functional quality of seed conditioning equipment and installations, but also on the quality of the 

raw material. Given the importance of knowing the conditioning process of different culture seeds the paper 

presents a seed conditioning technology and installation that combines two functioning principles: 

counterflow aspiration and separation on cylindrical sieves. From the results obtained in the experimental 

research a comparative analysis of the performances of the equipment that could be used by the producers 

was made. 

 

REZUMAT 

 Asigurarea menҏinerii calitŁҏii biologice a seminҏelor recoltate, reprezintŁ o provocare pentru 

cercetarea ҍtiinҏificŁ ´n agricultura ecologicŁ. Producҏia de material semincer certificate ecologic, depinde ´n 

mare mŁsurŁ de calitatea funcҏionalŁ a echipamentelor ҍi instalaҏiilor de condiҏionare a seminҏelor, dar ҍi de 

calitatea materiei prime. Av©nd ´n vedere importanҏa cunoaҍterii procesului de condiҏionare a diferitelor 

seminҏe de culturŁ, lucrarea prezintŁ o tehnologie ҍi o instalaҏie de condiҏionare a seminҏelor, care combinŁ 

douŁ principii de funcҏionare: aspiraҏie ´n contracurent ҍi separarea pe sitele cilindrice. Din rezultatele 

obtinute ´n cercetarea experimentalŁ s-a realizat analiza comparativŁ a performanҏelor echipamentului ce 

poate fi utilizat de producŁtorii. 

 

INTRODUCTION 

 After the harvesting process, agricultural products (seeds, fruits, vegetables, etc.) cannot be used 

directly for various purposes such as: preservation, consumption, industrialization, marketing, sowing, etc., 

as they also contain impurities (plant remains, seeds, weeds, other bodies, etc.) and damaged products. 

Prior to receiving a specific destination, it is necessary and obligatory for the harvested products to undergo 

cleaning and sorting operations. In order to reduce and even eliminate the negative influences of the cereal 

grain impurities, it is necessary to make a pre-cleaning with different equipment or installations. At the same 

time, for the use of cereal and industrial plant seeds as sowing material, it is necessary to eliminate foreign 

bodies, which differ from the seeds of agricultural crops in general, by their physical characteristics, as well 

as the removal of seeds with low germinating capacity, poorly developed ones and cracks. For this reason, 

the realization of cleaning and sorting technical equipment is a necessity. 

 
MATERIALS AND METHODS 

 Within the primary processing operations of agricultural products for obtaining high quality final 

products are also the cleaning and sorting operations, which involve an adequate technological flow 

(BrŁcŁcescu C., GŁgeanu I., Popescu S., Kemal C.S., 2016).  
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 If currently, in some countries, the focus is on predominantly organic agriculture, it is estimated that in 

the next few years, the importance of technical equipment for cleaning and sorting cereal and technical plant 

seeds will obviously increase due to the high degree of crop contamination resulting from the elimination of 

chemical processes to prevent factors that negatively influence their development (herbicide application, 

chemicalization, etc.) (Ciobanu V.G., Viĸan A.L., PŁun A, Nedelcu A., 2015).  

 The cleaning operation, as the first operation within the technological flow of processing agricultural 

products requires, first of all, cleaning and sorting equipment having its working process based on the 

difference between the physical characteristics of seeds and those of foreign bodies. 

 In order to meet the needs of cereal and technical plant processors and agricultural farmers, INMA 

Bucharest has developed a technology, (Fig.1) (PŁun A., et al., 2016) and a pilot installation for seed 

conditioning ISC (Fig. 2) (PŁun A., et al., 2016), which is composed of high capacity combined-type technical 

equipment (pre-cleaning module and cylindrical sieve) (PŁun A., et al.-2016). 

 

 

 

 
Fig. 1 - Seeds for conditioning technology [9] Fig. 2 ï ICS seed conditioning installation 

 

 The seed conditioning installation is designed to improve harmonised technologies for the production 

of organic seed in cereals, legumes for grains, oilseeds, industrial and fodder plants, aromatic and medicinal 

plants, to solve practical problems concerning the production of organic seed for field cultures and planting 

material, organic certified, at farmers. It has the role of removing from the processed product the impurities 

that affect its quality. 

 Aligned to the most modern trends, incorporating the latest design solutions, the ICS installation uses 

in the seed pre-cleaning process, within the pre-cleaning module, two combined principles: separation on 

two sieve drums and the counter flow aspiration of the product. The product, pre-cleaned of coarse foreign 

bodies and light impurities, reaches the cylindrical sieve where separation in several fractions takes place. 

 The adopted constructive solution allows changing the inclination angle of the cylindrical sieve and 

also, to increase the productivity and the technological sorting effect, it is provided with inner inclined planes 

(PŁun A. et al., 2016).  

 Main technical and functioning characteristics of the pilot installation ICS are: 

¶ Seed pre-cleaning module MPS-0. This equipment has a productive capacity of 8 [t/h] for a 

standard product, respectively a working capacity higher than 5 [kg/hl] for wheat (humidity of 6 ÷ 8 [%]) and a 

cleaning degree of 40 ÷ 50 [%]; 
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¶ Cylindrical sieve SC-0. This equipment presents a selection capacity of 3 ÷ 4 [t/h], a sieve 

rotation frequency of 14 [min-1] and an installed power 75 [kW]. 

 In order to determine cereal seed pre-cleaning degree, experiments were carried out with the seed 

conditioning installation, at INMA, under operating conditions, using as raw material seeds of: wheat that was 

not pre-cleaned, camelina and soy, purchased on the market. 

 Considering the technological role of the seed conditioning installation, samples were taken and 

laboratory analyses were performed at: seeds entering the pre-cleaning module; seeds going out from the 

pre-cleaning module; the outlet of the product decanted in the cyclone; the outlets (sieved products) from the 

three segments of the cylindrical sieve and the plus material on the last element of the cylindrical sieve. 

 The technological effect of the installation was analysed against product standards and assessed 

according to the following results obtained at a single pass through the installation of the product to be 

processed (Tarcolea C. et al, 2008, Paun A. et al, 2012). 

 During the experimental research activities of the pilot installation, the following determinations were 

made: large impurities extraction evaluated using the EcsM [%] coefficient and defined in eq. (1); small 

impurities extraction evaluated using the Ecsm [%] coefficient and defined in eq. (2) and light impurities 

extraction (weeds, dust particles, bents, vegetal pieces, husks with dimensions smaller than 1.5 [mm]) 

evaluated using the Ecsu [%] coefficient and presented in eq. (3). 

EcsM= [( CsMi- CsMe ) / CsMi ] x 100 [%]     (1) 

 

Ecsm= [( Csmi- Csme ) / Csmi ] x 100 [%]     (2) 

 

Ecsu= [( Csui - Csue ) / Csui ] x 100 [%]               (3) 

 The terms used in the above equations have the next significations: the CsMi is the content of large 

impurities at installation inlet, [%]; the CsMe is the large impurities content at the installation outlet, [%]; the 

Csmi is the small impurities content at the installation inlet, [%]; the Csme is the content of small impurities 

content at the installation outlet, [%]; the Csui is the light impurities content  at the installation inlet, [%] and 

the Csue is the content of light foreign bodies at the installation outlet [%]. 

 

RESULTS 

 The results obtained from experimental research activities carried out under operating conditions of 

the ICS installation that is equipped with MPS module are presented in Tables 1 and 2.  

 During the laboratory analyses were obtained the humidity and impurity of the samples extracted from 

the supply and evacuation seed material and their pictures are presented in Fig. 3, 4 and 5. 

 

Table 1 

Experimental results obtained from ICS under operating conditions 

Measured 

parameter 
Sample no. 

Camelina seeds Soy seeds Wheat seeds 

Product inlet Product outlet 
Product 

inlet 

Product 

outlet 

Product 

inlet 

Product 

outlet 

Humidity [%] 

S I 7.6 7.4 7.355 7.35 7.6 7.4 

S II 7.4 7.5 7.358 6.6 7.4 7.3 

S III 7.7 7.5 7.356 6.5 7.7 7.35 

Average value 7.57 7.47 7.36 6.82 7.57 7.35 

Seed mass 

[kg/hl] 

S I 61.2 61.2 69.35 69.168 74.3 74.1 

S II 63.3 63.3 69.35 69.05 79.3 79.05 

S III 64.1 64.1 69.35 68.95 79.1 78.95 

Average value 62.87 62.87 69.35 69.06 77.57 77.37 

Seed purity [%] 

S I 63.01 93.05 90.5 98.54 96.2 98.9 

S II 63.1 93.15 91.3 98.82 94.8 99.1 

S III 63.28 93.1 91.1 97.64 95.1 98.8 

Average value 63.13 93.10 90.97 98.33 95.37 98.93 
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Table 2 

Determinations regarding the quality of processed seeds 

Measured 

parameter 

Sample 

no. 

Camelina seeds Soy seeds Wheat seeds 

Product 

inlet 
Product outlet 

Product 

inlet 
Product 
outlet 

Product 
inlet 

Product 
outlet 

Light impurities 

content 

collected at fan 

evacuation [%] 

 Csui Csue Ecsu Csui Csue Ecsu Csui Csue Ecsu 

S I 19.58 3.7 81.10 0.54 0.006 98.89 0.72 0.19 73.61 

S II 19.7 3.68 81.32 0.59 0.005 99.15 0.68 0.2 70.59 

S III 19.68 3.74 81.00 0.47 0.006 98.72 0.65 0.17 73.85 

Average 

value 
19.68 3.71 81.15 0.533 0.006 98.87 0.68 0.19 72.06 

Small impurities 

evacuated by 

the helical 

horizontal 

conveyor [%] 

 Csmi Csme Ecsm Csmi Csme Ecsm Csmi Csme Ecsm 

S I 13.63 2.61 80.85 0.24 0.008 96.67 0.22 0.04 81.82 

S II 13.6 2.64 80.59 0.22 0.007 96.82 0.25 0.04 84.00 

S III 13.65 2.66 80.51 0.25 0.009 96.40 0.23 0.06 73.91 

Average 

value 
13.63 2.63 80.70 0.237 0.008 96.62 0.23 0.047 79.57 

Large impurities 

evacuated by 

the tram [%] 

 CsMi CsMe EcsM CsMi CsMe EcsM CsMi CsMe EcsM 

S I 3.51 0.54 84.62 1.5 0.3 80.00 1.7 0.2 88.24 

S II 3.59 0.58 83.84 1.55 0.4 74.19 1.9 0.28 85.26 

S III 3.58 0.6 83.24 1.42 0.3 78.87 1.65 0.3 81.82 

Average 

value 
3.56 0.56 84.27 1.49 0.33 77.85 1.75 0.26 85.14 

Cracks [%] 

S I - - 2.10 0.4 1.5 0.2 

S II - - 2.01 0.6 1.7 0.25 

S III - - 1.74 0.9 1.4 0.21 

Average 
value 

- - 1.95 0.63 1.53 0.22 

 

 

 

   
Quality of unprocesed camelina seeds By product colected after MPS Camelina seeds sieved by sive no.1 

   

 
 

 
Camelina seeds sieved by seive no.2 Camelina seeds sieved by seive no.3 Material evacuated by sieve no.3 

 

Fig. 3 - Samples collected during the technological flow of ICS when it processed the camelina seeds 
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Quality of unprocesed soy seeds By product colected after MPS Soy seeds sieved by sive no.1 

   
Soy seeds sieved by seive no.2 Soy seeds sieved by seive no.3 Material evacuated by sieve no.3 

 

Fig. 4 - Samples collected during the technological flow of ICS when it processed the soy seeds 

 

  

 
By product colected after MPS Wheat sieved by sive no.1 

       
Wheat sieved by seive no.2 Wheat sieved by seive no.3 Material evacuated by sieve no.3 

 

Fig. 5 - Samples collected during the tehnological flow of ICS when it procesed the wheat 

 

 In fig. 6 is presented the graphical distribution of impurities extraction from seed mass during the ICS 

technological process for different types of seeds, beginning form the small ones ï camelina seeds and 

ending with soy seeds.  

 

Fig. 6 - The distribution of the impurities extraction from seeds that are processed by ICS installation 
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Analysing this data can be concluded that the separation process by fractions can be easily made if 

the seed dimensions are considerably higher, but at the same time the amount of breakage is much higher 

(see also Table 2) while the cracks evacuation percentage is maintained at the same value.  
 

 

Fig. 7 - The distribution of the cracks from procesed seed mass in acordance with material humidity 

 
If we take a close look at the crack percentage of cracks in the processed seed material it can be seen 

that it has increased. The most concerning case is that of the soy beans because its tendency increased 

rapidly by almost 50% from sample to sample, even if the feeding material is maintained constant and the 

humidity has decreased only by 0.855 [%]. 

 

 

Fig. 8 - The distribution of the cracks from procesed seed mass in acordance with material humidity 

 
 In fig. 8 is presented an important aspect of the seed mass processing: if the separation process takes 

place into the air tunnel, the seeds can modify their humidity and sometimes can increase their fragility; this 

way, the processed seed mass can increase the cracks percentage, as it can be seen in Table 2.  

 In fact, the camelina seed mass has no cracks and their humidity can be compared easily with the 

wheat material, but the dimensions are smaller and also their external surface, fact that has no influence 

during the seed dynamics and assures its integrity during the technological process. 

 Comparing wheat humidity with soy seeds, it can be noticed that there is a slight difference, and if it is 

correlated with dimensional and mass aspects it can be clearly concluded that, from a certain point, the 

technologic parameter must be controlled in order to decrease the cracks percentage in the processed 

material. If this aspect is not considered, the technological process cannot be adequately controlled and that 

leads to the fact that the separation process can be compromised. 
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CONCLUSIONS 

 This installation has the ability to remove impurities of unthreshed wheat seeds and due to the pre-

cleaning process performed by ICS they are successfully eliminated. This process must be well controlled so 

that the speed of the air flow above the seed flow limit can aspirate beside the impurities also the good 

seeds that are then directed to the cyclone and from there to the residues, applying the principle of impurities 

separation based on the difference in aerodynamic properties between seeds and impurities. The separation 

module has the ability to adjust the flow rate of the air flow in the suction channels by altering the geometry 

of the transverse section thereof by actuating some control valves. 

 To eliminate large impurities like straws, cobs, ears, etc. which can cause installation clogging, which 

obstruct or stop the grains flowing from the installation, the module with cylindrical sieves is mounted. The 

pre-cleaning module MPS-0 ensures an optimum drive mode of the seeds and impurities mass using two 

sieve drums which can be replaced depending on the seeds undergoing pre-cleaning. 

 The ICS has been designed to ensure high-purity cereal and industrial plant seeds used in organic 

crops establishment, a need that is increasingly present to farmers who want to set up crops with high 

nutritional and economic value. 

 In this paper are underlined some technological aspects that must be considered during the seed 

separation process in order to lead to a product in line with market product standard. In the next papers will 

be presented further research results on different seeds with different humidity, and will be presented a 

dedicated controlling system that will allow adapting the process parameters to seed humidity and 

dimensions. 
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ABSTRACT  

Yellow-feather chicken is a common breeding chicken in China. In view of the uncontrollable factors of 

pasture-raised chickens, the team proposes a precise breeding method of small chicken chamber. In this 

way, two problems are solved, including heat stress and the effects of environmental factors, such as 

bedding, fodder, water, wind speed, ammonia and fine particulate matter (PM2.5) on chickens. This 

experiment studies heat stress and air quality during the 20-day experiment period using the method of a 

negative pressure fan controlled by an inverter. The experimental results show that under design conditions, 

all the environments are up to standard, and the weight gain efficiency of chickens is higher than that of free-

range chickens and no death is witnessed. This experiment proposes a new breeding model which has been 

approved by some breeding companies and thus has a broad application prospect. 

 

 

Ҭ ѿ Ῑ ̆ Ῑ Ҍ ̆ ₮ Ῑ ̆
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INTRODUCTION 

With the popularization of the scientific concept of ñanimal welfareò, environmental quality is an 

important factor that restricts the health welfare and production performance of chickens (Liu Y., 2015). In 

Jianghuai Region of China, it often appears high temperature and high humidity in summer. Due to the lack 

of sweat glands and the difficulty in heat dissipation of chickens, different heat stress response occur at this 

time (Farooqi H., 2005). The heat stress response of chicken refers to a series of abnormal reactions caused 

by temperature regulation and physiological dysfunction under high temperature conditions, which have 

different effects on feed intake, production function and feed conversion rate of chickens, and even causes 

shock and death of chickens (Yuan J., 2007). Saffar and Rose (2002) studied that the physiological function 

of poultry was greatly influenced by environmental factors, among which ambient temperature was one of the 

most important factors (Al-Saffar A., 2002). 

At the same time, air quality in the chicken house also affects the health of chickens. For traditional 

chicken houses in China, a scraper-type defecating system is used for dung removal, which has problems 

such as long cleaning cycle, incomplete cleaning and water leakage of drinking water equipment. As a result, 

the fecal fermentation in the chicken house is easy to occur, resulting in high temperature, humidity and 

ammonia concentration in the chicken house (Kocaman B., 2006). In chicken house, ammonia is produced 

by microorganisms degrading substances such as feces. Higher concentrations of ammonia may damage 

the respiratory lining of chickens, decrease their immune function, increase their risks of infectious and 

respiratory diseases, and adversely affect their weight gain, feed conversion rates, carcass quality, thereby 

reducing their breeding benefits (Beker A., 2004; Lin T., 2016; Xing H., 2015). Studies show that the dust in 

chicken house mainly comes from feed, feces, chicken skin, feathers, the foam produced during cackling, 

airborne microorganisms and fungus (Chen F., 2014). Ammonia is also an important source of PM2.5 (Li Q., 

2014).  
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Only a small amount of pathogenic microorganism inhaled by chickens can lead to airborne infection, 

affecting normal life and health of chickens, and leading to the decline of production performance  (Yang W., 

2016). In order not to affect the health and normal production performance of chickens, Chinaôs livestock and 

poultry farm environmental standard (NY/T 388-1999) stipulates that the concentration of ammonia in 

chicken houses shall not exceed 10mg/m3. 

To solve the above mentioned problems, this paper studies the precise breeding mode of yellow-

feather chickens based on small chicken chamber and analyzes the effects of heat stress, PM2.5 and 

ammonia on the growth performance of yellow-feather chickens in terms of colour of excreta, feed and water, 

wind speed in the chamber, concentration of ammonia and PM2.5 particles. 

 

MATERIALS AND METHODS 

The experiment was conducted at Jinniuhu Street, Luhe District, Nanjing City, Jiangsu Province, 

China. The geographical coordinates of the chicken house are 32°26ô77òN in latitude and 118°52ô64òE in 

longitude. The chicken house has two symmetrical structure chambers and the walls of chambers are 

designed by two layers of steel plate with heat insulation cotton in the middle. Each chamber is 1.9m in 

width, 2.9m in length and covers a total area of 5.51m2. The roof is a slope, and its west side is 1.88m in 

height and east side is 1.77m in height, which makes rain drain easy. In the chamber, temperature and 

humidity monitoring system, ammonia monitoring system, inner and external circulated ventilation system, 

and video monitoring system were equipped. 

The experiment began on July 20, 2018, and the yellow-feather chickens were 24-day old. The 

experimental period is 20 days. On the first day of the experiment, each chicken was numbered. The yellow-

feather chickens after registration were put into two chambers for feeding according to their identifications. 

The 35 chickens in Chamber 1 are numbered consecutively from the number of 101 and a plastic ring is put 

on their feet for identification, while the 35 chickens in Chamber 2 are numbered consecutively from the 

number of 201.  

Figure 1 (a) shows the location and surrounding environment of the chicken house. The red frame the 

red arrow points at is the chicken house used in the experiment. The internal structure of the two chambers 

and their internal landscape are shown in Figure 1 (b) and Figure 1 (c). 

 
(a) The Location of the chicken house 

 

        
(b) The internal structure of the chambers               (c) The internal landscape of one chamber 

 
Fig. 1 - Overview of the experimental chicken house 

1. internal circulated air outlet, 2. external circulated air outlet, 3. Drinking water pipe, 4. water tank, 5. air conditioner,  
6. camera, 7. internal circulated air inlet, 8. feeder, 9. external circulated air inlet 
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During the 20-day experiment, the water trough in the chicken chamber is cleaned every morning to 

avoid water contamination problems caused by clogged water outlets or the accumulation of the bedding in 

the water trough as a result of movement of yellow-feathered chickens. 

At the same time, temperature changes in the chicken chamber also need to be recorded in the 

control room many times per day. If the temperature exceeds 30oC, the inlet air brake of the chicken 

chamber needs to be adjusted to the largest degree to speed up heat dissipation and slow down 

temperature rise speed in the chamber, and when the temperature in the chamber exceeds 34oC, the air 

conditioner will be open (set to 30oC) for cooling until the external temperature of chicken chamber drops to 

lower than 34oC to avoid mortality of chickens because of heat stress. 

The daily work is arranged as follows: 

(1) Daytime (6:00 AM - 11:00 PM): check the status of the chicken every hour, record the temperature 

of the chicken chamber and check every half hour when the temperature is high at noon. The recording time 

shall be precise to minute. 

(2) Adjust the frequency of variable frequency fan according to the temperature reference table. 

(3) At high temperature: C1, C2 > 34oC, use inner cycle fan, close damper, open air conditioning, air 

conditioning set at 30oC, set frequency converter of internal cycle fan to 30Hz, frequency converter of 

external cycle fan to 0HZ, constantly monitor temperature. When the temperature outside the chicken 

chamber drops to 34oC, open frequency converter of the external cycle, frequency converter of the internal 

cycle and the external cycle are set to 50Hz, close air conditioning. 

(4) Other arrangements are as follows: 

11:00 PM ~ 5:00 AM (the next day): Detect particulate matter mass and ammonia concentration at 

night. 

6:00 AM ~ 8:00 AM: Check and clean the chicken chambers, and check feed and water to ensure 

water level is no less than 70cm. 

8:00 AM ~ 2:00 PM: Detect particulate matter mass and ammonia concentration etc. 

2:00 PM ~ 4:00 PM Check feed, water and chickens status. 

4:00 PM ~ 10:00 PM Detect particulate matter mass and ammonia concentration etc. 

The whole experiment mainly consists of the following aspects. 

 

The experimental plan of bedding 

Good quality bedding encourages yellow-feather chickens to engage in some natural behaviours and 

physiological activities, such as foraging for water, combing their feathers and walking back and forth. In this 

experiment, wood chip is used as bedding. Wood chip bedding is flat and loose, not prone to agglomeration, 

and can effectively absorb the excreta of yellow-feather chickens (Robins A., 2011). 

On the day when the experiment ends (Day 20 of the experiment), a small amount of the bedding 

samples will be collected at 2 points at external and internal circulated air outlets of the chicken chamber (10 

cm from the air outlet), 2 points at external and internal circulated air inlet (10 cm from air inlet), 2 points at 

water area centre and feed area centre, and 1 point at the centre of chicken chamber. These samples will be 

analyzed and tested. 

 

The experimental plan of feed and water 

This experiment adopts Zhengda 511 chicken feed (suitable for 22-day chickens to chickens 7 days 

before yielding). Ingredients: corn flour, soybean meal, protein powder, rice bran, fish meal, calcium 

phosphate, copper sulfate, ferrous sulfate, compound vitamin, amino acid, etc., and it contains all the 

nutrients required for the growth of chicken. This product is puffed and thus easier to intake. 

Studies show that the addition of vitamin C can maintain a normal body temperature and normal 

concentrations of calcium, protein and cortisol in the blood, thus relieving heat stress response of the 

chickens. Addition of vitamin C to daily ration is good for chickens at high or low temperatures to maintain 

body temperature (AI-Masad M., 2012). Therefore, vitamin C is added to feed in 1ă or drinking water in 

0.5ă. 

 

The experimental plan of real-time environmental monitoring 

Temperature and humidity monitoring system, ammonia monitoring system and video monitoring 

system are installed in chicken chambers. 
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Temperature and humidity monitoring system: temperature and humidity sensor of Swiss Sensirion 

SHT11 is adopted, and the maximum temperature error: ±0.4°C, and the maximum humidity error:  ±3%RH. 

Four temperature and humidity sensors monitor the temperature and humidity in Chamber 1 and Chamber 2, 

in front of the chambers and in back of the chambers. 

Ammonia monitoring system: Daan Instruments gas monitoring host and electrochemical ammonia 

gas sensor are adopted. The sensor range is 0-200ppm and the resolution is 1ppm. The sensor is mounted 

(equipped) on a wall 30cm above the top of the chambers. 

Video monitoring system:  HIKVISION N1W monitoring host and hemispheric network camera are 

adopted, and the camera focus is 2.8mm and pixel is 2 million.  

The control room with the control system is shown in Figure 2. 

 
Fig. 2 - Control room and control system 

 

The experimental plan of ventilation system 

A small chicken chamber for precise breeding mode must have a perfect ventilation system. A 

reasonable ventilation system can promote indoor gas flow and exchange indoor and outdoor air to a certain 

extent, and has the effect of eliminating harmful gases, lowering temperature, and improving the environment 

inside the chamber (Cheng L., 2015; Wu P., 2013; Zhao F., 2014). The ventilation system adopted in the 

experiment is mainly composed of frequency converter and negative pressure fan. Each chamber has two 

sets of frequency converter and fan, including internal and external circulated ventilation systems, and cycle 

power is driven by negative pressure fan controlled by frequency converter. The negative pressure fan of 

external circulation exhausts directly to outside and the air inlet directly intakes fresh air from outside. For 
external circulation, the negative pressure fan returns the air through the air passage under the floor is used 

to complete the internal air circulation. The return air passage has a length to width ratio of 

2900mm*550mm*270mm. 

The plan of negative pressure fan controlled by the inverter is shown in Table 1 (Du Y., 2016). It is 

proved by literature and pre-experiment.  

Table 1 

The plan of negative pressure fan controlled by the inverter 

Temperature 
The frequency of 

external circulated 
inverter 

The internal 
circulated air 

inlet 

The frequency of 
internal circulation 

inverter 

The air 
conditioner 

Less than 24oC 10 Hz Open to 30% 0 OFF 

24oC~26oC 20 Hz Open to 30% 0 OFF 

26oC ~28oC 30 Hz Open to 60% 10Hz OFF 

28oC ~30oC 40 Hz Open to 60% 20 Hz OFF 

30oC ~32oC 50 Hz Open to 100% 30 Hz OFF 

32oC ~34oC 50 Hz Open to 100% 50 Hz OFF 

Greater than 34oC 0 Close 30 Hz Turned on to 30oC 
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The experimental plan of wind speed detection 

15 detecting points are set in Chamber 1 and Chamber2, respectively. The first detecting point starts 

from the air inlet and the points set in the two chicken chambers are symmetrical. The positions of the 

specific detection points are shown in Figure 3. The high precision hand-held anemometer of Testo 405i with 

the precision of ±0.1m/s is used for wind detection and the results are transmitted to the smartphone via 

Bluetooth. 

 
Fig. 3 ï The distribution of the wind speed detecting points in Chamber 1 & Chamber 2 

 

The experimental plan of ammonia concentration detection 

ZG-1 gas sampling pump and ammonia detection tube made in the Research Institute of Beijing 

Labour Protection Science are used for ammonia detection. During the experiment, ZG-1 sampling pump is 

stopped after extracting 100ml air and kept still until the indicator in the tube stops changing colour. The data 

can be read from the scale corresponding to the yellow column. 9 detecting points are set in Chamber 1 & 

Chamber 2, respectively. The first detecting point starts from the air inlet and the points set in the two 

chicken chambers are symmetrical. The positions of specific detection points are shown in Figure 4. 

 

Chamber 1 (h=10cm) (h=90cm)                       Chamber 1 (h=180cm) 

       
Chamber 2 (h=10cm) (h=90cm)                       Chamber 2 (h=180cm) 
Fig. 4 - The distribution of the ammonia detecting points in Chamber 1 & Chamber 2 

 

The experimental plan of PM2.5 mass detection 

The lighting time of chicken chamber is from 5:00 AM to 11:00 PM and the lights-out time is from 

11:00 PM to 5:00 AM. LB-120F PM2.5 sampler in an intermediate flow produced by Qingdao Lubo Weiye 

Environmental Protection Technology co., LTD is used during the lighting and lights-out time, and the 

collection of PM2.5 is implemented by ū90mm super fine glass fibre filter membrane working for 6 hours at 

the sampling rate of 100 litres per minute. 
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The filter membrane is weighed by ESJ182-4A automatic electronic analytical balance with the 

accuracy of 0.01mg and maximum range of 30g before and after sampling. For each weighing, the analytical 

balance is first internally calibrated. The filter membrane is weighed three times after zero clearing and the 

mean value of the weighting values is taken as the mass. The mass of PM2.5 can be calculated by calculating 

the mass difference of each filter membrane before and after sampling. 

Figure 5 (a) shows the working condition of PM2.5 sampler in the chamber and Figure 5 (b) shows the 

experimenter weighing the filter membrane at a certain temperature (26~30oC) and humidity (45~55%). 

  
(a) PM2.5 sampler in the chamber               (b) The experimenter weighing the filter membrane 

Fig. 5 - The experiment of PM2.5 mass detection 

RESULTS 

During the 20 days of the experiment, a large number of yellow-feather chickens gathered at the air 

outlet of chicken chamber each day at the high temperature of 32~34oC and their body got close to the 

bedding, with their mouth open for breathing and reluctant to move. It suggests that when the temperature 

reaches 32oC, yellow-feather chickens have already had heat stress symptoms. Once the temperature drops 

below 32oC, life condition of chickens will restore to a relatively normal state. They will move actively in the 

chicken chamber, increase water drinking and food intake. 

In this experiment, HOBO temperature and humidity instrument, Testo 405i high-precision hand-held 

anemometer, ZG-1 gas sampling pump and sampling tube and LB-120F PM2.5 sampler are used. The 

collected data are analyzed by software to provide the following results. 

 

Temperature and humidity recording results  

In the experiment, the HOBO thermo-hygrometer is set to collect temperature and humidity per 

minute. After the data collected, the HOBOware Software is used to read data that can be visualized to view 

the data or stored as CSV format for further analysis. Graphical results in HOBOware are shown in Figure 6. 

 

 
 

Fig. 6 ï The result of HOBO thermo-hygrometer 
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After statistics in HOBOware, the number of minutes in Chamber 1 where the temperature is greater 

than 32oC is 3,844 minutes while that in Chamber 2 is 2,854 minutes during the 20-day experiment. The time 

of high temperature experienced by the chickens of Chamber 1 is 1.35 times as large as that of Chamber 2. 

 

Wind speed measurement results 

The wind speed data are measured at 30 points in Chamber 1 and Chamber 2 with Testo 450i and the 

specific results are shown in Table 2 and Table 3.  

Table 2 
 The results of the wind speed measurement in Chamber 1 related to the inverters 

Point 
FOECI:10HZ 

FOICI: 0HZ 

FOECI:20HZ 

FOICI: 0HZ 

FOECI:30HZ 

FOICI: 10HZ 

FOECI:40HZ 

FOICI: 20HZ 

FOECI:50HZ 

FOICI: 30HZ 

FOECI:50HZ 

FOICI: 50HZ 

1 0.17 0.24 0.48 0.74 1.13 1.44 

2 0.12 0.17 0.29 0.34 0.36 0.48 

3 0.04 0.04 0.08 0.11 0.23 0.32 

4 0.05 0.15 0.06 0.16 0.25 0.36 

5 0.25 0.45 0.86 1.13 1.50 1.77 

6 0.01 0.01 0.01 0.04 0.04 0.07 

7 0.09 0.13 0.18 0.28 0.39 0.46 

8 0.08 0.06 0.10 0.22 0.46 0.60 

9 0.05 0.03 0.12 0.16 0.35 0.38 

10 0.00 0.01 0.02 0.02 0.03 0.03 

11 0.02 0.07 0.41 0.71 1.25 1.74 

12 0.01 0.01 0.07 0.20 0.60 0.71 

13 0.04 0.01 0.09 0.13 0.44 0.58 

14 0.01 0.01 0.06 0.17 0.41 0.49 

15 0.02 0.04 0.22 0.60 0.97 1.81 

FOECI: frequency of external circulation inverter 
FOICI:  frequency of internal circulation inverter 

Table 3 
 The results of the wind speed measurement in Chamber 2 related to the inverters 

Detecting 
point 

FOECI:10HZ 

FOICI: 0HZ 

FOECI:20HZ 

FOICI: 0HZ 

FOECI:30HZ 

FOICI: 10HZ 

FOECI:40HZ 

FOICI: 20HZ 

FOECI:50HZ 

FOICI: 30HZ 

FOECI:50HZ 

FOICI: 50HZ 

1 0.21 0.44 0.51 1.02 1.73 1.79 

2 0.13 0.35 0.52 0.84 0.90 1.55 

3 0.08 0.23 0.24 0.25 0.34 0.59 

4 0.02 0.16 0.24 0.39 0.26 0.19 

5 0.22 0.48 0.81 1.26 1.81 1.97 

6 0.01 0.01 0.01 0.02 0.04 0.12 

7 0.03 0.01 0.07 0.14 0.18 0.46 

8 0.01 0.06 0.04 0.29 0.33 0.40 

9 0.04 0.04 0.05 0.11 0.25 0.34 

10 0.00 0.01 0.01 0.04 0.05 0.06 

11 0.03 0.04 0.36 0.59 1.24 2.32 

12 0.01 0.02 0.18 0.44 0.41 0.95 

13 0.01 0.02 0.15 0.24 0.08 0.67 

14 0.02 0.03 0.07 0.05 0.13 0.59 

15 0.01 0.06 0.13 0.43 0.96 1.59 

FOECI: frequency of external circulation inverter 
FOICI:  frequency of internal circulation inverter 

 

Wind speed at air inlet and outlet during heat stress response at 32~34oC meets ventilation 

requirements of 1.78 ~ 2.03 m/s; this is also the reason why the chickens gather at air inlet and outlet during 

heat stress response. 
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Ammonia detection results 

Ammonia is not detected since insufficient chicken excrement accumulates on the bedding at the early 

stage of the experiment. Table 4 shows the concentration of ammonia measured at each test point in 

Chamber 1 at a height of 10 cm from the ground on August 2, 2018. Table 5 shows the concentration of 

ammonia measured in chambers at a height of 10cm, 90cm and 180cm from the ground on August 6, 2018. 

From Table 4 and Table 5, the ammonia concentration distribution also indicates that the chickens 

prefer to gather at the air inlet and outlet.  According to the environmental quality standard of livestock and 

poultry farm of the Ministry of Agriculture, the ammonia gas concentration in the chicken chamber for 

chickens within 50 days should be less than 10ppm. After multi-point detection, the ammonia concentration 

value is less than 10ppm, meeting the breeding requirements. 

Table 4 
The ammonia concentration in Chamber 1 on Aug. 2, 2018 

Height Detecting point 
Detecting value 

 (unit: ppm) 

10cm 1 2.5 

10cm 2 1.5 

10cm 3 2.0 

10cm 4 1.5 

10cm 5 0.5 

10cm 6 1.5 

10cm 7 1.5 

10cm 8 1.0 

10cm 9 1.5 

Table 5 
The ammonia concentration in Chamber 1 & 2 on Aug. 6, 2018 

Height 

(cm) 

Detecting 
point 

Detecting value (unit: ppm) 

Chamber1 Chamber2 

10 1 6.0 4.5 

10 2 3.5 3.8 

10 3 4.5 4.5 

10 4 4.5 5.0 

10 5 5.5 4.0 

10 6 5.0 4.0 

10 7 4.0 6.0 

10 8 4.0 4.5 

10 9 4.5 4.0 

90 1 4.0 4.2 

90 2 3.8 3.8 

90 3 3.0 4.0 

90 4 3.8 4.0 

90 5 3.5 3.8 

90 6 3.0 4.0 

90 7 3.8 4.5 

90 8 3.5 4.0 

90 9 3.0 4.0 

180 1 4.0 4.0 

180 2 3.8 4.0 

180 3 4.0 4.5 

180 4 4.0 3.8 

180 5 4.0 4.0 
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PM2.5 detection results 

Statistical results after measuring PM2.5 mass are shown in Table 6. Table 6 shows that in the daytime 

when chickens are active, the mass of PM2.5 in the chicken chamber is much higher than that outside the 

chicken chamber, which is about three times higher. In the lights-out time for 6 hours when the chickens are 

sleeping, the PM2.5 mass is measured to be much less than that of the chickens when they are active during 

the day, which is less than 10% of that during the daytime. Moreover, in the lights-out time at night, the PM2.5 

mass inside and outside of the chicken chamber is similar under the effect of air exchange. 

Table 6 
PM2.5 mass per hour both inside and outside of the chambers during the daytime and lights-out time 

Chamber 

Number 

Daytime Lights-out time 

PM2.5 mass per 
hour inside the 

chamber (unit: g) 

PM2.5 mass per 
hour outside the 
chamber (unit: g) 

PM2.5 mass per 
hour inside the 

chamber (unit: g) 

PM2.5 mass per 
hour outside the 
chamber (unit: g) 

1 0.00180  0.00066 0.00015  0.00021 

2 0.00249  0.00074 0.00020  0.00021 

 

Weight of chicken 

At the end of 20 breeding days, the yellow-feather chickens in Chamber 1 and Chamber 2 are 

weighed and the weight of yellow-feather chickens measured on the 1st and 20th day in each chamber is 

averaged, thus the weight gain rate is obtained using formula (1) as follows. 

%100³
-

=
before

beforeafter

W

WW
rateGrowth                                             (1)

 

where: 

Growth rate denotes the growth rate of chickens, Wbefore denotes the average weight of chickens 

before being put in Chamber 1 or Chamber 2, Wafter denotes the average weight of chickens after being bred 

in Chamber 1 or in Chamber 2 for 20 days. 

After calculation, the final result is obtained as shown in Table 7.  

Table 7 
Statistical result of chickens weight gain in Chamber 1 & Chamber 2 

Chamber 

number 

The average weight 
of chickens on the 

1st day (unit: g) 

The average weight 
of chickens on the 
20th day (unit: g) 

Growth rate 

Chamber 1 217.0 399.7 84.22% 

Chamber 2 215.9 420.2 94.64% 

 
 
 

CONCLUSIONS 

At the end of the 20-day experiment, there is no mortality of yellow-feather chickens due to heat stress 

or air quality problems and the following conclusions are obtained via the experiment. 

(1) The heat stress response will slow down the growth of broilers and change the colour of excreta. 

Under the effect of the ventilation system, yellow-feather chickens will have slight heat stress response at 32 

~ 34oC, but not life-threatening. If the ambient temperature of the chicken chamber keeps 32oC above for a 

long time, the chickens grow slowly. If the ambient temperature is controlled within 32oC, the chickens grow 

faster. 

 (2) When proper bedding and feed are selected and reasonable ventilation management system is 

set, the concentration of ammonia gas and PM2.5 can be effectively reduced, the air quality in the chicken 

chamber can be improved, so that the normal growth of yellow-feather chickens can be guaranteed. It also 

suggests that this kind of small chicken chamber is easy to carry out precision control and the health of 

chickens can be further guaranteed. 
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ABSTRACT 

The expediency of using diesel biofuel heating in a fuel tank at low ambient temperatures has been 

substantiated. The article represents a mathematical model of dynamics of diesel biofuel heating in a fuel 

tank, with the help of a cooling liquid, of the internal combustion engine. Comparative experimental and 

theoretical studies of diesel biofuel heating in a fuel tank have been made. On the basis of the obtained data, 

a mathematical dependence has been generated to determine the additional operating costs of diesel fuel 

associated with the use of diesel biofuel on the basis of fatty acids as the main fuel. The work presents the 

results of the carried out tests. 

 

ʈɽɿʖʄɽ 

ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʽʛʨʽʚʫ ʜʠʟʝʣʴʥʦʛʦ ʙʽʦʧʘʣʠʚʘ  ʚ ʧʘʣʠʚʥʦʤʫ ʙʘʢʫ ʧʨʠ 

ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ 

ʜʠʥʘʤʽʢʠ ʥʘʛʨʽʚʫ ʜʠʟʝʣʴʥʦʛʦ ʙʽʦʧʘʣʠʚʘ ʚ ʧʘʣʠʚʥʦʤʫ ʙʘʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʭʦʣʦʜʞʫʶʯʦʾ ʨʽʜʠʥʠ ʜʚʠʛʫʥʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. ɺʠʢʦʥʘʥʦ ʧʦʨʽʚʥʷʣʴʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʥʘʛʨʽʚʫ ʜʠʟʝʣʴʥʦʛʦ ʙʽʦʧʘʣʠʚʘ ʚ ʧʘʣʠʚʥʦʤʫ ʙʘʢʫ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩʬʦʨʤʦʚʘʥʦ 

ʤʘʪʝʤʘʪʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ 

ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʧʘʣʠʚʘ ʜʠʟʝʣʴʥʦʛʦ ʙʽʦʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ. ʈʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʻ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

 

INTRODUCTION 

Lack of energy resources, high prices and environmental problems associated with the use of fossil 

fuels encourage the production and use of alternative energy sources derived from renewable raw materials. 

Diesel biofuel based on fatty acids of vegetable or animal fats manufactured using the reaction of 

transesterification, has the most similar properties in comparison with standard fuel of diesel engines. 

Physical and chemical properties allow using diesel biofuel with minimal changes of constructions and 

settings of existing diesel engines. 

Mentioning the advantages of using diesel biofuel, a number of shortcomings should be noted, which 

should include high indicators of kinematic viscosity, temperature of turbidity and hardening in the first place 

(Agarwal A.K., Gupta J.G., Dhar A., 2017; Alptekin E., Canakci M., 2009; Dunn R.O., 2009). The analysis of 

physical and mechanical properties of diesel biofuel obtained from various vegetable and animal fats 

indicates problems associated with the use at temperatures below plus 10 degrees (Pérez Á., Casas A., 

Fernández C., Ramos M., Rodríguez L., 2010; Sandhya K. Vijayan, Mary Naveena Victor, Abinandan 

Sudharsanam, Velappan Kandukalpatti Chinnaraj, Vedaraman Nagarajan, Sandhya K. Vijayan, 2018). The 

use of diesel biofuel at low ambient temperatures leads to blockages of filters and fuel lines (Kerschbaum S., 

Rinke G., Schubert K., 2008; Ramos M.J., Fernandez C.M., Casas A., Rodriguez L., Perez A., 2009; Park J. 

Y., Kim D.K., Lee J.P., Park, S.C., Kim Y.J., Lee, J.S. 2008), the appearance of uncharacteristic vibrations 

(Lapuerta M., Herreros J. M., Garcia-Contreras R., Briceno Y., 2008) in structural elements of fuel 

equipment, the formation of soluble and insoluble precipitates in fuel tanks and storage tanks (Kerschbaum 

S., Rinke G., Schubert K., 2008; Dwivedi G., Verma P., Sharma M.P., 2016). 

Peculiarities of low temperature of biofuel are associated with the length and branching of the fatty 

acids structural chain, the location of double bonds along the length of the chain and the degree of 

mailto:me.myself@email.xyz
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unsaturation of the molecules (Dunn R.O., 2009; Sierra-Cantor J.F., Guerrero-Fajardo C.A., 2017; Ramos 

M.J., Fernandez C.M., Casas A., Rodriguez L., Perez A., 2009; Yuan M.H., Chen Y.H., Chen J.H., Luo Y.M. 

2017). Nowadays quite a lot of studies have been carried out allowing to improve the low-temperature 

properties of diesel biofuel to some extent, but the proposed methods will require the implementation of 

additional technological operations (Knothe G., Krahl J. & Gerpen J Van., 2015; Pérez Á., Casas A., 

Fernández C., Ramos M., Rodríguez L., 2010), additional components (Maximo G.J., Magalhães A.M.S., 

Gonçalves M.M., 2018; Udomsap P., Sahapatsombat U., Puttasawat B., Krasae P., 2008; Ali O.M., Mamat 

R., Abdullah N.R., Abdullah A.A., 2016; Lapuerta M., Herreros J. M., Garcia-Contreras R., Briceno Y., 2008) 

and leads to a decrease in the output of the finished product (Pérez Á., Casas A., Fernández C., Ramos M., 

Rodríguez L., 2010), which negatively affects the profitability of production and the economic attractiveness 

of this fuel for the end user. 

The work (Trehub M.I., Chuba V.V., 2008; Golub G.A., Chuba V.V., Pavlenko M. U., 2012) considers 

the temperature aspects of using pure diesel biofuels and their mixtures with petroleum fuels. The authors 

propose the use of pre-heating diesel fuel in a fuel tank during the cold season in order to optimize viscosity 

to ensure fluidity and filtration. In terms of quality of the filtration process - the best filtering of diesel fuel with 

coarse filters and fine purification occurs when the kinematic viscosity of fuel in the range 2.5-4.0 mm2/s. For 

diesel biofuels, this kinematic viscosity can be reached in the temperature range from 30 to 450C, and 

heating of fuel to this temperature range can be achieved without significant changes to existing fuelling 

systems of the internal combustion engine. 

The goal of this work is to increase the efficiency and assess the use of diesel biofuel by 

substantiating the performance indicators of the heating system. 

 

MATERIALS AND METHODS 

To determine the cloud point and pour point the fuel samples were previously dehydrated. After 

dehydration, the fuel was poured into two transparent glass tubes. The test tube, which had double walls, 

was placed into a cooling thermostat, the other one served as a standard. When the temperature dropped by 

0.10ʉ the tubes were lit, with signs of cloudiness it was recorded the appropriate temperature. With further 

cooling, the tube was periodically pricked, when the fuel lost mobility at an angle of 45 degrees, the pour 

point was fixed. 

Viscosity of diesel biofuel and its mixtures with diesel fuel of oil origin was determined using liquid 

viscometers, which were placed into a thermostat maintaining a constant set temperature. 

To study the effectiveness of diesel biofuel heating, the fuel system of the tractor type ñMTɿ-100ò was 

modernized according to the scheme (Golub G.A., Trehub M.I., Chuba V.V., Pavlenko M. U., 2018). A diesel 

fuel tank is equipped with a liquid heat exchanger, which is included in the small circle of the cooling system 

of the diesel engine for internal combustion (fig. 1).  

 

 
 

Fig. 1 - Scheme for calculating diesel biofuels heating 
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 The notations in the figure are: 

 QC  ï the heat flow that gives the heat-carrier during the passage of the heat exchanger, W; QFB ï a 

heat flow transmitted to the fuel tank body, W; QTF ï a heat flow transmitted to fuel, W; QTE ï a heat flow lost 

to the environment, W; mTF ï is the fuel mass in a tank, kg; ʩP ï specific heat of fuel, J/kgÁʉ; mFB ï tank 

mass, kg; cFB ï specific heat of a tank material, J/kgÁʉ; kT ï a coefficient of heat transfer through a flat wall 

between the heating medium and fuel, W/m2ĀÁʉ; FT ï the area of heat exchange between the heating 

medium and the fuel in the tank, m2; TXT ï the temperature of the coolant at the inlet to the heat exchanger, 

Áʉ; ʊET ï temperature of the cooling fluid at the outlet of the heat exchanger, Áʉ; TTF ï the fuel temperature in 

the tank, Áʉ; kCO ï the coefficient of heat transfer through the outer walls of the tank to the environment 

W/m2ĀÁʉ; FCO ï the area of the external surface of the tank in contact with the environment, m2; TE ï ambient 

temperature, Áʉ; kTE ï a coefficient of heat transfer through the external wall of the heat exchanger to the 

environment, W/m2ĀÁʉ, FTE ï the area of the external surface of the heat exchanger in contact with the 

environment, m2. 

To measure the temperature of the fuel in the fuel tank, the temperature of the coolant at the inlet to 

the heat exchanger and at the exit from it, a thermocouple is installed. The temperature change recording 

was carried out continuously with the help of program- hardware complex on the basis of the personal 

computer ñASUSò and a temperature meter ñRegmikò. The coolant flow through the heat exchanger was 

fixed using a liquid flow meter. The velocity of air motion in the basin area of the tank was measured using 

an anemometer. General view of experimental equipment during research is shown in fig. 2. 

 

 
   ʘ)           b) 

Fig. 2 - General view of experimental equipment during research 

a - general view of a tractor with a biofuel tank with heating; b - diesel biofuel tank with heating 

 

Before the measurement, the engine was heated to the working temperature, and the ambient and 

fuel temperatures in the fuel tank were recorded. After reaching the working temperature, the engine opened 

the supply of the heated coolant to the heat exchanger of the fuel tank and the changes in fuel temperature 

in the fuel tank were measured, as well as the temperature of the coolant at the inlet and outlet of the heat 

exchanger. The research was carried out at engine idling mode at constant turnovers, and during the study 

period the coolant flow rate and air flow velocity were determined. 

Using the experimental data obtained, a theoretical modelling of the diesel fuel heating time in a fuel 

tank was performed. A comparison of the obtained theoretical and experimental dependence has been 

performed. On the basis of the obtained data, a mathematical dependence has been generated to determine 

the additional operating costs of diesel fuel when using biofuels. 

 

RESULTS 

The obtained indicators of the cloud point and pour point of diesel biofuels produced from the main 

oilseeds of Ukraine for determining the maximum temperature range of the use of diesel biofuels are shown 

in table 1. The cloud point of diesel biofuel characterizes the appearance of particles that can clog the fuel 

line and the filter elements of the engine. 

Table 1 

Cloud point and pour point of diesel biofuel 

Indicator 
Diesel biofuel based on 

soybean oil sunflower oil rapeseed oil 

Cloud point, Áʉ 10.0 9.6 7.9 

Pour point, Áʉ 2.7 0.9 ï0.8 
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The analysis of the obtained results allows asserting the inexpediency of the use of diesel biofuel at a 
temperature of less than 10Áʉ. 

An important parameter that provides fuel filtration is the kinematic viscosity. We have performed 

comparative studies to determine the effect of temperature on the viscosity of diesel biofuel produced from 

rapeseed and soybean oil depending on temperature (table 2). It should be noted that in order to improve the 

low-temperature properties, diesel biofuel based on soybean oil is additionally frozen. 

 

Table 2 

Kinematic viscosity of fuels, mm2/sec 

Fuel type 
Temperature, ʉ 

0 3 8.5 14 17.5 20 

Diesel fuel 10.22 8.43 6.13 5.27 4.85 4.5 

Diesel biofuel from rapeseed oil 17.42 13.31 10.97 8.92 8.2 7.64 

Diesel biofuel from soybean oil 14.23 11.06 8.5* 7.21 6.68 6.15 

* ï data is recorded at a temperature of 8.2 Áʉ. 

 

It was found that in the studied temperature range from 14 to 20°C the kinematic viscosity of diesel 

biofuel from rapeseed and soybean oils when compared to diesel fuel is higher by 70% and 37%, 

respectively. When comparing diesel fuel with biofuel from soybean oil, the viscosity of diesel biofuel from 

rapeseed oil is higher by 24%. 

One of the directions of diesel biofuel use is the use of mixtures with diesel fuel of oil origin. We have 

researched the effect of temperature on the viscosity of mixtures of diesel biofuels based on soybean and 

rapeseed oils with the addition of 30 and 50 percent of diesel fuel of oil origin (table. 3). 

 

Table 3 

Kinematic viscosity of mixtures of diesel biofuel with diesel fuel, mm2/sec 

Fuel 
Temperature, Áʉ 

0 3 8 14 19 

70 % biofuel from rapeseed oil 

+30 % diesel fuel 
15.23 11.34 8.96 7.36 7.22 

70 % biofuel from soybean oil 

+30 % diesel fuel 
11.92 9.97 7.74 6.42 6.27 

50 % biofuel from rapeseed oil 

+50 % diesel fuel 
14.83 10.83 8.29 6.94 6.02 

50 % biofuel from soybean oil 

+50 % diesel fuel 
11.42 9.31 7.18 6.09 5.91 

 

The analysis shows that the kinematic viscosity of fuel mixtures also decreases with increasing fuel 

temperature. Fuel mixtures with 30% of diesel fuel content have a kinematic viscosity higher by 2-8% when 

compared to a mixture containing 50% of diesel fuel depending on the temperature. This proportion is typical 

for both rapeseed and soybean oil biofuels. 

Studies have shown that at a temperature of 19°C, the addition of biofuel from rapeseed oil and 30% 

of diesel fuel leads to a decrease in the viscosity of the mixture by 5.5%, and the addition of 50% of diesel 

fuel reduces the viscosity of the mixture by 13 %. When the temperature drops down to 14°C the difference 

in kinematic viscosity increases up to 17% and 27%, respectively. The addition of diesel fuel to biofuels from 

soybean oil reduces the kinematic viscosity by 2 % and 4 % at 19°C, respectively, for mixtures containing 

30% and 50% of diesel fuel and 11% and 17% at 14°C. Consequently, the addition of diesel fuel leads to a 

certain decrease in the kinematic viscosity of diesel biofuel, but does not allow increasing its kinematic 

viscosity at low temperatures. 

In Ukraine, a significant number of technological operations of agricultural production are carried out at 

an ambient temperature below 10°C. In this case, the most appropriate way to improve the efficiency of 

diesel biofuels use is its heating in the fuel tank. 

Taking into account the expressions for determining the heat flow, the equation of heat flows balance 

of a fuel tank with a liquid heat exchanger takes the form: 

( ) ( ) ( ) ( )
2

XT ET
TF p FB FB T T TE TE T T CO CO TF TE TE CO CO E

T TdT
m c m c k F k F k F k F T k F k F T

dt

+å õ
+ = - - + + +æ ö

ç ÷
    (1) 
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Having solved the differential equation (1), we obtain the equation for changing the final temperature 

of fuel in the tank from the values of the parameters of the heat transfer equation: 

( ) ( )

( ) ( )
2
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1 exp exp
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+å õ
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  (2) 

where: 

TITT ï the initial temperature of fuel in the tank, Áʉ;  

TFTT ï the final temperature of fuel in the tank, Áʉ;  

Ű ï time of fuel heating in the fuel tank, s. 

The given equation (2) determines the relationship between the technological and structural 

parameters of a fuel tank and a liquid heat exchanger for heating fuel in a fuel tank. 

In order to verify the obtained theoretical dependence (2), experimental research of the process of 

diesel fuel heating in a fuel tank was carried out at engine running at idle speed, the parameters of the heat 

exchange process (Table 4) were determined, and an experimental dependence of the temperature change 

of fuel in a fuel tank (Fig. 3) was obtained. Heat transfer coefficients (Table 4) are calculated in accordance 

with the well-known formulas and empirical dependencies. 

Using the dependence (2), on the basis of the parameters of the heat exchange process and the 

structural parameters of the fuel tank (Table 4), the theoretical modelling of the fuel heating process in the 

fuel tank was made, and the theoretical dependence of the heating fuel dynamics (Fig. 3) was constructed. 

The value of the deviation of the experimental and theoretical values of the fuel temperature is 

estimated by the determination index, which is ɖ2 = 0.953, which gives an opportunity to draw a conclusion 

on the correctness of the chosen method of theoretical calculations. The discrepancy between experimental 

and theoretical data is due to the fact that during theoretical research, due to the complexity of the 

determination, the heat loss wasnôt taken into account during the heat transfer between the tank and the 

tractor body parts at the points of the tank fixing. 

Table 4 

Constructive and technological parameters of the heat exchange process of  

diesel biofuel heating during theoretical calculation 

ˉ  Parameter name 
Parameter marking 
and measure unit 

Parameter 
value 

1 The area of the tank outer surface  FCO, m2 0.388 

2 The thickness of the tank wall ŭTW, m 0.004 

3 The thermal conductivity coefficient of the tank wall material   ɚTC, W/m Áʉ 51.5 

4 Air movement speed VAM, m/s 2 

5 
The coefficient of heat transfer through the tank outer wall to the 
environment 

kTV, W/m2ĀÁʉ 13.275 

6 
The area of heat exchange between the heating medium and fuel in 
the tank 

FT, m2 0.08 

7 Coolant flow rate Vʊ, m/s 0.01683 

8 Heat transfer coefficient from the heating medium to the fuel kʊ, W/m2ĀÁʉ 220.196 

9 
The area of the heat exchanger external surface in contact with the 
environment 

FTE, m2 0.268 

10 
The coefficient of heat transfer through the heat exchanger exterior 
wall to the environment  

kTE, W/m2ĀÁʉ 13.295 

11 
The temperature of the engine coolant at the inlet to the heat 
exchanger 

TXT, Áʉ 81 

12 
The temperature of the engine coolant at the output of the heat 
exchanger 

ʊET, Áʉ 77 

13 Ambient temperature TE, Áʉ 13 

14 Initial fuel temperature in the fuel tank TITT, Áʉ 13 

15 Mass of fuel in the tank mFB, kg 25 

16 Specific heat of diesel biofuel  cP, J/kg Áʉ 2100 

17 Tank mass MBʂ, kg 30 

18 Specific heat capacity of the tank material ʩFB, J/kg Áʉ 462 

 



Vol. 56, No. 3 /2018  INMATEH ïAgricultural Engineering 

106 

 

 
Fig. 3 - Dynamics of the process of heating diesel fuel in a fuel tank 

 
In order to prevent the introduction of diesel biofuel into motor oil, the start of diesel engine while 

working on diesel biofuel should be carried out only on diesel fuel. The variable consumption of diesel fuel 

associated with starting of the engine can be determined based on the design features, in the formula: 

( )V

DF RR CFF FFF F IVHPQ k V V V V= + + +          (3) 

where: 

QV
DF ï variable diesel fuel consumption for engine start, l;  

kRR ï reserve coefficient, relative unit;  

VCFF ï volume of a coarse fuel filter, l;  

VFFF ï volume of fine fuel filter, l;  

VF ï internal volume of fuel lines, l;  

VIVHP ï internal volume of the head of the high-pressure fuel pump, l. 

The variable fuel consumption of diesel fuel when the diesel fuel tank is heated at an ambient 

temperature below 10°C can be determined as follows: 
H

DF H HFQ t G=                (4) 

where: 

QH
DF ï variable diesel fuel consumption for engine start and fuel heating in the fuel tank, l;  

tH ï an operating time of the engine on diesel fuel, required for heating diesel biofuels in a fuel tank, h; 

GHF ï hourly fuel consumption, at the operation mode of the engine in the heating of diesel biofuel, l. 

The total additional consumption of diesel fuel when diesel oil is replaced by biofuel, can be 

determined based on the consumption of diesel fuel as follows: 

( )( )1D DF
DF DF RR CFF FFF F IVHP DF H HF

VF

Q
Q k k V V V V k t G

Q
= + + + + -è øê ú      (5) 

where: 

kDF ï is a coefficient of diesel fuel consumption distribution, in accordance with the maximum 

temperature of diesel fuel without heating, relative unit;  

QDF ï amount of diesel fuel spent on the execution of the unit or volume of work, l;  

QVF ï average fuel consumption variable, l. 

The obtained dependence (5) allows calculating the consumption of diesel fuel due to the operational 

features of the use of diesel biofuel and the need for its heating at low temperatures. 

 

CONCLUSIONS 

The results of studies on the cloud point and pour point, as well as the kinematic viscosity of diesel 

biofuels and its mixtures with diesel fuel at temperatures ranging from 0 to 20°C, indicate that the effective 

range of use of diesel biofuels, in which the properties of biofuels will not significantly affect the operation of 
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the diesel engine, is at a temperature higher than 10°C. At ambient temperatures below 10°C, to ensure fuel 

filtration, it is advisable to use preheating of fuel in the fuel tank. 

The differential equation of diesel biofuel heating in a fuel tank has been defined, which connects the 

design parameters of the fuel tank, the temperature conditions of the environment and the parameters of the 

heat exchange process. 

The comparative theoretical and experimental studies allow stating the adequacy of the solution of the 

differential fuel heating equation in the fuel tank. The obtained mathematical dependence can be used in 

further research on operation modes of the internal combustion engine and the heating of a fuel tank, from 

an optimization method of diesel biofuel heating time in a fuel tank. 

As a result of the analysis of the diesel engine performance when using diesel biofuel, an expression 

has been obtained to determine the additional operating costs of diesel fuel associated with starting the 

engine and heating diesel fuel in a fuel tank. 

The obtained results allow to design the operating modes of the engine during diesel fuel heating in a 

fuel tank at low ambient temperatures and to evaluate the additional operating costs of diesel fuel of oil 

origin. 

 

REFERENCES 

[1] Agarwal A.K., Gupta J.G., Dhar A., (2017), Potential and challenges for large-scale application of 

biodiesel in automotive sector, Progress in Energy and Combustion Science, 61, pp. 113-149; 

[2] Ali O.M., Mamat R., Abdullah N.R., Abdullah A.A., (2016), Analysis of blended fuel properties and 

engine performance with palm biodiesel-diesel blended fuel. Renewable Energy, 86, pp. 59-67; 

[3] Alptekin E., Canakci M., (2009), Characterization of the key fuel properties of methyl ester-diesel fuel 

blends. Fuel, 88 (1), pp. 75-80; 

[4] Dunn R.O., (2009), Effects of minor constituents on cold flow properties and performance of biodiesel. 

Progress in Energy and Combustion Science, 35, pp. 481ï489; 

[5] Dwivedi G., Verma P., Sharma M.P., (2016), Impact of oil and biodiesel on engine operation in cold 

climatic condition. Journal of Materials and Environmental Science, 7 (12), pp. 4540-4555; 

[6] Golub G.A., Chuba V.V., Pavlenko M. U., (2012), Areas of improvement of production and use of 

diesel biofuels (ʅʘʧʨʷʤʢʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʙʽʦʧʘʣʠʚʘ). 

Collection of scientific works Vinnytsia National Agrarian University (ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ 

ɺʽʥʥʠʮʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ), 10 (1), pp. 20-23; 

[7] Golub G.A., Trehub M.I., Chuba V.V., Pavlenko M. U., (2018), Fuel heating system for diesel internal 

combustion engine (ʉʠʩʪʝʤʘ ʥʘʛʨʽʚʫ ʧʘʣʠʚʘ ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ). 

Patent No. 116375. Ukraine; 

[8] Kerschbaum S., Rinke G., Schubert K., (2008), Winterization of biodiesel by micro process 

engineering. Fuel, 87(12), pp. 2590ï2597; 

[9] Knothe G., Krahl J., Gerpen J Van., (2015), The Biodiesel Handbook (2nd. ed.). Urbana, Illinois: 

AOCS Press;  

[10] Lapuerta M., Herreros J. M., Garcia-Contreras R., Briceno Y., (2008), Effect of the alcohol type used in 

the production of waste cooking oil biodiesel on diesel performance and emissions. Fuel, 87(15-16), 

pp. 3161-3169; 

[11] Maximo G.J., Magalhães A.M.S., Gonçalves M.M., (2018), Improving the cold flow behaviour of methyl 

biodiesel by blending it with ethyl esters. Fuel, 226, pp. 87-92; 

[12] Park J. Y., Kim D.K., Lee J.P., Park, S.C., Kim Y.J., Lee, J.S., (2008), Blending effects of biodiesels on 

oxidation stability and low temperature flow properties. Bioresource Technology, 99 (5), pp. 1196-1203 

[13] Pérez Á., Casas A., Fernández C., Ramos M., Rodríguez L., (2010), Winterization of peanut biodiesel 

to improve the cold flow properties. Bioresource Technology, 101(19), pp. 7375-7381; 

[14] Ramos M.J., Fernandez C.M., Casas A., Rodriguez L., Perez A., (2009), Inþuence of fatty acid 

composition of raw materials on biodiesel properties. Bioresource Technology, 100(1), pp. 261ï268; 

[15] Sandhya K. Vijayan, Mary Naveena Victor, Abinandan Sudharsanam, Velappan Kandukalpatti 

Chinnaraj, Vedaraman Nagarajan, (2018), Winterization studies of different vegetable oil biodiesel, 

Bioresource Technology Reports,1, pp. 50-55. 

[16] Sierra-Cantor J.F., Guerrero-Fajardo C.A., (2017), Methods for improving the cold flow properties of 

biodiesel with high saturated fatty acids content: A review. Renewable and Sustainable Energy 

Reviews, 72, pp. 774-790; 



Vol. 56, No. 3 /2018  INMATEH ïAgricultural Engineering 

108 

 

[17] Trehub M.I., Chuba V.V., (2008), Method of using biodiesel fuel, made on basis of vegetable oil 

(ʉʧʦʩʽʙ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʨʦʩʣʠʥʥʦʾ ʦʣʽʾ). NSC 

«IAEE» "Mechanization and electrification of agriculture: collected papers", (92), pp. 312 - 318; 

[18] Udomsap P., Sahapatsombat U., Puttasawat B., Krasae P., (2008), Preliminary research on cold flow 

improvers for palm-derived biodiesel blends. Journal of Metals, Materials and Minerals, 18(2), pp. 99-

102; 

[19] Yuan M.H., Chen Y.H., Chen J.H., Luo Y.M., (2017), Dependence of cold filter plugging point on 

saturated fatty acid profile of biodiesel blends derived from different feedstocks. Fuel, 195, pp. 59-68. 

 



Vol. 56, No. 3 /2018  INMATEH ïAgricultural Engineering 
 

109 

 

NUMERICAL ANALYSES OF AIR VELOCITY AND TEMPERATURE DISTRIBUTION IN 
POULTRY HOUSE USING COMPUTATIONAL FLUID DYNAMICS 

 
ͼϦϝϠЂϝϲв ϤъϝтЂ ͬтвϝжтϸ ϾϜ иϸϝУϦЂϜ ϝϠ ͻϼϜϸОϼв ϼϸ ϝвϸ м ϤКϼЂ ЙтϾмϦ ͻϸϸК ϾтЮϝжϐ 

 
Ph.D. Stud. Eng. Pourvosoghi N1), Assoc.Prof. Ph.D. Eng. Nikbakht A.M.*1),  

Assoc.Prof. Ph.D. Eng. Sharifian F.1), Assist.Prof. Ph.D. Eng. Najafi R 2) 

 
1)Department of Mechanical Engineering of Biosystems, Urmia University / Iran 

2)Department of Animal Science, Urmia University / Iran 
Tel: +98 44 2770555, E-mail: a.nikbakht@urmia.ac.ir 

 

Keywords: Poultry house, differential pressure, air velocity, temperature distribution, CFD 

 
ABSTRACT 

Experimental analysis of air velocity and temperature distribution in poultry houses is laborious, especially for 

large scale houses. Enhanced broiler yield can be obtained when the house is suitably ventilated. Therefore, 

efficient prediction tools would be vital. Computational fluid dynamics (CFD) provides detailed data on indoor 

flow patterns, air velocity and temperature distribution in poultry houses giving promising outlooks as an 

efficient and cost-effective tool to establish optimum ventilation systems. This work focused on evaluation 

and numerical analysis of the influence of differential pressure (20, 30 and 40 Pa) and fan activation 

scenarios on indoor air velocity and temperature distribution in a poultry house. Results showed that air 

velocity tends to be maximum toward the centre of the cross-section of the house and minimum near the 

floor next to the side walls. Furthermore, it is elucidated that considerable thermal discomfort for chickens is 

likely due to temperature variation at the proximity to the exhaust fans. Based on the evaluations of pressure 

variation on the air velocity distribution, quick estimation of the air velocity can be obtained in the zones 

occupied bychickens. Generally speaking, numerical computation of the equations dominating the poultry 

house leads to desirable control model of the ventilation and aeration. This would be vital in decision making 

and economical management of the house.  

ϣЊы϶  

ͻϼϜϸОϼв ϼϸ ϝвϸ м Ϝмк ϤКϼЂ ЙтϾмϦ ͼϠϼϮϦ ЬтЯϲϦ м йтϾϮϦ ϼϸ ЈмЊ϶Ϡ ̪ϝкͻϼϜϸОϼв ϸϼͮЯвК дтϼϦлϠ м дтϼϦІтϠ .ϤЂϜ ϼϜмІϸ ϼϝтЂϠ ̪ͯϼϾϠ ͻϝк

ͻϼϜϸОϼвͼв ЬЊϝϲ ͼЛЦмв ϝкйϠ дЮϝЂ йͭ ϸмІЄт͟ ϼϜϾϠϜ йϠ Ͼϝтж дтϜϼϠϝжϠ .ϸмІ йтмлϦ ͼϠм϶ͼϦϝϠЂϝϲв ЬϝтЂ ͬтвϝжтϸ .ϤЂϜ ͼϦϝтϲ ̪ͻϼϪмвтжтϠ(CFD) 

ϼϜϸОϼв ϼϸ ϝвϸ м Ϝмк ϤКϼЂ ЙтϾмϦ имϲж̪ϜмлжϝтϼϮ ͻмͺЮϜ ϾϝЧтЦϸ ϤϝКыАϜͻͼв акϜϼТ ϝк ͻϜϼϠ ̪йТϼЊ йϠ дмϼЧв м ϸвϐϼϝͭ ϼϜϾϠϜ ͬт дϜмжК йϠ йͭ ϸжͭ

аϦЂтЂ ϸϝϮтϜаІͧ ϞмЯАв йтмлϦ ͻϝкиϸжжͭ ϼϜмϸтвϜ ͻϝкϾϜϸжϜͼв йϚϜϼϜ ͻϜ) ϼϝІТ РыϦ϶Ϝ ϼтϪϝϦ ̪ͻϸϸК ЬтЯϲϦ м йтϾϮϦ м ͼϠϝтϾϼϜ йϠлЛЮϝАвжтϜ .ϸкϸ20 ̪30 

 м40ЄͭϜмк ϸϼͭϼϝͭ м(ЬϝͮЂϝ͟ м Ϝмк ϤКϼЂЛтϾмϦ ϼϠ ϝк ϼϜϸЧв ϼϪͭϜϸϲ йϠ Ϝмк ϤКϼЂ йͭ ϸϜϸ дϝІж ϭтϝϦж .ϤЂϜ иϸІ ϾͭϼвϦв ̪ͻϼϜϸОϼв ϼϸ дЮϝЂ ͻϝвϸ

ͼвтϠжϝϮ ͻϝкϼϜмтϸ ϼϝжͭ м Рͭ ͼͮтϸϾж ϼϸ ϸм϶ ϼϜϸЧв ЬЦϜϸϲ м ͻϼϜϸОϼв ͻϾͭϼв А϶ϼϸ ϸм϶йϠ .ϸЂϼ ЬϠϝЦ ϸКϝЂвϝж АтϜϼІ йͭ ϤЂϜ Ј϶Ів ̪имыК

йϮмϮ ͻϜϼϠ ͼлϮмϦЄͭϜмк ϤϼмϝϮв ϼϸ ϝкϜϼттПϦ ϤЯК йϠ̪ϝкͼϠϝтϾϼϜ ЀϝЂϜ ϼϠ .ϸϼϜϸ ϸмϮм̪ϝвϸ Ϥ ͼв ̪Ϝмк ϤКϼЂ ЙтϾмϦ ϼϸ ϼϝІТ ϤϜϼттПϦ ϼтϪϝϦ ϝк

йϮмϮ АЂмϦ иϸІ ЬϝПІϜ ХАϝжв ϼϸ Ϝмк ϤКϼЂ ЙтϼЂ ϸϼмϐϼϠ дϜмϦйϠϜϼ ϝк йϠ ϼϮжв ̪ͻϼϜϸОϼв ϼϸ ϞЮϝО ϤъϸϝЛвтϸϸК йϠЂϝϲв ̪ͼЯͭ ϼмА йϠ .ϸϼмϐ ϤЂϸ

.ϸмІ ͼв ͼкϸϜмк м йтмлϦ ͻϜϼϠ ϞмЯАв ͼЮϼϦжͭ Ьϸв дϦТϝт ϤЂϜ ͼϦϝтϲ ϼϝтЂϠ ͻϼϜϸОϼвтϸϝЊϦЦϜ Ϥтϼтϸв м ͻϼт͵ атвЊϦ ϼϸ ИмЎмвжтϜ. 

 

Nomenclature 

P Pressure, Pa Ἃἒ total chicken heat, W 

ⱬ Density, kg m-3 AHS sensible heat from chicken, W 

╢▐ Total entropy, J K-1 AHL  latent heat from chicken, W 

Ⱳ Stress tensor, Pa m mass of chicken, kg 
E Total energy, J Ti  indoor temperature, °C 
▓▄██ Heat transmission coefficient Sm Mass source, kg m-3 

▐ Specific enthalpy, J kg-1 J Component of diffusion flux, kg m-2s-1 

 

 

INTRODUCTION 

Meat production in poultry is a crucial and economical industry in the world (Mostafa et al., 2012). 

Controlling poultry conditions is an increasingly important issue in rearing processes. Environmental control 

systems in poultry houses include heating, ventilation and cooling which in turn are featured by temperature, 

air velocity, relative humidity, concentration of oxygen, ammonia, carbon dioxide, dust and microbial 

contamination (Blanes-Vidal et al., 2007). Ventilation in poultry houses is an action that prepares required air 

and oxygen, thermal comfort and reduces polluted gas concentration of chickens. The most common system 
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in poultry houses is forced ventilation based on negative-pressure. Velocity range at the animal level, rate of 

air exchange and air distribution are three basic principles for ventilation design (MWPS., 1990; ASAE 

EP270.5., 2009; Pedersen., 1999). Operational factors such as fan operation, adjustment of air inlet 

openings and pressure drop are essential to define an optimal ventilation system (Bustamante et al., 2012).  

Among ventilation systems, tunnel ventilation is extensively used in most poultry houses in order to remove 

extra heat and to simultaneously prepare the required amount of fresh air during hot seasons (Kwon et al., 

2015). A significant distinction between tunnel ventilation and conventional poultry housing is the uniformity 

of air movement. The uniform air movement results in increased cooling for the birds throughout the house. 

In ventilation systems, poultry breeders usually control the internal environment by changing the amount of 

slot opening inlets and the activity of fans. These changes are performed by automatisms that cause 

changes in the differential pressure and air velocity values (Bustamante et al., 2013). Air flow rate in the zone 

occupied by the birds is one of the main parameters affecting the creation of an appropriate indoor 

environment (Zaj²ļek and Kic, 2013). When the ambiance climate is hot and humid, temperature inside the 

poultry house rises above the recommended levels. As a result, air flow rate strongly affects convective 

animal heat losses and plays a vital role in animal welfare. However, experimental measurement of air 

velocities in poultry houses has obstacles such as lack of comprehensive details of interior air velocity in 

various parts of the building, high cost of measuring devices and finally sensitivity of some electronic devices 

to environmental parameters which distort the output data (Blanes-Vidal et al., 2008). 

In the last few years there has been a growing interest in using computational fluid dynamics (CFD) in 

order to remove experimental measurement limitations and get careful results (Lee et al., 2007;Seo et al., 

2009). This method has several benefits for setting the experimental conditions within poultry houses, 

enabling airflow predictions. Hence, CFD has been widely used for ventilation of concentrated agricultural 

systems, such as greenhouse (Bartzanas et al., 2002; Campen and Bot, 2003; Campen, 2005; Fatnassi et 

al., 2006; OuldKhaoua et al., 2006; Baeza et al., 2008; Bournet et al., 2007), poultry houses (Norton et al., 

2010; Li, 2012; Zajicek and Kic, 2012; El Mogharbel et al., 2013; Rojano et al., 2015; Bustamante et al., 

2015), livestock houses (Bjerg et al., 2013; Wu et al., 2012) and storage (Ghoreishi-Madiseh et al., 2015; 

Tseng et al., 2016). CFD has been considered as a strong and versatile tool for analyzing complex 

phenomena, such as turbulent flow or heat transfer, according to various environmental conditions (Kwon et 

al., 2015). CFD could also save the cost, time and effort associated with field experiments to establish the 

optimum system (Lee et al., 2009). Another effective parameter inside the poultry house is static pressure. 

Indeed, when the exhaust fan is active, it pulls air out of the house. Air from outside the house moves into 

the house to replace the air removed by the exhaust fan. Theoretically, when the fans are active, they could 

pull all the air out of the house and creating a vacuum (Czarick et al., 2002). The higher static pressure the 

harder the fans have to work. As the level of static pressure increases, the amount of air moved by a fan 

decreases and power usage increases (Czarick et al., 2010). 

In this work, we study a poultry house equipped with tunnel ventilation, using a powerful numerical 

method, CFD, to characterize the accurate internal environment. Thermohydraulic parameters governing the 

house ventilation and hence optimum management are quantified. The impact of static pressure and number 

of active fans on the air velocity and temperature distribution in the zone occupied by the birds (0.2 m above 

of floor) are argued. 

 

MATERIALS AND METHODS 

Simulated broiler house 

 The poultry house simulated in this study was typical of that popularly used in Iran. It was located in 

the city of Nooshin Shahr (latitude: 37Á, 43ᾳ, longitude: 45Á, 3ᾳ and 1320 m above sea level). Fundamental 

geometric dimensions of the hall are as follows: length, 80 m; width, 15.80 m; side-wall height, 2.7 m, and 

the maximum distance from floor to ceiling, 3.6 m. This broiler house uses a mechanically ventilated tunnel 

system by negative pressure with multiple tunnel fans during the summer and a mechanically cross-

ventilated system using a number of inlets in the winter. The house was provided with 10 side-wall inlets, 

each 120 cm wide and 100 cm high, whose central horizontal axis was located 1.1 m above the floor, and 

seven fans located at the end wall with a diameter of 0.65 m. Brick was the main material used in all the 

walls and polystyrene as insulation between bricks and sandwich panels with a thickness of 4 cm used for 

roof (Fig. 1).  

The actual arrangement of the house is given in Fig 2. Characteristic of poultry house used in 

simulation are indicated in Table 1. 



Vol. 56, No. 3 /2018  INMATEH ïAgricultural Engineering 

111 

 

 

Fig. 1 -Structure of poultry houses walls 

 

 

Fig. 2 -Schematic and dimensions of poultry house 

Table 1 
Characteristic of poultry house used in simulation 

Poultry house dimensions   

Length 80 m 
Width 15.8 m 
Height 2.7 m 
Ceiling height 3.6 m 
Chicken number 19000 
Chicken density 15 chickens per m2 
Chicken age 3 weeks 
Number of exhaust fans 7 (diameter 1.3 m) 
Number of  air inlets 10 (1.20 * 1.00 m) 

 

Numerical model 

 Numerical methods for calculating air velocity and temperature distribution of poultry house are 

attractive in terms of time and costs given the difficulty to experimentally determining the flow and 

temperature field. In this study, three-dimensional CFD models were generated by COMSOL Multiphysics 

(ver. 5.1) software. Fine and dense meshes were used to improve the accuracy of the CFD model. The 

standard k-ɤ model was used to simulate the air velocity and temperature in the summer (high ventilation 

rate) conditions and simulations were carried out under steady-state conditions. This model performs 

excellent near the wall, as a result of its simple low Reynolds number formulation and its ability to accurately 

compute flows with weak adverse pressure gradients (Yang, 2004). 
 

Governing equations 

CFD indeed acts as a powerful alternative for implementation of sensors and massive 

experimentation. The fundamental theory behind all CFD methods is the resolution of a set of nonlinear 

partial differential equations where the equations correspond to conversation of mass (Eq. (1)) or continuity, 

momentum (Eq. (2)) or Navier-Stokeôs law and energy (Eq. (3)) (Shivkumar, 2014; Mostafa et al., 2012 ; Seo 

et al., 2009; El Mogharbel et al., 2013). 

(1) 
‬ὖ

‬ὸ
 ​Ȣ”ὺ ᴆ  Ὓ  
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‬
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(3) 
‬

‬ὸ
”Ὁ  ​Ȣὺ ᴆ”Ὁ ὖ ​ȢὯ ​Ὕ Ὤὐᴆ †Ӷὺᴆ  Ὓ 

Boundary condition 

 Boundary conditions for air inlets and outlet fans, differential pressure was chosen. The differential 

pressure variable was set at 20, 30 and 40 Pa. At each pressure level, two groups of fans worked: first stage 

5 fans active and second stage 7 fans active. Average ambient temperature for summer conditions in 

western Azerbaijan was chosen 25°C and heat flux boundary condition for the floor, instead of the heat 

generated by the hens, determined with Eq. (4), was applied. Also for heat exchange with the exterior, heat 

flux boundary condition were considered. Eq. (5) and Eq. (6) compute the produced sensible and latent heat, 

respectively (CIGR, 2002). 

(4) ὃὌ ρπȢφς ά Ȣ ρ
ςπςπὝ

ρπππ
 

(5) ὃὌ πȢφρ ὃὌ
πȢςςψ

ρπππ
Ὕ  

 
(6) 

ὃὌ ὃὌ ὃὌ  

 

RESULTS 

 The main objective of this article is to show effect of differential pressure between inlet and outlet on 

air velocity and temperature distribution in the zone occupied by the birds by CFD methods. A comparison of 

velocity profiles and temperature profiles at various differential pressure and fans activation was done. 

Air velocity variation 

 Fig. 3 illustrates the air velocity distribution of the poultry house at 20 Pa differential pressure and 5 

fans active conditions. The results, as seen in fig. 3, indicate that maximum value for air velocity obtained in 

centerline of the house and the region near the inlets. In half end of house distribution of air velocity is 

approximately uniform. It can be seen infig. 3 that air velocity tends to be highest toward the center of the 

house cross-section and lowest near the floor next to the side walls. There are similarities in the distribution 

of velocities between the present study and (Blanes-Vidal et al., 2007; Czarick et al., 2015) study. Variation 

of air velocity at 30 and 40 Pa differential pressure and 5 fans active condition are shown in figures 4 and 5, 

respectively. 

 

 

Fig. 3 - Variation of air velocity at 20 Pa differential pressure and 5 fans active condition 
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Fig. 4 - Variation of air velocity at 30 Pa differential pressure and 5 fans active condition 

 

 

Fig. 5 - Variation of air velocity at 40 Pa differential pressure and 5 fans active condition 

 

Fig. 6, 7 and 8 present the distribution of air velocity within the poultry house at various differential 

pressures (20, 30 and 40 Pa) and 7 fans active condition, respectively. The maximum value for air velocity in 

the centerline of the house at 20, 30 and 40 Pa differential pressures is 1.2, 1.8 and 2 m/s, respectively. 

Proper air velocity in the poultry house is essential for ensuring thermal homogeneity in the zone occupied by 

the chickens. Also sufficient air velocity is required to keep the litter inside the house dry. When ambient 

temperatures are above that in the chicken zone, air velocity must be kept relatively high to reduce bird body 

heat (Mostafa et al., 2012). According to (Bustamante et al., 2015) high air velocity values (~2 m/s) in the 

poultry house can help for chicken thermoregulation by increasing the convective flux heat of them and 

therefore decrease their thermal stress and reduce mortality. Also this finding corresponded to (Czarick et 

al., 2010) who indicate that with increasing static pressure, speed increases. This result is shown in figure 9. 

 

Fig. 6 - Variation of air velocity at 20 Pa differential pressure and 7 fans active condition 
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Fig. 7 - Variation of air velocity at 30 Pa differential pressure and 7 fans active condition 

 

 

Fig. 8 - Variation of air velocity at 40 Pa differential pressure and 7 fans active condition 
 

 

Fig. 9 - Relationship between air velocity and the static pressure in tunnel-ventilated houses  

(Czarick et al., 2010) 

 
Temperature variation 

 Figures 10-12 describe the monitored thermal distribution along the zone occupied by the chickens 

(0.2 m above the floor) according to the variables of differential pressure (20, 30 and 40 Pa) and 5 fans 

active, respectively. It is shown in figure 10 that air temperature increases when it moves through the poultry 

house length. When entering air temperature was 25°C, the CFD model predicted an increase in air 

temperature in the order of 4 or 5°C at the outlets; This increase is due to heat production by animal. 

Therefore, additional heat is transported from the inlet towards the outlet. This result has best agreement 

with (Lee et al., 2007; Osorio et al., 2011; Rocha et al., 2014) searches. Also this temperature increasing for 

figures 11 and 12 observable, but value of output temperature reduces due to increasing air velocity. 


