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Justification of Periodic Maintenance of an Aggregate Based on Its
Productivity and Engine Power

Soso Tavberidze - Academic Doctor of Technical Sciences, Associate Professor, Akaki
Tsereteli State University, Kutaisi, Georgia

Temur Leshkasheli - Academic Doctor of Technical Sciences, Akaki Tsereteli State
University, Kutaisi, Georgia

Lukhum Chelidze - Academic Doctor of Technical Sciences, Akaki Tsereteli State
University, Kutaisi, Georgia

The achievement of technical progress in the operation of machines is becoming
increasingly relevant in terms of economy. In this matter, the reliability of the machine and its
individual components and details plays a decisive role. The latter is an important factor in the
smooth operation of machines, which is associated with one of the main factors of reliability -
reliability.

During the operation of agricultural machinery, there are more or less oscillations,
vibrations and other aggressive phenomena in mechanical joints, which affect the technical and
economic indicators of machines. A similar effect on the operation of machines is exerted by air
pressure, which changes at a certain height above sea level, air humidity and temperature, high
soil resistivity, compaction, weediness, crops grown on slopes, etc.

It is important that the fault is characterized by a probabilistic-statistical nature and is
subject to the elements of statistical research. The fault can lead to a forced stop of the process, to
carry out the necessary services, the duration of which depends on the complexity of the technical
service, but it is difficult to predict the fault in advance.

The theory of reliability of machines and their systems and mechanisms has made a
significant contribution to the improvement of the field of mechanical engineering, in the form of
so-called technical service and operational repairs.

The paper discusses the relationship of the elements of probability theory to engine power
and unit reliability in general.

Keywords: technical service; technological service; static method; aggregate output; time
utilization coefficient; effective capacity; preventive maintenance; extremum; optimality criterion,
operational reliability, etc.

It is known that due to the natural phenomena of wear and tear processes in machines and
violations of regulations in its individual nodes (“aging”), the power and shift productivity of the
aggregate engine gradually -W_,, decreases. The latter is directly related to excessive fuel
consumption, which requires partial restoration of engine power by performing technical
maintenance. This process is necessary because otherwise the productivity of the aggregate will
decrease even more (see Fig. 1). The figure shows that the engine power intime t - decreases
by a section - ANe, which represents the average loss in this time; If t- we consider time as a
season or time of year, then the average value -AN_, = f(t) of capacity will be higher the

more often maintenance is carried out, that is, the shorter the period -t ; on the other hand,
frequent maintenance increases the unit's downtime during the season and, accordingly, the unit's
non-productive costs.

Thus, an increase in the average engine X - power leads to an increase in the seasonal



(annual) productivity W._ - of the unit, while an increase in the time utilization coefficient

an

7 - for maintenance - reduces it. [r=f(x)]  Thisis -W,, graphically shown in Fig. 1. To
determine the functional dependence W, = f(X) , an extremum can be used. The dependence

of the average effective engine power on the periodicity - X of maintenance can be represented
by the formula and the help of a drawing, i.e.:

N, =Ng —AN./2=N, - X/2tgx (1)
Where ¢ -is the slope of the straight N, = f(X) line with the abscissa.
7 - The time utilization coefficient, which takes into account time costs for periodic maintenance,
can be calculated by the expression:

r = Tlod _tts/XDwd :1_t£

" Tlod Dwd X

Where: T, - is the daily fire frequency, h; D, - is the number of working days in the season;

t, - is the unit's downtime per maintenance, h; X - Time interval between TMS (unit output
before TMS in hours). The overall time utilization coefficient is calculated as:

r=7't, =77 (I -t

wi 1%) (2)
Where 7'- is the coefficient of shift time utilization without taking into account the time spent on
periodic TMM (excluding tractor stops).

The seasonal service life of the unit in relation to the effective power of the unit engine can be
calculated by the formula:

Wan =Wigg Dy =Wep, Doy ooy = CWC, N, /K 77, Top, - Dy (3)
Where: W_,, -is the shift productivity;
7, - the conditional MCC of the aggregate;
K, -the specific resistance of the aggregate, K =R /By ;

a -the coefficient of change;

cov
If we consider this formula for calculating the productivity of the aggregate in X - time,
we get;

W,, = A(N,, — X/2tga)(1 -t/ X) (4)
Where

A=C,C, /K, nT.,, 7D,
If we solve this equation according to Professor A.B. Koganov, we get:
dw, /dx= (AN, —-t.)/x* - A/2tga =0
And if we take from the latter we will have positive values
2t /tga
N

en

cov

Xopt = 2Nentts /Tga = (5)

Where, XOpt - shows that the subgraph is directly proportional to the time spent on maintenance



t,p - and inversely proportional to the relative power loss - tga/N,, ;

Similarly, the periodicity of maintenance can be determined by the minimum of direct costs or
reduced costs and other indicators.

The disadvantage of this method is that the criterion for optimizing maintenance is average values,
i.e. the values of the resistance of the aggregate without stochastic nature.

e Wc’e = DKZX)
T T

eon;

Ne gy = T

— T = A5
< C ¢

MNog

e

— i —
> mde

an, 3D

34380

85y

FIEASENE FDISETEIIAL oEM, T

i 32 —

Figure 1. Variation of engine power a) productivity b) maintenance period during vehicle service as a
function of maintenance period. ¢) Scheme for determining preventive maintenance time of vehicle

When determining the periodicity of technical maintenance by statistical method [2] it is
necessary to find the laws of distribution of maximum power and productivity of the aggregate. We
know that the marginal values of this distribution can be found by the search time, which for the

case of normal distribution is taken less than the average value «., , the mean square deviation

av !

i.e. Xoot =T — 0, ; in this case, 15...16% of the machines can be serviced after the

o op

marginal service time. If we accept that, X =7,,  then the maintenance can be very late,

because half of the machines reach the marginal wear value according to the distribution during
this time (when X =7,, +2/30, —76%  andwhen X =7, +2/30, —99% )

Thus, the time (term), X =7, —o, recommended by Professor G. V. Vedeniapin [3],

can be considered optimal, since its rejection leads to a decrease in the operational reliability of the
unit. In the process of mass operation of units, statistical methods are widely used, which allow us
to obtain numerical characteristics of the operation of a particular machine (node, detail).
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Requirements !

Journal “agroNews” is an international (ISSN2346-8467) refereed, peer-reviewed periodical publi-
cation. Outcomes of recent researches are published in the journal. Fields: Agriculture, Humanities, Econo-
mics, Chemistry, Technology, Engineering, Biology and Consumers Services. It is published once a year.
Articles published in the journal are internationally recognized. The journal aims at contributing the develop-
ment of science and promoting scientists of different fields by immediate publication of their researches and
recent findings.

Articles will be submitted either in Georgian, Russian or in English (if desired, article can be publis-
hed in original language), summaries must be in two languages (Russian, English). Number of authors is li-
mited to five.

Length and Substance:

- Number of pages ranges between 3 and 10. (A4 ; 1,0 -spacing, fields: up 3 cm, down _ 2,5 cm, left_ 2,5
cm, right - 2 cm, paragraph _ 1 cm, without numbering pages) Please supply the files with figures, tab-
les, summary, bibliography and the body of article in Word format.

- Georgian version — Sylfaen, 11 pt;

- English and Russian versions — Times New Roman, 11 pt;

- Title 14 pt;

- After one line — Author (s) full name (s) 12pt ;

- After one line - Degree and place of work 12 pt;

- After two lines - Annotation 10 pt; (Number of words limited to 500);

- After one line — Body of the article;

- After one line — Bibliography at the end of the article; (author (s) surname (s) with initials — title - “pub-
lisher”; city; year; number of pages);

- After one line — Abstract are required to be in English, 50 % of Georgian or Russian articles. (title of the
article 14 pt; Bold; author’s (s') name and surname 12 pt; Bold; academic degree, title, affiliation, city,
country 12 pt; font 11 pt;);

- Itis recommended that you use JPEG or MBP formats to insert tables, figures.

- For mathematical formulas use Equation;

- Author (s) is responsible for the quality of the article.

- One author can submit no more than 3articles;

- The article will be peer-reviewed and published by editorial board.

Articles must be submitted both as paper version (one copy) and e-form.

Authors pay for the publication. Value of per page is 7 Gel. One copy of journal is included in the pri-
ce.
Money Transfer “Tibisi” (TBC) Kutaisi
GE63TB7524336080100002
For further information contact us: 4600, Kutaisi, Shervashidze 53. Akaki Tsereteli State Unversity. XIX .
Faculty of Agrarian Studies.
Chief editor: Lortqifanidze Roza
Tel.: 599 23 64 79; 577 28 28 54
Email: Roza.lortkipanidze@atsu.edu.ge;
Academic Secretary: Santeladze Natalia
Tel.: 574 84 82 82
E-mail: natalia.santeladze@ atsu.edu.ge
Attention I!!
E-version of paid check must be attached to the article:
E-mail: agronews2016@gmail.com

Beb cTpanmma: jaa.com.ge
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K BHMMaHUI0 aBTOPOB.

KyphHan «ArpoNews» 3To cepuiiHOe W3AaTENbCTBO, KOTOPBIN cTaHaapTHbIH HoMep (ISSN2346-8467)
peleH3upHOe W peepHpHOE HU3AATENbCTBO. OTOT HKypHall Ie4aTaeT pe3ysbTaThl HCCIEJOBAaHHWHU 110
arpapHbIM, XMMHYECKHM, WHXXCHEPHBIM M TEXHOJIOTHYECKMM HAYYHBIM OTpacisiM. DTOT XKypHall H3aaércs
oIuH pa3 B roa. CTraTbM NpeJCTaBICHHBIE B )KypHAJe NPEICTABISIOT — TPYJbl MEKAYHAPOJAHOTO YPOBHSI.
Lenp >xypHama — cHocOOCTBOBaTh pa3BUTHIO HAyKH, OINEPATUBHOE H3IATENILCTBO  JIOCTHIKCHUH
CIEIUAINCTOB, a TaK XK€ MaTepuasbl M Pe3yNbTaTsl HccienoBannii. CTaTbl NMPUHUMAIOTCA HAa TPY3MHCKOM,
AHIVIMIICCKOM, PYCCKOM fA3bIKax (TI0 YCMOTPEHHIO aBTOpa CTaTbU IEYATAIOTCS Ha OPUTHHAIBHOM SI3BIKC)
KonnuecTBo aBTOpOB HE JODKHO MPEBUIIATH MATH YETOBEK.

TpeGoBanus k 0()opMJIEHHIO HAYYHBIX CTATEI:

* OOBIOM CTaThU HE JOJDKHO OBITH MEHbIIE 3 cTpaHull U He Oombire 10 crpanun (Ha Oymare A4 ¢opmara,
rae ¢ uatepBaioM 1,15 mone ¢ Bepxy 3cm. cHu3y 2,5 cM., cineBa 2,5¢cM. cmpaBa 2cM. absar; 1 cm. 6e3
HyMepaluy CTPaHWHHI 1 IEPEHOCOB) C yUETOM YepTEeKeH, TabHLI, pe3toMe U JINTEPaTyphl.

*CTaThsl OJKHA OBITH BHIMOJHEHA TEKCTOBBIM pepakTopom Word.

* ]It TPY3UHCKOTO TeKCTa JJOJDKHO OBITh UCTIOJIb30BaH mpudr - Sylfaen ,11pt.

*J151s1 aHrIIMICCKOTO U pycckoro Tekcta mpudt - Times New Roman ,11 pt.

* maspanue crathy, 14pt. Bold.

*C mpomycKoM OHOHN cTpOoKH — uMst U pamius aBropa (aBropos). Bold.

*C mpOoITyCKOM OJTHON CTPOKH Hay4HBIE KauecTBa M MeCTo paboTs 12pt.

*C mpoIrycKoM IBYX CTpOK — aHatomus cTatbu 10pt ( He Oompire 500 meyaTHBIX 3HAKOB)

* CIpoIyCKOM OHOHN CTPOKH-COJECP)KaHNE CTaThH.

*C MPOIYyCKOM OIHOM CTPOKU — CIIACOK MCIOJIb30BAHHOM JTUTEPATYPHI, (haMILTHS aBTOPOB, HA3BaHUSA Tpyla

( M3AaTETBCTBO, TOPO/I, TOJI, YUCIIO CTPAHULI, WIITFOCTPAIINN).

*C mpoIycKoM 0JHO# cTpokw, Pestome (Abstract) Ha aHTIMHCKOM SI3BIKE,YTO JOJHKHO COCTOBIIATH MOJOBUHY
CTaThH MPENCTABICHHON HAa TPY3WMHCKOM M PYCCKOM si3bikax (HasBamme cratbu 14 pt Bold; ums u
¢damunus aBropa(os) 12 pt Bold; nayunas crenens, 3Banne, Mecto paboThI, TOpo, ctpana 12 pt, mpudt
Tekcta 12 pt);

* JInst uepTeskel M WILTIOCTPAINK B cTaThe JOJDKeH ObITh ucronk3oBad JPEG mwmu BMP — dopmar.

*MaremaTrueckue GopMyJIbl JOJDKHBI OBITH HCIIOIB30BaHbI Equation perxakropom.

* ABTOp OTBETCTBEHEH 3a COJICP)KaHNEH KAUeCTBO CTAaThH.

*OTHIM aBTOPOM JIOJDKHO OBITH MPEACTABICHO He Oouiee 3 CTaThH.

*CraThs AN TyONWKaUM JOJDKHA OBITH TpelncTaBiieHa Ha Oymare (OOWH SK3eMIDIIp) U B IHOOOM

JJIEKTPOHHOM BHJIE.

*BBIITyCK XypHaJla OCYIIECTBISIETCS 3a CUET aBTOPOB.

* CTOMMOCTD OJHOIi cTPaHHUIBI — 7 Japu. B 3Ty cTOMMOCTH BXOAUT OIMH IK3EMILISIP )KypHAJIa.
JleHe:kHbIII mepeBo/ ocyliecTBIAsIeTCsl Yepe3 Kyraucckuii puiauan TBC 6anka.
GE63TB7524336080100002

JononaurensHo obpamaiTech 10 ajpecy :

4600,KyTtancu, Hleppammnze 53

I'naBublii penakrop: Jloprkunannase Po3za

Ten.:599 23 64 79;577 28 28 54

E-mail: Roza.lortkipanidze@atsu.edu.ge;

Vuenntii Cexperaps: Cantesanze Haraaus
Ten:574 84 82 82

E-mail: natalia.santeladze@ atsu.edu.ge

Baumanwue: OnnadeHHas KBUTAHIMS OTIIPABIISIETCS BMECTE CO CTaThEN
E-mail:agronews 2016@gmail.com
web page: iaa.com.ge
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