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ABSTRACT: Vibration properties of agricultural tractors are important indicator of their
overall performances. Most important excitation source comes from pronounced short-
wavelength road undulations, which are typical for unprepared off-road terrains generally
dealt with by tractors. Low-pass geometric filtering of road profile done by tire thereby
defines effective vibration input. Appropriate tire model that is able to account for this
phenomenon is needed in order to optimize tractor vibration properties in early stage of
development, by means of computer aided simulations with virtual prototype. To reduce tire
model complexity and therefore improve simulation speed, yet achieving satisfactory
accuracy, one possible approach is to separate tire model into two parts, one describing tire
enveloping properties on the short-wavelength road input and the other one for tire elasticity
with single-point contact. Enveloping model thereby generates effective excitation for
contact point. In this paper two quasi-static tire enveloping models were derived. One of
them is physically based and the other one is novel empirical model. Performances of both
models are represented and compared with one another as well as with results of the
physical experiment. Good agreement with experimental data is achieved in both cases. It
was concluded that, in view of computational efficiency, empirical model manifested
supremacy over physical model while the other one achieved greater flexibility regarding
variations of influential parameters.
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POREBENJE FIZICKOG I EMPIRIJSKOG PRISTUPA MODELIRANJU
KVAZISTATICKIH ENVELOPNIH KARAKTERISTIKA PNEUMATIKA
TRAKTORA

REZIME: Vibracione karakteristike poljoprivrednih traktora su vazan pokazatelj njihovih
ukupnih performansi. Najvazniji izvor su neravnine puta male talasne duzine, koje su tipi¢ne
za nekategorisane puteve i vanputne podloge karakteristicne za traktore. Pneumatik vrsi
nisko propusno filtriranje profila puta i to je znacajna vibraciona pobuda. Odgovarajuci
model pneumatika koji je u stanju da objasni ovaj fenomen je potreban u cilju optimizacije
vibracionih Kkarakteristika traktora u ranoj fazi razvoja, pomoc¢u racunskih simulacija na
virtuelnim prototipu. Radi smanjenja slozenosti modela pneumatika i poboljsanja brzine
simulacije, i postizanja zadovoljavajuce ta¢nosti, jedan od mogucih pristupa je da se model
pneumatika razdvoji na dva dela: jedan koji opisuje karakteristike envelope pneumatika
izlozenog neravninama kratkih talasnih duzina i drugi koji opisuje elasti¢nost pneumatika sa
kontaktom i tacki. Model envelope generi$e efektivnu pobudu u tac¢ki. U ovom radu su
prikazana dva razvijena kvazistaticka modela pneumatika. Jedan od njih je fizi¢ki, a drugi
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je empirijski model. Performanse oba modela su predstavljene i uporedene jedne sa drugima
kao i sa rezultatima fizickog eksperimenta. Dobro slaganje sa eksperimentalnim podacima je
ostvareno u oba sludaja. Zakljuceno je da, s obzirom na racunsku efikasnost, empirijski
modeli manifestuje bolje karakteristike fizickog modela, dok drugi daje bolje moguénosti za
variranje uticajnih parametara.
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