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Abstract: In this paper are presented and analyzed
the experimental test results for tractor U 650 -
braking system, in INMA Bucharest laboratory. We
determined the torque for the drive wheels of the
tractor (M;), the hydrostatic motor shaft torque (Mwmn)
tangential traction forces (Fm) and braking carriage
thrust (Fy).
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INTRODUCTION

There are a number of technological works executed by
aggregates of mechanization at very small speeds-less than
1 km/h, for example, machines designed to load the sugar
beet, dig ditches (trenches), machines for planting seedlings,
machines for digging the soil in greenhouses, etc.

Typically, the running speed of these machines is
included in the range 15 ... 300 m/h [9], range of speed
that cannot be provided by agricultural tractors with
mechanical transmission.

Agricultural tractors equipped with mechanical
transmission design (steps) are not appropriate for very
low speeds (slow), because they cannot achieve speed of
displacement constant and stable at low rotative speed
functioning of internal combustion engines [6, 8, 9, 10].

A solution to this problem could be to use a
hydrostatic transmission as further transmission.

Among tractor constructions that can be used for this
purpose are wheeled tractors that, by mechanical
transmission allow mechanical synchronous PTO performing
( at which PTO shaft speed is proportional to the speed of
movement of the tractor) [4, 10].

MATERIALS AND METHOD

650 M tractor was submitted to experimental test,
being equipped with  supplementary hydrostatic
transmission to obtain low travel speed. Additional
hydrostatic transmission used is formed of tractor
hydraulic pump and a low-speed hydrostatic engine,
coupled to the additional shaft of the gearbox side of the
tractor by cardan drive and an extra gear, placed on a side
of gearbox. [2, 3, 7] (fig.1).

4
Fig. 1 — Setting the hydrostatic engine and extra gear on the tractor /

-

Rezumat: In lucare sunt prezentate si analizate rezultatele
incercdrilor experimentale realizate de sistemul tractor U
650 - car de franare, in laboratorul INMA Bucuresti. S-au
determinat momentele de torsiune la rofile motoare ale
tractorului (M;), momentul de torsiune la arborele motorului
hidrostatic (Mwn), forfele tangentiale de tractiune (Fm) si
forfa de tracfiune la carul de franare (Fy).

Cuvinte cheie: performanfe de tracfiune, tractor, transmisie
hidrostaticd, car de franare

INTRODUCERE

Exista o serie de lucrari tehnologice executate de
agregatele de mecanizare la viteze deosebit de mici -
mai mici de 1 km/h, de exemplu, masini de incarcat sfecla de
zahar, masini de sapat santuri (trangee), masini pentru
plantat rasaduri, masini pentru sapat solul in sere, etc.

in mod obisnuit viteza de deplasare a acestor utilaje
este cuprinsa n intervalul 15...300 m/h [9], domeniu de
viteze care nu poate fi asigurat de tractoarele agricole cu
transmisii mecanice obisnuite.

Tractoarele agricole echipate prin constructie cu
transmisii mecanice (in trepte) nu sunt adecvate realizarii
vitezelor foarte reduse (lente), deoarece nu pot realiza
viteze de deplasare constante si stabile la turatii reduse de
functionare a motoarelor cu ardere interna [6, 8, 9, 10].

O solutie la aceasta problema ar putea fi utilizarea
unei transmisii hidrostatice ca transmisie suplimentara.

Dintre constructiile de tractoare ce pot fi folosite in
acest scop sunt si tractoarele pe roti care prin transmisia
mecanica permit realizearea prizei de putere sincrone (la
care turatia arborelui prizei este proportionala cu viteza de
deplasare a tractorului) [4, 10].

MATERIALE S| METODA

Obiectul supus Tncercarii experimentale I-a constituit
tractorul U 650 M, echipat cu transmisia hidrostatica
suplimentara pentru obtinerea vitezelor reduse de
deplasare. Transmisia hidrostatica suplimentara utilizata
este formata din pompa instalatiei hidraulice a tractorului
si un motor hidrostatic cu turatie redusa, care s-a cuplat la
arborele secundar al cutiei de viteze a tractorului prin
intermediul unei transmisii cardanice si a unui reductor
suplimentar, plasat lateral cutiei de viteze [2, 3, 7] (fig.1).

Amplasarea pe tractor a motorului hidrostatic si a reductorului suplimentar
1 - hydrostatic motor / motor hidrostatic; 2 - extra gear / reductor suplimentar; 3 - tractor gear box / - cutia de viteze a tractorului; 4 - universal transmission /
transmisie cardanicd; 5 - collector for torque transducer mounted on the drive shaft / colectorul pentru traductorul de cuplu montat pe arborele cardanic
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Experimental determinations of the traction and energy
parameters of the experimental model of the tractor U 650
M were performed by loading the tractor with the traction
bar (hook), made with a braking carriage on a concrete

Determinarile experimentale referitoare la parametrii
de tractiune si energetici ai modelului experimental al
tractorului U 650 M s-au efectuat prin incarcarea tractorului
cu forta de tractiune la bara (céarlig), realizata cu ajutorul

road (fig. 2). unui car de franare pe o pista de beton (fig. 2)
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Fig. 2 - Scheme of tractor-braking carriage system used in tensile tests on concrete runway /
Schema sistemului tractor-car de franare utilizat la Tncercdrile de tractiune pe pista de beton:

1 - tractor / tractor;, 2 — braking carriage with hydrostatic brake / car de franare cu frana hidrostatica, 3 - Force transducer for measuring
traction / traductor pentru mésurarea fortei de tractiune; Fn, -tangential force of traction wheels / F, - forfa tangenfiala de tractiune la rofile
motoare; F, — tractor thrust (equal to braking force of the braking carriage, Ffc) / F, - forfa de tracfiune a tractorului (egalé cu forfa de
franare a carului de frénare, Fr); Ry - rolling resistance of tractor / Ry - rezistenfa la rulare a tractorului; Z, and Z, - axle load tractor (front
and rear) / Z, §i Z, - sarcinile pe puntile tractorului (fatg si spate)

Parameters of tractor and braking carriage
a) Basic parameters of the tractor used
For achieving the tests was used U650M tractor
with two-wheel drive (rear axle drive). By adjustments
and modifications it was equipped with an additional
hydrostatic drive getting slow speed [3, 6, 10].
The traction and operation performances (obtained by
tractor normal transmission) [8], are data summarized in table 1.
b) Parameters of braking carriage
Performances of braking carriage used in the test are:
- continuous adjustment of braking force, manually
controlled by changing hydraulic resistance -
section(throttle);

- braking force measurement using a drawbar equipped -
with strain gauge, interposed between tractor and

Parametrii tractorului si carului de franare
a) Parametrii de baza ai tractorului utilizat
Pentru executarea incercarilor s-a folosit tractorul U 650 M cu
doua roti motoare (puntea din spate motoare). Prin adaptari i
modificari a fost echipat cu o transmisie hidrostatica suplimentara
pentru obtinerea vitezelor lente de deplasare [3, 6, 10].
Performantele de tractiune si exploatare (obtinute cu
transmisia obignuita a tractorului) [8], sunt date sintetizat Tn
tabelul 1.
b) Parametrii carului de franare utilizat
Performantele carului de franare utilizat la incercari sunt:
reglarea continud a fortei de franare, cu comanda manuala,
prin modificarea sectiunii rezistentei hidraulice (droselului);
masurarea fortei de frnare cu ajutorul unei bare de
tractiune echipaté cu traductor tensometric, intercalata

carriage;

measuring system with automatic data acquisition; -
The maximum braking force performed on the track -

made of concrete (dry): 20000 N;

m/s).

measurement accuracy of braking force: 1%
maximum speed of braking carriage 36 km/h (10 -

Tntre tractor si carul de franare;

(uscata): 20000 N;
- precizia de masurare a fortei de franare: 1 %;

km/h (10 m/s).

sistem de masurare cu achizitie automata a datelor;
forta maxima de franare realizatd pe pistd de beton

viteza max. de deplasare a carului de franare: 36

Table 1/ Tabelul 1

Working Indices at maximum tensile strength /
Type of the field / Gear/ Indici de lucru la puterea de tracfiune maxima
Felul terenului Treapta de Viteza Thrust/ Slip/ Work speed /
Forta de tracfiune [N] Patinarea [%)] Viteza de lucru [km/h]

IR 21000 24 3

Compacted soil / IR 19000 21 5
Sol tasat IR 14750 12 73173

IVR 11600 6 10

IR 15000 21 3

Loosen soil / IR 15000 21 5

Sol aféanat IR 13000 14 7
IV R 9500 8 9.8/9,8

RESULTS REZULTATE

Valorile parametrilor au fost masurate direct sau
inregistrate sub forma de diagrame de variatie, care s-au
constituit in date primare ale experimentarilor [1, 5].

in graficele urmatoare sunt date, pentru exemplificare,
nregistrari obtinute pentru variatia in timp a urmatorilor parametri
masurafi direct: momentul la roata motoare stanga M (fig. 3),
respectiv dreapta My (fig. 4), momentul la arborele motorului
hidrostatic Mwn (fig. 5), forta de tractiune la puntea din spate
(motoare) Fr, (fig. 6) si forta de tractiune la carul de franare F;
(fig. 7).
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The values were directly measured or recorded as
variation diagrams, which have constituted the primary
data of experiments [1,5].

The following graphs show, for example, records
obtained for the time variation of the following directly
measured parameters: torque, M;s at the left drive wheel
(figure 3) respectively My for right drive wheel (figure4), w
the hydrostatic motor shaft torqueMwn (figure 5) thrust to
the rear axle (drive) Fn, (figure 6) and thrust F; to braking
carriage (fig. 7).
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Figure 8 presents the variations of the tangential
force of the tractor wheels at different flows of hydrostatic
engine, the flow adjustment being made by variable
speed of hydraulic pump, including tractor engine speed .
The stabilizing process of average values has registered
during of approx. 2...4 sec.

Average steady measured parameters were performed
after 5 ... 6 seconds after leaving the place of the tractor
under load (with traction). The average values of the
parameters were determined by existing processing
algorithm of acquisition system and data processing DAP
type MICROSTAR LABORATORIES 1200.
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Fig. 3 - Torque variation depending on the time at the right wheel /
Variafia Tn funcfie de timp a momentului de torsiune la roata din dreapta
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Fig. 5 - The variation of motor hydrostatic shaft torque depending on time /
Variafia momentului de torsiune la arborele motorului hidrostatic funcfie de timp

tsl

Fig. 7 - Variation of traction force at the braking carriage depending on
time / Variafia forfei de tracfiune la carul de franare in funcfie de timp
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in figura 8 sunt prezentate variatiile fortei tangentiale a
rotilor motoare ale tractorului in timp, la diferite debite ale
motorului hidrostatic, reglarea debitului facandu-se prin
variatia turatiei pompei hidraulice, implicit turatia motorul
tractorului. Procesul stabilizat al valorilor medii s-a
Tnregistrat pe o durata de cca. 2...4 sec.

Valorile medii ale parametrilor masurati in regimul
stabilizat s-au realizat dupa 5...6 sec de la plecarea de pe
loc a tractorului in sarcind (cu fortd de tractiune). Valorile
medii ale parametrilor au fost determinate prin algoritmul de
prelucrare existent al sistemului de achizitie si prelucrare a
datelor, tip DAP 1200 MICROSTAR LABORATORIES.
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Fig. 4 - Torque variation depending on the time at the left wheel /
Variafia in funcfie de timp a momentului de torsiune la roata din stanga
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Fig. 6 - Variation of tangential traction force at the wheels depending on time /
Variafia forfei tangentiale de tracfiune la rofile motoare funcfie de timp
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Fig. 8 - Changes in the tensile shear forces to the drive axle depending on time

at different speeds of the hydraulic pump / Variafia forfelor tangenfiale de

tracfiune la puntea motoare funcfie de timp, la diferite turafii ale pompei hidraulice
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CONCLUSIONS

Changes in torque at the driven wheels are
approximately the same in the two-wheel -carriage,
reaching a maximum of 2000 Nm and 2300 Nm wheel left
or right side of the tractor.

Hydrostatic shaft torque of the motor has the same
allure as that of wheels, reaching the maximum of 150 Nm
at the end of the sample.

Tangential traction force increases sharply at the
beginning of the sample up to the value of 20,000 N, then
decreases gradually and is stabilized around 9000 N.

Thrust produced by braking the braking carriage,
increases steadily from the beginning of the sample and
is stabilized around 19,000 N at the end of the sample,
comparable in strength to that obtained in the Il R on
compacted soil.
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CONCLUZzII

Variatia momentului de torsiune la rotile motoare are
aproximativ aceeasi alura la cele doua roti, atingdnd un
maxim de 2000 Nm si 2300 Nm la roata din stanga,
respectiv roata din dreapta a tractorului.

Momentul de torsiune al arborelui motorului hidrostatic
are aceeagi alurd ca cel al rotilor motoare, atingand
maximul de 150 Nm la sfarsitul probei.

Forta tangentiala de tractiune creste brusc la inceputul
probei la valoarea de 20000 N, scazénd apoi treptat si
stabilizadndu-se n jurul valorii de 9000 N.

Forta de tractiune, obtinuta prin franarea carului de
franare, creste constant de la inceputul probei si se
stabilizeaza n jurul valorii de 19000 N la sfarsitul probei,
comparabild cu forta de tratiune obtinuta Tn treapta Il R pe
sol tasat.
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