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VIRTUAL MODEL OF AGRICULTURAL MACHINERY

Summary

This paper describes the use of simulation in #mgh of agricultural machinery. It allows to defithe kinematic behavior of
the designed machine. 3D models of tractor and e@iimg universal tool for strip tillage and modsl cultivation aggregate

with hitch to the drill were developed to condus kinematic analyzes. Simulation results are prieskegraphically on the

graphs, which show the values of the measured peteas The executed research defined reaction $dveéween machine
and three-point hitch linkage of the tractor, thactor stability and impact of changes in positafrdrawbar coupling parts on

the selection of hydraulic cylinder. It was demaatstd the stability of the tractor when driving dligh the obstacle and the
correct selection of the hydraulic cylinder, whiahsures the correctness of the process of foldiaguafolding.
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BADANIA SYMULACYJNE ZACHOWA N KINEMATYCZNYCH
NA WIRTUALNYM MODELU MASZYNY ROLNICZEJ

Streszczenie

W pracy przedstawiono zastosowanie hadgmulacyjnych w projektowaniu maszyn rolniczyabzwrlaj; one okréli¢
zachowania kinematyczne projektowanej maszyny. @epmpwadzenia analiz kinematycznych opracowanoefeod@D
ciggnika rolniczego oraz wspotpraeugego z nim uniwersalnego nadzia do uprawy pasowej oraz model agregatu upra-
wowego ze spegiem do siewnika. Wyniki symulacji przedstawionafigenie na wykresach, na ktorych przedstawiono
wartasci mierzonych parametréw. W przeprowadzonych baddnokrélono reakcje maszyny na TUZgnika, jego sta-
tecznd¢ oraz wplyw zmian pofenia elementow sprgu na dob6r sitownika hydraulicznego. Wykazanoiktaky’ ciggnika
podczas przejazdu przez przeszkoprawidtowy dobér sitownika, ktory zapewnia praltiwasé procesu skladania i roz-

ktadania.

Stowa kluczoweciqgnik, maszyna uprawowa, model wirtualny, kinematpkalania symulacyjne

1. Introduction

This article presents and discusses the main riesainf
the two models without precision information aboatried

The dynamic development of computer systems hasgut simulations.

made that at the design stage can be performednkiine
simulations of individual structural elements ofiagltural
machinery in order to obtain the best possible tamiuin
connection of the behavior of kinematic and endced6].

2. Goal and scope and object of the study

The purpose of the behavior simulation was toateit

To comply simulations of kinematic behavior are duse real conditions of cooperating between tractor arathine
computer programs like NX 7.5, MDI ADAMS, Solid to strip tillage and behavior of hitch during thesing and

Works Motion 2010, CATIA. The result of the simudat
is moved operation animation of individual elemewitshe
structure of a simultaneous demonstration of tiseilte in
tabular and graphics form. In this way it is poksito de-
fine the speed, acceleration, forces the individuadles,
range of motion of moving parts and stability ofaniaes
and value of reaction forces between tractor wheeld
ground [1, 2, 3]. Koike [4] described the use afeknatic
analysis to determine the behavior of a specialzdicle -
garbage dump track during the transport ride thinodid-
ferent kinds of obstacles. Kinematic models ardt Imgised
on geometrical 3D models developed researchingcthje
They contain some simplifications in order to irtétahe
physical and mechanical sense and shorten thedtfroal-
culations. However, simplification may not be exies,
since they can lead to inadequate results withesp the
real object. Therefore, it is important to keep tharacter-
istic dimensions of the structure, the mass anddbation
of the gravity point [5].
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lowering a drill. For the first kinematic simulatigprepared
a mutual calculation model of the tractor and ttnip gill-
age machine which has been modified for the smebifi
cases. The calculation model consisted of a sotidahof
universal tool and a solid model of tractor * (F1g.

In the construction of a toll for strip tillage svadded a
number of simplifications which allow for a sigmiéint re-
duction of simulation time. Existing in real machipivots
are not included, modeled in a simplified way a wdag
gear which transmitted an torque from PTO to nlldrum.
These simplifications have not had a significarie@f on
the results, which confirmed the previously conddct
analysis models. An important issue in the kinemsitnu-
lation was tuned calculation to pick out relevaatgmeters
that describe the impact of tractor wheel contaith the
ground. Tuning was performed on the basis of thewkn
time response of tractor wheels to dynamic foraionging
drive through road obstacle (the experimental d&ta) the
second kinematic simulation developed a 3D modehef
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hitch (Fig. 2), which consists of the upper arm, @)in-
clined frame (2) and the lower frame (3). The psmb
folding system allows to lift the connected drifl){ filled
with grain, above the frame of aggregate. Foldihghe
frame is realized by a double-acting hydraulic rogér (4).

a)

Figure 1. Kinematic calculation model of tractorthvcultiva-
tion tool (a), View of the tractor three-point Hittinkage (b)

Figure 2. Points of measurement of forces durirtjing
and lowering the hitch for drill with marked typesnodes
(described in the text. T1, T2, T3 structure ofthihodes).
On top of figure the symbols of using kinemtic tasts
are presented

During the calculations simulated the processaddimg
and lowering the hitch of the drill from the opénat posi-
tion to the transport position (for rides on thadiand) and
working. Due to the work character the structurehivéh
was taken multi-option loads system which taking iac-
count the forces from the weight of the modelinggag
structure and the mass of the drill with grain. Maah
analysis of the impact of changing the positiorihaf hitch
with the to reaction forces placed in pivots of taydic cyl-
inder and the points of connection the hitch armghe
main frame of aggregate. Simulations were perforfioed
working tool width 3.0 m and assumed a constard ot
extension of the hydraulic cylinder. Kinematic anals
were carried out in the Solid Works Motion 2010.
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3. Results of analysis

In the simulation of determine the reaction fortes
tween working to strip tillage and tractor threanpditch
the body of tractor was fixed to the ground. Thea a-
chine can be raised on the back three point hijcddfin-
ing the STEP function of angular rotation of thepe@parms
of hitch at an angle of 23 °, which was adoptedrduthe
simulation. Determined, the individual componentste
forces occurring in the connector and the lower afimitch
and presented in a graphical form (Fig. 3). Ondhaphs
the negative forces in the Z direction correspotalshe
sense of a vector of force along the axis of thehime.

Were also performed an analysis of stability factor
aggregate during the ride on ground on the basés tefo-
speed, 5 and 10 km/h. Ground on which moved aadract
with strip tillage tool was modeled with obstaclé€m the
road where moving the tractor with the machine wasl-
eled three obstacles: cross ditch depth 300 mmsscro
threshold height 300 mm and cavity depth 300 mme Th
simulation made a possible determine the strentthe
contact tractor wheels with ground (Fig. 4). Thems no
observing, turning over, tilting the working tragtdow-
ever followed the loss of contact due to run itodin ob-
stacles. During the riding with the lower speedi(@h) the
duration of loss of contact was not longer than).2
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Figure 3. The time course of forces occurring ie tton-
nector and the ends of hitch arms during a liftofgool for
strip tillage (X direction - in the cross-machin&esttion Y
- vertical direction Z - axis machine direction)

Kinematic behavior simulation of the three poiitttn for
drill in cultivation aggregate was performed in@rdo iden-
tify the impact of changing the position of struet@élements
together with the drill with grain to reaction fecin point
of connection for one hydraulic cylinder and itsregtness.
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Figure 4. Graph of reaction forces between wheeis a

ground during the ride over the obstacles at a dpek5
km/h (a) and 10 km/h (b)

Figure 5. 3D model of the designed machine withrduylit
cylinder in working position (a) and transport ptsn (b)

Hitch to the drill consisted of the upper arm doder
hanger, which are connected to each other and frathe
holders by pivots. In model was used double-adtiygraulic
cylinder. Simulations were performed on the 3D naod¢he
cultivation aggregate frame with mounted hitch (Y for
a constant speed of hydraulic cylinder for the astlding
the drill to the transport position and unfoldilgworking po-
sition. At individual stages of the simulation wagpointed
forces and pressures occur at particular pointagltine fold-
ing of aggregate with drill (Fig. 6).

It has been shown that the highest value of theti@n
occurs in the middle of the movement objectivehat start
of the folding process, when the hitch is lifteded aggre-
gate. In the next phase of the hitch folding to tifaasport
position, the hydraulic cylinder is partially untbed. The
maximum values of forces and pressures was recadrded
the support point of hydraulic cylinder betweendgmplates
showed that cylinder ensures the correctness ofolbleng
and unfolding process.
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Figure 6. The time course of forces on the nodeldring
raising and lowering the hitch with the drill

4. Conclusion

The analyzes of kinematic behavior of the tragiith a
tool for strip tillage and mounted on the cultigatiaggre-
gate frame a hitch for the drill allowed predicted behav-
ior during operation and transport of machine alyeat the
design process. The use of computer method alloeféstt
a real behavior of agricultural machinery. Obtairgedch
collection of results, both in the form of tabutargraphic.
This has led to take action to achieve the besttisols for
each nodes of agricultural machine construction elirdi-
nate any collision. The next stage of works will foedd
tests of prototypes of machines which will verifyetcor-
rectness of developed kinematic analysis.
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