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THE WEAR PROCESSES IN THE ASPECT OF CONSTRUCTION QUALITY AND THE
NEED TO APPLY AGRICULTURAL MACHINES SERVICING

Summary

In the Polish agriculture, farm vehicles, machirzesl devices with a varied complexity and moderaitgtructural solu-
tions are used - from simple (harrow, plough) toyveodern (combine harvester, beetroot harvestactor, sprayer).
A considerable complexity of processes, mecharsrgphenomena, which take place during their openaand consid-
erable wear and age in the light of stricter rearirents concerning the scope of environmental pioteenforce the ne-
cessity to know them and to develop a new quabipyaach to the issues of rational use and operatibmachines and de-
vices in order to minimize effects and resultshefrtoperating wearOperating wear is an inseparable phenomenon in the
process of use of all machines and devices an@se of agricultural machines it is significant (possibility to stop the
agricultural production process and thus incurreceparable losses). Intensity of this wear is iefiged by various factors
- originating in design, structure, technology aspkrating wear. "The operating quality" of machineshe aspect of their
reliability to perform production tasks and the dete use adequate servicing in order to maintaienthat a respectively
high level are a significant issue within this seoffhe basic aim of the author's research was &sgmt the problem of
shaping the structural quality of machines, cargyiout the analysis of the observed types and psesesf agricultural
machines wear and tear and presentation of theipbthoperation tests results in the aspect of ofiegavear of machines
and devices with which investigated farms are qupdpin the context of justification for servicing.

Key words agricultural machine, operating wear, constructioriteria, reliability, repair, restoration

PROCESY ZUZYCIA W ASPEKCIE JAKO SCI KONSTRUKCJI ORAZ POTRZEBY
STOSOWANIA OBStUGI TECHNICZNEJ MASZYN ROLNICZYCH

Streszczenie

W rolnictwie polskim tytkuje s¢ pojazdy, maszyny i uidzenia rolnicze o skrajnie zidicowanej ztgonasci i nowoczesnii
rozwigzai konstrukcyjnych — od prostych (brony, ptugi) dodza nowoczesnych (kombajny ziwee, buraczane, giniki, opry-
skiwacze). Znaczna zémas¢ proceséw, mechanizmow i zjawisk, jaka ma miejedezas ich eksploatacji oraz znaczngyeie

i wiek, wswietle zaostrzonych wymaga zakresu ochronfrodowiska przyrodniczego wymuszipnieczng ich poznania oraz
opracowania jak€ciowo nowego podsgia do zagadnie racjonalnego gytkowania i obstugiwania eksploatowanych maszyn
i urzgdzei w celu zminimalizowania naggistw i skutkdw ich Zycia eksploatacyjnego. Zycie eksploatacyjne jest niegdznym
zjawiskiem w procesiezytkowania wszystkich maszyn iqgdzei, a w przypadku maszyn rolniczych ma to szczegakmezenie
(brak maliwosci zatrzymania procesu produkciji rolniczej i porwsz s¢d nieodwracalne straty). Na intensywadego zdycia
majz wplyw ré&ne czynniki — pochodzenia projektowego, konstrakgygj, technologicznego oraz eksploatacyjnegonistopo-
jeciem w tym zakresie jest ,jakbeksploatacyjna” maszyn w aspekcie ich niezawérine realizacji zada produkcyjnych oraz
potrzeba stosowania adekwatnej obstugi technichyef utrzyma na odpowiednio wysokim poziomie. Zasadniczym datem
dari autoréw byto przedstawienie problemu ksztattowgatiasci konstrukcyjnej maszyn, przeprowadzenie anaiapserwowa-
nych rodzajéw i proceséw Zicia maszyn rolniczych oraz prezentacja uzyskanyetikow bada eksploatacyjnych w aspekcie
zweycia eksploatacyjnego maszyn iqagzei bedgcych na wypos&niu gospodarstw ofgiych badaniami w kontetie zasadnszi

prowadzenia obstugi techniczne;.

Stowa kluczowemaszyna rolnicza, zycie eksploatacyjne, kryteria konstrukcyjne, niezdmneé¢, naprawa, odnowa

1. Introduction

The Polish agriculture despite constant restriregumn
many cases is characterized with a low efficientyro-
duction arising from improper agrarian structurefarins,
underinvestment and high capital intensity. Thashohgri-
culture in many cases has machines with a prolopgeidd
of exploitation (20-30 years) and a low level ofhrical
preparation of users to operate modern structufemae
chines and devices. Profitability of agriculturabguction
depends heavily on the level of costs related ¢oslystem
of machines operation. In order to face the cortipati
within this scope, one should aim to reduce thécaljural
production costs, to reduce employment throughtianal
increase of the degree of works mechanization atmhaa-
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tion of production processes and reduction of meehiop-
eration costs. Organizational issues and costs®biiagri-
cultural machines in conditions of constant regtming of
the national agriculture, widely understood renmrat
of the machinery park (renovation of old structurpsr-
chase of new machines), common competition on the m
ket of agricultural production, requirements withihe
scope of the quality of the purchased food, obewgiagd-
ards and rules concerning environmental proteqgbiorsu-
ant to EU Directives etc. are a significant chajlerfor an
operational and repair base of the Polish agricalfs, 10,
20].

Modern agricultural technologies, which ensurehhig
production performance depend mainly on constaplém
mentation to the practice of the newest achievesneft
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scientific and technical progress within the scafecon-
struction and highly efficient operational systeamsl at the
same time very complex agricultural machines (farac-
tors, combines, etc.). The operation systems ataltural
machines include presently all issues related &ir thse,
restoration, endurance and reliability of machirfas| and

tion cycle, higher costs of exploitation etc. [3].2

The objective of the paper is to present the deaigd
utility criteria of machines to carry out reseassid discus-
sion on the results of operating wear of the setktgpes of
machines and devices in the aspect of selectiorjietifi-
cation for varied technical servicing.

grease management, supplying with machines and thei

spare parts, preparation and education of staffofuera-
tional needs and creation and organization of serand
repair base etc. A superior principle of correctclioning
of such systems of agricultural machines operasdn en-
sure correct and reliable execution of all indiszdne

works, engaging minimum technical means and firanci

inputs [1, 6, 7, 11].

Agricultural production is characteristic sincertmaular
works are not regularly distributed during a yead aates
of their performance depend on changing climatit amvi-
ronmental factors and cannot be shifted randomla- M
chines and devices used in agricultural productaring
their operation are subject to constant intensive @ccel-
erated processes of tribological weatr, in caselo€hwfric-
tion phenomena are important. It is caused, intier, &y
abrasion of moving parts, surface corrosion, mailtefe-
tigue and other similar physical phenomena. Irragyl of
wear and tear of particular elements of machinesdavic-
es enforces the necessity to carry out servicirgg (epair).
Degree of wear and tear of particular elementstgumaf
machines increases along with time proportionadiytie
intensity of their work [12, 13, 14, 15, 18, 25].

A need to develop and maintain the productioraimfs
with various area structures at a high quality léveelated
to ensuring optimal efficiency and reliability abdtter use
of the tractor and machinery park, and remainingas. It
mainly depends on security of supplies, relativeheap
with high operational quality of parts and sparétsuand
the repair and service back, which is efficient &mttions
correctly.

Repair costs constitute a considerable elemeapefa-
tional costs of agricultural machines. The valuseaivicing
for particular machines is 40-150% of the purchasee in
the entire period of its use [19]. For deficienaydahigh
prices of new parts and spare units a constantig@went
of various organizational methods and forms ofrthesto-
ration (including renovation of parts) is a favduesolu-
tion. A significant factor, which has a fundameritapact
on reduction of agricultural production costs, dstssin a
reduction of exploitation costs of machines andiaks/by
their widely understood renovation, i.e. repairhaithe use
of brand new parts and recovered by repair, phrtredrn -
regenerated (reduction of material costs of repdibis
method is popular in developed countries (Germ&mg-
land, France, USA etc.) because thus the maintencosts
of machines may be reduced by even 60-70% limitihg
the same time the environmental pollution (scragpimrn
machines) and reducing energy and work inputs oduymr-
tion of new spare parts [2, 8, 18, 23, 27, 28].

Quality of machines and devices is a significartbp
lem with regard to optimization of their operaticgsts.
Structural quality is an individual property forobatype of
a machine and usually is directly proportionaltteit value
(a purchase price). A user, when deciding to pweha
cheaper machine must be conscious of the risk ataef
consequences (low reliability, frequent faults andt
planned stoppages of machines, disturbances iprtdoic-
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2. The issue of quality of agricultural machines sticture

A widely understood concept of the quality of usea-
chines and devices is of significance in times opyar
competition of producers on the market of goods aind
high market supply and stable demand. The neearty c
out research in order to increase the quality Aadelief in
the profitability of investing is based on the mmational
ISO standards series 9000, 2000, 2001 etc., whiemare
accepted by establishments which produce machinds a
devices and users of these machines (e.g. farmensse
standards explicitly indicate how a producer magigle
and make a particular machine, so it can perfosntaisks,
be a user and environmentally friendly. These rahi
both during operation as well as in the processheir
scraping through a possibility of recycling (e.ggenera-
tion) of the selected parts and their reuse inrém®vation
processes (repair) and other similar types of nmsshimust
be environmentally friendly. In order to meet thmee as-
sumptions, the possibility of operation in vari@atages of
machines' life, must be considered to make thenewaeh
a high quality during their long operation [9, 2D, 24].

A designer, when starting to solve a constructiona
problem, starts with the so-called design assumpti®ar-
tially they are formulated by a commissioner of esidn,
partially they result from conditions and circunmtas, in
which machines and devices will be operated. A tedm
designers is obliged to take into consideration @demands
and requirements of the future machine user andresssr-
vations resulting from, inter alia, design errarsikar with
regard to the structure of the existing and utilisdbjects
(by their removal). Project assumptions must afsdude
utility criteria of the constructed machines andvides,
which are fundamental at the final selection ofesign.
Properties, with which the conceptual and productie-

sign of new machines and devices should be endowed,

should include complexity of operation problems.eyh
may be brought to the so-called functional utitititeria.

Demands, requirements and wishes presented idethe
sign assumptions are the basis for assuming thrisea

If the demand is not met, a design solution caro®t
accepted. Whereas, requirements, as the criteziawdject
to optimization. Achieving maximum values e.g.la teli-
ability criterion or minimum criteria e.g. a criten of costs
is an objective. Wishes are non-obligatory propmsahey
may be met, but do not have to. They constitutgstes of
significant criteria in sale of competitive solutg® among
producers (they are affected by the market righis the
so-called "fashion, taste and preferences” of &utlients).

The above design and utility criteria may be oé th
quantity nature when their value may be defined witm-
bers (e.g. reliability, costs, etc.) or of the dwyahature,
when their value should be estimated acc. to tiserasd
scale of evaluation or objectivized (e.g. mainthiliky,
threat to environment, etc.). Those criteria areirsea ta-
ble1[2, 3,9, 12, 25].

Constant variability of the technical conditionrithg
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their utilization is a specific property of the djtiaof ex-
ploitation of machines and devices. Changes ofdihace
condition in time, which originate in the utilityqgress af-
fect the degree to which users' requirements are hye
a given machine. The operating quality depends also
variability of users' requirements (which occurtwé var-
ied intensity as a result of e.g. seasonality andliness of
some works in agrotechnical periods in agriculté@ashion
and changing trends on the market of machines,neogl-
ern, ergonomic, comfortable structures with aegttfietms
etc.). This problem is significant with referenoentachines
and devices used in agricultural production disteld in
time on account of variability and complexity oframeters
of agricultural environment (soil compaction andcifia-
tion, humidity, frequent changes of atmosphericditons
etc.). Generally, the exploitation quality of maws and
devices at the moment of starting the exploitati®rthe
highest and the lowest at the moment they achigdyvarder
state (fault, damage). The quality of the machmelso
a measure of their social utility value and onehgf main
factors of increasing the efficiency of operatiom avidely
understood efficiency of management [10, 11, 16].

Conditions of utilization of machines and devitese
a significant impact on their exploitation quality.results
from the fact, that the requirements of particulaers to-
wards the same type of machines are varied. Widiarce
to the group of properties there is a distributidrrequire-
ments. A form of such distribution is an objectodetailed
analysis carried out by designers, constructorspoduc-
ers and should be the basis for optimization oapeters
of newly designed machines.

The issue of shaping the quality of machines obtai
presently even a higher rank and thus a complexatipa
within this scope should be carried out in varisteyes of
the machine life. These undertakings must servebtain
by these machines a high quality during their eixglion,

Table 1. Design and utility criteria of machinesl alevices
Tab. 1. Kryteria projektowozytkowe maszyn i wdzei

the so-called "exploitation quality”". This quality shaped
at all stages of the machine life, starting withmaad or
research of the market and marketing, through thgesof
construction and production and ending with a ustiere
it is confirmed during realization of tasks in reainditions
of operation in farms. The exploitation qualityrofchines
is thus a function of operations at the stage Gigiéng,
production and conditions of their use (variablé sondi-
tions in agriculture, varied professional skillsroachines’
operator etc.), which may be presented in the foirf25]:

Je=1(J,xJ,%xJ))

where:

Je— the operating quality

J, — the quality assumed at the stage of conceptiasign,
Jy — the utility quality achieved at the productidage,

J, — the quality of the use

1)

From the above it follows that the operating gyabhill
be shaped by the group of real properties of a madd,)
in relation to the group of properties determineithvior-
mal requirements (standards: PN [Polish Stand@t{P
[safety rules], environmental etc.) and design aggions
(Jp), which follow from the need on account of desiipra
and utility functions which are met by a machind aondi-
tions and manners of their use, which are spefoficach
farm (3), [12].

The issue of the quality with regard to restomatmf
damaged machines and devices used in agricultgignig-
icant in the further process of their exploitatiamd use by
farmers in their farms. In practice, users of maekiand
devices identify the quality of the goods throughlsprop-
erties as: functionality, reliability of operatiotechnical
readiness, work safety, low exploitation costs,i@mmen-
tal friendliness, possibility of profitablerecycling of
scrapped machines, etc.

Superior criteria Utility criteria

Service criteria Economic criteria

- diagnostic susceptibility,
- control susceptibility,
- susceptibility to periodical

Servicing, roexport nature
- susceptibility to assembly and P P '
. - costs
disassembly
N - of use
- reliability, - replaceability of elements (labour
- endurance, (unification, standardization), S
- threats for ; - exploitation
. - ergonomic - technology of repairs, .
human life . . . of materials),
properties renovation and restoration,
and health oo o A - costs of
- susceptibility - susceptibility to organization of pro- -
- threats for . . operation
i . to ducer's services,
environment against . o - (staff, degree of
. operation - conditions for tests and running-in D
destruction, - . speciality
- susceptibility to with
damage or - of a tool)
: storing users,
pollution L o - costs of transport,
- susceptibility to - susceptibility to transport,
- start-up, tests,
control - susceptibility to

storage,

- susceptibility to sitting in,

- susceptibility to starting,

- susceptibility to liquidation and
recycling of an object

- liguidation costs
(utilization,
recycling)

Source: Author's own research and based on liteea}®, 3, 8, 12, 23] Zr6dio: opracowanie wlasne oraz na podstawie [2, 318, 23]
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3. Research on the process of wear and tear of agrieul
tural machines - methodology of research, resultsnal
discussion

The longer the machines and devices are utilittesly
operating quality is reduced. A change of the ctimaliof
the device in time, which has its source in thecpss of
use, also affects the degree of meeting the us=gsire-
ments by a given machine. The problem is cruciglartic-
ular with regard to machines and devices used ween-
sively in relatively short agrotechnical periodsvadrks in
agriculture (when they have to be reliable) andjdently
they are used by users (farmers) with a low skilel and
low technical culture.

Agricultural machines used in agricultural prodoict
(plant, animal etc.) are exposed to frequent psEesf op-
erating wear (physical) of their particular par®&hose,
which were caused due to this damage follow froilmotr
logic wear, which takes place gradually along veithising
impact of destroying phenomena caused by frictiboo
operating elements or contacts with foreign bo¢ieimeral
bodies, sand, agricultural products such as haingma-
nure, etc.). The main symptom of the wear proceases
noticed while occurring surface loss of materiaitifim 1-2
[mm]) and the loss of physical properties of thésgers
[14, 15, 18, 22, 27]. Tribologic wear is this typéwear,
which may be only minimized, but it cannot be ehatied
completely. Minimization will consist in the use wiateri-
als with a suitable quality (strength), precisatmeent and
adjustment of cooperating surfaces of elementsiartte
use of measures against friction (selection ofr@priate
greasing system, high class of oils and greaseg)elisas
precise and professional execution of indispenssiteic-
ing [26]. Knowledge of physical and chemical preess
which threaten agricultural machines and thus thesipil-
ity of preventing them allows slowing down the aggpro-
cesses and reduction of the risk of faults (a remdi@am-
age) and causes the reduction of their exploitatasis and
indirectly also improves the economic conditionagficul-
tural farms.

In 2011-2013, the author carried out a researcixty
farms in Malopolskie voivodeship. The investigafadms
were not selected randomly but purposefully, heré were
the farms which met the EU criteria concerning cadity
farms which operate based on the market econortsrieri
(full competition) and economical optimization. Fer cov-
ered by research were supposed to meet the folgpevite-
ria:

e an agricultural production is the main source cbime,

B 5-10 years - 34%
Of< {0 years - 48%

Source: Author's own researcli6dio: opracowanie wlasne

Fig. 1. Age groups of machines
Rys. 1. Grupy wiekowe maszyn

The research which was carried out and the arsabfsi
the types of operating wear of the investigated himas
proved that the prevailing type of consumption ulgs
friction and corrosion wear and the wear causedXigiza-
tion (fig. 2). It is caused by a specificity of theachine use
in agriculture (variable and varied soils and atphesic
conditions, seasonality of field works, long tertoppages
of machines, low technical culture of machines'raise
(farmers), in many instances not professional (sual)
manner of servicing etc.).

OFriction wear

BAdhesion wear 1st
degree
OThermal wear

OWearby oxidization

mFatigue wear

OCorossionwear

BErosionwear

Source: Author's own researckiodio: opracowanie wtasne

Fig. 2. Percentage share of wear in damaged machine
Rys. 2. Procentowe udzialyzgaia w uszkodzeniach maszyn

Machines utilized in farms were successively stieje
to various treatments of servicing which were psoattic
and temporary in nature (periodical technical itsioa,
maintenance, current post -fault repairs and prizuhig
etc.), which was presented in table 2.

All (100%) machines and devices in farms were laagu
ly subjected to technical inspection, which is cateristic
in this group of farms. Research carried out inftren of a
guided survey among users of these machines prinatd
such a high percentage (100%) of the inspected imash
resulted from care for their reliability during femmance
of urgent and timely farm works (spraying, haymakin

- they have farm tractors and the basic set of mashin harvest, potato lifting, plant care works etc.).

which cooperate with a tractor as well as otheesgypf ma-
chines (e.g. combine harvesters, planters, seedeliect-

ing presses, transport trailers, manure and fegtilspread-
er, cultivation units etc.),

Technical inspections enabled finding the fauitsalf
functions) and carrying out post-inspection repaisswell
as prophylactic repairs. In case of technical sewionly

- farmers are educated in agrotechnology principligs w farm tractors (100% of the quantity condition) wesb-

regard to agricultural production and the use chtécal
machines and devices (minimum at the level of ational
school or a secondary school).

jected to seasonal service on account of theirtusmigh

the entire calendar year (the need to use suitableolog-
ical liquids in winter at negative temperatureggaration

The research was carried out in the form of a epid of operator's cabin, etc.). Whereas, all the reingima-

survey based on the previously prepared questiomnBie
research covered in total 607 pieces of machindsagni-

chines and devices were in 100% subjected to treaked
campaign services (pre- and post - campaign) aaadotrs

cultural devices with which the selected farms weriN @pprox. 58%. It was related to the necessitinamtain-

equipped. Machines covered by the research weeediff
ferent age and with a different degree of explumtat

(fig. 1).
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ing them in full technical readiness before thdofwing
periods of use in the next agricultural producticam-
paigns.
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Table 2. The used technical services of machindslawmices in the investigated farms
Tab. 2. Stosowane obstugi techniczne maszymdnez w gospodarstwach offiych badaniami

type and number of used technical services / ofdte# number of machines
Machine type [item / %] -
Technical inspectior] Repairs Services

After inspection| After fault§ Prophylactic Seasopalampaign
Farm tractors 76 /100 35/46 24 /31p 5/6.5 | 780 43 /58
Ploughs 63 /100 37 /59 7/11 15/24 - 63/1p0
Cultivation units 30/100 14/ 47 5/17 - - 30001
Harrows 52 /100 18/35 5/10 - - 52 /100
Soil millers 25/100 4/16 3/12 - 25/10p
Slant wagons 11/100 3/27 4/36 - - 11/100
Transport trailers 64 /100 28144 19/ 30 5/8 -| 64/100
Fertilizer distributors 39/100 18/46 7118 - - | 39/100
Sprayers 30/100 17 /57 9/30 12 /40 - 30/ 100
Manure spreaders 35/100 12 /34 7120 3/9 - [ 13W
Potato diggers 20/100 7/35 5/25 1/5 - 200
Fodder mixers 13 /100 4/31 2/15 - - 13/100
Mowers 44 /100 35/80 18/41 7/16 - 447100
Haymakers-rakes 37 /100 13/35 5/13b - - B
Combine harvesters 20/100 5/25 3/15 3/15 -1 0/100
Potato harvesters 10/100 4/40 2 /20 1/10 - 0/100
Cultivation and sowing uni 8/100 3/375 - /3 - 8 /100
Dryers 2/100 1/50 - - - 2/100
Generators 17 /100 - - 3/18 - 17/1Q0
Loading devices 11/100 3/27 - 1/9 - 11/100

Methods of supervision over machines (fig. 3) dmel
manner of realization of tasks related to theirnteiance
were analysed. A repair service was engaged in 1fi0%
performance of the planned guarantee inspections3% a
machine operator assessed the technical conditieceg-
ing the operation. The additional data show thet ateat-
ments of cleaning and conservation of a machine war-
ried out after the campaign works (a harvest cagmaio-
tato lifting campaign etc.) and qualifying testsieth as-
sessed the general technical condition of a machifle,
the manner of execution of technical services wesed
since in 63% was carried out by owners of machaenas
only in 30% an external service was commissiona@pair
stations and 7% of services were commissioned dcath
thorized repair stations (e.g. repair of injectipmmps of
feed systems with self ignition).

120%

100%

80%

60%

40% 7 28%

20% . 16%
o% 1

Guarantee Evaluation  Plannedinspections Constant  Constant control Faults
inspections  ofthemachine  andrepairsby a  controlofthe ofall machines  removed
condition by repair station condition reularly

an operator before ofselected

operation machines

58%
45%

Q g

Source: Author's own researctodio: opracowanie wiasne

Fig. 3. Methods of supervision over machines
Rys. 3. Sposoby nadzoru nad maszynami

4. Conclusions

Source: Author's own researckiodio: opracowanie wiasne

struction solutions, clear and precise determimatif re-
quirements of future machines’ and devices’ usarstak-
ing them into consideration in a complex structofr@a ma-
chine, at a possibly faultless duplication of ahhigality in
the production process through a very high creajivality
- results in a proper structure of a device (maghimhich
has desired and expected exploitation properties.

One of the main elements of effective agricultyrad-
duction includes maintaining farm tractors and nnae$ in
full technical readiness and maintaining high dyapa-
rameters in execution of their tasks. This purposy be

achieved by maintaining a machinery park of farms a

a high quality of operation by recovering the wexploita-
tion potential of a machine, repairing damaged Qygarts
and units with the use in the recovery processoti imew
as well as regenerated parts (ecological aspedthgrcar-
rying out technical services with a properly vargbpe of
operations corresponding to their actual techriocaldition
(technical inspections, repairs, periodical sewiete.).

The presented exploitation criteria of machined de-
vices are the basis for issues concerning optiioizait the
selection of proper designs of structures of spetipes of
devices on account of maintaining significant tytiroper-
ties of machines from the point of view of a pursdraand
a user. Optimization aims at the assessment ofi¢isggn
solutions concept and selection of the best varitim pre-
sented exploitation criteria include demands, negméents
and wishes. Demands have superior criteria andldHmai
subject to the optimization procedure. Whereasréhaain-
ing (requirements, wishes) are subject to such guioe.
Only a sounding out and rational analysis of pdkiss,

needs and expectations (e.g. farmers) may constyguen

lead to construction and production of machines wigh

High exploitation quality of machines and devicesparameters of the operating quality, optimal weat eper-

should be the objective for all persons (designemastruc-
tors, producers, users) engaged in developing rave-s
tures. Thorough recognition of needs concerning nem
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ation costs which are satisfying for a user.
The analysis of technical services of machineshia
investigated farms indicates high consciousnedsrofiers
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