YK 631.1.004

CONCEPTUAL FRAMEWORK OF MANAGEMENT SYSTEM
OF FAILURES OF AGRICULTURAL MACHINERY

l. L. Rogovskii
National University of Life and Environmental Sciences of Ukraine
e-mail: irogovskii@gmail.com

Abstract. One of the main elements of the management system of
failures of agricultural machines is the management of risk factors for the
occurrence of failures themselves. Risk reduction is possible in various
ways (e.g., equipment replacement, staff training, etc.).

For the effective implementation of components need to develop
methods for each management system element failures of agricultural
machinery. In existing agricultural companies have already developed
the system and have their own developments in this area. The basis of
determination of level of risk of failure lies with expert method, and this
stage is complex.

It is known that achieving zero risk in functioning systems is
impossible. Currently, the concept of absolute reliability is rejected and
uses the concept of acceptable (permissible) risk of failure, the essence
of which consists in seeking to achieve this level of reliability, which is
acceptable in a given time period or lowest feasible level.

Achieving the lowest possible level is determined by the financial
resources of the agricultural companies. Allocating resources is one of
the most important organizational processes of agricultural companies.
The lack of financing of measures on providing of reliability of agricultural
machines can have a negative impact on the gross yield of products of
rastenievodstva, the excess — will have a negative impact on the
financial condition of the company.

Key words: probability, loss, exploitation, efficiency,
agricultural machine

Introduction. With the implementation of the management system
of failures of agricultural machinery in addition to the insured costs
(funded by insurance premiums paid by insurance carriers) that can be
recovered, there are also uninsured costs which cannot be recovered
and, as a rule, twice or three times exceed insured costs:

- insurance deductions;

- lost time and overtime, cost of hiring and training replacement;

- the loss of productivity of staff;

- the cost of restoring order;
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- lost time equipment usage;

- the cost of renting or leasing replacement equipment;

- increased operational costs attributable to the remaining
equipment;

- loss of spares or specialized equipment fines and citations;

- payment for legal services provided in connection with the
incident, increased insurance premiums;

- payments on obligations in excess of the amounts insured, the
reduction in tidal volume of business and damage to reputation,
expenses to remedy the situation.

Formulation of problem. Thus, when the control system failures
of agricultural machinery it is important to realize a balanced allocation of
resources between protection and production, and to determine in space
the security of financial the border and border security — the border, the
achievement of which indicates that it creates a situation of unbalanced
allocation of resources (Fig. 1).
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Fig. 1. Boundaries of total cost in management system of failures
of agricultural machinery: Cy, — minimum total cost, Ry, — level of risk
of accident, the corresponding minimum total costs.

Analysis of recent research results. Immediately eliminate all

possible negative factors affecting the occurrence of failure of agricultural
machinery is not possible and economically feasible [1]. With this in
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mind, the decision to reduce the risk of failure of agricultural machinery
will be much more efficient if all the activities to improve first and
foremost to choose those that will provide a balance between the costs
of ensuring reliability of machinery and the organization of production. In
order to make such selection it is necessary to develop a mathematical
model of the total cost with the optimization option — the effectiveness of
measures to improve the level of reliability of the machines, then find the
optimal value of the efficiency of measures on the basis of the criterion of
minimum total cost [2—6].

Purpose of research is substantiate the conceptual framework of
management system failures agricultural machinery.

Results of research. Mathematical model of the total cost will be
incorporated in the basis optimization of the process control factors, the
risk of failure of agricultural machinery on the basis of the criterion of
minimum total costs in the management system of failures of agricultural
machinery agricultural companies. This method will be the solution to the
dilemmas arising in the space of reliability.

To date the proposed approach to increase the reliability of
agricultural machinery on the basis of the criterion of minimum total cost
has not been, and will be of particular interest to enhance the
effectiveness of existing control systems, failures of agricultural
machinery agricultural companies.

In the management of negative factors, risks of failure of
agricultural machinery is important to consider the principle of marginal
efficiency of investment, whereby every portion of the additional
investments the efficiency of the latter decreases after certain levels of
investment.

To determine for agribusiness companies, the optimal level to
increase the availability of agricultural machinery in this article the
conclusion and analysis of mathematical models of total cost of
agricultural companies in the management system of failures of
agricultural machinery agricultural companies.

Under the total cost management system of the occurrence of
cracks of agricultural machinery agricultural companies refers to
expenses aimed at implementation of measures to reduce the risk of
failure of agricultural machinery and elimination of consequences of the
expected loss from failures. Cases of damage:

- only of the engine, its ancillary units, hoods, its failure, the braking
device, not the power elements;

- other elements, if not broken the strength of the structure as a
whole;

- bushing steering column;

- ventilation unit, reducer, transmission parts, chassis parts.
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In the preparation of proposals to improve reliability of agricultural
machinery the article deals with the whole structure of agricultural
companies , including engineering staff, fleet, service of service.

Various failures and shortcomings in the work of these subsystems
can lead to failures. The main points of the status parameter of the
system is the reliability of the machine, which is expressed through the
probability of failure. The main factors affecting the reliability of the
machine, are the human, technical, non-systemic.

The same type of failures that occur on the same (or different)
reasons, and lead to similar consequences, to form a homogeneous flow
of events, differing in time of appearance.

However, the possibility of using the Poisson to estimate the
probability of failure of agricultural machinery because of their rarity and
independence. To confirm the hypothesis about the failure distribution of
agricultural machinery Poisson statistics were considered failures with
different harvesters: 286 gradual failures, 51 crashes. Identified using the
criterion of Pearson (Chi-square) that the failure of agricultural machinery
is distributed Poisson with the probability of 0.68 for emergency waivers
of 0.71 for gradual. Argument in favor of the proposed hypothesis about
the distribution is the proximity of the values of statistical characteristics
such as mathematical expectation and variance of the frequency of
occurrences of failures of agricultural machinery.

With this in mind, the probability of increase of reliability of
agricultural machines that are distributed by the Poisson law is
determined by the formula:

P(AC) = Ay - T, (1)
where: Axc — intensity of flow of homogeneous failures, hour?,
T — developments of agricultural machinery.

Stream failure of agricultural machinery is estimated by the
parameter stream. For the evaluation of homogeneous events used the
intensity of flow events — number of events per unit time and has the
dimension [hour™].

To calculate the magnitude of the individual fluxes (or intensities of
flows) the failures of agricultural machinery you can apply three
approaches:

1. To determine the value of the parameter flows on the basis of
given criterion of probability of emergency failures and statistical
correlations of parameters of the flow of failures. One of the approaches
of the calculation of the pyramid of risks.

2. Aac value can be taken equal to the corresponding probabilities
of occurrence of particular situations in the expected operating conditions
of agricultural machinery established by the norms of validity, provided
that the design data requirements have been met and verified by testing
at the factory at the beginning of mass production.
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3. The parameters for each specific type of failure of agricultural
machinery is calculated on the basis of existing classifiers and statistical
data of the company.

Any failure of agricultural machinery can be the consequence
of several factors (causes).

Each factor has its share in the occurrence
of failure. In particular failure and have place their factors, which is
complete group of events.

The proportion factor of failures of agricultural machinery
represents not that other, as the conditional probability that the failure
occurred due to this factor.

Denote the conditional probabilities given in Table 1.

1. Denote the conditional probabilities of occurrence of failure
of agricultural vehicles on certain factors.

AC Factors (causes) failures

k1 | F2 | F3 “ Fa || Fg
AC1 P(FI/AC1) P(F2/AC1)  P(F3/AC1) ... P(Fa/AC1) ... P(Fg/AC1)
AC2 P(FI/AC2)  P(F2/AC2)  P(F3/AC2) ... P(Fa/AC2) ... P(Fg/AC2)
ACj P(FU/AC))  P(F2/ACj)  P(F3/AC)) ... P(Fa/ACj) ... P(Fg/AC))
ACm P(F1/ACm) P(F2/ACm)  P(F3/ACm) ... P(Fa/ACm) ... P(Fg/ACm)

The probability does not indicate the severity of events. In the
assessment of the severity of the possible consequences of uncertainty,
the payment of which is the risk matrix.

Fg s _
9 P (A_c,> =1,Vj,j=Lm, a=1,g.

Every failure, even due to the same cause (or multiple causes) will
occur on its own, and will lead to your damage. Therefore, statistical data
should be obtained for this factor the average value of the expected loss
as the average of the sample or the arithmetic average of simple. These
data are summarized in Table 2.

The damage from the failures of agricultural machinery on the
same machine will be equal to the average C,: and is determined by the
formula:

- Y = CacAacT, (2)
where: C,c — the average damage of failure.

Noted that the private costs of agricultural companies in the
event of failure of agricultural machinery in two or three times higher
insurance payments. Given this, the paper discusses the damages
without insurance and level of deductibles (for simplicity and as a first
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approximation). The damages associated with the risk. In modern
terminology, the concept "risk" has different definition. For example,
in the first edition of risk was defined as "combination of the
probability of a hazardous event and the severity of potential
consequences.” In second edition of risk to reliability of agricultural
machinery, represents "an assessment of consequences of hazard,
expressed in form of predicted probability and severity, while control
reference was adopted predvidela the worst situation.” In third edition
of risk "the predicted probability and seriousness of consequences.".

2. Denote the average of expected losses from failures.

AC The average damage from the failure on the a-th factor

R | R | R | .. F | .. ] R
Ay Cn Ciz Ci3 v Cia o Cig
AL, Ca Ca2 Cas Caa Cag
NG &% & G G
ACn C_ml (E C_mS Crma C_mg

According to the "Management of risk. Study hazard and
operability. Applied management”, "Management risk. Risk analysis
of technological systems" and "Management risk. Terms and
definitions”, "risk is the combination of the probability of an event and
its consequences." In accordance with the "safety Aspects. Rules
inclusion in standards" risk "combination of probability of harm and
severity of that harm". The law "On technical regulation" risk
"probability of harm to the life or health of citizens, property physical
or legal persons, state or municipal property, environment, life or
health of animals and plants taking into account the gravity of that
harm". Thus, the risk of failure of agricultural machinery agricultural
companies on one factor will be determined by the formula:

R=Cac dac-T-P (), (3)
where: P(ﬁ) — conditional probability that the failure occurred
because of specific factor F.

The most important characteristic of random variable is its
mathematical expectation is mean value, around which are grouped
all its possible values. The expectation in the risk of AC; will be
determined by the expression:

F\ F,\
R; = P(AC;) - P <A_(17]> -C +P(AG) - P <A_é]) Cpt+ - +
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Given that the number of failure modes m, the total risk of m
crashes (which are relative to each other for heterogeneous
(for example, serious incidents and failures)) will be determined by
the expression:

RAC_zR _2’1 P(AC) ZCJ“

If the structure of the park of agricultural machlnery agricultural
companies includes a certain number of machines and if you make
g — specific machine type g =1, v, the risk of failure will be
determined by the formula:

m m v g
Z z E, z z _
j=1 j=1 1/ a=1  a=1

Conclusions. Used, risks are classified by types of events (risks of
crashes, failures, incidents), by type of factors (the risk of failures caused
by technical, human, non-systemic factors), the degree of acceptability,
depending on the magnitude of probability and expected damage, in
accordance acceptable, acceptable, unacceptable performance.
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KOHUENTYAJIIbHI PAMKU CUCTEMMU YTMNPABJIIHHA
BUHUKHEHHSA BIOAMOB ClIJIbCbKOIMOCNMOAAPCbKUX MALLUUH
I. J1. Poecoecbkulu

AHoTauifa. OOHUM 3 OCHOBHUX efleMeHmie cucmemu yrpaesliHHS
BUHUKHEHHS1 8i0M08  CillbCbKO20Cr00apChKuX MawuH € yrpaseiHHSA
akmopamu pu3uky 0511 BUHUKHEHHSI caMux 8iOMO8. 3MeHWEeHHS pU3UKy
MOX/UBO  PI3HUMU criocobamu  (Harpukrnad, 3amiHa obriaOHaHHS,
Hagy4yaHHS riepcoHarsly ma iH).

Lnsa echekmusHoi peanizauii KOMMNoHeHmIe nompibHo po3pobrissmu
MemoOuKU Orisi KOXXHO20 efleMeHma cucmemu yrnpaesiHHS 8UHUKHEHHS
8I0MO8 CiflbCbKO20Cr00apChbKuX MawuH. Y Qito4ux aspapHUX KOMaHisx
exe po3pobrieHi cucmemu i € c80I HarpaureaHHs 8 Uit obracmi.
B ocHosi nputHamms pilueHHs 1Mo KOPeKUii pieHS pU3UKy S8UHUKHEHHS
8IOMOo8 nexxumb eKkcriepmmHult Memoo, i 0aHul emari € CKriaOHUM.

Bidomo, wo 3abesnedyumu Hyrnbosul pusuk y Jdilo4ux cucmemax
HeMoxnueo. B OaHuli 4yac KoHuenuis abconromHoi 6e38i0Mo8HOCMI
BIOKUHYMa i BUKOPUCMOBYEMbCS KOHUEMNUIS MPUUHSIMHO20 (00rnycmumoeo)
PU3UKY BUHUKHEHHSI 8IOMO8, Cymb S$IKOI rorisicae 8 ripagHeHHi 00
3abeasrieyeHHss makoao pieHs 6e3giOMO8HOCMI, SIKUU € MPUUHAMHUM 8
OaHuu repiod Yyacy abo HalUMeHWOoz20 rpakmu4yHO MOXX/1UB020 PIGHSI.
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LlocsicHEHHSI ~ HaUMEHWOo:20  rpakKmu4yHO  MOX/IUB020  PIBHS
8U3Ha4YaembCsi  (hiHAHCOBUMU  pecypcamu  az2papHuUx  KOMIaHisiX.
pamomHe posnodin pecypcie € O00HUM 3 Haubinbw eaxrnueux
op2aaHi3aujtiHux rnpouecie azpapHuUx KomnaHisx. Hedorik ¢biHaHCy8aHHSs
3axodie w000 3abesried4eHHs1 6€38iI0MOBHOCMI CiflbCbKO20CN00apChKUX
MawuH MOXe HeaamueHO [1o3HadYumucs Ha eanosul 36ip npodyKuii
paccmeHuesodcmea, HaluWoK — He2amugHO eri/iuHe Ha biHaHcosul
cmaH KoMraHir.

Knwo4yoBi cnoBa: umoeipHicmb, empama, eKcrisiyamauis,
npauesdamHicmab, CinbCbKo20cnodapcbKa MaWluHa

KOHUENTYAJIbHbIE PAMKU CUCTEMbI YINPABJIEHUA
BO3HUKHOBEHUA OTKA30B
CENbCKOXO3ANCTBEHHbIX MALLWH
W. J1. Poeoeckuli

AHHoTauma. OOHUM U3 OCHOBHbIX 3/IEMEHMO8 CUCMEMbI
yrpaeieHUsi 803HUKHOBEHUST OMKa308 CEeJIbCKOXO35LCMBEHHbIX MawluH
sernisemcs yrnpasrneHue ¢hakmopamu pucka Orisi 803HUKHOBEHUSI camux
0MKa308. YMEHbWEHUEe pucka B03MOXHO pPas/iu4dHbIMU criocobamu
(Harpumep, 3ameHa obopydoeaHus, oby4yeHue rnepcoHara u op.).

Ansa  agppekmusHOU  peanudayuu  KOMIMOHEHMO8  HYXHO
paspabambigamb MemoOOuKU Orii Kax0020 arieMeHma Ccucmemsbl
yrpaesieHUsi B03HUKHOBEHUSI OMKa308 CEeJIbCKOX035UCMBEHHbIX MaulUH.
B delicmeyrowux agpapHbIX KOMaHusix yxe paspabomaHel cucmembl U
umeromcesi ceou Hapabomku e amou obrnacmu. B ocHoge npuHamus
peweHUs 1o KoppeKyuu yposHsT pucka 803HUKHOBEHUS OMKa308 riexum
aKcrepmHbIt MemoO, U 0aHHbIU amar S18/19emcsi C/I0XHbIM.

UNzeecmHo, 4ymo obecriedume Hyneeoul pUCK 8 (byHKUUOHUPYUWUX
cucmemax Heso3MOXHO. B Hacmosiwee apemsi KoHuernuus abcorromHyou
b6e3omka3Hocmu  omeepeHyma U  UCrofsib3yemcsi  KOHUenuus
npuemsemozo (0ornycmumoz20) pucka 803HUKHOBEHUSI OMmkKa308, Cymb
Komopol cocmoum 8 cmpeMreHUU K o0becreyeHUr mako2o YpPO8HS
6e3omka3Hocmu, KomopblU serigiemcsi rnpuemnemMbiM 8 0aHHbIU nepuod
8peMeHU Uslu HauMeHbUWe20 Mpakmu4yecku 803MOXXHO20 YPOBHSI.

LocmuxxeHue HauMeHbWe20 MpakmMuyecKu B803MOXHO20 YPOBHS
orpedenisemcsi (UHAHCOBbIMU pecypcamMu  azpapHbIX KOMMIaHUSIX.
pamomHoe pacripederieHUe pecypcos serssemcs 0OHUM U3 Hauboree
BaXHbIX  Op2aHU3aUUOHHbLIX  [POUECCOo8  azpapHbIX  KOMMaHUSIX.
Hedocmamok ¢uHaHcupogaHusi mMepornpussmud o obecrnevyeHuro
6e30mKa3HOCMU CerlbCKOXO035UCMBEHHbIX MalWUH MOXem HeaamueHO
ompasumbscs Ha eanioeom cbope npodyKyuu paccmeHuesodcmesa,
u3bbIMOK — He2amuegHO rossiusiem Ha ¢huHaHCco80e COCMOsIHUE KOMaHUuU.

KnioueBble crnoBa: eepossmHOCcmb, rnomeps, 3Kcrslyamauyusi,
pabomocnocobHoCcmb, ce/IbCKOX03s1icCmeeHHasi MaWuHa
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