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In this article the maintenance policy for stochastically deteriorating unit
with latent stage of defect development (such as pitting) are investigated. The
failure probability, the probability of preventive replacement and residual op-
erating life depending on the inspection period, the preventive and corrective
replacement thresholds and the degradation rate are defined. The presented
dependences may be used at optimization of agricultural machines mainte-
nance.
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Problem. Failures of the agricultural machinery units lead to the suspen-
sion of technological operations and loss the part of yield. To prevent failures
make units diagnostics and replace them if the defects feature exceeds the pre-
ventive replacement threshold.

Research of a optimal replacement policy for units, failures of which oc-
curs as a result of the parts wear started in works of V. M. Mihlin. These tech-
niques are designed for parts where the wear starts when unit put into opera-
tion.

The effectiveness of transition from corrective repairs to condition-based
maintenance depends on a replacement policy and its parameters (preventive
replacement threshold and inspection periodicity). Thus, a prerequisite for effi-
cient condition-based maintenance is optimal choice of these parameters.

Analysis of recent research and publications. In [1, 2] discussed ways
to implement preventive replacement units by means of multiple measuring
feature, determining its trend and forecasting residual life. The disadvantage of
these methods is the relative complexity of implementation. In [3, 4] investi-
gated replacement policies based on regular units inspections and comparing
the current value of feature with a predetermined preventive replacement
threshold. The advantage of these policies is the simplified procedure and re-
quirements for diagnostic devices. Modeling of degradation processes is car-
ried out using random unitary functions or using stochastic increases. These
methods are designed for use in diagnostic of degradation that starts at the be-
ginning of the exploitation. But a significant part of the failures are occurring
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due to defects, which is inherent in the latent stage of development (pitting, for
example). Identifying trends of such defects is difficult, prompting the devel-
opment of replacement policies based on a single inspection result.

Unresolved part of the problem is to determine the probability parameters
of the replacement policies taking into account latent stage of defect develop-
ment.

The purpose of this study is to determine the probability parameters of
the replacement policies based on condition, with the periodic unit inspections
of an agricultural machinery in the presence of latent stage of the defect devel-
opment.

Model of development the defect and condition-based replacement
policy. We assume that at the end of the latent phase defect is random initial
size that does not exceed the preventive replacement threshold. To simulate the
further defect development we shall be using the linear random function of
time. The random parameter of this function is the rate of increasing of the
defect (degradation rate). We assume that this rate does not depend on the de-
fect size and the same is to complete the degradation process. The degradation
rate depends on many factors, the combined effect of which is typically ex-
pressed with their product. Thus, we assume that the degradation rate are dis-
tributed according to logarithmically normal law:
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where f, is the probability density of the degradation rate, s; M is the mode

of the degradation rate, 1/s; s, is the shape parameter of the
degradation rate distribution.

If the defect size exceeds the preventive replacement threshold at inspec-
tion, unit is replaced with a new one. If the defect size has reached the correc-
tion replacement threshold during the technological operation, the failure oc-
curs, after which the unit also is replaced with a new one. We assume that fail-
ure intensity is constant.

Determine of probability unit replacement. We assume that the previ-
ous inspection occurred at the beginning of time counting. We shall consider
the development of defects during the next inspection period. Since defects
have different sizes after latent stage of development should be considered in
the final stage, when they exceed the preventive replacement threshold. Time
when the defect size reaches the preventive replacement threshold, we signed
as the moment of arising of the defect.

Suppose defect has arisen at the interval between inspections. If defect
has arisen, it can lead to the unit failure or its preventive replacement. To unit
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was replaced by the result of inspection, the defect must have the degradation
rate of a certain range. Specifically, the rate should be such that the defect size
at next inspection is ranged from preventive replacement threshold to correc-
tive replacement threshold. The lower limit of this range is zero. The upper
limit we can find by the formula:
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where 7, is the maximum degradation rate, 1/s; D. is the corrective

; 2

replacement threshold; D, is the preventive replacement threshold; 7,
is the inspection period, s; ¢, is time of arising of the defect, s.

Determine the replacement probability, integrating over time and over
degradation rate:
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where f, is the probability density of time of arising of the defect, 1/s; P, - is
the replacement probability.

We turn to the relative time values (making normalization to inspection
period), and pass from the distribution shape to the degradation rate variation
coefficient:
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where @ is the average duration of the defect development from the preventive
replacement threshold to the corrective replacement threshold, s; © is
the relative duration of the inspection period; ¢ is the relative time; ¢,
is the degradation rate variation coefficient;
Determine the unit failure probability:
P (0,c,)=1-P(0O,c,) , ®)

where P, is the unit failure probability.
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Calculate the residual operating life of the unit, if the defect has arisen at
a some time moment and has a some degradation rate:
D. -D, _ Do —(Dp +v(T; —1p))
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where AT is the residual operating life, s; D, is the defect size at inspection.

Determine the average residual operating life of units replaced by the in-
spection result:
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where AT, is the average residual operating life of the replaced units, s.

Yield losses depend on the field area part, treated to failure [5]. Define the
operating time from the last inspection to the unit failure and lower limit of the
rate degradation, the excess of which leads to failure:
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where At is the operating time from the last inspection to the unit failure, s;
V. is the minimum degradation rate, 1/s.

min

We define the mean operating time from the last inspection to the unit
failure:

E[Af]= j T At(t,,v)f,(v)f, dvdt, | P., (13)
0 Vinin (tp)

Consider the case when inspection period is equal to the duration of
technological operations of crop. Calculate the expected value of the part of
the field area treated to failure:

E[¢]= E[TM , (14)

1

where (0 is the part of the field area treated before the failure;

Calculate the expectation of yield losses due to failure in accordance with
article [5] (graphs of K(0,c,) are shown in Fig. 1):
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E[Ax]= wT, P,k E[r](1 - E[p]) = KwT, k E[7] , (15)

K =F.(1-E[¢]) , (16)
where wis failure intensity, 1/s; k, is the proportionality factor, 1/s; 7 is
recovery duration, s; K is the loss coefficient.
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Fig. 1. The iso-level curves of the loss coefficient K(O,c,) .

Conclusions. Dependences of properties of condition-based replacement
policy, depending on its parameters (period of inspection, preventive and cor-
rective thresholds replacements) and units degradation rate are presented. This
allows to determine the probabilities of failure and preventive replacement and
the average yield loss due to failure Prospects for future research is to opti-
mize the inspection period and preventive replacement threshold in the per-
formance of technological operations of crop and determine the possible effect.
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AHoTaNlisA

IMPABHNJIO 3AMIH EJIEMEHTIB BIAITOBIJTHO J1O0
CTAHY IIPU NIEPIOJJUYHOMY JIATHOCTYBAHHI 3
YPAXYBAHHAM IPUXOBAHOTI'O ETAITY PO3BUTKY
JE®EKTIB

IlleBuenko C. A.

Busnaueni imogipnicme 8iomosu, iMoGIpHICMb NPEGEHMUBHOT 3AMIHU § 3a-
JUMWIKOBULL pecypc eleMeHmie ma mpamu 8poAHCaAr0 3A1eHCHO 8i0 nepiody dia-
2HOCMYBAHHA, NOPO2I8 NPEGeHMUBHOI 1 KOpU2Y8anbHOI 3aMiH, IMOGIPHICHUX
napamempie w8uoOKocmi Ooezpadayii eiemMenmis CilbCbKO20CHOOapCbKUX Mda-
wiun. O0eparcani 3aneiHcHocmi MOJICYmMb GUKOPUCIOBYEAMUCS NPU ONMUMI3A-
yii' 06Cy208y8aHH MAWUH 8I0NOBIOHO 00 MEXHIUHO20 CIAHY.

AHHOTAIHNSA

IMPABHWJIO 3AMEH 3JIEMEHTOB I10 COCTOSAHHUIO
P NEPUOJUYECKOM JUATHOCTUPOBAHHUU C
YUYETOM CKPBITOI'O 3TAIIA PABBUTUA
JE®EKTOB

IleBuenko C. A.

Onpedenenvl 6epoamHocms 0MKA3d, 6EPOSMHOCHb NPEGEHMUBHOU 3aMe-
Hbl U OCIAMOYHbIIL PECYpC dNIEMEHMO8 U NOMeEPU YPOICAs 8 3A6UCUMOCTIU OM
nepuooa OuazHOCMUPOBAaHUs, NOPO208 NPEBEHMUGHOU U KOppeKmupyiouel
3aMeH, BEpPOAMHOCHHBIX NAPAMEMPOE CKOPOCMU 0ezpaoayull d1eMeHmos
CeNbCKOX03ANUCMBEHHbIX Mawiun. T1onyuenHble 3a6UcUMoCmuy MO2Ym UCHOAb30-

8AMbCA npu onmumuzayuu 06C/Zy3fCM6‘(lHuﬂ MAWUH NO MEXHUUECKOMY COCMOosA-
HUIO.
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