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SAFETY AND ERGONOMICS AS IMPORTANT CRITERIA OF QUAL ITY

OF AGRICULTURAL MACHINERY
Summary

The paper presents the results of determinatiah@fveighing indicators of the features group agged with ergonomics
and work safety of agricultural machinery ES (erganics and safety) in rating their global qualitthélresearch was car-
ried out on farm tractor, considered as energy farmachine. The experts recognize ergonomics andysageimportant
(14%), but not the most important characteristi€sh@ four universal criteria of tractors. Accordjrio a group of selected
experts (scientists, journalists and farmers) agitigral tractors should primarily be reliable (42%nd functional (38%).
The same experts using the same method i.e. pegrs@mparison method of Saaty, have determinethpartance rank-
ing of nine detailed criteria of ES characteristist this level of the hierarchy process the albpécific criteria ES/ES
may be accepted as equally important in asseshimguality of agricultural tractors, which meansttihey have been well
chosen.
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BEZPIECZE NSTWO | ERGONOMIA JAKO WA ZNE CHARAKTERYSTYKI
JAKO SCIOTWORCZE MASZYN ROLNICZYCH

Streszczenie

W pracy zamieszczono wyniki badakreslenia wspoétczynnikéw wagowych grupy cechgzamych z ergonomii bezpie-
czeistwem pracy maszyn rolniczych ES (ergonomics afety3anv ocenie ich jakai globalnej. Przedmiotem badayt
ciggnik rolniczy, traktowany jako energetyczna maszyiaicza. Eksperci uznali ergonogni bezpieczéstwo za wang
(14%), ale nie najwniejsz; charakterystyk spardd czterech uniwersalnych kryteriow gtownychgriikdw rolniczych.
Wedtug celowo dobranej grupy ekspertow (naukowd®iennikarzy i rolnikoéw) gigniki rolnicze powinny hy przede
wszystkim niezawodne (42%) i funkcjonalne (38%3%pEici ; sany metod poréwnywania parami Saaty’ego oklié
wagi dziewgciu kryteriow szczegétowych charakterystyki ES tysia poziomie hierarchii procesu wszystkie krytsdaze-
golowe ESES mana uzna za jednakowo wse w ocenie jaka@i ciggnikdéw rolniczych, co oznacz#e zostaty dobrze

dobrane.

Stowa kluczoweciqgnik rolniczy, ergonomia, bezpiedsévo, metoda poréwnywania parami, jdko

1. Introduction

According to the study on the “Structure of Farmig”
2013 approximately 1.5 million farms existed in d&d,
where various types of vehicles, machines and alguial
equipment were required for proper functioning @most
each farm owns a tractor, which is confirmed byistiaal
data - over 1.4 million of registered agricultutedctors.
Technical equipment on the fleet of farms meets then-
ers’ expectations to a greater or lesser extentsidering a
high supply of machines and several dozen varicasds
available on the Polish market, a purchaser is thaariake
a difficult decision whose effects will affect hiover many
years of operation. This stage of machinery “lifedrifying
stages of construction and manufacturing, makeésés
for determining the principles and mechanisms dirth
quality assessment. The notion of quality has atwag-
companied humanity and it is currently defined mely
and explicitly by the Polish PN-EN ISO 9000:2015{X]
technological standard. According to this stand&gdality
is a degree to which a set of inherent characiesistlfils
requirement”.

Due to differences occurring between tangible potsl
i.e. devices, no single tested universal method tifigtir
guality assessment exists. They include descriglinguis-
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tic) and quantitative methods. In case of agricaltuna-
chines, mainly the first type is applied. Resulttests per-
formed using the said methods are presented basedta-
logue or detected technical and performance pasmand
own opinions, usually in the form of pluses and usis or
other graphical forms [4].

A prerequisite for proper operation of agricultunza-
chines is their adjustment to safety regulationdiegble in
a given country as well as physical and mental ciapaf
an operator. They must meet the requirements wdnic-
antee safety against potential injuries and advargmact
of, e.g. toxic substances, vibrations or noise.aBse of the
need to increase operating efficiency and effentgs, ma-
chines have become more and more complicated mitec
cal terms (many mechatronic solutions) and thisuireg
continuous training and improvement of efficientlasafe
operation techniques. The scale of accidents ircature
has been decreasing year by year, however, it remai
considerable social problem.

The testing laboratory of the Industrial InstitatfeAgri-
cultural Engineering in Pozheaarries out tests of agricul-
tural and forestry machinery in the scope of tloaimpli-
ance with legal documents. Before Poland’s accas&io
the European Union machines were subject to mandato
certification called safety sign. At present, proeits per-
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form certification on their own [5, 12]. Modellingf safety
and ergonomics using the created theoretical @lirtu
model was also performed. Proper selection of statsdfor
the specific type of machines requires considerakjeeri-
ence. Such tests should be conducted at the staigsign
and their results should be verified through thell®f ma-
chine compliance prior to its marketing and use [3]

Summing up, both ergonomics and safety represent t
important criteria affecting the quality of all tedcal de-
vices applicable in agricultural works, both in mlaand
livestock production. Determining the importancetiodse
criteria in relation to others will enable quartiftion of
global quantity of agricultural machines. Therefotieeir
guantitative assessment is necessary using theuatdeq
methodology.

2. Aim of work

The aim of work is to determine the percentageesbér
the group of features associated with ergonomidssafety
in relation to other important criteria of agriauthl ma-
chines, such as functionality, reliability or desigrhese
criteria may be recognised as universal, i.e. comriuw
any type of agricultural equipment. Thus, a methoglp
tested in logical and empirical terms is neededjf@mntita-
tive determining the weights of those charactexssti

3. Methodology and scope of the studies

The first stage of agricultural machine quanttiica
(determination of global quality factor -\) includes the
mapping of the empirical model of the tested objecthe
abstract model, e.g. in the form of a directed bré.
Based on the practical knowledge concerning théoéap
tion process of agricultural machines and the reeé lit-
erature in the scope of agricultural engineerimgy fmain
criteria were adopted, common for all agricultwlelices,
regardless their designation. They include:

— functionality F,

reliability R,

— ergonomics and safety ES,
— design D.

With this assumption, the universal hierarchical a
rangement of criteria used for the assessmenteofjlibbal
quality factor of agricultural machines will havefarm
shown in Figure 1.

Four universal criteria, also known as charadiess
are the criteria consisting ofdetailed criteria (from several
to several dozen), depending on the evaluated meaghi
group.

For quantitative determining of criteria weights,PC
(Pairwise comparisonsmethod was used, developed in 1980
by Saaty [10, 11]. The method compares simultarhgouny
two criteria (instead of all criteria simultaneggsand it is
used in the AHPAnalytic Hierarchy Proce3snethod. This
method is classified in the American school of MCIWuUI-
tiple-criteria decision-makingsystemslt enables creating of
a decision-making table and a vector of weightitigeugh
comparison of individual criteria in pairs [9]. A-sage
measurement scale is used for the assessmenatifeem-
portance of the criteria (table 1).

Table 1. The scale of measurement to assess tbé dév
importance two comparison criteria [8]

Tab. 1. Skala pomiarowa do oceny poziomunagci po-
réwnywanej pary kryteriow [8]

Verbal assessment Numerical assessment

Equivalence 1

Validity is insignificant 2

Validity weak or moderate 3

Validity moderate to significant 4

Validity important, essential or strong 5

Validity strong to very strong 6

Validity determined or very strong 7

Validity very strong to absolute 8

Validity absolute 9

The necessity to perform many comparisons within a
short period of time triggers the risk of obtainimgonsis-
tent (illogical) assessments. The level of assessineon-
sistency is measured using the IRcpnsistency ratip Ac-
cording to the author of this method, the valughid ratio
should be lower than 0.1, which means maximum 16% o
inconsistent answers [6, 8]. If IR>0.1, the assesgnma-
trix should be subject to analysis in order to akplor, in
the best case, remove) sources of non-compliamteam
tradiction in assessments.

The weights of criteria were obtained through date-
ing the own vectorgigenvectoy of the comparison matrix.
In case of many assessments performed with thefubés
methodology by several experts, the final weiglitsriberia
are averaged.
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Fig. 1. The hierarchical structure of the critdoaassessing the quality of agricultural machines
Rys. 1. Hierarchiczna struktura kryteridw ocenyqg#é maszyn rolniczych
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The subject of tests is an agricultural tracteated as a
powered agricultural machine, within which four maini-
versal criteria, i.e. F, R, ES and D can be alsecifed.
Due to the aim of work, detailed criteria of ES r&weris-
tics were also determined, including:
visibility from a driver's seat - ES
size of compartment - BS
ventilation efficiency - E§
legibility of indicators - Eq
absorption - ES
noise - Eg,
number of lockers - ES
light for work at night - E§
arrangements of control levers -£S
The primary set of ES characteristics compriseald2
tailed criteria. However, this number was limited g, in
accordance with the assumptions of the PC methggplo
according to which 9 is the maximum number of fesdu
which can be compared within a short period of timith-
out making mistakes arising from inconsistent amswso-
called Miller principle 7£2). The attempt to estimaveight
indicators of the main and detailed criteria wadartaken
by nine experts from various environment. The estals
included three persons representing the scierdifdf of
the of the Institute of Biosystems Engineering of t
Pozna University of Life Sciences (UL3), three journal-
ists of the Top Agrar Polska monthly (ER3) and three
farmers (RtR3).

4. Results

Still before the application of the PC method, fok
lowing weights of individual characteristics adaptey the
authors on an arbitrary basis served as a benchrRark
40%, R = 30%, ES = 20% and D = 10%. It was recaghis
that the agricultural tractor should be mainly fimecal and,
in addition (due to the specific nature of agriatad works)
it should demonstrate a low failure rate. Ergonenand
safety during a tractor’'s performance were ranketba as
third, with the share of only 1/5. The design afiihake is
equally important. The weights determined by awghior
this way (with grading at each 10%) raised contreies.

The application of the very precise PC method dhase
pairwise comparison changed the originally assurae#-
ing of main criteria. In table 2, an example ofpaemadsheet
with subjective assessments of one of the expepi®vided.

Table 2. The square matrix of pairwise comparisointhe
main criteria for the tractor done by the expert Ul

Tab. 2. Kwadratowa macierz porowhaarami kryteriow
gtéwnych cignika rolniczego eksperta Ul

R ES D
F 1/3 7
1 9
ES 1/5 1/7 3
D 1/7 1/9 1/3 1

Source: own work Zrodlo: opracowanie wlasne

The method used for determining the weights based
subjective assessments of Ul expert, i.e. detengiaivn
vector of the pairwise comparison matrix, is in&@ddn ta-
ble 3.

Table 3. Matrix multiplication for the reply fromalle 2
and the ranking of the main criteria when IR = 0.06
Tab. 3. Kwadrat macierzy dla odpowiedzi z tab. @owa-
gi kryteriéw gtéwnych przy IR = 0,06

F R ES D Totality | Weight

F 400 | 2,16 | 14,67 | 32,00 52,83 29%
R 8,69 | 4,00 | 32,00 | 60,00 104,69 58%
ES | 1,26 | 0,69 | 4,00 8,69 14,63 9%
D 1,15 | 0,32 | 2,16 4,00 7,63 4%

179,77 100%

Source: own work Zrodlo: opracowanie wlasne

On the other hand, table 4 presents final weighthe
main criteria of an agricultural tractor of all exfs partici-
pating in the study, their minimum and maximum ealas
well as span.

Taking into account the weights of main criterfaatl
experts from table 4, they were averaged to oliterfinal
values shown in the chart (Figure 2).

In addition, using the same pairwise compariso@) (P
method, the experts determined weights of nineilddta
criteria of ES characteristics. Results of thoserafions are
included in table 5 and in Figure 3.

Table 4. Eigenvectors matrix of pairwise comparssohthe main criteria in % of all experts partatipg in the survey
Tab. 4. Wektory wtasne macierzy poréwwrgarami kryteriow gtdwnych w % wszystkich ekspertdargcych udziat

w badaniu
Expert
Ul U2 U3 R1 R2 R3 D1 D1 D1 Min Max Interval
F 29 20 48 40 24 37 54 59 4(Q 29 59 30
58 58 27 41 60 37 28 26 41 26 60 34
ES 9 17 17 11 11 21 14 10 11 9 21 12
D 4 5 8 8 5 5 4 5 8 8 4
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Source: own work Zrodio: opracowanie wasne
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Ergonomics and
safety 14%

Design 6%

Functionality 38%

Reliability
42%
Source: own work Zrédio: opracowanie wlasne
Fig. 2. Average weights of major criteria for trarst
Rys. 2. Urednione wagi kryteriow gtdwnychggjnikdw rolniczych

Table 5. Eigenvectors matrix of pairwise comparssohdetailed criteria of ES characteristics in #albexperts participat-
ing in the survey

Tab. 5. Wektory wlasne macierzy porowmarami kryteriow szczego6towych charakterystykvE® wszystkich ekspertow
biorgcych udziat w badaniu

Expert
Ul| U2 U3| R1| R2| R3] D1 D1 D1 Min Max Interval
ES | 13| 14| 18| 20| 18 19 28 3p 20 13 30 17
ES, | 10| 15| 8| 15| 4 5 6] 2§ 6 4 28 24
ES; [ 10| 15| 16| 4 5] 16 9 8 14 4 16 12
ES, [ 12| 15| 10| 6 7 5| 1} 5 11 5 15 10
ES | 12| 12| 10| 10| 13 8 9 6 8§ 6 13 7
ESs | 11| 11| 15| 21| 13 18 6 6 14 6 21 15
ES; | 6 | 10| 5 5 3 3 2 5 3| 2 10 8
ESg| 11| 5 7| 12 9| 100 17 6 20 5 20 15
ES, | 13| 3 | 11| 7| 28] 16 17 6 4 3 28 25

Source: own work Zrédlo: opracowanie wlasne

Arrangements of
control levers ll%_l

Visibility from a
driver's seat 20%

Light for work at
night 11%

Size of compartment

Number of lock
umber of lockers 10%

5%

Ventilation efficiency
11%

Noise 13%

Legibility of

Absorption 10% indicators 9%

Source: own work Zrodlo: opracowanie wlasne

Fig. 3. Average weights of detailed criteria of &fracteristics for tractors
Rys. 3. Wrednione wagi kryteriow szczeg6towych charaktekydbs ciignikdw rolniczych

5. Summary and conclusions though producing fast results, is unreliable. égision is
important for the evaluator, slightly more time glib be
The studies performed allowed for formulating foe  devoted and analytical methods should be used, asithe
lowing final conclusions: pairwise comparison method of Saaty criteria.
1. The primary forecasts concerning the importancthef 2. According to the experts, the reliability of thedtor,
main criteria in the global quality assessmentgsfcalltural  rather than its functionality, is of utmost impaorta. It may
tractors were not confirmed. The heuristic approaah be presumed that agricultural machines should bialyna
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functional, instead of tractors cooperating witlerth The
successive studies will aim at confirming the lieggtcy of
this hypothesis.

3. A surprisingly low weight share, namely, only 14%swv
attributed to the criterion of ergonomics and safstagri-
cultural tractor performance. On the other handgits of
nine detailed criteria of these characteristicgrithisted in a
foreseeable manner, recognised by experts as ismmtif
and equivalent. This confirms the assumption thhtlen
trying to perform the global assessment of agricaltma-
chines (determining the @ global quality) no need to de-
termine their weights exists. Such a methodologemal
proach is used in the developed and implemented RIBO
system. The Independent Farmers’ Opinion Surveyb{we
site: www.nbor.pl), developed by authors of thipgraen-
ables each user of an agricultural tractor to esgoen indi-
vidual opinion based on four main characteristicd aev-
eral dozen detailed criteria. Ultimately, the systwill be

(2]
E]

(4]
(5]

(6]

(7]
(8]

expanded by adding consecutive modules allowing foi9]

guantification of various groups of agriculturalhiges,
machines and equipment.
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