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Abstract. The solution of universal, global problems
of energy and resource conservation in both mechanical
engineering and agro-industrial complex are inextricably
linked with the solution of issues of protection of
machinery from corrosion.

Modern agricultural machinery, and self-propelled
combine harvesters in particular, are operated periodically
for one or two seasons a year. Most combine harvesters are
stored in the open areas of agro-industrial enterprises, and
it is exposed to aggressive environmental influences
(fluctuations in temperature, humidity, wind, solar
radiation, dust and others). The main type of environmental
impact on the equipment is atmospheric corrosion and the
corrosion wear caused by materials, parts and components,
which leads to its premature failure. Thus, the fatigue
strength of steel products when stored for 12 months in the
open reduces by 28-58%.

To ensure temporary corrosion protection of combine
harvesters, a large number of conservation and working-
conservation oils are used. However, the unresolved
number of issues of theoretical and practical nature leads
to the unjustified use of protective equipment, which either
does not provide the required duration of storage of
equipment, or increase the cost of its preservation.
Standardized methods of testing anti-corrosion lubricants
in the vast majority have a number of disadvantages, the
most important of which is that the evaluation of protective
properties is carried out in units that do not allow to
estimate their service life, but only show the corrosion of
the metal.

Key words: anticorrosiveness, lubricants, safety,
efficiency, combine.

Introduction

The analysis of existing scientific works shows that a
significant amount of research is devoted to the problems
of bush-roller chains [1], their maintenance and storage of
scientists, research and other institutes and organizations.

Summarizing the results of the work shows:

1. The actual consumption of bushing-roller chains
type PR-19,05-3180 per 100 combines is 2.5 times higher
than the established norm [2]. The reason — violation of

operating instructions, as a consequence — their premature
rejection, ie. until the pledged resource is exhausted [3].

2. Removal of bushing and roller chains from
agricultural machinery creates great inconvenience during
current and capital repairs, as well as during off-season
maintenance [4]. To test the efficiency of many parts,
assemblies and units of most complex agricultural
machines, drive chains must be installed, and after
inspection and adjustment — removed and put into storage
with all technological operations of conservation, which
increases labor costs from 7% to 10-13 % of the total
regulatory complexity of storage of the combine [5]. The
main reasons for the violation are the complexity of
technological processes, weak material and technical base
of rural enterprises, great inconvenience associated with
the removal and storage [6].

3. The using sleeve-roller chains for their intended
purpose and during storage, the joints are not insulated
from moisture and abrasive particles [7]. Therefore [8], the
improvement of service technology is a reserve for
increasing the service life of drive chains. To reduce the
impact of climatic influences and further aging and wear of
bush-roller chain joints, the choice of technological
conservation materials, including additives based on non-
ferrous metal nanoparticles, is a priority [9].

Formulation of problem

Based on the above to achieve the goal of research in
this article, the following research objectives are
formulated:

e to carry out a comparative assessment of
corrosion resistance of preservative materials, including
nanostructured aluminum hydroxide (AIOOH — boehmite)
[10];

e to determine the effect of nanostructured
aluminum hydroxide (AIOOH - boehmite) on the
lubricating properties of preservatives, on the example of
sleeve-roller chains [11];

o todetermine the regularity of the wear process and
the optimal elongation of the sleeve-roller chains of
combine harvesters depending on the methods of storage
and lubrication during the intended use [12].
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Analysis of recent research results

The sequence of the program cycle of experimental
researches included a complex technique of research of
influence of preservative materials on working capacity of
bushing-roller chains of combine harvesters and
consecutive elimination of the least effective of them [13].

The method of studying the protective properties of
conservative materials included:

e study of corrosion resistance of samples of steel
grade 3 in the humidity chamber H-4 [14];

e Dbench tests of samples of steel grade 3 under open
atmosphere conditions [15];

e study of the influence of storage conditions and
protective composition on the preservation of sleeve-roller
chains [16].

In the laboratory, the study was performed on samples
of steel grade 3 in the humidity chamber H-4 [17]. Given
the geometric dimensions of the chamber, steel samples for
testing were made with a size of 60 x 70 x 2 mm [18].
Before applying the studied conservative materials [19],
they were marked [20]. Preservative materials were applied
to the prepared samples by immersion and kept for 24
hours at room temperature [21], then placed in a humidity
chamber H-4 [22]. Examination of samples and weighing
was performed after 24, 48, 72, 120, 240, 360, 420 and 720
hours [23]. Evaluation of the protective ability of
preservative materials was performed by gravimetric
method and consisted in establishing the loss of mass per
unit area of the test sample per unit time [24-26].

Purpose of research
The purpose of research is to develop a more efficient

technological process of combine harvester systems during
storage.
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Research results

In order to verify and obtain more reliable results,
bench tests of conservation compositions were conducted
in open atmosphere conditions. The tests were performed
on steel samples similarly to laboratory tests and on
samples of sleeve-roller chains. In order to reduce the cost
of research, the most effective conservation materials were
selected based on the results of accelerated testing. The
total duration of the tests was 1 year, which made it
possible to simulate the real specifics of storing agricultural
machinery. The test sites were inspected daily for the first
10 days and then every 2, 3, 6, 9 and 12 months.

To study the influence of storage conditions and
protective composition on the storage of sleeve-roller
chains, samples of sleeve-roller chains with a step of 19.05
mm were selected. The installation of chains on the stand
simulated the conditions of their storage directly on
agricultural machinery in a weakened state. Studies on
each storage and conservation option were performed six
times over 1 year.

Methods of research of influence of storage
conditions and conservation materials on the process of
wear of sleeve-roller chains. A characteristic feature of the
method is the study on the stand for resource testing of
sleeve-roller chains.

A stand has been set up for testing (Fig. 1) testing of
chains with a range of 19.05 and 25.4 mm, belts and other
products that can be connected in a closed loop. To
simulate the operating conditions and ensure forced wear,
100 g of granular quartz sand (particle size —0.8...1.6 mm)
was fed to the sleeve-roller chain every two hours of
operation. The number of teeth of the stars Z = 19, the value
of the rotational speed of the stars of the chain transmission
was recorded by a universal tachometer ATT-9006 with a
laser marker. The mode of testing the circuit circuit is as
follows: frequency of rotation of the motor and brake shafts
— 1700 min! (chain speed 9.86 m/s), load in the leading
branch of the chain — 1000 N. Duration of tests of one
circuit — 50 hours.
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1 — motor shaft; 2 — control panel; 3 — screw; 4 — powder brake; 5 — manometer; 6 — bypass crane; 7 — the inlet crane;
8 — sleeve-roller chain; 9 — asterisk; 10 — protective cover
Fig. 1. Scheme of the stand for resource testing of sleeve-roller chains

The influence of storage conditions and protective
composition on the wear of the samples of the chains was

assessed by the value of the relative elongation by
measuring their average pitch.
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Methods of research of influence of storage
conditions and preservative materials on fatigue strength of
sleeve-roller chains. The main task was to obtain the
fatigue characteristic of the sleeve-roller chains, which
expresses the decrease in the strength of the chains
depending on the service technology and the number of
cycles of load change. In order to determine the residual

life of the sleeve-roller chains after 50 h of resource tests
they were disassembled into sections of 7 links and tested
for fatigue strength (at N =6 - 106 cycles) on a reliable and
multifunctional stand (Fig. 2) with remote control for
dynamic fatigue strength tests of multi-link and elastically
deformed products, including at combined cyclic tensile,
bending and torsional loads.

A

Y

1 —base; 2 — electric motor; 3 — coupling; 4 — bearing support; 5 — protective screen; 6 — tested products; 7 — device for
adjusting tensile forces; 8 — compressor; 9 — control unit; 10, 11 — shaft; 12, 13 — flange; 14 — fastening; 15, 16 — hinge
of rotation; 17 — support slider; 18 — pneumatic cylinder; 19 — stock; 20 — solenoid valve; 21, 22 — contact sensors

Fig. 2. Scheme of the stand for dynamic tests for fatigue strength of multi-link and elastically deformed products

The stand is designed to work like this. When the
stand is turned off, open the protective screen 5, which
covers the mechanism of cyclic stretching, and fix it in the
product 6 in the form of four segments of 5-7 links of drive
single-row roller chains type PR with a range of 12.7-25.4
mm Next, include the compressor 8 and the pneumatic
cylinder 18 supply air at an initial pressure of 0.05 MPa,
include the motor 2, the speed of which is regulated from
the control panel in the range of 1500...2500 min™, increase
the air pressure in the pneumatic cylinder 18 to
0.19-0.4 MPa. Test time — 50...70 hours.

The method of studying the process of wear of the
sleeve-roller chains of combine harvesters in operation
provided for the study of the dynamics of the wear of drive
chains depending on the method of maintenance during
their intended use and storage without removal from
combine harvesters. The bushing-roller chain from the
drive shaft to the lower shaft of the reel variator (81 links)
of the combine was convenient for research in the
operating conditions. Measurements of chain wear were
performed as often as possible, during daily maintenance,
during forced downtime of combines due to breakage, wet
bread mass, etc.

The analysis of the factors influencing the process of
wear of bushing-roller chains and the requirements for the
mathematical description of this process showed that the
deviation of the state parameter depending on the operating
time should be approximated by a random ordered function
with increasing realizations and its indicators:

ult)=b+v-t? (1)
where b — the rate of sub-chain; v — the rate of wear of the
chain; a — indicator of the degree of function; t — operating
time.

As a criterion for optimizing the dynamics of chain
elongation used a universal economic criterion - the
minimum unit cost per unit of machine operation. In the
process of determining it, we found the optimal values of
the deviations of the state parameters allowed using the
TurboNec program:

G = min [A'Q(Do) €-(1-Q(Do)) , @)

0=Dg<1 L To(Do) To(Do)
where Q(D,) — failure probability, T, (D,) — average actual
resource of the circuit; A — the average cost of eliminating
the consequences of failure; € — the average cost of
individual preventive diagnosis.
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The article defines the criteria for choosing rational
ways of servicing bushing and roller chains during storage
and using them for their intended purpose.

Accounting for maintenance costs was performed
according to two criteria:

1. according to the minimum value of the sum of the
given expenses at storage, Y, Cg; = min, UAH;

2. at the minimum cost during the maintenance of
chains when using them for their intended purpose, at
Cg; = min, UAH.

Thus, the most rational way to maintain the chain will
be the use of conservation material and the technology in
which costs will be minimal while minimizing costs during
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storage and during the use of chains for their intended
purpose.

Figure 3 shows a graph of corrosion resistance of
samples of steel grade 3, coated with preservatives.
Analysis of the test results shows that the best protection of
the samples provides the composition of Mayakor, because
the value of corrosion losses is 6.8 g/m?, which is 10%
lower than in the compositions Rosoil-700 and NG-222A,
whose corrosion resistance is 22 times higher compared to
control samples without protection. Warehouses Rosoil-
710, ARVK + (1-20 + AKOR-1 (10%)), Rosoil-710 +
ARVK also have high protective properties. Depending on
the composition, the corrosion resistance of the samples
increases by 60...90% against the control samples.
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1 — Mayakor; 2 — NG-222A; 3 — Ros0il-700; 4 — Ros0il-700 + ARVK; 5 — Ros0il-710; 6 — ARVC + (1-20 + ACOR-1);
7 — Control samples (without protection)
Fig. 3. Corrosion resistance of steel samples Steel 3 in an open atmosphere

Of particular interest are studies of the corrosion
resistance of preservative compositions containing
nanopowder based on aluminum hydroxide (AIOOH -
boehmite). According to the results of previous tests, the
most effective conservation materials were selected for this
purpose: Mayakor and Rosoil-700. The test results show
(Fig. 4) that boehmite increases corrosion resistance by
25...85%.

The explanation for the increase in anticorrosive
properties of preservatives with the addition of boehmite is
its sorbent properties. The content of 1% AIOOH in the
preservative material significantly increases the corrosion
resistance, which indicates that chemical adsorption
processes are taking place. Boehmite absorption of water
from the environment, accompanied by the formation of
chemical compounds AIOOH + H,0 - Al(OH); -
Hydrogel.

Chemisorption processes are accompanied by the
formation of a bond between the adsorbent molecules and

the adsorbate. In this case, chemisorption takes place with
the formation of Al (OH)s, this is one of its qualities, which
ensures the manufacturability of materials of this type. In a
narrower sense, this process can be considered as the
chemical absorption of water by the developed surface of
the preservative material due to AIOOH, ie as chemical
adsorption.

The experimental curves are described by the power
function u(t)=v t*. Approximation and smoothing are made
by means of Excel by the method of least squares, the value
of reliability of approximation (R?) varies within
0,734...0,997 that speaks about high accuracy of the
received results.

The curves constructed in the MathCad 13.0 software
environment are  described by the  function
u(t)=b+v-t? the standard deviation
o =0,047...0,247 mm.
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1 — Ros0il-700; 2 — Mayakor; 3 — Mayakor + 1% AIOOH; 4 — Mayakor + 3% AIOOH; 5 — Mayakor + 5% AIOOH;
6 — Rosoil-700 + 1% AIOOH; 7 — Rosoil-700 + 3% AIOOH; 8 — Rosoil-700 + 5% AIOOH
Fig. 4. Corrosion resistance of steel samples Steel 3 in the chamber H-4

The testing samples of sleeve-roller chains for fatigue
strength (Fig. 4) after the period of off-season storage in
the open atmosphere and after resource tests on the stand,
straight lines were obtained, which clearly show the
decrease in chain strength from the number of load change
cycles and the applied conservation composition.

Conclusions

1. For the first time the results of corrosion resistance
of steel samples of Steel 3, covered with preservative
materials with a content of 1...5% of nanostructured
aluminum hydroxide (AIOOH - boehmite). It is established
that the corrosion losses of the samples are reduced by
25...85%.

2. Comparative tests of chains showed that the best
lubricating properties have preservatives NG-222A
optimal optimum value of elongation of samples of chains
is 6,044, 6,468 mm, respectively, which is 17...25% higher
than the optimum allowable value of chain elongation.

3. It is established that the presence of nanocrystalline
aluminum hydroxide (AIOOH - boehmite) in conservation
materials reduces the wear of chain samples by 1.8...
2.2 times. The peculiarity of this process is explained by
the fact that in the initial period of the boehmite chain
exhibits plastic properties similar to graphite, but with
increasing temperature in the friction node, boehmite
sintering occurs, which turns into corundum with a more
stable crystal lattice.

Corundum grinds the surface at the time of loading
and heating. It is a solid porous material that helps to retain
oil, which explains the increase in wear-resistant properties
of preservatives.

4. The regularities of the process of wear of sleeve-
roller chains in the conditions of operation are established
and it is proved that the service life of chains with the use
of preservative materials has increased by 50... 60%. With
the help of the mathematical software package MathCAD
13.0 the function of the wear process u(z)=b+v-* and the
indicators of running-in (b), wear rate (v) and degree of
function (a) are determined.
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TEXHOJIOI'TYHICTH OBCJIIYT'OBYBAHH S
CUCTEM 3EPHO3BMPAJIBHUX KOMBAIHIB
ITPU 3BEPITAHHI
1. M. Ky3emuu

AHoTalis. Bupimensst 3araJIbHOJIIOJICHKUX,
rI00aIEHUX TPOOIIEM €HEepro- Ta pecypco30epekeHHs K
y MamuHOOy/AyBaHHI, Tak 1 B arponpoMHCIOBOMY
KOMIUIEKCI HEPO3PUBHO I0B’53aH1 3 BUPIIICHHSAM IHTaHb
3aXHCTY TEXHIKH BiJ] KOPO3ii.

CyuacHa CUTbCHKOTOCIIOJAPChKa TEXHIKA, 1 CAMOXIIHI
3epHO30MpaNIbHI KOMOAMHU 30KpeMa, EeKCIUIyaTyIOThCs


https://doi.org/10.15587/1729-4061.2021
https://doi.org/10.1088/1742-6596/1889/4/04
https://doi.org/
https://doi.org/10.1088/1755-1315/720/1/012110
https://doi.org/%2010.1088/1755-1315/720/1/012109
https://doi.org/%2010.1088/1755-1315/720/1/012109
https://iopscience.iop.org/volume/1755-1315/421
https://iopscience.iop.org/volume/1755-1315/421
https://doi.org/
https://iopscience.iop.org/volume/1755-1315/421
https://iopscience.iop.org/volume/1755-1315/421
https://doi.org/%2010.1088/
https://doi.org/%2010.1088/

160 1. M. Kuzmich

MEePIOUIHO MPOTATOM OJHOTO ab0 JBOX CE30HIB Ha piK.
BinbmricTs 3epHO30MpanbHIX KOMOAHIB 30epiraeThes Ha
BiIKPHUTHX MalIaHdYnKax T ATIPHEMCTB
arponpoOMUCIOBOTO  KOMIUIEKCY, IpH IIbOMY BOHa
MATAETHECS aTPEeCUBHOMY BIUIMBY JOBKUDIS (KOJMBAHHSIM
TeMIepaTypH, BOJIOTOCTi, BIUIUBY BITPY, COHSYHOI
panianii, mwry Ta iHmMX). OCHOBHUM BHUJIOM BIUTHBY
30BHILIHBOTO CEpEe/IOBHIA Ha TEXHIKy € armocdepHa
KOpO3isl Ta BHKJIMKaHE HEI0 KOpO3iifHe 3HOUIYBaHHS
MaTepialiB, JeTaleld Ta BY3JiB, MO MPU3BOAMUTH 0 ii
neperyacHuX BigMoB. Tak BTOMHa MIIHICTH BUpOOIB i3
cTaji mpu 30epiraHHi NpoTsAroM 12 Mics1IiB Ha BIIKPUTOMY
MaliTaH9InKy 3HIDKY€eThes Ha 28—-58%.

s 3abe3nedeHHEs THMYacOBOTO MPOTUKOPO3iHHOTO
3aXHCTy 3€pHO30MpanbHUX KOMOAiHIB 3aCTOCOBYETHCA
BEJMKAa KUNBKICTh KOHCEpBAIIMHUX Ta pPOOITHHYO-
KOHCepBamiifHuX Mactwi. OJHaK HEBHPIMICHICTh HU3KH
[UTaHb TEOPETHYHOTO Ta MPAaKTHYHOTO XapakTepy
NpPU3BOJUTH A0  HEOOIPYHTOBAHOIO  3aCTOCYBaHHS
3aXMCHHX 3aco0iB, siki a00 He 3a0e3neuyloTh HeOoOXiTHY
TPUBAIICTD 30epiraHHst TEXHIKHM, a00 30IBIIYIOTh BUTPATH

Ha 1  koHcepBauito. CraHIapTH30BaHi  METOAU
BUIPOOYBaHb aHTHUKOPO3IMHUX MacTUJIHMX MaTepiatiB B
MepeBaKHIH  KUTBKOCTI  MalOTh  BEIUKY  KUIBKICTBh

HEIOJIKIB, HAWTOJOBHIIIMM 3 SKHX € T€, IO OIlHKa
3aXHUCHUX BIACTHBOCTEH MPOBOAUTHCS B OJJMHHUIISX, SIKI HE

JO3BOJIAIOTH  OIIHUTH TepMiH iXHBOI mii, a Jumie
MOKa3yI0Th BEIMYHHY KOPO3ii MeTaiy.
Kiaw4oBi ciaoBa: aHTHKOPO3iHHICTh, MAaCTIIIBHI

Marepiaiu, 30epeKeHiCTh, ePEeKTUBHICTb, KOMOAH.

TEXHOJIOTUHHOCTD OBCIIY>KUBAHUS CUCTEM
3EPHOCBOPHBIX KOMBAMHOB TP XPAHEHUU
U M. Kyzomuu

AHHOTAIHS. Pemenne 00II1eYETOBEYECKHUX,
rIIo0aNBHBIX TIPOOJIEM HEPTO- U pecypcocOepexeHns Kak
B MAIIMHOCTPOCHUH, TaK ¥ B arpoONpOMEIIIIEHHOM
KOMIIIEKCE HEpa3phIBHO CBSI3aHO C PEIICHHEM 3alluThI
TEXHUKH OT KOPPO3HH.

CoBpeMeHHas CEIbCKOXO3SMCTBEHHAss TEXHUKA U
CaMOXO/IHbIE 3epHOYOOpOYHbIE KOMOAWHBI B YaCTHOCTH,
SKCIUTYyaTUPYIOTCS TIEPUOANYECKHA B TEUCHHUE OJTHOTO WITH
JIBYyX CE30HOB B TOJl. BONBIIMHCTBO 3€pHOYOOPOUYHBIX
KOMOAliHOB  XpaHHUTCA Ha  OTKPBITBIX  IUIOMIAJKAX
MIPEANPUATHI arpONPOMBIIUIEHHOTO KOMILIEKCa, K TOMY
K€ OHA TIOJIBEPraeTcs arpecCUBHOMY BO3ICHCTBHIO
OKpyXarome cpembl  (KoleOaHUSM  TEMIIEPaTypHI,
BJIQYKHOCTH, BO3JEHUCTBHIO BETpa, COJIHEYHOW paaualuwy,
meUtd 1 Ap.). OCHOBHBIM BHJIOM BO3ICWCTBUS BHEUTHEU
Cpelsl Ha TEXHUKY SBISICTCS aTMoc(hepHas KOppo3Hs U
BBI3BAHHBII €10 KOPPO3UOHHBIA M3HOC MaTepHalloB,
JeTasiell U y3JI0B, YTO MPUBOJUT K €€ MPEXIEBPEMEHHBIM
oTkazaM. Tak ycTajoCTHasi KpenocTh M3JEIUM U3 CTaIu
NP XpaHEHWH B TeueHHe 12 MecsAeB Ha OTKPBITOM
IIOIIAJIKE CHUXaeTcs Ha 28-58%.

s obecrnieueHns BpEeMEHHOH
NIPOTUBOKOPPO3UOHHOMN 3aUTHI 3epHOYyOOpPOYHBIX
KOMOaifHOB ~ HMCHOJB3yeTCsl  OONBIIOE  KOJIMYECTBO

KOHCCPBAIIMOHHBIX W pa60‘le-KOHCCpBaHI/IOHHLIX Macell.
OHHaKO HEPCUHICHHOCTD psA/ida BOIIPOCOB TCOPETUUCCKOI'O U
MPAKTUYCCKOI'0 XapaKTepa MPpUBOAUT K H€06OCHOBaHHOMy

MPUMEHEHUIO 3alUTHBIX CPEJACTB, KOTOpbIe JIHOO HE
obecreunBalOT HEOOXOIUMYIO JITUTEILHOCTh XpaHEHUS
TEXHHKH, JU0O0  YBEIMYMBAIOT PacXoIsl Ha  ee
KOHCEPBAIIHIO. CraHIapTu3upOBaHHbIC METO/IBI
UCTIBITAHUH aHTHUKOPPO3UOHHBIX CMA304YHBIX MaTepPHAIOB
B MOJABISIIOIIEM  KOJIMYECTBE  HMMEIOT  OOJbIIOe
KOJIMYECTBO HEIOCTATKOB, TJIABHBIM M3 KOTOPHIX SBISACTCS
TO, YTO OIICHKA 3all[UTHBIX CBOWCTB MPOM3BOIUTCS B
CIIMHUIIAX, HE MO3BOJISAIONIMX OLCHUTh CPOK UX NCHCTBHS,
a JIMIIb TIOKA3BIBAIOIINX BEJIMYUHY KOPPO3UU METAIIA.

KiaroueBbie ciaoBa: AHTHKOPPO3HOHHOCTb,
CMa30YHbIC MAaTepHajbl, COXPAHHOCTh, IPPEKTHBHOCTS,
KoMOaitH.
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