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Complex Evaluation of the Tractor-Transport Unit Off-road
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Unlike other types of vehicles, tractor-transport units used in sloping farming have to work in extreme
conditions, such as: steep slopes, long ascents and descents, off-road, road surface and various moisture and
other obstacles. Due to the distribution of weight on the front and rear axles longitudinally, and on the upper
and lower wheels of the slope in transverse directions, during which their rotation at equal speed is violated,
drag increases and, accordingly, fuel consumption is increased as well. As we can see, there are a lot of
problems in the conditions of sloping farming, and this directly concerns Georgia, as a typical representative
of this direction. The leitmotif of the article is the influence of complex factors on the off-road of the tractor-
transport unit when working in extreme conditions, and the theoretical bases for determining its profile,
maneuverability and other types of off-road are presented.

Key words: traction-grip off-road; dragging, fuel expenses; trench.

At this time, it is insufficient to evaluate vehicles from a dynamic and economic point of view only
with one classic question of the roadworthiness of the vehicle. The forms and dimensions of the
resistances that cause the loss of cross-country ability are different, but they can be summarized in
combination with M.G. Becker's methods: step, trench, colored, bulk and others. According to Fig.

1, the wheel equilibrium condition for point O has the following form:
szPg%h (1)
Where P, P;_is, respectively, a vertical load and a horizontal (driving) force acting on the wheel.
r — Dynamic radius of wheel;

h _ resistance height;
a_ Deviation of the resistance from the geometric axis.

In turn, the driving force Py is calculated according to the operating torque Muh:

Ph =Mun It (2)
It can also be seen from the figure that
tga =P/ Py 3)
And
h=r(l-sinx) 4

The resistance to be overcome by the transport units will take the form with the help of formulas
(2) and (4).: [1]
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It is natural that the height of the resistance (let's say the crest) “h” must meet certain conditions.
For the smooth operation of the unit, an undefined amount of Ph will be required, which in turn
depends on the power of the engine and the weight of the wheels gripping the ground on the force

Gn, which are expressed by the clutch coefficient. @ = P, /G, . Based on practical considerations,

profiled off-roading is the best condition “h” = (0.35....0.65)r. [2]

A complete analysis of traction off-road requires a deeper look into the nature of the wheel contact
surface in off-road and high-moisture conditions, which significantly increases the rolling
resistance of the wheels, that is, to evaluate the soil tension under the leading and trailing wheels,
because there is a significant difference between them in the action of horizontal tension
(shoulders, pressure force) during the action, this force acts in the direction opposite to the
movement in the leading wheels, and vice versa in the following wheels. It is the development of
this force that leads to the hardening of the wheel traces, soil displacement and increased depth of
the traces, which ultimately increases the wedge in front of the wheels and causes a bulldozing
effect. The bulldozer effect is especially noteworthy as one of the off-road characteristics when
driving on high-moisture and clayey soils, which also have high swelling properties.

View A

-

L| ViewB

Fig. 1. The main parameters of the tractor-transport aggregate off-road.
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Fig. 2. Indicators of maneuvering of a simple tractor-transport unit

Support-grip off-road is also closely related to the strength of tires (as a material), on which the
pressure of the engine on the ground depends. The lower the bearing capacity of the soil, the lower
the concrete strength should be. Here, it is of great importance that the strength of the material is
greater than the bearing properties of the soil or vice versa, because the occurrence of deep
nutrition leads to the deterioration of the vehicle's handling. If the tread strength is lower than the
ground strength, then the tire is compressed too much, which increases the area of contact contact
surface and reduces the off-road due to the imbalance of grip force and rolling resistance.

The diversity and complexity of road conditions, as well as the high demands placed on vehicles,
have led to a wide variety of pneumatic tires.

The main or classification parameter for determining tire pressure-grip is the ratio of the height H
and width B of the tire profile. According to this sign, we have toroidal (H/B=0.9...1.0), wide-
profile (H/B=0.65...0.85) and arched (H/B=0.1...0.4); One of the main characteristics of off-road
traction is also the pattern of the tire protector, the classification sign of which is the saturation
coefficient of the pattern. According to this, we have road (£ =0.6-0.8), universal (& =0.5...0.7) and

all-terrain (&£ =0.5...0.6) tires.

In the operation of two- and multi-axle tractor-transport aggregates, in addition to profile off-
roading, off-roading occurs in narrow lanes and curves: for example: on agricultural beds before
harvesting, for picking up cargo at quarries, delivering cargo to carts, construction sites and
elsewhere. In such cases, the cross-country ability of the transport unit in the horizontal plane is
determined by the difference between the inner (R;) and outer (Ro) turning radii (see Fig. 2); That
is, during the movement of the unit, the width of the turning lane should be selected so that the unit
does not touch a foreign body.

A =Ro-Ri=R-4/R?, — L%, +B. (6)

Where B is the track width of the rolling stock (trace width).

It is known that A often depends on the surface condition of the road, the number of aggregate
trailers, the base of the trailer (distance between the bridges), the specific weight of the cargo
(when transporting low specific weight cargo, their overall dimensions increase) and other factors.
It is also known that the chaotic variation (waviness) of the surface condition (micro-relief) of the



soil (road, off-road) has a probabilistic character, and it can rarely, but still, have a harmonic
character of the micro-relief. However, in all cases, the evaluation of the transport unit's cross-
country ability becomes even more difficult. The impact of this event on the performance of
transport units can be evaluated by the probabilistic method of random variables (function), for
which it is necessary to record a large amount of microrelief material with mechanical
profilographs. Based on this, they analyze the accelerations and speeds of oscillations, both in the
horizontal and vertical planes. It is known from the relevant literature [3] that if such a function has
an ergodic and stationary character, then its analysis becomes simple. Accordingly, the microrelief
formula for describing unit and periodic inequality has the following forms.:

q=qosint; o<t<2rxlv

g=qosinv t; 0<t<ow
Where v =2/,

Here qo,lo — respectively, height and length of swing inequality.
In tractor-transport aggregates, as a dynamic system, there are also other oscillations, such as:
angular velocity inequality as a result of changes in external load, oscillations of the system and
control rectilinear movement, because the first and third options of oscillation in tractor-transport
aggregates are insignificant (for example, during plowing with changes in external load or
compared to the oscillations of the wheel bearings). As for the third or control contour of the
swing, here it is necessary to have the increased reserve power needed to overcome the turning
moment created during maneuvering. The latter is closely related to the dynamic coefficient of the
motor, which is the ratio of the moment developed on the hook to the nominal torque of the motor.
Kmot=Mhook / Me
When turning tractor-transport units on slopes, 10-12% more power is consumed than when
moving in a straight line. At this time, there are also dissipative power losses in tires, although data
on such losses in tractors is scarce. For example, in truck K-701, this loss is 2.0...2.7 kW. Car ZIL -
131 _ 1.5 kW. (on unpaved roads _ V=50 km/h when driving) and so on. Separate accounting of
power losses in tires is not accepted and it makes up 10-15% of the rolling resistance of any
moving unit [2].
In tractor-transport aggregates, due to the extreme performance, it is necessary to have backup
traction forces, which is why all interfering factors, such as power loss, transmission irregularities
of any kind, low fuel quality, and others, have a significant impact on the traction-supporting,
maneuvering and oscillating characteristics of the aggregate, according to which the economic
indicators of the transport aggregate decrease. Thus, a complex assessment of the mobility of the
rolling stock should be made with the following dimensions. (See Fig. 1-2).
* With traffic lights: (hy)
* Profile off-road with marginal angles; ( 3, /3,)

 With the coefficient of adhesion of tires to the soil; (@)

* With the amount of specific laying on the soil; (Gn)
 Aggregate turning radius; (Ri+R,)/2
* By redistribution of aggregate mass on bridges; (4x4, 4x2)

* Kinematic length of the unit before turning. (Lk)
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