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Abstract: The necessity of accurate placement of the required quantity of nutritious elements concerning root system of plants
presupposes intra soil layer-by-layer introduction of the differentiated doses of fertilizers on different depths. Meanwhile, phosphoric
fertilizers have to be located in a horizontal tape closer to seeds in the moist layer of the soil, the centers of nitrogen fertilizers should be at
different depths that will allow roots of plants to get necessary mineral nutrition during different vegetative periods. For providing adequate
nutrition of plants during the whole vegetative period a new technology of the intra soil differentiated three-layer introduction of mineral
fertilizers is offered and its constructive and technological scheme is substantiated.
KEYWORDS: MINERAL FERTILIZERS, DIFFERENTIATED INTRODUCTION, EXACT AGRICULTURE, THE SOWING
SYSTEM AND FLAT-CARVING CULTIVATION

It is known that technologies of grain crops cultivation on
the soils subject to wind erosion provide several types of processing
of the soil without turnover of layer preserving maximum amount of
stubble remains on the field surface with minimum dispersion of the
processed layer [1]:
- flat-carving cultivation on the depth of 0,08-0,16 m
(autumn cultivation, the first and intermediate cultivations of
fallow, spring preseeding cultivation, cultivation of the layer of
long-term grass);
- flat-carving tillage to the depth of 0,20-0,27 m (autumn
cultivation, the first and last cultivations of fallow, cultivation of the
layer of long-term grass);
- cultivation of pure fallow to the depth of 0,06-0,08 m;
- surface cultivation of soils to the depth of 0,04-0,06 m
(early-spring tillage of the soil, stubble harrowing, care of sowing of
long-term grass);
- stubble disking of the soil after harvesting of sunflower or
corn for grain;
- paraploughing;
- chisel plowing.
Considering different types of the existing ways of soil
cultivation, one of the main requirements which had been put before

design of the machine for fertilizer introduction, - to realize threelayer introduction of mineral fertilizers, was its being combined,
ability to provide several types of cultivation. For this purpose the
installation of 6 rows of operative parts is presented, figure 1:
- 1, 2 rows are arrow-headed harrows with coverage of 0,33
m,
- 3, 4, 5, 6 rows are flat-carving harrows with coverage of
0,50 m.
At the same time arrow-headed operative parts of 1, 2 rows
are installed in removable beams, i.e. they can be taken off
assembled with a beam. These operative parts have to carry out
surface cultivation of soils to the depth of 0,08-0,10 m with
simultaneous introduction of mineral fertilizers in a horizontal strip
with the width of 0,20-0,30 m.
The following ranks of operative parts are vertical racks
with the installed flat-carving harrows with flare angle of 75°.
Meanwhile middle ranks (3, 4) have to carry out flat-carving
cultivation to the depth of 0,16-0,18 m and to introduce mineral
fertilizers to the width of 0,40-0,50 m with the horizontal screen.
,
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Figure 1 - Scheme of the arrangement of operative parts
remains on the field surface and less cultivating layer of the soil is
pulverized. However when increasing the coverage of a harrow its
deepening ability is reduced and it is difficult to provide even
distribution of fertilizers granules in underharrow space. Therefore,
for ensuring the quality of technological process of distribution of
fertilizers in the soil the coverage of a harrow should make 0,5 m.

The last ranks have to carry out flat-carving tillage to the
depth of 0,20-0,25 m as well as to introduce fertilizers on width of
the cultivated strip, figure 2. Increase in width of a harrow would
promote the improvement of quality indicators of their work as at
smaller quantity of racks on 1 m of coverage there are more stubble

Figure 2 – The scheme of distribution of fertilizers in the soil

frame [2, 3, 4]. If the required parameters are not followed, then
jamming of the soil between operative parts or emergence of "rake"
effect of racks of harrows can happen.
For increasing the distance between harrows in a row and
ensuring overlapping between them, their multirow arranging on the
engine frame is offered.

Not only the shapes of the bottom of furrow and surface of
the cultivated field, cutting of weeds and preservation of stubble
remains on field surfaces, but also practicability of machine depend
on the characteristics installation of operative parts on the engine
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Вр is working coverage of the machine - 2,3 m.

Experimental operative parts provide high quality of
cultivation, especially condensed and dried up soils. In the process
operating parts raise and displace layer, break and crumble the
condensed sites of the soil. Designs of operative parts will allow to
get minimum backfurrows, and for their smoothing the rollers –
supporting and driving machinery are mounted.
A fertilizing machine contains a frame with the multirow
operative parts installed on it, supporting rollers and two bunkers,
figure 3.
The machine works in the following way. From the bunker
mineral fertilizers get to sowing windows and dosed by means of
coils, then they get to scatterers of operative parts through fertilizer
hose and further are distributed on the coverage of operative parts.
The total coverage makes 2, 3 m. Productivity in an hour of
pure working hours is:
Wч=0,1Вр·Vp,
where Vp is working speed – 6-8 kph;

Wч=0,1·2,3·8=1,84 hectares per hour
Productivity for an hour of replaceable time is:
W=Wч·Kир,
where Кир is coefficient of using working hours, when
cultivating fallow
Кир =0,8.
W=1,84·0,8=1,47 hectares per hour
Then the day work of a machine during the single-shift
work makes 10-12 hectares. The machine can work both as a
fertilizing machine and as equipment for the main cultivating of the
soil when taking off a beam with arrow-headed harrows.

Figure 3 – A cultivator-fertilizer
soils to the depth of 0,08-0,10 m with simultaneous introduction of
mineral fertilizers in a horizontal strip with a width of 0,20-0,30 m,
3, 4 rows provide flat-carving cultivation to the depth of 0,16-0,18
m and introduce mineral fertilizers on width of 0,40-0,50 m by the
horizontal screen and 5, 6 rows provide flat-carving tillage to the
depth of 0,20-0,25 m as well they introduce fertilizers on the width
of the cultivated strip.

Conclusion. The analysis of various technologies of
introduction of mineral fertilizer shows that the need of exact
placement of necessary amount of nutritious elements concerning
root system of plants assumes intra soil layer-by-layer introduction
of the differentiated doses of fertilizers to the depths of 0,08-0,10,
0,16-0,18 and 0,20-0,25 m. And phosphoric fertilizers have to be
settled down in a horizontal strip closer to seeds in a humid layer of
the soil, the centers of nitrogen fertilizers - at different depths that
will allow roots of plants to receive necessary mineral food during
the different vegetative periods.
For realizing the technology of three-layer introduction of
mineral fertilizers the most effective multirow arranging of
operative parts where the first 2 rows provide a surface treatment of

Acknowledgements: The authors express their gratitude to the
Ministry of Education and Science of the Republic of Kazakhstan
for the funding research works on the topic "Development of new
technology and equipment for the three-layer subsurface
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differentiated application of mineral fertilizers". The current study
was carried out within this topic.
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ANALYSIS OF SYSTEM RELIABILITY BASED ON FAULT TOLERANT CONTROL
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Abstract: The paper presents possibility of fault detection and isolation in rotation machinery using analytical redundancy. It outlines
the most important techniques of model-based residual generation using parameter identification and state estimation methods with
emphasis the problems of reliability. A solution to the fundamental problem of fault detection providing the maximum achievable
effectiveness by using condition-based maintenance system, reducing downtime, decreasing maintenance cost, and increasing machine
availability is given. With the aim of synthesizing and providing the information of researcher`s community, this paper attempts to
summarize and classify the recent published techniques in diagnosis and prognosis of rotating machinery. Furthermore, it also discusses the
opportunities as well as the challenges for conducting advance research in the field of remain useful life prognosis.
The results are very important for robust instrument fault detection, component fault detection and actuator fault detection. Finally we
discuss the approach of fault diagnosis using a combination of analytical and knowledge-based redundancy.
Keywords: AGRICULTURE ROBOT, SYSTEM RELIABILITY, FAULT TOLERANT CONTROL

like actuators, system dynamics and sensors and can be
described by the state-space model as follow;

1. Introduction
The detection and diagnosis of faults in semi-public
agricultural unmanned machines is one of the most important
tasks assigned to the autonomous operation. The early
indication of incipient failures can help avoid major machine
breakdowns , that could result in substantial material damage.
Recently, technical diagnostic systems have been applied to
such equipment as automobiles and mobile robots. A modelbased method was used to check the operation of gearboxes, but
the information represented by multiple interrelated machinery
measurements was not applied. The literature of process fault
diagnosis is not very extensive, especially when compared to
the control engineering. We will consider three classes of
failures presented by Gertler [1]:
- Additive measurement faults. These are discrepancies
between the measured and true values of output or input
variables, like sensor biases or actuator malfunctions of
actuator.
- Additive process faults. These are disturbances
(unmeasured inputs) acting on the machine, which are normally
zero and cause a shift in the object outputs independent of the
measured inputs.
- Multiplicative process faults. These are connecting with
changes (abrupt or gradual) of the machine parameters. Such
faults best describe the deterioration of components.

𝑥̇ (𝑡) = 𝐴𝑥(𝑡) + 𝐵�𝑢(𝑡) + 𝑓𝑎 (𝑡)�

𝑦𝑓 (𝑡) = 𝐶𝑥(𝑡) + 𝐷(𝑢(𝑡) + 𝑓𝑎 (𝑥)

(1)
(2)

where, x(t) – state vector
A, B, C, D – matrices of proper dimensions
u(t), y(t) – input vector and output vector signals
𝑦𝑡 (𝑡) –output corrupted by actuator and sensor faults
𝑓𝑎 (𝑡) – actuator fault, 𝑓𝑠 (𝑡) – sensor fault
The model – based failure detection and identification is
the open-loop although one considers that the system is in the
control loop, hence it is not necessary to consider the controller
in fault diagnosis procedure.
As we shown before, faults are detected by using
a threshold on a residual generated from difference between
real measurements models. In other approach the detecting on
faults is made on the base of limit checking: comparison
process variables with present limits. The residual signals
represent the inconsistency between the actual system
a variables and the mathematical model. The traditional
approach to residual generation is the use of duplication of the
system. The disadvantage of this method is the nessesity of
stability investigation.
When a residual signal is established we need to calculate
the difference between the particular fault and others.
It should be noted that most failure detection and isolation
methods do utilize the relation value of residuals to the test
thresholds.
The information embodied in the size of the residuals
beyond their relation to test thresholds (Fig.1).

2. Fault tolerant systems
Most model-based failure detection and isolation methods
rely on the idea of analytical redundancy [2]. It means that
sensory measurements are compared to analytically obtained
values of the respective variable and this deference are called
residuals. Depending on utilizing redundancy fault tolerant
control systems can be consider as two different types: passive
and active. In case of passive one potential failures of systems
component are assumed to be known a priori and this very can
be taken as possible and are analysing. The control system can
tolerate a faults without any modification. Unfortunately the
passive system can not perform in proper way when an
unexpected failures occur. On the other sidle the active fault
tolerant control systems can be reconfigured when unexpected
fault occurs. Such approach is possible when fault detection and
identification procedures are performers in the real-time.
The deviation of residuals from zero is the combined result of
noise and faults. With any significant noise present, statistical
analysis (statistical testing) is necessary.
In the most case study the failure detection and
identification methods rely on linear dynamic models. As is
consider in an open-loop system can be divided into subsystems
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of systemic variables (e.g. temperature, pressure, load, etc.) on the
system’s reliability.
The assumptions of the Proportional Hazards Model:
1. The ratio of intensity of damage for two different values of a
systemic variable is independent of time
2. Intensity of defects for various values of the systemic variable
are described by this distribution,
Based on the above assumptions we can write the following
equation:
(5)
λ t, z, β = λ0 t r z, β
where:
t – time
z – systemic variable
β - unknown parameter accounting for the influence of the
systemic variable
λ0(t) – intensity of defects for the value of the systemic variable
adopted as the reference level
If we assume, according to Cox model (1972), that:

(

)

() (

)

r ( z , β ) = e zβ

we obtain:

Fig. 1 Failure tolerant system with use of residual threshold.

λ (t , z 1 ,...z n , β 1 ,..., β n ) =
= λ0 (t ) r (z 1 ,...z n , β 1 ,..., β n )

(3)

where

(8)

after incorporating the Cox model we will get:

𝑢, 𝑡 < 𝑡𝑓
𝑢𝑡′ = �𝑢 , 𝑡 ≥ 𝑡
𝑓
𝑓

λ (t , z 1 ,...z n , β 1 ,..., β n ) = λ0 (t ) e z1β1 +...+ zn β n

(9)

The exponential form of function r(z,β) guarantees that the
intensity function assumes non-negative values irrespective of the
value of coefficients.
The distribution used most frequently when analyzing reliability
is the exponential distribution for which the intensity of defects is
constant and thus also the relationship of intensity for two groups of
data related to defined defects will also be constant, which meets
the requirements of the Proportional Hazards Model. Assuming
exponential distribution, we rule out the possibility of accounting
for influence of time. For that reason we should consider the
possibility of using Weibull distribution, and thus let us analyze the
conditions that must be fulfilled by the distribution’s parameters to
meet the requirements of a Proportional Hazards Model. The
intensity of defects for Weibull distribution has the following form:

and 𝜘𝑡 ∈ (0,1)
is a weighting parameter chosen to satisfy the actuator
constraints.
To provide smooth switching between un and uf the following
variable weighting parameter can be used:
𝜘𝑡 = 1 − 𝛿𝑒 −𝜏�𝑡−𝑡𝑓 � , 𝜏 ≥ 𝑡𝑓

λ (t, z, β ) = λ0 (t ) e zβ

(7)
The model that could be expressed by means of equation (1) is
called the Proportional Hazards Model and we can generalize it to
cover any number of systemic variables:

Assume that the fault is detected at the time instant t f , then the
following modified command input 𝐮𝐟 will be generated based on
the designed command inputs 𝐮𝐧 as
′
)
𝑢𝑡′ = 𝑢𝑡−∆𝑡 + 𝜘𝑡 (𝑢𝑡′ − 𝑢𝑡−∆𝑡

(6)

(4)

where τ >0 and δ > 0 are two design parameters.. It is important
to note that the degraded performance at the steady-state is achieved
by the modified command input uf . The selection of the parameter
ϰt can also be carried out by using optimization-based techniques
[3, 7].
The concept of reconfigurability was introduced by [8], as
control system quality under given faulty conditions. LTI system
reconfigurability can be also evaluated using the controllability and
observability Gramians [9]. In the work of Staroswiecki [10],
performance-based control reconfigurability is evaluated as the
ability of the system considered to keep or recover some admissible
performances when a fault occurs.

λ=

α α −1
t
ηα

(10)

while the relation of intensity is:

α1

α1

t α1 −1

λ1 η 1
α η α 2 t α1 −1
=
= 1 ⋅ 2 α ⋅ α −1
α 2 α 2 −1 α 2 η 1 1 t 2
λ2
t
η 2α 2

3. Use of proportional hazards models.
As presented previously, reconfigurability based on the
controllability Gramian is applied to evaluate the system
performances, which can be achieved by a fault-tolerant control
scheme. To improve system dependability, it is crucial to ensure
that the reconfigured system can provide reliability of system
achieve the control objective until the end of the mission.
In this study, a Weibull,s distribution is considered as model
reliability. In fact, reliability evolution is characterized by a given
failure rate. Thus, failure rates are obtained from components under
different levels of degradation. Several mathematical models have
been developed to define the failure function in order to estimate
the failure rate λ [11]. Among them, the proportional hazard model
introduced by Cox [12] is used in this paper.
The failure rate is modeled PHM approach:
As has been presented in paper [13], the use of Proportional
Hazards Model creates an opportunity for examining the influence

(11)

The above relationship shows that the assumptions of the
Proportional Hazards Model will be fulfilled for Weinbull’s model
only if the coefficient of shape stays constant for both groups of
data.

4. Reliability evaluation [14]
Thus, actuator reliability can be evaluated as follows control
effectiveness (2). Then the system dynamics can be expressed by
𝑦̇ = C𝑥̇ = CAx + CB𝑢𝑓 .

(12)

At the current state x(t), suppose that the reference baseline
system control law for the desired behaviour would produce input
un if all of the control actuators were healthy. Then the desired rate
of the controlled output would be

8

𝑦𝑛̇ = C𝑥̇ = CAx + CB𝑢𝑛 .

8. Moore B.: Principal component analysis in linear systems:
controllability observability and momdel reduction, IEEE
Transactions on Automatic Control, 26(1), 1981,pp. 17–32.

(13)

FTC seeks an input control u that makes the right-hand side of
(12) as close as possible to that of (13), that is,
B𝑢𝑛 = B𝑢𝑓 ,

where, consequently, y will remain close to yn for
u = (I − Γ)−1un .

9. Frei C., Karus F., Blanke M.: Recoverability viewed as a
system property, Proceedings of the European Control
Conference, IEEE ECC’99, Budapest, Hungary, 1999, pp.
2197-2202.

(14)

(15)

10. Staroswiecki M.: On reconfigurability with respect to
actuator failures, Proceedings of the 15th IFAC World
Congress, IFAC 2002, Barcelona, Spain, pp. 775–780.

Therefore, based on (6) and (16), the failure rate and the
reliability of the actuator under degraded functional conditions can
be established according to the loss of effectiveness factors 𝛾𝑖 and
𝑢𝑖𝑛 as follows:
λi(γ) = λ0ie(1−γi)−1α𝑢𝑖𝑛 ,

𝑅𝑖(𝑡, 𝛾) =
(17)

11. Martorell S., Sanchez A., Serradell V.: Agedependent
reliability model considering effects of maintenance and
working conditions, Reliability Engineering and System
Safety 64(1), 2009, pp.19–31.

(16)

𝛼
𝑒𝑥𝑝−(𝜆𝑡)

12. Cox D.: Regression models and life tables, Journal of the
Royal Statistical Society 34(2), 1972,pp. 187–220.

The overall system reliability depends on the way in which their
components and subsystems are connected.

13. Gumiński R., Radkowski S., Sobczykiewicz W.:
Zastosowanie proporcjonalnych modeli uszkodzeń w
analizie
niezawodności
na
przykładzie
układu
antropotechnicznego, XVIII Konferencja Naukowa
Problemy Rozwoju Maszyn Roboczych (Use of
Proportional Hazards Model in Reliability Analysis on the
Example of a Human Engineering System, 18th Scientific
Conference - Problems of Development of Machines), 2004,
VOL. Z. 23, pp. 57-67.

4. Conclusions
The main features of model-based failure detection and
isolation methods have been surveyed in this paper. Several
techniques to generate residuals from plant measurements and to
obtain failure signatures of the residuals have been discussed.
It has been pointed out that the major quality issues of failure
detection and
identification algorithms are sensitivity, and
robustness. Defectivity is related primarily to the structure of the
residual-generating model and can be achieved by appropriate
model transformation. Sensitivity and robustness requirements are
taken into consideration in a design framework that makes use of
the analytical redundancy. The results described in the paper show
that analysis can be established by using system reliability
evaluation in addition to the vibroacoustics parameter od
degradation.

14. Kohelasi A., Theilliol D., Webar P.: Reconfigurability
analysis for reliable faul-tolerant control design, Int. J.
Appl. Math. Comput. Sci., 2011, Vol. 21, No. 3, 431-439.
Work financed
from NCBiR
years 20142017 funds.
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RESEARCH AND DEVELOPMENT OF A PROBABILISTIC METHOD TO
DETERMINE THE NUMBER OF SPARE PARTS
Miho Yankov Mihov
Institute of soil science, agricultural technology and plant protection "N. Pushkarov" Sofia
Abstract: A probabilistic method is studied for determining the required number of spare components to maintain the efficiency of the fleet of
machines using the characteristic of the flow of refusals
Analyzed the influence of the parameters of the laws of distribution of work off failure (resource) of elements on the parameters and
characteristics of the stream of refusals for recurrent stream late and for general stream of refusals and identify areas of their influence.
It was found that with an increase in the quality of new and recovered items (the assemblies and parts) increases the level of reliability of the
plant and reducing the cost of replacement parts.

The analysis of the literature shows that most - suitable for
determining the amount of spare components / assemblies, nodes
and parts / are methods using information on the reliability of
components, assemblies and components for tractors in the first
5-6 years, then the average methods as a fleet of machines is
stabilized. These methods are based on the theory of the
rehabilitation and can be divided into two main groups: methods
based on asymptomatic formulas, in particular, by using the
average values of the construction of the elements and methods
based on the immediate flow of failures.

where F(k)(t) is the k-th composition of the distribution function

of the resource elements, i.e. F(k)(t)=P{tk ≤ t}; tk=tH+tp1+tp2+tk
respectively the moment of rejection of the new element tH and
spare elements tpi..
In other words, Fk(t) is the probability that in the interval [0, t]
there will be no less than k elements of the failures. Then
F(1)(t)=P{tн≤t}=F(t), where F (t) is the value of the distribution
function of the resource of the new element or likelihood of
return for the new element in the range [0.1 ];
F(2)(t)=P{(tH+tp1)<t} – probability of not less than two failures in
the interval [0, t], etc.

The aim of the work is to develop and explore probabilistic
method for determining the required number of spare
components to maintain the efficiency of the fleet of machines
using the characteristic of the flow of refusals

To determine the necessary stock of spare components for
maintaining operability of the machines are designed tables [4]
with the values of the function H(t0) depending on the coefficient
of variation ν, normalized period of forecasting t0 and the law of
distribution of the resource elements (law of Weibull, normal
law).

The required fund of spare components (aggregates, nodes and
spare parts) to maintain the efficiency of the machines can be
defined by the formula:
N =H(to).N.m

Ceteris paribus (All other conditions equal) with increasing the
coefficient of variation ν at t0<1 function H(t0) increases. So
worst case is when the distribution of resource elements is
exponential law, which corresponds to the greatest distraction of
the resource elements. When t0>1 increases the coefficient of
variation ν, the function H (t0) decreases in the normal and
increases with Weibull law distribution.

Where Н(t0) is a function of the repair influence (characteristic of
stream of refusals);
N 0 - number of machines in question set;
m - Number of identical elements in the specific machine.
Normalization period of t0 prognosis is determined by the
formula:
t0=t /q

t,

If we want to determine the fund of spare components for
maintaining the machines’ work performance at a given
probability γ, normalized period toγ prognosis is determined by
the formula:

(2)

Where t is the period of predicting the number of failures
(reserve components);

t0γ=t/qtγ,

(2 ')

Where tγ percentage range is characteristic of the resource of the
new element.

t

- The average value of the resource a new element; q - factor
considering climate resource of replacement components in
comparison to the resources of the new elements (0,8≤q≥1,0).

For practical calculations is given an estimate of H (t) [1; 5],
which is expressed with the following disparities:

The average number of failures, respectively the anticipated need
for spare elements to maintain the working capacity of the
machines in the interval [0, t], which is a function H (t) [1; 2; 3]
for any flow of waivers are defined with the formula:

F(t)≤H(t)≤F(t)/(1-F(t)).
From this assessment it follows that the initial area of operation
where F(t)≤1, H(t)≈ F(t).

∞

H(t)=

∑F

(k)(t),

For normal law of distribution of the resource elements the
characteristics of the flow of failures is determined by the
relationship [3; 2]

(3)

k =1
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Fig.1. Altering the function of the repair effects (characteristic of the flow of failures) H (t) for different values of the coefficient of variation
of the resource elements а) υ=0,2; б) υ=0,3 в) υ=0,4.

Fig. 2. Amendment characteristic of the flow of failures Hi (t) for different values of the coefficient of variation of resource items calculated
by the following relationships: a) 3; b) 4.
H(t0)≈(to-1)/q + (1+ν12)/2,

Based on the proposed numerical method [6] to determine the
parameter of the flow of failures ω (t ) and the characteristic of

(4)

Where ν1 is the coefficient of variation for resource of
replacement items.

the flow of failures H(t) of the recurrent flow is established that

σ

the less is the ratio to to/
, the faster the parameter of the flow
of failures seeks its stationary value and it's a greater value ω (t )

Dependence (4) is used to determine the necessary stock of spare
elements to maintain the working capacity of the machinery [1;
2].

i.e. in these cases the level of reliability of the object is lower [7].
Figure 3 shows the results of calculation of parameters and
characteristics of the stream of failures to normal and exponential
law, including the first four distributions work-off-till-denial of
the elements of tractors MTZ-80 [8]. From the comparison of
these graphical relationships that, in different streams of failures
N (t) have different meanings and differences are more
significant after the transitional period (t=2,5 x103 h) (Figure 3).
Similar results when work-off-till-denial of the elements is
distributed by an exponential law, but there transitional period is
smaller (Fig. 3b).

Fig. 1 and fig. 2 show the nature of change of the function H (t)
of the elements calculated by the relations (3) Н3(t)and (4) Н4(t).
Based on the analysis of results obtained by these dependencies
results has been found that the relationship (4) can only be used
in cases where the resource elements allocated to the normal law
with variation coefficient ν=0,3. When the coefficient of
H3(t),, and
variation ν<0,3 (fig..1 a), Н4(t) <<
H4(t)>H3(t) (fig.1v). Only at ν=0,3 (fig.1b) H3(t)=H4(t).

ν >0,3

Change of the function of repair impacts (waivers) H4(t) virtually
depends on the value of ν (Figure 2), the function H3(t) e
sensitive to climate ν (Fig. 2a), which corresponds fully to the
physical nature of review process.
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Figure 3. Parameter characterization and flow of failures: a) with normal law of work off distribution: 1-recurrent stream; 2-recurrent
stream late; 3 common recurrent stream; 4 asymptotic dependencies for recurrent stream; 5 asymptotic dependencies for recurrent stream
late; b) exponential law of work off distribution: 1-recurrent stream; 2 general recurrent stream.
of distribution of work off of the elements of the machines, then
the difference between H (t) is determined by the magnitude of

These graphical dependencies are obtained by applying the
proposed numerical method for determining the functional
characteristics ω(t) and H (t) of the flow of failures, which is
based on dependencies [1]:
∞

∞

n =1

n =1

the coefficient of variation

υ , and also between and the ratio t

1

and t (in general recurrent flow). For example, do 1 and 2
recurrent cover flow values v of 0.3 to 1.0 (Figure 4). But in this
interval of variation coefficient of variation for a number of laws
of distribution: Weibull, Gaussian, log-normal, gamma, etc.
Therefore, asymptotic addictions H (t) for normal and
exponential law allow you to appreciate the limits for other laws
of distribution with a coefficient of variation v, situated in the
range where vg is the lower limit of the coefficient of variation of
work off of the elements.

ω (t ) = ∑ f ( n ) (t ); H (t ) = ∑ F ( n ) (t ),
Where f(n)(t) and F(n)(t)are respectively the n-fold compositions of
f(t) and F(t).
Figure 4. Asymptotic dependencies are brought for H (t)
distribution work off of items subject to normal and exponential
law [1]. And since the asymptotic formulas are true for any law
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Figure 4. Asymptotic dependencies for flow characteristics of failures: 1-recurrent stream and exponential law of distribution of work off; 2recurrent flow and normal law of distribution; 3-recurrent stream late and exponential law of distribution; 4-recurrent flow with lateness
and normal law.
(curve - 1); q = 0,7 (curve - 2); q = 0,8 (curve - 3); and q = 0,9
(curve - 4)

Simplicity and convenience for determining the cost of spare
parts by using the asymptotic formula is obvious, however, their
error in the initial interval

0, t is

average of work off to first refusal

commensurate with the

t or t1 , or greater.

To improve the accuracy of the method for determining

ω (t )

With increasing the delay in recurrent flow at a given value of the
parameter b of the law of Weibull value of H (t) increases (Figure
6) for values of t / a> 0,6 and is indispensable for any q in
interval 0 ≤ t / a ≤ 0,6. And to reduce the delay, i.e. with
increasing q, H (t) decreases (Figure 7).

and H (t ) the proposed numerical method [4,7] set of tables
are developed [4] for recurrent and recurrent stream flow with a
delay of work off to failure (normal, Weibull and others. Laws of
distribution) with inputs: the coefficient of variation of work off
denial v on new elements and regulatory work off failure (t µ ),
which is determined by the formula

t µ = t /(to q),
Where t is the period for which must determine the
characteristics of the stream of refusals;

to -

Average work off till failure of new elements;

q = t1 / to
to −

-Coefficient of durability of elements;

Average work off of elements that are used to

exchange for giving elements.

Figure 6. Amendment of characteristic flow of failures at b =
const. and q = 0,6; 0.7; 0.8; 0.9

Climate parameter stream of failures in recurrent stream
belatedly shown in Figure 5. With the increase of q parameter
stream of failures ω (t ) has sinusoidal graphic form in q = 0,8
and q = 0,9, and at q = 0,6 - slightly wavy, ie period when
adopting stationary type occurs at t / a> 1,2-1,4. By increasing
the value of q the stationary value of ω (t ) decreases, i.e. the
level of reliability of the object is higher.

Figure 7. Modification of H (t) depending on the delay q at t/a =
1,0; 1.4; 1.6.

Figure 5. Parameter flow of failures depending on t / a in the
normal law of distribution, v = 0,3 = const. and delay q: q = 0,6
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recurrent stream late and for general stream of refusals and
identify areas of their influence.
3. It was found that with an increase in the quality of new and
repaired aggregates and nodes (elements) increases the level of
reliability of the plant and reducing the cost of replacement parts.
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The required number of spare components to maintain the
efficiency of the fleet of machines is determined by the following
relationship:
N=H(t).No.neKeWg/Wc,
Where No is the number of tractors (norms are set for 100
machines No = 100 pcs.);
H (t) –characteristics of flow of failures (characteristic of repairs
impacts);
Ке -factor, considering the average lifespan of the machines;
Wg -planned annual production of the machine in the area for
which norm is crated, l. main fuel [2];
Wc -average annual production at which certain characteristics of
the stream of refusals l. main fuel [2].
Conclusions:
1. Proposed common non-parametric approach to determine the
parameters and characteristics of the flow of failures of elements
of machines with recurrent stream recurrent stream late and total
recurrent stream.
2. Analyze the impact of the parameters of the laws of
distribution of work off till failure (the resource) of elements on
the parameters and characteristics of the stream of refusals for
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THE EFFECT OF PREVIOUS CROP, TILLAGE AND SOURCE OF NITROGEN ON
NODUL FORMATION, DRY MATTER ACCUMULATION AND SEED YIELD OF
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Abstract
The objective of this study was to compare the effects of previous crop residue (wheat vs. lentil), tillage (reduced tillage vs. no-tillage) and
nitrogen source (rhizobial inoculant and fertilizer-N application) on nodul formation, dry matter accumulation and seed yield of double crop
soybean. The experiment was laid out as split-split plot with three replications. According to results obtained from the study, previous crop
residue affected seed yield, and seed yield after cultivation of lentil was higher than after wheat. Nodul nitrogen content decreased at the
reduced tillage, while nodule dry matter and seed yield increased compared to no-tillage system. Rhizobium inoculation alone produced the
highest seed yield. However, the addition of N-fertilizer to inoculated soybean did not improve seed yields when compared with inoculated
only treatment. This research demonstrates that applying rhizobium inoculation in no-tillage system under lentil residue has the potential in
increase nodulation and seed yield of soybean grown double-cropping system.
KEYWORDS: SOYBEAN, PREVIOUS CROP, TILLAGE, NITROGEN, NODULATION, DRY MATTER, SEED YIELD
small amount of N fertilizer is applied as a “starter N” to promote
initial growth (Ohyama et al. 2009). The inhibitory effect of nitrate
on nodulaion was early reported by Harper (1987) and Streeter
(1988) as cited in Ohyama et al. (2009), however, the precise
mechanism for the inhibition of nodulation and nitrogen fixation
has not been fully understood. Results from field studies with
starter-N application have generally been negative or inconclusive
(Imsande 1992; Starling et al. 1998).

1. Inroduction
Soybean (Glycine max [L.] Merr.) is a major grain legume crop for
feeding humans and livestock. It serves as an important oil and
protein source for large population residing in Asia and the
American continents (Ohyama et al. 2009). In order to improve
nutrient and water use efficiency, yield and economic sustainability,
soybean must be grown under optimum agricultural systems.
Double-cropping soybean-wheat, soybean-barley, soybean-chickpea
or soybean-lentil is being practiced by farmers in Southern Turkey
as a means for improving cash flow, spreading risk, improving use
of land and equipment, and achieving greater net returns on
investment.

The objectives of this study were to evaluate the effects of previous
crop residue, tillage system and nitrogen source on nodulation, dry
matter accumulation and seed yield of soybean grown under
double-cropping system in Southern Turkey.

2. Materials and Methods

It is widely known that previous crops affect the growth and yield
of the following crops through several mechanisms such as changes
in water use efficiency (Karlen & Sharpley 1994), nutrient use
efficiency (Burle et al. 1997), soil quality (Karlen et al. 1992; Doran
& Parkin 1994; Karlen & Stott 1994), and biological diversity
(Karlen et al. 1994). Cereal straw can act as a mulch to conserve
soil moisture, impede runoff, and prevent surface crusting.
Furthermore, inclusion of legumes such as lentil and chickpea in a
cropping system helps in improving physical and chemical
properties of soil (Godsey et al. 2007).

The study was carried out at University of Dicle, Faculty of
Agriculture, Field Crops Department, Diyarbakir located in
South East Anatolian Region of Turkey in 2010. The region
has a warm climate in summer, and the mean annual rainfall
is around 450 mm, most of which fall in a major cropping
season which extends from November to June. The
treatments were replicated three times in split-split plot based
on randomized complete block design with previous crop
residue (wheat vs. lentil) in the main plots, tillage methods
(reduced tillage vs. no-tillage) in the sub-plots and nitrogen
sources (control, 200 kg N ha-1, rhizobial inoculant and
rhizobial inoculant+50 kg N ha-1 fertilizer as ammonium
nitrate) in the sub-sub plots. The reduced tillage treatment
involved rotary tiller before sowing. All plots were fertilized
with 100 kg P ha-1 applied as basal dose in the form of triple
super phosphate fertilizer prior to sowing. Bradyrhizobium
ssp. which contains a minimum 4 x 109 viable cells per gram
was used as inoculant (HiStick, Becker Underwood, UK.) in
this study. Seed inoculation was applied at planting. Soybean
cultivar SA 88 (MG III) was sown on June 30. The size of
each plot was 2.8 x 5.0 m. Row spacing (four rows) was 0.7
m and the distance between plants in the row was 0.05 m,
providing a sowing density of 28.6 plants m2. Weeds were
controlled by both Trifluralin (2.5 L ha-1) as pre plant and by
hand as needed. The field was uniformly irrigated at 10-day
intervals until harvest period using overhead sprinklers.
Biomass partitioning, nodule number and dry matter were
measured on 3 plants treatment-1 at R5 growth stage. The

Different tillage systems also affect soil sustainability. Tillage is
among the major practices that influence physical, biological and
chemical properties of the soil environment and subsequently
affects nitrogen fixation (Kihara et al. 2012). Conservation
agriculture including reduced and no-tillage system of crop
production is attractive to farmers because of savings in fuel, labor
and machinery, increased potential for double-cropping, reduced
soil erosion, reduced environmental pollution, and various other
advantages (Godsey et al. 2007)
Soybean plants assimilate the N from three sources, N derived from
atmospheric nitrogen by symbiotic N2 fixation in root nodules,
absorbed N derived from soil mineralized N, and N derived from
fertilizer when applied (Ohyama 2009). Sole N2 fixation is generally
insufficient to support vigorous growth of shoot and roots, which
results in the reduction of plant growth and seed yield. Harper
(1974) reported that both soil N and symbiotic N are required for
the optimum soybean production. On the other hand, a heavy supply
of N fertilizer often depresses nodule development and N2 fixation
activity and induces nodule senescence, which also results in the
no-effect or sometimes in reduction of seed yield. Therefore,
nitrogen fertilizer is not applied for soybean cultivation or only a
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soybean roots. On avarage, application of 50 kg ha-1 as
starter nitrogen decreased the number of nodules by 43%
compared to inoculation alone. Seneviratne et al. (2000)
reported similar results, which they concluded that addition
of 50 kg N ha-1 at the beginning of flowering resulted in a
reduction of nodulation in inoculated plots. These results are
similar to those obtained by other authors in which the
application of small amounts of N-fertilizer did not provide a
major benefit for number of nodules (Zhang et al. 2000;
Hungría et al., 2006). Previous crop, tillage system and
nitrogen source had interactive effects on number of nodules.
Under lentil previous crop, reduced tillage and inoculation +
50 kg N ha-1 conditions decreased the nodule number by 80%
as compared to combination of wheat previous crop, notillage and inoculation alone (Table 2). Lafond et al., (1992)
reported that under previous crop lentil and reduced tillage
system condition decreased soil moisture content and this
reduction in water stress may decrease number of nodules.
Furthermore, inoculation + 50 kg N ha-1 affected nodul
number negatively. These interactive effects resulted in a
reduction of nodulation in soybean.

root and nodules were separated at the end of the assay, and
the number of nodules per plant was counted and recorded.
The shoot, root and nodule samples were dried separately in
an oven with air circulation at 70 oC for 48 h and dry weights
were recorded. Samples were subsequently milled and the
nitrogen concentration determined N analyzer (Leco FP2000; Leco Corp., St. Joseph, MI). All plots were harvested
from two central rows at mid-October. The seeds were airdried and weighed, and seed yield recorded on a dry weight
basis. Protein content of seed was measured as N×6.25.
Data was subjected to an analysis of variance (ANOVA)
using a statistical software package (JMP version 5.0.1a).
Least significant difference (Tukey’s HSD test) was used to
compare treatment means at P=0.05.

3. Results and Discussion
According to the results of the experiment, previous crop and
tillage system did not affect the nodul number of soybean,
whereas the nitrogen source effect on nodule number of
inoculated soybean (Table 1). Fertilizer N had a significant,
negative effect on the number of nodules formed on the

Table 1. Previous crop, tillage and nitrogen source effects on nodule number, nodule nitrogen content, nodul
dry matter content, shoot nitrogen content, shoot dry matter content, seed yield, seed protein and oil content of
soybean.
Application
Nodule
Nodul
Nodul
Shoot N Shoot
Seed
Seed
Oil
number N
dry
content dry
yield
protein content
(no
content matter
(%)
matter (kg ha-1) content (%)
-1
plant )
(%)
content
content
(%)
(%)
(%)
Means
Previous crop (A)
Wheat
50.11
37.62
30.30
25.33
31.02
2295.7 b 34.95
21.38
Lentil

37.36

39.51

32.01

23.80

30.26

2802.1 a

35.76

20.95

Significance

ns

ns

ns

ns

ns

*

ns

ns

LSD (%5)

31.51

5.36

5.65

4.38

1.24

315.4

1.71

1.19

No-tillage

51.30

39.58 a

29.98 b

24.90

30.63

2289.7 b

34.49

21.25

Reduced

36.16

37.55 b

32.32 a

24.23

30.65

2806.2 a

36.22

21.08

Significance

ns

*

*

ns

ns

**

ns

ns

LSD (%5)

21.57

0.33

2.66

1.16

1.20

155.9

2.56

0.86

-

-

-

25.05

30.94

1847.2 b

35.87

20.14 b

-

-

-

25.17

30.09

2771.6 a

35.47

21.81 a

55.62 a

39.68

32.31 a

23.57

30.55

2812.9 a

34.61

21.38 a

31.84 b

37.45

29.99 b

24.47

30.97

2760.1 a

35.45

21.31 a

Significance

*

ns

*

ns

ns

**

ns

*

LSD (%5)

20.77

3.97

2.29

2.28

1.15

203.9

1.94

1.10

Tillage (B)

Nitrogen source (C)
Control
200 kg N ha

-1

Inoculation (I)
I + 50 kg N ha

-1

Significance of interactions
AxB

ns

**

ns

ns

ns

ns

ns

ns

AxC

ns

*

ns

ns

ns

ns

**

ns

BxC

ns

ns

*

ns

ns

**

*

*

AxBxC

*

ns

ns

ns

ns

**

ns

ns

*, ** and ns denote the difference at P≤0.05, P≤0.01, and no significance, respectively.
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ha-1 as starter nitrogen resulted in a reduction of N content of
nodule. According to interactive effect of previous crop x
tillage system, reduced tillage significantly decreased N
content of nodule in the plots where wheat had been grown
previously (Fig.1). One reason for this is the possibility that
larger amounts of soil N may have been lost by
denitrification under the no-tillage system. This has been
verified by Aulakh et al., (1998) and Rennie et al., (1998). N
content in nodule was significantly influenced by previous
crop and nitrogen source. Among the previous crop x
nitrogen source combinations, N content in nodule was
significantly higher in rhizobium inoculation alone of lentil
residue than in any other treatment combination (Fig. 2).

In this experiment, N content in nodule was not significantly
affected by previos crop although it tended to be higher in
lentil previous crop compared to wheat (Table 1). This was
possibly due to the high mineral-N content in the soil. A
significant difference was found between tillage methods
with higher N content in nodule from no-tillage plots (Table
2). Similarly, Herridge & Holland (1992) observed that
soybean grown using no-tillage had increased N content
compared with soybean grown using reduced-tillage, which
they attributed to improved soil water conservation and water
use efficiency with no tillage compared to other tillage
methods. Differences in N content of nodule between
inoculation and inoculation + 50 kg N ha-1 treatments were
not significant statistically. However, the addition of 50 kg N

Table 2. Nodule number (no plant-1) as affected by previous crop, tillage system and nitrogen source.
Previous crop

Wheat

Lentil

Tillage system

Nitrogen source

Mean
-1

I

I + 50 kg N ha

No-tillage

78.50 a

31.72 bc

55.11

Reduced

55.00 ab

35.22 bc

45.11

Means

66.75

33.47

50.11

No-tillage

50.00 ab

45.00 abc

47.50

Reduced

39.00 bc

15.44 c

27.22

Means

44.50

30.22

37.36

LSD: previous crop * tillage system*nitrogen source
I=Rhizobium inoculation

33.92

inoculated treatment gave more nodule dry weight than that
of the fertilized plant. This result indicated that rhizobium
inoculation treatment responded better than other treatment.
Ahmed et al. (2014) reported that the control treatment
significantly gave more nodules weight over that of the
inoculated and fertilized treatments. Among the tillage and
nitrogen source combinations, dry matter weight of nodule
was significantly higher in reduced tillage treatment of
inoculation alone (34.74%) than in any other treatment
combination(Fig.3).

Dry matter content of nodule are not significantly affected by
previous crop, however, it was significantly affected by the
tillage system and nitrogen source (Table 1). Dry matter
content of nodule in soybean grown under reduced tillage
was 8% higher than under no-tillage system. Similarly,
Herridge & Holland (1992) observed that soybean grown
using reduced tillage had increased dry matter content of
nodule compared with soybean grown using no-tillage.
The addition of N fertilizer (50 kg N ha-1) to rhizobium
inoculation depressed nodule dry weight (Table 1). The
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The above results were supported by Mendes et al. (2003)
who reported that the use rhizobium inoculation alone under

conventional tillage remarkable benefical on dry matter of
nodule in soybean.

As seen in Table 1, shoot nitrogen and dry matter content
were not influenced by previous crop, tillage, nitrogen source
or their interactions. However, shoot nitrogen and dry matter
content were greater in soybean following wheat than
following lentil. Shoot nitrogen content in the plants tended
to be higher in control and 200 kg N ha-1 applications
compared to inoculation alone or inoculation + 50 kg N ha-1.
Seed yields of soybean (Table 1) were significantly affected
by the previous crop. Seed yield after cultivation of lentil
was higher than after wheat. The values for seed yield of

soybean after lentil and wheat as previous crop were 2802.1
and 2295.6 kg ha-1, respectively. Higher yields after lentil
could be due to increased soil fertility owing to biological
nitrogen fixation or due to other rotational effects (Shyam et
al., 2007). Arihara et al. (1991) reported that previous crops
might affect the growth of succeeding crops by altering the
soil physical properties, and in lentil-based cropping systems,
seed yields of crops are generally higher after lentil as
compared to after non-legumes including cereals, oilseeds,
etc.

Differences in seed yield between reduced tillage and notillage treatments were also significant statistically. Reduced
tillage increased seed yield of soybean by 22.5% relative to
no-tillage treatment (Table 1). Since reduced tillage allows
for greater root penetration of the soil, the higher seed yield

for the reduced tillage treatment was probably due to better
plant-water or plant-nutrient relations. Voorhees &
Lindstrom (1984) reported that reduced tillage produced
better soil porosity and overall soil quality. The addition of
N-fertilizer to inoculated soybean did not improve seed yield
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when compared with inoculated only treatment (Table 1).
Also, the un-inoculated and N-fertilized (200 kg N ha-1)
produced equal seed yields with inoculated alone or
inoculated + 50 kg N ha-1 additional fertilizer. These results
are similar to those obtained by other authors in which the
application of N-fertilizer did not provide a major benefit
compared to inoculation alone (Seneviratne et al., 2000;
Albareda et al., 2009). Inoculation alone and 200 kg N ha-1

applications yielded higher seed yield with reduced tillage
system than with no-tillage. In contrast, no-tillage with
inoculation + 50 kg N ha-1 produced higher seed yield as
compared with inoculation + 50 kg N ha-1 under reduced
tillage (Fig. 4). Previous crop x tillage system x nitrogen
source interaction had significant effect on seed yield (Table
1). Highest seed yield was obtained from previous crop lentil
x reduced tillage x inoculation alone combination (Table 3).

Table 3. Seed yield (kg ha-1) as affected by of previous crop, tillage system and nitrogen source.
Previous
Crop

Tillage

Wheat

Lentil

Nitrogen Source
Control

200 kg N ha-1

I

I + 50 kg N ha-1

Mean

No-tillage

1014.0 d

2032.6 c

2399.3 bc

2736.0 ab

2045.4

Reduced

1967.3 c

2863.0 ab

2933.0 ab

2421.0 bc

2546.0

Means

1460.6

2447.8

2666.1

2578.5

2295.7

No-tillage

1326.0 d

3158.3 a

2706.6 ab

2938.6 ab

2533.9

Reduced

3081.6 ab

3032.6 a

3212.6 a

2941.8 ab

3066.3

Means

2203.8

3095.4

2959.6

2760.1

2800.1

LSD previous crop*tillage system*nitrogen source
I=Rhizobium inoculation

407.9

It was detected that previous crop, tillage and nitrogen source
had insignificant effect on seed protein content of seed.
However, there were significant differences between
previous crop x nitrogen source, and tillage x nitrogen source

interactions in terms of effect on seed protein content (Table
1.). Under lentil previous crop, the highest seed protein
content were obtained at 200 kg N ha-1 and RI + 50 kg N ha-1
applications, respectivelly (Fig. 5).

This indicated that seed protein content tended to increase in
previous crop of legume with added nitrogen fertilizer to
rhizobium inoculation. However, under previous crop of
wheat and application of 200 kg N ha-1 caused the lowest
seed protein content. The increase in seed protein content

because of fertilizer N addition with previous crop of legume
agrees with findings of Saini & Chongtham (2011) who
reported that fertilizer N addition increased protein content of
seed in soybean by increasing the beneficial effects of the
previous legume crop.
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Interaction of reduced tillage x control where no fertilizer
was applied produced the highest seed protein content (Fig.
6). The highest seed protein content could be attributed to
decomposition of residues in reduced tillage system thus
releasing nutrients to the soil particularly nitrogen. Thus,
lower seed protein content was observed under no-tillage

system accompanied with minimal levels of nitrogen
fertilizer. These results are in line with Boomsma et al.
(2009) who stated that chiseled maize grown can up took the
nitrogen and water up to 40 cm depth which increased
chlorophyll contents and thus causing more protein content.

Oil content was higher slightly after wheat than after lentil,
although differences were not significant. However, there
was statistically difference in seed oil content among
nitrogen source, and control treatment had a lower oil content
compared with other treatments (Table 1). Figure 7 present
the influence of tillage system x nitrogen source interaction
on oil content of soybean. The highest oil content was
observed in no-tillage + inoculation alone treatment which is
statistically at par with those of no-tillage + 200 kg N ha-1,
reduced tillage + 200 kg N ha-1, and reduced tillage +
inoculation + 50 kg N ha-1 applications. Treatment effects on
oil content was inconsistent between tillage system and
source of nitrogen, however, the interaction occurred because
application of nitrogen fertilizer increased oil content. Notillage treatment had the highest and the lowest oil content
with the rhizobium inoculation and control treatments with
rhizobium inoculation alone having the highest and control
having the lowest. This results are compatible with those
obtanied by Fecak et al. (2010) who reported seed oil content
of soybean was higher at no-tillage with low starter nitrogen
treatment.

4. Conclusions
This experiment has shown that retention of residues in a
soybean-wheat or soybean-lentil rotation affected seed yield
of soybean grown double-cropping system. There was a
substantial increase in seed yield of soybean cultivated after
lentil compared to wheat. Thus, we recommend to include of
legumes such as lentil in these systems to reduce fertilizer N
requirements. Nodul nitrogen content, nodule dry matter
content and seed yield influenced by tillage system. Nodule
nitrogen content was higher in no tillage treatment, while
nodule dry matter and seed yield were higher in reduced
tillage than those of no-tillage. The addition of N-fertilizer to
inoculated soybean caused to decrease nodule number and
nodule dry matter content. Furthermore, inoculation alone
provided equal benefits with other treatments except control.
The small differences in yield obtained in this study may not
be sufficient to offset additional fertilizer cost. According to
findings of this experiment, reduced tillage system with
rhizobium inoculation alone are recommended to attain high
seed yield under lentil previous crop.
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EXPERIMENTAL INSTALLATION FOR INVESTIGATION OF THE EGGS
AUTOMATIC SORTING INTO CATEGORIES IN STREAM
ЭКСПЕРИМЕНТАЛЬНАЯ УСТАНОВКА ДЛЯ ИССЛЕДОВАНИЯ ПРОЦЕССА АВТОМАТИЧЕСКОЙ
СОРТИРОВКИ ЯИЦ НА КАТЕГОРИИ В ПОТОКЕ
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Abstract: A modified flow line for eggs sorting by geometric parameters and forms is discussed in the paper. A method for eggs sorting by
shape factor allowing to remove sub-standard eggs is proposed. Also the algorithm for determining the geometric parameters of the eggs
using a vision system is considered. The fundamental difference of experimental installation for automatic eggs sorting on the category from
existing sorting machines, that share eggs on a category by weight, is separation of eggs on a categories by size and separation substandard
eggs in the stream. In the experimental installation mechanism for moving the eggs dismantled and replaced to an endless rope transporter
with independent frequency-controlled electric drive. As a result of the experimental verification of system parameters of technical vision on
the experimental installation showed that the time required for classification of the eggs is not more than 340 ms.
KEYWORDS: AUTOMATED DEVICE, METHODS, THE RESULTS, EXPERIMENT, EGGS, VISION SYSTEM, SHAPE FACTOR,
LABVIEW

1.

Introduction

Sort of eggs has huge economic significance, and is a fundamental
problem in the poultry industry. Processing of eggs has four stages:
collection, disinfecting, sorting and packing. Collection processes,
disinfection and packaging are mechanized and do not require large
manual labor. To sort the eggs is required large expenditures of
manual labor and accordingly cash. In addition, the person is unable
to provide the required accuracy and quality sorting. Currently eggs
for sale are sorted into categories by weight, eggs for incubation
selected manually by using the organoleptic methods. Separating
eggs on a conditional defect and conditioning is difficult because of
the lack of criteria grading and subjectivity of visual assessment [1].
The development and commercial execution sorting machines of
eggs are engaged many firms. Known machines have a limited
speed, due to the inertia of the mechanical weighing mechanisms,
on them is impossible to separate eggs, which have a non-standard
shape and defects of the shell, have limited technological
opportunities and used for sorting food eggs on category by weight
and sorting of incubation eggs is produced mainly by using the
organoleptic methods. The most acceptable and promising solution
to the problem of egg sorting is the creation of robotic technology
conveyors using
tools of technical vision
and automatic
recognition of the indicators of quality on digital images with
subsequent distribution of original flow into categories with
different quality parameters. The use of vision system to determine
the quality indicators of eggs creates the potential increase in
productivity and accuracy of perform the necessary measurements
and expansion of technological capabilities sorting machines [2].

Figure 1 – Work principle of technological line (the experimental
installation).
For the conducting research is made experimental installation on
the basis of machine for eggs sorting on category "RITM 8-3",
which allows determine the geometric parameters of eggs in real
time. In figure 2 are designated the hardware components of the
technological line for eggs sorting in size and shape in the stream to
which received a patent Republic of Kazakhstan for utility model
[3].

2.
Work principle of system for sorting eggs
The principal difference the experimental installation for the
automatic sorting of eggs on the category from the existing sorting
machines that separate the eggs on category by weight, is the
separation of eggs on category by size and separating substandard
eggs in the stream: Overall work algorithm (the experimental
installation) of technological line is shown in Figure 1.
Chicken eggs (1) are fed to the roller conveyor (2), where the
alignment and distribution of eggs to equal the distance between
them, then the eggs one by one pass in the control area of smart
cameras (3), the resulting image is transferred to the embedded
microprocessor with installed software LabVIEW (4), in a medium
which is a special program and algorithm for analyzing and
classifying the eggs parameters (5), after which an egg is moved to
the rope conveyor (8), and the resulting data is sent to the controller
(6), wherein are formed the operation control command pneumatic
valves ( 7) which directs eggs with air stream from rope conveyor
(8) in storage (9) of the respective category.

Figure 2 - The technological scheme of line separation of eggs on
category based on the system of technical vision.
1 - Orientation conveyor and rotation of eggs; 2 - Smart Camera; 3 Controller; 4 - transverse conveyor line; 5 - Compressor; 6 Inductive sensors; 7 - Pneumatic (kickers);
8 - Tray with non-standard eggs; 9 - trays of eggs in various
categories.
Eggs are fed to the conveyor of orientation and rotation, which
arranges them in three rows, with the help of special devices eggs is
shifted on a moving mechanism in one row towards to the lens a
smart camera. At hit in a zone of control chamber of each egg, the
inductive sensor is triggered, which sends a signal to the processor
of smart cameras, and it captures the image, performs analysis, the
allocation of the object from the general background of the image
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and determines the parameters (perimeter, area and shape factor),
and sends the information in digital form to the controller. The
controller depending on the received parameter values sends a
signal to corresponding actuator, for separating the eggs on category
and to reset the eggs into the appropriate tray.
All the mechanisms of technological line of machine "RITM 8-3,"
is driven by a single motor. Transmission Systems moments on
working arrangements are complex multi-stage mechanical parts,
which reduce the efficiency of the electric drive and require
additional operational costs. The most difficult, inefficient and
metal consumption are translational linear conveyor of moving eggs
on weight mechanism. In experimental installation mechanism for
moving the eggs dismantled and replaced by an endless rope
conveyor with independent frequency-controlled electric drive.
Instead of weighing mechanism is installed smart camera and a
pneumatic valve actuator. As a result, a proposed modernization is
appearing possible determine the size and shape of the eggs in the
stream (dynamic mode), that provides productivity increase
compared the base variant. Potentially replacing of weighing
mechanism on the vision system provides increased productivity by
at least 2-fold compared the base variant. To realize the potential
opportunity technological line on based technical vision system
need to be upgraded and the existing egg supply system to the
control zone.

3.

Used the following sequence of actions - search a closed figure with
method carrying tangents to the boundaries of the closed surface
(optical projection image on a matrix of camera in pixels) [4].
Points obtained at the intersection of the closed surface and tangents
connected among themselves forms a certain figure. Further the
obtained figures are classified by the size of area object image. If
the object covers an area of more than a predetermined value,
consider that this object is the egg, others are objects of smaller
size, not be processed are objects, obtained from interference,
including the presence of glare from substandard lighting, the
presence of small objects and other interference. To select an object
(image of projection eggs) performed image processing, determine
the large and small diameter, area, perimeter in the pixel and the
value of shape factor [5]. The obtained data is transmitted to the
controller on request. After that, the data are zeroed to obtain new
data. The program of processing video image developed in
«LabView» environment. Fragments of the program are presented
in Figure 5.

Algorithm and software of vision system

Determined the choice of software and hardware of the processing
of the video stream on base study of a number of industrial cameras
and digital image processing software environments in real time.
Was selected smart camera of type NI-1772-EF00303A and
programming environment for video image processing of firm «NI»
NI Vision Builder. Photographs of eggs takes place in the flow, by
Sensor "The presence of eggs under the camera." When the egg is
suitable camera control zone, sensor "the presence of eggs under the
camera" outputs a signal to the camera, the camera photographs the
object. Image capture is performed with software tools providing a
number of algorithms, figure 4.

Figure 5 - Program of processing video image
In Figure 5 shows a table of data transmitted from the camera to the
controller.

Figure 6 - Еable of data transmitted from the camera to the
controller.
General structure of the program is designed so that the program
receives data from the relevant sources. The program performs
calculations in accordance with the information processing
algorithm. The results of information processing on the parameters
of each egg introduced a special structure, that defines all possible
states of the eggs (suitability, geometric characteristics, which in a
sorting tray is necessary to reset the egg, etc.) [6,7]. The structure is
formed for each egg at the time of receiving data from the camera
and destroyed at the time of egg reset to the appropriate tray.
Substandard eggs coming last tray. The program for the controller is
developed in Codesys environment in language ST. The work
algorithm of the program is as follows: by a given formula

Figure 4. The algorithm of the program for eggs sorting
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(1)

Where:
K – shape factor;
L – longitudinal section perimeter;
S – square longitudinal section;
that includes geometric characteristics of eggs is determined ‘'shape
coefficient'' for each egg and computed value of shape factor is
compared with a predetermined range of variation of shape factor
values in accordance with the requirements of the standard. If the
current value falls within the specified range is considered to be the
egg meets the requirements of the standard on Form, otherwise the
egg is not fit for incubation. Similarly, eggs are separated by size.

4.

Conclusion

For experimental verification of the accuracy of intellectual
classifier egg sorting by size and shape is necessary eggs parameters
obtained in digital form (pixel) to convert to the metric system.
More simple method for camera calibrating used in the setup
conditions of the experimental installation is developed. The
essence is the following - after the installation of the camera and
setup to the sharpness in the field of the frame is put two rulers
perpendicular to each other. The measurement error of linear
dimensions of smart camera, after calibration by this method is not
greater than 0.25 mm. As a result of experimental verification of the
technical vision system parameters of the experimental installation
the following results are obtained:
- The processing speed of the image in the camera - no more than
140 ms.
- The speed of data processing in the controller - no more than 100
microseconds.
- The exchange data time of controller with camera and pneumatic
valves is no more than 200 ms.
The total time required for classification of one egg is no more than
340 ms.
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Abstract: The article presents the results of experimental studies of the soil tillage unit based on a new modular power machine of
variable traction class. It includes the universal tractor of drawbar category 1.4 (2.0) and technological unit as an additional bridge, having
active drive wheels from synchronous PTO-shaft of the tractor. The new modular power facility with experienced five-part plow has been
investigated in wheat stubble plowing. Obtained operational and technological parameters are compared with the same regulatory
parameters of the tillage unit as part of a tractor of class 1,4 and a three-part plow. It is found that the performance of a new replaceable
unit is 1.9 times higher and the specific fuel consumption is 27.5% less in comparison with the standard unit.
Special laboratory and field experimental studies established the degree of influence of the wheels on the process of compaction of different
initial moisture content (12.8...20.8%) after the passage of the wheels of the front and rear axles of the tractor of class 1,4.
KEYWORDS: TILLAGE UNIT, MODULAR POWER UNIT, PLOWING, SOIL DENSITY, TEST PERFORMANCE.
development of adaptation measures as their existing fleet of
machines and tools, and adjustment to the specific climatic
conditions. Practical experience shows that sometimes it is possible
only by means of a significant change in the power structure.
In the case of own production of Drawing Class 2 and 5
tractors it is required to create new costly production capacity. In
principle, this problem can be solved, but in the foreseeable future,
as each country can set up production of its own power resources.
In our opinion, faster and more efficient way out of this
situation is possible, by creating a modular power unit: general
purpose cultivating tractors of Class 1,4-3 produced on the basis of
wheeled tractors of Drawing Class 1,4 and general purpose tractors
of class traction 3-5 based on standard tractors of Drawing Class 3.
The technical feasibility and economic viability of mobile
power resources of traction class were confirmed by the results of
years of research and testing, we have created a model sample of a
new modular power unit [3, 6, 9].

Formulation of the problem.
One of the most effective ways to solve the problems
associated with the nomenclature of tractor power is the
introduction of modular power resources, high versatility and
adaptability of the technology which is provided by the variability
of traction class [1, 2, 4, 5, 7, 8, 11, 12]. This is a fundamentally
new direction of tractor development today and is true in almost all
countries of the world. But it is especially topically for countries
undergoing the reform of the agricultural production systems. These
countries employ their specific tractors’ classification which is
based not on the engine power, but on the draft force of the tractor
measured by 1000 kg·m/s2. It is called ‘Drawing Class’. There is a
lack of tractors of Drawing Class 2 and especially of Class 5.
The obvious at first glance, the way to solve this problem
by purchasing the missing power assets abroad or independent of
their production is quite problematic. The acquisition of foreign
tractors, apart from dealing with financial matters, requires the

а)
b)
Fig. 1. Modular power units of variable Drawing Class 1,4-3 (a) and 3-5 (b)
For several years we have conducted our pilot studies and
tests of new modular power units of variable Drawing Class 1,4-3
and this paper summarizes our recent results from laboratory and
field studies of the experimental tillage unit on the basis of the
power unit (Fig. 2).

1.4 wheeled tractor and a technological unit. The latter is an
additional axle with wheels of the synchronous PTO tractor. In front
of the tillage module there is a coupling device where the rear hitch
mechanism of Class 1.4 tractor is joined. For the attachment of
agricultural implements the technological unit is equipped with the
hydraulic hinged system and its own PTO shaft, the trailing unit and
the braking system. Brief technical characteristics of the
technological module are presented in Table 1.

Research methods.
The experimental modular power unit consists of Class
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Fig. 2. The tillage unit on the basis of a modular power unit
The process of turning the module linked to the vehicle
when driving on the headland and copy of the field profile in the
cross-vertical plane is ensured by the presence of vertical and

horizontal joints. Matching the wheel rotational speeds on the
technological module and rear wheels of the tractor is carried out by
a special gear disposed on the frame tillage module.
Table: Brief technical characteristics of technological module
kg
3640
2560
6200
kW
62.0
kW/ton
10.0
mm
2400

Operating Weight:
Tractor, Drawing Class 1,4:
Technological module
In total:
Engine power
The high-power,
The distance between the rear wheels of the tractor
and the wheels of the tillage module
Base
Track
Tyre size of the technological unit

mm
mm
“

Operational and technological tests of the plowing
machine and tractor units on the basis of a modular power tool were
carried out in accordance with the standard for testing of tractors
and agricultural machinery. The modular power unit is packaged
with the standard (five working bodies with a width of each hull of
35 cm) five hull plow (see. Fig. 2), which is used with tractors of
Drawing Class 3.
The modular power unit moves the right wheels outside of
the furrow on the rut. The distance from the wall to the starboard
side of the wheels does not exceed 15 cm at the same time.

4770
1450
16.9R38

The plowing was carried out in the field after harvesting
of winter wheat. Moisture in the soil horizon of 0...14 cm was
18.8%, and the density was 1.21 g/cm3. The standard deviation of
the plowing depth of experienced tractor units was ± 2,2 cm and
working width was ± 3,8 cm.
After processing the experimental results, the analysis of
the operational and technological data showed that the performance
of the new replacement unit is 1.9 times higher compared to the
same regulations [10]. The figures for the basic tillage tractoroperated machinery as a part of class 1.4 and a standard tractor with
five bodies plough tools are presented in Table. 2. This is achieved
mainly due to the greater (68.5%) working width of the unit on the
basis of the modular power unit.

The experimental results and their discussion.
The complexity of the tillage module linked to the tractor
is 0.2 man-hours. It was determined experimentally that two
mechanics spent on this operation has not more than 6 minutes.
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Table 2. Operational and technological indicators of tillage units
Indicator
The composition of the machine-tractor unit:
tractor:
plough:

Significance of the indicator
Modular power
Wheeled tractor class
tool
1,4
+
+
5-bodies plough
3-bodies
tool

Working conditions:
Working width, m
Depth of plough, cm
velocity, km/h
Productivity, ha/h
basic
shift
Losses of:
labour, men h/ha
fuel, gh/ha
Utilization coefficient:
Shift time
Process reliability
Trips

1

– Constructive working width of the plow

2

– Performance of the standards

3

1.77
22.8
8,35
1.47
1.25

0.652

0.80
12.9

1.53 3
17.82

0.85
0.99
0.82

– Estimates
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1.05 1
20…22 2

Specific fuel consumption of the new machine and the
tractor unit decreased by 27.5% due to lower power slipping units.
The actual value of this indicator for the modular power unit for
five unit plow tools with a plow in a pilot study did not exceed
10%, indicating the relatively high potential of its traction
characteristics.
In the model sample of the modular power unit a vertical
hinge tillage module is placed midway between its thrusters and
rear tractor wheels.
As a result, as shown by tests, the wheel production
module practically fits into the rear track of the tractor propellers of
Class 1.4. In addition, sufficient mutual angular mobility in the
horizontal plane of the tractor and the tillage module do not impair
the turning capacity of the modular power unit. The difference
between the tractor turning radius of Class 1.4 and a technological
unit is at least 3 cm.
As a result, the modular power unit provides the
satisfactory maneuverability of the tillage tractor-operated
machinery, as it was evidenced by the relatively high value of the
coefficient of strokes of 0.82 (see Table 2.).
It should be noted that the presence of tillage units
comprising power units leads to the increase in the minimum width
of the headland, the machine and the tractor unit to 9...12% and
increases the mobility time to 2...5%. The total overhead time in
doing so, as shown by the results of our long-term research, is
insignificant.
The soil compaction effect of power unit was studied
during operational and technological tests of the new tillage
machinery. The tests were carried out on the stubble of winter

wheat with two levels of soil moisture. In the same field (section 1)
the soil moisture in the crop background horizon of 0...15 cm was
12.8%, and the second section (phase 2) was 20.8%.
The bulk density of the soil after the passage of each
wheel axle of the modular unit was recorded in the horizon of
0...15 cm using a radiation unit PFR-2.
The analysis of experimental data has shown that when
driving on wheat stubble wheels not only tractors but also the
production module with modular power tools do not create an
additional compaction effect on the soil (Table. 3).
Thus, after the tractor rear wheels moving, the average
value of soil density was 1.40 g/cm3. The passage of the tillage unit
increases soil density up to 1.41 g/cm3 (Table. 3). The difference of
0.01 g/cm3 is, however, negligible, because the statistical
significance level of 0.05 has the least significant difference
(NSR05) of 0.03 g/cm3.
Hence, the 95% confidence level can be argued that in
this case, the null hypothesis of equality of the compared average
density value deviates.
Thus, after moving the rear wheels of the tractor, the
average value of soil bulk density is up to 1.40 g/cm3. The passage
of the technological module increases bulk density to 1.41 g/cm3
(Table. 2). The difference of 0.01 g/cm3 is, however, negligible,
because the statistical significance level of 0.05 has less significant
difference (NSR05) of 0.03 g/cm3.
Hence, with 95% confidence level it can be argued that in
this case, the null hypothesis of equality of the compared average
density value deviates.
Table 3. Soil compaction due to wheels of the modular power unit
The index value on the wheat stubble

Index
The initial background density

Plot 1
1.44 ± 0.01
0.06
4.17

mean value, g/cm3
standard deviation, ± g/cm3
the coefficient of variation, %

Plot 2
1.21 ± 0.02
0.03
2.47

The bulk soil density after the passage of modular power unit wheels
tractor front axle:
mean value, g/cm3
standard deviation, ± g/cm3
the coefficient of variation, %
rear axle of the tractor:
mean value, g/cm3
standard deviation, ± g/cm3
the coefficient of variation, %
Bridge Technological module:
mean value, g/cm3
standard deviation, ± g/cm3
the coefficient of variation, %
In other words, the statistical characteristics of the soil
bulk density after the passage of the rear wheels of the tractor and
the wheels of technological modules of the modular power unit of
new design are the same.
The impact of modular propulsion power units on the
ground when they are driving on wet soils (Plot 2) is somewhat
different. If the front axle of the tractor wheels does not
substantially alter the soil density, the rear wheels have at least the
small, but statistically non-random further compaction effect. When
NSR05 = 0.024 g/cm3, the actual difference between the mean
values of the seals after the passage of the front and rear wheels of
the tractor was 0.060 g/cm3 (see. Table. 3).
As for the wheels of the tillage module, their impact on
the growth of the humid soil density is slight. The increase in this
index, after the tillage module of the wheels was only 0.01 g/cm3.
The statistical significance level of 0.05 is not significant.

1.37 ± 0.02
0.04
2.92

1.22 ± 0.02
0.03
2.46

1.40 ± 0.01
0.04
2.85

1.28 ± 0.01
0.06
4.68

1.41 ± 0.01
0.04
2.84

1.29 ± 0.02
0.03
2.32

Conclusions:
The experimental study of the tillage unit on the basis of a
modular power unit allows to conclude that the power unit can be
aggregated with a train of agricultural machinery and used with
tractors of drawbar category 3. This, in turn, guarantees a number of
advantages.
1. Having at its disposal a tractor of class 1,4 and the
tillage module linked to it, one can dispense with a tractor of
drawbar category 3 that is effectively from the economic point of
view.
2. The use of the tillage module (as the additional
driving axle), composed of the modular power unit does not
significantly increase soil compaction.
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3. Through the use of technological module the annual
download is significantly increased by universal cultivating tractors
of Class 1.4. During the year, some of the time tillage modules
cannot be used, but the loss of this, as shown by calculations, is
about 5...7 times less than that of the Class 1.4 tractor downtime.
4. The probability of development of high-quality design
mechanic power units of one brand instead of two ones or more is
much higher, it has a positive effect on the effectiveness of its
practical operation and maintenance.
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POSSIBILITIES OF THE REDUCTION OF NITROGEN LOSSES FROM SOIL AND
THE IMPACT OF FERTILIZERS ON ENVIRONMENT BY UTILISATION OF
NITRIFICATION INHIBITORS
Koloman Krištof, Pavol Findura, Hristo Beloev*, Ján Jobbágy, Tomáš Šima, Ladislav Nozdrovický
Slovak University of Agriculture in Nitra, Faculty of Engineering, Department of Machines and Production Biosystems, Tr. A. Hlinku 2,
94976 Nitra, Slovak Republic;
* University of Ruse „Angel Kanchev“, Agrarian and industrial faculty
Abstract: Aim of the paper was to compare the effects of two very similar fertilisers on nitrous oxide (N2O) flux from soil to the atmosphere
in laboratory conditions. There were used following fertilisers: granulated nitrogenous fertiliser DASA® 26/13 with content of nitrogen is 26
%, content of sulphur is 13 %, and nitrogen fertiliser ENSIN® containing sulphur and nitrification inhibitors dicyandiamide DCD and 1,2,4triazole (TZ). Both fertilisers are produced by the same manufacturer DUSLO, Inc., Šala, Slovakia. For both fertilisers there were carried
out three variants of experiments for equivalent of application rates 0, 250 and 500 kg.ha-1. The amount of N2O emissions released from soil
to the atmosphere was measured by photo-acoustic field gas monitor INNOVA 1412 connected to multipoint sampler INNOVA 1309. The
experiments were conducted for 30 days in laboratory conditions. The fertiliser was incorporated into the soil in sampling tubes to a depth of
80 mm after 24-hours measurement. Subsequently, after every 24 hours of measurement, another 48 hours was carried out, and this
measuring cycle was repeated 10 times. The results of our experiment have confirmed that the fertiliser application rate and type of used
fertiliser have a significant effect on N2O flux and have confirmed the importance of accurate and uniform application of the fertilisers in
field conditions in order to eliminate the negative environmental effects.
KEY WORDS: NITRIFICATION INHIBITORS, NITROUS OXIDE, SOIL EMISSIONS, FERTILISING, APPLICATION RATE
important of these factors is the size of the application rate of
fertiliser. Mainly because local overdosing causes an increased
concentration of nitrogen on the fields (Šima et al., 2013a). And at
the same time an increased amount of nitrogen fertiliser is unusable
for plants and in many cases it is harmful to the environment. Next,
but also very important factor may be content of nitrification
inhibitors in the fertilisers. Nitrification inhibitors has effects on the
granulometric composition (Šima et al., 2013b) of fertilisers and on
the electrical conductivity (Šima et al., 2013c) of fertiliser.
The aim of the paper is the study of the effects of nitrification
inhibitors of the two very similar nitrate fertilizers from the same
manufacturer on the production of N2O emissions released from soil
to the atmosphere under laboratory conditions - in the laboratory
experiment. There were used granulated nitrogen fertilizer with
sulphur content DASA® 26/13 and nitrogen fertilizer ENSIN®
containing sulphur and nitrification inhibitors dicyandiamide DCD
and 1,2,4 triazole – TZ.

INTRODUCTION
Nitrogen fertilisation is an important factor affecting crop yields
(Ložek et al., 1997; Ambus et al., 2011 Kajanovičová et al., 2011).
The use of fertilisers is considered as a very important factor to
intensify crop production (Šima et al., 2011). Nitrous oxide (N2O)
emissions from agriculture are ranged from 60% (IPCC, 2007) to
75% (Jackson et al., 2009) of the N2O emissions produced in the
world. Agricultural soils are a major source of atmospheric N2O
(Ruser et al., 2001). Global atmospheric concentration of N2O has
increased significantly within the last 150 years and it directly
affects the atmospheric environment – increased GHG emissions. In
addition, the global warming potential (GWP) of nitrous oxide is
298-times higher in comparison with carbon dioxide (IPCC, 2007).
It means that N2O is one of the major greenhouse gases and
contributes to stratospheric O3 (ozone) depletion (Skiba et al.,
2001). Usage of fertilisers is currently connected with the increased
flux of N2O emissions from the soil into the atmosphere (Jones et
al., 2007; He et al., 2009; Pang et al., 2009; Lin et al., 2010, Šima et
al., 2013). Nitrous oxide is produced in soil mainly by two
biological processes: nitrification and denitrification (Davidson,
1991; Williams et al., 1992; Ložek et al., 1997; Ambus et al., 2006).
Inaccurate application of fertiliser causes the local overdosing of
fertiliser on the field surface resulting in an increased release of
CO2 and N2O from the soil into the atmosphere (Šima et al., 2012b;
Šima et al., 2012d, Šima et al., 2013d). It is apparent than the
improved work quality of a fertiliser spreader has a positive
environmental effect. The incorrect application rate of fertiliser can
result in the increased cost of fertilisers, reduction of crop growth
and also negative environmental effects. Therefore for effective
application it is necessary to know the transversal uniformity of the
fertiliser distribution on the field surface (Šima et al., 2011; Šima et
al., 2012b; Šima et al., 2012d, Šima et al., 2013d). The need for
using fewer amounts of fertilizers means that it must be applied in a
right way, and fertiliser losses are reduced to an absolute minimum.
An optimal application of fertilizers, minimisation of the spoilage of
fertilizers, improvement of existing and development of possible
new application techniques, all this requires a detailed knowledge of
the processes and factors that affect the spreading of fertilisers
(Hofstee, 1993).
The amount of N2O emissions released from soil into the
atmosphere is affected by many factors such as nitrogen application
rate, soil properties (pH reaction, humidity, texture, organic matter
content, temperature) and weather conditions. One of the most

MATERIAL AND METHODS
During the experiments the soil samples were collected by five
sampling probes from one specific location. Used sampling probes
are used for collecting of soil samples (Šima et al., 2012a; Šima et
al., 2012c; Šima & Dubeňová, 2013; Šima et al., 2013e; Šima et al.,
2013f). The aim was to obtain soil samples with uniform soil
properties and reduce the natural heterogeneity of soil properties
across the arable fields (Šima et al., 2013a). Nitrous oxide released
from the soil into the atmosphere was measured in non fertilising
collected sampling probes for 24 hours. Subsequently, there were
incorporated an equivalent amount of application rates of the
fertiliser to the soil in the sampling probes under laboratory
conditions. There were used three variants of fertiliser application
rate: 0 kg ha-1, 250 kg ha-1, 500 kg ha-1 and with two repetitions for
each variant of non-zero application rate. Measurements were
started 48 hours after fertiliser incorporation and were carried out
for 24 hours with 48 hours rest between the measurements, and this
measuring cycle was repeated 10 times.
Soil properties (Table 1) were analysed at the Department of Soil
Science and Geology at the Slovak University of Agriculture in
Nitra, Slovak Republic. Soil moisture content of the soil samples
was measured by gravimetric method. Soil type was identified as
haplic luvisol with a slightly alkaline pH reaction and middle humus
content.
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Table 1. Soil properties
soil type
Haplic luvisol
soil moisture
32–34%
clay
37.7%
39.43%
ilt
sand
22.87%
pH H2O
7.78
pH KCl
6.87
COX
1.624%
Hm
2.799%
During experiments we have used the two very similar fertilizers
from the same manufacturer DUSLO, Inc. There was used
granulated nitrogen fertilizer with sulphur content DASA® 26/13.
Nitrogen is in ammonium and nitrate form and sulphur is in watersoluble sulphate form. The granulate has a pink to brown colour and
surface is treated by coating agent. As a second used fertilizer we
have used a granular nitrogen fertilizer ENSIN® containing sulphur
and nitrification inhibitors dicyandiamide DCD and 1,2,4 triazole –
TZ. The granulate is treated by coating agent and has green colour.
The nitrification inhibitors ensure transformation of ammonium
nitrate to nitrogen nitrate in the soil. The advantages of ENSIN®

usage compared to DASA® 26/13 are that the fertilizer is applied in
1 dosage and re-application of fertilizer is not necessary. It allows
farmers to save the time and money, increase the crop yields and
allows better quality of crops, fertilizer is specially environment
friendly, reduces nitrate leaching and reduces emissions of nitrous
oxide to the atmosphere.
Chemical composition of the DASA® 26/13 and ENSIN®
fertilizers are presented in Tables 2 and 3, respectively. Grain-size
distribution of the DASA® 26/13 and ENSIN® fertilizers are
shown in Table 4.

Table 2. Chemical composition of DASA® 26/13 fertilizer
Technical specification
Content, %
total nitrogen content (N)
26
ammonium nitrogen content
18.5
nitrate nitrogen content
7.5
sulphur (S) soluble in water
13
Table 3. Chemical composition of ENSIN® fertilizer
Technical specification
Content, %
total nitrogen content (N)
26
ammonium nitrogen content
18.5
nitrate nitrogen content
7.5
sulphur (S) soluble in water
13
dicyandiamide DCD and 1,2,4 triazole content 0.37–0.74
DCD:TZ ratio
10:1
Table 4. Grain-size distribution of the DASA® 26/13 and ENSIN® fertilizers
Content of particles, %
Dimension, mm DASA® 26/13 ENSIN®
<1
max. 1
max. 1
2–5
min. 90
min. 90
>10
0
0
Equivalent amounts of application rate of the fertiliser were
calculated depending on the diameter of sampling probes. In our
case inlet diameter was 106.4 mm and the equivalent of application
rate 250 and 500 kg.ha-1 were 0.2219 and 0.4437 g of fertiliser,
respectively.
The amount of N2O emissions emitting from the soil was measured
by INNOVA devices (Lumasense Technologies, Inc.) with a
measurement system based on the photo-acoustic infrared detection
method. The photo-acoustic field gas monitor INNOVA 1412 and
multipoint sampler INNOVA 1309 were used due to the possibility
to analyse a number of samples simultaneously (Dubeňová et al.,
2013).
Data obtained were analysed by using the ANOVA test, after
normality test by using the Kolmogorov-Smirnov test and the

homogeneity of variance by using the Levene’s test. With ANOVA
P<0.05 we continued in the post-hoc LSD multiple range test. We
have used the software STATGRAPHICs Centurion XVI.I
(Statpoint Technologies, Inc.; Warrenton, Virginia, USA). Graphic
processing of results was performed bz using of software
STATISTICA 7 (Statsoft, Inc.; Tulsa, Oklahoma, USA).

RESULTS AND DISCUSSIONS
The concentration of N2O emissions in sampling probes due to the
time period considerably fluctuated in comparison with the
emission concentration before fertilising (Fig. 1, Table 5).

Table 5. Average values of nitrous oxide concentration, ppm
Time,
Application rate of fertiliser, kg ha-1
Days
NF
Dasa250 Dasa500 Ensin250
Ensin500
0
0.5502a s
0.5594 a s 0.5656 a s 0.5587 a st 0.5613 a s
3
0.5620ab st 0.5714bc s 0.5776c s 0.5552a st
0.5649abc s
t
t
s
s
6
0.5651 a
0.6095b
0.6178b
0.5509a
0.5540a s
t
tu
t
tu
9
0.5641 a
0.6149c
0.6997d
0.5830ab
0.6124bc t
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0.5601 a st
0.5616 a st
0.5579 a st
0.5553 a st
0.5581 a st
0.5595 a st
0.5650 a t

12
15
18
21
24
27
30

0.6433c uv
0.6892c xy
0.7102c y
0.7109b y
0.6993b y
0.6571b vx
0.6459b uv

0.8192e u
0.9104d v
1.0019e x
1.0726d y
0.9983d x
0.8451d u
0.8055c u

0.6014b uv
0.6216b v
0.6548b x
0.6794b xy
0.6931b yz
0.7099c yz
0.6905b z

0.6818d u
0.7140c u
0.7720d v
0.8331c x
0.8657c xy
0.8778d y
0.8571d xy

Different letters in the rows (a,b,c,d,e) mean the effect of the application rate and in the columns (s,t,u,v,x,y,z) mean the effect of the time. It
indicates that means are significantly different at P < 0.05 according to the LSD multiple-range test at the 95.0 % confidence level.
1,3
1,2
1,1
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Fig. 1. Nitrous oxide concentration in ppm (parts per million), NF – non fertilizing, point – median, whisker – min.-max. values
connected to multipoint sampler INNOVA 1309. The experiments
were conducted for 30 days in laboratory conditions. The fertiliser
was incorporated into the soil in sampling tubes to a depth of 80
mm after 24-hours measurement. Subsequently, after every 24
hours of measurement, another 48 hours was carried out, and this
measuring cycle was repeated 10 times. Maximum values, the peak
of nitrous oxide flux, after using the “non inhibitors fertiliser”
DASA® 26/13 were measured for 18 and 21 days after application
of fertiliser to the soil for application rates 250 and 500 kg.ha-1,
respectively. The peak of nitrous oxide flux after using ENSIN®
fertiliser was measured 27 days after application of fertiliser for
both application rates. Content of nitrification inhibitors in
fertilisers slow down the intensity of nitrous oxide emissions
releasing. There were also found the effect of the size of application
rate to amount of nitrous oxide emissions released from soil to the
atmosphere where increasing of application rates causes increasing
of amount of nitrous oxide emissions released from soil to the
atmosphere.

Based on the obtained results we found the effect of nitrification
inhibitors to intensity and time interval of nitrous oxide emissions
released from soil to the atmosphere in laboratory conditions.
Content of nitrification inhibitors in fertilisers slow down the
intensity of nitrous oxide emissions releasing. Maximum values, the
peak of nitrous oxide flux, after using the “non inhibitors fertiliser”
DASA® 26/13 were measured for 18 and 21 days after application
of fertiliser to the soil for application rates 250 and 500 kg.ha-1,
respectively. The peak of nitrous oxide flux after using ENSIN®
fertiliser was measured 27 days after application of fertiliser for
both application rates. These results correspond with the results
obtained by other researchers (e.g., Eichner, 1990; Bouwman, 1996;
Verma et al., 2006; Jones et al., 2007; He et al., 2009; Pang et al.,
2009; Lin et al., 2010; Mapanda et al., 2011) and simultaneously
extending the evidence into more detail of this study area around
nitrification inhibitors effects to releasing of soil emissions and
properties of fertilisers. There were also found the effect of the size
of application rate to amount of nitrous oxide emissions released
from soil to the atmosphere what is in agreement with our previous
studies (e.g.: Šima et al., 2012c; Šima et al., 2013a; Šima et al.,
2014).
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CONCLUSIONS
Aim of the paper was to compare the effects of two very similar
fertilisers on nitrous oxide (N2O) flux from soil to the atmosphere in
laboratory conditions. Used fertilisers DASA® 26/13 and ENSIN®
produced by the same manufacturer DUSLO, Inc., Šala, Slovakia
were used for application rates 0, 250 and 500 kg.ha-1. The amount
of N2O emissions released from soil to the atmosphere was
measured by photo-acoustic field gas monitor INNOVA 1412
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Abstract: The results of studies wear resistance of boron coatings alloyed with Сu, V, Nb, Cr or Ti under dry friction – slip in the air,
and it was determined that the best coatings are the boride layers alloyed with copper. Alloying with copper inereases wear resistance of
boride layers in 3 times. When alloying of boride layers with niobium wear resistance increases in 2,8 times, with titanium – in 2,4 times,
with chromium and vanadium – in 1,5 times. Wear resistance of boride coatings alloyed with copper under dry friction – slip 14 times higher
than wear resistance of bronze of Cu – Al – Mn system and wear resistance increases when applying boride layers alloyed with copper.
KEYWORDS: BORIDING, BORON LAYER, COPPER, STRUCTURE, DIFFUSION, FRICTION, MICROSTRUCTURE,
MICROHARDNESS, WEAR RESISTANCE.

1. Introduction
3. Results and discussion
Modern production is makes high demands to increase the
resource and reliability of machines and mechanisms. The
improvement of these characteristics may subject the use of
appropriate materials of construction, which would optimally
combines high hardness, ductility, and hence the wear resistance.
Therefore, one of the most important tasks facing materials
scientists - improving the tribological characteristics of existing
materials and coatings or creating new ones with the desired
properties.
Surface saturation alloys simultaneously two or more
elements (multicomponent diffusion saturation) has advantages as
compared with the saturation of one element. It allows you to
combine the properties of the resulting coating produced by
individual elements with special properties of their compounds [1].
The multicomponent diffusion boride coatings have the whole
complex of physical, chemical and mechanical properties, leading
to high wear resistance, heat-resistant and corrosion-resistant
products, subjected to chemical - thermal treatment.
Multicomponent diffuse coating superior monocomponent coating
by performance properties, with the technology of producing
virtually no complicated [2 - 4].
The aim is to study the behavior of alloy boride coatings in
conditions of contact wear at dry friction - slip, as well as the
identification of the alloying elements affect on indicators wear
resistance these coatings. It is known that as a result of saturation
steels of boron can be formed surface layers with different structure
and high complex properties. Therefore, improvement of surface
alloying processes both Cr and B, B and Cu, B and Nb, B and V, B
and Ti at the chemical-thermal treatment in the powder mixtures is
an actual problem, which is theoretical and practical interest.

The diffusion saturation of carbon steel in boriding powder
mixtures with the addition of powders Сu, V, Nb, Cr or Ti leads to
the formation of boride phases FeB and Fe2B thickness of 120 – 140
microns. Alloying elements formed corresponding substitutional
solid solutions in the lattice of iron (Fe, Me)B, (Fe, Me)2B. For
example, the saturate the environment chromium powder leads to
alloying of boride phase: (Fe, Cr)B, (Fe, Cr)2B. At the same time
there is a change of the crystal lattice periods boride phases.
Alloying boride iron of chromium leads to a reduction volume of
the rhombic cells involves the dissolution of chromium boride
phase to 0.3 - 1.2 % at. The minimum volume the rhombic phase
cells FeB obtained on the steel 45 corresponds 4 wt. %. Cr in the
saturating environment is 65,763 ∙ 10-3 nm3, whereas the volume of
the initial phase is FeB 65,899 ∙ 10-3 nm3. The main contribution in
the decrease volume the unit cell rhombic makes a change
parameter "c". Comparison measurement results volume elementary
rhombic lattices FeB phase and its microhardness depending on the
chromium content in saturating environment showed an inverse
relationship between these characteristics. The maximum value of
the microhardness corresponds to the minimum value volume of the
unit cell rhombic lattice FeB phase at 4 wt. % Cr in the powder
environment at the saturation with boron and chromium on steel 45.
Maximum values of microhardness diffusion layers are obtained at
4 – 6 wt. % Cr and up to FeB phase – 21,20 GPa, and for phase
Fe2B – 21,150 GPa on the steel 20, on steel 45 – 21.00 GPa and
steel U8 – 18.4 GPa. Solar stratified X-ray phase analysis boride
coatings allows the identification on the surface layer phase FeB,
and beneath it Fe2B phase. The most intense reflections from Fe2B
phase planes were reflexes (002) (112) (004) when taking the initial
sample. Judging by the intensity indexes registered peaks phase
Fe2B is located in textured state. Fixed decrease values periods
rhombic lattice a, b, c FeB phase with increasing chromium content
in saturating the environment. In this case the most intensively
decreases periods "c" to the minimum value of 0.40575 nm FeB
phase at 4 % Cr in the mixture, that corresponding the maximum
deviation value period "c" (equal to 0.0005 nm) as compared with
unalloyed FeB phase. Thus, the introduction of the alloying metal
leads to changes parameters the crystal structure of boride phase
and consequently changing microhardness, fracture toughness,
distribution of residual stress, and other properties and
characteristics of boride phases.
From the value of resistance plotted the graphics depending
on the the duration of wear and the distance traveled. The path is
determined by knowing the number of turns in a given period of
time. During one turn trip distance was 4 cm (because the length of
the sample is 2 cm).
Kinetic curves wear boride coatings without alloying and
alloyed accordingly V, Cr, Ti, or Cu, in conditions of dry slide
friction are shown in Figure 1.

2. Materials and Experiment
Processes borating performed powder method in a special at a
temperature of 975 °C during 4 hours using fusible valves.
Saturation steels B and Cr, B and Cu,
B and Nb, B and V, B
and Ti performed in powder mixtures on the basis of technical
boron carbide B4C with the addition of powders Сu, V, Nb, Cr or
Ti.
Microstructural and microhardness studies on the equipment
PMT – 3 no less than 15 – 20 fields of view at a load of 0.49 – 0.98
N. Measuring accuracy microhardness was – ±300 MPa.
Analyzed the phase composition of coatings for X-ray
diffractometer DRON 2.0 in copper Kα1, Kα2 monochromatic
radiation and determined their chemical composition analyzer
«Camebax Sx50».
Testing of coatings on the wear resistance performed on
friction machine. In a study as material of the body counter was
used hardened and tempered steel U8, the test subject sample size
10x20x5mm of steel 45 after boriding with the addition of alloying
metals in accordance chromium, vanadium, titanium, niobium, or
copper.
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a
b
Fig.3: Microstructures boride coatings (a) and boride coating
obtained after complex saturation with B and Cu (b) on steel 20
Fig.1: Kinetic curves wear boride coatings with the addition
of saturating elements V, Cr, Ti, or Cu, depending on the duration
of the test
Thus, the wear rate of boride coatings alloyed with chromium
in the first hour of wear was 2.08 ∙ 10-6 kg/m2 ∙ s, Ti – 1,18 ∙ 10-6
kg/m2 ∙ s, V – 1,88 ∙ 10-6 kg/m2 ∙ s, Nb – 5.56 10-6 kg/m2 ∙ s, Cu –
0,972 ∙ 10-6 kg/m2 ∙ s and without alloying 5.06 ∙ 10-6 kg/m2 ∙ s.
These data show that the lowest wear rate to complete grinding
period characterized boride coating obtained at complex saturation
with B and Cu herewith the wear rate of iron boride saturated
copper in the 2 times lower than saturated Cr and V and 5.2 times
less than boride layers without saturation. Continue the wear up to 2
hours showed that the rate of wear of the surface layers during this
period was: after boriding 3,13 ∙ 10-6 kg/m2∙ s., Ті – 0,763 ∙ 10-6
kg/m2 ∙ s., V – 1,88 ∙ 10-6 kg/m2 ∙ s., Сr – 1,98 ∙ 10-6 kg/m2 ∙ s., Cu –
0,659 ∙ 10-6 kg/m2 ∙ s. On step 5 hour the wear rate diffusion layers
was accordingly after boriding 1,75 ∙ 10-6 kg/m2∙ s.,
V – 1,54 ∙ 10-6 kg/m2∙ s., Cr – 1,29 ∙ 10-6 kg/m2∙ s., Cu – 0,847 ∙ 10-6
kg/m2∙ s. At all stages of wear of the lowest wear rate detected in
the boride layers obtained at complex saturation with B and Cu
(Fig. 1). Increased of duration wear samples with boride layers
shows the effect of saturated elements on the linear wear land.
Studies have shown that the best wear resistance under dry friction slip have boride phase obtained at complex saturation with B and
Cu. It was determined that the coating with the lesser hardness of
14,5 GPa, saturated copper showed in 2 times better wear
resistance compared with comparison investigated saturated
elements and after boriding. This is because in the structure of
boride layers detected separate copper inclusions (Fig. 2), which
serve as the solid oil. If the test samples supply in a row at order to
increase wear resistance, it will look like the following:

Fig.4: Topography wear surface boride coatings obtained
after complex saturation with B and Cu on steel 20
Comparison wear boride phases with bronze Cu – Al – Mn
showed that the wear resistance of boride phase prevails over
bronze in 30 times at complex saturation with B and Cu, without
alloying – 15 times (fig. 5)

Fe2B(Fe+V)2B(Fe+Cr)2B(Fe+Ti)2B
(Fe+Nb)2B(Fe+Сu)2B

Fig.5: The intensity of wear coatings for 300 minutes of dry
slide friction
Comparison wear boride phase alloyed Cu, V, Nb, Cr, Ti and
carbide coatings on the basis of titanium on steel 45 shown in fig.
6, fig 7 and 8.

Fig.2: Microstructures boride coating obtained at complex
saturation with B and Cu on steel 20
On fig. 3 shows the microstructure of boride coatings after
boriding and after complex saturation with B and Cu. Topography
wear boride coatings obtained after complex saturation with B and
Cu is shown in Fig. 4, which shows that the wear has a discrete
character. The points of contact of the sample with counterbody
formed the microcracks and begins their destruction.
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Fig.6: The intensity of wear coatings for 20 minutes of dry
slide friction

Fig.8: Kinetic curves for wear boride and carbide coatings,
depending on the duration of the test: 1 – B; 2 – B – V; 3 – B – Cr;
4 – B – Ti; 5 – B – Nb 6 – B – Cu; 7 – TiC
On figure 9 - 10 shows a comparison of wear resistance of
various coatings on steels.

Fig.7: The intensity of wear coatings for 20 minutes of dry
slide friction
In fig. 8 shows the kinetic curves for wear boride and carbide
coatings. Titanium carbide coatings on steel 45 without heat
treatment had a hardness of 30 GPa, and a thickness of the diffusion
layer 12 – 13 microns. Diffusion carbide coating on based titanium
completely worn out by after 20 minutes of testing. This is due to
the small thickness of the diffusion layer and the low strength of the
matrix, which was subjected to a heat treatment after deposition of
diffusion carbide coatings. Thickness diffusion boride layers was
120 - 140 microns, titanium carbide - 12 – 13 microns. Diffusion
carbide layers in a friction – slip sank into a soft plastic matrix
during wear. Additional heat treatment leads to a redistribution of
residual stresses in the diffusion layers, and carbide coatings might
result to formation of cracks in the diffusion layer, so additional
thermal treatment of carbide phases did not yield to.

Fig.9: Intensity wear boride coatings in conditions of dry
friction - slip

Fig.10: Intensity wear boride coatings in conditions of dry
friction - slip
In the paper shows that in the adopted severe conditions of
dry friction - slip chemical heat treatment of boriding dominates
over thin carbide coatings, which can be in 1.5 times higher
microhardness, but an order of magnitude less thickness layer.

36

4. Conclusions

5. References
[1] Labunets V. F. Wear resistant boride coatings / V.F.
Labunets, L.G. Voroshnin, M.V. Kindrachuk. – K.:
Technique, 1989. – 158 p.
[2] Chernega S. Structure and characteristics coatings obtained
after complex saturation boron and silicon on carbon steel / S.
Chernega, I. Poliakov, M. Krasovskiy, I. Medova. //
Machines. Technologies. Materials. – Sofia, Bulgaria. – 2015.
– No.1. – P. 39 – 41. – ISSN 1313 – 0226.
[3] Chernega S. Increace wear resistance hard alloys T15K6
boride coatings / S. Chernega, I. Poliakov, С. Grinenko, M.
Krasovskiy. // Material Science. Non-equilibrium Phase
Transformation. – Sofia, Bulgaria. – 2015. – No.2. – P. 46 –
48. – ISSN 2367 – 749X.
[4] Chernega S. Structure and properties of surface layers metals
on the basis of high solid boride obtained in conditions of an
external magnetic field / S. Chernega, I. Poliakov, M.
Krasovskiy. // Machines. Technologies. Materials. – Sofia,
Bulgaria. – 2015. – No.12. – P. 52 – 55. – ISSN 1313 – 0226.

Investigated the wear resistance in the under the dry friction –
slip on the air boride coatings saturated Cu, Ti, Cr, V, Nb and
carbide coatings on the basis Ti on steel 45. It was established that
the best coatings in the conditions of under dry friction - wear is
boride phase FeB and Fe2B obtained after complex saturation with
B and Cu which increase the wear resistance without alloying
boride layers in 3 times. Then, as carbide coatings in conditions of
under dry friction - slip on air worn out after 20 minutes of research.
Wear resistance of boride layer in 30 times higher than the wear
resistance of bronze.
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Abstract: The primary objective of this research is to find the relationship between the velocity of a vehicle in the
beginning of the collision stage and the energy causing the deformation during a car crash. The velocity of a car in the
beginning of the crash stage is determined by comparison of kinetic energy and body deformation energy. Considering the
existing methods there is proposed a new method of calculation of the EES parameter describing the energy equivalent
speed. The presented approach enables improving the accuracy of EES parameter calculation.
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indication of the offender. In vast majority of cases the cause of car
accidents is excessive speed of the vehicle in the time of the
impact.

1. Introduction
Contemporary vehicles are the result of over 100 years of work
of engineers and studies of various scientific groups. As a result of
this elaboration there was obtained a desired product, which is a
present-day car. However, the increasing number of the vehicles in
the traffic in combination with uncertain skills, recklessness and
poor quality of the road infrastructure leads to the high number of
car accidents [3].
Only in Poland, since 1990 the number of vehicles increased by
62,3 percent. In years 1990 – 2009, there occurred over 1 million 61
thousands crashes, in which there died 126 thousand people and
more than 1 million 336 thousands were injured. The majority of
car accidents takes place in Germany, Italy and Great Britain,
however, it is related to the higher amount of vehicles in these
countries. Whereas, Poland, with the number of crashes - 44 196,
takes 6th place. Nevertheless, the highest rate of death during car
accidents was observed in Poland (10,3) and Lithuania (9,9). Such
results unambiguously indicate the magnitude of this problem,
which is the safety on roads in Poland. The traffic safety level,
defined by the number of accidents and mainly the extent of its
results, classifies Poland on one of the last places among the
European countries. There have occurred approximately 19
fatalities and about 200 people suffered serious injuries every day
for the last decade [7]. It is presented in the figure 1.

2. The proposed method of pre-crash velocity
calculation
The body of a car during the impact on the obstacle undergoes
major deformations, whereas the performed work decreases the
velocity of the motion i.e. the kinetic energy [5].
Basing on the change of this energy, it is possible to calculate a
recognizable parameter having the unit of velocity the EES. It is the
energy equivalent speed defined by the following formula [1], [3],
[6],[16]:
2∙𝑊𝑑𝑒𝑓

𝐸𝐸𝑆 = �

(1)

𝑚𝑝

𝑚

[ ],
𝑠

where Wdef – work of the deformation [J], mp – mass of the
vehicle [kg].
During the research there was done an analysis of over 30 000
collision tests from NHTSA database [14]. It was observed that
there exists a linear dependence of the impact velocity on the depth
of plastic deformation, therefore it is possible to determine the
collision velocity assuming that the measure of the body
deformation is known [13]. Thus, in proposed approach there is
executed a linear correlation of the force acting on the deformable
car element and the width unit of the front part of the vehicle body.
The dependence of the average force acting during the deformation
on the extent of plastic deformation Cs takes form [10], [15],[6]:
𝑁

(2)
𝐹 = 𝐴 + 𝐵 ∙ 𝐶𝑠 [ ],
𝑚
where A – force under action of which there occur no plastic
𝑁
deformation [ ], B – body stiffness coefficient, which defines the
𝑚

𝑁

force required to cause unitary vehicle abbreviation � 2�, Cs –
𝑚
extent of plastic deformation [m].

Fig. 1. Number of accidents and injured in Poland [7]
The car crashes are the problem on the economic, legal and
social background, due to the fact that it is connected with costs of
hospitalisation, disablement benefits and necessity of

In order to determine the profile of the body abbreviation there
is defined an average geometric depth of deformation. The
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where mgk – maximum boundary mass of the range [kg] basing
on the NHTSA database, mgp – minimum boundary mass of the
range
[kg].

measurement may be performed in 2,4 or 6 points as presented in
the figure 2 [11],[9],[6],[18],[19].

There was proposed a correction of A and B coefficients by σ
coefficient in the form:
𝑁
[ ],
(8)
𝐴𝑠 = 𝜎 ∙ 𝐴
𝑚

𝐵𝑠 = 𝜎 ∙ 𝐵

(9)

[

𝑁

𝑚2

].

As far as G coefficient is concerned, it is unitary energy
absorbed for the elastic deformation and it is calculated basing on
the determined coefficients As and Bs.. It is described by the
following formula:

It was assumed that all of the deformations take shape of
trapezium. Basing on these values there can be calculate Cs
parameter, which is an arithmetic mean of parameters defining the
deformation depth C1-C6:
𝐶𝑠 =

(3)

𝐶1
𝐶
+(𝐶2 +𝐶3 +𝐶4 +𝐶5 )+ 6
2
2

[𝑚].

𝑛−1

𝑉𝑡 −𝑏𝑠𝑔

𝑏𝑘 =

𝐶𝑠

5

𝑚⁄
𝑠
]
𝑚

The value of the boundary velocity, at which there occurs
𝑚
𝑘𝑚
plastic deformation, was assumed to equal bsg=3,6 =11 ,
𝑠

[N]

2

6

Deformation constants α [m] i β [m2] are dependent on the
method of deformation measurement, i.e. the number of points in
which the measurement of the deformation was performed C1,C2
…etc . These parameters are calculated using exemplary formulas
regarding to 6 measurement points:

[

𝑚

𝐴𝑠 2

2∙𝐵𝑠

The part of the energy absorbed during the collision is
distributed on the elastic deformations. This effect can be observed
in the correlation describing the method of calculation of the
deformation work Wdef basing on the damages of deformation extent
Lt :
𝐿
𝐴 ∙𝛼
𝐵 ∙𝛽
[𝐽].
(11)
𝑊𝑑𝑒𝑓 = 𝑡 ∙ � 𝑠 + 𝑠 + 5 ∙ 𝐺� 𝑘𝑒

Calculated value Cs enables determination of body stiffness
constant bk according to the formula:
(4)

𝐺=

(10)

Fig.2. Measurement of the body deformation

(12)
𝐶5 )

ℎ

whereas Vt [ ] is an initial velocity of the test. The graphical
𝑠
interpretation of the above mentioned coefficients is presented in
the Figure 3.

[m]
(13)

[m2]

𝛼 = 𝐶1 + 𝐶6 + 2 ∙ (𝐶2 + 𝐶3 + 𝐶4 +

𝛽 = 𝐶12 + 𝐶62 + 2 ∙ (𝐶22 + 𝐶32 + 𝐶42 + 𝐶52 )
+(𝐶1 ∙ 𝐶2 + 𝐶2 ∙ 𝐶3 + 𝐶3 ∙ 𝐶4 + 𝐶4 ∙ 𝐶5 + 𝐶5 ∙ 𝐶6 )

The energy of deformation may also be corrected depending on
the deflection angle of the dent from the normal plane of the
deformation area on the vehicle body. The energy correction factor
ke is calculated using the following equation[2]:
[−],
(14)
𝑘𝑒 = 1 + 𝑡𝑔2 𝜃
where Θ – deflection angle of the direction of the deformation
and normal plane to the front plane of the car [°].
Finally, the value of the velocity of the vehicle (EES), by which
its kinetic energy is equal to the energy absorbed by the plastic
deformations, is determined using formula (1).
Fig. 3. Graphical interpretation of the equation coefficients.
After determination of the Cs and bk parameters it is possible to
calculate the value of the stiffness parameters 𝐴 and 𝐵:
(5)
(6)

A=
B=

(mt ∙bsg ∙bk )
Lt

mt ∙b2k
Lt

N

3.

In order to clearly present the new values of parameters
defining the deformation energy only one group of vehicles was
considered – vehicles marked in the NHTSA database as the Mini
class. These are the cars destined for the city traffic, they are
characterised by small size and low costs of exploitation. An
example of such vehicle is Suzuki Swift.
In case of other vehicle groups the approach is exactly the same
as the one presented.
Determining the values of parameters A, B, G, bk as a function
of production year there were obtained the following values Figure
4 and 5. On all of the plots it is clearly visible that the newer is the
vehicle the higher are the values of coefficients bk and G. Whereas
the variation of parameters A and B is a linear function. The
determination of trend line equations for all type of propulsion
systems enabled obtaining mean values of parameters placed on the
trend line.

[ ],

[

m
𝑵

𝒎𝟐

],

where mt – mass of the examined vehicle [kg], Lt – width of the
deformation [m].
The analysis of the collision tests from the NHTSA database
[14] showed a difference in the values of stiffness coefficients for
particular vehicles in relation to the given vehicle class, to which
they were classified. Incorrectly evaluated parameters give false
values of energy equivalent speed.
In order to avoid this mistake, there was proposed a correction
factor, considering the range size ( mgk-mgp ), in which the mass of
examined car is included:
(7)

𝜎=

𝑚𝑡

𝑚𝑔𝑘 −𝑚𝑔𝑝

Analysis of the determined parameters

[-],

39

A, B, G,
50
bk

Tab. 2. Parameters of particular production year ranges for mini
class for automatic transmission
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Fig. 4. Plot of A, B, G and bk as a function of production year for
vehicles in the Mini class with manual gearbox
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-51,47
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-88,55
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y=-3,06x
+49,28
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37,04
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9,5
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-36,4
-45,58
-54,76
-63,94
-73,12
-82,3
-88,42
-22,44

The obtained results were classified basing on the vehicle
production year. The placement of the measurement points allows
the observation of the regularity, which is the increase of the
parameters values with time.

y = 0,33x + 16,72

10

G
y=-0,48x
+33,27
33,75
35,19
36,63
38,07
39,51
40,95
42,39
43,83
45,27
46,71
48,15
49,59
51,03
52,47
53,91
54,87
44,52

Trend line equations enabled determination of A, B, G, bk
coefficients for particular production years (Table 1). There was
performed an interpolation of gathered results in order to define
their mean value and the direction.

y = 0,42x + 27,37

30

Automatic transmission

y = 0,16x + 32,34

AF A N/m *10^4

Fig. 5. Parameters A, B, G and bk as a function of production year
in Mini class with automatic gearbox
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Tab. 1. Parameters of particular production year ranges for mini
class for manual transmission.
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Calculation of the standard values of EES
Parameter Cs, which is an arithmetic mean of a parameter
determining the depth of deformation, was calculated according to
the following formula:

y = 4,2472x + 44,825

996
830
+ (920 + 984 + 989 + 1028) +
2 = 0,967 𝑚
2
𝐶𝑠 =
5 ∙ 103
Then, the stiffness constant bk was calculated:
𝑚
80 − 11
𝑏𝑘 =
= 19,82 𝑠�𝑚
0,967

After determination of parameters Cs and bk the values of the
stiffness parameters A and B were calculated:
11
∙ 19,82)
(775 ∙
𝑁
3,6
𝐴=
= 37 557
1250
𝑚
1000

Mini class

y = 0,4819x + 37,707

B=

775 ∙ 19,822
N
= 243 675 2
1250
m
1000

Basing on the values of the parameters A and B there was
calculated unitary energy absorbed by the elastic deformation:
375572
𝐺=
= 2894 𝑁
2 ∙ 243675

Coefficients α and β and the energy correction factor ke are
equal respectively:

Fig. 6. Parameters A, B, G, bk for Mini class vehicles as a function
of production year ranges

𝛼 = 830 + 920 + 2 ∙ (920 + 984 + 989 + 1028) = 9,7 𝑚
𝛽 = 8302 + 9962 + 2 ∙ (9202 + 9842 + 9892 + 10282 )
+(830 ∙ 920 + 920 ∙ 984 + 984 ∙ 989 + 989 ∙ 1028 + 1028
∙ 996) = 14,1 𝑚2
𝑘𝑒 = 1 + 𝑡𝑔2 0 = 1

4. Verification of the validity of the method
In order to verify the proposed EES calculation algorithm there
were gathered results of the real collision tests. Performing such test
in controlled conditions enabled registration of the results of the
crash.
The performed crash test related to the collision of vehicles
from the Mini class – SUZUKI SWIFT. It was performed in the
Automotive Industry Institute in Warsaw. The crash test of a
deformable car with a stiff obstacle enables evaluation of the
features of the car load bearing structure basing on the dynamic, as
well as, static values and measurements of the body deformation
depth. The depth of deformation was measured in six planes
distanced from each other by 250 mm. The measurement was
performed on the surface parallel to the road, perpendicularly to the
front of the vehicle. The calculation including test results were
regarded as a standard data.
Furthermore, in order to compare the gathered results there will
be performed the calculation of EES parameter according to
methods described in the literature. Comparison of these results
with ones obtained using the proposed method in relation to the
standard data will enable evaluation of the error of this algorithm.

Hence, the work of deformation equals:

𝑊𝑑𝑒𝑓 =

1250 37557 ∙ 9,7 243675 ∙ 14,1
∙�
+
+ 5 ∙ 2894� ∙ 1
5
2
6
= 191 786 J

Finally, it was possible to evaluate the EES:

2 ∙ 191786
𝑚
km
𝐸𝐸𝑆 = �
= 22,25
(80,09
)
775
𝑠
h

The obtained value of EESwz is a standard value for the
considered vehicle class.
Calculation of the parameter EES basing on the literature
Tab. 3. Literature data for each vehicle class[8].
Category
Parameters

For the following vehicle parameters:
mass: 775 kg,
wheelbase: 2413 cm,
length: 3927 cm,
test velocity: 80km/h.

Subcompact

Compact

Intermediate

Van

wheelbase

205-240

240-258

258-280

280-298

276-330

track [cm]

129

138

149

157

171

length [cm]

405

444

498

540

466

width [cm]

154

170

184

195

200

mass [kg]

1000

1386

1610

1928

1952

529

454

555

623

671

32

30

39

23

87

front impact

The following results were obtained :
deformation profile: C1= 830 mm, C2=920 mm, C3=984
mm, C4=989 mm, C5=1028 mm, C6=996 mm
deformation width: Lt=1250 mm
boundary velocity: bsg=11 km/h
deflection angle: Θ=0°

Mini
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A
[N/m]
B
[N/m2]

Assumption:

G=29 N
𝐶𝑠 = 0,97

[𝑚]

The determined correction coefficient equals:
775
= 0,86
σ=
900 − 0

In compliance with the assumed vehicle mass the following values
for the Mini class were read from the Table 2:
A= 529

[

𝑁

𝑐𝑚

]

[

B= 32

𝑁

𝑐𝑚2

It enables calculation of the parameters As and Bs:
𝑁
𝐴𝑠 = 0,86 ∙ 46000 = 39611

]

𝑚
𝑁

𝐵𝑠 = 0,86 ∙ 370000 = 318611

Basing on the parameters A and B there was calculated the value of
the unitary energy absorbed by the elastic deformations:
𝐺=

103 )2

(53 ∙
= 4 ∙ 103
2 ∙ 32 ∙ 104

The coefficients α and β and the energy correction factor ke are
equal:

[𝑁]

α = 830 + 920 + 2 ∙ (920 + 984 + 989 + 1028) = 9,7 m
β = 8302 + 9962 + 2 ∙ (9202 + 9842 + 9892 + 10282 )
+(830 ∙ 920 + 920 ∙ 984 + 984 ∙ 989 + 989 ∙ 1028 + 1028 ∙ 996)
= 14,1 m2

Coefficients α and β and correction factor ke equal:

𝛼 = 830 + 920 + 2 ∙ (920 + 984 + 989 + 1028) = 8 [𝑚]
𝛽 = 8302 + 9962 + 2 ∙ (9202 + 9842 + 9892 + 10282 )

k e = 1 + tg 2 0 = 1

+(830 ∙ 920 + 920 ∙ 984 + 984 ∙ 989 + 989 ∙ 1028 + 1028 ∙ 996)

The work of deformation:

= 14 [𝑚2 ]

𝑊𝑑𝑒𝑓 =

𝑘𝑒 = 1 + 𝑡𝑔2 0 = 1

As a result, the work of deformation was calculated:

𝑊𝑑𝑒𝑓

𝐸𝐸𝑆 = �

5.

𝑘𝑚
)
ℎ

Calculation of the EES parameter according to the proposed
method
For the calculation there were assumed the following measurement
readings:
𝐶𝑠 = 0,967 𝑚

Compatibly with the vehicle mass there were read the following
parameters from Mini class:
Tab. 4. Mean values of examined parameters for particular vehicle
Mini
mass

kg

till 900

wheelbase

mm

2073

length

mm

3609

width

mm

1518

bk

m/s/m

24

A

N/cm

460

B

N/cm2

37

G

N

29

A= 460
B= 37

2 ∙ 238184
𝑚
= 24,79
775
𝑠

(89,25

𝑘𝑚
)
ℎ

Summary

There was proposed a EES calculation algorithm that utilizes
the parameters evaluated basing on the car crash NHTSA database.
There were only chosen front crash tests, basing on which there
were performed calculation of the stiffness parameters.
Comparison of the results gathered using the proposed method
with the results obtained according to the analytical methods
described in the literature showed higher accuracy of the designed
algorithm of EES evaluation. The crash test of Suzuki Swift with
the impact velocity equal to 80 km/h indicated the EES model value
equal to 80,9 km/h.
For the same crash test the results obtained according to the
proposed algorithm basing on the correction coefficient σ indicated
the value of the parameter EES equal to 89,25 km/h, which
comprises 1,11 of model value (11% error).
Performing calculations of the EES using methods described in
the literature forecasted the parameter value equal to 93 km/h,
which makes up 1,16 of the model value (16% error).
The analysis of the gathered values of the EES shows that
introduction of the correction factor σ used in the gives the
possibility of obtaining significantly better, more accurate and
realistic results than by using other analytical methods. The
coefficient σ corrects parameters of the unitary boundary force and
the directional linear model of the mass-dependent deformation.
Introduction of this parameter is related to the fact that the total
mass of the examined vehicles does not determine the class of a
particular car. The presented algorithm increased the accuracy and
caused the harmonization of the analysis leading to the evaluation
of the parameter EES. The proposed method enabled obtaining
effects more similar to those obtained during the crash tests.
The performed analysis does not include all of the vehicle
classes, the presented results concern only the chosen vehicle class.
However, the proposed method allows the results obtainment for
other vehicle classes as well. The created tool may in future be
complemented with another elements, what will increase its value.
With the increase of the availability of the crash tests (databases)
there will increase the possibility of wider analysis, what will allow

Finally, it was possible to evaluate the EES:
(93

1250 39611 ∙ 9,7 318611 ∙ 14,1
∙�
+
+ 5 ∙ 2900� ∙ 1
5
2
6
= 238 184 J

Finally, it was possible to evaluate the EES:

1250 53 ∙ 103 ∙ 10 32 ∙ 104 ∙ 14
=
∙�
+
+ 5 ∙ 43 ∙ 102 � ∙ 1
5
2
6
= 26 ∙ 104
[𝐽]

2 ∙ 26 ∙ 104
𝑚
𝐸𝐸𝑆 = �
= 26 � �
775
𝑠

𝑚2

𝑁

𝑐𝑚
𝑁

𝑐𝑚2
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further correction of the coefficients proposed in the presented
method. Using higher number of the crash tests will enable
obtaining lower errors when evaluating the EES.
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Abstract: Production of hydroponic green fodder is an important task of agriculture, which in developed countries is given enough
attention. Currently, the world's developed a considerable number of various designs installations for the production of hydroponic
products, but the main working body of these installations are trays in which the cultivation of hydroponic green fodder, as one of the most
simple, but fairly effective devices for seeding, cultivation and the ready products. Due to the fact that each of the trays used for these
purposes is a resilient structure which is under the influence of considerable forces and bending moments, to design it requires fairly
accurate preliminary and final strength calculations. The aim of this study is to develop guidelines on the calculation theory of plant trays
strength for the production of hydroponic green fodder. The study used modeling techniques, higher mathematics, mechanics of materials
and structures, in particular the theory of elasticity of plates and shells, as well as the methods of calculation and programming on a PC.
The study built a mechanical model and the design of the tray scheme, defined analytical expressions to change the maximum and calculated
moments in his dangerous sections and constructed diagrams of bending and torque. Further graphs of changes in the safety margin of the
tray frame, depending on the area of seed tube parameters and from which it is made. These charts should be used for the calculation and
control of the results. A new theory can be used in calculating the strength of similar containers, which are used in the mechanization of
agricultural production
Keywords:HYDROPONICS, PLANT, TRAY, THEORY, STRENGHT, SAFETY FACTOR, MOMENTS, DANGEROUS SECTION.

1.Introduction
Formulation of the problem. One of the main problems of
agricultural production, is a year-round maintenance of its major
branches - livestock and poultry green fodder. This can be
achieved only on the basis of broad general use of modern
technology and advanced mechanical equipment (mechanical
units) for the production of hydroponic products, which is the
hydroponic green forage. The main operating element is a
mechanical hydroponic systems tray, which takes place the
cultivation of green fodder. From the mechanical strength of the
tray depends on the overall performance of the entire hydroponic
setup. In this regard, the development of new theoretical
foundations of modern calculation of trays for strength as elastic
structures of complex configuration, is an actual scientific and
technical problem of agricultural mechanization sector.
2.The results of studies and publications.
Features of the tray and, in general hydroponics installations
are described in detail in [1-3]. Development of the theory of
strength calculations trays should be carried out using the
developed classical foundations of the theory of strength of plates
and shells, adequately set out in [4, 5]. It is necessary to precisely
apply the principles known in the literature for the most common
specific designs of trays, which are widely used in installations
for the production of hydroponic products produced by the
majority of world companies.
A further improvement of both the plants for the production
of hydroponic green fodder, as set out in [6-10], as well as their
main working body - the tray, in which the process of growing
hydroponic forage require the introduction to this theory of the
relevant changes, which apparently will be the subject the
following studies.

Fig. 1. Structural diagram of the tray for the production of
tray hydroponic green fodder
Purpose of the study. To develop the main provisions of the
theory of calculation on the strength of the plant trays for the
production of hydroponic green fodder.
Research methods. To conduct the study used modeling
techniques, mathematics, mechanics of materials and structures,
in particular the theory of elasticity, as well as the methods of
calculation programming on a PC.
Results of the study. We developed the design of the
installation for the production of hydroponic forage provides use
her flat swivel trays, section of which is shown in Fig. 1.
As seen from the circuit of Fig. 1, the tray is made in the
form of a frame with the corresponding pipe size, which is rigidly
attached sheet metal 1,25 mm thick, or metal mesh. Photographic
trays sowing area 1,5 ... 3,0 m2 can be produced not from the
pipes, and parts of 40 × 40 mm.
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∂ 4W
∂ 4W
∂ 4W q
,
+
2
+
=
∂x 4
∂x 2 ∂y 2 ∂y 4
D
where -

q 4
W=  
Dπ

For the development of the theory of calculations on the trays
strength of this design should be submitted at the beginning a
mechanical model, based on which further take design scheme,
under the influence of the workload (seeded and sprouting green
fodder). Such mechanical model and design scheme shown in
Fig. 2 (a, b), which represent the geometric dimensions given
plate pivotally resting axle rigidly clamped with two U-shaped
framework bearing the same parts are uniformly loaded with
hinge supports on the path.
For further calculations will present a general theory,
considering in particular the tray with a growth surface 2 m2,
which is cultivated 100 kg of green fodder. We first define the
intensity of the load distribution for the tray area of the
vegetation area (2 m2), which will be equal to:

P
1000
=
= 500 , N∙m-2,
2ab 2 ⋅ 2 ⋅ 0 ,5
P = 1000 N - gravity of harvest; a and

Amn =

(1)

=
A13′

W = W ( x, y )

the deflection function.

A15′ =

(2)

′
=
A31

Static boundary conditions (no points) can be written as
follows:

 0 , ∂ 2W
∂ 2W
=
x  =
0
=
,
0,
2
∂y 2
a, ∂x
0 , ∂ 2W
∂ 2W
=
y  =
0=
,
0.
2
∂y 2
b, ∂x

′
=
A51

 m2 n2 
π6 Dmn  2 + 2 
b 
a

1
=
2
1 
 1
1 ⋅1  2 +
2 
 2 0,5 
1
=
2
 1
32 
1⋅ 3  2 +
2 
 2 0,5 
1
=
2
 1
52 
1⋅ 5  2 +
2 
 2 0,5 
1
=
2
1 
 3
3 ⋅1  2 +
2 
 2 0,5 
1
=
2
5
1 
5 ⋅1  2 +
2 
 2 0,5 

mπx
nπy
.
sin
a
b

(6)

2

.

(7)

0, 05536;

0, 00025;

2 ⋅10−5 ;

0, 00853;

0, 00190.

0,16qD 
3πy
πx
πy
πx
5,536 sin
+ 0, 02537 sin
+
Dπ6 
2
0,5
2
0,5

+2 ⋅10−3 sin

mπx
nπy
,
sin
a
b
=
m 1=
n 1
where;
=
m 1,=
2, 3...,
n 1, 2, 3...

=
m 1=
n 1

16q

W (=
x, y )

∞

W = ∑∑ Amn sin

1

∑∑ mn sin

(3)
The desired function of troughs will have the following form:

For the function of the deflections take an infinite number of
such type:
∞

∞

Thus obtained is a function of the deflection by rapidly
double
row.
To set values, а = 2 , 0 m; b = 0 ,5 , m we find the first five
coefficients in this series:

Kinematic boundary condition for this case will have the
form:

Where:

2 ∞

Differentiating function deflections (4) in the existing
argument, and substituting the values of the derivatives in (5)
with (6), we obtain expressions for finding the deflection
function coefficients:

where,
b - the
A11′
geometric dimensions of the tray, which are respectively, a =
= 2,0
m b=0,5 , m

0,
∂W
x =
W 0,
=
≠ 0,
∂x
a,
0 ,
∂W
=
y =
W 0,
≠ 0,
∂y
b,

Eh3
- cylindrical rigidity of the plate;
D=
12 (1 − µ 2 )

E - Young's modulus; h - The thickness of the plate; µ Poisson's ratio.
Expanding the right-hand side of equation (5) in a series, we
obtain:

Fig. 2. Mechanical model and design scheme of the tray:
а - mechanical model of the tray; b –the design scheme of the
tray

=
q

(5)

(4)

Amn -

Unknown coefficients of an infinite series, (4).
The set thus satisfies static (3), kinematic (2) boundary
conditions and the main bending plate equation [4, 5]:
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5πy
3πx
5πx
πx
πy
πy 
sin
sin
sin
.
+ 0,853
+ 0,19sin
2
0,5
2
0,5
2
0,5 

(8)

Pst = q ⋅ ab = q ⋅ 2 ⋅ 0 ,5 = q

Find the corresponding derivatives of the deflection function.
We have:

В
a
 4
P = 2  ∫ qa dx + ∫ qb dy  =
( 2 ⋅ 0,339q + 0,5 ⋅ 0, 212q ) = 0,9982q ,
o
o
 π
Pst − P
1 − 0 ,9982
η=
⋅100
=
⋅100
= 0 ,178% .
1
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1

3πy
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5πy
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πy
πy 
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, N∙m-1,

We carry out a check on the bending moment. We have:

M b.st =Pst ⋅ 0 ,5b =q ⋅ 0 ,5 ⋅ 0 ,5 =0 , 25q ,

a
b

b 
=  ∫ qa dx + ∫ qb ⋅ dy  b = 2 ⋅ 0 ,339q ⋅ 2 +
2 o
o

0 ,5
+ 2 ⋅ 0 , 212q ⋅ 0 ,5
=
0 , 2495q ,
π
M b.st − М b.
0 , 25q − 0 , 2495q
=
η2
=
⋅100
=
⋅100 0 ,178% .
M b.st
0 , 25q

M b. = Pa + 2 Pb

where

η1 and η 2 - the interest discrepancies.
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To calculate the lateral forces will use such expressions:

 ∂ 3W
∂ 3W 
,
Q x = − D 3 +
∂x∂y 2 
 ∂x
 ∂ 3W
∂ 3W 
Q y = − D 3 + 2 .
∂x ∂y 
 ∂y

(9)

The expressions for the torsional moments are of the form:

M xy = − D(1 − µ )

∂ 2W
∂ 2W
,
= − D ⋅ 0,72
∂x∂y
∂x∂y

(10)

Where µ = 0,28 - Poisson's ratio for the plate material.
Then in view of (9) and (10) the intensity of the load
distribution
on
the
contour
U-shaped frame of find such a condition:

∂M xy

q a =  Q y +
∂x



 ∂ 3W
∂ 3W 
 = D 3 + 1,72 2  ;
∂x ∂y  y =0
 ∂y
 y =0

∂M xy

q B =  Q x +
∂y



 ∂ 3W
∂ 3W 
 = D 3 + 1,72
 .
∂x∂y  x =0
 ∂x
 x =0

Fig. 3. Diagrams for calculating the strength of the tray

(11)
Using the boundary conditions and neglecting high-order
harmonic, load intensity distribution obtain the contour of the Ushaped frame, shown in Fig. 2a.

πx
,
2
πy
qB = 0, 212q sin
.
0,5
qa = 0,339q sin

(12)

Perform the test results obtained. Static test:
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q = 2q a = 2 ⋅ 0,339q sin

πx
2

= 0,678q sin

πx
2

.

The values calculated for the U stress - shaped tube is given
by:

M max 0, 678 ⋅ 500
=
= 125 , MPa,
1,94 ⋅10−6
W
where =
W 1,94 ⋅10−6 m3 - moment of resistance – U
shaped pipe with an inner diameter of d in = 89 mm, wall
thickness h = 4 and height H = 50 mm cut mm inner
=
Gp

diameter.
Then the margin is equal to:

Fig. 4. Diagrams

M=
a

M b. and M to to calculate the strength of the

Since hydroponic installation tray operates in quasi-static
mode, the values obtained safety margins for P and – U shaped
pipes suggest that this design is quite efficient.

tray
Since the percentage difference is small enough, the load
distribution rate equal to:

πx
,
2
πy
qb = 0, 212q sin
.
0,5

σТ 240
= = 1,82 .
σ p 125

qa = 0,339q sin

(13)

q a and q b accept

Subsequently, the obtained values

for an

external load acting on the U-shaped frame of Figure 2 a, as well.
The frame is a flat system, i.e., it is three times statically
indeterminate.
To determine the estimated torque in dangerous section
construct diagrams of bending and twisting moments acting on
the frame of Fig. 3, (a,b,c,d,e,f,g).
The value of the settlement point in the dangerous section
will calculate based on this:

M b2. + М to2

=
Mp
Substitute values of

.

Fig. 5. Scheme of the bending moment diagram for the
calculation
of
U-shaped tube strength

(14)

M b. and M to diagrams of Fig. 3, in the

expression (14) we obtain:

( 0, 25q ) + ( 0, 053q )

Мp =

2

2

= 0, 26q , N∙m.

Define the rated voltage. It will be:

M p 0, 26 ⋅ 500
=
= 140 , MPa,
9, 28 ⋅10−7
W
where W =
0,928 ⋅10−7 sm3 =
9, 28 ⋅10−7 m3 -

σ=
p

the
moment of resistance of the pipe with an inner diameter

din = 18 mm and a wall thickness of h = 3 mm.
We calculate the margin of safety M a . It will be equal to:

M=
a

σТ 240
= = 1, 71 ,
σ p 140

where,

σТ =240

MPa - yield strength steel.

Fig. 5 shows the design scheme and the bending moment
diagram for the calculation of the strength – U shaped pipe. The
intensity of the load distribution along the length is equal to:

Fig. 6. Change the maximum and the calculated points in the
dangerous section frames and - U - shaped pipe, depending on
the intensity of the load:I -U -shaped tube II - frame tray

47

3.

4.

determined.
The graphs change the safety margin of the tray frame,
depending on the area of seed and tube parameters
from which it is made. These schedules should be used
for approximate calculations and control of the results,
if the tray fits into the range of these parameters.
The resulting new theory can be used in calculating the
strength of similar containers, which are used in the
means of mechanization of agricultural production.
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Fig. 7. Changes in the safety margin of the tray frame,
depending on its geometrical parameters (width 2m tray)

Fig. 8. Change the safety margin of the tray frame, depending
on its geometrical parameters (width tray is 1 m)
The calculations on the PC for 18 trays with different
geometrical parameters yielded total dependence of the
calculated and the maximum points on the intensity of the load
q , and in a certain way to link the results obtained with the areas
considered trays. Fig. 6 shows graphs of the maximum and the
calculated hazard moments and frame sections U - shaped pipe,
depending on the intensity of the load, and therefore the area of
the tray. Knowledge of accounting and maximum values of
moments and moments of resistance relevant to determine the
stresses in the frame and U - shaped pipe with subsequent
calculation of safety margins.
Fig. 7 and 8 are graphs change safety margin beyond the tray,
depending on the area of seed tube and parameters. These charts
are suitable for trays of width 1 m and 2 m.
The main purpose of these graphs is that the design of new
plants to produce approximately tray selection for a given plant
performance. In each case it is necessary to conduct a full
calculation of the strength of the tray.
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3. Conclusions:
1.

2.

The theory fort calculations on the strength of plant
trays for the production of hydroponic green fodder,
based on the theory of strength is develop.
The analytical expressions to change the maximum and
calculated moments in dangerous sections of the tray
frame, which made it possible to construct the plots
required for their practical application in the design of
structures trays of various sizes and capacities is
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A METHOD TO CALCULATE QUARTZ CRYSTAL ULTRA-HIGH
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Abstract: One of the significant problems is increase of productivity in animal husbandry while preserving and increasing the number of
domestic animal which is considerably dependent on timely treatment of their injuries. Antibiotics and other medicines sometimes has any
healing effect, besides, through milk and meat medicinal preparations get into a human’s organism affecting it negatively. UHF therapy is
related to resonant action and excitation of acoustoelectric waves within cell membranes. Purpose of the article is to calculate the power
characteristics of an auto-oscillator with the usage of quartz crystal oscillators. Technique for calculating power characteristics of quartz
crystal ultra-high frequency oscillators used in electromagnetic therapy devices for animals has been developed.
KEY WORDS: QUARTZ CRYSTAL OSCILLATOR, UHF RADIATION, AUTO-OSCILLATOR.
schematic diagram (Fig. 1) is used to calculate the energy relations
of stationary mode, supposed that reactive components Zin, Zout, Zn
influence the phase relationships in the oscillator (the phase
balance) and have no influence on the amplitude balance.

1. Introduction
One of the most relevant problems the agrarian complex of
Ukraine is currently facing is improving of productivity in animal
husbandry while preserving and increasing the number of domestic
animal which is considerably dependent on timely treatment of their
injuries. As a result of injuries and their complications the
productivity of sick animals is declining, they are drafted out
prematurely and often die [1, 2].
Nowadays medication based therapy is mainly used to treat
injuries of animals. Usage of antibiotics and other medicines
sometimes has any healing effect, besides, through milk and meat
medicinal preparations get into a human’s organism affecting it
negatively. In many countries world-wide scientists are tirelessly
searching for drug-free modalities for treatment and prevention of
animal illnesses [3, 4].
It is possible to achieve the goal due to usage of
electromagnetic emissions of UHF and EHF ranges [5,6]. As the
UHF therapy is related to resonant action and excitation of
acoustoelectric waves within cell membranes, high stability UHF
oscillators with output capacity up to 50 mW and frequency tuning
should be used to transmit the maximum radiant energy to
biological objects [7, 8].

Fig. 1. Quartz crystal oscillator equivalent circuit
Let us consider the amplitude balance. Fig. 1 shows that power
output of the transistor Pout is emitted while operating, a part of it
goes to the base of the transistor through feedback circuit with some
input power being dissipated in the quartz crystal oscillator.
Pout = Pn + Pkv + Pin.
(1)
Transistor power gain

2. Analysis of recent research and publications
An analysis of the literature has shown that absence of
specialized high stability monochromatic sources of
UHF
emissions with frequency of 1 cm makes it quite problematic to
create a low-energy electrotechnology for domestic animal
treatment [9, 10].
While solving this task it is essential to conduct a theoretical
analysis of the basic characteristics of a quartz crystal oscillator as
well as analysis of its short-time instability depending on
fluctuating parameters of auto-oscillator circuit elements [11. 12].

Kp =

Pout
Pin

(2)

If the coefficient of resonator Q-factor usage

K=
Q

Pkv R11
=
,
Pin Rin

(3)

where R11 is equivalent impedance of the composite oscillator.

3. Purpose of the article (objective setting)

Supposed Rin = Rn , the circuit on the Fig. 1 can be
transformed into Fig. 2.
Connection of the quartz crystal oscillator to the points with
R1
resistance 1 lowers its Q-factor as shown
KQ
1

The purpose of the article is to calculate the power
characteristics of an auto-oscillator with the usage of
quartz crystal oscillators. Basic materials of the research (main
part). Nowadays there is a great number of circuits of
quartz crystal oscillators with frequency up to 100MHz, techniques
for their calculation are various still restricted by the frequency
domain. Meanwhile, engineering practice demands a quite simple
method to calculate quartz crystal oscillators with frequencies
ranging from 200 to 500MHz, which is possible to use with data
references available or having data measured by simple methods.
Here in after we give one of the possible variants of a
calculation technique that can be applied for the wide frequency
spectrum and considerable output capacity. The simplified

QKQ
R11
=
Qe Q=
,
1
R
KQ + 2
R1 + 2 1
KQ
where: Q is unloaded Q-factor of the quartz crystal oscillator
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(4)

oscillations) and being in the immediate vicinity to the frequency n
of the oscillator mechanical overtones. This power is usually
specified for type of oscillator.
For domestic 250 MHz oscillators the value Pkv = 0,5 mW.
Regarding the aforesaid it is convenient to express Pn through Kp,
Pkv, KQn:

KQ =
Pn = Pk

=
Kp

Pkv
+ Pkv
KQ
P
= KQ ( n + 1) + 1 .
Pkv
Pkv
KQ

(5)

Formula (5) is a condition for generator amplitude balance in
stationary mode. After the transformation (5) we get the formula for
the calculation of oscillator output power fluctuations:

=
Pn

Pkv
( K p − KQ − 1) .
KQ

Pkv K p Pkv K p Q
(
=
− 1) .
2
KQ
KQ

KQ
Qe
=
.
Q KQ + 2

Pin
1
=
.
Pos KQ + 1

1 − KQ
1 + KQ

.

(8)

(9)

(10)

Using the equation for recovery factor G =KosKp, it is easy to
get:

KQn =

Kp − G
Kp + G

.

.

(13)
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Thus:

Kos =

2 KQn

5. Literature

(7)

Feedback network gain is equal to:

K=
os

K p (1 − KQn ) − KQn − 1

(12)

Engineering technique for calculating basic power parameters
of an auto-oscillator is simple, actionable within a wide range of
frequencies and can be used for synthesis of quartz crystal
oscillators with frequencies ranging from 200 to 500MHz.

(6)

Formula (6) shows that Kp=KQ+1, as Pn=0 as all the output
power is spent on self-oscillation.
Let KQn denote the coefficient of lowering of the oscillator Qfactor:

K=
Qn

;

4. Conclusion

On practice usually Kp>1>KQ+1. Thus, we have

=
Pn

1 − KQ

Actual value of KQn can be calculated using the formula (11),
next formula (13) enables to find maximum output power Kp
achieved under the given Pn. Using the correlations given above it is
rather easy to perform calculations for an oscillator under the given
G, Kkv and Qe.
Having given (measured) values Re(Zin) and dependence
Kp(Pin) it is possible to calculate the transformation ratio and phase
shift and thereafter to work out an oscillator circuit.

Fig. 2. Quartz crystal oscillator equivalent circuit
From equations (2) – (4) follows that

Pn +

2 KQn

(11)

Formula (11) makes it clear that with a specified coefficient G
which is usually equal to 2, increase in KQn can be achieved only
due to increasing Kp. The same conclusion can be made after the
analysis of the formula (6). If Kp is increased, the required recovery
factor G can be received under lower values of Pkv. However,
considerable decrease in Qe has significantly adverse impact on
providing maximum Pn. From this point of view, an optimal value
of Pkv is the one, not causing non-linear effects (multifrequency
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Abstract: Due to the growing trend of industrialization and the development of their pollution, recently there has been increasing attention
to preventive approaches. To protect the environment, we need clear and comprehensive policies while there have been no the long-term
policy and systematic approach in this sector. Based on the study of dynamic components related to each other, the behavior is perceived
environmental systems. System approach pays attention to feedback to the origin and circumstances that cause stability or lack of stability of
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This paper is the application of systems thinking to implement pest management field with regard to principle of Systems thinking in order
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the increase in insect type "B", the number of insects "B"
destructive product also increases and this leads to an increase in
the total destructive insects. The total increase in destructive insects,
pesticide also looking to increase its number of insects and finally
the "A" decreases and this loop is repeated on a regular basis. And
because the loop is stronger, exactly the opposite of what they had
expected, happened

1) Introduction
There are many cases of managers and officials trying to solve a
problem that is only in relief and after a short time, the situation is
as before or lead to bigger problems. System approach, is a
systematic way to deal with the complexities of today's world.
When the system fragmenting, loses its most important
characteristics. Thus, the system is a total that can not be
understood by analysis
2)

The need for systems thinking in management

We know life as a series of incidents and events for each event,
we also provide a clear preference. Focus on events, deprive us of
finding a long-term pattern that lies behind the events. Used to
focus on particular events and trigger events, allow a human being
to be incapable of understanding the gradual changes. Frog story
that is incapable of understanding the gradual increase in water and
this causes the loss becomes known. This, just like the fact that
there is in human society. Sometimes the sudden death of a person
to be regarded as grounds its appearance remains hidden from the
eyes. In contrast, the slow death of thousands of people due to
economic problems and health and social sensitivity does not
arouse.
3)

Fig1: Cause-effect relationship pest management in the traditional
way

The application of systems thinking in the fight against
pests

Each year, the vermin to attack plantations and destroy crops.
The traditional response to this, the immediate spraying fields (we
have assumed that the toxic does not lead to damage to nature, the
environment, water and other goods). Spraying is done and
observed that the insects died. It seems that the situation is fullycontrolled and appropriate, but after a short time it is observed that
the insects returned. The interesting thing is that some insects
appear more than once before. Immediately, spraying command is
issued again on a broader scale and the problem appears to be
solved quickly. This is repeated over and over again and it seems
that spraying is only a temporary solution. And later more groups of
insects rush to the fields.In your opinion, what has been happening
in this cycle?
In fact, the traditional method to fix the problem, the system
is divided into small sections and the problem is only considered in
the same section or sections .but in the long run, the implementation
of this process to solve the inconvenience, could in no way
satisfactory. Figure 1 is demonstrated of Traditional approach.
Therefore, the system analysis was then performed with a system
approach (Figure 2). Matching Fig.2, the concentration of greater
consumption, the number of insects 'A' that Exterminator product
decreases (loop 1). On the other hand, the number of insects 'A' is
reduced, the number of insects "B" increases (loop 2, symbols +
sign is a direct relationship between the two variables). This is due
to the previously mentioned, insect 'A' of the insect "B" feeds. With

Fig2: Cause-effect relationship pest management in thinking
approach
4) Conclusion
System approach, proactive attitude by looking at alternative
treatments that would be certainly better returns. But this method is
still as it should be, between managers in the country, it is
unwelcome. And perhaps one of the reasons is the lack of a
comprehensive form.
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