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The relevance of the study is due to the fact that in the conditions of developing a 
market economy, the problems of traffic safety and labor protection become ones of the most 
acute social problems. This is due to injuries and occupational diseases, leading in some 
cases to a fatal termination. Moreover, more than half of the enterprises of the agro-industrial 
complex belong to the class of maximum occupational risk. In this context, this article aimed 
to analyze the real threat connected with accidents leading to loss of life, increase in the 
number of occupational diseases, industrial accidents caused by a high degree of tear and 
wear of fixed assets, which are about 43%, while machinery and equipment account for  
60%. The materials of this work imply the practical significance for the university teachers 
of the engineering specializations.
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INTRODUCTION
Cars and mobile units are the main source of severe and fatal injuries in 

the enterprises of the agro-industrial complex. Crawler tractors are also quite a 
dangerous object in the course of their movement, and if during the field operation 
the movement of the tractor itself is relatively safe, then movement to the place of 
work on intra-farm roads is highly dangerous, as the speed of the crawler tractor is 
much lower than the speed other participants in the traffic, which creates a chance 
for collision, as a static obstacle, a large amount of dust, making it difficult to 
identify the tractor, determine a safe distance before him, the absence, malfunction 
or not visibility of the rear lights, which at night on rural roads makes it almost 
invisible (Movchan & Yakovleva 2014, Kryvonos et al. 2017). Moreover, when 
performing operations on slopes, there is a likelihood of overturning, which may 
lead to serious injury to operator a or even death.

Therefore, a particularly difficult situation has developed in the agro-
industrial complex, where the volume of capital investments is reduced compared 
to other sectors of the national economy. The economic mechanism that encourages 
the employer to take effective measures to ensure healthy and safe work conditions 
has not been developed, although human health and life have the highest priority 
among universal human values and ensuring production safety is one of the main 
security problems of the country.

In the structure of the science of the tractor (Figure 1) great importance is 
associated with stability and controllability of the tractor.

In
te

ra
ct

io
n 

of
 v

eh
ic

le
s a

nd
 

so
il

Tr
ac

tio
n 

an
d 

en
er

gy
 b

al
an

ce
 

St
ab

ili
ty

C
on

tro
lla

bi
lit

y

So
ft

ne
ss

 o
f m

ov
em

en
t

C
on

st
ru

ct
io

n 
of

 a
gg

re
ga

te
s 

an
d 

sy
st

em
s

C
al

cu
la

tio
n 

fo
r a

gg
re

ga
te

s 
an

d 
sy

st
em

s

Ec
ol

og
y 

an
d 

er
go

no
m

ic
s

D
es

ig
n

Th
eo

ry
 o

f t
ec

hn
ic

al
 o

pe
ra

tio
n 

Th
eo

ry
 o

f t
ec

hn
ol

og
ic

al
 

op
er

at
io

n

Theory of tractor Theory of tractor construction Theory of operation

Tractor science
Figure 1. Structure of the tractor science.

It should also be noted that the equipment and maintenance of on-farm roads, 
on which crawler tractors are planned to move, is one of the most important tasks 
of the management of an agricultural enterprise in terms of ensuring the safety of 
crawler tractors movement to their workplaces (Mussabayev et al. 2018, Iskovych-
Lototsky et al. 2019, Diagilev et al. 2019, Amirgaliyev et al. 2015, Skvortsov et al. 
2018). In ideal conditions, the crawler tractor should be delivered to the work site on 
trailers, but unfortunately, the acquisition of this type of tractor, and its operation 
requires a large financial input, therefore it is impractical because the trailer can be 
used only for one specific situation.
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MATERIALS AND METHODS
As noted above, of great importance for the safety of a crawler tractor is 

stability, which is divided into statistical, longitudinal and lateral stability from 
overturning.

The longitudinal stability of a crawler tractor is formed by the position of the 
center of pressure relative to the track chain. For a tractor, the critical angle will 
correspond to the position when the center of pressure Dr (Figure 2a ) will shift to 
the rear edge of the track support surface. on a slope, the critical state of stability 
will come at that point in time when the center of pressure is located on the leading 
edge of the track support surface (Figure 2b) (Sanzhapov 2011, Tarkivskiy 2011).

(a) (b)
Figure 2. The scheme of forces acting on a crawler tractor: (a) standing on a critical 

ascent; (b) standing on a critical descent.

The balance equation of moments relative to the center of pressure of the 
tractor, respectively, on an ascent and slope can be written as follows:

   (1)

   (2)

Then,
     (3)

     (4)

As it can be seen from the expressions, the critical static angle of the 
longitudinal stability of a crawler tractor on a descent is less than on an ascent. This 
is because the layout of crawler tractors is performed in such a way that its center of 
gravity is shifted from the center of pressure forward by .



4

Lipkovich et al. 2019

Asia Life Sciences Supplement 19(1) 2019

When the angle of ascent or descent is over  and a  the tractor will turn relative 
to the outer edge of the track at against the front or rear oblique branch and guiding 
or driving wheels against the ground.

Marginal angles  and a  longitudinal stability of tractors with a two-support 
balancing suspension is set in the position when the center of pressure moves to 
the middle of the carriage. It is understood that the rollover of such a tractor occurs 
around the axis of the balance bar .Thus, in the expression for determining the 
limiting angle of inclination instead of  we can set up  – longitudinal base of balance 
carriages.

Semi-rigid tractors are more resistant  (at  than tractors with balanced 
suspension  (Lapshin 2012, Gorshkov 2014). Figure 3 shows schemes for determining 
the stability of a crawler tractor.

Figure 3. Schemes for determining the stability of crawler tractor: (a) tractor with a 
semi-rigid suspension; (b) tractor with balanced suspension.

The critical ascent angle a1CT (Figure 3a) is characterized by the fact that the 
vertical plane drawn through the center of gravity of the tractor passes through the 
rear edge of the track support (Skrypnikov et al. 2013).

Wherein:

For tractors with a balanced suspension (Figure 3b), the vertical plane drawn 
through the center of gravity must pass through the axle of suspension. Then,

                                    
The tipping of this tractor with a larger angle of ascent occurs under the 

action of the tractor’s gravity moment relative to the rear axle of the suspension. 
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Correspondingly,  we can find the critical descent angles (Lapshin 2012, Skrypnikov 
et al. 2013):

For tractor without balancing suspension:

For tractor with balancing suspension:

The critical angle of the cross descent on which the tractor can stand (Figure 
4) can be determined from the equation:

Figure 4. Scheme of calculation of the critical angle of the transverse roll.

For reliable calculation, when the tractor stands on soft soil, b = 0 is assumed. 
In case of an asymmetrical distribution of the tractor weight relative to the vertical 
plane passing through the longitudinal axis of the tractor, it is necessary to determine 
the third coordinate of the center of gravity e indicating the location of the center of 
gravity to the right or left of the longitudinal axis along the tractor. The deformation 
of the springs allows a somewhat lower center of gravity, which leads to an increase 
in the angles of static stability of tractor. 

Attaching any tools to the tractor is changing the angle of static stability. 
Therefore, in the equation instead of the coordinates of the center of gravity of 
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the tractor should have coordinates of the center of gravity of the tractor with a 
mounted tool in the transport position.

RESULTS
The studies were conducted by the North Caucasian State Zonal Machine 

Testing Station on crawler tractors Agromash-90TG 1040A, Agromash-90TG 
2040A, VT-4S150D, Agromash-150TG 1040A with a rubber track (GOST R 52778–
2007… 2008; Test Report No. 11-43-13 (5010071)… 2013; Test Report No. 11-31-13 
(2010041)… 2013; Test Report No. 11-55-09 (1010011)… 2013)  (Figure 5).

  (a)

  (b)

 
(c) (d) 

Figure 5. Russian crawler tractors. (a) Agromash 90TG 1040A;(b) Agromash 90TG 
2040A; (c) VT-4S150D, and (d) Agromash-150TG 1040A with rubber track. 
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The critical angles of static stability of some Russian and foreign crawler 
tractors are given in Tables 1 and 2 (GOST R 52778–2007… 2008, Kelley & 
Schmider 2009, Emory & Trist 2011, Campbell 2013, Coertmann 2012).

Table 1. Critical angles of static stability of Russian crawler tractors.
Name of tractor on ascent on descent Transverse

Agromash 90TG 1040A 35° 36ʹ 37° 47ʹ 39° 27ʹ
Agromash 90TG 2040A 45° 45° 42°

VT-4S150D 45° 36ʹ 59° 45ʹ 36° 12ʹ

Table 2. Critical angles of static stability of foreign crawler tractors in deg.
Name of tractor Type of tractor on ascent on descent Transverse
Rensems Mg-5 general purpose 51° 24° 40°

Bristol 22 general purpose 44° 44° 45°

Tables 1 and 2 show that for foreign tractors the ratio normally is
 which is most important for vineyard tractors (Test Report No 

11-31-13 (2010041)… 2013; Kelley & Schmider 2009). Stability of tractors of class 3t 
is close to normal, for high-speed tractors (Movchan & 
Yakovleva 2014).  Calculation of the possibility of tractor slipping in the transverse 
direction while sliding on the soil surface is determined from the ratio of lateral 
forces .

Minding that:

we get:

For the necessary calculations, we can use the following data (Table 3).

Table 3. Possibility of sliding of tractor in the transverse direction when sliding on 
the surface.

Road (soil)
Marsh 0.3

Dry sand 0.4
Wet sand 0.5

Freshly plowed field 0.6
Rammed snow road 0.6

Plowed ground 0.7
Wet stubble 0.9

Dry ground road 0.9-1.1

Longitudinal stability of tractor with attached equipment. The condition for the 
longitudinal stability of a crawler tractor with attached equipment on ascent is 
determined by considering the external forces and moments acting on the tractor. 
Let’s make the equation of moments of forces relative to point O and determine 
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the coordinate of the point of application of the reaction Y – the center of pressure 
(Figure 6) (Kryvonos et al. 2017).

Figure 6. Scheme of forces acting on the tractor from the tool in overcoming ascent.

where:
g – weight of tractor with components;
Pj – force of inertia of progressively moving masses in case of unsteady motion;
Pkp – traction force on the hook with the component  
Xn – the component of the drag of the tracks;
Y – component of normal soil reactions to tracks;
Mj sum – the total moment of the tangential inertia forces of the rotating parts of 

                     the chassis, connected to the drive wheel;
Pk – tangential traction force.

The longitudinal stability of tractor is ensured if the center of pressure is 
located within the contour of the support surface, i.e.

To ensure the longitudinal stability of the tractor with a balancing suspension 
system of the frame, it is necessary that the center of pressure be located between 
the rear and front axle of the suspension

Therefore, the pressure center coordinate is a criterion for the longitudinal 
stability of crawler tractors.
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If we neglect the force of inertia and moment  and accept  then from the sum 
of the moments of forces relative to the point O1 at we get the value of the nominal 
thrust at first gear (Mussabayev et al. 2018, Iskovych-Lototsky et al. 2019):

Using this dependence, we can build a characteristic of longitudinal stability 
and determine the critical angle of ascent. At the critical ascent, the tractor’s 
gravity moment relative to the rear pare is zero. graphic and analytical methods 
for verifying the longitudinal stability of a tractor with an attached equipment are 
similar to the methods described earlier.

The possibility of loss of stability when working with a cultivator (Figure 7) 
is verified under the condition of uniform movement of the unit on the ascent with 
infinitely small rolling resistance values of the tracks (Kryvonos et al. 2017).

Figure 7. Scheme of tractor with attachment in the working position and a plot of 
pressure.

The coordinate of center of pressure is:

where:
Rx, Ry – resulting ground reactions;
ho – depth of reactions.

Let’s express the reaction  as a function: 

After constructing the characteristic of the longitudinal stability of the unit, 
we can determine the critical angle of ascent  Coordinate of pressure center Xd 
characterizes not only the longitudinal stability of tracked tractors, but also the 
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distribution of vertical pressures on the ground under the tracks. Coordinate Xd can 
be determined analytically using equations (12), (16) or from the load distribution 
diagram along the length of the supporting surface of track, as the coordinate of the 
center of gravity of the pressure diagram (the center of gravity of the trapezoid in 
Figure 7.

Experimentally, the center of pressure is determined by setting the tractor in 
equilibrium position on platform 1 (Figure 8), swinging freely on prism 2. The same 
setup is used to determine the displacement of the center of pressure  of tractor 
under the influence of the weight of the equipment.

Figure 8. Scheme for determining the pressure center ratio and the pressure center 
displacement ratio: 1 – platform; 2 – prism.

As a parameter characterizing the effect of the mounted machine on the 
dynamics of the tractor aggregate, including the stability of its movement, the 
coefficient of displacement of the center of pressure was adopted . This coefficient 
is the ratio of the longitudinal displacement of the center of pressure of the tractor 
relative to the center of its the bearing surface, which occurs under the influence 
of forces acting on the tractor, to the length of the bearing surface of the tracks, i.e. 
(Movchan & Yakovleva 2014, Kryvonos et al. 2017):

The center of gravity of the tractor is usually located in front of the middle 
of the support surfaces of the tracks, which reduces the amount of displacement of 
the center of pressure when the tractor operates with a load on the hook and when 
moving up. It is usually taken 

From the equation of moments relative to the center of pressure D, we get:

From where:

Substituting this expression into equation (18) we can define:
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In this form, the coefficient is proposed as a criterion for assessing the 
acceptability of mounted machines on a crawler tractor.

The maximum value of the pressure ratio adopted in the theory of tractors is 
equal to , due to the fact that with a larger value  the theoretical plot of pressures on 
the ground turns from a trapezoid into a triangle and part of the supporting surface 
ceases to participate in the transfer of pressures on the ground. Inequality (21) can 
be observed for powerful tractors working with mounted plows, only if they have 
supporting wheels (Table 4).

Table 4. Values of the permissible longitudinal roll for crawler tractors.

Name
of tractor

Name
of equipment

Roll in degrees (°)

on the ascent on descent
Agromash 90Tg 

1040A
LPN plow (4 + 1) x 35 without 

fifth body 12-14 12-14

Agromash 90Tg 
2040A Cultivator KSoP-6 14 14

DISCUSSION
Lateral stability of tractor. The work of tractor in the transverse direction of the 
slope is more dangerous than the work along the slope due to the greater possibility 
of buckling (Diagilev et al. 2019). The main factors contributing to the loss of 
stability include: the redistribution of forces acting on the tractor, deviation of 
the tractor from the original direction of motion, a smaller angle compared with . 
Also, as in the case of a wheeled tractor, in connection with the appearance of the 
component force of the weight G sin β (Figure 9), the stability margin decreases, 
and the lateral stability criterion is YB reaction. If the track surface is absolutely 
rigid, then the condition of lateral stability of the stationary tractor relative to the 
outer edges of the track bearing surface is as follows (Iskovych-Lototsky et al. 2019, 
Diagilev et al. 2019):

where:  Mjm – moment created by the engine.

When calculating stability of tractor with a mounted equipment in the transport 
position, the parameters of the unit should be substituted into inequality (22). Loss 
of stability in direction of movement in the form of a lead down the slope occurs due 
to the turning moment differences in slipping of tracks, their sliding, deformation of 
the soil, the deflecting torque at off-center linkage.
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Figure 9. Scheme of forces acting on the tractor during its work with the outboard 
implement on the transverse slope: a – rear view; b – top view.

The moment occurs as a result of the inequality of rolling resistance of upper 
and lower tracks and is equal to

where:

After transformations we get:
.

This moment tends to turn the tractor down the slope, but this action depends 
on the design of the tractor. For a tractor where differential tangential thrust forces

 and  are equal (Figure 9), the tractor under the effect of the moment  will 
begin to turn in the direction of descent. In a tractor where side friction of tangential 
thrust forces that are not equal. In this case (with the central trailer), these forces 
create a stabilizing moment equal in magnitude and reverse in direction to moment  
that stabilizes the direction of the tractor. Nonetheless, in this case, withdrawal will 
still have a significant amount (Figure 10). It is explained by the greater slip of the 
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track, located down the slope, due to the greater resistance to movement of this 
track and the movement of the tractor towards the more loaded track (Kryvonos et 
al. 2017).

Figure 10. Dependence of the tractor drift when moving along a slope with a 
steepness of 10°: 1 – without side catchers; 2 – with side catchers.

Drifting will continue as long as the force of adhesion to the ground of the less 
loaded track is greater than the force of resistance to its movement, i.e.  
Otherwise, the tractor will turn in the direction of ascent. Adhesion force is equal 
to:

where:

             
From equation (23) – (27), it follows:

where: K – constant coefficient.

Thus, it was established that on a slope the tendency to spontaneous rotation 
will be the greater, the smaller is the angle of the transverse static stability of the 
tractor (Mussabayev et al. 2018).

This process is performed by friction of the shoe on the ground and the 
engagement of the protruding parts of the shoe. The transverse force G sinβ is 
transmitted to the soil through the side pads of the shoes. These platforms, when 
immersed in the soil at full height, should be enough to balance the shear force.

The condition of static equilibrium can be expressed by the equation:

where: is the angle of friction between track and ground.
Let us assume that at some angle  the tracks will slip. Then,

.
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The reaction can be found from the soil crush equation:

where: 

Equating right parts of equations (31) and (32), we get

The research results show that there is no tractor slipping at the slope angle 
less than 15–16° due to sliding of the moving bodies. The value of the lateral thrust 
surface is determined from the inequality

where: De is equivalent diameter of the boot equal to the ratio of the area of the 
boot to its perimeter.

In deriving equation (34), two assumptions were made: the pressure over 
bearing surface of the caterpillar is evenly distributed; The tension of tracks does 
not have a noticeable effect on the process of immersion of spur into soil.

It was established that:

where: C is coefficient of soil resistance to indentation in the vertical direction.
A tractor with side trailers (Figure 9) deviates less from the original direction 

when moving across a slope, which reduces the number of side clutches by  
30-40% and facilitates the work of the operator. It also contributes to the displacement 
of the point of connection of the trailed equipment in the direction of ascent.

Studying the friction properties of the tractor, which have lateral ground boots, 
we determined the effect of the plow width on the required value of the friction 
coefficient (Figure 11a). Dragging tractor installed across a slope, along the slope 
we can receive dependent coefficient of friction value of various roll angles (Figure 
11b). Depending on destruction of the furrow wall at different distances from the 
tractor to the edge of furrow e’, the dependence of the conditional lateral adhesion 
coefficient was established  from the angle β (Figure 11c ).The latter dependence 
is of interest, provided that the sudden collapse of one of the tracks into the furrow 
can lead to the tractor tipping (Amirgaliyev et al. 2015).

The stability of the direction of movement of tractor, required when working on 
narrow mountain terraces, is disturbed by off-center linkage when the longitudinal 
component of the plow Rx (Figure 8) passes outside the average longitudinal axis 
of the tractor.
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Figure 11. Diagram for finding the required value of the adhesion coefficient:  
a – from the width of the plow; b – from roll angles: α – longitudinal; β – transverse;  

– slope; c – from the angle β and the distance to the wall of the furrow e’ (in cm).

As it can be seen from Figure 11, the correct position of the plow relative to 
the tractor will be:

Force x’ shoulder is closer to the edge and is equal to:

where:  bn is grip width of one plow body.

Tractor stability during turning. The most dangerous from the point of view of 
lateral stability is turning on a transverse slope with a center of rotation in the upper 
part of the slope (axis yy, Figure 9)(Iskovych-Lototsky et al. 2019).

In this case, the inertial force Pjz is summed with the lateral component of weight 
 .Speed tractors have the least resistance with relatively heavy equipment in the 

transport position; speed with mounted cultivator (plow, beet lifter, cultivator, etc.), 
if the rise of equipment coincides with the turning moment; when turning on a steep 
slope with soil that does not provide sufficient grip qualities of the tractor. Suppose, 
tractor’s coupling qualities ensure its rotation without sliding in the transverse plane. 
Then critical roll angle  can be determined graphically by building the lateral 
stability characteristic for the function   or analytically from the condition  
YB = 0 (equation 22), adjusted for Pjz, weight and coordinates of the center of gravity 
of the unit.

A tractor with working arable tool has a higher stability due to the fact that the 
centrifugal force and the resistance force of the tool is always directed in the opposite 
direction (Iskovych-Lototsky et al. 2019). The loss of stability of the tractor at the 
time of raising the unit is associated with the occurrence of the inertial moment M 
of the implement mass and soil (on equipment) relative to the hinge axis and the 
moment of soil resistance to the tool deepening. These moments cause a decrease 
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in the coordinate of the center of pressure xd and further redistribution of reactions 
Yin and Yn. For turning conditions on steep slopes with small values of .  
First of all, it is necessary to check possibility of the tractor sliding down:

.

Tractors adapted to work in the shuttle mode with heavy mounted equipment in 
the front and rear parts, when turning in place at small values of  and  create a large 
gyroscopic moment, which may become the cause of overturning. Consecutively, 
the resistance to turning the tractor in such conditions is a positive factor. The main 
components of the resistance to turning are: slipping resistance of the tracks on 
the ground, the cutting of the ground and scooping the cut layer. The coefficient of 
resistance to rotation μ, which takes into account these resistances, increases with 
decreasing radius of rotation: in experiments of R.R. gave at R = 10 m; μ = 0.4, and 
at R = 5 m; μ = 0.55. It is very important for the operation of tractor on mountain 
slopes due to the small size of sites for turning vehicles and short ramps. Table  
5 illustrates the effect of the slope on turning radius of the arable units.

Table 5. The smallest turning radius of arable units in m.

Name of tractor Number of blocks 
in unit

For horizontal 
terrain For slope of 8-10°

Agromash 90Tg 
1040A 3-5 6-7 6.5-8.0

The danger of losing control arises when the tractor moves on a steep slope at 
the moment of smooth turning off the slewing mechanism coupling without braking 
the driven axle. This may cause the tractor to turn in the direction opposite to the 
desired one, as a result of free movement of the unlocked track carriage. Under 
such conditions, a malfunction of the rotation mechanisms of other structures, such 
as planetary ones, may occur. Table 6 presents main parameters of classes 2 and  
3 tons crawler tractors used in the calculation of stability.

Measures to prevent tipping tracked tractor are reduced to the using technical 
means and organizational measures. Technical means include anti-overturning 
devices. overturning of block, which includes a crawler tractor, is prevented with 
the help of special devices. The device with electric drive (Figure 12) works in the 
following way. When the machine is tilted at an angle greater than the one set to one 
or another direction, the electrical connection of the central shaped electrode 
with one of the lower side ends, so that the voltage is applied to the sound 3 and light 
2 signals, warning driver of a dangerous (in terms of tipping) situation.
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Figure 12. Device to prevent tilting tractor units with electric drive: 1 – position 
sensor; 2 – light signal; 3 – beep; 4 – intermediate relay; 5, 7 – solenoids;  
6, 8 – levers; 9 – switch.

Table 6. The main parameters of crawler tractors of classes 2 and 3 tons used in the 
calculation of stability.

Parameters Agromash 
90TG 1040A

Agromash 
90TG 2040A

Estimated movement speed in km/h:
The first gear
The top gear

 
3.59
7.9

 
-

7.9
Traction in kg:

The first gear
The top gear

 
2850
1000

 
-

812
Furrow in mm. 1435 1575

The length of the support surface of the track in 
mm. 1740 2400

Track surface width in mm. 390 530
Horizontal distance from the axis of the drive 
sprocket to the center of track surface in mm. 1244 1555

Trailer height above the ground in mm. 505 -

Horizontal distance from the trailer point to axis 
of the leading sprocket in mm. 360 -

Recommended maximum weight of mounted 
machine (when loading in the back) in kg on the 
shoulder from axis of leading sprocket in mm 
when stepping-up hanging in kg.

600
2000
2000

-
 
-

2000
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Tractor working weight (taking into account the 
tractor driver’s weight) in kg. 5850 6120

Coordinates of the center of gravity in mm:
horizontal from the axis of the leading sprocket 
horizontal from the axis of symmetry of the 
tractor.

 
 

1305
 
-

 
 

1374
 

32 to the left
Vertical from the ground surface. 660 660

Further tilting of the machine provides electrical connection to the central 
shaped electrode with one of the upper side ends, which leads to the supply of 

voltage to the intermediate relay 4, which is triggered, and the power contact closes. 
An electric current passes through the solenoids 5 and 7 and cores are drawn in; 
while the two shoulder levers 6 and 8 engage clutch and brake pedals, respectively, 
in the direction of deactivation (clutch) and engagement (brakes). As a result, the 
kinetic energy of the aggregate is automatically quenched by braking and it prevents 
the machine from tilting (Figure 13).

Figure 13. Device to prevent tipping tractor units driven by hydraulic systems:  
1– sensor; 2, 3 – switches; 4 – generator; 5 – beep; 6 ... 8 – respectively green, 
yellow, red lamps; 9 – oil tank; 10 – hydraulic pump; 11 – distributor; 12 – 
valve body; 13 – solenoid valve; 14, 17 – hydraulic cylinders; 15, 18 – clutch 
and brake pedals; 16 – safety valve; 19, 23 – bowls; 20, 24 – vibration dampers;  
21 – connecting ring; 22 – central electrode; 25, 26 – side electrodes.

A similar device, but driven by tractor’s hydraulic system, is shown in Figure 
13. It differs from the previous one by that the sensor 1 is made in the form of two 
bowls 19 and 23 (made of non-conducting material) inserted one into another, inter-
connected in the upper part of the ring 21 the lower part of the gap is filled with 
mercury. The side electrodes 25 and 26 of the sensor are made in the form of rings 
at different heights. The sensor with the central electrode 22 has vibration dampers  
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20 and 24, made in the form of cylinders of non-conducting material. Electromagnetic 
valve 13 is activated under the action of current when the sensor is tilted and moves 
the valve in the housing 12 to a position that opens the way for oil from the oil tank 
9, hydraulic pump 10 and valve 11 of hydraulic system of the tractor to hydro-
cylinders. one of the hydraulic cylinders 14 is connected to the clutch pedal 15, the 
other – 17 is connected with the brake pedal 18. Acting on the pedals, the hydraulic 
cylinders stop the tractor.

Similar devices with pneumatic drive are also used. The preventing device is 
designed to prevent the tractor transport unit rolling down in case of engine failure 
when moving uphill.

The general scheme of this device is presented in Figure 14. The operation 
proceeds as follows. At a certain profile 6 of the relief, the -roll sensor 7 bends 
and, when triggered, supplies current to relay 11. When current passes through it, 
two pairs of normally open contacts 10 and 13 are being closed. When the contacts  
13 are closed, the current from the generator 3 through the adjustable resistance  
4 is fed to relay 14. The latter opens the contacts 15 of the actuator 2 and with a large 
current from the generator 3, it closes the contacts of the relay 16.

Figure 14. Roll protector of agricultural tractors: 1, 17 – reversing units; 2 – actuator; 
3 – generator; 4, 12 – adjustable resistance; 5 – informer; 6 – relief profile; 7 – roll 
sensor; 8 – switch; 9 – battery; 10, 13, 15, 24, 25 – contacts; 11, 14, 16 – relay;  
18– communication unit; 19 – roller; 20, 22, 23 – pulleys; 21 – supports;  
26 – holders; 27 – limit switches; 28 – stops; 29 – poles; A, B – electrodes;  
M – engine.

When the motor speed goes down (tractor speed decreases) or the motor fails 
(the tractor stops), the current generated by the generator decreases or becomes 
zero. Then, from the battery 9, the current enters the blocks 1 and 17 of the reversal 
of the high-speed DC motor that controls the roll-prevention stops 28. The latter are 
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automatically extended under the wheels of the tractor, preventing the spontaneous 
rolling (Diagilev et al. 2019, Amirgaliyev et al. 2015). 

The development and implementation of organizational measures are 
important to reduce accidents and overturning of tractors.

The main organizational activities include:
•1. Preparation of territory for work (road network).
•2. Creating maps of the area indicating the areas designated for tractor 

operation, their configuration and size, presence of turning sites and the greatest 
slope steepness.

•3. Drawing the routes of tractors movement to the work site, indicating the 
dangerous areas, important longitudinal slopes, the conditions of the access roads 
to the sites.

•4. Providing trainings for tractor drivers according to a previously developed 
and approved program.

The basic rules, implementation of which should significantly reduce the risk 
of overturning a tractor include the following (Kryvonos et al. 2017):

•only those tractor drivers who have studied the peculiarities of the work of 
this unit in specific conditions, the nature of the terrain and the road are allowed to 
operate tractors;

•to go down the mountain the first or second gear must on and the torque 
enlargers should be turned off;

•when driving on a steep mountain, the steering control must be reversed: 
when it is necessary to turn the tractor to the right, the left control clutch is turned 
off;

•when driving on a long ascent, the aggregation is carried out in such a way 
that the engine works with an underload of about 10-20%, and the tractor moves in 
low gear;

•turning on a slope of more than 8–10° is recommended to do as shown in 
Figure 15.

If the unit is intended to perform a turn, then starting from the point a, and, 
along the entire trajectory, a, b, c, the trailer machine will roll on the tractor.

When driving a tractor on a slope, it is necessary to ensure that the blade does 
not touch the ground. It is prohibited to drive a tractor with bulldozer blade with 
a longitudinal slope of more than 25° and descent with the ground with a slope of 
more than 35°, as well as working on a transverse slope of more than 30°.

For crawler tractors operating in an aggregate with ameliorative machines, is 
permitted with value of the roll angle: when ascending and descending 25°, when 
moving in the transverse direction of the slope – no more than 12°.

When it is necessary to overcome an obstacle only the first gear should be 
used. The height of the obstacles to be overcome should be no more than 450 mm 
on the solid ground. With the inevitable collision on the stump it is necessary to 
go over it in such a way so that it gets in the middle of the truck. At this time, it is 
forbidden to turn, as it leads to the track falling off.

Fallen trees, as well as logs should be traversed at a right angle, and moats 
and ditches at an angle of 15-20°. For preparation of the scheme of movement of
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Figure 15. The scheme of turning of the tractor on the slope.

tractors, it is possible to use a copy of the cadastral passport of the land plot of the 
enterprise. The scheme can be installed on the boards in a prominent place (for 
example, at the entrance and exit from the tractor park).

on the scheme it can be specified:
• directions of movement of tractors;
• symbols of the place of entry and exit from the territory of the tractor 

                    park;
• road signs and their location.

The movement scheme of tractors should be developed by an occupational 
safety specialist together with the head of the tractor park.

on-farm roads for the traffic of tractors should include:
• on a separate roadbed, the roads should be located close to roads and 

on the leeward side;
• on a combined roadbed with dividing lanes for vehicles on tracks with 

irregular (no more than 10 units per day) movement, on approaches to water barriers 
that require bridges, on sections of swamps, when the road is laid over valuable 
agricultural land. For the movement of crawler tractors, it is allowed to use one of 
the fortified sides of the highway, the width of which should be at least 4.5 m.

The width of the lane or a separate road bed for tractors should be set, according 
to Table 7, depending on the width of the machinery.

Table 7. The width of the lane and a separate roadbed for tractors.
Wheel width of self-
propelled trailers, m

Width of the lane,
m

ground road width,
m

2.7 and less 3.5 4.5
2.7 to 3.1 4.0 5.0
3.1 to 3.6 4.5 5.5
3.6 to 5 5.5 6.5
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 Tractor roads should be designed with crescent-shaped cross section of soil 
at zero elevations or in mounds depending on the ground conditions with provision 
of drainage with cuvettes of triangular cross section (Movchan & Yakovleva 2014). 

Longitudinal slopes of roads, located on separate roadbeds, should be within 
limits specified in Table 8.

Table 8. Longitudinal slopes of roads located on separate roadbeds.

Direction of longitudinal 
slope in cargo direction

Longitudinal slopes, %

Maximum Allowed for
difficult areas

Ascent 40 80
Descent 60 100

CONCLUSION
Accordingly, for tractor roads with extended longitudinal slopes of 60% or 

more, horizontal platforms or sections with a slope no steeper than 20% and a 
length of at least 50 m are provided every 500 m.

The radii of curves in the plan for tractor roads should be not less than 100 m. 
The intersections and junctions of internal roads in one level should be located on 
small mounds up to 0.8-1 m in height, with slopes no steeper than 1:3. Longitudinal 
slopes of on-farm roads within the distance of visibility of the road surface at the 
approaches to the intersection or junction should not exceed 40%.

The vertical distance from the wires of overhead telephone lines to the top 
of the road at the intersections with on-farm roads must be at least 5.5 m for the 
passage of tractors up to 4 m high and at least 6. 5 m for agricultural machinery 
more than 4 m high. The height of the wires over the top of the farm roads at the 
intersection with electric power lines should be not less than, m:

• 7 – at voltage up to 110 kV;
• 7.5 – at voltage up to 150 kV;
• 8 – at voltage up to 220 kV;
• 8.5 – at voltage up to 330 kV;
• 9 – at voltage up to 500 kV.

The distance from the edge of the road to the supports of aerial telephone 
lines, as well as high-voltage power lines should be taken at least the height of the 
supports increased by 5 m.

Based on the abovementioned, we can affirm that the movement of a crawler 
tractor when it performed a technological operation is a rather complicated 
mechanical process and developing safety measures should be taken into account.

Also, when transporting vehicles to the place of work, the requirement for the 
safety of its operation is the preparation and maintenance of on-farm roads with a 
ground covering strictly in accordance with the specified requirements.
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