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THE RELEVANCE OF DEVELOPING A METHOLOGY OF ASSESSMENT
OF THE QUALITY INDICATORS OF WORKING PARTS OF TILLAGE MACHINES

Shaimuratova E.S. — PhD student, Institute of Engineering and Food Technology, S. Seifullin Kazakh
Agro Technical Research University NCJSC, Astana, Republic of Kazakhstan.

Gulyarenko A.A.* — PhD, Associate Professor of the Institute of Engineering and Food Technologies,
S. Seifullin Kazakh Agro Technical Research University NCJSC, Astana, Republic of Kazakhstan.

An analysis of the current state of use of tillage machinery working parts reveals that a wide variety of
factors influence the wear process of the working part. Abrasive wear alters the cutting-edge parameters and
geometry of the working parts, which is the primary cause of non-compliance with agricultural requirements,
as well as significant energy costs and, consequently, economic losses. Furthermore, a plowshare has a
limited lifespan, and while a wide variety of hardening and restoration technologies currently exist, a simple
and reliable method for assessing the quality of plowshares, whether new or hardened or reconditioned, is
lacking. This is the main factor hindering the development of methods for hardening and restoring soil-cutting
parts. This study substantiates the need for an objective and simple method for assessing the quality of tillage
machinery working parts based on an analysis of wear factors, regulatory requirements, and expert
assessments. A set of indicators and criteria is proposed that allows for a quantitative assessment of plowshare
quality and an accurate comparison of various hardening and restoration technologies. The methodology was
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validated using comparative tests of plasma-hardened ploughshares. The results confirm the feasibility of the
proposed approach for improving the operational reliability of tillage machines and enhancing the efficiency of
agricultural machinery.

Key words: methods of wear assessment, abrasive wear, wear resistance, strengthening, plasma
hardening, ploughshare.

TOMNbIPAK ©HOEY MALUMHANAPbBIHbIH XX¥MbIC OPrAHOAPbBI CAMNACbBIHbIH
KOPCETKIWTEPIH BAFANAY SAICTEMECIH 93IPNEYAIH ©3EKTIIIN

Latmypamosa 3.C. — UHXeHepusi XKoHe mamaK mexHosoausapbl UHCMUmMymabiHbIH GOKMopaHmal,
«C.CelipynnuH ambiHOarbl Kasak aspomexHukanbik 3epmmey yHueepcumemi» KeAK, AcmaHa K.,
Kasakcman Pecrniybrniukacei.

lynapeHko A.A.* — cpunocogpusi dokmopsi (PhD), UHxeHepus xxeHe mamak mexHonoausnapbl UHCMU-
mymbIHbIH KaybiMOacmbipbliraH ripogeccopsl, «C.CelipynnuH ambiHOarbl Ka3ak agpomexHuKarbiK 3epm-
mey yHusepcumemi» KeAK, AcmaHa K., Kazakcma+ Pecnybrnukachsi.

Tonbipak eHOey MaliuHanapbiHbiH XyMbIC berwekmepiH natdanaHydblH Kasipai xaflalibiH manday
XKyMbic benigiHiH mo3y npoueciHe spmypii ghakmoprnap acep ememiHiH kepcemedi. Abpa3usmi mo3y XyMbiC
bernikmepiHiH Kecy XUueKkmepiHiH napamempriepi MeH 2eoMempusicbiH 632epmedi, byn aybinwapyawbibiK
mananmapbiHa calikec KenmeyodiH, coHOau-aK aumapiibiKmal 3Hepausi WhblFbIHOapbIHbIH XOHE COHbIH
candapbiHaH 3KOHOMUKaJIbIK WbifbIHOapObIH Hezidai cebebi bonbin mabbinadbl. COHbIMEH Kamap, yrecmiH
KbI3Mem emy Mep3iMi wekmeyrni, XoHe Kasipai yakbimma yrecmi kamalmy XoHe KajifibiHa Kesimipy mexHo-
nozusinapbiHbIH KeH ayKbiMbl OOMiFaHbIMEH, XaHa Hemece KamalumbifiFaH HeMece KasrbiHa KesnamipineeH
yriecmepdiH canacbiH 6aranayObiH KapanalibiM XeHe ceHimOi adici xemicneldi. byn monbipak kKecemiH
benwexkmepdi kKamalimy XxoHe KanrbiHa Kenimipy adicmepiH a3iprieyee kedepai kenmipemiH Hezaidai ghakmop.
byn 3epmmey mosy chakmopnapbiH manday, HoOpMamuemik mananmap XeHe capanmamarbiK baranay
HeeiziH0e mornbipak eHOey MalwuHanapbiHbiH XYMbIC benuwekmepiHid canaceiH 6aranaydblH 06bekmuemi
XXoHe KapanalibiM 80iCiHiH KaemminiaiH Hezi30elidi. benwek canacblH caHObIK baranayra xeHe apmypsii
Kamalimy XeHe KalifbiHa Kesimipy mexHonoausinapbiH 085 canbicmbipyfa MyMKiHOIK 6bepemiH bipkamap
Kepcemkiwumep MeH Kpumepulisiep ycbiHblnadbl. ©dicmeme rna3mameH KamalmbliFaH cokanapObiH ca-
NibicmbipMalibl CbiIHaKmMapbiH KondaHy apKbiiibl mekcepindi. Homuxenep monbipak eHOeldmiH mMawuHanap-
ObIH XYMbIC CeHiMOinigiH apmmbIpy XoHe ayblauwapyauwbifibiK MexXHUKackIHbIH muiMOiniaiH apmmbIpy YWiH
YCbIHbIIIFaH MacindiH opbIHObLIbIFbIH pacmadosbi.

TytiHdi ce3dep: mo3ydbl baranay adicmemeci, abpasusmi mo3y, mo3syra me3aimOirniK, HbiFalmblsiFaH,
rnasmaribik COHOIpY, IeMex COKachl.

AKTYANbHOCTb PA3PABOTKM METOOUKU OLIEHKM MOKA3ATENIEA KAYECTBA
PABO4YUX OPFAHOB NOYBOOBPABATbLIBAIOLWNX MALUNH

Uadmypamosa 3.C. — dokmopaHm WIHcmumyma UHXUHUpUHea U rnuwesbix mexHosnoaud, HAO
«Kasaxckul agpomexHudyeckuli uccrnedosamenbckuli yHugepcumem umeHu C. CelipynnuHar, e. AcmaHa,
Pecnybnuka KazaxcmarH.

l'ynspeHko A.A.* — dokmop ¢punocogpuu (PhD), accoyuuposaHrHbili npogheccop MHecmumyma UHXUHU-
puHaa u nuwesbix mexHonoaul, HAO «Kasaxckul azpomexHuyeckuli uccrnedosamernbCKuli yHugepcumem
umeHu C. CeligpynnuHa», 2. AcmaHa, Pecrniybniuka Kazaxcmar.

AHanu3 cospemMeHHO020 COCMOSIHUSI 80Mpoca UCMOb308aHUsT paboyux opeaHoe no4yeoobpabamai-
8aroWUX MaWuH roKasbieaem, 4mo Ha rpouyecc u3Hoca paboyezo opeaHa esusem 6osbuioe MHo2oobpa3sue
gakmopos. B pesynbomame abpa3ugHO20 U3HaWUBAHUSI MEHSIIOMCS napamempbi pexyu,el KpoMKu u
2eomempusi paboyux opeaHo8, MO A8/1AeMCcsi OCHOBHOU MPUYUHOU HapyWweHUs1 agpomexHU4Yeckux mpebo-
8aHUll, @ makxe 3Ha4yumesbHbIX 3HEPeemuUYeCcKUX 3ampam U 8 pe3y/ilbmame — 3KOHOMUYECKUX omephb.
Bmecme ¢ mem nemex umeem nuMumupo8aHHbIl pecypc u ce2odHs cyuecmayem 6onbuwoe pa3Hoobpasue
mexHosioeull YrpOYHEHUsT U 80CCMaHOBIIEHUS IeMexo8, 00HaKo omcymcemeyem npocmasi u docmosepHasi
MemoOuKa OUeHKU roka3amersneli Kadecmea JieMexo8, Kak HO8bIX, maK U YrpPOYHEeHHbIX USlu 80CCMaHOBMEH-
HbIX. MO sensiemcsi afiasHbIM hakmopoMm, coepxxusarouuM pazsumue mMemodo8 yrpoYyHeHUs U soccma-
HoeneHus1 no4ysopexyuux 0emanel. B uccnedosaHuu o6ocHo8aHa akmyarnbHocmb pa3pabomku o6bekmus-
HoU u npocmol MemMOAUKU OUEHKU Kadecmea pabodux opa2aHo8 rnoysoobpabambigaroujux MawluH Ha OCHO8e
aHanusa ¢hakmopos usHoca, mpebosaHuli HopMamueHoOU OOKyMeHmauuu U pe3yrbmamoe 3KCrePMmMHbIX
oueHok. lNpedroxeH KOMMMeKc rokazamenel U Kpumepues, no3eossrouuli Konu4ecmeeHHo oueHusamp
Kayecmeo 51eMexo8 U rpoeoouUMmb KOPPEKMHOE CpasHeHUEe PasuyHbIX MexHO102ull yrpoYHeHUs U eoccma-
HoeneHusi. Memoduka anpobuposaHa Ha rnpuMepe CPasHUMEsbHbIX UCMbIMaHul f1eMexos, yrnpOoYHEHHbIX
rnaameHHouU 3akankou. [Nony4eHHble pe3ynbmambl rodmeepxoarm 803MOXHOCMb MPaKMuU4yecko2o npume-
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HeHus1 rpeodnoxeHHo20 nodxoda 07 MOBbIWEHUST 3KCrlyamayuoHHoU HadéxHocmu rno4ygoobpabamsi-
8arOUUX MaWUH U No8bILEHUST 3¢hgheKMUBHOCMU UCMOMb308aHUST CE/TbCKOX03ALUCMBEHHbIX MallUH.

Knro4deeble cnosa: memoduka oueHKU UsHoca, abpa3usHbill U3HOC, U3HOCOCMOUKOCMb, YPOYHEHUE,
rnnasMeHHas 3aKkarsika, iemex ryeaa.

Introduction and relevance. Agriculture plays an important role in ensuring long-term sustainable
development, economic stability and improving the standard of living of the population in Kazakhstan. The
main development potential of Kazakhstan lies in the vast agricultural territories and natural resources.
Agriculture is one of the most important sectors of our country's development. In this regard agricultural
machinery which is used to perform all necessary tasks requires constant development and improvement.
Technology, in turn, contributes to a significant increase in labor productivity.

According to the agrotechnical requirements for the cultivation of crops, the most important aspect
happens to be soil treatment. This process creates favorable conditions for plants which is a decisive factor in
yields. Tillage is performed by tillage machines; they perform the most energy-intensive operations.

The most energy-intensive operations in tillage are performed by soil processing machines. Nowadays
there is a tendency to increase the area planted in the Republic of Kazakhstan. According to the Bureau of
National Statistics for 2024, the area occupied by crops increased from 22 135.8 thousand hectares in 2019
to 24 016.9 thousand hectares in 2023 [1]. [1, p.113].
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Figure 1 — Refined sowing area of major crops

The plough’s function is to cut 20...35 cm thick soil layers by partially grinding them and feeding the soil
to the plough body. According to the literature analysis, it can be seen that the average operation time rate of
the plough share depending on the types of soils and their physical condition ranges from 5...10 hectares on
sandy soils and 40... 60 hectares on black soil [2, p 23]. The key factor in this case is the diversity of soil types.
The territory of our country is huge, but mostly we have sand, light loamy and light clay soil, among which
brown, light and dark chestnut soils up to black soils are predominant [3, p 294], [4, p 112].

The working parts of agricultural machines are subjected to intensive abrasive wear during operation.
One of these working tools is the plough sledge, so it should be wear-resistant, durable and have high impact
strength. The analysis of the possible defects of the plough share has been conducted and presented in Figure
2. Some defects lead to the maximum state of wear, but are subject to recovery, except for splinters, bends
and twisting. The condition of breakdowns, bends, and twists is critical and cannot be fixed.

N

*Breaking, bending, twisting

Fractures

*Blade bluntness
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Figure 2 — Defects of the plough share
203



AYblJ1 WAPYALWBUIbIFbI FbJIbIMOAPDI CEJIbCKOXO3ANWCTBEHHbIE HAYKU

In the Republic of Kazakhstan, more than 300 thousand plough shares are operated which are made
mainly of steels L65, L53, 65G and others [5, p 831], [6, p 160], [7, p 7], [8, p 92], [9, p 117]. According to the
data, the loss of materials during the operation of agricultural aggregates is distributed as follows: moral wear
accounts for 15%, breakdowns for another 15%, the remaining 70% are surface damage, 55% of which is
wear 15% is corrosion.

Costs associated with abrasion elimination in our republic reach 50% of the cost of the new part [10, p
28]. Therefore, at the moment, strengthening agricultural machinery is quite an urgent task that requires
scientific research [11, p 194, 12, p 164]. The main problem, however, is the lack of methodology for assessing
the quality of work units, both new and those that have been restored or strengthened. In our opinion, it is the
lack of a simple and reliable method of assessing the quality of the working bodies that is the main factor
constraining the development of methods of strengthening and restoring soil-cutting parts.

Research objective. To substantiate the relevance and develop an objective and simple method for
assessing the quality indicators of the working parts of tillage machines (ploughshares) to accurately compare
new, hardened, and reconditioned parts using various restoration and hardening technologies.

Research tasks:

1. To analyze the factors influencing the wear and durability of the working parts of tillage machines
under abrasive wear conditions.

2. To substantiate a system of indicators and criteria for assessing the quality of ploughshares, ensuring
comparability of results using various restoration and hardening technologies.

3. To develop and test a method for comparatively assessing the quality of new and hardened
ploughshares based on experimental and operational data.

Methods and results. We have conducted an expert survey «Cause-effect relationships of factors that
influence the assessment of quality indicators (reliability) of a working body of a soil processing machine». The
survey is a list of generalized factors that most strongly influence the stability of the plough share [13, p 44].
The experts included scientists, farm managers, chief engineers, heads of laboratories, etc.

The following factors were presented in the survey:

- Characteristics of a tractor driver.

- Working conditions.

- The material of the working body.

- The intensity of use and technology of field work performance.

As a result of processing the data of the expert survey, a graph depicting the weightiness of factors was
obtained, which is demonstrated in Figure 3.

0.92

Weightiness of factors

® Characteristics of a tractor driver

= Working conditions

= The intensity of use and technology of field work performance
® The material of the working body

Figure 3 — Weightiness of factors after experts’ assessment

The weighting factor is a quantitative characteristic of the significance of an indicator. The basic value
of the product quality indicator is the value of the product quality indicator, taken as the basis for a comparative
assessment of its quality. According to the results of the survey, the following factors were added that were
not initially considered. These factors were revealed as a result of a survey of experts: 1. the quality of
technologies and methods of making a ploughshare, 2. geometric parameters, type and shape of the
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ploughshare, 3. Condition of tractor tools, 4. Storage conditions for spare ploughshares, 5. Wear and tear.
Based on the results of the expert survey, an Ishikawa diagram of the cause-and-effect relationships of factors
was compiled. The Fishbone diagram is one of the main tools for measuring, evaluating, controlling and
improving the quality of production processes, which is shown in Figure 4 [14, p 60].

Geometric | Storage
parameters, Characteris conditions | The quality of
type and tics of a for spare | technologies
shape of the tractor ploughshar | and methods
ploughshare driver es of making a

ploughshare

. The . The intensi
Condition of | 1 terigl of | Working of use andfy
tractor tools | 4pe working | conditions. technology

body of
Wear and performance.

tear.

Figure 4 — Fishbone diagram for factors affecting the wear of a plough share

The hardness requirements for the ploughshare according to the standard ST RK STB 1388-2011 [15, p
5] in the hardened zone should be from 40.0 HRC to 54.0 HRC. The ploughshares must be made of 65G steel
according to GOST 1577-93 [16, p 4] or of other materials that are not inferior in wear resistance and strength
to 65G steel. In accordance with GOST 30480-97, wear resistance is the property of a metal to resist wear
under certain friction conditions, estimated by the value of the reverse wear rate or wear intensity [17, p 4].

Wear resistance depends on the composition and structure of the material, the initial hardness, rough-
ness and processing technology of a part. There is a wide variety of ways to strengthen the working bodies of
tilage machines, such as welding, soldering, Sormite surfacing, plasma quenching, surfacing, galvanic
processes, chemical-thermal processes, application of polymer materials, gasometric coatings, electromecha-
nical processing and even acoustic ultrasonic hardening [18, p 186], [19, p 3], [20, p 75], [21, p 4], [22, p 5],
[23, p 1674], [24, p 47], [25, p 583], [26, p 6], [27, p 856], [28, p 6].

The wear resistance of a metal is one of the most basic indicators of reliability, which depends on such
properties as hardness, roughness, strength, surface pressure, interaction of contacting bodies, time and
speed of interaction, etc. Strength is the ability of a metal to withstand the destructive force of the external
environment. The hardness of metals is a quality that affects everything! From everyday objects to high-tech
devices. From bridges to ploughshares. The hardness of metals plays an essential role in durability and
functionality.

Hardness is the property of a metal to resist the introduction of another, more rigid body into it by a load
[29, p 168].

Comparative tests of two surfaces treated with different hardening methods were carried out:

1. Sormite surfacing, U-653 welding machine [30, p 96].

2. Plasma hardening, UDGZ — 200 installations [31, p 51].

Table 1 — Comparative data on HRC hardness

Hardening method Coating hardness, HRC Increase in durability compared
to serial ploughshares, times

Sormite surfacing, U-653 welding 60...67 2

Plasma hardening, UDGZ- 200 60...64 2

installation

The presented hardening methods give identical proportional results. However, the advantage of plasma
guenching is the economic efficiency justified by the lack of consumables for application. At the same time,
the advantage of induction surfacing with Sormite alloys lies precisely in the consumption of materials, since
surfacing can be used to restore the geometry of working bodies. That is, as a result, identical indicators are
achieved, but at different costs. The evaluation and measurement of hardness indicators were carried out
using ultrasonic and mechanical evaluation methods using UZET-3 [31, p 5] and TK-2M (ZEP) devices, shown
in Figure 5 [33, p 4], [34, p 5].
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Figure 5 — The process of hardness evaluation

In the 60s, the Russian scientist Kragelskiy wrote that [35, p 54]. The smoother the surface, the lower
the wear rate", so when treated with plasma hardening, the surface of the ploughshare remains almost
unchanged and does not have such roughness as when treated with induction surfacing, shown in Figure 5.

a) 0)

Figure 6 — a) a ploughshare treated with plasma quenching.
b) a ploughshare treated with induction surfacing with Sormite alloys

However, in addition to plasma hardening, there are many methods for strengthening soil-cutting
working parts; a comparative analysis of plasma hardening with other methods is presented in Table 2.
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Table 2 — Comparison of plasma hardening technology with analogues

Indicator Plasma hardening | Sormite (surfacing) High-frequency Ceramic coating
hardening
Saving the | + - fractionally -
geometry of the
part
Increase in service | 2-3 1,5-2 1,5-2 2-2,5

life, in comparison
with the nominal
non-hardened part,

times
Cost price per 1| 300 10 000 - 15 000 4 000 -5 000 8 000-16 000
ploughshare, tenge
Operating None Increased soil Limitation on the | Insufficient adhesi-
restrictions resistance, shape of the part, | on and high brittle-
increased fuel fragility,  residual | ness of the coating
consumption, stresses
violation of
agricultural

requirements

We also plan to test ploughshares hardened by other methods to validate the methodology, but for
further research at this stage, we have settled on the most promising and cost-effective hardening method —
plasma hardening. We also conducted a field experiment to initially validate the methodology. Comparative
testing of two sets of ploughshares (16 ploughshares, 2 plows) revealed that the average weight loss for
plasma-hardened ploughshares was 700 grams, while for standard ploughshares (ploughshares manufactured
by the Russian company Almaz without additional treatment) it was 990 grams per 300 hectares. To ensure
the integrity of the experiment and the reliability of the wear assessment methodology, ploughshares were
installed on the units in a staggered pattern, alternating between plasma-hardened and standard
ploughshares. Figure 7 shows a general view of the installed ploughshare and the assembled unit (8-body
mounted plough PLN-8-35).

Figure 7 — Mounted plow PLN-8-35 and general view of the installed share

Plasma-hardened shares demonstrated lower weight loss during operation over a 300-hectare area
compared to standard shares made of grade 65G steel. Their wear resistance was 2.36 g/ha, significantly
lower than that of the reference share (4.3 g/ha), confirming the effectiveness of plasma hardening.

Conclusions. There is a wide variety of ways to harden and restore the surfaces of soil-cutting
machines. At the same time, plasma quenching and induction surfacing with Sormite alloys are the most
widespread and promising. At the same time, plasma treatment benefits from its cost-effectiveness and
simplicity of the technological process in comparison with induction surfacing with Sormite alloys. Toxic,
flammable and explosive substances are not used in this treatment, which creates environmental safety and
safety during use. As a result of the expert survey, factors that had not been considered before were identified:
the quality of technologies and methods of manufacturing the ploughshare, geometric parameters, types and
shapes of the ploughshare, the condition of tractor tools, storage conditions of spare ploughshares, wear. As
a result, today there is a wide variety of defects and types of wear of soil-cutting parts as well as a wide variety
of hardening technologies and a wide range of alloys that are used in the manufacture of soil-cutting machines.
All this variety of factors affecting the process of wear of working bodies of tillage machines significantly
complicates the process of creating a methodology for assessing the quality of working bodies. The lack of a
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simple and reliable methodology for determining the wear rate and life of ploughshares itself constrains the
development and justification of the use of new materials and technologies for strengthening working bodies
in order to increase their durability.
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