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Abstract: This paper presents the two degrees of
freedom of mathematical modelling of a tractor wheel.
The tractor is a complex mechanical system that, while
traveling, is subjected to vibrations that are transmitted
from the running path to the driver. A modelling program
was used in order to study the tractor movement on
agricultural land. Useful charts were developed for:
amplitude variation of the tractor's mass center
oscillation, with traveling speed; amplitude variation of
the angle of rotation of the tractor around its center of
mass; amplitude variation of the driven wheel with
speed; driving wheel's amplitude variation; amplitude
variation of vertical force acting on driven wheel, with
speed; amplitude variation of vertical force acting on
driving wheel, with speed.

There are also presented the study results for a tractor
traveling on a country road. Interpretation of results is
based on charts for amplitude variation of the tractor’s
center of mass, amplitude variation of the angle of
rotation of the tractor around its center of mass,
amplitude variation of the driving and driven wheel when
tractor is moving, amplitude variation of vertical force
acting on driving and on driven wheel, with speed.
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INTRODUCTION

The two degrees of freedom of mechanical model for
vibrations study in case of tractor's bobs and pitching is
shown in figure 1. Within the mechanical model, the
tractor will be represented as a rod of mass (m).

Rezumat: Lucrarea prezintd modelarea rofii tractorului
pentru un model cu doud grade de libertate. Tractorul
reprezintd un sistem mecanic complex in care, Tn timpul
deplasérii, se produc vibrafii ce se transmit de la calea de
rulare la conducétorul tractorului. Cu ajutorul unui program de
modelare s-a efectuat studiul migcdrii tractorului pe terenul
agricol obfinandu-se grafice pentru: variafia amplitudinii
oscilafiei centrului de masé al tractorului n funcfie de viteza de
deplasare; variafia amplitudinii unghiului de rotafie al tractorului
in jurul centrului de masé; variafia amplitudinii oscilafiei rofii
conduse a tractorului in funcfie de viteza; variafia amplitudinii
oscilafiei rofi motoare; variafia amplitudinii forfei verticale la
roata condusé n funcfie de viteza; variafia amplitudinii forfei la
roata motoare in funcfie de viteza. De asemenea, sunt
prezentate rezultatele studiului pentru migcarea tractorului pe
drum de farg, interpretarea rezultatelor bazandu-se inclusiv pe
reprezentarile grafice pentru variafia amplitudinii centrului de
masa al tractorului, variafia amplitudinii unghiului de rotafie al
tractorului in jurul centrului de mas4, variafia amplitudinii rofii
conduse, variafia amplitudinii oscilafiei rofii motoare, variafia
amplitudinii forfei verticale la roata condusé Tn funcfie de viteza,
respectiv variafia amplitudinii forfei verticale la roata motoare in
funcfie de viteza de deplasare.

Cuvinte cheie: model matematic, roatd condusa, tractor.

INTRODUCERE

Modelul mecanic cu doua grade de libertate pentru
studiul vibratiilor de saltare — tangaj este prezentat in fig.1.
Se va considera modelul mecanic al tractorului ca fiind o
bara de masa (m).

hy(0)

I 1
Fig. 1 — Model of tractor with two degrees of freedom for vibrations study when a moving tractor bobs and pitches
Modelul tractorului cu doua grade de libertate pentru studiul vibratiilor saltare - tangaj

For this model the equations of free undamped
vibrations are studied, equations of free linear vibrations
with damping and differential equations for forced
vibrations with damping. A modelling program was
realized based on the studied equations.

The computer program is initialized with constructive
parameters of the tractor, speed and field parameters.
The resulting values are for:

« tractor’s natural oscillations;

» damped free vibrations parameters;

« oscillatory movement of the driving and driven wheel;

« oscillatory movement of the tractor's center of mass

and pitching motion;

« variation of force acting on driving wheel and on

steering wheel.
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Pentru acest model se studiazd ecuatiile vibratiilor
libere neamortizate, ecuatiile vibratiilor liniare libere cu
amortizare si ecuatiile diferentiale Tn cazul vibratiilor
fortate cu amortizare. Pe baza ecuatiilor a fost realizat un
program de modelare.

In programul de calcul, se introduc parametrii
constructivi ai tractorului, parametrii terenului, viteza de
deplasare si se calculeaza urmatoarele marimi:

* pulsatiile proprii ale tractorului;

« parametrii vibratiilor libere cu amortizare;

* migcarea oscilatorie a rotii motoare gi a rotii conduse;

* misgcarea oscilatorie a centrului de masa a tractorului
si migcarea de tangaj;

« variatia fortei ce actioneaza pe roata motoare si pe
roata de directie.
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STUDY OF THE TRACTOR'’'S MOTION ON FARM FIELD

After running the mathematical modelling program for
10 speeds of tractor on farm land, data presented in table
1 were recorded:

» Theoretical speed (V, km/h);

» Mass center oscillation amplitude (z, m);

* Maximum rotation angle of the tractor around its

center of mass (4, rad);

* Oscillations amplitude for driven wheel (z,) and
driving wheel (z,), in m;
* Magnitude of vertical forces on the driven wheel (F,)

and on driving wheel (F,), in N.

Tractor's motion parameters on farm land /
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STUDIUL MISCARII TRACTORULUI PE TEREN AGRICOL
Tn urma rularii programului de modelare prezentat

pentru cele 10 viteze de deplasare pe terenul agricol au
fost inregistrate urmatoarele date prezentate in tabelul 1:

« viteza de deplasare teoretica (V, km/h);

« amplitudinea oscilatiei centrului de masa ( Z , m);

e unghiul de rotatie maxim al tractorului n jurul
centrului de masa (4, rad);
amplitudinea oscilatiilor rotii conduse (zf) si a rotii

motoare (Zs) a tractorului, m;

amplitudinea fortelor verticale pe roata condusa (|:f)

si roata motoare (F,) a tractorului, N.

Table 1/ Tabelul 1

Parametrii mi_scarii tractorului pe terenul agricol

Velocity / Oscillation Center of mass /v WheeI‘s o_scillati_on / Vertical forceg on Wheels/_
Viteza f::ergtcjsgﬁ);; Centrul de mas a Oscila fia ro tilor For tele verticale pe ro ti
v oscila fiei z 6 Z Zs Fy F
258 /2,58 3.44 13,44 %?0118877’ %?00088’ 0.01/0,01 %?5255’ 210 6700
3.83/3,83 5.11/5,11 06,000055/ 06?0003322/ 06,00000088/ 06,000088/ 250 7000
4161416 5.55 /5,55 06,000042122/ 06?0002277/ 06?0000088/ 06,000066/ 340 7000
6.17/6,17 8.24/8.24 od?ooolfsl 06?0001111/ 06,0000006655/ 06?0002255/ 800 7300
5.78 /5,78 7.7217,72 06?00022/ 06,00001133/ 06?0000077/ 06?00033/ 700 7200
856/856 | 11.43/11,43 06,00000099/ 06,00000066/ 06?00000458’ 06?0001122/ 1300 7500
768/7,68 | 10.25/10,25 06?0001111/ 06?0000077/ 06,00000055/ 06,00001166/ 1100 7400
11.38/11,38 15.2/15,2 06?00000%/ 000082/ 06?000003366/ 06?0000077/ 1800 7500
18.18/18,18 | 24.28/24,28 %?0000022’ 06?000001144’ 06?000002222/ 06?000002288/ 2800 7500
26.94/26,94 | 35.97/3597 06,00000011/ 0,00007 06?000001155/ 06?000001122/ 4500 7500

Figure 2 shows the variation of the tractor's centre of

in figura 2 se prezinta variatia amplitudinii oscilatiei

mass oscillation amplitude, while in figure 3 is presented
the amplitude variation of the tractor’'s angle of rotation
around the centre of mass (pitching motion).

Curve shown in figure 2 can be approximated by
means of the following equation:

z=0,0980v>*%*

centrului de masa al tractorului, iar in figura 3 variatia
amplitudinii unghiului de rotatie al tractorului in jurul
centrului de masa (miscarea de tangaj).

Curba prezentata in figura 2 poate fi aproximata cu
ajutorul relatiei:

1)

Oscilatia centrului de masa
Center of mass oscillation
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Fig. 2 — Oscillation amplitude variation of the tractor's mass center , depending on speed /
Variafia amplitudinii oscilafiei centrului de masa al tractorului in funcfie de viteza de deplasare
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Miscarea de tangaj
Pitching motion
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Fig. 3 — Amplitude variation of the tractor angle of rotation around its center of mass, when moving on farm land /
Variafia amplitudinii unghiului de rotafie al tractorului Tn jurul centrului de masa la deplasarea pe terenul agricol
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It is noted that the amplitude of angle of rotation
oscillation decreases when speed increases. Its variation

Se constata ca amplitudinea oscilatiei unghiului de
rotatie scade atunci cand viteza creste si aproximarea

can be approximated with the following equation:

6

Variation of the driven wheel oscillation amplitude is
presented in figure 4. It is noted a decrease of oscillation
amplitude when speed increases. The curve can be
approximated with equation 3.

Z;

variatiei se poate face cu relatia:
=0,0468 v>* )

Variatia amplitudinii  oscilatiei rotii conduse este
prezentata in fig. 4. Se observa o scadere a valorii
amplitudinii oscilatiei atunci cand viteza de deplasare
creste, iar relatia care aproximeaza aceasta curba este:

=0,0031v % ®)
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Fig.4 — Variation of the driven wheel oscillation amplitude when tractor moves on farm land /
Variafia amplitudinii oscilafiei rofii conduse a tractorului in funcfie de viteza de deplasare pe terenul agricol

Variation of the driving wheel oscillation amplitude
depending on tractor's speed is shown in figure 5. The
equation approximating this variation is:

z,=0154

Variatia amplitudinii oscilatiei rotii motoare a tractorului
n functie de viteza este prezentata in figura 5. Relatia care
aproximeaza aceasta variatie este:

3 V-2,208 ( 4)
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Fig. 5 — Variation of driving wheel oscillation amplitude when moving on farm land
Variatia amplitudinii oscilatiei rotii motoare la deplasarea pe terenul agricol
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TRACTOR’'S MOTION STUDY WHEN MOVING ON
COUNTRY ROAD

The tractor modelling programme as two degrees of
freedom model has been run for the U-650M tractor
moving on a country road, for 10 speeds. The
recorded data are presented in table 2. Figure 6 shows
the amplitude variation of the tractor’s centre of mass.
The variation of the tractor’'s angle of rotation around
its centre of mass is presented in figure 7. The variation
of the driven wheel oscillation amplitude depending on
speed is shown in figure 8. Figure 9 shows the oscillation
amplitude variation for the driving wheel, depending on
the tractor’s speed.

Tractor's motion parameters on country road /

Parametrii mi_scarii tractorului pe drumul de
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STUDIUL MISCARII TRACTORULUI PE DRUMUL DE
TARA

Programul de modelare a tractorului, considerat ca un model
cu doua grade de libertate a fost rulat pentru deplasarea
tractorului U-650M pe drumul de tara, la toate cele 10 viteze.
Datele obtinute sunt prezentate n tabelul 2. Tn figura 6 se
prezinta variatia amplitudinii oscilatiei centrului de masa al
tractorului, iar in figura 7 - variatia unghiului de rotatie al
tractorului Tn jurul centrului de masa. Variatia amplitudinii
oscilatiei rotii conduse cu viteza de deplasare a tractorului
este prezentata in figura 8. In figura 9 se prezinta variatia
amplitudinii oscilatiei rotii motoare in functie de viteza de
deplasare a tractorului

Table 2 / Tabelul 2
tara

Velocity/ Frecven ta Centrul de mas a/ Center Oscila tia ro tilor/ Wheels Fortele verticale pe ro ti/
Viteza oscila tiei/ of mass oscillation Vertical forces on wheels
Oscillation
v frequency z 6 Z; Zg Ff Fs
0.006 / 0.004 / 0.0018/ 0.009/
2.58 /2,58 6.63 /6,63 0,006 0,004 0,0018 0,009 1200 18000
0.0025/ 0.0018/ 0.0013/ 0.004 /
3.83/3,83 9.85/9,85 0,0025 0,0018 0,0013 0,004 2400 17000
0.0023/ 0.0014/ 0.0011/ 0.0032/
4,16/ 4,16 10.7 /10,7 0,0023 00014 0,0011 0,0032 2600 16600
0.0012/ 0.0008 / 0.00084 / 0.00167 /
5.78 /5,78 14.86 /14,86 0,0012 0,0008 0,00084 0,00167 3900 16700
0.001/ 0.0007/ 0.00079/ 0.00146 /
6.17 /6,17 15.87 /15,87 0,001 0,0007 0,00079 0,00146 4200 16700
0.0007/ 0.00045 / 0.00064 / 0.00093 /
7.68/7,68 19.75/19,75 0,0007 0,00045 0,00064 0,00093 5300 16800
0.00055 / 0.0004 / 0.00057 / 0.00075 /
8.56 / 8,56 22.01/22,01 0,00055 0,0004 0,00057 0,00075 6000 16830
0.00033/ 0.00022 / 0.00043/ 0.00044 /
11.38/11,38 29.27 1 29,27 0,00033 0,00022 0,00043 0,00044 8000 16930
0.00016 / 0.00012/ 0.00027 / 0.00015/
18.18/18,18 46.76 / 46,76 0,00016 0,00012 0,00027 0,00015 13000 17200
0.0000/ 0.00007 / 0.00018/ 0.00008/
28.94 /28,94 69.3/69,3 0.00009 0,00007 0,00018 0,00008 19000 18000
Oscilatia centrului de masa
007 Center of mass oscillation
B .
e 0.006 *
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Fig. 6 — Oscillation amplitude variation of the tractor’'s center of mass, when moving on country road /
Variafia amplitudinii centrului de masé al tractorului la deplasarea pe drum de fara
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Fig. 7 — Amplitude variation of the tractor angle of rotation around its center of mass, when moving on country road /
Variafia amplitudinii unghiului de rotatie al tractorului Tn jurul centrului de masé la deplasarea pe drum de fard

58



Vol. 39, No. 1/2013

INMATEH — Agricubtusal Engineering
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Fig. 8 — Variation of the driven wheel oscillation amplitude when tractor moves on country road /
Variafia amplitudinii rofii conduse la deplasarea tractorului pe drum de fara
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Fig. 9 — Variation of driving wheel oscillation amplitude when moving on country road
Variatia amplitudinii oscilatiei rotii motoare la deplasarea tractorului pe drum de tara

CONCLUSION
1. The two degrees of freedom modelling program allows

the assessment for the tractor wheels and center of
mass motion parameters, and also for the variation of
the vertical forces on the wheels. The assessment is
approximated due to the fact that a simplified
mathematical model is used.

The two freedom degrees model of tractor allows the
assessment of the variation trends for the oscillatory
motion parameters, when the tractor moves on various
types of roads. Results closer to the actual ones can
be obtained on a model with four degrees of freedom.
Analyzing data from tables 1 and 2 it shows that the
variation of oscillation amplitude of mass centre is
larger in case of a tractor moving on farm land than in
case of country road, for speeds up to 10 km/h. For
higher tractor speeds these variations are
approximately equal (figure 10).

4. The rotation of tractor around its center of mass is

59

CONCLUzII

1. Programul de modelare a tractorului avand la baza un
model cu doua grade de libertate permite aprecierea
aproximativa a parametrilor migcarii rotilor tractorului,
a centrului de masa si a variatiei fortelor verticale la
rotile tractorului avand in vedere ca se lucreaza pe un
model simplificat.

2. Modelul cu doua grade de libertate al tractorului permite
aprecierea tendintelor de variatie a parametrilor migcarii
oscilatorii la deplasarea tractorului pe diverse drumuri.
Rezultate mai apropiate de cele reale se vor putea obtine
pe un model cu patru grade de libertate al tractorului.

3. Din analiza datelor prezentate in tabelele 1 si 2 se
constata ca variatia amplitudinii oscilatiei centrului de
masa este mai mare n cazul deplasarii pe terenul agricol
decat pe drumul de tara, la viteze de deplasare ale
tractorului de pana la 10 km/h. Pentru viteze mai
mari, aceste variatii sunt foarte apropiate (figura 10).

4. Migcarea de rotatie a tractorului In jurul centrului de
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larger when moving on agricultural land with speeds up
to 15 km/h. For higher tractor speeds the angle of
rotation amplitude is about the same on the two types
of road (figure 11).

The driven wheel oscillation has larger oscillations
when the tractor moves on country road than on
agricultural land, regardless of the tractor's speed
(figure 12).

The driving wheel oscillation is larger when the
tractor moves on agricultural land than in case of
country road (figure 13), which is contrary to the
driven wheel trend.

The variation of vertical force magnitude on driven
wheel is larger when the tractor moves on country
road, than in case of agricultural land. Increase of
amplitude follows the increase of tractor's speed
(figure 14).

The variation of vertical force magnitude on driving
wheel is much larger when the tractor moves on
country road, than in case of moving on farm land
(figure 15). The driving wheel force magnitude variation
depending on tractor speed is very low.

INMATEH — Agricubtusal Engineering

masa este mai mare pentru deplasarea pe terenul
agricol pentru viteze mai mici de 15 km/h dupa care
amplitudinea unghiului de rotatie este aproximativ
aceeasi pe cele doua terenuri (figura 11).

5. Oscilatia rotii conduse se face cu amplitudini mai mari
in cazul deplasarii pe drumul de tara decét in cazul
deplasarii pe terenul agricol indiferent de viteza de
deplasare (figura 12).

6. Amplitudinea oscilatiilor rotilor motoare este mai mare
la deplasarea pe terenul agricol decat in cazul
deplasarii pe drumul de tara (figura 13), tendinta
contrara rotii conduse.

7. Variatia amplitudinii fortei la roata condusa este mai
mare la deplasarea pe drumul de tard decét la
deplasarea pe terenul agricol. Cresterea amplitudinii
se face cu cresterea vitezei de deplasare a tractorului
(figura 14).

8. Variatia amplitudinii fortei verticale la roata motoare
este mult mai mare pentru deplasarea tractorului pe
drumul de tara decét pe terenul agricol (figura 15).
Variatiile amplitudinii fortei la roata motoare n functie
de viteza de deplasare este foarte mica.
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Fig. 10 — Oscillation amplitude variation of the tractor’s center of mass, when moving on both types of land /
Variafia amplitudinii oscilafiei centrului de masé al tractorului la deplasarea pe cele doud terenuri
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Fig.11 — Amplitude variation of the tractor angle of rotation around its center of mass, when moving on both types of road /
Variafia amplitudinii unghiului de rotatie a tractorului in jurul centrului de maséa pentru cele doud terenuri
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Fig.12 — Variation of the driven wheel oscillation amplitude when tractor moves on both types of road /
Variafia amplitudinii oscilafiei rofii conduse la deplasarea tractorului pe cele doud terenuri
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Qscilatia rotii conduse/Driven wheel oscillation
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Fig.13 — Variation of driving wheel oscillation amplitude when tractor moves on both types of road /
Variafia amplitudinii oscilafiei rofii motoare la deplasarea tractorului pe cele doud terenuri
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Fig. 14 — The magnitude variation of vertical force on driven wheel, when tractor moves on both types of roads /
Variafia amplitudinii forfei verticale la roata condusé la deplasarea pe cele doud terenuri
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Fig.15 — The magnitude variation of vertical force on driving wheel, when tractor moves on both types of roads /
Variafia amplitudinii forfei verticale la roata motoare la deplasarea pe cele doud terenuri
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