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It is noted that recently the use of armored wheeled vehicles by units of the National Guard of Ukraine in
the course of performing assigned tasks has been significantly increasing. However, performing specific tasks
related to the protection of public order requires special automotive equipment, which will be used for clearing
blockages and barricades during mass riots, for crowd control, isolation of an area in case of emergency
situations, etc. Known armored wheeled vehicles do not fully satisfy all the needs of the units of the National
Guard of Ukraine.

The article substantiates the tactical requirements for a specialized armored wheeled vehicle for the units
of the National Guard of Ukraine for the protection of public order. A variant of the layout of a four-axle
armored wheeled vehicle with two rotary platforms that meets these requirements is proposed. A full-scale
model of the specified wheeled vehicle is presented.

Keywords: public order protection, armored wheeled vehicle, layout, rotary platform, requirements.

Statement of the problem. The experience of
war in the country since the beginning of 2022
convinces that the need for units, units and
formations of the National Guard of Ukraine (NGU)
and other law enforcement agencies in armored
wheeled vehicles (AWVs), which are used when
performing assigned tasks, is significantly
increasing. They are used for border patrol, law
enforcement, peacekeeping operations, demining,
direct combat operations and evacuation of the
wounded, etc. [1, 2].

In addition, according to [3], the service and
combat (combat) activities of the NGU consist of
preventive, security, regime, protective, isolation
and restrictive measures and special actions carried
out under normal circumstances, under
extraordinary circumstances of peacetime and in
wartime. Therefore, there is an increasing need to
use special automotive equipment in law
enforcement activities to clear blockages and
barricades during mass riots, to restrain crowds by
using water cannons and controlled hydraulic
obstacles and fences in case of a threat to public
safety, to isolate an area or area in case of
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emergency situations, etc. The use of known BKM
in full does not satisfy all the needs of the NGU
units.

Therefore, substantiating tactical requirements
and developing a general accounting of a
specialized armored wheeled vehicle for NGU units
for public order protection is an urgent scientific and
practical task in the military sphere.

Analysis of recent research and publications.
An armored wheeled vehicle provides a wide range
of tasks and is used in various military and law
enforcement operations. Its feature is significant
armor, which can protect the crew from automatic
weapons and after the equipment is detonated, but
this negatively affects maneuverability and stability
against overturning. Therefore, the issues of
creating and modernizing the BKM have been given
attention in a number of scientific works.

The issue of the main trends in the development
of weapons and military equipment, including
BKM, common to all types of armed forces and
implemented at the global level, is considered in the
article [4].
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The paper [5] presents the theoretical
foundations and scientific provisions for the
development of optimization models and
mechanisms for effective search for a rational
variant of specialized BKM by solving a system of
equations containing indicators of combat,
economic and operational efficiency, with the
determination of production costs and the term of
development of equipment. Unfortunately,
insufficient attention has been paid to the
development of requirements for specialized BKM
for NGU units for the protection of public order.

The authors of the work [6] present the model
range of BKMs that are put into service with the
Armed Forces of Ukraine by PJSC "AvtoKrAZ",
and their operational and technical characteristics.
However, in this range there is no clearly defined
promising family of BKMs that would fully meet
the requirements and needs of the NGU, especially
units that perform tasks in urban conditions.

In article [7], a maximally unified family of
BKM based on an automobile platform with a single
aggregate base is proposed, which will consist of
three types of vehicles created on the basis of two-,
three- and four-axle chassis, in order to further
fulfill the tasks assigned to the Armed Forces of
Ukraine.

The prospects for creating a line of domestic
BKM for the NGU are considered in the publication
[8]. And in the works [9, 10], indicators of the
effectiveness of use and combat survivability of
BKM during patrolling of populated areas are
proposed. These indicators can be used to form
requirements for the technical characteristics of
BKM at the stages of their development and
modernization, as well as for evaluating known
BKM.

Therefore, the analysis of literary sources
revealed that the problem of creating a specialized
BKM for the NGU units for the protection of public
order requires further research.

The purpose of the article is to develop tactical
requirements for the general accounting of a
specialized armored wheeled vehicle for units of the
National Guard of Ukraine for the protection of
public order and a possible variant of its layout.

To achieve the goal, it is necessary to solve the
following tasks:

— to substantiate tactical requirements for
specialized BKM for NGU units for public order
protection;

—to propose a layout option for a four-axis BKM
with two rotary platforms.

Summary of the main material. During special
operations by NGU units to suppress mass riots, in
particular in the city, BKM perform the following
functions [8, 9, 10].

1. Dismantling obstacles and barricades created
by offenders. The main attention is paid to such
properties of the BKM as increased maneuverability
in order to take a position to counter offenders and
equipping with special engineering means.

2. Blocking roads and streets to isolate the area
of mass unrest. During these actions, the
maneuverability and stability of the BKM in the
conditions of city streets, which are usually also
contaminated with debris from the actions of
offenders, also come to the fore.

3. Dividing the crowd into small groups using
water cannons, using devices with annoying sounds,
and other means.

4. Firefighting, evacuation of injured and
wounded from the scene. As in previous cases, there
is a need to increase the protection of the BKM from
the actions of offenders, as well as increase the
technical capabilities for maneuvering in confined
spaces.

5. Transportation of personnel and personal
protective equipment. BKM must have the technical
capabilities to move through streets contaminated
with debris from the actions of offenders and the
territory of the city or area with destroyed
infrastructure in order to maneuver in a timely
manner to perform service and combat missions.

6. Use as command and staff vehicles and for
communication. In the event of intensive changes in
the operational situation, these BKMs must be able
to maneuver in the shortest possible time in a city or
area, regardless of road conditions or man-made
factors.

In essence, the BKM must be protected from the
use of weapons and explosive devices. In addition,
despite the increase in mass, the BKM must be
resistant to overturning and lateral skidding, have
overall dimensions of the rolling stock, which make
it possible to easily fit into the road dimensions and
maneuver in urban and confined spaces, as well as
meet the basic overall parameters of cross-country
ability. Namely, the ground clearance, the angles of
the front and rear overhangs, the longitudinal and
transverse radii of the bridge passage, the external
and internal turning radii, the turning width of the
corridor, the angles of flexibility in the vertical and
horizontal planes must be sufficient. To overcome
natural obstacles, the sub-spring system must have
adjustable clearance, and the transmission of the
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special BKM must be designed with the
requirements of an off-road vehicle.

One of the ways to solve the above-mentioned
problems when creating special equipment for
public order protection units is to use two rotary
platforms for a four-axis BKM. Considering the
results obtained in [11, 12, 13], the authors of this
article proposed a variant of the layout of a four-axis
BKM with two rotary platforms. The layout of the
proposed BKM was carried out using the
SolidWorks 2016 software package.

High maneuverability of the four-axle BKM
chassis is achieved through the use of independent

swivel platforms with individual traction control on
each wheel.

The external 3D view of the rotary platform
proposed in this study is shown in Figure 1.

The turntable (Figure 1) has a frame structure,
which is equipped with an individual torsion
suspension for each wheel, two modules of a
stepped electromechanical transmission, which are
connected to four-wheel reducers. To ensure the
temperature regime of the electric transmission,
liquid cooling radiators are provided. The turntable
drive rotates the turntable relative to the body.

Figure 1 — External 3D view of the turntable: 1 — frame; 2 — torsion bar;
3 — step electromechanical transmission module; 4 — wheel with wheel reducer;
5 — radiator; 6 — turntable shoulder strap

The rotary platform is equipped with an
independent torsion suspension with a torsion angle
under load of up to 6 degrees (Figure 2 a), which
provides a working stroke of the suspension in the

range of up to 375 mm relative to the horizon
(Figure 2 b). This significantly increases the
maneuverability and cross-country ability of the
four-axle BKM.

1421

1131

Figure 2 — Possibility of changing the position of the wheels of the turntable
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The characteristics of the rotary platform are
given in Table 1.

Table 1 — General characteristics of the turntable

The layout of the rotary platforms on the body
of the four-axis BKM is shown in Figure 3.

Characteristic Value
Weight of the turntable, kg 2244
Wheel diameter, mm 1100
Wheelbase, mm 2450
Length of the rotary platform, mm 3000
Height of the rotary platform with shoulder strap, mm 1436
Width of the turntable, mm 1120
Width of the turntable with suspension, mm 1800
Ground clearance, mm 596
Torsion angle under load, degrees 0...6
Suspension travel, mm 0...375
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Figure 3 — Bottom view of a four-axle armored wheeled vehicle

The chassis shown is a serial hybrid in type.
A 550-kW diesel engine is used as a power plant,
which drives a traction generator. The chemical
energy storage is a LiFePO4 high-voltage battery,
which provides silent movement, chassis movement
with an operational range of up to 50 km, as well as
the accumulation of regenerative energy. The power
distribution between the platforms is defined at
50:50, but can dynamically vary in the range of
10...90 in order to provide the necessary turning
moments on the turning platforms.

Each traction electric motor is equipped with a
high-voltage two-way inverter with microprocessor
control. The EM61 engine with a rated power of
80 kW in the frequency range up to 12,000 rpm was
chosen as the prototype of the electric motor. The
electric motor drives a two-stage planetary
transmission.

The transmission ratios are set at 25 and 5 for the
first and second gears, respectively. The first gear is
designed to overcome difficult road sections,
gradient angles of 30° as well as for dynamic
acceleration. The second gear is designed for basic
movement, which provides a maximum speed
of movement on the highway of up to 110 km/h.
The transmission has a modular design for each
wheel. In order to minimize the dimensions and
reduce the number of installed elements, the
modules of the left and right wheels with electric
motors are connected by a common housing.

The 3D model of the four-axis BKM is shown in
Figure 4.The general characteristics of the four-axis
BKM are given in Table 2.
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Figure 4 — External 3D view of the four-axis BKM: 1 — combat module; 2 — armored hull;
3 — electromechanical all-wheel drive rotary platform with torsion independent suspension; 4 — rear hatches;
5 — front hatches; 6 — armored windows; 7 — engine compartment hatch

Table 2 — General characteristics of the four-axis BKM

Characteristic Value
Wheeled vehicle weight, kg up to 25,000
Wheeled machine length, mm 10 125
Wheeled machine height, mm:
— without combat module 3020
— with combat module 4379
Wheeled machine width, mm:
— by body 2500
— on wheels 2564
Wheelbase of the machine, mm 6700
Distance between turntables, mm 1900
Front overhang angle, degrees 30
Ground clearance over the body, mm 800

At speeds above 30 km/h, the rear turntable is
locked from moving around its axis to block
oversteer. At speeds up to 30 km/h, the chassis
control system provides lateral movement, crabbing
and turning around the chassis axis by rotating the
turntables in the event of individual adjustment of
the traction forces on the wheels.

In order to ensure sufficient dynamic factor to
overcome difficult road sections with a slope of up
to 30°, as well as to ensure a maximum speed of at
least 100 km/h, the installation of planetary two-
stage gearboxes is envisaged.

The central part in ensuring the specified high
maneuverability indicators is the modular design of
the  electromechanical  transmission.  The
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transmission module contains two separate electric
motors connected to two planetary step gearboxes.
The transmission module provides for a structural
design in the dimensions of the driving axle with a
chassis with an 8x8 wheel formula.

@ .3
a
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The above-mentioned layout option for a four-
axis BKM is implemented in practice in the form of
a full-scale model, which is shown in Figure 5.

b

Figure 5 — Full-scale model of a four-axle armored wheeled vehicle with two rotary platforms:
a — general view of the BKM model; b — view of the rotary platform

So, the article proposes a variant of the general
layout of a four-axle armored wheeled vehicle,
which has increased maneuverability and cross-
country ability.

Conclusions

1. Analysis of the service and combat (combat)
activities of the National Guard of Ukraine revealed
the need to use special armored wheeled vehicles in
law enforcement activities, which have increased
characteristics of armor protection, maneuverability
and cross-country ability. Known armored wheeled
vehicles do not fully satisfy all the needs of the units
of the National Guard of Ukraine.

2. The article shows that high maneuverability of
a four-axle armored wheeled vehicle can be
achieved through the use of independent rotary
platforms with individual control of the traction
force on each wheel. A variant of the layout of a
four-axle armored wheeled vehicle with two rotary
platforms is proposed and general technical
characteristics are given. The layout of the armored
wheeled vehicle was carried out using the
SolidWorks 2016 software package. This variant of
the layout of a four-axle armored wheeled vehicle is
implemented in practice in the form of a full-scale
model.

The direction of further research is to conduct
experimental  studies  to  establish  the
maneuverability and cross-country ability of an
armored wheeled vehicle with two rotating
platforms.
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OBIPYHTYBAHHS 3ATAJIBHOI'O OBJIIKY CHEIIAJII30BAHOI FPOHBOBAHOI
KOJIICHOI MAIIUHU JJ1A IIAPO3J1JIIB HAIIIOHAJIBHOI T'BAPAII YKPATHA
3 OXOPOHHU I'POMAJICBKOI'O IOPSIIKY

3asnaueno, wo OCMAMHIM UACOM GUKOPUCAHHS OPOHLOBAHUX KONICHUX MauwiuH Rniopo3diramu
Hayionanvnoi eeapdii Yxpainu y x00i 6uxkonamHna 3a60aHb 3G NPUHAYEHHSAM 3HauHo 3pocmae. [Ipome
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BUKOHAHHS CReYUDIYHUX 3A80aHb, NOB A3AHUX 3 OXOPOHOIO 2POMAOICHKO20 NOPAOKY, NOmMpedye cneyianbHoi
aBmMoMOoOINbHOI MEXHIKUY, KA GUKOPUCTIOBYBAMUMEMbCS OJisl PO320POOJICEHHA 3A6aNie | bapukad nio yac
Macosux 3a8opyuieHv, O CIMPUMYSAHHS HAMOBNY, 304yl pationy abo micyegocmi y pasi GUHUKHEHHS
Haozsuuatinoi cumyayii ma in. Bioomi OpoHb06aHi KOMICHI MAUWUHU )Y NOBHOMY 00CS3I He 3a0080IbHSIOMb VCI
nompebu nioposzoinie Hayionanonoi eeapoii Ypainu.

Y cmammi 0btpynmosano maxmuuni eumocu w000 cneyianizosanoi 6POHbOBAHOL KONICHOI MAuUHU 075
niopo3dinie Hayionanernoi 2eapdii Yxpainu 3 oxoponu epomadcvkoco nopsoky. Ilo cymi, bpornvosana Konicha
MawuHa mae 6ymu 3axuwena 6io 3acmocysanis 30poi i eubyxosux npucmpois. Kpin mozo, nezeaxicarouu Ha
30LMbUEHHSA MACU, OPOHbOBAHA KOJLICHA MAWUHA NOBUHHA OYymMu CIMILIKOI0 610 NePeKUOAHHS | OOK08020 3AHOCY,
Mamu eabapumui napamempu po3mipie nepecy8HO20 COCMAsa, wjo OAioMb MONCIUBICIb 1E2KO BNUCYBATNIUCD
V 00pOodICHI 2abapumu i MAHeEPY8AMU 8 YMOBAX MICIA Ul 0OMENCEH020 NPOCOPY, d MAKOIC 8I0ON08I0amu
OCHOBHUM 2abapumuum napamempam npoxionocmi. s nooonaHHs NPUpOOHUX nepeutkoo niopecopHa
cucmema NOBUHHA MAMU KIIPEHC, WO pe2YIIOEMbCA, A MPAHCMICiaA cneyianbHoi 6POHbLOBAHOI KONICHOI
MawiuHy mMae Oymu po3poonena 3a 6UMO2aMU NO3AUISIXOBUKA.

OOnuM i3 WISAXI6 GUDIUEHHS 3A3HAYEHUX NUMAHbL € CMEOPEHHS CReYIAIbHOT HOMUPUBICHOI OPOHLOBAHOT
KOMICHOI MawuHu 3 080MA NOBOPOMHUMU HAGM@OpMaAmMU. 3anponoHo8aHo GapiaHm KOMNOHYEAHHS
YOMUPUBICHOI OPOHBLOBAHOT KOJICHOT MAWUHU 3 080MA NOBOPOMHUMU NAAMPOPMAMU, KU 3A0080IbHIE UYi
sumozu. Llenmpanvroro uacmurorw y 3ab6e3neuerti 3a0anux UCOKUX NOKAZHUKIE MAHEBPEeHOCMi € MOOYIbHA
KOHCMPYKYis  enekmpomexaniunoi mpancmicii. Tpancmicivinuii. MoOyab micmums 08a  8i00KpeMaeHi
eneKmpoosuUyHU, W0 3 €OHAHI 3 0BOMA NIAHEMAPHUMU CIYNEHeBUMU PEOYKMOPAMU.

Haseoeno 3D moodeni i 3azanvHi Xapaxmepucmukiu NOGOPOMHOI niamgopmu ma Yomupueichoi
OPOHBLOBAHOI KOMICHOT MAWUHU 3 080MA NOGOPOmMHUMU naam@popmamu. [looano namypry macumadny mooens
3a3HAYUEHOI KONICHOT MAUUUHU.

Knwuoei cnosa: oxopona 2epomadcvbkoco NOpsoKy, OpoHbOBAHA KONICHA MAUWUHA, KOMNOHYBAHHS,
NOBOPOMHA NAAMPOPMA, BUMOLU.
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