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PREDGOVOR - PREFACE

2010 godina je prosla, no gospodarske teskoce globalnih razmjera nisu i nazalost njihov
trag ¢e nas sve joS dulje vrijeme pratiti. Stoga je i ovaj 39. simpozij osjetno skromnijeg
iznosa ukupnih troskova, ali zahvaljujuci stalnoj potpori kolega iz struke, strukovnih udruga
(HUPT i HAD), trgovackih kuca-predstavnika svjetskih proizvodaca poljoprivrednih
strojeva 1 opreme, Ministarstva znanosti obrazovanja i Sporta, te medunarodnih udruga
Poljoprivredne tehnike (EurAgEng, CIGR, AAAE i AAESEE) ustrajali smo organizirati 39.
Simpozij ”Aktualni zadaci mehanizacije poljoprivrede”. Ovaj 39. po redu Zbornik sadrzi 48
radova od cega: Estonija, Islamska Republika Iran, Madarska, Njemacka i Turska po (1),
Italija (3), Hrvatska (5), Srbija (6), Slovenija (7) i Rumunjska (22) rada. Zahvaljujemo se
svim sponzorima koji su svojom potporom omoguéili odrzavanje ovog skupa, autorima
referata, kao i svim ucesnicima na interesu. Posebno se zahvaljujemo Ministarstvu znanosti
i tehnologije Republike Hrvatske na stalnoj potpori. Svim ucesnicima zelimo ugodan
boravak u Opatiji za vrijeme odrzavanja Simpozija.

Heavy burden of global economic crisis have marked the previous year 2010 while its
influence unfortunately will follow all of us much more longer than we would like it. So,
this 39™ symposium is also urged to balance total expenses with much more skill than
before but steady support of our colleagues, associations (CAES, CSA), commercial
representatives of the world famous agricultural machinery and equipment producers,
Ministry of sciences, education and sport and finally world known associations for
agricultural engineering (EurAgEng, CIGR, AAAE and AAESEE) helped us and enabled
organizer to carry out 39" symposium “Actual tasks on Agricultural Engineering”. This
proceedings contains 48 papers among them are: Estonia, Islamic Republic of Iran,
Hungary, Germany and Turkey with (1), Italy (3), Croatia (5), Serbia (6), Slovenia (7) and
Romania (22) papers. We would like to thank authors, reviewers, participants and
especially sponsors for their contribution to organize the symposium. We especially
emphasize sponsoring of Ministry of Sciences and technology of Republic of Croatia.
Finally we wish all participants, our colleagues pleasant time, weather and company during
symposium.

Chief Editor

Prof. dr. sc. Silvio Kosuti¢

Zagreb, sije¢anj-January 2011.
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ABSTRACT

Floods and debris flows are among the most damaging of natural hazards,
and are likely to become more frequent and more relevant in the future, due to
the effects of increase in population, urbanization, land subsidence and the
impacts of climate change, with the resulting increase in both annual average
and peak intensity of rainfall.

During the period 1985-2003, the world experienced between 1700 and 2500
(major) flood events, while in Europe, from the Fifties to the Nineties, the number
of floods in the river basins has risen from 11 to 64 per decade.

Knowledge and scientific tools play a role of paramount importance in the
strain of coping with flooding problems. In this context, mathematical models
represent the basis for effective flood mitigation. By using a model, an attempt is
made to replace trial and error based strategies, as practised in the past, with
more physically-based measures for flood management and control. Mathemati-
cal models are the best tools, nowadays available, for the design of efficient flood
protection strategies and excellent supporters for decision-makers.

While in the past models were limited mainly to one dimension (1D), which is
clearly not sufficient for the risk assessment of these hazards, now 2D or 3D
codes are available and widely used for flood forecasting .

With reference to these issues, the paper provides a review and a general
description of the main features of two new models that can be used in flood
management along with the characteristics of the experimental data required for
models’ calibration.

Key words: Flood risk management; Flood frequency analysis; Deterministic
models.
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INTRODUCTION

Floods and debris flows are the most damaging of natural hazards, and are likely to
become more frequent and more relevant in the future, due to the effects of many factors
such as urbanization, land subsidence and the impact of climate change.

Within the European environment, the Flood Directive 2007/60/EC provides a frame-
work for the assessment and management of flood risk across Member States (EC 2007).
The Directive requires Member States to produce the first Flood Risk Management Plans
(FRMPs) in 2015, whose core elements are: preliminary flood risk assessment, flood hazard
and risk maps and flood risk management plans. In this context, mathematical models
represent the basis for effective flood mitigation.

While in the past models were limited mainly to 1D, which is clearly not sufficient for
the assessment of these hazards, now 2D or 3D codes are available and widely used for
flood forecasting and mitigation.

With reference to these issues, the paper proposes two new models for both flood (clear-
water) and debris flow routing.

RISK ASSESSMENT

Risk is an integral part of social and economic processes and is often increased by
human interference with natural hydro-meteorological phenomena. The struggle against
extreme events like floods and droughts is old as mankind. But in the last decades new
challenges are likely to influence risk management measures and policies. These challenges
can be summarized as follows (De Wrachien et al., 2010):

e climate change is likely to impact climate variability, making extreme events more
severe and more frequent;

e increasing world population and economic growth lead to a more intense use of
water and land resources;

e there is a rising awareness of the need of integrated water resources management,
considering the river basin as the basic planning unit;

e due to the relentless urbanization process, at world wide level, hazards are
increasingly transforming into disasters putting development at risk;

e there is a rising concern that damages resulting from water related disasters are
growing disproportionately worldwide.

To cope with these challenges involves taking decisions and actions about appropriate
levels of risks. These decisions and actions may be divided into the following two
processes:

1. risk analysis procedure;

2. risk management cycle.

12



Mathematical models for flood and debris flow routing

MATHEMATICAL MODELS

Types of Models

Research work on flood dynamics has traditionally specialized in different mathematical
models. They can be roughly categorized into stochastic, deterministic and hybrid models.

Stochastic models are based on flood frequency analysis, defined as the means by which
flood discharge magnitude is related to the probability of its being equalled or exceeded in
any year or to its frequency of recurrence or return period.

Deterministic models are, generally, based on physical properties of elements that
feature or influence the phenomenon under investigation, such as the catchment
characteristics, the channel geometry, the rainfall-runoff process.

The recently proposed hybrid models offer the advantage of operationally combining the
flood routing and the determination of the flood level. Moreover, this procedure opens up
the potential for modelling more dynamic flood events such as ice jam release surges,
which cannot be handled by traditional hydrologic or hydraulic modelling approaches.

Flood Routing

The River FLO-2D model is based on the Shallow Water (SW) equations that describe
the free surface flow with a depth averaged approximation (Garcia-Martinez et al., 2009).

The resulting equations are as follows:
Continuity:
H VH
a_ﬂ + aL + a_ =0 (1)
ot ox dy

Momentum in x-direction:

U, U LU T,

—+U—+V—+ 2
a o Sox p @
Momentum in y-direction:
T
a_V+Ua_V+Va_V+ga_n+i:0 (3)
ot ox ay a p
Sediment continuity:
o 00,
(1-2) 2L+ 90s o _ 4)
ot ox dy

where: x and y are the horizontal coordinates, 7 is the time, 7] is the water surface elevation,
H is the water depth, U and V are the vertically averaged velocities in x and y directions
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respectively, o is the water density, g is the gravitational acceleration, z; is the bed
elevation, Q. , O,, are the sediment discharges in x and y directions respectively, A is the
soil porosity, 7,, and 7, are the bed friction terms defined as:

Tpe = H4/3 (5)
gn’VNU? + 77
by H4/3 (6)

and » is the Manning roughness coefficient.

The SW equations and the sediment continuity equation are discretized by the Galerkin
finite element method using three-node triangular elements. To validate River FLO-2D the
verification process recommended by ASCE Committee was followed (Wang et al., 2008).
The process involves testing the model with analytical solutions, laboratory tests and
comparisons with documented real cases, where field data are available.

Debris Flow Routing

Flood routing considers, mainly, situations of clear water surges. However, under natural
conditions, a flood can generate extensive debris flows. Modelling these flows requires
both a rheological model and constitutive equations for sediment-water mixtures.

Recently De Wrachien and Mambretti (2009, 2010) proposed a general 2D two-phase
mathematical model suitable to analyse both non-stratified (mature) and stratified
(immature) flows, i.e. when the solid/liquid mixture is present in the lower layer, while
only water is present in the upper one (figure 1).

The 1D approach to debris flow routing is based on the De Saint Venant (SV) equations.
This set of partial differential equations describes a system of hyperbolic conservation laws
with source term (S) that can be written in compact vector for as:

E)_V+8_F:S (7
Jt Js
where:
4 i 0
V= F=l0 S= )
0 =te g-A-(i-8,)+g-1,
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with A(s,f): wetted cross — sectional area; O(s,?): flow rate; s and ¢: spatial and temporal
coordinates; g: acceleration due to gravity; i: bed slope; S;: bed resistance term or friction
slope; 1, and I,: pressure forces, due to the longitudinal width variation.

2
3]
<=

hmy

Figure I Scheme of the immature (stratified) debris flow.

To take into account erosion / deposition processes along the debris flow propagation
path, a mass conservation equation for the solid phase and a erosion / deposition model
have been introduced in the SV approach.

To extend the model to 2D, have been taken into account mass and momentum
conservation balance for each phase and layer, and energy exchange between layers.

The level of maturity of the flow is assessed by an empirical, yet experimental based
criterion (Larcan et al., 2000).

To validate the model comparisons have been made between its predictions and
experimental results carried out at the Hydraulic Laboratory of Politecnico di Milano.

The 1D tests were performed with flows of water and homogeneous granular mixtures in
a uniform geometry flume reproducing floods and debris flows triggered by dam failures.
The 2D experiments were carried out utilizing a device consisting of a loading tank, a
flume and a downstream basin with adjustable slope (De Wrachien and Mambretti, 2010).

DATA: REQUIREMENTS AND PROBLEMS
The most important question to be addressed when defining the quantity and quality of
data to be used as input of a model is the purpose pursued.

Hydrologic models, based on empirical storage-flow relations, require only streamflow
hydrographs as inputs. Hydraulic models require additional, physical and altimetric data
describing the channel geometry and the floodplain morphology.

The topographic data resolution strongly affects the flood model efficiency.
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Sound Digital Elevation Models (DEMs) must provide an accurate description of
microtopography (e.g. levees, embankments, roads, buildings) to create a computational
mesh in which all the elements that affect flow dynamics and flood propagation are
included. The latest developments in airborne laser scanning make it feasible to produce
high quality digital surface models (DSMs) with accuracies less than + 25 cm depending on
the land cover, slope, flight parameters and environmental conditions (Sole et al., 2008).

Hydrological/hydraulic flow characteristics are fundamental in flood modelling along
with boundary conditions on depths and discharges.

The resistance to flow in a watercourse may be parameterized by the Manning, Chézy,
Darcy friction coefficients which represent the effect of roughness elements of the channel
bed and particles as well as losses mainly due to dynamic bed morphology and vegetation.
Best results are obtained when the friction coefficients are adjusted (calibrated) to
reproduce historical observation of stage and discharge.

CONCLUDING REMARKS

Floods and debris flows are among the most damaging of natural hazards, and are likely
to become more relevant in the future due to the effects of increase in population,
urbanization and land subsidence. These features, together with climate change, are
changing the way flood risk is managed.

Within the European environment, the Flood Directive 2007/60/EC provides a
framework for the assessment and management of flood risk across Member States. In this
context, mathematical models represent the basis for effective flood forecasting, control and
mitigation.

With reference to these issues, two new models for flood and debris flow routing are
presented. The first model (River FLO-2D) is a 2D finite element river and dam-break
flood code that uses a parallelized explicit time stepping scheme. The second model is a
2D, two-phase finite difference debris flow code suitable to analyse both non-stratified
(mature) and stratified (immature) hyper-concentrated flows.

Both the models have been validated on the basis of laboratory tests and field data. With
regard to the debris flow model, further research is in progress in order to feature the
distribution of the material of different size of the solid phase (sorting): larger size material
positioned in the front and in the top of the flood wave, and finer one in the bottom and in
the tail.
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SAZETAK

Kvaliteta Zivota osim uobicajenih pokazatelja Cesto je rezultat i nemjerljivih
subjektivnih vrijednosti, te je podlozna promjenama tijekom odredenog razdob-
lja.

Cilj ovog rada je utvrditi razinu zadovoljstva ispitanika Zivotom u ruralnom
podrucju Zagrebacke Zupanije. IstraZivanje je provedeno metodom ankete na
uzorku od 78 ispitanika u dobi izmedu 25 i 45 godina.

Ispitanici su pokazali dosta kriticnosti spram ponudenih obiljezja kojima
mozemo oznaciti kvalitetu Zivotnih uvjeta u njihovom naselju sto je vidljivo i u
najvisoj prosjecnoj ocjeni od 3,45 za meduljudske odnose (ocjena od
1=nezadovoljavajuce do 5=odlicno). Prometnu povezanost mjesta Zivljenja sa
opcinskim/gradskim sredistem u prosjeku ocjenjuju dobrom, niZom ocjenom
uredenost stambenih objekata (2,71), zdravstvene usluge (2,27), uredenost javnih
povrsina (2,18), socijalne usluge (2,05), zatim obrazovne usluge (1,78) te
financijske i slicne sluzbe (1,73). Ruralna sredina je najcesée ogranicena uskim
spektrom izbora zanimanja (1,17) kao i mogucnoséu zaposlenja u vlastitom
mjestu (1,14) sto je bitno ogranicenje ostanka u njemu.

Ispitanici su svjesni boljih prirodnih uvjeta u svome mjestu u odnosu na grad,
ali i nedostatka zabavnih i kulturnih sadrzaja. U ruralnom prostoru veca je
prisutnost vjere i vjerskog Zivota, ali je manje kriminala, alkoholizma,
narkomanije i sl te je prostor i manje oneciséen. Jace su obiteljske veze i veca je
osobna sigurnost. U njihovom mjestu je manje odmora nego u gradu te manje
slobodnog vremena. Opceniti dojam ispitanika je da njihov Zivotni prostor
humaniji za stanovanje nego u urbanim sredinama. Manje su mogucénosti za
Skolovanje, ali i mogucnosti za politicki i gospodarski uspjeh.

39. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2011.
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Ipak preko polovice ispitanika zadovoljno je svojim zivotom u selu (61,6%),
Cetvrtina niti je zadovoljna niti nezadovoljna, a 15,4% ih je nezadovoljno.

Provedeno ispitivanje pokazuju da su najveéi problemi Zivota u ruralnom
prostoru Zagrebacke zupanije ekonomske naravi tj. nedostatak posla, mali izbor
zanimanja te niza zarada u odnosu na urbana sredista posebno Grad Zagreb.

Kljucne rijeci: Zagrebacka zupanija, ruralno podrucje, zadovoljstvo Zivotom

UvOoD

Ruralni prostor posljednjih godina prolazi kroz nekoliko istodobnih promjena: smanjuje
se zbog urbanizacije te industrijalizacije poljoprivrede, ali i dobiva na vaznosti u
strategijama ukupnog razvita pojedinih drzava ili uzih lokalnih zajednica.

Zadovoljstvo odnosno nezadovoljstvo stanovnika zivotom u nekom prostoru ¢esto je
rezultat nemjerljivih subjektivnih poimanja vrijednosti te podlozno promjenama tijekom
duzeg razdoblja.

Ruralni prostor Hrvatske dugo je znacio demografski devastirano, kulturno i socijalno
zaostalo, u gospodarskoj strukturi poljoprivredom dominantno podru¢je (Basi¢ 2005).
Autohtona razli¢itost u proizvodnim djelatnostima i proizvodima, u gradevinarstvu, kulturi
i opéenito nadinu Zivota uni$tavala se ubrzano (nakon ratova) ili postepeno u meduracu.
Tek u posljednjih dvadesetak godina kod nas (kao i u Europi) ruralnom prostoru i ruralnom
razvitku posvecuje se znacajna pozornost sa Zeljom ocuvanja prostora uz uvazavanje
njegovih razlicitosti.

Ruralni prostor Zagrebacke zupanije po nekim obiljezjima je slican ruralnom prostoru
Hrvatske. Sli¢nost se ocrtava u njegovoj heterogenosti odnosno razlicitosti i to ekonomskoj,
demografskoj, zemljopisnoj te u prosjeku se radi o podru¢ju niske razine oneciséenosti.
Posebnost prostora se ocitava u njegovom ,,zagrljaju” najveceg gospodarskog hrvatskog
srediSta (Zagreba) $to mu daje znacajne pogodnosti u budué¢em razvitku, ali i njegova
,.haslonjenost™ na Sloveniju §to se moze i treba iskoristiti naro¢ito u razdoblju prije ulaska
Hrvatske u EU (Juracak, J., Grgié, 1., Kovacié, D. i sur. 2004).

CILJ ISTRAZIVANJA

Cilj rada je utvrditi razinu zadovoljstva ispitanika zivotom u ruralnom podrucju Za-
grebacke Zupanije kao jednog od bitnih preduvjeta gospodarske i demografske obnove
prostora.

Zadovoljstvo i1 ocekivanja ispitanika neizravno utjecu na voljnost za dugorocnim ulaga-
njima kao Sto su ulaganja u strojeve i opremu te u poljoprivredne proizvodne objekte kojim
bi se potaknuo rast dohotka i zivotnog standarda poljoprivrednog te s time i ukupnog
ruralnog stanovnistva.

METODE I MATERIJAL

Postoji nekoliko kriterija za odredivanje ruralnosti, ali najcesée koristena definicija koju
primjenjuju medunarodne organizacije za razdvajanje ruralnih i urbanih regija je ona
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razvijena u OECD-u. Ruralne regije su one u kojima gustoéa naseljenosti iznosi manje od
150 stanovnika po km®. Ukoliko je gustoca naseljenosti ispod 150 stanovnika po km?, takva
se zajednica smatra seoskom ili ruralnom.

U ovom istrazivanju cijeli prostor Zupanije uzet je kao jedna regija Grgi¢ i sur. (2007),
Grgi¢ i sur. (2008). Za gradove i opéine izracunata je gustoca naseljenosti te su odredeni
kao ruralni odnosno urbani. Od ukupno 34 grada i opéine u Zupaniji, primjenom ovakve
podjele njih pet je svrstano u urbane, a dvadeset devet u ruralne zajednice. Prema Popisu
2001. godine na ruralnom prostoru zivjelo je 182.961 osoba, odnosno 59,08% stanovnistva
Zupanije te se prostor Zupanije moZe svrstati u preteZito ruralne regije.

Istrazivanje je provedeno metodom ankete na uzorku od 78 ispitanika. Jedinica anketira-
nja bila je kucanstvo, a unutar kuéanstva jedan ispitanik u dobi izmedu 25 i 45 godina.

Obrada je obavljena pomocu SPSS paketa 17.0 (Statistical Package for Social Sciences
17.0).

REZULTATI I DISKUSIJA

Neka sociodemografska obiljeZja ispitanika

Anketno istrazivanje obuhvatilo je 79 osoba prosjecne dobi od 33 godine. Najveci dio
anketiranih je stalno zaposlen izvan gospodarstva (54,1%), manji dio nezaposlen (30,6%),
poljoprivrednika je 12,5% te umirovljenika 2,8%.

Od stalno zaposlenih izvan gospodarstva najveci dio su radnici (82,0%), zatim sluzbenici
(12,8%) te poduzetnici (5,2%).

Prema stupnju obrazovanja, podjednaki dio ih je sa zavrSenom srednjom trogodi$njom i
srednjom cetverogodisnjom skolom (po 45,6%), 5,1% ispitanika ima osnovnu $kolu, 2,5%
ima visu te 1,3% zavrSen fakultet. Obrazovna struktura anketiranih je bolja od prosjeka
Hrvatske s izuzetkom udjela osoba sa zavrSenim fakultetom. Prema popisu iz 2001. godine
u Republici Hrvatskoj bez skole je bilo 2,9% osoba starijih od 15 godina, sa osnovnom
37,5%, srednjom trogodisnjom 27,2%, srednjom cetverogodisnjom 19,8%, viSom $kolom
4,1% te sa fakultetom 7,8% .

Kvaliteta Zivotnih uvjeta u naselju ispitanika

Kod bilo kakve procjene pred ispitanika se postavlja veliki problem: kako objektivno
valorizirati kvalitetu pojave kroz osobni osjecaj vrijednosti i kako odabrati pojavu/kvalitetu
sa kojom usporeduje svoje videnje. U konkretnom slucaju, radi se o Zivotnim uvjetima u
naselju ispitanika i njegovoj ,,skrivenoj usporedbi sa kako bi trebalo biti ili najcesce kako
negdje i jest (u gradu)®.

Vrlo Cesto ispitanici kojima se ponude ovakva pitanja nesvjesno pokusavaju umanjiti

nesto Sto je dobro «misleci da ée na taj nadin zainteresiranu drugu stranu u istrazivanju
potaknuti da nesto i u¢ini odnosno poboljsay.

Uz sva navedene nedostatke, ispitanici su pokazali dosta kriti¢nosti spram ponudenih
obiljezja kojima mozemo oznaciti kvalitetu zivotnih uvjeta u njihovom naselju (najvisa
prosjecna ocjena 3,45). Iako je teSko povezati jakost veze izmedu prosjeéne ocjene i
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mozebitne njihove odluke o napustanju naselja, ipak su dobar indikator za kvalitetno
djelovanje lokalne samouprave i drzavne uprave.

Ruralnu sredinu zbog mnogo faktora, od kojih su najznacajniji brojnost stanovnistva po
naselju i rodbinska isprepletanost, karakteriziraju dobri meduljudski odnosi. Kod ocjene
kvalitete Zivotnih uvjeta kod ispitanika su na prvom mjestu i procijenjeni su izmedu dobrih
i vrlo dobrih (3,45).

Selo je sve blize urbanim srediStima pa je problem prometne povezanosti sve manje
naglaSen. Ispitanici prometnu povezanost svoga mjesta sa opc¢inskim/gradskim srediStem u
prosjeku ocjenjuju dobrom.

Sve veéa pozornost se posvecuje uredenosti stambenih objekata (prosje¢na ocjena 2,71),
ali je opskrba mjesovitom robom, po procjeni ispitanika, u prosjeku losa (2,40).

Tablica 1. Zadovoljstvo anketiranih nekim obiljezjima zivota u ruralnom podrucju 1
(Nezadovoljavajuce); 2 (Zadovoljavajuce); 3 (Dobro); 4 (Vrlo dobro) i 5 (Odli¢no)

N Min Max Mean Std. Deviation

Meduljudski (susjedski) odnosi 78 1 5 3,45 0,784
Uredenost stambenih objekata i 78 1 5 2,71 0,824
dvorista

Prometna povezanost sa srediStem 78 1 5 2,69 0,902
Opskrba mjesovitom robom 78 1 5 2,40 1,303
Zdravstvene usluge 78 1 5 2,27 1,439
Uredenost javnih povr§ina 78 1 4 2,18 0,818
Socijalne usluge 78 1 5 2,08 1,160
Komunalna infrastruktura 78 1 4 2,05 0,851
Obrazovne usluge 78 1 4 1,78 0,847
Financijske i sli¢ne sluzbe 78 1 4 1,73 0,863
Mogucnost izbora zanimanja/posla 77 1 3 1,17 0,410
Mogucénost zaposlenja 78 1 3 1,14 0,386

Izvor: Anketa

Zdravstvene usluge (ambulanta, ljekarna) po procjeni ispitanika su nesto iznad zadovo-
ljavajuceg (2,27). Dobna struktura ruralnog stanovnistva (sve veéi udio starih i nemo¢nih
koje su mladi napustili odlaskom u gradove) i njihova potreba za zdravstvenim uslugama
alarmiraju i ispitivani dio populacije je usporeduje sa zdravstvenim uslugama u blizim ili
cescée u velikim sredistima (posebice Zagrebu).

Sve veca pozornost se posvecuje uredenosti javnih povrsina i kriticki se na to gleda (pro-
sjecna ocjena 2,18), pri cemu ih veliki postotak smatra u svojoj sredini nezadovoljavajuce
uredenim.
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U posljednje doba puno je uéinjeno na izgradnji komunalne infrastrukture (vodovod,
kanalizacija, plin, telefon i sl.) u pojedinim ruralnim podruéjima Zupanije, ali je ispitanici
ipak procjenjuju prosje¢nom (od zadovoljavaju¢e do dobre). Jedna Cetvrtina je ocjenjuje
nezadovoljavajuéom.

Jedan od najvecih nedostataka ruralnih podru¢ja su socijalne usluge kao $to su djecji
vrtié, jaslice, staracki dom i sl. Ispitanici ih ocjenjuju relativno skromnim tj. ispod
zadovoljavajucih (prosjeéna ocjena 2,08).

Obrazovne usluge najcesée se svode na obavezno osnovno obrazovanje pa ispitanici
tome daju ocjenu neznatno iznad zadovoljavajuce.

Financijske 1 sli¢ne sluzbe (banke, bankomati, postanski uredi i sl.) sve su prisutnije i
dostupnije Sto prepoznaju i ispitanici i s obzirom na svoje potrebe oni ih u prosjeku
smatraju zadovoljavaju¢im. Medutim, sve vec¢e svakodnevne potrebe za njim kod velikog
dijela ispitanika za posljedicu ima da ih oni smatraju nezadovoljavajuéim.

Ruralna sredina je najcesée ograni¢ena uskim spektrom svekolikih izbora pa tako i
izbora zanimanja S§to su potvrdili 1 ovi ispitanici sa prosjeénim zadovoljstvom blizim
najnizoj ocjeni (1,17).

Mogucénost zaposlenja u vlastitom mjestu je u prosjeku mala (1,14) §to je jedno od bitnih
ogranicenja ostanka u njemu.

Prednost i nedostaci zivota u naselju ispitanika

Procjena te usporedba «dobre i loSe strane zivota u mjestu ispitanika u odnosu na zivot u
gradu» susrece se sa dva znacajna pitanja (1) koliko ispitanik kvalitetno/objektivno moze
procijeniti svoju sredinu i (2) koliko je opcenito upoznat sa zivotom u gradu.

Za prvo (procjenu) bitan je njegov osobni osjecaj loSeg i dobrog $to u konacnici odreduje
sve njegove buduce postupke te tako i Zelju za napustanjem sadaSnjeg mjesta Zivljenja.
Kako se u gradu zivi, vecina ispitanika je mogla u vecéoj ili manjoj mjeri i vidjeti/osjetiti
zbog dosadasnjih intenzivnih migracija na relaciji selo-grad te ispitanici iz ove dobne
skupine ve¢ imaju nekoga u gradu kod koga su i sami boravili i barem na kratko upoznali
zivot u njemu (Ili§in 2006).

Odluka oti¢i ili ostati osim znacajnog utjecaja srece, slucaja i slicnog najvise se temelji
na dugogodis$njim osobnim ocjenama, procjenama i usporedbama kvalitete zivota u jednoj
sredini. Najcescée, nedostaci zivota vrednuju se i ponderiraju ve¢im ponderom od prednosti.

Ispitanicima je ponudeno 26 prosudbi kojima smo procjenjivali dobre i loSe strane Zivota
u njihovom mjestu pri ¢emu visa ocjena znaci i njihovu vecu suglasnost sa ponudenom
konstatacijom.

Selo u pravilu, u odnosu na grad, je hendikepirano sa zabavnim i kulturnim sadrzajem
(4,32). S time se slaze 43,6% te u potpunosti slaze 44,9% ispitanika. Medutim, ispitanici su
svjesni boljih prirodnih uvjeta i veéeg suzivota sa prirodom u svome mjestu (4,31) pri cemu
se ¢ak 94,9% s time slaze i1 potpuno slaze. U ruralnom prostoru veca je prisutnost vjere i
vjerskog zivota (4,3) Sto je miSljenje velikog dijela ispitanika (92,3%). Da je loSija
komunalna opremljenost vlastitog sela u odnosu na grad slaze se i u potpunosti slaze dvije
trecine ispitanika (92,3%), 3,8% o tome nema svoje misljenje dok se njih 3,9% s time ne
slaze.
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Tablica 2. Dobre i lose strane Zivota u mjestu ispitanika 1 (Uopce se ne slazem); 2 (Ne
slazem se); 3 (Niti se slazem niti ne slazem); 4 (Slazem se); 5 (Potpuno se slazem)

N Min Max Mean Std. Deviation

Manje zabavnih i kulturnih dogadaja 78 2 5 4,32 0,712
Bolji prirodni uvjeti 78 3 5 4,31 0,517
Veca prisutnost vjere i vjerskog zivota 78 1 5 4,29 0,74
Losija komunalna opremljenost 78 1 5 4,29 0,824
Vise se Cuva tradicija 78 1 5 4,22 0,714
Manje oneciséenje 78 1 5 4,21 0,762
Manje kriminala, alkoholizma, narkomanije 78 1 5 4,17 0,780
Veca osobna sigurnost 78 1 5 4,15 0,774
Vedéi slobodan prostor 78 2 5 4,06 0,566
Manja zarada 78 2 5 4,05 0,788
Vise fizickog rada 78 3 5 4,04 0,612
Manje odmora 78 2 5 3,99 0,634
Manje slobodnog vremena 78 2 5 3,95 0,701
Humaniji prostor za stanovanje 78 2 5 3,94 0,709
Manje moguénosti za polit. i gosp. uspjeh 78 2 5 3,83 0,780
Konzervativnija sredina 78 2 5 3,83 0,903
Manje moguénosti za Skolovanje 78 1 5 3,81 0,774
Zdravija prehrana 78 2 5 3,79 0,858
Losije ureden stambeni prostor 78 1 5 3,79 0,998
Jace obiteljske veze 78 1 5 3,77 0,737
Veéa prometna izoliranost 78 2 5 3,68 0,655
Manja privatnost pojedinca 78 1 5 3,55 0,847
Bliskiji kontakti s mjestanima 78 2 5 3,53 0,697
Manje socijalne razlike 78 1 5 3,06 0,958
Manje stresno 77 1 5 2,91 1,028
Manji troskovi zivota 78 1 5 2,31 1,177

Izvor: Anketa

U selu se viSe drzi i ¢uva tradicija nego u gradu (4,22) s ¢ime se slaze i u potpunosti
slaze cak 92,3% ispitanika. Slicna tome je i njihova percepcija prednosti manjeg
onecis¢enja (zagadenosti) prostora (4,21) s ¢ime se slaze 62,8 te potpuno se slaze 32,1%
ispitanika. Kriminal, alkoholizam, narkomanija i sl. nisu biljeg samo urbanog prostora, ali
svoj prostor ispitanici jo§ uvijek procjenjuju sigurnijim i manje «zatrovanim« (4,17). Sa
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tvrdnjom da je u selu manje kriminala, alkoholizma i narkomanije slaze se i u potpunosti
slaze 85,9% ispitanika. Naglasena prisutnost obiteljskih veza daje i osjecaj vece osobne
sigurnosti (4,15) s ¢ime se slaze i u potpunosti slaze 91,1% ispitanika.

Vedi slobodni prostor nego u gradu percipira znacajan broj ispitanika (ocjena 4,06) s
¢ime se slaze i u potpunosti slaze njih 92,3%. Oko tri Cetvrtine (78,0%) ispitanika slaze se i
u potpunosti slaze sa tvrdnjom da je u selu u odnosu na grad manja zarada, njih 20,5%
nema izrazeno misljenje te ih se 2,6% s time ne slaze.

Zivot u ruralnom prostoru &esto se percipira izrekom «radi se od jutra do sutra» te i
ispitanici u visokom su suglasju sa njom u odnosu na zivot u gradu (4,04). Da je u selu vise
fizickog rada slaze se 62,8 te u potpunosti se slaze 20,5% ispitanika. Shodno tome, sve
pogodnosti prirodnog okruZenja nisu i prostor «ljencarenja» te ispitanici se slazu da je u
njihovom mjestu manje odmora nego u gradu (3,99) s ¢ime se slaze njih 64,1% te u
potpunosti se slaze 17,9%. Manje odmora znaci i manje slobodnog vremena (3,95) ¢ime se
slaze 59,0% te u potpunosti se slaze njih 19,2%. Ipak, opceniti dojam ispitanika je da
njihov Zzivotni prostor humaniji za stanovanje nego u urbanim sredinama (3,94) s ¢ime se
slaze 61,5% te u potpunosti se slaze 17,9% ispitanika.

Nedostatak odgojno obrazovnih institucija kod ispitanika dovodi do procjene da su u
njihovom mjestu znacajno manje mogucnosti za Skolovanje (3,81) nego u gradu s ¢ime se
slaze 1 u potpunosti slaze 75,6% ispitanika, ali i da je znacajno manja mogucnost za
politi¢ki i gospodarski uspjeh (3,83) sto je miSljenje ¢ak 73,1% ispitanih osoba. Bez obzira
na »industrijalizaciju sela» veéina ispitanika prehranu procjenjuju zdravijom nego u gradu
(3,79) s ¢ime se slaze i u potpunosti slaze 77,6% ispitanika.

Da je u njihovom naselju losije ureden stambeni prostor nije suglasno 10,3% ispitanika,
petina ih o tome nema misljenje, 41,0% ih se slaze te 25,6% se u potpunosti slaze.
Prisutnost tradicionalnog u ruralnim sredinama temelji se i na ja¢im obiteljskim vezama
nego onima u gradu (3,77) ¢ime se slaze i u potpunosti se slaze 84,6% ispitanika.

Naglasenija prometna izoliranost je bliza procjeni «slazem se» (3,68) Sto misli 62,8%
ispitanika te u potpunosti se slaze njih 5,1%.

Privatnost pojedinca u ruralnim sredinama je ograni¢ena brojnos¢u, manjim Zivotnim
prostorom, familijarnim vezama, tradicijom i drugim. Cak 59,0% ispitanika smatra da je
privatnost u selu manja nego u gradu §to u konacnici ne mora imati loSe posljedice za
pojedinca.

Manja mjesta su Cesto i mjesta naglasenijih meduljudskih kontakata sumjestana $to
ispitanici navode kao znacajnu prednost u odnosu na grad (3,53). S time se slaze 52,6%
ispitanika te u potpunosti ih se slaze 3,8%.

Socijalne razlike su prisutne i zamjetne neovisno od podru¢ja te ih ispitanici ne
valoriziraju kao prednost u odnosu na grad (3,06). Jedna tre¢ina (28,2%) ih nema misljenje
o tome, 39,7% ih se slaze da su one manje nego u gradu te se u potpunosti s time slaze njih
1,3%.

Navedene prednosti nisu pogodovale i percepciji manje stresnog zivota (2,91) s ¢ime se
slaze 18,2 te u potpunosti se slaze 7,8% ispitanika, Jedna petina ispitanika o tome nema
odredeno misljenje (niti se slaze niti ne slaze).
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Sve veca koli¢ina kupljenih inputa za kuéanstvo znacaj tro§kova Zivota priblizava onima
u gradu (2,31). Sa tvrdnjom da su tro§kovi nizi nego u gradu se slaze i u potpunosti slaze
njih 21,8%, ne slaze se priblizno jedna trecina (58,9%), niti se slaze niti ne slaze 19,2%.

Motivi za napustanje sadasnjeg naselja

Motivi za promjenu mjesta Zivljenja su mnogobrojni. NajéeS¢e se navode ekonomski
razlozi kao $to su nedostatak zaposlenja i niza razina dohotka. Nakon toga je nizi standard
zivljenja promatran kroz komunalnu i socijalnu infrastrukturu. Kao motiv za napustanje
mjesta zivljenja, u ovom slu€aju ruralnog prostora — sela, bitan je i osobni dozivljaj
pojedinca kroz ,,drustvenu skalu vrijednosti ako $to je primjerice ,,selo=lose, nazadno,
prljavo,, ili ,,selo= prihvatljivo, hit, opustajuée, prirodno*).

Preko polovice ispitanika zadovoljno je svojim Zivotom u selu (61,6%). Cetvrtina
ispitanika niti je zadovoljna niti nezadovoljna, a 15,4% ih je nezadovoljno.

Bez obzira na sve navedeno osjecaj zadovoljstva ili nezadovoljstva moze se odrediti, ali
rijetko i kvantificirati, prema odredenoj skupini obiljezja pri ¢emu stozer odrednice je
osobna spoznaja o ,,boljem drugdje” ili osjeca ,,negdje je bolje ili ovdje moze i treba biti
bolje®.

Bez obzira na osobni osje¢aj zadovoljstva njih polovica kao najveéi problem u svome
selu vidi ukupnu infrastrukturu i nedovoljne komunalne usluge. Izgradnja putne mreze,
razvitak javnog prijevoza te povecani broj osobnih prometala za posljedicu ima to da ih
manji dio (28,8%) kao problem istiCe prometnu povezanost svoga mjesta sa veéim
srediStima. Posljedi¢no tome ne istiCu (ili ne primjeéuju) nedostatak posla (13,7%
ispitanika), lo§ drustveni zivot (5,5%) odnosno standard (1,4%).

Slican slijed je i kod percepcije vlastitih problema u mjestu stanovanja. Kao najveci
osobni problem u mjestu stanovanja (33,7% ispitanika) istiCu loSu infrastrukturu te
prometnu povezanost (31,8%), nedostatak posla (16,8%), lose uvjete za mlade (7,9%), slab
standard i drustveni Zivot (po 4,9%).

ZAKLJUCAK

Provedeno ispitivanje pokazuju da su najveéi problemi zivota u ruralnom prostoru
Zagrebacke Zzupanije ekonomske naravi tj. nedostatak radnih mjesta (posla), manja
mogucnost izbora zanimanja i manja zarada u odnosu na urbana srediSta posebno Grad
Zagreb. Ispitanici su takoder nezadovoljni socijalnim i zdravstvenim uslugama te slabo
razvijena komunalna infrastruktura.

Stanovnici ruralnog prostora su svjesni i prednosti koje donosi zivot na selu u odnosu na
zivot u gradu. To su: zivot u prirodom okruZenju, manje zagaden prostor, bolje socijalne
veze te manja stopa kriminaliteta.

Za potencijalne migrante najveci problem zivota na selu je nedostatak posla. Najvece
prednosti zivota u gradu, prema njihovom, su ve¢a moguénost zaposlenja i dodatna zarada
te puno veée mogucénosti za Skolovanje (njihove djece) i dodatno osobno usavr$avanje.
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ABSTRACT

Quality of life, in addition to the usual indicators, is often the result of subjec-
tive and immeasurable values and it is also liable to changes during certain
periods.

The aim of this study was to determine the level of satisfaction with life quality
of informants in rural areas of the Zagreb County. The research was conducted a
survey on a sample of 78 subjects aged between 25 and 45 years.

Informants showed a lot of criticism against the offered features that can mark
the quality of living conditions in their neighborhood as it seen in the highest
average rating of 3.45 for interpersonal relationships (scale of 1 = unsatisfied to
5 = excellent).

Traffic connection between place of living and the municipal center is well
graded in the average, arrangement of housing is lower rated (2.71),also health
services (2.27), decoration of public spaces (2.18), social services (2.05), than
educational services (1.78) and financial and similar services (1.73).

Rural areas are often limited to a narrow spectrum of choice of professions
(1.17) as well as the possibility of employment in our own place (1.14) which is
essentially a limit to stay in it.

Informants are conscious of the better natural conditions in their place in
relation to the town, but also of the lack of entertainment and cultural events. In
rural areas it is increased presence of faith and religious life, but also there is
less crime, alcoholism, drug addiction, etc, and the environment is less polluted.
The family ties are stronger and personal safety is grater. In their place is less
rest then it is in the city and it is also less free time. The overall impression of the
informants is that their living space is more humane than same space in urban
areas. There are fewer opportunities for schooling, but also opportunities for
political and economic success. Over half of informants are still satisfied with
their lives in the village (61.6%), quarter of them are neither satisfied nor
dissatisfied, while 15.4% of them were dissatisfied.

Conducted examination showed that the greatest life problems in a rural area
of the Zagreb County was economic nature, which refers to lack of work, a small
selection of jobs and lower wages than in urban centers, particularly in the City
of Zagreb.

Key words: Zagreb county, rural area, satisfaction of life
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ABSTRACT

In this paper is presented the work carried out in the Department of Road
Vehicles and Farm Machinery laboratories regarding the possibility of energy
recovering from the pressure wave of the exhaust gasses and its conversion into
electric energy.

The noise generated by the engine which equips farm tractors represents a
Jactor of discomfort for the operators and a source of environment pollution. The
analysis of this noises from an energetic point of view shows the fact that there is
a possibility to capture the acoustic wave and convert it into electric energy with
benefits on noise reduction.

The experimental results show conversion efficiency from noise into electric
energy up to 75%. The tests were carried out using laboratory stands of self
conception and acoustic piezoelectric sensors.

Key words: energy, noise, engine, electric, harvest ratio.

STATE OF THE ARTS

The acoustic energy is present all over the environment as a result of the evolution of
other energies (thermodynamic energy, mechanical energy, electric energy, etc.). Consider-
ing another approach of the acoustic phenomena we can estimate that almost all energy
transformations contain an acoustic fraction which in most cases is evaluated as a lost
energy.

As an example we consider the transformation of the thermodynamic energy into
mechanichal energy in the functioning conditions of the internal combustion engine. If we
consider the energetic balance of this transformation described by the equation:

39. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2011.
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Eth =Em +Elast ’ (1)

and if we detail the lost energy during the transformation (£),) considering the fact that a
part of the energy is lost by friction and as a thermal lost energy, it is obvious that a part of
the lost energy consists of acoustic energy described by the noise produced from the
internal combustion function. In order to describe the source of this energy a basic approach
was carried out considering the quantum energy of the acoustics: the phonon described in
“The Theory of the Quantic Field” (Max Born and Jordan Pascual (1920) [2].

Along with the rise in concerns for the environment and the future of the planet,
scientists have begun to seek alternative ways of obtaining energy, especially in the field of
producing electric energy and thermal energy from renewable sources. The field of
acoustics can be a real opportunity for the undergoing attempts to identify new forms of
energy capable of covering the socio-economic needs.

The human ear, being as sensitive as it is, can overrun this entire power spectrum, from
the audible border (1072 W) to 10 * W (the feeling of pain appears over 100 W). Due to this
considerable sensitivity acoustic noise is considered to be an agent of sound pollution.

The acoustic field from 120 dB to 160 dB (Table 1) might be explored in the future as a
source of renewable energy.

Table 1 The characteristics of different typical sounds

Acoustic Sound
Sound source Soun[%é)]ower sound power Soun(EIE);]e ssure intensity
level [ dB] [W/m?]
Racket 1.000.000 180 20.000 1.000.000
Turbo jet airplane engine 10.000 160 2.000 10.000
Buzzer 1.000 150 632 1000
Trucks 100 140 200 100
Gun machine 10 130 63 10
Pick hammer 1 120 20 1
Dog barking 0.1 110 6,3 0,1
Chopper 0.01 100 2 107
Loud voice 0.001 90 0,63 0,001
Typewriting machine 10° 70 63x107 10°
Refrigerator 107 50 6,3x107 107
Hearing limit 102 0 2x10° 1072

On the other hand, the green energy produced by the conversion of solar energy
measures up to the same size. This way by using the solar energetic potential available in
Romania (an average of 1275 kW/m®/year), i.e. 146 W can be collected from 1m?”. Through
the conversion with solar cells 25 W can be collected, provided that the sun is shining and
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there are no clouds. In spite of all this, solar systems tend to be used quite often for
recovering energy.

We notice a systematic approach for the conversion of acoustic energy throughout the
scientific literature. In the last 20 years several articles have been published which discuss
the possibility of obtaining electric energy from the conversion of acoustic energy by using
the Helmholz resonator [8].

The conversion of acoustic energy into electric energy with the use of piezoelectric
transducers has received a patent in the United States. A problem that arises rather often is
the issue of storing acoustic energy given that the mere possibilities of obtaining it are
scarce by virtue if its content [7].

The noise which results from the functioning of engines with inner burning is regarded
as a source of pollution, along with the chemical composition of exhaust fumes. The
methods of reducing the noise are based on alleviation and not on conversion. Alleviation
represents a way of dissipating energy, based on controlled losses of wave pressure.

THEORETICAL ASSUMPTIONS

There is a question for which we must find the answer: If the acoustic energy exists can
we evaluate and store this kind of energy?

In accordance with the classic and quantum description of the mechanical phenomena
the matter is characterized by a quasiparticle described by the quantification of the modes
of lattice vibration of periodic, elastic crystal structures of solids so called phonon [1].

Considering a normal acoustic wave, the density of the energy is defined by the relation:

w=— (2)
C
where:

w — is the density of the energy contained in the wave and measured in [J/m’]
I — acoustic intensity [W/m?]

¢ — acoustic wave speed [m/s].

Considering the sound intensity relation, the acoustic energy may be written with the
formula [3]:

dE

1 p2 p2 1

2 2 max max
— @ A p= = = — (3)
d 2

_Z'p-c~c_2~Z~c c

where:
p — is the acoustic pressure in [N/m’];

v — the speed of the acoustic wave [m/s];
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p — the density of the propagation field [kg/m’];
z.— is the characteristic impedance [N-s/m’];
¢ — is the sound velocity in [m/s].

The acoustic energy may be simulated for different sources and the shape of the density
energy is similar with the shape of the impedance variation for different sources. The
energy described with the relation 3 contains at the same time kinetic energy w; and
potential energy w,, according to the equation:

1
w=w,+w, =—2z- v+ —"— 4)

In accordance with the equation 4, the impedance of the propagation environment and
the impedance of the acoustic wave represent the key of noise harvest possibilities.

THE EXPERIMENTAL METHODOLOGY

The main option to describe the possibilities to harvest the noise and convert it into
electrical energy stored or consumed is presented in the diagram from figure 1. Considering
the mentioned diagram the noise measurement values of the noise harvest (see table 1) are
important and so far it is not possible to increase the energy of the noise without any other
added energy.

—— Enwironment
Noizse measurernent characteristics (air
[dB(A)] temperature and
density)
Calculation of the
acoustic pressure Imp eda:}c E
calculation
[Fa
[Ms/tr’]
Acoustic Intensity
c:al‘;}.;latzmn Flectric valtage Flectric intensity
(W] cotrrerted Converted
[¥] (4]

Flectric power
resulted

(W]

Acoustic power
resulted

(W]

Conversion
efficiency

Figure I The diagram of the energy conversion efficiency evaluation
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The main characteristic of the harvesting method is the sensitivity of the receiver which
collects the noise depending on frequency and average intensity.

The final stage of the conversion represents the efficiency evaluation. In this respect the
receiver area and its characteristics are important. To evaluate the efficiency an algorithm
was developed by the authors and used as a software interface during the noise harvest
evaluation.

According with this assumption an electronic device was designed to measure the
electric energy delivered from the harvest noise (fig. 2).

Figure 2 The electronic device designed to identify the presence of the delivered electric
energy

In order to identify the most efficient receiver a few acoustic receiver types were
analyzed. Finally the piezoelectric receiver type was used for experimental tests.

EXPERIMENTAL TESTS AND RESULTS

The aim of the research work carried out was to identify the energetic potential of the
noise exhausted from a Diesel engine. In this respect an experimental stand was achieved
(fig. 3).

The stand contains the Diesel engine D 30 with two cylinders and 30kW effective power
and a few measurement instruments: noise analyzer, microphone, oscilloscope and an
electric supply measurement instrument. To convert the energy of the noise a tweeter
device was used.

We must mention the fact that the transducer high sensitivity is situated at 4 kHz
frequency. In order to find the presence of the electric energy obtained from noise a new
electronic device was designed.
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Figure 3 The experimental stand for noise energy conversion evaluation; 1 — N 121 noise
analyzer; 2- microphone; 3 — exhaust pipe; 4 — D 30 Diesel engine; 5 — oscilloscope; 6 —
tweeter SAL KHS110 (acoustic transducer); 7 — energy supply measurement instrument
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Figure 4 The noise level for different engine speed 1/1 octave bandwidth analyses
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The noise produced in unload conditions for different engine speeds and measured in 1/1
octave frequency bandwidth is presented in figure 4.

An important aim of the research carried out was to evaluate the efficiency of the energy
conversion. In this respect an algorithm was developed according to the diagram presented
in the figure 1.

Table 2 The test results; acoustic and electric parameters

Acoustic

Electric parameters harvested

No of Engine speed Electric
determination [rpm] pressure [dB(A)]  Electric supply [mV] current

[mA]

1 800 104 21,0 8,7

2 1000 116 27,5 10,4

3 1200 110 28,9 11,6

4 1400 113 32,1 13,2

5 1600 114,5 35,1 14,6

6 1800 116 36,4 15,4

With the algorithm presented in figure 1 the efficiency of the noise conversion was
calculated and the results are presented in figure 5. The rate of the conversion decreases
over 130 dB due to the piezoelectric transducer limits.

Electric power harvest [W]

=

=
T

=

=

=

=

TR —

Wodd 8 OB M O W W 10 1 0 Wl 150 W

Boustic pressure [Pa]

Conwversion eficiency

The infarior
limit of the
harrest

efficiency
—_—

The up limit of
the recehrer

o

F-} 34 138 14

Acoustic pressure level [dB]

Figure 5 The noise conversion efficiency for Diesel engine: electric power harvested
(left); conversion ratio (right)
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We must mention the fact that this results were obtained using only one sensor with
sensitivity around 4 kHz.

Consulting the noise diagram presented in figure 4, the maximum noise level
corresponds to low frequency: 16 Hz, 31,5 Hz and 125 Hz. In this respect it is possible to
obtain highest conversion efficiency if we use receivers with sensitivity in the mentioned
domain.

CONCLUDING REMARKS

The noise produced by farm tractor engines is an important pollution source. So far this
energetic result was analyzed only from an environmental point of view as a pollutant. The
tests carried out by the research team offer information regarding the possibilities to harvest
the noise as a choice to reconsider this inconvenient of internal combustion engine
functioning conditions.

The noise produced by the internal combustion engine can be captured and converted
into energy with an acceptable efficiency.

At the same time the noise captured reduces the pollution level behind the transducer.
This result is important in order to re-evaluate the noise pollution environmental demands.

If an energetic conversion device is used it is not necessary to fix on the exhaust system
an attenuator device and that has importance regarding the engine power loss due to the
exhaust system attenuation muffler.

To increase the noise harvest efficiency a so - called “receiver matrix” must be used,
able to capture the energy for different frequencies in accordance with the noise spectrum
of the exhaust gases.

In the case of more piezoelectric transducers able to harvest the noise from a low
frequency spectrum: from 16 Hz to 500 Hz the electric energy resulted will be significant.
In this case we consider the receiver matrix located near the engine and close to the exhaust
pipe.

The research team takes into consideration the possibility to extend the tests for
stationary engine noises as a more efficient exploitation way of the work carried out.

The experiments show the fact that up to a limit we can not take into consideration the
possibility to collect the noise and transform it into electric power (around 120 dB for the
first tests and over 98 dB for the engine tested). In this respect it is necessary to find
solutions to increase the noise level received by the transducers in order to harvest a
significant electric power. In this case new nanometric technologies may be applied in
order to improve the quality of the used transducers.
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SUMMARY

The paper presents research developed in Laboratories of Bioengineering of
the Department of Automotive Vehicles and Agricultural Machines to obtain fuel
from waste polymeric materials derived from oil. It is known that these materials
degrade very difficult in time, and storage and recycling is a problem in terms of
environment.

Based on the chemical composition of these materials, similar to that of fossil
fuels, has developed an experimental line of thermal decomposition of plastic
waste, which gave rise to fractions solid, liquid and gaseous.

Instrumental analysis of liquid fraction revealed a composition very similar to
Diesel fuel, also proved highly flammable gaseous fraction, which denote a
thermal potential that can not be neglected.

Preliminary tests performed on DI D-30 engine fitted to the laboratory have
demonstrated the energetic potential of hydrocarbon polymeric materials waste.

Key words - recycling, pyrolysis, fuel, characterization, pollutants, engine

INTRODUCTION

Almost all polymeric materials (such as Low Density Polyethylene - LDPE, High
Density Polyethylene - HDPE) are obtained from hydrocarbons. In this case, we could by a
heat process, named pyrolysis, the depolymerisation of some compounds with fuel
properties.

If the pyrolysis process of Hydrocarbon Polymeric Materials (HPM) is carefully
controlled, some polymers can undergo depolymerisation reactions. Depending on the
nature of the initial compounds and pyrolysis conditions, polymers are broken down into
molecules with lower molecular weight, reaching sometimes up to monomer.
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The reactions that occur during pyrolysis can be considered:
e decomposition in monomers and other molecules with lower molecular weight;
e formation of unsaturated and aromatic compounds, of carbonization compounds.

At the end of this reaction are obtained - a gas mixture containing saturated and unsatu-
rated compounds; a liquid containing saturated, unsaturated and aromatic compounds; solid
residue that contains mainly carbon.

HPM degradation through various methods has been presented in scientific literature
since the 80’s, but a greater concern regarding this area appeared in the last ten years in
Europe and Japan.

Thus Ohikita H., & all studied LDPE pyrolysis temperature of 400°C in the presence of
a catalyst based on silica and alumina (SiO,/Al,05) [12].

Researches related to the obtaining and testing of fuels obtained from plastic waste were
made starting 2000 [6,7,8,9,10].

Moriya et al [9] shown that cracked PE (polyethylene) can be used for engine as a 30-
40% blended fuels with Diesel fuel.

Other studies involved a thermal recycling system of waste plastics, in which plastic
waste is melted and mixed with heavy oil producing a fuel for Diesel engine generator
systems [8,10].

Composition of the produced liquid, gaseous or solid waxes (in percent by weight) for
pyrolysis of LDPE in the absence or presence of catalysts at a temperature of 430°C was
presented by Uddin A., & All [17] table 1.

Table 1 Percentage composition of liquid products, gas, waxy and solid residues from
pyrolysis of LDPE [17]

Pyrolysis products without Pyrolysis products in the presence of
Pyrolysis products catalyst [%] catalyst (Si0/AL,05) [%]
HDPE LDPE HDPE LDPE
Liquid 58,4 75,6 77,4 80,2
Waxy 26,3 8,70 0 0
Gas 6,30 8,20 11,6 10,8
Solid residues 9,00 7,50 11,0 9,0

Influence of pyrolysis temperature on the chemical composition of pyrolysis products of
LDPE waste was highlighted in 1992 by K. Saito [15] table 2.

Temperature control for LDPE pyrolysis process leads to obtaining of valuable aromatic
hydrocarbons (benzene, toluene and xylene) [4,16] with saturated and unsaturated
hydrocarbons [2,11].
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In all cases were obtained liquid pyrolysis products with close boiling points of the fuels
used in internal combustion engines [1].

Table 2 Dependence of temperature and composition of pyrolysis products[15]

Temperature Percentage composition of pyrolysis products
475°C ~ 500°C  530°C  560°C  590°C  650°C

Pyrolysis products

Methane 0,36 0,98 1,38 5,80 8,76 10,20
Eten 1,88 3,60 5,30 16,80 20,90 16,00
Propane 0,31 0,50 0,60 0,96 0,98 0,58

Propylene 0,57 1,15 1,55 6,30 7,50 6,30
Butane 0,50 0,50 0,50 0,30 0,30 0,20
Butene 0,33 0,30 0,46 1,76 0,80 0,80
Pentane 0,01 0,03 1,50 9,35 5,30 7,20
Pentenes 0,01 0,04 1,20 5,70 5,00 7,20
Methylpentane 0,01 0,03 0,80 4,10 3,50 4,16
Hexane 0,01 0,01 0,13 1,10 1,56 2,18

1- hexene 0,03 0,08 1,90 4,30 5,10 7,80
Benzene 3,27 2,38 0,92 0,29 3,50 6,52

Heptene 0,03 0,08 1,90 4,30 5,10 1,80
1- heptene 0,04 0,09 0,49 0,50 1,70 3,40
Toluene 7,20 5,35 0,71 0,03 0,50 1,34
Octene 0,01 0,01 0,04 0,04 0,20 0,41

1- decene 0,01 0,01 0,02 0,10 0,20 0,30

In a recent paper Mani and Nagarajan [6] studied the influence of injection timing on the
performance, emission and combustion characteristics of a single cylinder, four stroke,
direct injection Diesel engine has been experimentally investigated using waste plastic oil
as a fuel. They concluded that the retarded injection timing of 14° BTDC (comparing to
standard injection timing of 23° BTDC) resulted in decreased oxides of nitrogen, carbon
monoxide and unburned hydrocarbon while the brake thermal efficiency, carbon dioxide
and smoke increased under all the test conditions.

The same authors [7] studied waste plastic oil used as an alternate fuel in a DI Diesel
engine without any modification. They showed that carbon dioxide and unburned
hydrocarbon were marginally higher than that of the Diesel baseline. The toxic gas carbon
monoxide emission of waste plastic oil was higher than Diesel. Smoke reduced by about
40% to 50% in waste plastic oil at all loads.
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METHODS

A fuel has been obtained using a bench scale installation [13] starting from Low Density
Polyethylene (LDPE) using a pyrolysis process. The obtained fuel has been characterized
using UV-VIS spectroscopy using a Lambda 35 Perkin-Elmer spectrometer using quartz
cuvettes with a path length of 1 cm, FT-IR spectroscopy using a Spectrum BX II Perkin-
Elmer spectrometer, using a ATR device, and gas chromatography using a gas
chromatograph (GC) system Agilent 7890A with flame ionization detector (FID).

ANALYTICAL
INSTALLATION PROCESS CONTROL o INSTRUMENTS
DESIGN MEASURING AND > DATA
CONTROL DEVICES ACQUISITION
A
v
PYROLISYS
PROCESS
OF L.D.P.E. TEMPERATURE ¢
NTROL
(THERMAL co o
DECOMPOSITION | y
/™ QUANTIFICATION
\ 4 >
\ 4 \ 4
nggil) Dl’ll;l!::SE q RESULTS
.D.P.E. " DISPLAY/LISTING

Fig. I Pyrolysis process diagram, its control, data acquisition and interpretation of results

The fuel waste derived tests were developed on a Diesel engine with the following
features: model DI, D-30, 2 in line cylinders, water cooled;

A gas analyzer AGS 688 Brain Bee was used to determine the different gas concentrati-
on contained in exhaust gases.

The composition of the fuels used for tests are presented in table 3.

Table 3 The composition of the fuels used for experiments

Fuel composition
Diesel fuel Diesel fuel LDPE fuel Diesel fuel LDPE fuel LDPE fuel
100% 75%+25% 50%+50% 100 %

Following the experiments the engine speed, fuel consumption, the temperature and the
concentration of pollutants from exhausted gasses were determined.
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RESULTS AND DISCUSSION

UV-VIS spectroscopy measurements

Using UV-VIS spectrometer Lambda 35, the transmittances spectra were determined in a
range between 350-900 nanometers for the liquid phase of pyrolysis, commercial gasoline
and Diesel fuel, figure 2. Similarity between the spectra obtained was intended for the three
substances under investigation [14].
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Fig. 2 Transmittances between 350-900 nanometers in UV-VIS light for the liquid phase
from pyrolysis, commercial gasoline and Diesel

After plotting the spectra of the three substances subjected to comparative analysis one
can be observed the similarity of the shape and slope of the obtained spectra, which entitles
us to say that all products are seems to be similar in terms of chemical composition. A
higher similarity between commercial Diesel and obtained liquid pyrolysis product can be
noticed.

FT-IR spectroscopy

For better information related to the chemical composition of the fuels, the FT-IR spectra
were recorded in order to identify the functional groups. FT-IR spectra of the commercial
Diesel fuel and the pyrolysis product are presented in figure 3.

Using comparison program under “Spectrum software” the two fuels have been
compared [3,5]. The used program concludes that the estimated correlation between the two
considered spectra is of 0.9426, which means an overlap of 94.26%, figure 4.
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Fig. 3 FT-IR spectra of commercial Diesel fuel and pyrolysis product
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Fig. 4 The correlation results using Spectrum software between the spectra of pyrolysis
product and Diesel fuel
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Fig. 6 Percentage composition of fuels depending on the number of carbon

Engine tests

The data obtained following the UV-VIS and IR spectroscopy and GC —FID chromato-
graphy analysis leads us to the conclusion that between the pyrolysis product and Diesel
fuel there is enough similarities in order to proceed to use the pyrolysis product as fuel in a
Diesel engine. Before using the fuel, the light and the heavy fraction from the pyrolysis
products has been removed. During tests the fuel consumption, the temperature and the
concentration of pollutants from exhausted gasses were determined as a function of
engine’s speed.

Figure 7 presents the fuel consumption as a function of engine speed. The introduction
of pyrolysis product determined the decreasing of consumption for all the studied engine
speeds. The lowest consumption was recorded for the pure pyrolysis product.
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Fig. 7 Fuel consumption as a function of engine speed.
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The variation of temperature of exhausted gases as a function of engine speed for the
tested fuels is presented in figure 8.
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Fig. 8 The variation of temperature of exhausted gases as a function of engine speed
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Fig. 9 The concentration of carbon monoxide as a function of engine speed

The difference of temperatures was smaller than 10°C, for all engine speed. Increasing
the rotation speed from 800 to 1500 r.p.m., the temperature increased almost linearly with
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the rotation speed. At a rotation speed of 1700 r.p.m., the highest temperature was reached
using Diesel fuel.

The concentration of carbon monoxide, as a function of engine speed is presented in the
figure 9.

The highest concentration of CO was recorded for 800 r.p.m. for all fuels. Increasing the
speed a decreasing of CO emission was recorded. Comparing Diesel fuel with pyrolysis
product, a decreasing of CO emission was observed when pyrolysis product or Diesel fuel
containing pyrolysis products were tested.

The concentration of carbon dioxide, as a function of engine speed is presented in figure
10.
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Fig. 10 The concentration of carbon dioxide as a function of engine speed

The increasing of engine speed from 800 to 1200 r.p.m. determined a decreasing of CO,
concentration for all fuels. Increasing speed to 1500 r.p.m., the concentration of CO, in the
exhausted gases increased to. The heist value for CO, has been obtained for Diesel fuel for
all engine speed.

The concentration of hydrocarbons as a function of engine speed is presented in figure
11.

The concentrations of HC have a random variation with the engine speed.
The concentration of nitric oxide as a function of engine speed is presented in figure 12.

NO emissions decreased while engine speed increased up to 1200 r.p.m.. The Increase of
engine speed leads to the increasing of NO emission.

Pyrolysis product has the lowest NO emissions compared with Diesel fuel. The mixture
of Diesel fuel and pyrolysis product leads to a slight increase in NO emission for small
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engine speed, but the emission decreased for engine speed of 1050 r.p.m. below the
emission of Diesel fuel.

The concentration of O, as a function of engine speed is presented in figure 13.

The concentration of oxygen follows the same shape as in the case of HC.
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Fig. 11 The concentration of hydrocarbons as a function of engine speed
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Fig. 12 The concentration of NO as a function of engine speed
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Fig. 13 The concentration of O, as a function of engine speed

CONCLUSIONS

e Was obtained a fuel from waste polymeric materials derived from oil with properties
close to the properties of commercial Diesel fuel. It is known that these materials

degrade very difficult in time and storage and recycling is a problem in terms of
environment.

e The test carried out using the DI Diesel engine D-30, revealed that the both the
pyrolysis product and the mixtures of Diesel fuel and pyrolysis product can be used as
fuel. The emission of polluting gases such as CO, CO,, NO and HC are smaller to the
emissions resulted when Diesel fuel was used. Trend is that this alternative fuel reduces
the pollutant emissions.

e Preliminary test leads us to the conclusion that the pyrolysis products obtained in
laboratory can be used in Diesel engines. Further investigations are necessary in order
to establish the influence of the pyrolysis product as a fuel on agricultural tractors.

e Due to the temperature high gradient, the supposition regarding the engine reliability
must be considered.

e [t can be seen a consumption decrease for both mixtures used and the pyrolysis product
in the test.
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IZVLECEK

Rastlinski material, ki se razkraja na povrsini, lahko ve¢ casa zadrzuje ogljik
vezan v njemu saj se tak material pocasi razkraja in na ta nacin postopoma
emitira CO,v atmosfero.

Pri direktni setvi v tla pokrita z rastlinskimi ostanki pa se pojavlja vprasanje
pravilnega delovanja sejalnic oziroma vlagalnih elementov sejalnic, ki se v
primeru velikih kolicin rastlinskega materiala zacne kopiciti pred viagalnimi
elementi jih masiti in preprecevati kakovostno setev.

Za raziskavo porabe energije in kakovosti razreza rastlinskih ostankov po
Zetvi smo uporabili novo razviti stroj za razrez Zetvenih ostankov INO, BreZice.
Stroj je po zasnovi hibrid med klasicno krozno brano in poljedelskimi valjarji za
tlacenje tal. V ekspolatacijskih pogojih (strnisc¢e po spravilu koruze za zrnje) so
opravljene meritve vlecne sile traktorja, porabe goriva traktorja in procesirane
kolicine koruznice ter dolocen teoreticen delovni ucinek stroja. Stroj je bil
agregatiran s traktorjem Fend Vario 714 z mocjo motorja 103 kW. Povprecna
hitrost drobljenja je znasala 9,85 km/h. Iz povprecne viecne sile in povprecne
hitrosti drobljenja je izracunana vlecna mo¢, ki je znasala 50 kW oziroma 18,18
kW/m delovne sirine stroja. Ucinek razreza je bil dober v primeru majhne
vilaznosti tal. Vecina stebel koruznice je bila prerezana, ker so tla imela zadosten
upor, da se stebla koruznice niso pogreznila v njih. V tem primeru so tudi potisni
diski opravili svojo funkcijo, pritisnili so koruzna stebla ob tla, ki so delovala kot
protirezilo in omogocila kakovosten razrez stebel.

Kljuéne besede: rastlinski ostanki, stroj za razrez rastlinskih ostankov, poraba
energije, kakovost dela

UvOD

Vpliv kmetijstva na klimatske spremembe je dvojni, kot ponor in obenem vir
ogljikovega dioksida. Ogljikov dioksid se veze iz atmosfere in pretvarja v ogljik vezan v
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rastlinah, ki se pri razkroju ponovno vraca v atmosfero. Rastline so sposobne vezati

v

Rastlinski material (Zetveni ostanki), ki ostane na povrsini tal je podvrzen pocasnem
razpadanju — razkroju zaradi razli¢nih vremenskih vplivov in delovanja mikroorganizmov.
Rastlinski material, ki se razkraja na povrsini lahko ve¢ ¢asa zadrzuje ogljik vezan v njemu
saj se tak material pocasi razkraja in na ta na¢in postopoma emitira CO, v atmosfero. Zdro-
bljeni rastlinski ostanki se premesajo s povrsinsko plastjo tla, s tem se zapira povrsinski del
tal zaradi ohranjanja vlage v tleh. S konzervacijsko obdelavo tal poskusamo tla porusiti v
¢im manjsi meri, tako da se ohrani njihova naravna struktura, pusti maksimalni rastlinski
pokrov in ustvari groba povrsina tal. S tem bodo tla zascitena pred erozijo, evaporacija pa
se lahko obc¢utno zmanjsa posebej v aridnih podroc¢jih. S konzervacijskim nacinom obdela-
ve tal se zmanjsa talna erozija, manjsi je vpliv na podtalnico zaradi vnosa mineralnih gnojil
in pesticidov, manjse pa so tudi emisije CO,. Izbolj$a se bioloska aktivnost tal in biodiver-
ziteta (biotska raznovrstnost). Konzervacijska obdelava, rastlinski pokrov, organska
pridelava in kolobar lahko drasti¢no povecéajo koli¢ine ogljika uskladiséenega v tleh.

Gospodarna in ekoloSko naravnana pridelava, ki sedaj prihaja v ospredje pa postavlja Se
dodatne zahteve: zmanjsati stroske dela in energije za obdelavo tal (zmanj$evanje emisij
toplogrednih plinov, ki nastanejo, kot posledica delovanja kmetijske mehanizacije) ter
skréiti intenzivno obdelavo tal le na nujne ukrepe. Tehnike pri katerih se reducira
intenziteta obdelave tla zaradi moznosti zmanjSevanja emisij toplogrednih plinov postajajo
vse bolj pomembne v svetu in Evropi.

Tendence pri setvi so v vse vecjih delovnih Sirinah sejalnic, ki so primerne za setev v
obdelana ali neobdelana tla (tla brez rastlinskih ostankov ali prekrita z rastlinskimi ostanki).
Ravno tako sodobne tehnologije pri katerih se kombinira so¢asna obdelava tal in setev
imajo trend stalnega naras¢anja in vse vecjega umescanja na trg Evrope. Pri direktni setvi
(angl. »No till«) se vlagajo semena polj$¢in v neobdelana tla, na povrsini tal pa so zetveni
ostanki prejSnjega posevka. Na takih tleh se ne opravlja nobena obdelava, za setev pa so
namenjene posebne izvedbe sejalnic za setev v strnisce. Ta sistem omogoca izboljSavo
strukture tal, zmanjsuje erozijo, povecuje koli¢ino organske snovi v tleh, zmanjSuje porabo
goriva in Casa, omogoca dalj§i Casovni razpon za setev in zetev in zmanjSuje emisije
ogljikovega dioksida v atmosfero. V primeru da bi se »No till« tehnologija uporabila v
ve¢jem obsegu v prihodnosti na obdelovalnih povr§inah Evrope in v svetu bi to pomenilo
pomemben vpliv na zmanjSevanje efekta steklenjaka (zmanjSevanje emisije toplogrednih
plinov), zmanjSano erozijo, izboljSano strukturo tal in kakovost vode, povecano
biodiverziteto, povecane pridelke in izboljSano prehransko varnost. Pri direktni setvi v tla
pokrita z rastlinskimi ostanki pa se pojavlja vpraSanje pravilnega delovanja sejalnic
oziroma vlagalnih elementov sejalnic, ki se v primeru velikih koli¢in rastlinskega materiala
zacne kopiciti pred vlagalnimi elementi jih masiti in preprecevati kakovostno setev.

PROBLEMATIKA
Sodobni kombajni so ve€inoma opremljeni s frezami za razrez rastlinske mase na izstopu

iz Cistilnega dela kombajna (v primeru kombajniranja polj$€in za zrnje). Freza mora
omogociti kakovosten razrez rastlinskega materiala na izstopu in enakomerno porazdelitev
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po povrsini strni$¢a. V praksi pa se pri kombajniranju polj$¢in za zrnje dosti krat dogaja da
zaradi visokega odreza kose ostanejo Strleci deli stebel rastlin (posebej izrazito pri koruzi),
ki predstavljajo problem pri zaoravanju ali direktni setvi. Izvajalci storitev z mehanizacijo
povecajo delovni u€inek kombajna, ker manjsa kolic¢ina rastlinske mase gre skozi kombajn
pri vis§jem odrezu stebel, poleg tega se zmanjSa moznost poskodb kose kombajna. Kosa
kombajna ob spravilu odreze nadzemno rastlino v doloceni visini od tal. Ta je odvisna od
vrste poljscine, razgibanosti terena in tehni¢nih karakteristik kombajna. Npr. kombajni, ki
imajo Zetveno napravo z avtomatskim kopiranjem reliefa terena imajo vecji delovni uéinek,
zaradi psihofizi¢ne razbremenitve voznika stroja. Pri strnih Zitih, oljni ogrscici in zrnatih
strocnicah je ta visina med 15 in 25 cm, pri koruzi med 20 in 40 cm. Koruznica in slama
strnih zit sta elasti¢ni in se med kombajniranjem skoraj ne drobita. Nasprotno je slama oljne
ogrscice in vec€ine zrnatih strocnic zelo krhke sestave, zato se jo velik del med potjo skozi
kombajn zdrobi na tako majhne delce, da jih je s sedaj razSirjenimi stroji tezko pospraviti.
Po grobi oceni v Sloveniji ze sedaj pospravimo okoli dve tretjini zitne slame in jo
namenimo za uporabo v kmetijstvu (nastilj za zivino, prekrivke v zelenjadarstvu ...) ali
izven njega. Preostali del zitne slame se zaorje. V bodoc¢e bo od cenovnih razmerij odvisno,
za katere namene bodo kmetje uporabili zitno slamo. Slamo preostalih polj$¢in vkljuéno s

Y

Problemati¢na je tudi razporeditev Zetvenih ostankov po tleh po kombajniranju, posebe;j
v letih, ko velik odstotek rastlin lezi na tleh (Grosa 2008).

V Nemciji so delali poskuse (Koller in Wiesehoff 2005) z razlicnimi elementi za setev v
strnis¢e (elementi za razrez in za odstranjevanje rastlinskih ostankov). Elementi, ki
odstranjujejo rastlinske ostanke so bili v delovanju primerjani z elementi, ki razrezujejo
rastlinske ostanke. Elementi, ki razrezujejo rastlinske ostanke so se pokazali, kot boljsi v
primerjavi s prej omenjenimi elementi, ki odstranjujejo rastlinske ostanke. Glede erozije so
tudi dosti primernejsi, ker pustijo rastlinski pokrov prakti¢no nedotaknjen (ni odstranjen),
kar pomeni da pokrov ostane na povrsini tal in §¢iti tla od vetrne in vodne erozije ter
zmanjSuje vodno izparevanje. Glede kakovosti razreza rastlinskega pokrova (merjeno v
laboratorijskih pogojih) se je izkazalo da sistem crtala in kolesa, ki pritiska rastlinsko maso
ob tla lahko dosega 80 do 100 % razrez rastlinske mase. Kakovost razreza je boljSa na bolj
trdnih tleh in obratno (tla delujejo kot protirezilo).

Kotale¢i rezalni diski se intenzivno uporabljajo za razrez rastlinskih ostankov na
povrsini tal pri orodjih za obdelavo tal v reducirani obdelavi ali v direktni setvi. Stirje
osnovni obliki teh diskov so na trgu: gladki (v uporabi na strni§¢ih z manjSo koli¢ino
zetvenih ostankov) ter nazobceni, valoviti in rebrasti (trije omenjeni na strnis¢ih z vecjo
koli¢ino zetvenih ostankov). Ti diski imajo probleme v delovanju in obi¢ajno ne prerezejo
rastlinskih ostankov uspesno. Ko so tla suha potrebujejo visoko vertikalno obremenitev za
prodiranje v tla, ko pa so tla mokra ne razrezejo rastlinskih ostankov uspesno (Magalhaes in
sodelavci 2007).

V splosnem sile za razrez rastlinskih ostankov z Obodna hitrost rezalnega diska za razrez
rastlinskih ostankov mora biti visja od njegove hitrosti gibanja naprej, zaradi moZznosti
drsnega rezanja na rezilu diska. Pri delovni globini, ki je enaka nicli, rezalni disk postane
podoben vlecenem togem kolesu, ki se kotali na trdni podlagi. Ko delovna globina za¢ne
nara$cati, obodna hitrost rezalnega diska v rotaciji postopoma narasca zaradi sile trenja
(Desbiolles 2004).
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Z uporabo klasi¢ne izvedbe kroznih bran, ki so trenutno vecinoma v uporabi v kmetij-
stvu EU in so namenjene za drobljenje rastlinskih ostankov in njihovo delno inkorporacijo
v tla, ni mogoce kakovostno opraviti razreza rastlinske mase — Zetvenih ostankov. Slaba
lastnost jim je da pus€ajo na povrsini veliko koli¢ino rastlinske mase, ki ni prerezana, kar
pomeni veliko oviro za direktno setev.

MATERIAL IN METODA DELA

Za raziskavo porabe energije in kakovosti razreza rastlinskih ostankov po zZetvi smo
uporabili novo razviti stroj za razrez Zetvenih ostankov INO, Brezice. Stroj je po zasnovi
hibrid med klasiéno noSeno krozno brano in poljedelskimi valjarji za tlaenje tal. Za razliko
od krozne brane, ki ima sferi¢ne diske postavljene pod dolocenim nastavnim kotom da lazje
zajamejo tla (navadno 15 — 25° glede na os diskov), jih prerezejo in premesajo, stroj za
razrez Zetvene biomase ima diske namescene pod pravim kotom (glede osi potisnih diskov).
S tem je dosezeno da se rastlinski ostanki maksimalno razrezejo.

FoL )

Slika 1 Drobilnik Zetvenih ostankov INO

Razrezu rastlinskih ostankov pomagajo potisni diski, ki v tem primeru potisnejo rastlin-
ske ostanke ob tla — sama tla pa delujejo, kot proti rezilo da rezalni disk lahko opravi
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kakovostni razrez rastlinskih ostankov. Stroj ima na prednjem delu gred, na katero so
pritrjena potisno - drobilna kolesa, ki delno zrezejo vzdolzno lezeCe ostanke in poganjajo
drugo gred preko veriznega prenosa z dolo¢enim prestavnim razmerjem. Na drugo gred pa
so pritrjeni rezalni diski, ki se vrtijo hitreje od drobilnih koles in zrezejo ostanke lezece v
precni smeri. Rezalni diski rezejo globlje v tla kot drobilni valji in s tem omogocijo tudi
delno prezracevanje tal in s tem lazjo inkorporacijo razrezanih rastlinskih ostankov v sama
tla.

Stroj lahko kombiniramo s sejalnico za direktno setev in to tako da ga priklju¢imo na
prednje hidravli¢no dvigalo traktorja, sejalnico pa na zadnje hidravli¢no dvigalo traktorja.
Ker stroj za razrez ni odvisen od pogona prek prikljuéne gredi traktorja lahko dosega velike
delovne hitrosti. Zaradi majhne dolzine razrezanih rastlinskih ostankov (posledica razreza
zaradi majhne medsebojne razdalje med rezalnimi diski) je dosezeno da sejalnica za
direktno setev lahko nemoteno vlaga seme v tla — setveno plast. Krajsi razrezani ostanki se
brez problema umaknejo sejalnemu elementu po drugi strani pa je dosezen efekt da so tla
prekrita z rastlinskimi ostanki, kar prepreCuje rast plevelov, zmanjSevanje izhlapevanja
vode in zascito tal od erozije.

REZULTATI

Stroj smo preizkusili na koruznem strnis¢u po kombajniranju koruze za zrnje na lokaciji
Jable pri Mengsu in Naklem. V Jablah pri Mengsu je stroj deloval na pescenih prodnatih
tleh, v Naklem pa na glinasto ilovnatih tleh. Stroj je bil agregatiran s traktorjem Fend Vario
714 z moc¢jo motorja 103 kW in brezstopenjskim menjalnikom (hidromehanska izvedba).
Delovna Sirina stroja je znasala 2,75 m (merjeno od vertikalne ravni prvega do vertikalne
ravni zadnjega diska za razrez), masa pa 1300 kg.

V ekspolatacijskih pogojih (strnisce po spravilu koruze za zrnje) so opravljene meritve
vlecne sile traktorja, porabe goriva traktorja in procesirane koli¢ine koruznice ter dolocen
teoreti¢en delovni uinek stroja.

V prvih preliminarnih preizkusih so pogoji za delovanje stroja bili dobri, tla so bila v
stanju srednje vlaznosti. V ¢asu opravljanja meritev potreben vlecne sile za stroj pa so bila
tla v stanju velike vlaznosti (jesen 2010 je bila z veliko dezja, obdelovalne povrsine pa v
stanju prevelike vlaznosti oziroma celo poplavljene) tako da je prihajalo da prekomernega
nabiranja zemlje na delovne elemente, kar je zmanjSalo u€inek razreza in delovni u¢inek
stroja.

Za merjenje vleéne sile smo na tritockovno prikljuéno drogovje traktorja namestili
dinamometrski okvir (II in III kategorija priklju¢nega drogovja traktorskega hidravlicnega
dvigala) lastne zasnove in izdelave opremljen z elektrouporovnimi merilnimi listi¢i za
merjenje raztezka materiala. Z omenjenim dinamometrskim okvirjem je mozno ugotoviti
celotno vle¢no silo F, v smeri voznje traktorskega agregata iz izmerjenih vle¢nih sil na
obeh spodnjih rocicah (F,;, F,,) in zgornji rocici trito¢kovnega prikljuénega drogovja (F;).
Za dolocanje hitrosti voznje v traktorskega agregata je bilo namenjeno peto kolo, ki je bilo
opremljeno z inkrimentalnim dajalnikom. Dinamometrski okvir je bil povezan z merilnim
ojacevalnikom Hottinger Baldwin Messtechnik, Spider 8, racunalni$ko krmiljenim, ki je
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namenjen zajemu in obdelavi podatkov meritev. Frekvenca vzorenja merilnega signala z
omenjenim ojacevalnikom je znasala 10 Hz.

Slika 2 Dinamometrski okvir pritrjen na tritockovno priklju¢no drogovje traktorja moci
103 kW, na dinamometrski okvir je pripet drobilnik Zetvenih ostankov INO delovne Sirine
2,75m

Povpre¢na hitrost drobljenja je znaSala 9,85 km/h. Omeniti je potrebno, da je mozna
vecja hitrost drobljenja, tudi do 15 km/h, vendar so bila pri opravljanju meritev porabe
goriva tla v stanju velike vlaznosti in je pri ve¢ji hitrosti zaradi lepljenja zemlje in
napolnjenosti reber potisnih diskov z njo drobilnik tudi ob¢asno drsel po tleh.

Iz povprecne vlecne sile in povprecne hitrosti drobljenja je izracunana vle¢na moc, ki je
znaSala 50 kW oziroma 18,18 kW/m delovne $irine stroja. Maksimalno doloc¢ena vle¢na
sila pa je znaSala 97,63 kW oziroma 35,5 kW/m delovne Sirine stroja. Ugotovljena
povprecna potrebna mo¢ je nizja v primerjavi s krozno brano, ki na srednje tezkih tleh na
delovni globini 7 — 10 cm rabi do 20 kW/m delovne Sirine in na tezkih tleh od 20 — 40
kW/m delovne Sirine (Weise in Bourarach 1999).
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Slika 3 Oscilogram vle¢ne moci drobilnika Zetvenih ostankov INO delovne Sirine 2,75 m
prikljucenega na traktor mo¢i 103 kW

Slika 4 Na levi strani slike je vidna koruznica pred prehodom drobilnika INO (vidni so tudi
kratki deli stebel, ki $trlijo iz tal in ostanejo neodrezani po prehodu kombajna), na desni po
prehodu drobilnika INO in opravljenem drobljenu in skrajnje desno poorana tla po
drobljenju
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Merjenje porabe goriva je opravljeno z volumetri¢éno metodo. Rezervoar traktorja je bil
napolnjen do vrha. Po eno urni meritvi v poljskih pogojih je traktor na istem mestu, kjer je
bil napolnjen rezervoar, ustavljen in rezervoar spet napolnjen do vrha. Iz koli¢ine
dotocenega goriva do vrha rezervoarja je ugotovljena poraba goriva (povpre¢na poraba
goriva 13,12 I/h).

Teoretiéni delovni urni uc¢inek smo dolo¢ili iz izmerjene hitrosti voznje traktorskega
agregata in delovne S$irine stroja. Omenjeni urni u¢inek je znasal 0,36 h/ha ali 2,7 ha/h. V
tem primeru ni upostevan ¢as za obracanje traktorskega agregata na koncu parcele, kjer je
opravljeno drobljenje koruznice.

Ugotovili smo tudi koli¢ino razrezane koruznice, ki je procesirana s strojem na testni
parceli na nekaj naklju¢no izbranih mestih, kjer smo vzor¢ili (za vzorec smo vzeli kvadrat s
stranicami 5 x 5 metrov). Povpregje treh vzorénih mest je znasalo 19,9 kg/m* oziroma 7960
kg/ha.

Na suhih in trdih tleh rezalni diski tezje vdirajo v tla. Ko so omenjena tla prekrita z
rastlinskimi ostanki jih rezalni diski lazje prerezejo zaradi vecje strizne trdnosti tal. V tem
primeru tla delujejo, kot protirezilo.

ZAKLJUCEK

Poudarek pri danasnji tehnologiji za obvladovanje Zetvenih ostankov je v kakovostnem
razrezu Zetvenih ostankov ob zadovoljenih zahtevah po manjs$i porabi energije, visoki
produktivnosti in zanesljivosti strojev.

Za raziskavo porabe energije in kakovosti razreza rastlinskih ostankov po Zzetvi smo
uporabili novo razviti stroj za razrez zetvenih ostankov INO, Brezice. Stroj je po zasnovi
hibrid med klasi¢no krozno brano in poljedelskimi valjarji za tlacenje tal. Povprecna hitrost
drobljenja je znasala 9,85 km/h. Omeniti je potrebno, da je mozna vecja hitrost drobljenja,
tudi do 15 km/h, vendar so bila pri opravljanju meritev porabe goriva tla v stanju velike
vlaznosti in je pri ve¢ji hitrosti zaradi lepljenja zemlje in napolnjenosti reber potisnih
diskov z njo drobilnik tudi obc¢asno drsel po tleh. V ekspolatacijskih pogojih (strnis¢e po
spravilu koruze za zrnje) so opravljene meritve vle¢ne sile traktorja, porabe goriva traktorja
in procesirane koli¢ine koruznice ter dolocen teoreti¢en delovni ucinek stroja.

Iz povprecne vlecne sile in povprecne hitrosti drobljenja je izracunana vle¢na moc, ki je
znaSala 50 kW oziroma 18,18 kW/m delovne $irine stroja.

Ucinek razreza je bil dober v primeru majhne vlaznosti tal. Vecina stebel koruznice je
bila prerezana, ker so tla imela zadosten upor, da se stebla koruznice niso pogreznila v njih.
V tem primeru so tudi potisni diski opravili svojo funkcijo, pritisnili so koruzna stebla ob
tla, ki so delovala kot protirezilo in omogo¢ila kakovosten razrez stebel. Najboljsi rezultat
smo dosegali, ko so tla bila zmrznjena (lokacija Naklo). Takrat smo dosegali maksimalni
razrez koruznih stebel, ker so tla imela najvecji odpor proti vtiskanju stebel v njih. V
primeru prevelike vlaznosti tal pride do pojava potiskanja koruznice v tla na vecjo globino,
zdrsa rezalnih diskov prek stebel koruznice in dosti krat stebla koruznice ostanejo
neprerezana ampak nalomljena. Ucinek razreza koruznice se tudi zmanjSa v pogojih
prekomerne vlaznosti, ker so stebla bolj elasti¢na. Ugotovljeno je, da je potrebno opraviti
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nekatere modifikacije geometrije odrivnih reber (imajo tudi drobilno funkcijo obenem) na
potisnih valjih. Poleg tega bo potrebno preizkusiti novo geometrijo ¢rtal za razrez oziroma
nazobcene izvedbe crtal. Raziskave bomo nadaljevali v naslednji sezoni z modificirano
izvedbo stroja na razli¢nih strnis¢ih in razli¢nih stanjih vlaznosti tal.
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TECHNOLOGY OF POSTHARVEST
RESIDUES CUTTING

SUMMARY

Plant material decomposing on the soil surface can keeps longer time carbon
locked into it because such material is slowly decomposed, and thus gradually
emit CO2 into the atmosphere. For direct sowing in soil covered with plant
residues, the question arises as to the proper functioning of seed drills and seed
drill elements, which in the case of large quantities of plant material begins to
accumulate behind elements for seed deposition and prevent the sowing
quality.For the study of energy consumption and cut quality of crop residues after
harvest, we used a newly developed machine for cutting crop residues INO,
Brezice. The machine design is a hybrid between the classic disk harrow and
field rollers for soil compaction. In field condition (stubble after harvesting of
grain maize) measurements of tractor pulling force, tractor fuel consumption and
processed amount of maize stubble and a theoretical capacity of machine was
estimated. Machine was connected on a tractor Fendt Vario 714 with an engine
power of 103 kW. The average working speed was 9.85 km/h. From the average
tractor pulling force and average working speed was calculated power, which is
50 kW or 18.18 kW/m of working width of the machine. The effect of cutting was
good in the case of low soil moisture. Most of the stalk maize was cut because the
soil has sufficient resistance which enabled that corn stalk did not penetrate
deeper in soil. In this case, the pushing disks on machine made their function,
pressing the corn stalks to the soil, which acted as counter knife and provides a
quality cut of stems.

Key words: plant residues, machine for plant residue cutting, energy
consumption, quality of work
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SUMMARY

The increasing speed on road surface of agricultural tractors has pointed out
the attention on comfort and handling performance both for ergonomics and law
requirements.

One of the main factors that could give the input to the vehicle is the tire
geometry and, in particular, its eccentricity. This approach leads to consider a
periodical solicitation that is equal or proportional to the amplitude of the
eccentricity.

The CRA-ING Laboratory of Treviglio, Italy, has developed and compared
different methodologies for evaluating the eccentricity of the tire based on the
harmonic analysis of the tire’s profile.

As the interest is focused on the typical speed of tractors (< 50 km/h) and the
resonance of the tire influences above all the vertical movement and the pitch of
the vehicle, the mathematical analysis is in this work carried out only on the first
harmonic.

The position and the number of the reliefs is given from the treads. This
requires the tire mounted on the rim and at a reference pressure, i.e. the nominal
one. As the treads on the left and on the right side are not in phase, different
methodologies to calculate the amplitude of the first harmonic and of the high
and low peak of the tire have been considered and first conclusions have been
pointed out to define a reference and comparable method.

The value of the eccentricity of the complete wheel, influencing directly
comfort and handling, can be minimized matching the low spot of the tire with the
high spot of the rim.

Key words: Tractor, agricultural tire, comfort, eccentricity
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INTRODUCTION

The professional drivers are exposed at whole body vibrations (Okunribido, 2006) and,
in particular, agricultural vehicle operators may be subject to risk of high levels of exposure
(Scarlett et al., 2007).

The protection of workers from risks to their health and safety due to exposure to me-
chanical hand/arm vibrations and whole body vibration is reported in the European
Parliament Directive 2002/44/EEC (EEC, 2002), that defines the minimum safety requ-
irements. Moreover, in 2008, Italy adopted a specific national regulation (Decree no.
81/2008).

The increasing speed on road surface of agricultural tractors has pointed out the attention
on comfort and handling performance both for ergonomics and law requirements.

This project, focused on whole body vibration (ISO 2631/1997), aims to define one of
the factor affecting the evaluation of comfort during transport. In fact the tires’ dumping
effectiveness depends on factors such as eccentricity, load, pressure (Sherwin et al., 2004),
resonance frequency, and elasticity characteristics (Taylor et al., 2000).

A first methodological approach on the role of the tires on the operator comfort was been
developed by the CRA-ING Laboratory of Treviglio (Cutini et al., 2010) and allowed to
focus the main boundary conditions (step forward speed, pressure and mass configuration)
to use for the following of the research.

As agricultural tires can be considered like a system of springs and dumper, it is
necessary, during tests on comfort, to take into account the factors that could affect the
elastic behavior of the tires and to evaluate their influence on the results. These factors are
the tractor mass distribution (impact on the value of resonance frequency), tire pressure
(impact on tire stiffness), forward speed (which characterizes the solicitation frequency
input) and amplitude of the solicitation.

One of the factors that influences the last parameter is the solicitation originating from
tires caused from the passage of the revolution of the tires in their resonance frequency.

This means that also on a surface leveled, as asphalt, the tractor could have vibrations
which source is not the soil profile.One of the main factors that could give the impulse
input to the vehicle is the tire geometry and, in particular, its eccentricity. This last has a big
influence on the handling of the tractor. The concept is to suppose that each complete
rotation of the wheel induces a solicitation on the relevant axle. This approach leads to
consider a periodical solicitation that is proportional to the amplitude of the eccentricity.

It becomes of fundamental importance to define a common methodology for evaluating
and comparing this tire parameter.

The question has a particular importance considering the tractor with speed of 50 km/h
or more.

To underline the importance of this aspect the EUWA, Association of European Wheel
Manufacturer, has a specific standard for the rims: “3.21/2009”.

This marking is used to match-mounting with tires on wheels to minimize the assembly
radial force variation.
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Beside, actually, there is not a standard focused on the tire, so the CRA-ING Laboratory
of Treviglio, Italy, has identified and compared different methods for evaluating the
eccentricity of the tire based on the harmonic analysis of the tire’s profile.

METHODS

As the interest is focused on the typical speed (< 50 km/h) characteristic of the tractor
and the resonance of the tire influences above all the vertical movement and the pitch of the
vehicle, the mathematical analysis in this work is carried out only on the first harmonic.
Beside the considerations are valid and easy to extend also to the superior harmonics.

The position and the number of the reliefs is given from the treads. This requires the tire
mounted on the rim and at the desired pressure, i.e. the nominal.

The measure of the amplitude of the eccentricity of the tire (TI) will be that of the tire
with rim, the wheel (WH), less that of the rim (RI). Each single data of the wheel is
subtracted to the relevant of the rim so that TI=WH-RI.

As the treads on the left and on the right side are not in phase, different methodologies to
calculate the amplitude of the first harmonic and of the high and low peak of the tire have
been considered and first conclusions have been pointed out to define a reference method.

The value of the eccentricity of the complete wheel, influencing directly comfort and
handling, can be minimized matching the low spot of the tire with the high spot of the rim.

The harmonic analysis has been used based on the concept that a function or a signal
could be considered as a superposition of basic waves called harmonics.

The basic concept is based on the Fourier’s theory: it is possible to form any function as
a summation of a series of sine and cosine terms of increasing frequency.

According with the theory and considering A the amplitude, @ the pulsation and ¢ the
phase, we have considered the follow:

y=A-sin(ox+¢)=A-sing-coswx+ A-cos@-sin@x = acos wx + bsin wx

If k is the -n harmonic, the amplitude A could be calculated as follows:

Ay -singy = ay, : Ay -cos @y = by — A, =da]%+b]%

T T
akzi [ £(x)-cos k- d; bk:% [ £(x)-sinkx-dx

/4 -

where @=2n/T (T is the period) for the first harmonic T=2r and ®w=k=1.

The integral calculus becomes a summation of which has to be defined the number of
reliefs and the measure of the amplitudes.

The number of reliefs is given from the treads and it is exactly the number of treads.
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If the tire has R treads for each side, the number of reliefs will be 2R.
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Fig.1 Example of a first harmonic of a measured profile

Before passing to the explanation of the methodologies, it’s important to underline the

definitions at the base of the research as reported in the EUWA standard.

1.

Radial run out — Total Indicator reading (TIR) is taken simultaneously at the two bead
seats, for a minimum of one revolution, with the wheel located on the specified
equipment. From the starting point, it is so possible to run out trace of the two bead
seats versus the degrees of rotation.

Equipment — The combination of physical features to locate the wheels during run out
measurements. The rotation axis is defined by the centre of the bore and the disc
mounting plane, for wheels which are centered by the central bore on the vehicle hub,
and by the disc mounting plane and the centre of the bolt holes, for wheels which are
located on the countersinks of the bolt holes.

First harmonic — The magnitude of the sinusoidal component of the radial run out,
representing one cycle per revolution of a run out trace (dimension in mm).

High point — Experiences gained from the tractor manufacturers in cooperation with the
wheel and tire manufacturers have defined two options for the value to be marked,
depending on the tractor characteristics: the worse of the two bead seats first harmonic
or, as an option, the first harmonic calculated from the average of two bead seats run
out.

Worse of the two bead seat first harmonic — The location on a wheel at which the
maximum value of the worse of the two bead seats first harmonic occurs.

First harmonic of the vector average of the two beads run outs. — The location on a
wheel at which the maximum value of the first harmonic of the vector average of the
two bead seats radial run out occurs.
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Looking at the classic ellipsoidal shape of the footprint of a new tire, has been supposed
that the load distribution on the ground is above all in the central part of the treads, so the
relief will be at the center of the nose of the tread.

The amplitude of the relief will have to be that of the tire when ready to work.This will
require a tire mounted on the rim and at the desired pressure, i.e. the nominal.

- |

y X/

Fig.1 Layout of the position of the two sensors for the measurements at the wheel (S1) and
at the rim (S2).

As TI=WH-RIthe amplitude of the eccentricity of the complete wheel (WH) and of the
rim (RI) will be directly measured.

Two comparators are positioned on the same radius of the wheel, on the rim and of the
relevant nose of the tread (fig. 1).

The tread n. 1 is conventionally that closest to the valve position.

As using comparators could be possible to move accidentally the sensor for positioning
the feeler pin, a no contact sensor, such as a laser could be adopted.

The accuracy tolerance for both type of sensors was of 0.02 mm.
The versus of forwarding the tread number is that of designed forwarding of the wheel.

As the treads on the left and on the right side are not in phase, three methodologies could
be considered:

e MI: considering the treads in phase and calculate the mean value between right and
left side;

e M2: considering the wheel as a continuous alternating left and right measurement;

e M3: considering the wheel as a continuous alternating left and right measurement
mean value.

Each single data of the rim is subtracted to the relevant of the rim so that:
TI=WH-RI
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The results are the values of the tires that we can introduce in the formula for calculating
tire eccentricity.

Four different tires (T1, T2, T3, T4) of 600/65R38 have been analyzed with the three
different methods (M1, M2, M3).

At the end of the radial run out test the obtained values are:
1. First harmonic amplitude of the TI; RI; WH
2. Peak/peak of the TI; RI; WH

It’s important to note that TI and WH are subject to the same error due to the assembly
with the hub. This error is not present in the TI so the test is focused for the TI value.

As comparison have been reported also the values obtained analyzing only the left (LF)
or only the right (RG) side of the wheel.

RESULTS AND DISCUSSION

The results of the values of the first harmonic (1H) and of the peak/peak (PP) are repor-
ted in tab. 1.

Table 1 the values of first harmonic and of peak/peak of four different tires

Amplitude (mm)
Tire  M1- M2- M3- LF- RG-  Ml-  M2-  M3- LF- RG-
1H 1H 1H 1H 1H PP PP PP PP PP

T1 243 241 240 1,64 323 512 7,08 528 4,1 7,18

T2 2,72 2,66 2,65 3,71 1,93 6,13 7,62 6,13 7,62 4,94

T3 1,83 1,83 1,82 1,73 1,92 4,31 5,51 4,47 4,99 4,25

T4 0,51 0,49 0,49 1,07 0,24 1,82 5,13 2,11 4,42 2,35

The following considerations can be reported:

e the difference of the first harmonic between the three methodologies of measurem-
ent is negligible;

e it’s not enough to measure only one side of the wheel;
e it’s necessary to check both side of the rim;
e the value of peak/peak is influenced from the chosen method.

As a tire has a footprint distributed on more treads and the interest is above all for
preparing or checking comfort and handling tests, the M1 methodology of analysis is
actually adopted from the CRA-ING of Treviglio. Beside if the test is carried out for
analyzing tire uniformity the value of peak/peak of M2 gives always an higher accuracy
because is not present a mean value.

The value of the first harmonic amplitude is important because influences directly comf-
ort and handling and has possibility of being minimized.
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In fact the setting could consider the following typologies:

Setting 1: Minimum of the tire (low spot) matched with the highest point of the rim
(high spot)

Setting 2: Minimum of the tire matched 90° or 180° (worst case) out of phase with the
rim’s high spot.

Setting 1 is chosen as best fitting for an ideal behavior of the tractor while setting 2 is
chosen for soliciting the tire for evaluating the tire behavior in comfort or handling at
different speed.

As clarification an example is reported in figure 2 that shows the result on graph of the
measurement of the rim and of the wheel on an other 600/65R38 tire. Their difference
allows to calculate the data of the tire. The first harmonics of the rim, of the wheel and of
the tire are reported.
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Fig. 2 Result in graphical form of the measurements on a tire

These results allow to simulate, and to define, the rotation between tire and rim that
defines the fitting minimizing the value of the amplitude of the wheel. The value of the
harmonic of the tire and of the rim doesn’t change, instead the amplitude of the first
harmonic of the wheel depends from the chosen position. As already said three positions
are of particular interest, the best fitting is the ideal case for better comfort on tractor
because minimizing the eccentricity value. This case is reported in figure 3 where is
possible to note as the amplitude of the first harmonic of the wheel is passed from 1.56 to
0.62 mm.
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Fig. 3 Tire and rim best fitting scenario

The other cases of interest are reported in fig. 4 and 5 and are the fitting between tire and
rim at 90° and 180° out of phase. This last is obviously the worst case scenario where the
eccentricity of the wheel has became of 1.79 mm.
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Fig. 4 Result of the tire and rim fitting with 90° out of phase
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Fig. 5 Example of the worst case scenario with tire and rim fitted with 180° out of phase

CONCLUSIONS

Different methodologies for evaluating the eccentricity of the tire based on the harmonic
analysis of the tire’s profilehavebeen analyzed and compared at the CRA-ING Laboratory
of Treviglio, Italy. The methodology is based on the measurement of the profile enveloped
from the treads and of the relevant radial point on the rim.

The measure of the amplitude of the point of the tire (TI) will be that of the tire with rim,
the wheel (WH), less that of the rim (RI). Each single data of the wheel is subtracted to the
relevant of the rim so that TI=WH-RI. The amplitude of the relevant first harmonic is the
desired value of the eccentricity.

The results of the different methodologies of data analysis have not given difference in
terms of first harmonic amplitude. Differences were found regarding peak/peak value. First
harmonic analysis can be used for defining the best fitting between tire and rim for
minimizing vibrations that could influence comfort and handling.

The evaluation of the influence of the eccentricity value on tractor’s operator comfort
and in handling test will be the following step of the research.
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ABSTRACT

The continuous development of the agricultural semitrailers by increasing the
transport capacity, has led to their equipment with rolling trains endowed with
two and three axels, either the tandem or threedem type. This has required that at
least one of them should be of the steering type so that it could be achieved a
proper road curve with minimum skidding.

Therefore it has been performed the axle with self-steering wheel which allows
a better and secure running at the road curves with direct implication in reducing
the wear of tyres and rolling tracks.

During the operation and especially when they go over the road humps, the
self-steering wheels have two oscillating movements, one in the crossing plan
(shimmy) and the other in the vertical plan, that lead to the instability of the
semitrailer.

In order to attenuate these oscillations, the rolling train presents within its
structure some damping elements whose constructive, functional and assembling
parameters depend on the characteristics and values which influence the self-
steering wheel oscillations and which will be explained in the present paper.

Key words: self-steering wheel, oscillations, secure running.

INTRODUCTION

The transport development with high capacity agricultural semitrailers (10-30 tones), has
led to their equipment with rolling trains endowed with two or three axles. This has
required that at least, one of them, should be of the steering type so that it could be
achieved a proper road curve with minimum skidding, with direct implication in reducing
the wear of tyres, rolling track and the train component.

39. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2011.
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In order to assure a secure running and a high stability, the direction system must be as
least as possible sensible at shocks, which imply a more rigid possible direction
mechanism, but that must not affect in a high degree the system damping shocks. One of
the more frequent oscillations which can appear at the self-steering wheel is the shimmy
movement and thus consists in an angular oscillation of the wheel around the vertical axis
pivot. Analysing the self-steering wheel movement, we have found the wheel can be canted
with an angle B, figure 1, when it passes over the road humps or due to the vertical tyre
elasticity.

At the same time, the axle can have a lateral displacement in comparison with the frame
because of tyre or suspension lateral deformation. In this manner an elastic force can appear
in spring suspensions, which tends to bring back the axle at the start position.

This work aims is to identifying the constructive and functional parameters of rolling
track and self — steering trains which generate and influence the wheels oscillations, on one
hand and, on the other hand the methods of attenuating or eliminating these oscillations
influence all these being theoretical considerations and experimental tests.

At the present moment, many companies manufacturing agricultural trailers have
modified their rolling wheels and suspensions in view of reducing or even eliminating the
effect of horizontal and vertical oscillations of self - steering wheels in the system.
Unfortunately, the theoretical researches and experiments on which these achievements are
based are not published.

METHODS

The B angle movement is coupled with 6 shimmy, figure 2, due to wheel gyroscopic
action, the two movements having a reciprocal influence.

‘V‘J\

Fig. I The self-steering wheel oscillation in vertical plane, "
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Fig. 2 The self-steering wheel oscillation in horizontal plane, “0%

Using the notations from figures 1, 2, the wheel with inertial torque J. and angular
velocity o, at passing over humps, will get a vertical impulse which creates the axle
inclination with angle B. At the same time it springs up a gyroscopic torque M, relation
(1), according [1, 4], due to the gyroscopic effect, which provokes wheel oscillations with
angle B in horizontal plane. Using the kinetic torque theorem, it results in:

Mgl =Jr(@'rx@-ﬂ)=iJr(0r7 (1

dap
4
The wheel oscillation with angle 6 gives birth to the second gyroscopic torque My,
relation 2, which springs up loading-unloading of the wheel in vertical plane.

do
]\4gz ZJ;,(QFXZD-Q):iJr(OrZ 2)

The both motions are interdependent, the vertical oscillation with angle f gives birth to
the horizontal oscillation around pivot with angle 6, which at the same time provokes and
maintains the oscillation in vertical plane, 3.

At the same time, during its movement on both directions, the axle is also driven by a
resistent torque M;; as against the longitudinal running axis, due to inertia of wheel-axle
assembly, by J;, which operates on M,, direction and by the resistent torque Mj, regarding
the pivot axis, due to the inertia of wheel-steering swivel-steering mechanism assembly, by
J, which actuate on M, torque direction, according to relations (3).

d*p 4°0
dr* M=, dr>

M, =J, (3)
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When the axle gets a vertical impulse, this is rotated with angle B in vertical plane
around his weight centre C, figure 1, which provokes the suspension spring and tires
deformation and gives birth to a re-establishment torque Mg formed from torque M;, due to
suspension respectivly torque M,, due to tires for which at small angles, it results[2] in
relations (4).

e ,e 62 2

E
M1=2Ca5/3520a7,5; Mzchjﬁ; Mp =M+ M 4)

The pulsation of free angular oscillations wg of the axle, is:

C
Vi)
D, = |—
B (5)
Jl
where:
Mp caez+cpE2
where:

c, - the elastic element rigidity
¢, — the tire rigidity
cg— the vertical rigidity

From (6) relation it results that oy decreases at the same time with the own suspension
and tyres rigidity decreasing, with disposing distances of those and with inertial torque
increasing of the axle regarding oscillation axis.

Due to the transversal tyres elasticity, transversal soil reaction and the elastic elements
which intervene in steering system, it gives birth to a re-establishment torque M, relation

).
M, =c,0 @)

where: ¢y — the horizontal rigidity.

The pulsation of free angular oscillations wy of the wheel-steering swivel-steering
mechanism, is (8).

The pulsation my decreases with rigidity decreasing ¢y and with the elastic system inertial
torque increasing, regarding the pivot axis.

From (7) relation, using figure 3, it results in (9).
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where:
G-the weight sustain by self-steering axle
F, —the force in hydraulic dampers

Therefore, the two re-establishment torque Mg, My which appear during oscillation 3, 0
must equilibrate inertial and gyroscopical torques action, so that the self-steering axles
came into equilibrium.

The damping in the system is of two kinds, natural damping which is given by the
viscous behaviour of tyres and artificial damping, given by the telescopic hydraulic
dampers, component parts of the assembly from figure 4.
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Fig. 4 The scheme of self-steering axle (the quotas are given in mm)
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If we consider that the gyroscopic torque M,, has a positive sign and using the torque of
the damping forces, (the last therms of the equations), it results (10, 11).

d’B de dp
J1?+errz+cﬁﬁ+ﬂﬁ5=0 (10)

d’e dp do
JZW—Jra)rE'FCQH'FIUQE:O (11

The experimental researches have been performed on a self-directional wheel train
endowed with two axles of agricultural bogie-type of 10 t maximum load mainly
comprising a self —directional axle, a fix axle and two leaf-springs rigidly fixed on axles.

In order to register the experimental data two inductive displacement transducers and
two strain gauges have been used .Their role is very clearly definite as it follows:

e the first transducer ,W-100 type ,of £100 mm travel was used for registering the self
directional wheel displacement in horizontal plan;

e the second transducer ,W 200 ,of £ 200 mm travel was used for axle’s displacement
in vertical plan ,during the passage over the field unevenness;

e two strain gauges, mounted on connecting bar for measuring this bar’s strains;
e datas acquisition system DAP 2400 and amplifier Analog Devices 3B18.

The primary processing of registered data has been performed by means of NSOFT
program ,and for solving equations (10 ,11) MATHCAD program has been used.

RESULTS AND DISCUSSION

Taking into account the fact that both the value of tire damping constant pg and
telescopic absorbent constant Ly can not be expressed by known mathematical relations, so
that we be able to give a precise interpretation of variation of damping forces according to
speed ,equations (10,11) remain for the time being in author’s attention

For the calculation necessary to design self-directional wheel train ,we can consider the
displacement at steady speed —situation in which only angular displacements B 6 and
pulsation(angular displacements)df /dt , d 6/dt intervene, in this kind of situations 3, 6 can
be determined through  geometrical relations related to unevenness size, tire’s
characteristics, track and other constructive elements ,using fig .1,2,and dp/dt, do/dt can be
determined by using the wheel linear speeds on two directions, vy and vy, generated when
the machine travels on humps road. In fact, the wheel train allows oscillations decrement 3
,0 caused by tire and telescopic absorbers, intensified on connecting bar F . force and
vertical and horizontal displacement of wheels x, and xj, , after they have received the
respective excitation, when passing over obstacles, fig. 5
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Analysing (10, 11) relation it can notice that the J;, J,, J;, cg,cp, @, terms are known or can
be determined, from the semitrailer and rolling train constructive and functional parameters,
in this case, are:

J, =154 kgmz; J,=26 kgmz; J=5 kgm2 . ¢,=1.683 10°N/m; c,=0.395 10° N/m;
cp=1265000 Nm/rad and c,=32350 Nm/rad.

For the data of self-steering axle (fig.4), there were obtained, by numerical solving, the
time graphic evolution in MATHCAD applications, of the angles /3 and @, according to
the figure 6, where the effects of damping can be seen.

The solution given in figure 6 corresponds to a given excitation by a non-null initial
condition,( ,5 =3.03"), the other initial conditions being null.

Amexa 3.1

nregistriirile semnalelor in timpul probelor pentru
p=3,5 bar; v=0,62 m/s; m,=1500 kg
420
420 bl
FORTR F
" bc
DAN
i
280L
ar -
-"'] 2
H EPL. R. X,
M h

0 Tine {5} 71.97

Fig. 5 The time variation of Fy,., Xv, Xh
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Fig. 6 The time variation of the angle oscillations

CONCLUSIONS

. In order to ensure an appropriate running, without side slips, the agricultural trailers of
high capacity should be equipped with self-steering rolling wheels;

. The most dangerous phenomena appearing at self-steering wheels are their oscillations
in horizontal(crossing) plan, known as “shimmy”, which generate the instability of
direction and trailer’s behaviour on roads, as well as the excessive wear of rolling
wheels components;

. As a result of gyroscopic effects, the horizontal oscillations € generate vertical oscilla-
tions /3, they varying along with tire and suspension rigidity, as well as the wheel’s
components sizes and arrangement;

. In order to attenuate the horizontal oscillations € and their effects, within system are
introduced damping elements (in the current stage)- telescopic damping elements;

. When an agricultural trailer is going to be performed depending on compulsory
parameters (mass, transport speed, overall dimensions) can be chosen the characteristics
of suspension, tire and damping elements, as well as the positioning of constructive
elements of a system, so that the rolling wheels more appropriately with a strong self —
stability with direct influences on trailer’s stability.
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SUMMARY

The comfort of tractors is currently considered to be one of the most important
topics in tractor engineering. The main factors that define comfort are noise,
dust, ergonomics, micro-climate and vibrations.

An important improvement in all these parameters was obtained with the
introduction of the cab. Although there are some cases where the cab is attached
to the rear axle, today almost all cabs are suspended, with the simplest and most
common method being the use of rubber mounts, also commonly known as silent
blocks (SBs).

In order to evaluate the impact of SBs on vibration transmission from the
axles to the cab and on driver comfort, the Treviglio-based CRA-ING Laboratory
has carried out an experimental test on a tractor incorporating a four-point
suspended cab considering two kinds of SBs, with different degrees of hardness.

The results have confirmed a considerable difference in cab acceleration
values of the order of 12% less the root mean square (RMS) and even higher if
the peaks obtained from the adoption of two different damping devices are
considered. The difference was smaller, but nevertheless present, in the case of
driver comfort. The study has confirmed the need to investigate the elastic
properties of rubber mounts to improve vibration damping behavior.

Key words:vibration, rubber mounts, comfort, tractor cab, four-poster stand

INTRODUCTION

Research on agricultural driver comfort is topical in all self-moving machines and it’s
oriented towards the five most important factors: vibration, noise, ergonomics, micro-
climate and dust.

39. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2011.
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The efforts to optimize these parameters have resulted in continuous improvement after
the introduction of cabs in tractors.

The simplest way of reducing vibration transmission is to suspend the cab. Although
there are some solutions where the cab has been rigidly secured to the frame (or to the rear
axle and gearbox), these cases are usually after-market structures that are mainly intended
for ROPS (roll over protective structure) purposes. Several technical solutions have been
adopted, but the simplest and most common is on rubber mounts (SBs).

Rubber mounts are devices made of rubber with a certain hardness whose task is to
reduce vibrations from the ground and machine.

The isolation performance of the cab-mount depends on the damping and stiffness
properties of the SB and the inertia properties of the cab (Cho et al., 2000). Consequently,
the hardness of an SB and the load it has to bear characterize the amplification or damping
of the input signal at the different frequencies and these define the transfer frequency
response function (FRF). The FRF is the ratio of the Fast Fourier Transform (FFT) of the
signal in the time domain between the points of interest, and it is useful (Braghin et al.,
2007; Plunt, 2005) for engineering vibration damping in multi-body systems in order to
reduce mechanical stress and noise as well as to optimize comfort.

A softer material usually reduces the amplitude of vibrations at high frequencies,
although it results in higher resonance peaks. Therefore, the right choice of damping device
is correlated to machine use, and is also related to the kind of solicitation on the vehicle (i.e.
amplitude, frequency).

In order to evaluate the damping effect of SB, a four-wheel drive tractor with a
suspended cab and two sets of four SBs of different hardness degrees was tested.

The effect of vibrations was evaluated as the root mean square (RMS) of the time history
at the attachments of the cab to the frame and as the RMS of the time history filtered at the
base of the cab and at the seat level, using comfort filters adopted from ISO 2631:1997
standard and from European Community Directive EEC 2002/44.

The tractor was tested with three different tire pressures (Ferhadbegovic B et al., 2006)
to take into account the interactions with a second kind of damping device.

The tests were carried out in the vibration laboratory on a four-poster test plant capable
of inducing both elementary curves, such as sinusoidal sweep and bump to characterize the
vehicle or damping devices, and random time histories to reproduce use in the fields
(Bisaglia et al., 2006).

METHODS

The tests were conducted to evaluate the difference, if any, in vibration damping betwe-
en two rubber mounts. The tests were carried out at the Research Laboratory in Treviglio
(BG), Italy, in April 2008. A four-wheel drive tractor with a suspended cab was used for the
tests (Table 1).

The tire measurements were 380/85R28 (load and speed index: 133; A8) at the front and
420/85R38 (144; A8) at the rear respectively,. Two geometrically identical sets of four SBs
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(SB1 and SB2; Figure 1), but with different hardness (declared Hardness Shore: SB1=50;
SB2=40), were tested.

Table 1 Tractor specifications

Type Engine Mass (kg) Dimensions (mm)
Power (kW) 80 Front 2000 Wheelbase 2750
4WD Cylinder(n®) 6 Rear 3020 Trackwidth(front) 1930
Capacity (cm®) 6000  Total 5020 Trackwidth(rear) 1800
/ f::\
/// —= \\\
7N N
o1 ( Q} 1©)
.\\ \\\ \\:j /} e
e

Figure 1 Rubber mount tipology

The experimental facility (Figure 2) was set up for full-scale trials with a vehicle mass of
up to 15t. The test stand was a “four-poster” based plant provided by MTS™ Systems
Corporation, Minnesota, USA.

Figure 2 The electro-hydraulic four poster plant

The system consists of a high-pressure hydraulic system, a reinforced concrete seismic
mass and an electronic control unit (ECU). The main parts of the hydraulic system are the
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hydraulic power supply, the actuators, the servo valves and the hydraulic service manifold.
The maximum force of each actuator was 160 kN and the allowed amplitude was equal to
250 mm. The dynamic characteristics were a speed of 1.6 ms" and an acceleration of 30
ms ™, with a range of vibration reproduction of 0.1-100 Hz.

The acquired data pertained to the four actuators’ displacement (LVDT), the four
actuators’ acceleration (Honeywell Sensotech JTF, +/-50g), the front and rear acceleration
of the SB frame side, the front and rear acceleration (Figure 3) of the SB cab side
(Honeywell Sensotech JTF, +/-10g shown in Figure 4; Lebow, +/-4g) and cab acceleration
under the seat (Honeywell Sensotech JTF, +/-10g).

SB axle side
—SB cab side

[ Y

Acceleration (ms?)
o

Time (s)

Figure 3 Example of the time history of the acceleration before and after the SB

Figure 4 The accelerometers fitted in correspondence to a rear SB.

The evaluation investigated the transmission of stress solicitation to the cab in terms of
mean and peak acceleration and of driver comfort. The RMS value of the accelerations time
histories was measured and evaluated at the following points (Figure 5):

e SB at frame side;
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e SB at cab side;
e in the cab, at the base of the seat;

e at the operator’s seat.

Figure 5 Test and accelerometers’ position layout (1, 2: four-poster front acceleration; 3, 4:
four-poster rear acceleration; 5, 6 front SB acceleration 7, 8 rear SB acceleration; 9: seat
base acceleration)

The two different damping devices (SB1 and SB2) were evaluated at different steps by
means of the following tests:

e TI: evaluation of the elastic constant;
e T2: evaluation of the FRF of the SB mounted onto the vehicle;

e T3: evaluation of the accelerations in the cab at reproduced normal vehicle use
conditions;

e T4: evaluation of the solicitation on the seat and comfort evaluation.

T1 was carried out using a system consisting of a hydraulic cylinder, a load cell and a
laser displacement sensor.

T2 provided the dynamic damping properties, such as the amplitude of amplification and
the resonance frequency; the test was carried out with the SB mounted onto the vehicle,
therefore the obtained FRF was that of the actual working condition of the SB. The
solicitations to the four-poster on the tractor were of a vertical sweep (the four actuators in
phase) and pitch response kind (the front actuators were at 180 deg in counter phase with
the rear). The frequency and amplitude of the sweep were:

e vertical sweep of the actuators from 0.2 to 30 Hz;

e pitch response (from 0.2 to 25 Hz).

87



M. Cutini, C. Bisaglia

The T3 test was aimed at investigating the impact of the silent blocks on cab behavior.
The vehicle was subjected to two different random actuator displacement time histories,
that is the reproduction, at the four-poster, of solicitations obtained in the field from
vehicles with similar mass and geometry. The replicated condition was driving on a grassy

field at two different speeds:
e Field test 1 (FT1): 1.94 ms™

e Field test 2 (FT2): 2.78 ms™

The solicitation spectrum was filtered at 20 Hz, and the main amplitudes were
concentrated under 5 Hz (the spectrums are listed in Figures 6 and 7).

8
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Figure 6 Field test 1 solicitation spectrum
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Figure 7 Field test 2 solicitation spectrum
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The obtained values were:
e RMS of the time histories (Tables 2 and 3)
o at the SB cab side (front and rear)
o in the cab at the seat base
e  Maximum and minimum acceleration peaks (Tables 4 and 5)
o at the SB cab side (front and rear)
o in the cab at the seat base

The four-poster test was repeated with different tire inflation pressures: 100, 160 and 250
kPa, in order to consider interaction of the elastic behavior of the SB with tires with
different elastic characteristics.

Test T4, which was aimed at evaluating the comfort, was carried out in the cab (at the
base of the seat) and at the seat as follows:

e acquisition of the cab acceleration time history at the base of the seat in tests FT1
and FT2;

e convolution of the obtained time histories with an FRF of a common pneumatic seat;
e filtering of the results with the ISO 2631/1997 filter of the vertical seat axis;

e evaluation of the RMS of the obtained time histories in order to calculate the
comfort index (CI seat);

e filtering of the cab acceleration time history at the base of the seat with the ISO
2631/1997 filter of the vertical seat axle;

e cvaluation of the RMS of the obtained time history in order to calculate the comfort
index (CI cab).

RESULTS

T1 confirmed that the elastic constants (K) of SB1 were much higher than the elastic
constants of SB2, suggesting a significantly higher stiffness. The test results are listed in
Figure 8; the mean values obtained at compression in the range of interest are:

K_SB1=512 N/mm
K_SB2=292 N/mm.

T2 indicated the frequency response of the rubber mounts; SB1 had a frequency
resonance at 13.8 Hz, with an input signal amplification factor of 3.1. SB2 had a frequency
resonance at 8.4 Hz, with an amplification factor of 3.8 (Figure 9). This data confirmed the
higher stiffness of SB1.

T3 showed the following accelerations values in the field tests. In the FT1 test, the RMS
values, obtained from different tire pressures and measurement points of the SB cab side
ranged from 1.16 to 1.58 ms™ for SB1 and from 1.32 to 1.77 ms™ for SB2, with a mean
RMS difference of 0.18 ms™ (Table 2).
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Figure 9 Response spectrum of the front SB at the cab side for the vertical sweep

Table 2 RMS of the accelerations time histories in FT1

FT1 RMS acceleration (ms?)

Tire pressure

(kPa) 100 160 250
Rubber mount SB2 SB1 SB2 SBlI SB2 SBI

Cab side — Front 1.52 138 146 124 166 145
Cab side - Rear 133 131 146 129 1.75 157
Cab — Seat base 132 1.16 144 1.18 1.77 158
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The peak values were 7.06/-7.75 ms-2 for SB1 and 11.7/-12.75 ms-2 for SB2, with a
mean difference between the maximum and minimum values of 3.13/-2.92 ms-2 (Table 3).

Table 3 RMS of the time histories of the accelerations in FT2

FT2 RMS acceleration (ms?)

Tire pressure (kPa) 100 160 250
Rubber mount SB2 SB1 SB2 SBI SB2 SBI
Cab side — Front 0.89 085 0.75 079 0.76 0.79
Cab side - Rear 1.02 083 097 0.84 1.1 1
Cab — Seat base 1.03 075 090 0.74 1 0.90

In the FT2 test the mean values were 0.74/1 ms™ for SB1 and 0.75/1.1 ms™ for SB2, with
a mean difference of 0.102 ms™ (Table 4).

Table 4 Maximum and minimum (peaks) of the accelerations in FT1

FT1 max/min acceleration (ms?)

Tire pressure (kPa) 100 160 250

Rubber mount SB2 SB1 SB2 SB1 SB2 SB1
11.7/ 6.38/ 9.12/ 4.71/ 7.55/ 5.2/

Cab side — Front -12.75 -6.47 -8.83 -5 -8.14 -5.98
8.14/ 5.2/ 8.83/ 5.3/ 8.93/ 6.47/

Cab side - Rear -6.87 -5.49 -7.36 -6.18 -8.44 -7.55
9.32/ 5.1/ 7.85/ 5.49/ 7.65/ 7.06/

Cab — Seat base -10.8 -5.79 -8.34 -4.81 -8.83 -6.57

The peak values were 4.41/-4.31 ms™ for SB1 and 5.4/-5.1 ms™ for SB2, with a mean
difference between the peaks of 0.58/-0.92 ms™, a less significant difference than in the
previous tests (Table 5).

The results of both settings suggested that the differences obtained with tires at 100 kPa
were lower than at 160 and 240 kPa. The results and differences were very similar in the
latter conditions, suggesting that it was not necessary to test two “high” tire pressures.

Rubber mount 1 (SB1) showed lower RMS acceleration values in all the tested settings,
considering both the two field tests and the different tire pressures. A larger difference was
also found when the acceleration peaks were taken into account, especially in FT1.

The T4 results showed that CI was always lower (more comfortable) when SB1 was
adopted.

The results obtained filtering the time history at the base of the seat with the FRF of the
seat and with the ISO-2631 filter were very similar for the two devices, i.e. with tires at 100
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kPa, the values of CI were (Table 6) 1.17 ms™ for SB1 and 1.23 ms™ for SB2 in FT1 and
(Table 7) 0.72 ms™ for SB1 and 0.75 ms™ for SB2 in FT2.

Table 5 Maximum and minimum (peaks) of the accelerations in FT2

FT2 max/min acceleration (ms?)

(le;z;ressure 100 160 250

Rubber mount SB2 SB1 SB2 SB1 SB2 SB1
3.63/ 3.14/ 3.14/ 2.84/ 2.84/ 3.04/

Cab side — Front -4.61 -3.53 -4.12 -2.84 -3.24 -2.94
4.71/ 3.83/ 5.3/ 3.92/ 5.4/ 441/

Cab side - Rear -4.12 -3.53 -2.94 -3.63 -4.41 -4.31
3.92/ 3.14/ 3.63/ 2.94/ 4.32/ 3.34/

Cab — Seat base -5.1 -3.14 -4.71 -3.24 -4.9 -3.53

Table 6 Comfort index at the base of the cab and at the seat in FT1

FT1 Comfort index (ms™)

Tire pressure

(kPa) 100 160 250
Rubber mount SB2 SB1 SB2 SBlI SB2 SBI
CI_cab 1.2 1 1.05 079 1.09 0.87
CI_seat 123 1.17 095 086 092 0.86

Table 7 Comfort index at the base of the cab and at the seat in FT2

FT2 Comfort index (ms™)

Tire pressure

(kPa) 100 160 250
Rubber mount SB2 SB1 SB2 SB1 SB2 SBI
CI_cab 0.772 0.663 0.765 0.595 0.977 0.66
CI_seat 0.752 0.721 0.573 0.508 0.519 0.45

These values suggested a low impact of the devices on the differences in comfort values.
This was mainly due to the low input frequencies, when the rubber mounts have low
damping and amplification effects. Furthermore, the adoption of SBI1 also resulted to be
more comfortable in all conditions.
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CONCLUSIONS

Two sets of rubber mounts with different hardness degrees have been tested. The tests
concerned the evaluation of the elastic constant of each of the rubber devices and their
effects in dynamic conditions. Two random time histories, that reproduced field conditions
at an electro-hydraulic four-poster test bench, were used to evaluate the response of the
rubber mounts.

The solicitation to the cab was evaluated as the RMS and as acceleration peaks of the
cab side rubber mounts. The impact on driver comfort was evaluated as the RMS at the seat
and at the base of the seat. In all the tested configurations, SB1 resulted in lower
acceleration values. This result is due to the greater stiffness of SB1 which gave a more
distant frequency resonance from that of the tires than that of SB2 and to the fact that the
higher damping effect of SB1 resulted to be more relevant than the filtering effect of the
softer SB2.The measured difference of accelerations resulted significance in terms of peaks
and suggests that an in-depth investigation of the characteristics of the rubber mounts is
necessary in order to optimize their selection and use on agricultural machinery.
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SUMMARY

In Europe, most agricultural land vehicles (tractors and agricultural
machinery) have to move on different types of rolling tracks: stubble, plough
land, operation roads (forestry, industrial, petroleum), or public roads (highways
and streets). To move easily on public roads, with minimum fuel consumption,
tire air pressure must be as large as possible while the contact area between tires
and the rolling track must be as small as possible. However, in these conditions,
the pressure exerted by the rolling body (wheel) on the rolling track is larger and
the stresses and strains transmitted to the rolling track are greater, thus giving
the possibility to negatively affect the degree of compaction of agricultural land
vehicles. This paper presents an analytical model using finite elements method,
which allows the study of the distribution of stresses and strains that occur in
different types of rolling paths (agricultural land, agricultural exploitation land
and public land), for various values of tire pressure, for the same land vehicle.
The paper has an interdisciplinary and multidisciplinary character, with
contributions from the authors on soil behaviour modelling, public roads
behaviour modelling (non-rigid or rigid road system) composed of multiple
layers: wear, comnection, base, resistance, foundation and sandy substratum.
Conclusions emerged from this paper are particularly useful to those who design
and operate agricultural land vehicles, giving the possibility to optimize tire air
pressure so that the negative effect on the rolling track to be minimum and the
traction and rolling parameters of the wheel to be as good as possible.

Key words. Wheel, driving wheel, stress, tractor, finite element method
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INTRODUCTION

Most agricultural land vehicles (tractors and agricultural machinery) must travel both on
agricultural land as well as on public roads. To travel on agricultural land, the rolling
systems of land vehicles (wheeled or tracked) must exert a lowest pressure in the contact
area. Thus, tire air pressure should be lower, leading to a higher adhesion. However, these
requirements are not appropriate if the same land vehicle travels on public roads, where tire
air pressure should be higher, in order to accomplish travel conditions with lower fuel
consumption due to lower rolling resistances.

Figure 1 shows how the tire deforms, depending on its interior pressure. Thus, if tire
pressure is too high, the contact area between the tire and the rolling path is lower (Fig. 1),
the rolling resistance is also lower, but wheel adhesion is significantly reduced, and the
compaction of the rolling path, especially for land vehicles, is increased. Figure 1 ¢ shows
the way tire deforms if tire air pressure is too low. In this case, the contact surface with the
rolling path is higher, leading to higher adhesion, lower pressure on the contact area, but
also a higher rolling resistance, which implies higher energy consumption for the travelling
vehicle. Figure 1 b shows the case in which tire pressure is adequate.

a) b) ©)

Fig. I Influence of tire pressure on its deformation

Figure 2 presents the road bed. Vehicle weight is transmitted through the structure by
means of the wheels, thus, through the contact area between the wheels and the road.

Verge Road Verge

Road bed //

Fig. 2 The road bed
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The road body is mainly meant to distribute the pressures transmitted by the wheels, so
that, at the level of the bed, the pressures won’t exceed the bearing capacity of the soil
forming the embankment.

The layers forming the road system (Fig. 3) are grouped by their fulfilling role. Thus,
clothing (1) represents the top layer, uniform and impermeable, whose role is to ensure
vehicles turnover in optimal conditions, to protect the road system against the action of
atmospheric agents, to transmit vertical loads and also to directly acquire the tangential
shears produced by the wheels of the vehicle.

To reduce material consumption and to withstand the wear caused by road traffic,
clothing consists of two layers: top layer (wear layer) and lower layer (connection layer).

Base layer (2) is made of resistant materials, as in its interior, high vertical pressures
transmitted by the wheels, must be distributed and reduced so that they can be taken by the
lower layer.
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Fig. 3 Composition of the road system

Foundation layer (3) can be made of local materials and has the role of taking the
pressures transmitted by the base layer, and further reducing them by distribution. It is
calculated from the condition that the transmitted pressures must be smaller than the
bearing capacity of the bed material.

Substrate (4), made of sand and ballast, is 7-10 cm thick after compaction, fulfilling
drainage roles for rainwater that infiltrate in the road body, cutting the capillary rise of
groundwater, preventing the mixing of the material from the foundation layer with the soil
from road bed, increasing the total thickness of road system and also reducing the danger of
freeze-thaw cycles of the soil forming the road bed.

Sizing and composition of road layers are made based on the intensity and composition
of the traffic that the road system must bear. Depending on the behaviour under the action
of traffic loads, are distinguished: non-rigid road systems (flexible) — consisting of
granular materials, with or without binders and asphalt clothing, rigid road systems —
consisting of one or more layers of cement, on granular material foundations, and semi-
rigid road systems — consisting of semi-shaped stone pavements or road systems,
containing stabilized layers of cement or ashes from thermo-power stations, or granular slag
from blast furnaces.
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Due to the fact that agricultural land vehicles are usually heavy machines, their movem-
ent can deform the layers of public roads, leaving ruts on the asphalt layer (Fig. 4).

Im‘igina]
/ profile

|

Fig. 4 Rutting in subgrade or base [9]

THEORETICAL ELEMENTS

When compute stresses and strains in pavement structures, three approaches can be used:

1. The layered elastic approach — divides the system into an arbitrary number of
horizontal layers, each layer having variable thickness and material properties [9]. In each
layer the material is considered to be homogenecous and linearly elastic. Due to these
deficiencies it is difficult to simulate realistic scenarios. Strict limitations intervene in the
implementation of the layered elastic method: materials must be homogeneous and linearly
elastic within each layer. Also, wheel loads applied on the surface must be symmetrical to
the axis. For example, it is difficult to rationally accommodate material non-linearity and to
incorporate spatially varying tire contact pressures, which influence the behaviour of the
pavement systems [9].

2. 2D finite element analysis — plane strain or axis-symmetric conditions are generally
assumed. This method has larger practical applicability than the first method, as it can
strictly handle the anisotropy and nonlinearity of the material and a variety of boundary
conditions [9]. Though, there are some disadvantages in using 2D models, such as the
incapability to capture with accurateness non-uniform tire contact pressure and multiple
wheel loads.

3. 3D finite element analysis — this method overcomes the limitations in existing 2D
models. By means of 3D finite element analysis, the response of flexible pavements under
spatially varying tire pavement contact pressures can be studied.

Flexible and rigid pavements respond differently to loads (Fig. 6). Consequently,
different theoretical models have been developed for both flexible and rigid pavements.

Boussinesq (1885) was the first to research the pavement's response to a load. He
proposed a series of equations in order to determine stresses, strains, and deflections in a
homogeneous, isotropic, linear elastic half space, with modulus E and Poisson’s ratio v
subjected to a static point load P (Fig. 7).

98



FEM model for the study of interaction between the driving wheel and rolling track for agricultural land vehicles

Base/Subbase

Subgrade Soil

Fig. 6 Pavement responses under load [9 ]

/ /
s

Gt

Fig. 7 One-layer system (static point load) (cylindrical coordinates)[9]

It can be noticed that the elastic modulus has no influence over any of the stresses and
the vertical normal stress o, and shear stresses are independent from the elastic parameters.
Originally, Boussinesq's equations were developed for a static point load.

Later, these equations were further extended by other researchers for a uniformly
distributed load by integration (Fig. 8) [9], even though the original Boussinesq’s equations
are seldom used today as the main design theory. His theory is still considered a useful tool
for pavement analysis and it provides the basis for several methods that are currently being
used.
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<

Fig. 8 One-layer system (uniformly distributed load) [9]

The stress levels are given in cylindrical coordinates as follows [9]:

Vertical stress:

P 3.2°
R P (1)
T (r2+zz)5
Radial stress:
P | 3z 1-2
G, = | 2 . @)
r 2
2T (r2+22)5/ N
Tangential stress:
_ P(1-2 z 1
o= 2 ' 2 2 2 [2 2 @
n (r2+22)3 rrtzo AN +z
Shear stress:
2
S 3.r-z 4)

P
ST

where: P —is the point load, 1 -Poisson’s ratio, G.,., —normal stress components.

[9] suggested that Boussinesq’s theory can be used to estimate subgrade stresses, strains,
and deflections, in cases when the base modulus and the subgrade are close. Pavement
surface modulus, the equivalent “weighted mean modulus” calculated from the measured
surface deflections, using Boussinesq’s equations, can be used as an overall indicator of
pavement stiffness [9].
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A typical flexible pavement section can be idealized as a multi-layered system consisting
of asphalt layers resting on soil layers with different material properties (Fig. 9).

| 1 NDT Load Layer
r Characteristics

A Suface E. . D,
Base /

Subbase E, w, D,

N \’ \ \\ N
Vg T
oil 00

Fig. 9 The multi-layered system [9]

Most researchers considered the pavement to be either a 2 or 3 layer system, with a
concentrated normal force or a uniformly distributed normal load. In their analysis, vehicle
thrust (tangential loads) and nonuniform loads were not considered. In most cases, an
Poisson’s ratio of 0,5 was assumed.

Schiffman (1962) has developed a general solution for the analysis of stresses and
displacements in an N-layer elastic system, providing an analytical theory for the
determination of stresses and displacements in a multi-layer elastic system. Each layer has
its separate properties, including elastic modulus (E;), Poisson’s ratio (y;), and thickness
(h;). The system is subjected to non-uniform normal surface loads, tangential surface loads,
rigid, semi-rigid and also slightly inclined bearing loads.

MATERIAL AND METHODS

A 3D analysis model was developed for the road system (Fig. 11), over which were
placed the contact areas with the wheels of a 65 HP tractor, in which was applied in vertical
direction the constant pressure given by tractors weight. On the contact area with the
driving wheels (rear wheels) it was also applied the horizontal component of the traction
force. The road system model (Fig. 10), analyzed by means of ANSYS v12.1 has the
following global dimensions: 5 m length, 3 m width, 1 m height. Over the soil having
E=3-10° Pa, it is placed the substrate (consisting of sand or ballast) having Young’s
modulus E=13-10° Pa, and 100 mm height. The foundation layer, having E=6-10" Pa, and
200 mm height, sustains the base layer with E=13-10" Pa, and 100 mm height, and the
clothing with E=26-10" Pa, 70 mm height which consists of two layers (connection,
respectively wear layers).
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Fig. 10 Analyzed road system model

The meshed model consists of 3D finite elements for each layer. Nearby the contact area
between wheels and the soil was applied a finer mesh, respectively a higher number of
finite elements with smaller sizes, thus leading to an increased precision of the results.

RESULTS AND DISCUSSION

Figure 11 presents the strains distribution for the analyzed road system, of the whole
block (Fig. 11.a) as well as in longitudinal-vertical and frontal plane (Fig. 11.b) from the
contact area with the tractor wheels. It can be noticed that even though the normal pressure
in the contact areas of the frontal wheels is higher, highest strains are obtained in the
contact areas of the rear wheels due to an increased surface and also due to the horizontal
component of the traction force exerted in this area.
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Fig. 11 Strains distribution in the road system

Figure 12 shows the distribution of the equivalent stresses, after Von-Mises criterion, for
the block of the analyzed road system, and Figure 13 shows the distribution in longitudinal-
vertical and frontal plane for the contact area with the rear wheels (Fig. 13.a), respectively

with the front wheels (Fig. 13.b).
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Fig. 12 Distribution of equivalent stresses in the road system
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Fig. 13 Distribution of equivalent stresses in the road system near the rear wheels (a)
respectively the frontal wheels (b)

Highest equivalent stresses are found in the contact area with the tractors front wheel,
due to a higher normal pressure in the contact area. It can be noticed that higher stresses are
found in the superior layers of the road system (clothing and foundation layer) and it is
lower than the maximum accepted stresses.

CONCLUSIONS

1. It can be stated that the Finite Element Method currently the most advanced mathema-
tical tool, which can be used for the study of the interaction between the driving wheel
and the rolling track for agricultural land vehicles. For mathematical modelling it is
considered that the road system consists of overlapped layer, having specific physical-
mechanical properties.

2. From this study it results that agricultural land vehicles can negatively affect the rolling
path due to their increased weight and to higher pressures in the contact area. Even
though travelling on public roads is easier when tire pressures are higher, it is
recommended that their values should be lower to increase the contact area and the
pressure distributed in these contact areas to have lower values.

3. Even though the simulation results have shown that highest stresses are found in the
area of the front wheels of the analyzed 65 HP tractor, these values decrease by
unloading the front deck when the tractor works in aggregate with carried agricultural
vehicles.

Note: simulations were developed only for the 65 HP tractor, without being coupled to
a working machine.
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SUMMARY

Due to the complex geometry and the multitude of factors influencing the
mechanical behaviour, modelling stresses and strains distribution in the tires of
agricultural land vehicles is difficult. Proper exploitation of wheel tires of
agricultural land vehicles is difficult and depends of many influence factors. A
low pressure generates an exaggerated flexing of tire carcass. The consequences
are tire heating, an increase of rolling resistance and also premature tire wear.
In extreme cases, a low pressure may even cause tire destruction. Too large
pressure causes the decrease of tire adhesion, irregular and faster wear,
especially for driving wheels. This paper presents an analysis of a 65 HP tractor
driving wheel tire, using Finite Element Method. A 3D model of the real tire is
developed, for which were defined the parameters characterising the elastic
behaviour of tire rubber. The study was developed for various tire air pressures
and various normal loads acting on the wheel. Results and conclusions obtained
from this study are useful in the identification of optimal operating parameters
for driving wheels tires of agricultural land vehicles.

Key words: Wheel, stress, strain, tractor, finite element method

INTRODUCTION

Tire/rolling track interaction is a very complex research topic and has been considered a
critical problem in the design of agricultural vehicles. Obtaining accurate solutions to
tire/terrain interactions can directly help us in understanding how tire types and terrain
conditions affect tire mobility and traction performance [1, 3].

Due to the wide diversity of shapes, sizes, material characteristics and operating conditi-
ons, lately have appeared more studies and researches regarding mathematical modelling

39. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2011.
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and the analysis of stress and strain distribution in the tires of land vehicles. This is
necessary in order to adopt a rapid and inexpensive procedure, capable to evaluate tire
behaviour in different situations. With the great development of computers and numerical
computation programs, came a natural opportunity to use these tools to simulate tire
mechanical behaviour of land vehicles using Finite Element Method [6]. The biggest
difficulty is to model accurately the nonlinear mechanical behaviour of the tires material
(rubber reinforced with textile or metal).

Tires provide the following functions for a land vehicle: attenuate the shocks caused by
uneven rolling tracks, ensure proper adhesion to the rolling track, and ensure safety and
resistance to high-speed movement, takes the loads distributed on wheels, contributes to the
comfort of passengers or operators [3].

Figure 1 presents the construction of land vehicles tires (without tube - a, with tube — b,
of a 65 HP tractor). Tubeless tires are used for the wheels of passenger vehicles, with the
tendency to use them for heavy vehicles too.

Tire Diameter

Unloaded Loaded

Fig. 2 Vehicle tire, unloaded and loaded Fig. 3 Type R-1 drive wheel
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Figure 2 illustrates the principal parameters of the tire. Tire diameter (overall diameter)
is twice the section height of a new tire, including 24-hour inflation growth, plus the
nominal rim diameter [7]. This overall unloaded diameter can be obtained from tire data
handbooks, which are available from off-road tire manufacturers. Tire static loaded radius
is the dimension measured from the axle centreline to the ground, when the tire is under the
load. Figure 3 presents a type R-1 drive wheel of a 65 HP tractor used in Romania. For this
type of tire, within this paper was conducted an analysis of stress and strain distribution
using Finite Element Method.

THEORETICAL ELEMENTS

Tire normal force is calculated based on the normal deflection and velocity:
F,=F,~Fp (D

where: £, - force on the normal direction; F - stiffness force due to normal deflection;

Fp - damping force due to normal velocity.

Stiffness force due to normal deflection is:

Fy=k-d, ()
or:

Fy=71(dy) (€)

where: k - vertical stiffness coefficient; d,, - normal deflection; f(d,,)- vertical stiffness
force as a function of normal deflection (curve vertical).

Damping force due to normal velocity is:

where: Cp, - vertical damping constant; ¥, - rate of change for normal deflection or normal
velocity.

The terrain tangent plane is defined as the plane tangent to the terrain profile at the
contact point between tire and terrain. It is assumed that the computed longitudinal and
lateral forces are acting in this plane. The terrain tangent plane coordinate system is defined
by these rules. Z-axis of the terrain tangent plane coordinate system is normal to the tangent
plane, directed upwards. X-axis is located at the intersection between the terrain tangent
plane and the plane of the tire disk. Y-axis is located in the terrain tangent plane,
perpendicular to the X-axis, directed to result in a right-handed coordinates system.

109



S. St. Biris, E. Maican, N. Ungureanu, V. Vladut, E. Murad

L
Vd
/ | 1.05p —
EIR T E—
2Mor
Nomb. to s Biong
_Tertain| /[ . /
E. il . Terrain /
rofile - 'V"--?'_____ Tangent s
- i “—Plane
R Xer 0.2 0.25 0.5 Rotational Slip (S)
a) b)
Fig. 4 Tire axis system [4] Fig. 5 Friction function [4]

Longitudinal force is computed based on rotational slip in the terrain tangent plane and is
assumed to act in this plane. Two effects appear in the longitudinal direction: rolling
resistance and traction/braking forces.

F =Fy+Frp &)

where: F,,. - rolling resistance force; Frp - force due to traction/braking.

Rolling resistance represents the parasitic longitudinal force due to carcass deformation
losses, bearing friction, etc., as a friction of normal force.

Fyp==cpy - Fy - sign[(Ve) ] (6)

where: c,,. - coefficient of rolling resistance; (V,.); - forward velocity of the wheel centre
obtained from the model state.

Traction/braking force can be modelled when the wheel rotational inertia is included
(type full). If the rotational inertia is not included (type basic and intermediate) the
traction/breaking force will be equal to zero. The ratio between the longitudinal force and

the normal force (or longitudinal friction coefficient) is measured as a function of rotational
slip. Thus, traction/breaking force can be written as:

Frg=u-F, 7

where: |1 - longitudinal force coefficient measured as a function of rotational slip.

The longitudinal friction coefficient is a piece-wise linear function of slip, based upon
the nominal friction coefficient, and is shown in the following plot.

The rotational slip will be:

-sign(V, 8
Ay gn(V,) (®)

where: § - non-dimensional rotational slip; ¥, - velocity of the bottom point of the tire.
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The velocity of the bottom point of the tire is:
Vp=Rg-0+Ve)L )

where: R; - deflected tire radius; - wheel rotational velocity obtained from the tire state.

Lateral force is computed as a function of normal force and slip angle analogous to the
longitudinal force computation with rotational slip. Lateral force experimental data is
typically known as a carpet plot because it varies with both the normal force and slip angle.
The lateral force is approximated by a cubic polynomial determined from the following
boundary conditions:

F=0
o=0= < JF 10
e (10)
do.
Fy = (F)) max
=0y, = dF 0 (11)
do.
. . . L dr;
where: o - slip angle; o, - saturated slip angle; F; - force acting on lateral direction; e
o

slope of the lateral force curve related to the slip angle; (F}).x -maximum force on the
lateral side; C,, - cornering stiffness value.

Fia
Fimax B LI
i | i
! 1 I
— | STl
. | ;'/ ‘\ Lateral Force,
i ~ N l ‘/ F,
I/ o 8
o , a | Brake Force, FL
Fig. 6 Cornering stiffness [4] Fig 7 Friction Ellipse [4]

Slip angle is formed between the tire center heading vector and the projection of the
velocity vector in the terrain tangent plane (as shown in figure 6). Due to the fact that slip
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angle is always acute, its sign depends on the sign of the lateral velocity component of tire
center. Thus, slip angle can be defined as:

a=tan~ [V -sign[(V,.);] (12)
c/L
Saturated slip angle can be approximated by:
o, = 2.5-& (13)
COL

Maximum lateral force is given by following relationship:

(F)max =W F, (14)

where: U - nominal friction coefficient.

In longitudinal direction, as well as in lateral direction, proportionality coefficients
between tangential and normal force are functions of a kinematic representation of slip.
These forces are independently calculated, even though the two force components are not
necessarily independent and their resultant is limited by the dimension of the friction force
between tire and road. The friction ellipse, having the length of major axis |, - F,, and the

minor axis equal tot; - F,,, represents some possible values of this net force.

When computing the rotational slip, the applied frictional force is acting on the opposite
direction of the velocity vector, with a dimension derived by intersecting the velocity vector
with the friction ellipse. The dimension of this force is given by the length between the
origin and the intersect point. This limiting condition is only taken into account for large
slips, when the relationships for p; and p; reflect tire-road slippage as opposed to tire
carcass stiffness. This limiting condition also shows the limitations in the applicability of
the neglected wheel inertia model. The lateral force carpet plots are measured at zero
rotational slip, so the presence of longitudinal forces tends to invalidate the use of this data
(excepting the case when net vector slip is computed and a friction ellipse is used, as
presented in case 2). Models with neglected wheel inertia should be used for simulations
with relatively small longitudinal forces. Two cases are implemented to represent this
description:

1) When using the neglected inertia model (type basic or intermediate), F;is computed
from the cubic approximation and:

[ =2 2
umax'Fn> FL +Fl (15)

then:
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Fy < (Mna - F)? = FP (16)

where: |1, - the maximum lateral force coefficient and it is understood that:

Fp <Umax Fy (17)
This is a friction circle since the major axis of the friction ellipse (the longitudinal
force F ) cannot be determined without computing rotational slip.

2) When using wheel inertia model (type full), the longitudinal force is computed from
the rotational slip and the lateral force from the steer slip. The following logic then imposes
the friction ellipse limitation:

Mimax  Fy > /(e F ) + FF (18)

— {HL /umax for {ML > Wmax (19)

1.0 M7z <Hmax

then:
V
Fr=—max Fy- (|;|)l (20)
V

FL=e-umaX-Fn-ﬁ 1)

where:

W|=yVs+Wor (22)

By simulating an agricultural vehicle driving over a discrete ditch it is obtained an
example of tire force verification. These tests are part of a more comprehensive set of
experiments in which the vehicle is driven over other obstacles, such as discrete bumps, and
a concrete ISO test track. A perfect match was observed for the simulation and test
accelerations at one location on the vehicle. The results were found to correlate well for
high-pressure settings of the tires, but not as good for very low-pressure tires. For high tire
pressures, the equations used to represent tire stiffness, damping, and friction characterize
the real physical behaviour. Low-pressure tires act more complexly and the tire carcass
nonlinear rubber behaviour becomes important. New development effort is underway to
add capability to better represent the low-pressure tire case.
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Fig. 8 Tire deformation under the action of an external load

Under the action of an external load (weight per wheel), a tire deforms as shown in
Figure 8. According to Hedekel’s equation, tire deformation is given by the following
relationship:

F

= 23
S = g (23)

where: F'— vertical load acting on the wheel, [N]; p; — air pressure inside the tire, [MPa]; R
— free radius of the wheel, [mm]; » — radius of tire running path in cross section, [mm].

Static tire radius is given by:

Ry, =R—f [mm] (24)
and the lenght of the contact chord is:
L=2-R*>-R? [mm] (25)
MATERIALS AND METHODS

The analysis was developed for the tire of the rear wheel of the 65 HP Romanian tractors
U-650, whose main characteristics are given in Table 1. The analyzed tire is symbolised as
14-38 R35. The tire is made of rubber, which is generally considered to be a non-linear,
incompressible or nearly incompressible, hyper-elastic material, which often experiences
very large deformations upon loading [6]. The element selected for analysing the rubber
material was HYPER185, which was used in conjunction with the two-term Mooney-Rivlin
material model [6]. ANSYS v12.1 program was used for the analysis of the 3D model,
while Quick Field Students v5.6 program was used to analyze the plane model of tires
section in ,,plane strain” mode.
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Table 1 Main characteristics of U-650 tractor

Weight
Tractor Soil interaction part Gauge (total / per axle), antact patch
[mm)] width, [mm]
(ke]
U-650 Front tire 1170 180
1600 3380
(65 HP) Rear tire 2210 367

Figure 9 illustrates the influence of tire pressure on the dimensional characteristics of the
wheel (Figure 8), respectively tire deformation (Eq. 23), static radius R, (Eq. 24) and the

length of contact chord L (Eq. 25), for the rear wheel.
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Fig. 9 Influence of tire pressure on the dimensional characteristics of the wheels
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Tire air pressure influences the tire pressure applied on the soil. The dependency
between tire air pressure (p;) and the pressure applied on the soil by the tire (p) is illustrated
in figure 10, for both front (f) and rear wheel (b) of the U-650 tractor.

RESULTS

Figure 11 illustrates the 3D physical model for the rear tire of the 65 HP tractors,
developed by means of Solid Works program, which takes into consideration all the details
on tire sizes. This geometrical model was imported in ANSYS v12.1, thus obtaining the
meshed model of FEM analysis (Figure 12), which consists of three dimensional finite
elements for both tire and rim, as well as for the rigid surface of the rolling track. In the
contact area was developed a finer and more precisely meshing, using a higher number of
finite elements having smaller sizes.

100000 (rmrn)

500.00

Fig. 13 Meshed tire

Fig. 11 Physical tire model Fig. 12 Meshed tire model model

For a simpler analysis it was also developed a plane, symmetric model for the tire in
frontal plane, using Quick Field Students v5.6 program (Figure 13), for which tire air
pressure and the load on the wheel were taken into account. According to the graphic
presented in Figure 9, it was computed the tire strain on vertical direction for tire air
pressure of 0.15 MPa.

Figure 14 shows the distribution of equivalent stresses by Von Mises criterion in the tire
in the contact area with the rolling track and the graphical variation of those equivalent
stresses on the outline. It is also traced the outline of the tire after the strain, due to the
application of the external load. It can be noticed that the highest values of equivalent
stresses are located in the joint area of the lug with tire carcass. Figure 15 shows the
distribution of total displacement in the tire in the same section and the graphical variation
of those displacements on the outline of the analyzed axis-symmetric model. Highest
displacements appear in the mean area of tire carcass.
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CONCLUSIONS

1. The Finite Element Method is currently the most advanced mathematical tool which can
be used for the complex study of the interaction between the rolling bodies of land
vehicles and the rolling track.

2. Highest difficulty for this study was modelling the nonlinear hyper-elastic behaviour of
tire material — rubber, which included the cord angles in each layer, respectively the
analysis of stress and strain distribution.

3. This study allows the highlight of some areas of the analyzed tire in which stresses are
higher, as well as the fact that the mean area of tire carcass is subjected to the highest
strains. This also leads to the highest danger of tire wear during depressurisation. This
led to the conclusion that the thickness of carcass walls should be increased. For many
speed vehicles was implemented the “Runflat” system, to avoid the wear of tire carcass
due to excessive strain during depressurisation.
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SUMMARY

A number of reasons can be named to investigate dynamic behavior of agricu-
ltural tractor tires on hard surfaces, one of the most important being increasing
speed of contemporary tractors. It can be expected that a need for such
investigations will increase in the future, hence also a need for appropriate test
facilities. In the Laboratory for vehicles and engines at the Faculty of Technical
Sciences in Novi Sad, there is a tractor tire test facility for terramechanical
investigations. Recently a decision has been made to convert current tire test
equipment to become appropriate for testing of tractor tire on hard surfaces. In
this paper a significance of investigating and modeling of a tractor tire behavior
on the hard surfaces is closer described. Basic conversion guidelines are named
and initial stage of reconstruction is described.

Key words: tractor tire, tire testing, tire & vehicle dynamics

INTRODUCTION

Requirements for tractor tire design and exploitation properties are based above all on
the needs of agrotechnical operations and motion on the soft terrain. Such requirements are:
good tractive properties on agricultural terrains, low rolling resistance, protection of the soil
from the compaction, low wear etc. On the other hand, tractors of today can travel at
relatively high speeds when used for road transport, and there is a tendency for further
speed increase. This brings into attention dynamic properties of tires on hard surfaces
related to tractor performance characteristics such as handling and stability; as such
properties are important factors of driving safety. Ride properties are also important
because of their influence on the tractor body vibrations and realization of horizontal
forces.

39. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2011.
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Tire design for appropriate behavior on hard surfaces requires different approach than
that for the soft terrain, for which tractor tires are primarily developed. This fact leads to
need for more intensive research and development activities in field of agricultural tire
research and development, for which appropriate testing facilities are needed. Such
facilities should enable investigation off all aspects of tire behavior, including longitudinal,
lateral and vertical dynamics under different conditions on both hard and soft surfaces.
These investigations are important because of the insight in the complex tire behavior they
enable. Information acquired can, on one hand, be in function of tire development itself. On
the other hand, tire model can be established to be used in virtual modeling and
development of the tractor.

In the Laboratory for vehicles and engines on the Faculty of Technical Sciences in Novi
Sad, a tractor tire test rig exists that has been developed in the mid-80's of the last century
for the purpose of terramechanical investigations. Based on the previous considerations,
decision has been made to undertake a reconstruction to adapt this facility for hard surface
tire testing. The goal is to develop a test facility for overall investigations of tire dynamic
behavior on the hard surfaces, retaining at the same time the possibility of terramechanical
investigations. In this paper a need for reconstruction is explained, basic conversion
guidelines are given, and the beginning stage of reconstruction is closer described.

SIGNIFICANCE OF INVESTIGATION AND MODELING OF TRACTOR TIRE
BEHAVIOR ON HARD SURFACES

Tire behavior is considered separately in different directions of coordinate system,
according to influence it has on the vehicle motion. Regarding tractor tire behavior on hard
surfaces, attention was previously focused mostly on their characteristics in vertical
direction, which governs ride properties. These properties are important because of their
influence on the operator working conditions (vibrations), and for the conditions for
realization of horizontal forces as well. Absence of elastic wheel suspension, distinctive for
agricultural tractors, highlights importance of ride properties of the tire itself even more.

Tire behavior in longitudinal and transversal direction has earlier been investigated
mainly on soft surfaces. Main subjects were tractive forces and transversal forces while
working on the slope or when transversal force component from tractor implement is
present. Recently, traveling speeds of tractors on public roads have been significantly
increased, which leads to possibility of critical driving situations regarding handling and
stability of the tractor. Transversal vehicle dynamics is the most influenced by tire
cornering properties, which brings these into attention. Similar applies also for longitudinal
(tractive and braking) tire properties. Increased traveling speeds and amounts of material in
transportation distinctive for contemporary agricultural production [4] increase significance
of vehicle braking performance characteristics. These facts indicate that a need exists for
more detail investigation of tire dynamic behavior on hard surfaces. This need is even more
expressed due to characteristic design properties of tractor tires that do not enable use of
research experiences gained in intensive investigations of road vehicle tires.

Tire behavior in all three directions is quite complex. There are large deformations of the
complex geometric structure, viscoelastic tire behavior, mechanics of composite materials,
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pressurized air within flexible body etc. Owing to this, tire behavior is characterized by
pronounced non-linearity, frequency dependency and complex interactions of different
outer influences. Although tire behavior has been subject of intensive investigations and
theoretical basics exist for their analytical observation, a level of complexity is so high that
such investigations still require experimental research [5]. Compared to ground vehicle
tires, complexity level of tractor tire behavior is even bigger due to their complex geometry
and low pressure causing bigger tire deflections.

According to these considerations, and bearing in mind influence tire has on overall
dynamic tractor behavior, it is of interest to have a possibility of laboratory investigations
of tire behavior under conditions that are as close to real as possible. Results of such
investigations can be used for:

e Qualitative insight into tire properties and their influence on the vehicle dynamics,
enabling conclusions about potentials for further tire improvement (development
investigations), and

e Parameter identification for the implementation of the tire model in the frame of
computer aided vehicle dynamics simulation.

Investigation of tire behavior on the hard surface can be of interest for one more reason,
namely for gaining immediate insight into the properties of the tire itself, eliminating the
need for analytical consideration of complex mechanism of its interaction with the surface.
This approach can also be used for prediction of tire properties on the soft surfaces.

Due to the potential of computer aided simulation for improving efficiency and success
of engineering systems design and development, they are nowadays unavoidable element of
these activities. Their use contributes to the reduction of costs and efforts of development
investigations. In vehicle dynamics, simulations enable identification of the possibility for
appearance of unwanted forms of vehicle behavior under certain circumstances. Thus
vehicle parameters can be adjusted in optimal way in order to reduce danger of unwanted
outcomes as far as possible. Such approach significantly reduces time of development,
since different concepts and design solutions can be evaluated and compared in early stage
of development, before production of the real prototype. Figure 1 shows example of
graphical representation of tractor dynamic model used in appropriate multi-body dynamics
simulation software [1]. Such computer programs use numerical approach for computing
forces and torques acting on the vehicle and its components, and appropriate accelerations
accordingly. Final result is prediction of vehicle motion under given circumstances.

Figure 1 Graphical representation of the tractor modeled as multi-body dynamic system [1]
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Tire has a substantial role in the realization of all functions of agricultural tractor. Avail-
ability of the tire model with appropriate performance characteristics therefore represents a
basic condition for successful use of simulation. Appropriate testing capabilities are needed
to develop such tire model.

CURRENT STATE IN THE FIELD OF TESTING TRACTOR TIRES ON HARD
SURFACES

Nowadays there is a large number of well-equipped laboratories for tire testing and
investigations. Though, regarding hard surfaces, test facilities are mostly provided for
testing of passenger car and truck tires. Tractor tires are still mainly subject of
considerations from terramechanical point of view, whilst facilities for their testing on hard
surfaces are notably less represented. There are relatively few facilities that have
capabilities to work with tires of such dimensions and working loads as it is a case with
agricultural tractors. One of such facilities, based on the concept of measuring trailer
(Figure 2) has been developed and applied on TU Hohenheim in Germany [6]. This single
wheel tester can be used for investigation of tire performance characteristics in all three
spatial directions, in steady-state and dynamic conditions, on both hard and soft surfaces.
Besides apparent advantages of this test facility from the point of view of testing
possibilities, its dimensions and complex structure require significant material resources for
its production and exploitation.

Figure 2 Single wheel tester based on a measuring trailer [6]

There are also several facilities based on a flat belt test stands. One example also exists
on the same university, Figure 3. Important feature of such test stand is plain tire-surface
contact area, which is not the case with test stands with drums. Later are also not
appropriate for most tractor tires due to tire dimensions. Plain contact area improves test
conditions making them closer to the real situation. Concept is also characterized by
compact dimensions and simple tire mounting. A drawback is intensive wear of the flat belt
[71.

According to trends in development and use of tractors and other off-road vehicles, it is
valid to expect that in context of their development a need for appropriate tire test facilities
will raise. This expectation justifies further innovation activities in this field.
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Figure 3 Flat belt tire test stand with mounted shaker device [2]

BRIEF DESCRIPTION OF TERRAMECHANICAL TEST FACILITY ORIGINAL
CONFIGURATION

As already mentioned, in the Laboratory for vehicles and engines at Faculty of Technical
Sciences in Novi Sad, a test facility for terramechanical investigations of tractor tire has
been developed earlier. A conversion of this facility, which should enable tractor tire testing
on the hard surfaces, is in progress. Here a brief description of original configuration is
provided, Figure 4. Tested wheel (1) with its axle is attached to the frame that can move in
vertical direction. Frame guides (3) are mounted on the cart (2) guided on 13.6m long rails.
The cart is 2.2m long, which gives a testing lain approximately 11m long. According to its
purpose, it was necessary to shape test lane as a tub filled with appropriate kind of soil (7).
Cart was driven by a driving chain (5), through driving system consisting of electric motor
and continuously variable transmission located on one end of the test lane (8).

e

Figure 4 Original concept of the terramechanic test facility: 1-tested tire, 2-guiding cart, 3-
vertical guides, 4-weight, 5-driving chain, 6-cart guiding rail, 7-soil, 8-driving system

Concept analysis reveals some drawbacks. Some of them are related to deviation of
testing conditions from real, such as:

e Too slow motion of the wheel (velocities of order =0,01 — 0,05 m/s)
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e Absence of driving torque on the tested wheel.

There is also a group of features that, bearing in mind that this facility represents testing
and measurement system, can be regarded as drawbacks. These are:

e Besides rolling, a wheel has just one more degree of freedom (vertical motion)
e Missing integration of measuring, control and actuating equipment

e It can be assessed that structure parts of the facility are quite oversized'.

BASIC CONVERSION GUIDELINES

A main goal of the test facility conversion is enabling of testing of wide spectrum of tire
behavior aspects on hard surfaces. In order to fulfill such requirement, conversion should
comprise as much as possible the following:

e integration of measuring system for acquisition of all relevant kinematic and
dynamic parameters of motion;

e incorporation of electronic controlled actuating system for tire excitation;
e incorporation of driving and/or braking system of the wheel itself;

e conversion of the wheel guiding system enabling additional degrees of freedom for
slip and castor angles, for testing of steady-state and dynamic cornering tire
properties;

e Integration of controls of cart drive and wheel drive, enabling introduction of
longitudinal wheel slip in controlled manner; etc.

Development of the facility that matches all named requirements would require material
resources in amount that significantly exceeds current capabilities of the Laboratory. This
difficulty can be eliminated or mitigated by introduction of the concept that divides
development into separate stages. This also contributes to the systematic approach and
gradual gain of experience and knowledge needed to shape facility which can be
successfully used for practical testing tasks. Facility development under restricted budget
has also imposed a need to use parts and components that were already present in the
Laboratory. Taking into account adopted concept of the development divided into stages, a
modular design solutions should be used in order to make future conversions simpler and
cheaper to realize.

BEGINNING STAGE OF THE CONVERSION

Initiated beginning conversion stage comprises incorporation of drive system for
transmission of the driving torque to the wheel and setting up of the system for the
excitation of the wheel vertical vibrations. Following the principle of cost reduction a

" This contributes to the reliability in facility exploitation, but deteriorates accelerating properties,
hence reducing available path and time for measurements
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hydrostatic system has been chosen as driving unit, whose components were already
present in the Laboratory. System consists of the hydrostatic motor and the assembly of
hydraulic pump and 2kW electric motor.

Power is transmitted from hydraulic motor to the wheel via belt drive. In the beginning
stage, also from the reason of costs reduction, wheel drive is realized without a possibility
for speed regulation. As most economic option for testing tire on different speeds a change
of driven belt wheel is possible. Due to the lack of hydrostatic system controls, a way has to
be found to protect its parts from overload in a braking phase. To solve this, a mechanism
for automatic disengage of the belt drive by reducing belt tension and contact angle during
braking is provided.

Table 1 Approximate assessment of test facility kinematic parameters for different speeds
of motion (m = 1000 kg — mass of moving parts, Pyx = 2 kW — drive motor maximum
power, ¢ =0,7 — adhesion coefficient, s;or = 10m — total test path length)

Braking path  path length

length [m] available for Time available for

Velocity ~ Acceleration  Acceleration

[m/s] time [s] path length [m] (vo—v) measurement [m] measurement [s]
m- v’ 2 Vo = S — S
v t, = sa= Zovity s —— SM = STOT ~ SA =M
Pyiax 3 2g@ SB v
0.5 0.1 0.04 0.02 9.94 19.9
0.75 0.3 0.14 0.04 9.82 13.1
1 0.5 0.33 0.07 9.59 9.6
1.25 0.8 0.65 0.11 9.24 7.4
1.5 1.1 1.13 0.16 8.71 5.8
1.75 1.5 1.79 0.22 7.99 4.6
2 2.0 2.67 0.29 7.04 3.5
2.25 2.5 3.80 0.37 5.83 2.6
2.5 3.1 5.21 0.46 4.34 1.7
2.75 3.8 6.93 0.55 2.52 0.9
3 4.5 9.00 0.66 0.34 0.1

For the choice of a belt drive ratio an assessment of the optimal wheel velocity had to be
made. This was conducted taking into account total test path length and lengths needed for
acceleration and braking. Acceleration performance characteristics can be approximately
estimated on the basis of accelerating mass and available power as explained in [3]. For this
approximation all resistance forces during acceleration are neglected, and assumption is
introduced that a constant power is continually available, that equals one half of the
maximum power installed. Acceleration time is than calculated on the basis of the kinetic
energy introduced to the system through the action of the constant power. Acceleration path
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length was calculated on the basis of another approximation, according to which accelera-
tion decreases from maximum value to zero linearly. Braking path length is determined
according to well-known theoretical dependency on initial velocity and adhesion coefficient
¢ whose value amounts to approximately ¢=0.7 as determined in previously conducted
measurements. Appropriate formulas and numerical values are given in Table 1.

From the Table 1 it is obvious that with given parameters a choice of velocities greater
than 2m/s can hardly make sense, and the optimal values are probably between 1 and 2m/s.
According to that assumption, it was decided that for the initial phase of conversion wheel
velocity should come to approximately 1m/s or slightly less. Such value — relatively low —
was chosen because of the need to firstly gain practical insight into dynamic behavior of the
whole system. This way a danger of the drive system overload during acceleration