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OPTIMIZATION OF THE STRUCTURE
OF THE AGRICULTURAL MACHINERY REPAIR
CYCLE IS CORRECT

E.A. Shapiro

Abstract

Background. This article provides a justification for the structure of the repair
cycle of agricultural machinery. It is considered how this technique with disparate
service life of parts has a very low repair adaptability and does not meet the basic
requirements of scientific planning of current and major repairs. The drawings pre-
sented in the work illustrate a scheme for maintaining the permissible gap in the joint
by carrying out periodic repairs, a scheme for wearing parts with different wear rates
and different service lives, a scheme for creating a rational structure of the repair
cycle of machines, etc. This article is prepared for specialists of the agro-industrial
complex, researchers, teachers, postgraduates, undergraduates and students of ag-
ricultural universities in the field of training “Agroengineering”.

Purpose. The purpose of the study is to optimize the structure of the repair cy-
cle of agricultural machinery

Materials and methods. To substantiate the structure of the repair cycle, this arti-
cle uses a detailed analysis of the wear patterns of machine parts and their service life.

Results. One of the most important directions for improving the planning of
scientific, technical and production activities of agricultural enterprises of the Kras-
nodar Territory is to strengthen a systematic, integrated approach to the technical
service of agricultural machinery. Another direction is related to the need to sig-
nificantly improve the technical level and quality of agricultural machinery while
simultaneously increasing its output and reducing production costs.

In order to determine specific measures to improve the effectiveness of scientif-
ic research and development (R&D) in agricultural engineering, it is necessary to
thoroughly and in detail analyze the existing state of work on the creation of new
equipment, trends and prospects for the development of technologies and the ma-
terial and technical base of agricultural production.
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When analyzing the directions of development of agricultural machinery, first of
all, there is a steady growth trend in the unit capacity of tractors, working machines
and vehicles intended for agriculture.

This direction has so far been associated with the solution of one of the main
tasks of the development of agricultural production - optimization of the structure
of the repair cycle of machines.

Conclusion. Thus, it can be concluded that using the expressions obtained, it
is possible to optimize the repair cycle of a tractor, combine harvester, car, or other
agricultural machine.
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intensity; MTZ-82 tractor; inter-repair period
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Hayunast cratbst

ONITUMMU3BALIUSA CTPYKTYPBI IIUKJIA PEMOHTA
CEJBCKOXO3SMCTBEHHOMW TEXHUKHU

E.A. Hlanupo

Annomauusn

Oo0ocHoBanue. B crarbe 1aHO 000CHOBaHUE CTPYKTYPbl PEMOHTHOTO IHKJIA
CEJIbCKOXO035IICTBEHHOM TeXHUKH. PaccMOTpeHo, Kak 3Ta TEXHHUKA C pa3pO3HEHHBIMH
CpOKaMH CITyOBbI JIeTalieii UMEeeT OUeHb HU3KY0 PEMOHTOIIPUTOAHOCTD U HE OTBE-
4aeT OCHOBHBIM TPEOOBAHUSAM HAy4HOTO IIJIAHWPOBAHUS TEKYILIUX M KalIUTaJIbHBIX
peMoHTOB. [IpuBeieHHbIE B pab0Te PUCYHKH HIUTIOCTPUPYIOT CXEMY MO P KaHUs
JIOTTYCTHUMOTO 3a30pa B COSAMHEHUH ITyTEM NPOBEACHUS MEPUOANIECKUX PEMOH-
TOB, CXEMY H3HAIIMBAHUS JIeTalel C Pa3INYHON MHTCHCUBHOCTHIO U3HAIIMBAHUS
U pa3IMYHbIMUA CPOKAMH CIIYKObI, CXEMY CO3/1aHUS PAllMOHAIBHOM CTPYKTYpPHI pe-
MOHTHOTO [IMKJIAa MammuH U J1p. CTaThsi MOATOTOBIICHA [Vl CIICIIHAIMCTOB arporpo-
MBIIICHHOTO KOMITJIEKCA, HAyYHBIX paOOTHUKOB, MpETNogaBareseii, acliupaHToB,
MarucTpaHTOB U CTY/IEHTOB CEJIbCKOXO3SICTBEHHBIX BYy30B M0 HAIPABIEHUIO MO/-
TOTOBKH « ATPOMH>KEHEPUS.

Leasb. Llennro uccnenoBanus SBIsETCS ONTAMH3AINS CTPYKTYPHI IIUKJIA PEMOH-
Ta CEJIbCKOXO3SIUCTBEHHON TEXHUKHU
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MarepuaJbl 1 MeTobL. J[1s1 000CHOBaHHUS CTPYKTYPBI PEMOHTHOTO IIUKJIA B
JAaHHOM CTaThe UCIOJIb30BaH JETalbHbIA aHAIN3 3aKOHOMEPHOCTEH U3HALLIMBAHUS
JeTaneil MaliiH U CPOKOB HX CITYXKOBI.

Pe3yabraTbl. OHUM U3 BOKHEHUIINX HATIPABJICHUH COBEPILICHCTBOBAHHUS TITa-
HUPOBAHUS HAYIHO-TEXHHUYECKON U MPOU3BOJICTBEHHOM AEATEIBHOCTH CEbCKOXO-
3STMCTBEHHBIX MTpeanpusTuii KpacHomapckoro kpas sSIBISIETCS yCHIIEHUE CHCTEMHOTO,
KOMIUIEKCHOTO MOJIX0/1a K TEXHUIECKOMY CEPBHCY CETbCKOXO3HCTBEHHOH TEXHUKH.
Jlpyroe HampaBlieHHE CBA3aHO ¢ HEOOXOMUMOCTBIO CYLIECTBEHHOTO MOBBIIICHUS
TEeXHUYECKOTO YPOBHS M KQUeCTBA CENIbCKOXO3IHCTBEHHON TEXHUKH TP OTHOBpPE-
MEHHOM YBEJIHYCHHH €€ BBIITYCKa M CHIIKEHHH Ce0ECTOMMOCTH.

Jlist TOro 4ToOBI OMPEAETUTh KOHKPETHBIE MEPhI 0 MOBBIIICHHIO (D PEKTHB-
HOCTHU HAay4YHO-HMCCIIEA0BATEIILCKUX U ONBITHO-KOHCTpYKTOpCcKuX pador (HUOKP)
B CEJIBCKOXO03SIHCTBEHHOM MAITMHOCTPOCHUH, HEOOXOIUMO TIIATEIBHO U JIETAIBHO
[IPOAHAIU3UPOBATH CYIIECTBYIOIIEE COCTOSIHUE pabOT MO CO3/1aHUI0 HOBOM TEXHU-
K{, TeHICHIUN U TEePCHEKTUBBI PA3BUTHS TEXHOIOTHH M MaTepHalbHO-TEXHHYE-
CKOIf 6a3bI CETbCKOX03SHCTBEHHOTO PON3BOACTBA.

AHanu3Mpysl HANPABJICHUSI Pa3BUTHUS CEIbCKOXO3SIMCTBEHHOW TEXHUKH, TIPEX/IC
BCETO, CIIYET OTMETHUTD YCTOWYHBYTO TEHIICHIIMIO POCTA SIMHAYHON MOIITHOCTH TPaK-
TOPOB, paOOYHX MAIlIMH 1 aBTOMOOHIISH, IpeTHA3HAUYSHHBIX JJIS CETLCKOTO XO3SHCTRA.

D70 HampaBlIeHHE JI0 CUX MOP OBLIO CBA3AHO C PELICHHEM OHOW U3 OCHOBHBIX
3aj1a4 Pa3BUTHS CEILCKOXO3SICTBEHHOTO MTPOU3BO/ICTBA - ONITUMHU3AINEH CTPYKTY-
PBI PEMOHTHOTO IIMKJIa MAIINH.

3ak0uenne. MOXHO clieNaTh BBIBOJI, YTO, HCIOJIB3YS MTOTYICHHBIE BHIPaKe-
HUSI, MOYKHO OTITHMHU3HPOBATH PEMOHTHBIH ITUKIT TPAKTOPa, KOMOaiiHa, aBTOMOOMIIS
WJIN IPYTOH CENbCKOXO3SUCTBEHHON MAIINHBI.

KnroueBble cj10Ba: peMOHTHBIHN LUK, IEPUOTMIHOCTh; 000CHOBaHHE; 3a30PbI;
PEMOHT; CPOK CILy>KOBL; TPYAOEMKOCTb; TpakTop MT3-82; MexkpeMOHTHBIH nepuon

Jas uurupoBanus. [lammpo, E. A. (2025). OntuMuszanusi CTPYKTYpbI IHK-
Jla PEMOHTA CEITbCKOXO3SIUCTBEHHOM TexHUKH. Siberian Journal of Life Sciences and
Agriculture, 17(6-2), 777-790. https://doi.org/10.12731/2658-6649-2025-17-6-2-1581

Introduction

With the introduction of sophisticated agricultural machinery in the agri-
cultural farms of the Krasnodar Territory, special requirements are imposed for
the justification of scientifically based repair cycles of machines. Coverage of
the basic theoretical principles of technical service, description of devices and
equipment for maintenance and repair are available in a number of scientific
and technical books.
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Therefore, there is no need to dwell on general issues here. Let’s consider
only the description of some of the most widely used schemes for forming the
structure of the repair cycle. Machine repair systems and structures of their re-
pair cycles must meet the following basic requirements [1, 2, 3]:

— there should be no emergency forms of wear of parts in friction units;

—when repairing machines, there should be no rejection of parts with unused
working capacity resources;

— the frequency and structure of repairs should meet the minimum total
cost of repairs and coverage of damage caused by machine downtime due to
malfunction.

Considering the issue related to the justification of the structure of the belt
cycle of machines, it is necessary to briefly focus on the main types and methods
of repair. Firstly, it should be noted that the repair of machines is a set of works
that ensures the restoration of the main operational parameters of machines.

At the same time, the technical condition of the machines is revealed both
by external signs (visually, by touch, by ear) and with the help of devices, de-
vices and tools.

Emergency, routine and major repairs can often be found in the regulatory
and technical documentation. In case of emergency repairs, a complete ma-
chine must be cleaned, disassembled, carbon deposits and scale removed from
worn structural elements, then the repaired machine must be tested at idle, and
if necessary, under load.

During major repairs, the machine is completely disassembled, all parts are
washed, parts and assembly units are defective, repaired, assembled, adjusted
and tested by aggregates and the machine as a whole. Secondly, it should be
noted that the repair method is a method and organization of repair production
with the dismemberment and specialization of repair work on individual units,
assembly units and parts.

A fairly simple nodal method is also possible, in which the entire complex
of works is divided into separate parts, each of which represents a completely
completed repair process of the assembly unit.

In this repair method, there is specialization and division of labor. Each
worker, doing the same job all the time, improves his skills, as a result of which
the quality of machine repair is significantly improved, labor productivity in-
creases, equipment, fixtures, tools and the area of repair shops are better used.

The flow-node method is a form of machine repair organization in which the
entire range of work is divided into separate operations, representing a complete
repair process, and the assembly of machines is carried out on mobile stands.
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Assembly units are repaired and assembled at specialized workplaces and
installed on a machine that moves from one workplace to another in accordance
with the technological process.

With the aggregate repair method, defective units are replaced with repaired
ones from the exchange fund or new ones, and defective units are sent to repair
and technical enterprises.

This method not only reduces the downtime of machines due to technical mal-
functions, but also improves the quality of repairs, reduces the cost of'its cost. The
method of periodic replacement of repair complexes (MANPADS) is a form of
organization of repair of agricultural machinery, when individual units, assembly
units and parts with approximately the same service life during disassembly are
grouped, taking into account this methodology for optimizing the structure of the
repair cycle, into separate kits and sent to mechanical repair plants.

In the workshops of agricultural enterprises, repaired kits are installed on
machines.

This method allows you to restore the performance of machines by replacing
worn-out sets with repaired ones, which significantly increases the utilization
rate of agricultural machinery.

The flow method is used in repair and technical enterprises (factories, work-
shops). This is the most advanced form of production organization in enterprises
with a sufficiently large volume of production program, where similar machines
are repaired with uniform loading throughout the year.

Taking into account the present methodology developed by us to substanti-
ate the structure of the repair cycle, in line production, the time for each oper-
ation is equal to or a multiple of the production cycle.

Materials and methods

To substantiate the structure of the repair cycle, this article uses a detailed
analysis of the wear patterns of machine parts and their service life. In order to
comply with the basic principles of scientific research, a systematic approach
was applied, methods of induction and deduction, abstraction and concretiza-
tion, etc. were used.

The integrated approach used in this article includes a number of particular
methodological approaches, including such as [4, 5, 6]: — functional approach;
— methodological approach related to logical analysis and synthesis; — an ap-
proach involving consideration of the life cycle of machines.

With the modern organization of maintenance and repair of agricultural
machinery, cars and other machines, when parts and assemblies are discolored
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during major repairs, machines lose their components, it is possible to deter-
mine the degree of deterioration of their performance with operating time only
for specific use cases.

Therefore, in this work, such a method is also used as an assessment of the
technical condition of machines, taking into account resource conservation.

Results of the research

During the operation of machines, their parts wear out or get damaged. At
the same time, their sizes change, the geometric shapes of the working surfaces
are violated, bends, twisting, etc. are obtained.

The modern level of modern agricultural machinery allows you to restore
a significant part of worn and damaged parts. Repair of worn parts is of great
technical and economic importance, therefore it is necessary to systematically
expand the range of repaired parts and improve the technology of their repair.

At the same time, the cost of repaired parts is lower than the cost of new
parts. Repair of parts will have a great economic effect by saving metal, freeing
up labor and equipment engaged in the manufacture of new parts, as well as by
justifying the structure of the repair cycle of machines, taking into account the
methodology presented in this article.

Currently, the following methods of quality management of car maintenance
and repair have been applied in the practice of repair enterprises. The principles
of construction of KSUK TOR cars play a special role.

They define the starting points that employees at all levels should follow
when developing and operating the system. These principles are interrelated and
work simultaneously. Improving the quality of maintenance and repair of cars
largely depends on the correctness and completeness of their use at all stages
of the creation of KSUK.

Currently, the issues of forming the principles of organizing the develop-
ment, construction, implementation and operation of product quality manage-
ment systems in agricultural enterprises and in associations, industries, as well
as at the level of the national economy as a whole, are widely covered in the
literature [5, 7, 8, 9] and especially fully in the work [5].

From the perspective of the problem under consideration, it seems correct
to divide these principles of building and organizing quality management sys-
tems into two groups:

— general principles of building all management systems in agricultural
production;

— specific principles of building product quality management systems.
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The principles of the first group are widely described in the technical litera-
ture. Therefore, we will consider the basic principles of only the second group.

The principle of an individual approach. When creating a KSUK TO and
R in each association (enterprise), its application involves the creation and or-
ganization of the functioning of the system, taking into account the specifics
of production and economic activities (transportation process, traffic volumes,
number of branches, type of rolling stock, etc.), while ensuring its sufficiently
high efficiency.

At the same time, the requirement of maximum use of standard solutions in
the system should be taken into account.

The principle of complex problem solving. According to this principle, the
system should be focused on the development of integrated programs (impacts)
in the management of maintenance and repair quality.

It is necessary to focus on improving the quality of the technical condition
of cars while ensuring that all necessary private tasks of the system are solved
in terms of time and resources.

The principle of continuous development of the system. It assumes that the
KSUK TOR is being developed as an open system to be expanded as agricultur-
al production and management systems develop. Considering the issue related
to the optimization of the structure of the repair cycle of machines, it should
be noted that currently the technical conditions for the repair and maintenance
of tractors have established the following structure of repair and maintenance
effects (table 1).

Table 1.
Structure of repair and maintenance impacts for tractors

Type of repair and maintenance impact Frf)(tl};flril:Zc(;ifolrjl frrﬁ)é?;i? ce
1. Tractor running-in (TO-O) 10+5
2. Daily maintenance (ETO) 10+2
3. First maintenance (TO-1) 125+10
4. Second maintenance (TO-2) 500+20
5. Third maintenance (TO-3) 1000+£20
6. Emergency Repair (AR) according to need
7. Current repairs (TR) 2000+20
8. Major repairs (KR) 6000+20

At the same time, it should be noted that this structure of repair and mainte-
nance impacts for modern energy-saturated tractors is insufficiently rational and
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requires further optimization. Further, it should be noted that in addition to those
given in the work related to the optimization of the structure of the repair cycle
of modern tractors, it is proposed to use a number of principles at the stage of
their production and technical operation, which, according to the author, should
also be taken into account when creating KSUK TOR [10, 11, 12].

These principles characterize mainly the requirements for the preparation
of machines for the start of production operation:

— comprehensive preparation of agricultural machinery for the use of the
system;

— active participation of the engineering and technical staff of the agricul-
tural farm in the development and implementation of methods for optimizing
the repair cycle of machines.

At the stage of development of the quality management system, its improve-
ment based on the economic strategy of the agricultural farm administration
should be based on the following additional principles [13, 14]:

— the principle of the predominance of the interests of the agricultural farm
as a whole over the interests of collective and personal;

— the principle of systematic development of quality management of tech-
nical service of machines.

Research and practice have shown that the construction of KSUK TOR,
taking into account the above principles, ensures the creation of an effective
system with specified parameters for optimizing the structure of the repair cy-
cle of machines.

However, the solution of economic and organizational issues and compli-
ance with the general principles of building a technical service system are im-
portant in its development.

One of the most important directions for improving the planning of sci-
entific, technical and production activities of agricultural enterprises of the
Krasnodar Territory is to strengthen a systematic, integrated approach to the
technical service of agricultural machinery. Another direction is related to the
need to significantly improve the technical level and quality of agricultural
machinery while simultaneously increasing its output and reducing produc-
tion costs.

In order to determine specific measures to improve the effectiveness of sci-
entific research and development (R&D) in agricultural engineering, it is neces-
sary to thoroughly and in detail analyze the existing state of work on the creation
of new equipment, trends and prospects for the development of technologies
and the material and technical base of agricultural production.
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When analyzing the directions of development of agricultural machinery,
first of all, there is a steady growth trend in the unit capacity of tractors, work-
ing machines and vehicles intended for agriculture.

This direction has so far been associated with the solution of one of the
main tasks of the development of agricultural production - optimization of the
structure of the repair cycle of machines.

The following data characterize the growth trend in the energy capacity of
mobile technical equipment: currently, the average power of agricultural trac-
tors was 43.5 kw.

The capacity of individual tractor models now reaches 169...235 kw, and
in the near future we can expect the appearance of ultra—high power samples
-294...334 kw.

However, with the increase in the unit capacity of tractors, combines and
vehicles, a contradiction is growing, which is very difficult to resolve within
the framework of traditional technological methods still used in agriculture.
This is explained by the fact that with the increase in the unit capacity of tech-
nical means used in agriculture, their weight and size characteristics increase,
and mechanical loads on the soil increase, which now exceed the permissible
average by three times.

As a result of excessive compaction of not only arable, but also sub—arable
soil layers, difficult-to-eliminate negative environmental consequences arise -
air, water and biochemical exchange regimes are disrupted, fertility reserves are
significantly reduced, and erosion processes increase. In this regard, the problem
of optimizing the structure of the repair cycle of agricultural machinery is acute.

As can be seen from Fig. 1, over the entire life of the production operation
of the machine as a whole, the Tm bearing we are considering will be restored
repeatedly.

B XK ¢ K“J V
! / ﬁ/ d/"
¢ 7
71 L 72 ; -4_7/»1
Tpt Tp2

Fig. 1. The general scheme of maintaining the permissible gap
in the connection by carrying out routine repairs
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In turn, for a machine whose service life of parts is not equal to each other,
the order of current repairs can be graphically represented as shown in Fig. 2.

= A
S A
= /,/ -4 Vi £
E A ~
e ——ﬁ
8§ =t
z 7
(=) Ty T3
2
73
Ty
2 s
Ts

Fig.2. The wear pattern of parts with different wear rates and different service life

The following types of electroplating coatings are widely used in repair prac-
tice: chrome plating, cooling, copper plating, nickel plating, galvanizing, cadmium
plating. Pressure repair of parts is of great interest for agroengineering practice. This
repair method includes the following types of processing: sedimentation, indenta-
tion, distribution, compression, extraction, knurling and straightening.

It is used to restore parts that have changed the size of the working surfaces
and geometric shape as a result of wear. Repair of parts by refilling antifriction
alloys (babbit, lead bronze). This method restores the main and connecting rod
bearings of the engines, as well as the bushings of the camshafts.

Repair of parts by electric spark buildup allows you to strengthen parts in
order to increase wear resistance and build up worn parts. Repair of parts by
machining as a method of repairing parts includes: repair of parts by machin-
ing to the repair size; repair by setting additional parts; repair by replacing a
part of a part.

With this in mind, for parts whose service lives are formed, but not multi-
ples of each other, according to Fig. 3, the restoration of parts A and B should
be carried out through the operating time T1. In turn, for parts B and D, resto-
ration should be carried out through the running time of T2, and parts D and E,
respectively, through the running time of T3.

The general scheme allowing to optimize the general structure of the repair
cycle of machines is shown in Fig. 4. In this diagram, the operating time of
the machine is shown along the abscitz axis, and the maximum resource of the
structural element of the machine is shown according to the ordinate [14, 15 ].
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Wear and tear

r— -
Fig. 3. A diagram of the wear of parts whose service life is formed,
but not a multiple of each other

In this figure, for all groups of restored parts, a circle shows in which type
of repair (current or capital) it should be placed. At the same time, it is import-
ant to note that with the increase in wear of individual structural elements of
the machine, the need for one or another type of repair of its parts increases
dramatically.

For example, for the case of Tc = 9T0, we will have a 10-period cycle (K =
9), the structure of which is: TTII TTIT T T IIL. It should also be noted that at one
time, associate professor of the Kuban State University Karpenko V.D. proposed
a 6-period cycle, the structure of which is I II III II I IV, where I and II are the
first and second emergency repairs, 11l current and IV capital [14].

K=9
/\
K=6 N
m
(97, I I n [ I nm ? 7 i
T
Yar .,
6Ty
50 'e
47, 14
37, = e
2Ty =
To T -
- 1 2 3 4 5 & 7 8 9t
K=0 7, T
' Ty

Fig. 4. Optimization of the overall structure of the repair cycle of machines
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In particular, for the 10-period maintenance cycle of the MTZ-82 tractor, the
following ratio will be used to optimize the repair cycle (Fig. 4):

1
Ty =ﬁ[9ﬂ 57, +3(0y +T, +T5) + 2T +7, +75) + 7y | =
1 (1
=7[Tl +0,5557, +0,333(7, + 7, +75) +0,222(7 + 7, +rg)+0,122r9].

In turn, for a 6-period maintenance cycle of a modern grain harvester
«ACROS 595 Plus», you can write down such a mathematical expression that
allows you to optimize the repair cycle of this combine:

T, :L[6r1 30, 42Ty T, +T5) + T+ T, T+ Ty | =

)
:TL[TI +0,57,+0,333(7; +7, +75)+ 0,167 (7, +7, + 7 +Tg)].
And ﬁnally,o using expressions (1) and (2), we obtain such a formula that

allows us to optimize the repair cycle of a particular machine:
0,055

(1) + Ty +7, +T3,—Ty). 3)
0

Conclusion

Thus, it can be concluded that using the expressions obtained, it is possible
to optimize the repair cycle of a tractor, combine harvester, car, or other ag-
ricultural machine. In particular, for the modern MTZ-82 tractor, a frequency
of daily maintenance was planned equal to T, = 10 motorcycle hours and the
following forms of maintenance were performed: TO-1 every 125+10 motor-
cycle hours, TO-2 after 50020 hours, TO-3 after 1000+20 motorcycle hours.

These figures show that the optimal structure of the repair cycle presented
here is determined by higher requirements for the reliability of modern agri-
cultural machinery.

Conflict of interest information. The authors declare that they have no
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