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Annotation. Problem. The issues of maneuverability and off-road capability in four-axle vehicles
involve ensuring their efficient operation on rough terrain, in narrow or confined spaces, and under
challenging operating conditions. Key challenges include reducing the turning radius, achieving even
load distribution across axles, and minimizing energy losses during movement. Additionally, it is
crucial to ensure the reliable performance of all drivetrain components, particularly under increased
wear and exposure to external factors. Goal. The objective of the study is to develop and substantiate
technical solutions aimed at improving the maneuverability and off-road capability of four-axle
vehicles by optimizing the design of the running gear, implementing innovative drives, and enhancing
the control system. This will ensure the efficient operation of vehicles under challenging conditions,
improve their energy efficiency and reliability, and expand the scope of their applications.
Methodology. The methodology for implementing the maneuverability and off-road capability of a
four-axle vehicle with swiveling bogies and electric wheel drive includes the analysis and modeling of
the vehicle's reaction to various operating conditions, as well as optimizing the drive and control
systems to ensure high movement efficiency on challenging routes. Results. The results of the research
on the maneuverability and off-road capability of a four-axle vehicle with swiveling bogies and
electric wheel drive have improved the turning efficiency of such a vehicle on challenging terrain with
steep slopes and uneven areas without road coverage. By optimizing the design of the bogies and
implementing electric wheel drives, it was possible to reduce the weight and geometric parameters of
the vehicle, allowing for more precise maneuvers in confined spaces while maintaining stable
movement with sufficiently high off-road capability and maneuverability of the four-axle vehicle.
Originality. The originality of the research lies in the comprehensive approach to improving the
maneuverability and off-road capability of a four-axle vehicle with swiveling bogies and electric
wheel drive. For the first time, innovative methods for optimizing the design of the running gear and
implementing electric drives were applied, which significantly reduced energy losses and improved
motion control on challenging terrain. New approaches to modeling movement ensured high
maneuvering efficiency under various operating conditions. These results provide new opportunities
for the application of such vehicles in specialized industries where the requirements for off-road
capability and maneuverability are extremely high. Practical value. The practical significance of the
research lies in the potential implementation of the developed technical solutions in the production of
four-axle vehicles for operation in challenging conditions, such as construction, agriculture, and
military applications. The improvements developed allow for enhanced equipment efficiency, reduced
energy consumption, and high maneuverability and off-road capability on difficult routes.

Key words: maneuverability, off-road capability, four-axle vehicle, swiveling bogies, electric drive,
development, modeling

Introduction

The maneuverability and off-road capability of Four-axle vehicles with swiveling bogies, in

vehicles are key characteristics that determine particular, are of significant interest due to their

their efficiency under challenging operating ability to overcome obstacles, navigate complex
conditions. terrains, and operate in confined spaces.
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These designs are widely wused in
agricultural, construction, military equipment, as
well as specialized fields such as rescue
operations or heavy cargo transportation.

The  relevance of  research into
maneuverability and off-road capability is
driven by the need to enhance the mobility and
efficiency of vehicles in diverse environments.
The growing demand for equipment capable of
operating on rough terrain stimulates the
development of innovative solutions, such as the
use of swiveling multi-axle bogies and electric
drives. Studying these aspects enables the
creation of more economical, reliable, and
versatile transport systems that meet the
requirements of the modern market.

Research in this area not only facilitates the
improvement of existing technologies but also
opens up new opportunities for implementing
highly efficient technical solutions capable of
addressing a wide range of transportation needs.

Analysis of publications

The off-road capability of four-axle vehicles is
an important characteristic that determines the
vehicle's ability to overcome complex, rugged
terrain, including mountainous, marshy, or off-
road areas. A number of studies on vehicle off-
road performance [1-5] focus on the impact of
suspension design, drive systems, and weight
distribution on vehicle mobility. Some works
[2, 3,5] emphasize the modeling of wvehicle
movement under varying loads, as well as
testing in extreme conditions.

The maneuverability of four-axle vehicles is
often analyzed in the context of reducing the
turning radius [6], stability during motion [7, 8]
at different vehicle speeds, and the ability to
navigate confined spaces. Maneuverability
research also relates to the optimization of
steering systems and the distribution of traction
forces between axles to improve
maneuverability [9-14]. The role of active
control systems that adapt to different driving
conditions is also crucial [7, 9, 11, 13].

The "Crab Mode" [15] allows the vehicle to
move sideways while maintaining stability,
which is especially important in confined spaces
or on challenging routes. This mode is actively
studied in the context of improving
maneuverability, particularly for specialized
vehicles.

Vehicles with swiveling bogies have a
significant advantage in maneuverability due to
the ability to rotate the wheel axles [15]. This

allows for a reduced turning radius and enables
movement in tight spaces. Research in this field
focuses on enhancing the design of such bogies
and optimizing their operation to ensure stable
movement under varying load conditions [15].

Purpose and Tasks

The objective of the study is to develop and
substantiate technical solutions aimed at
improving the maneuverability and off-road
capability of four-axle vehicles by optimizing
the design of the running gear, implementing
innovative drives, and enhancing the control
system.

To achieve the set objective, the following
tasks need to be completed:

— examine the issue of the off-road capability
of a four-axle vehicle;

— analyze the maximum width of a trench
that a four-axle vehicle can cross;

— explore the theoretical aspects of selecting
distances between the axles of the steering bogie
of a four-axle vehicle;

— develop a layout diagram for a steering
bogie with electrically driven wheels;

— develop a concept for the layout of a four-
axle vehicle with steering bogies and electrically
driven wheels;

— conduct an analysis of the maneuverability
and off-road capability of a four-axle vehicle
with steering bogies and electrically driven
wheels.

The off-road capability of a four-axle vehicle

The design of the suspension system for a multi-
axle wvehicle and the determination of the
characteristics of its main components depend
on the geometric parameters of the vehicle's off-
road capability. Therefore, it is necessary to
examine these parameters to develop approaches
for selecting the distances between the vehicle's
axles, a key feature of which is the ability of the
steering bogies with electric wheel drives to
rotate up to 90°.

The profile off-road capability of a special or
specialized vehicle refers to its ability to
navigate uneven and challenging road surfaces
as well as overcome various obstacles. This
capability is largely determined by the vehicle's
geometric characteristics, which influence how
effectively it can handle irregular terrain without
compromising stability or mobility. Such
features play a critical role in the operational
efficiency of vehicles designed for specific
purposes, especially in demanding conditions.
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These geometric parameters include critical
dimensions like ground clearance, approach and
departure angles, wheelbase, and axle spacing.
Each of these aspects contributes to the vehicle's
ability to traverse obstacles such as ridges,
trenches, and slopes. A vehicle’s ability to adapt
to varying terrain conditions is not only a result
of its geometric design but also depends on the
specific engineering solutions implemented in
its construction.

The structural and layout characteristics of a
special or specialized vehicle significantly
influences these parameters. For example, the
placement of axles, the arrangement of
suspension systems, and the distribution of

AL

weight all play a role in defining the vehicle's
off-road performance. These design
considerations ensure the vehicle maintains
optimal contact with the ground while
navigating uneven surfaces.

The detailed geometric parameters of a
special or specialized vehicle, which reflect the
interplay between its design features and
functional requirements, are illustrated in
Figure 1. This figure provides a visual

representation of the key dimensions and
proportions that contribute to the vehicle's off-
road capability, highlighting the importance of
careful planning and precision in the design and
configuration of such vehicles.
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Fig. 1. Geometric parameters of a special or specialized vehicle

The geometric parameters of a special or
specialized vehicle include:

Ground clearance /4: The vehicle's ability to
move without coming into contact with
concentrated obstacles (such as rocks, stumps,
bumps, etc.) and its ability to traverse soft soils.
The majority of off-road vehicles have a ground
clearance ranging from 315 mm to 400 mm.
Ground clearance can be increased or decreased
under extreme conditions by adjusting the
diameter of the wheel drives through inflating or
deflating pneumatic tires mounted on the
vehicle's wheels. Additionally, ground clearance
can be increased by reducing the gear ratio of
the final drive or by replacing the final drive
with wheel reducers or hub motors.

Front /; and rear /, overhang of the vehicle:
The distance from the outermost point of the
vehicle's front (rear) projecting part along its
length to a plane perpendicular to the support
surface, which passes through the centers of the
vehicle's front (rear) wheels.

Angles of front (a;) and rear (o) overhang:
These are the angles formed by the road surface
and the planes tangent to the front and rear
wheels, respectively, as well as to the lowest
projecting points of the vehicle's front and rear
parts. These angles characterize the vehicle's

ability to traverse uneven roads when ascending
or descending obstacles. For high-mobility
vehicles, the values of the front and rear
overhang angles are typically within the range of
(o >60°...70°) and (02 > 60°...70°).

Longitudinal (p12), (p23), (p34) and transverse
(ps) clearance radii: These are the radii of
cylinders tangent to the wheels and the lowest
points of the vehicle in the longitudinal and
transverse planes, respectively. These radii define
the contours of obstacles that the vehicle can
overcome without making contact. The smaller
the radii, the higher the wvehicle's off-road
capability. For special and specialized high-
mobility vehicles, the values of the longitudinal
and transverse clearance radii are typically within
the following ranges: (p3) from 2.0 m to 3.5 m,
and (p12), (p34), (ps) less than 2.0 m.

When designing vehicle's off-road with
improved maneuverability, attention should be
paid to the so-called axle articulation angle (B,)
of the vehicle. This angle represents the sum of
the rotation angles of the front and rear axles
relative to the longitudinal axis of a multi-axle
off-road vehicle (see Fig. 2). Proper
consideration of this parameter is crucial for
ensuring the wvehicle's ability to navigate
complex terrains effectively.
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Fig. 2. Axle articulation angle (view of the
vehicle from the rear or front): 1, 2 — the
front and rear axles of the wvehicle,
respectively; 3, 4 — the support surface
under the wheels of the corresponding
front and rear axles.

The greater the axle articulation angle (B,.),
the better the wvehicle's wheels adapt to
irregularities of the support surface and maintain
contact with the road surface. With small axle
articulation angles, significant load
redistribution among the wheels or even the
"hanging" of one wheel may occur on rough
terrain. The values of axle articulation angles are
not regulated by standards but are determined by
the purpose of the special or specialized vehicle.

Another parameter that characterizes the off-
road capabilities of a vehicle is the coefficient of
overlap (n,) of the tracks of the front and rear
wheels. The coefficient of overlap of the tracks
of the front and rear wheels indicates the rolling

resistance of the vehicle's wheels on deformable
soils. The coefficient of overlap is determined
by the formula (n, = bsp/bsz) (see Fig. 3). The
closer the value of the coefficient (1) is to one,
the lower the rolling resistance of the wheels on
deformable soils. An exception is movement on
swampy terrain.

It is known that the longitudinal mobility of a
vehicle, including when overcoming the
maximum width of a ditch, depends on the
radius of the vehicle's wheel. If the depth of the
ditch does not exceed the radius of the wheel,
the ability to overcome it is determined by the
size and type of the vehicle's wheels. In this
case, overcoming the ditch consists of
sequentially overcoming a step (lip) with a
height 4, (see Fig. 4a). The ability to overcome
a deep ditch is determined by the size and type
of wheels, the number and arrangement of the
drive axles (see Fig. 5), and the position of the
center of gravity along the length of the vehicle.
In multi-axle vehicles, the position of the center
of gravity depends on the coordinates of the axle
locations and the weight-geometric parameters.

For high-mobility vehicles, if the center of
gravity is not located above one of the middle
axles, the width of the ditch (with firm edges)
that can be crossed does not exceed 1.0 to 1.3
times the radius of the wheel (see Fig. 4b).
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Fig. 3. Tracks of the front and rear wheels of the vehicle: a — tracks that do not overlap; b — tracks that
overlap; bsp, bsz — the width of the track of the front and rear wheels, respectively

Fig. 4. Diagrams of overcoming a ditch by a four-axle vehicle: a — a shallow and not high ditch;

b — a deep but not wide ditch.
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For off-road vehicles with an 8x8 wheel
configuration, the width of the ditch that can be
crossed depends on the placement of the wheel
axles and the vehicle's center of gravity (Fig. 5).
The lowest mobility is found in vehicles with
two front and two rear axles placed closely
together (see Fig. 5a), while the best mobility is
achieved in vehicles with three closely spaced
rear axles (see Fig. 5d). In this case, the
suspension design should limit the lowering of
the wheels, and the vehicle's center of gravity
should be positioned between the middle axles.
These statements apply to classic vehicles where
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the axles do not have the ability to rotate relative
to the vehicle’s longitudinal plane of symmetry.

The vehicle's mobility can be improved for
the configuration shown in Fig. 2.5a by
implementing special steering mechanisms
(see Fig. 6) in the wheel steering mechanism.
These allow the direction of movement of the
vehicle to be adjusted relative to its longitudinal
plane of symmetry. Such technical solutions for
the configuration depicted in Fig. 5a or 5b or 5c
not only enable changes in the vehicle's
direction of movement but also enhance its
maneuverability.
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Fig. 5. Diagrams of ditch crossing by multi-axle vehicles

Fig. 6. Wheel steering systems: a — e-Corner system from Hyundai; b — wheel steering system

from Tatra

ABTOMOOiABHUH TpaHCcHOpT, Bumn. 55, 2024



24

Motor vehicles

Theory of axle spacing selection for a four-
axle off-road vehicle with swivel bogies

To determine the coordinates of the center of
gravity of a four-axle vehicle with steering
axles, we will use the force diagram acting on an
n-axle wheeled vehicle, as proposed in the
work [10]. This approach provides a framework
for analyzing the forces and moments that
influence the position of the center of gravity.

From the diagram (Fig. 7), it can be observed
that the coordinates of the center of gravity are
directly influenced by the positions of the
vehicle's axles and the distribution of weight
across these axles. The way the weight is
distributed, both in terms of the number of axles
and their arrangement, plays a crucial role in
determining how the forces act on the vehicle
during motion and braking. Additionally, the
type of suspension system and load-bearing
configuration can further affect the overall
balance and performance of the vehicle.

Thus, the accurate calculation of these
coordinates requires a detailed understanding of
the wvehicle's structural design and load
distribution characteristics.

In Figure 7, the following are denoted:
Rg1 — virtual normal road reaction acting on the
virtual front axle of the vehicle, N; Rs, — virtual
normal road reaction acting on the virtual rear
axle of the vehicle, N; R;; and R, — vertical load
on the first and second front axles of the four-
axle vehicle, N; R.; and R.4 — vertical load on the
first and second rear axles of the four-axle
vehicle, N; AR, and AR» — respective

increments in the normal load on the first and
second front axles of the four-axle vehicle, N;
AR.; and AR.4 — respective increments in the
normal load on the first and second rear axles of
the four-axle vehicle, N; R,; and R, — braking
forces generated between the road surface and
the tires of the first and second front axle
wheels, N; R, and R4 — braking forces
generated between the road surface and the tires
of the first and second rear axle wheels of the
vehicle, N; L1, and L34 — distances between the
respective axles of the four-axle vehicle, m;
Ls) — distance by which the virtual (theoretical)
front axle of the four-axle vehicle is displaced
from the last front axle located to the left of the
vehicle's center of gravity, m; Ls, — distance by
which the virtual (theoretical) rear axle of the
multi-axle vehicle is displaced from the first rear
axle located to the right of the vehicle's center of
gravity, m; Ls — distance by which the first rear
axle is displaced from the last front axle of the
multi-axle vehicle, m; x and y — distances from
the vehicle's body pivot center to the last front
and first rear axles of the multi-axle vehicle, m;
Ab — distance by which the spring system's
center of elasticity is displaced from the center
of gravity of the multi-axle vehicle, m; A, — the
height of the vehicle's center of gravity relative
to the road surface.

The maximum allowable vertical coordinate
(hg) of the center of gravity for a four-axle
wheeled vehicle with steering axles is
determined based on the diagram shown in

Figure 8.

Fig. 7. Calculation diagram of forces acting on a four-axle wheeled vehicle during its braking [10]
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of the road's transverse slope

Fig. 8. Diagram determining

Given that B = B,,, and considering that the
critical angle of the road's transverse slope for
trucks is no more than 30-40 degrees, from
equation (1), the following applies

From the force diagram shown in Figure 7, it
is evident that the distances Lsi and Ls, are
directly related to the coordinates a, and by,
which represent the position of the system's
center of elasticity (the roll center of the four-
axle vehicle’s body), assuming the vehicle body
to be a completely rigid structure.

Thus, the distances Ls; and Ls; can be
determined using the equation provided in [10].

Ly =a, —x+Ab,

2

Ly, =b, —y—Ab. 3)

The coordinates a,, by, x, and y can be
determined from equations (4) — (8) [10] by
formulating the equations of moments relative to
the center of gravity of the four-axle vehicle
with steering axles and expressing the left and

right sides of the resulting equation through the
weight-geometric parameters of the vehicle.

0.5-B
h,=—————;>h™ ~0.6-B, (D L. _
g tan(Bop) g x=Lg—y, 4)
. ) . a '(Rz1+Rzz)_L34'Rz4
where B is the track width of the steering axle of y=-= ’ , (5)
the four-axle vehicle. Ri+R,
4 = (Ls=Ab)-(R;+R4)-Liy- R, N L, (R;+R4) R, ©6)
¢ Rzl +R22 +Rz3 +Rz4 (Rzl +R22 +Rz3 +Rz4)'(Rzl +R22) ’
_ (Ls—Ab)-(R,+R,)+L, R, L, (R, +R,) R, %)
¢ Rzl +R22 +Rz3 +Rz4 (Rzl +R22 +Rz3 +1224).(Rz3 +Rz4) ’
Ab:x_LS'(C3+C4)+L3’4-C4—L1’2-C1‘ @®
C+C+C+C,
where Ci, C;, C3 and Cy are the respective suspension  tuning, improved  handling

stiffness coefficients of the suspensions of the
corresponding axles of the four-axle wheeled
vehicle, measured in N/m.

Thus, all the components required to
determine the coordinates of the center of
gravity of the four-axle wheeled vehicle are
defined. Based on these, the increments in
normal axle loads during acceleration or braking
can also be calculated.

Stiffness coefficients play a crucial role in
the dynamic behavior of the vehicle, as they
influence load transfer and stability during
various maneuvers. Additionally, understanding
the distribution of normal loads on the axles
during acceleration or braking allows for better

characteristics, and enhanced overall vehicle
performance.

Features of the suspension system
implementation for a four-axle off-road
vehicle with swivel bogies

The implementation of the suspension system
for a four-axle vehicle with swivel bogies,
which allows it to turn at a 90-degree angle, is
not possible without considering the geometric
parameters that limit its suspension travel, as
well as the specifics of the vehicle's center of
gravity placement and the geometric parameters
of the axles located on swivel bogies.
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To ensure the stability of the four-axle
wheeled vehicle's movement sideways, at a 90-
degree angle to the vehicle's longitudinal axis of
symmetry, its wheelbase was chosen as the
geometric parameter for the axle positioning
within the swivel bogies. Based on this
geometric parameter, and considering the
maximum displacement of the wheel, an
independent torsion suspension system was
selected for the swivel bogies wheels. Unlike
other suspension types, this system has minimal
dimensions and allows for independent
suspension of all swivel bogies wheels. In the
implementation of the suspension system swivel
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bogies wheels, the concept of placing the torsion
bar at the lower part of the swivel bogies was
chosen, as the upper part of the swivel bogies
houses the mechanism that provides the steering
function, preventing the torsion bar from being
placed at the top (see Fig. 9). The chosen
suspension scheme for the drive wheels of the
swivel bogies also allows for the
implementation of an electric drive for all the
swivel bogies wheels, ensuring independent
control of each wheel and enabling the swivel
bogies to turn up to 90 degrees relative to the
longitudinal axis of symmetry running along the
frame of the four-axle vehicle.

|

1386

—_

Fig. 9. Overall and geometric dimensions of wheel movement in an independent torsion suspension

system of the wheels swivel bogies

Creation of a 3D model of a four-axle vehicle
with a combined electromechanical drive

Using modern computer 3D modeling systems,
it is not difficult to construct individual
components of a vehicle, including those with
kinematic connections to moving and non-
moving parts.

These automated or  semi-automated
computer systems allow not only the evaluation
of mutual kinematic movements of elements
relative to each other but also the determination
of the dynamic parameters of these elements
within the vehicle. However, it is essential first
to establish the concept for vehicle design.
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The concept for creating a 3D model of a
four-axle  vehicle with a  combined
electromechanical drive and independent
suspension for its drive wheels involves the
following considerations:

1. High Off-Road Capability: The designed
vehicle (Fig. 10) should have exceptional off-
road performance, featuring an independent
electromechanical drive for the drive wheels,
independent suspension for each wheel, and a
steering system based on swivel bogies.

2. Powerful Engine Placement: A preliminary
sketch of the vehicle revealed the need for a
powerful engine that could be integrated within
the vehicle’s frame. Thus, an opposed engine
with multiple generators was proposed to
generate the electrical energy required for the
electromechanical drive of the wheels.

3. Battery and Auxiliary Systems: Provisions
must be made for the placement of batteries,
elements of an environmental temperature

Fuel tank

Air purification filter

Engine with an electric
genetator

Recharseable
batteries

P

Swivel bogies with a support-turning mechanism equipped with a
collector current transition and independent torsion suspension
with an individual electromechanical drive on the wheels

regulation system to ensure stable battery
operation, and energy management systems to
monitor energy consumption and reserves.

4. Fuel and Cooling Systems: Space must
also be allocated for the fuel tank and systems
for air purification and cooling before it enters
the internal combustion engine cylinders.

5.  Integrated Design of  Steering
Components: Due to spatial constraints and the
geometric limitations of the vehicle, certain
elements of the electromechanical wheel drive
system should be integrated into the swivel
bogies. For instance, components such as
collectors and some elements of the steering
system with an electromechanical wheel drive
can be housed within the bogie frame.

This comprehensive approach ensures that
the 3D model accurately represents the
structural, functional, and spatial requirements
of a high-performance, off-road capable, four-
axle vehicle.

Fig. 10. General view of a four-axle vehicle with swivel bogies (3D model)
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Analysis of the maneuverability of a four-axle
vehicle with swivel bogies

The attachment of a swivel bogie to the frame of
a four-axle vehicle enables modeling its
maneuverability under various operating
conditions, including off-road scenarios, based
on the geometric parameters of the suspension
components' movement.

For example, when overcoming an obstacle
such as a ditch or trench, as shown in Figure 11,

two swivel bogies attached to the frame can
provide a maximum longitudinal passability
radius of no more than 29 meters, with an entry
angle to the obstacle not exceeding 11 degrees,
assuming all vehicle wheels remain in contact
with the road surface.

If some wheels are assumed to lose contact

with the road surface, the entry angle of the
four-axle vehicle can increase to 41 degrees
(Figure 12).

R29000

Fig. 11. Geometric parameters for overcoming an obstacle, such as a ditch or trench, by a four

axle vehicle
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Fig. 12. Geometric parameters of a four-axle vehicle with swivel bogies that characterize its

maneuverability off-road

When overcoming an obstacle in the form of
a hill or embankment (Fig. 13), two swivel
bogies attached to the frame can provide a
maximum longitudinal passability radius of no
more than 30 meters when the bogies are
positioned parallel to the vehicle's frame.

This is the case when the vehicle is moving
along a flat surface, and the bogies are aligned
with the direction of travel. However, when the
vehicle moves along the hill or embankment,
with the bogies turned 90 degrees relative to the
longitudinal direction of the vehicle’s frame, the
maximum passability radius is reduced to no
more than 25 meters.

It should be noted that turning the bogies
90 degrees allows for improved passability of
the four-axle vehicle when overcoming
obstacles such as a ditch (trench) or a hill

(earth embankment). This is due to the
increased maneuverability provided by the
bogies when they are rotated relative to the
vehicle’s frame. The displacement of the
outermost point of the bogie in this case does
not exceed 4.2 meters (Fig. 14).

This enhanced maneuverability allows the
vehicle to navigate more difficult terrain with
greater ease, making it more versatile in off-road
conditions and providing better adaptability
when facing various types of obstacles,
especially when the bogies are adjusted to
optimize the vehicle’s approach angle and
ground clearance. As a result, the four-axle
vehicle can maintain stability and efficiency
while navigating hills, embankments, and
ditches, even when confronted with challenging
off-road environments.

Fig. 13. Geometric parameters for overcoming an obstacle in the form of a hill or embankment
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Fig. 14. Maximum geometric parameters of the bogie rotation relative to the vehicle frame

Therefore, the maneuverability of a four-axle
vehicle with swivel bogies and an
electromechanical drive for the driven wheels
provides significant flexibility and efficiency
when moving through difficult and confined
terrain. The swivel bogies allow for a reduced
turning radius, which is crucial for maneuvering
in tight spaces or off-road conditions. Thanks to
the individual electromechanical drive for the
driven wheels, each wheel can operate
independently, enhancing the stability and
controllability of the vehicle when changing
direction. This solution significantly reduces
energy consumption when moving across
complex sections and improves the vehicle's
passability. Furthermore, the electric drive
enables precise and smooth control, helping to
maintain optimal traction during movement over
challenging obstacles.

The swivel bogies contribute to an even
distribution of load across the wheels, which in
turn increases the durability and longevity of the
chassis. Combined with the independent torsion
suspension, this design allows the vehicle to
effectively overcome both flat and uneven
terrain. It also maintains stability even at higher
speeds, making the vehicle versatile for different
operating conditions. Thanks to these technical
solutions, the four-axle vehicle with swivel
bogies and an electromechanical drive can be
effectively used in various industries where high
maneuverability and reliability are required.

These characteristics make it ideal for use on
challenging routes, in urban environments, and
on off-road terrain.

Conclusion

Based on the analysis of the maneuverability of
a four-axle vehicle with swivel bogies and an
electromechanical drive for the driven wheels,
several key conclusions can be drawn.

1. High maneuverability in challenging
conditions: The four-axle vehicle with swivel
bogies and an electromechanical drive for the
driven wheels can provide a maximum
longitudinal passability radius of up to 30 meters
when the bogies are parallel to the frame,
ensuring maneuverability in confined areas or
off-road conditions.

2. Minimization of the turning radius at large
steering angles: Thanks to the ability to rotate
the bogies by 90 degrees, the vehicle can reduce
the passability radius to 25 meters when moving
along a hill or embankment, effectively

overcoming obstacles with minimal space
requirements.

3. Improved passability in obstacle
conditions: The  swivel  Dbogies  and

electromechanical drive for the driven wheels
enhance passability over obstacles such as
ditches or trenches, allowing the vehicle to
overcome obstacles at maximum entry angles of
up to 41 degrees when some wheels may lose
contact with the surface.
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maneuverability:

4. Optimization of energy consumption and
The individual electro-

mechanical drive for each wheel reduces energy

consumption when moving over
sections

complex

while improving maneuverability

through precise and smooth control, especially
in difficult terrain.

5. Stability at high speeds: The independent

torsion suspension and the reduced movement of
the outermost point of the bogie, up to
4.2 meters, ensure the vehicle's stability even at
high speeds, making it versatile and reliable for
various operating conditions.

Confirmation.

The work was carried out within the framework

of the scientific research topics of the
Department of  Vehicles named  after
A.B. Gredeskul at the Kharkiv National

Automobile and Highway University.
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ManHeBpeHicTb i NpoXiTHicThL YOTUPUBICHOTO
TPAHCMOPTHOTO 32c00y 3 MOBOPOTHHUMM Bi3KaMu
Ta KoJiecaMu 3 eJIEKTPONPHBO/IOM

Anomauia. Ilpoonema. Ilumanus manespenocmi ma
NPOXIOHOCMI YOMUPUBICHUX MPAHCNOPMHUX 3AC0016
noasiearome y 3a0e3nevenni ix ecpexmugroi pobomu Ha
CKNAOHUX OinAHKAx micyesocmi, Yy 8Y3bKUX Ul

006MedICeHUX NPOCMOPAX, a MAKOIC 8 YMOBAX CKIAOHOT

excnayamayii. OCHOBHUMU NPOOTEMAMU € 3MEHULeHHS
paoiycy  nogopomy,  OOCACHEHHS  PIGHOMIDHO2O
PO3NO0INY HABAHMANCEHHA NO OCAX [ MiHIMi3ayis
enepeemuunux eumpam nio uac pyxy. Kpim moeo,
HeobXiOHo  3abesneuumu  HaOitiHy pobomy  6Cix
KOMNOHEHMI6 — MPAHCMICIL, 0coOaU60 3a  YMO8
NiOBULEHO20 3HOWLYBAHHA A 6NAUBY  308HIUUHIX
gaxmopie. Mema. Memoio docniodxcents € po3pooka
ma oOTPYHMYBAHHA MEXHIYHUX DillleHb, CNPAMOBAHUX
HA  NONINWEHHST MAHE8PEeHOCmi ma  NPOXiOHOCMI

YOMUPUBICHUX — MPAHCHOPMHUX — 3AC00i8  ULIAXOM
onmumizayii  KOHCMpPYKYii ~ x00080i  uacmuHu,
8NP OBAONCEHHSL IHHOBAYIUHUX npusooie ma

YOOCKOHANEeHHs1 cucmemu Kepyeanus. Lle 3abezneuums
epekmusHy excniyamayiro mpaHcnOpmHux 3acooig 6
CKILAOHUX VYMOBAX, niosuwume ix
eHepeoehekmuenicms i HAOMHICMb, A  MAKONC
poswupums cepy ix 3acmocysanns. Memodonozis.
Memooonocia  peanizayii ~ manespeHocmi — ma
NPOXIOHOCMI YOMUPUBICHO20 MPAHCHOPMHOZ0 3ACO0Y
3 NOBOPOMHUMU BI3KAMU MA eIeKMPUUHUM NPUBOOOM
KONiC BKNIOYAE aHaniz i MOOeNo8aHHA NO8ediHKU
Mpaucnopmuozo  3acoby 3@ PI3HUX  YMO8
eKcnayamayii, a maKodjc OnmuMizayiio cucmem

npueody ma Kepysawus OJid 3a0e3nedeHHs. BUCOKOL
eexmuenocmi  pyxy Ha CKIAOHUX MApupymax.
Pe3ynomamu. Pesynomamu 00CiOHCEeHH S
MAaHespeHOCmi  ma  NPOXIOHOCMI  YOMUPUBICHO20
MPAHCNOPMHO20 3AC00Y 3 NOBOPOMHUMU BI3KAMU MA
eNeKMPUYHUM HPUBOOOM KOJIIC 00360IUNU NOKPAUUTNU
ehexmueHicms NOBOPOMIE MAKO20 MPAHCNOPMHOLO
3acoby Ha CKIAOHUX OLIAHKAX Micye8ocmi 3 KpYmux
CXUN8 MAa HepiBHUX NOBEPXHAX 0e3 O00pPOACHLOLO
nokpumms. 3a80AKu oOnNMUMIzayii KOHCMPYKYii 8i3Ki8 i
BNPOBAOICEHHIO eNeKMPUUHUX NPUBOOIE KOJIC 80AN0C
SMeHWUMU  8azy ma 2eoMempuyHi napamempu
MPaHcnopmuoeo 3acody, wjo 003601A€ 30LUCHIO8AMU
MOYHIWI MaHespu 6 0OMedICeHUX NPoCcmopax npu
30epedicenHi  cmabitbHo20  pyXy 3 00CMAMHbLO
BUCOKOI0 npoxioHicmio ma ManegpeHicmio
YOMUPUBICHO20 MPAHCHOPMHO20 3aco0y.
Opucinansnicmo.  Opucinanvhicms — 00CRIONHCEHHS
nonsieae 8 KOMNJIEKCHOMY NiOX00i 00 NOMINUIeHHs.
MaHespeHOCMi  ma  NPOXiOHOCMI  YOMUPUBICHOZO
MPAHCROPMHO20 3aC00Y 3 NOBOPOMHUMU GI3KAMU MA
eleKMPUYHUM Npu8ooom KoJic. Bnepuie 3acmocosaro
IHHOBAYIUIHI ~ Memoou  OnmuMizayii  KOHCMPYKYil
X00080i YacmuHu ma 6nPOBAOIHCEHHS eNeKMPUYHUX
npUB00I8, WO 3HAYHO IMEHUIULO eHePeeMUYHT BMmpamu
ma NOKpAwuio KepyeaHHs pPYXOM HA  CKIAOHUX
oinankax micyesocmi. Hoei nioxoou 0o mooenosanmsi
pyxXy 3abe3neyunu BUCOKY epexmueHicmy
MaHespy8anHs 3a pI3HUX YMoe ekcnayamayii. Lfi
pesyromamu  GIOKpUBAIOMb HOGI MONCIUBOCMI OISl
3ACMOCY8aHHsL  MAKUX MPAHCHOPMHUX  3ac00i8 Y
cneyianizo8anux 2anyssax, 0e eumozu 00 NpoXiOHOCmi
ma  MaueepeHoCmi €  HAO36UYALIHO  GUCOKUMU.
Ilpakmuuna wyinnicme. [lpakmuyna 3Hauywicme
00CTNIOJCEHHS.  NONA2aE 6 NOMEHYIUHIL peanizayii
DPO3POONIeHUX MeXHIUHUX piuleHb Y  GUPOOHUYMEI
YOMUPUGICHUX — MPAHCNOPMHUX — 3ac00i6  Onsl
excniyamayii 8 CKIAOHUX YMO6AX, MAKux 5K
6y0i6HUYME0, CilbcbKe 20CHO0apCcmeo ma GilicbKO8i
3aCmOoCy8aHHsL. Pospobneni B800CKOHANEHHS
0036015110Mb  NIOGUWUMY  ehekmueHicms  pobomu
MEeXHIKU, 3MEHUWIUMU eHep2OCHOICUBAHHS, d MAKONC
3abe3neyumu 8UCOKY MAHE8PEeHICMb i NPOXIOHICMb HA
BAICKUX MAPUPYMAX.

Knrouosi cnosa: manegpenicms,  npoxiouicmo,
YOMUPUBICHULL  MPAHCROPMHULL  3ACiO, NOBOPOMHI
BI3KU,  eleKMPOMEXaHiuHull  npusio, po3podKa,
MOOENIOBAHHSL.
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