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The object of this research was the launch process of fixed-wing unmanned aerial vehicles. Military unmanned aerial vehicle systems
are rapidly improving and becoming increasingly effective on the battlefield and in the enemy’s rear. However, the complex and dynamic
environment of modern warfare significantly impacts the preparation and launch of UAVs. Therefore, ensuring the maximum safety
of these operations is one of the key factors influencing the overall effectiveness of these systems. At the same time, the launch operation
requires personnel to be in an open area, making it a critical task to find solutions to protect UAV crews from enemy attacks. A possible
solution is the remote control of the UAV launch. This article proposes using unmanned ground platforms for the remote launch of
fixed-wing UAVs to reduce the probability of enemy strikes against crews and equipment. The research included modeling and comparing
the launch of a fixed-wing UAV from a runway and with the help of an unmanned ground platform. The modeling results showed that
launching from the platform reduces the takeoff distance by 39.1% (from 273.6 m to 166.7 m) and the operation time by more than
half (from ~23 s to 9.2 s). This overall reduction will decrease the probability of the unmanned equipment being struck by the enemy.
An additional advantage of this method is reduced fuel consumption. It also allows for the use of a propeller that is more efficient for
flight, which is not possible with a traditional runway takeoff. Reducing the strength requirements for the drones airframe allows for

a decrease in its mass, which, in turn, increases the mass of the warhead or reconnaissance equipment.
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1. Introduction

Active hostilities in Ukraine, caused by the military aggression
of the Russian Federation, demonstrate the significant effectiveness
of unmanned aerial vehicles (UAVs) of the copter type on the battle-
field and aircraft type — when striking targets behind enemy lines. The
number of UAVs involved is increasing every day on both sides. They
have already become a decisive factor in the military confrontation.
Active research and development work are gradually increasing the
perfection of UAVs, and scaling up production is reducing their cost.
As a result, the effectiveness and range of hitting targets with relatively
cheap unmanned vehicles is increasing, and the impact zone on both
sides of the line of combat contact is rapidly growing. At the same time,
along with the effectiveness of the combat use of UAVs, their relatively
low cost and rapid scalability have become one of the main factors of
their advantage on the battlefield.

At the same time, the use of many types of weapons to conduct
combat operations or counter UAVs themselves is becoming ineffective.
In addition, UAVs have changed the very tactics of conducting combat
operations on both sides.

At present, there is no generally accepted strategy for effective
countermeasures against unmanned aerial vehicles. The emergence
of an effective solution provides only a temporary effect until the de-
velopment of an appropriate countermeasure. In a rapidly changing
technological environment, the effectiveness of government decisions
largely depends on the ability to promptly integrate scientifically sound

developments [1]. Research in this area, in particular, the identification
of air targets using hybrid clustering algorithms, is extremely important
for increasing the effectiveness of countermeasures against UAVs [2].
An example is the surge in the use of electronic warfare [3] and counter-
measures in the form of fiber-optic communication with UAVs. At the
same time, control of the battlefield, logistical routes, and the destruc-
tion of bases and enterprises of the enemy’s military-industrial complex
allow to increase the effectiveness of our own units. Assistance in this is
provided, in particular, by developing software and hardware solutions
for detecting objects of complex shape in a video stream from UAVs [4].

A completely logical consequence of such a situation on the battle-
field for both sides was the strategy of the primary destruction of the
enemy operators and crews who launch and control the UAVs, and the
places of their deployment. Based on this, one of the priorities is the
development and implementation of any solutions that will reduce the
likelihood of detection and impression of military personnel involved
in the operation of UAV complexes. This problem is especially acute
during take-off and landing operations of aircraft-type UAVs [5]. Com-
pared with classic manned aircraft, UAVs have the advantages of small
size, ease of operation, low production and maintenance costs, as well as
low requirements for combat conditions [6, 7]. However, the range and
duration of the flight of multicopters was limited by the energy storage
capacity (about 200 W - h/kg of the battery versus 11,600 W - h/kg of
liquid fuel). As a result, this limitation stimulates the development of
aircraft-type UAV designs, which, in order to increase the range and
duration of the flight, are equipped with internal combustion engines
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in addition to the supporting surfaces [8]. At the same time, unlike
the battery, the amount of fuel during the flight gradually decreases.
This facilitates the operation of the engine, and therefore reduces its
consumption. Compared to copter-type drones, aircraft-type UAVs
have a relatively high speed and load capacity [9]. However, similar to
conventional aircraft, they still have to perform classic and most com-
plex takeoff operations, and in the case of reconnaissance and reusable
vehicles, landing. The need for more powerful aircraft, mainly in terms
of payload and duration of operation, is also emphasized in [10]. At the
same time, the complexity of their launch will increase in accordance
with the mass (dimensions) of the UAV. However, as noted in [11], the
takeoff characteristics of unmanned aerial vehicles are an important
component that affects their combat effectiveness.

Currently, ground takeoff of medium and heavy UAVs is carried
out in two main ways. The first is acceleration using its own chassis and
engine along the runway. The second is launch from ground launchers,
in particular catapults [12]. However, the aircraft chassis and its sup-
porting structure are heavy, complex and expensive components, its
mass usually varies, depending on the type of aircraft, within 6-15%
of the mass of the empty aircraft [13]. As a result, the chassis system
increases the mass of the aircraft, complicates its design and requires
the implementation of advanced control algorithms during takeoff and
landing. In addition, the chassis negatively affects the acrodynamic
characteristics of the UAV - it increases the frontal resistance and re-
quires an additional fuel supply, which increases the weight of the air-
craft. In addition, the takeoff procedure itself requires significant power
reserves, and the propellers, which have a fixed pitch, are selected from
the point of view of maximum efficiency during takeoff [14]. However,
this seriously degrades the UAV's flight performance.

At the same time, in a situation on the front line, the urgent task
is to increase the duration of the flight and operation in places where
runways may be unavailable.

To minimize these limitations, a number of methods have been
developed. They help the aircraft to reach take-oft speed faster. For ex-
ample, this is catapult take-off (GLDs) [15] or vertical take-off and land-
ing (VTOL) [16]. There is also rocket-assisted take-off (RATO) [17].
However, the current priority is the use of catapults (hydraulic, pneu-
matic, elastic cord, electromagnetic, kinetic) using a rocket booster [17].

For a successful take-off, the UAV must have sufficient lift at the
moment of separation from the catapult, when its propeller enters
stable flight mode. The speed should be at least 15% higher than the
stall speed for a given UAV design [18].

Take-off assistance can dramatically reduce the runway spacing and
increase the overall efficiency of the UAV by reducing engine power re-
quirements [19]. In addition to the fact that catapults solve the problem
of the lack of a runway, their use allows to save fuel during take-off, and
therefore extend the mission time and flight range [20].

Also, dismantling most of the elements of the landing gear sys-
tem (with the exception of structural elements necessary for reliable
attachment of the UAV airframe to the catapult) allows to increase its
load capacity [21].

However, at the beginning of the UAV’s movement, when launched
from the catapult, it undergoes a rapid and significant acceleration, sim-
ilar in effect to a strong impact. This occurs because in a distance of just
a few meters the UAV must accelerate from a state of rest to a speed ex-
ceeding the stall speed. This requires appropriate mechanical strength
of the UAV airframe and resistance to overloads of its systems (even
causing the warhead explosive device to be triggered). Increasing the
fault tolerance of computer systems that control such devices can be
achieved by using calculation systems in residual classes, which is also
worth considering [22]. In most cases, this sharply increases the cost of
UAV production.

From the analysis of existing methods of launching UAVS, it can be
concluded that, despite their widespread use, there are still a number

of technical problems that require further research and development
for operational solutions. The crews of UAV complexes and the main
equipment can be relatively reliably protected in shelters and camou-
flaged facilities, however, the operations of UAV takeoff and landing of
some of them (reusable drones) require personnel to be in open terrain.
Therefore, the current task is to find solutions to protect UAV crews
from enemy damage. In addition to physical protection, it is critically
important to ensure the survivability of computer systems that control
the devices in combat conditions, where partial damage or failure of
individual components is possible [23]. Given the importance of safety,
the impact of diagnostic errors on the overall reliability and functioning
of the system should also be taken into account [24]. Such a solution, of
course, can be remote control of UAV preparation, launch and landing
operations. However, based on the realities of technological develop-
ment, the state of the defense-industrial complex and the economy
of the state as a whole, in the near future such a modernization of the
forces of unmanned systems of the Armed Forces of Ukraine looks
unrealistic. That is why, in conditions of limited resources, the priority
is to search for and substantiate more accessible and effective solutions
that meet strategic needs.

The study was conducted taking into account the ideas of defense
planning and the military doctrine of Ukraine, which gives it practical
value and strategic significance.

Based on this, the aim of research is to develop technical and tech-
nological solutions to reduce the likelihood of aircraft-type UAV crews
being hit by the enemy during their launch.

To achieve the aim, the following objectives were defined:

- substantiate the concept of using a ground-based unmanned

platform as a technical solution for remote launch of aircraft-type

UAVs, aimed at increasing crew safety;

- develop a mathematical model and conduct numerical simula-

tion of the UAV takeoff process, comparing the traditional method

(runway) and the proposed one (use of a ground platform);

- compare key performance indicators of both methods (accel-

eration distance, takeoff time) and assess their impact on the overall

safety and efficiency of UAV use.

2. Materials and Methods

The object of this research is the process of launching an unmanned
aircraft of the aircraft type and the development of technical solutions
aimed at improving the safety of the crew. The subject of the study is the
dynamic characteristics of this process. The research methodology is
based on a combined approach, including theoretical modeling and
numerical experiments. First of all, it was necessary to achieve the
level of readiness of the model to function in laboratory conditions,
which became the basis for further, more complex tests. This allowed
fora comprehensive analysis without the need for expensive full-scale
tests at the initial stage.

The main research methods were:

1. Theoretical analysis and modeling. At the initial stage, a mathe-
matical model of the UAV system was developed - a ground platform.
The model is built on the basis of the laws of classical mechanics and
takes into account the main dynamic parameters. A system of differen-
tial equations was used to describe the motion of the system. It includes
kinematic and dynamic equations of motion of the ground platform and
the UAV, describing their interaction at the moment of acceleration, as
well as equations of forces acting on the system. This allowed to formal-
ize the problem and obtain a system of differential equations, which is
the basis for further calculations.

2. Numerical experiments. To solve the system of equations de-
scribing the acceleration process of the UAV and the platform with
the UAV, the MATLAB software environment was used. The results of
numerical experiments were presented in the form of graphs, which
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made it possible to visualize the dynamics of the process, determine the
optimal operating modes of the platform and identify critical points.
The use of numerical methods to solve the developed system of equa-
tions allowed to obtain quantitative indicators, such as the acceleration
distance and take-off time, for two scenarios:

- classic take-off, which is carried out using its own engine and

chassis on the runway;

- takeoffusing a ground-based unmanned platform that functions

as a mobile catapult. This method allows for remote launch of the

device, minimizing personnel stay in the high-risk area.

The simulation was conducted for conditions typical of the spring-
summer period, in the absence of precipitation and snow cover.

The RQ-7 Shadow UAV was selected as the object for simulation,
the main characteristics of which are known [25]. This allowed the use of
real parameters, such as the maximum take-off weight (mUAV) - 148 kg;
the total wing surface area (S,) - 1.97 m% and also to introduce the
coefficients of lift of the UAV wing (Cj) — 1.2 and aerodynamic
drag (Cerdrag) — 0.02, obtained for the Clark-Y wing profile of 12%
atan angle of attack of 4°. The parameters used in the simulation corre-
spond to the scaling plans of the project, which is currently at the stage
of creating a light prototype.

Thus, the research methodology included the following stages:

1. Selection of the research object (UAV) and collection of its
characteristics.

2. Construction of mathematical models for two takeoff scenarios.

3. Development of an algorithm for numerical solution of the equa-
tions of motion in the MATLAB environment.

4. Conducting numerical experiments and obtaining data.

5. Analysis and comparison of the obtained results, formulation of
conclusions.

3. Results and Discussion

The complex and changing environment of the modern battlefield,
including enemy electronic warfare equipment capable of intercept-
ing control, blocking communication channels or distorting naviga-
tion data [26], significantly affects the course of UAV preparation and
launch operations. Therefore, the ability to ensure maximum safety
of these operations will be one of the main indicators that affect the
overall effectiveness of the use of unmanned systems.

For take-off, copter-type drones only need a small area of open
space among surrounding objects, and the final preparatory operations
and the launch itself on unprotected terrain can be reduced to seconds.
Therefore, crews operating copter-type devices with vertical take-off
and landing are less likely to be attacked compared to the personnel of
aircraft-type UAVs.

The situation is somewhat different with aircraft-type UAVs. Pre-
paratory operations of the device in open terrain last much longer.
In addition, based on the flight trajectory [27],a UAV requires a runway
several hundred meters long (even in the case of a catapult launch).
These forces, in order to prevent shelling, to remove the launch pads
of aircraft-type UAVs at the maximum distance from the combat zone.
However, the distance from the mission execution zone significantly
reduces the effectiveness of their use, and a significant amount of fuel
or battery charge is spent on the distance to the target. Given the en-
emy’s real capabilities, a significant part of the territory of Ukraine is
controlled by its reconnaissance UAVs. This territory can be hit from
any distance. Threats range from fiber-optic drones to cruise and bal-
listic missiles. Therefore, the issue of protecting UAV crews is extreme-
ly relevant. This especially applies to aircraft-type drone operators.
At the same time, most of the above disadvantages of launching aircraft-
type UAVs can be eliminated when carrying out this operation from
a mobile platform. To do this, the drone is rigidly mounted on it, the
platform smoothly starts moving, and after gaining the required speed,

it is separated by analogy with a catapult. In this case, the acceleration
of the platform, and therefore the UAV, will be significantly less than the
acceleration that will be given to the drone by the catapult. In addition,
if there is a runway of sufficient length, it can be adjusted.

Therefore, when launching from a mobile platform, the strength
of the UAV fuselage elements should be oriented only to the loads that
occur during its flight. This will allow reducing the mass of the fuselage
in favor of the payload and reducing the cost of its manufacture.

Given the excellent acceleration dynamics of the electric drive, the
best basis for such a platform will be an electric vehicle. In this case, it
is advisable to use truck vans as mobile stations for storing, repairing
and preparing the UAV. For launching, it is possible to use sections of
general roads and individual sections of unpaved roads.

However, at the moment there are several circumstances when
launching a UAV, to perform a combat mission, from a vehicle-based
platform, although it looks quite acceptable, is not desirable. The reasons
are the possibility of the platform being hit by the enemy, the possible
operation of the warhead, the danger of fuel leakage from the UAV and
its ignition, and so on. In any case, the platform crew is exposed to danger.

However, in parallel with the development of UAVs, ground-based
robotic complexes for military purposes are also actively develop-
ing [28]. Their appearance on the battlefield is a natural phenomenon.
The availability of most components allows this direction to be scaled.

A ground-based robotic platform is most often equipped with an
electric power plant. Also, depending on the purpose and power, they
can be equipped with hybrid power plants and internal combustion
engines. They begin to perform a significant part of the tasks in order
to preserve the lives and physical health of military personnel.

Based on the tasks set in the work, it is proposed to use ground-
based unmanned systems with an electric drive as a mobile platform
for launching aircraft-type UAVs. The scheme of launching a UAV from
a ground-based unmanned platform is presented in Fig. 1.

Fig. 1. Scheme of launching a UAV from a ground unmanned platform:
a — UAV-platform connection at the moment of acceleration;
b — UAV separation from the platform

As an example, for comparing the dynamics of take-off from the
runway and using an unmanned platform, the RQ-7 Shadow UAV was
chosen. Its main characteristics are given in [25].

To determine the lift coefficient of the UAV wing (Cjs) and the aero-
dynamic drag coefficient (Caerdrag), @ Clark-Y profile of 12% and an angle
of attack & = 4 were used. Then Cyg = 1.2, and Cyerdrag = 0.02. The to-
tal wing surface area (S,,) of this UAV is 1.97 m?, the maximum take-off
weight (myy) is 148 kg [25]. The air density was taken as p = 1.225kg/m”.

When accelerating a UAV on a runway, the movement will be uni-
formly accelerated only in the initial segment, and the speed will con-
stantly change. The process of accelerating a UAV on a runway consists
of three stages:

1) the beginning of acceleration. For a propeller gasoline engine at
medium speeds, the thrust will be approximately constant. Air resis-
tance is minimal, acceleration is approximately constant;

2) increasing speed. The aerodynamic resistance of the UAV increases
according to the quadratic dependence of the speed of movement

! 5 (1)

Emz .drag = Ep : Cm’r drag O

G
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where p - air density, kg/m?; Caerdrag — the coefficient of aerodynamic
drag; S, is the wing area, m?; v — the UAV speed, m/s.

The wing lift increases, unloading the landing gear wheels. Air re-
sistance increases, due to this acceleration decreases. Engine thrust
remains stable;

3) before the landing gear separates from the runway. The lift will be
equal to the mass of the aircraft, the load on the wheels gradually disap-
pears, the air resistance will be significant. The speed stabilizes within
the calculated lift (separation speed) viy(sp), after which the aircraft
separates from the runway.

The lift of the aircraft is calculated by the formula

1 -
i :EP'C/gﬁ'éw'Vz’ 2)

where Ci; - the lift coefficient.
Hence, the speed of the aircraft is equal to

2F
y= |— " ©)
P-Cy-S,

Using formulas (1) and (2), it is possible to determine the take-off
speed viify(«p) for the RQ-7A Shadow UAYV, and the maximum aerody-
namic resistance at the same time.

Fig. 2 shows the effect of the UAV speed on the lift force and
aerodynamic resistance. According to Fig. 2, the take-off (take-off)
speed of the RQ-7A Shadow UAV from the runway is 31.7 m/s (the
intersection of the Fj(v) line with the line corresponding to its
weight NUAV = 1450 N)

2500 40
35
2000
30
25
o 1500 EM
3 20 3%
<9 3
=
1000 . 15
3
—2 10
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5
0 0
0 10 20 30 40
v, m/s

Fig. 2. Dependence of lift force and aerodynamic drag of the UAV
on its speed: 1 = Fodug 2 — Fiyps 3 — Ny = 1450 H

The acceleration of the aircraft on the chassis from vy = 0 to
V = Vjifi(sep) OCCurs using the engine thrust Fy,gn-ua- The aerodynamic
drag force Fji; (2) and the rolling resistance force Fyoj e ot against the
engine thrust force

By =M, (N v Flgﬂ )’ (4)

where p, — the friction coefficient; Fyyj,s — the rolling resistance, N;
Nyay - aircraft weight, N, Nyay = 1450 N.

The rolling resistance force will change with the change in speed.
As the speed increases, the lift of the aircraft wing increases, so the
initial weight of the aircraft Nyay will change, thereby reducing the
force of the pressure of the wheels on the surface. The aerodynamic
drag force will also change, according to equation (2).

The engine installed on the RQ-7A Shadow UAV (Wankel UEL
AR-741) provides static thrust Fogm-ua = 400 H. When gaining speed,
the lift force of the UAV increases according to formula (1).

The resultant force acting on the UAV is determined by the formula

dv

m.—
uAv
dt

=F,

o () Fa (), o

ng.thr UAV

where Fyg v — aircraft thrust force, N; dv/ dt — UAV acceleration, m/s>
After substituting (1) and (2) into formula (4)

dV 1 2
Myay E = P;ng.thr.bHV _Ep .Cam‘.dmg 9,V =
1
_:ur[NUAV _Ep'cliﬁ'sw'vzj' (6)

To determine the distance at which the UAV will reach the speed
required for separation from the support (runway), its speed (v) is ex-
pressed in terms of the change in distance with time:

dx

== 7
= 7)
b 1 o
dx v dt

Hence, the dependence of the speed on the acceleration distance of
the UAV is described by the differential equation

dv 1
My, 'VE = Long thr.vAv _E'D .Cuervdﬂlg S, v =
1 >
_'ur(NUAV_Ep.cliﬁ.sw.v_j' )

The dependence of v(x) was determined in the Matlab program.
The obtained graph of the dependence of the acceleration interval
of the UAV on its speed is shown in Fig. 3. Given that the separation
speed was 31.7 m/s, such a speed was achieved on a segment of 273.6 m.

70

60 -

400 600 800
Distance, m

0 200 1000

Fig. 3. UAV acceleration to takeoff speed when taking off on the chassis
from the runway

The option of launching a UAV from a ground unmanned platform
is as follows. The UAV is fixed on the platform, the movement of this
link along the runway is provided simultaneously by the platform’s
electric drive and the UAV engine thrust, after reaching takeoff speed,
the drone separates from the platform and begins independent flight.

During acceleration and until the moment of separation, the mass
of the unmanned platform-UAV link changes. Mass before takeoff

m__ =m,., +m (10)

syst uGv UAV?

where mygy myay — the mass of the unmanned platform and UAV,
respectively, kg.
And the mass after takeoftis

m (11)

gt — Mgy -
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Until the moment the UAV is separated from the platform, the
following forces act on the system: platform engine thrust (Feugmrucy),
UAV engine thrust (Fagruav), rolling resistance (Fyof es.gyst), air resis-
tance (Ferdrag)- The combined effect of these forces

dv

my E =Fgtrvey T

(12)

P;ng.[hr.b’AV - E‘n/.rcs.s)'sr - Emr.dmg :

The rolling resistance force depends on the mass of the system and
is determined by the formula

1
E‘ol.rﬂs..\ysl = lur (NUAV +NUGV - Ep 'Clyl 'Sw 'VZ j =
1 .
=u, mm,~g+mw,~g—5p-Chﬁ-5w-v . (13)

The air resistance force depends on the frontal area of the UAV and
is calculated by the formula

1
) v, (14)

F;w.dmg :Ep : ('m.'r'.dmg .Sb/}oni.l_"A\/’ ’

where Sgonuav— the frontal area of the UAV, m2.
The unmanned platform — UAV system exists as long as the condition
F/!ff <m

(15)

UAV *
The UAV takes off from the platform under the condition

P;yl 2 mUAV N (16)
In this case, the forces act on the platform: its engine thrust and

rolling resistance. The resultant of these forces

. dv
uGv: dt

9]

(17)

eng thr.UGV Fm/.m 4

where Fy s — the rolling resistance force of the platform, N

vol.res = My My * 8- (18)

Then the equations describing the process of acceleration and launch
of the UAV from the unmanned platform form a system and have the form

P;ng.lhr.l/'(i" + P:'ng.thr.UAV B Eﬂ[ﬂ’s.syﬁ _Eu’r.dmg I
P N > by <y
av_ Mygy + My, (19)
dt P;ng‘llanGV B E‘ol,vw Eo>
> Lift = My -

mU(}V

The system of equations (19) was solved numerically using the MAT-
LAB program. The resulting graphical dependence is shown in Fig. 4.

The following parameters were used for calculations. The mass of the
platform was 120 kg, and the mass of the UAV was 148 kg. The total power
of the unmanned platform engines reached 9 kW. Its maximum thrust
was 945 N. The thrust of the UAV engine was 400 N. The rolling resis-
tance coefficient of the platform was 0.015. Air density was 1.225 kg/m”.
The UAV wing area was 1.97 m? and its frontal area was 0.6 m?.

Thus, the unmanned platform with the aircraft will reach a separa-
tion speed of 31.7 m/s (114.1 km/h) at an interval of 166.7 m in 9.2 s.
Then the UAV will detach from the platform and begin its flight.

Thus, the use of an unmanned platform will ensure the remote
execution of the UAV launch operation. In addition, launching using an
unmanned platform will significantly reduce the interval of speed gain
until the moment of UAV separation and the duration of the operation.

140 T :

120
100

Speed, km/h
8

0 50 100 150 200 250 300
Distance, m

Fig. 4. Acceleration of the unmanned platform — UAV system
to the take-off speed of the UAV

The practical significance of the results obtained lies in substan-
tiating and proving the feasibility of using ground-based unmanned
platforms to launch aircraft-type UAVs. The proposed method allows
significantly increasing the safety of military personnel, minimizing
their stay in open terrain during the critically important and danger-
ous takeoff phase. Reducing the required acceleration length and op-
eration time, confirmed by modeling, makes it possible to use smaller
and better camouflaged launch pads, which reduces the likelihood of
their detection and destruction by the enemy. This directly affects the
preservation of lives, equipment and increasing the overall combat ef-
fectiveness of units operating unmanned systems.

The limitations of the proposed study are:

1. The simplified dynamics model does not take into account all
possible factors. These include real-world weather conditions, such as
wind gusts, and surface irregularities. The model also does not take into
account the full dynamics of the interaction between the platform and
the UAV. In addition, it does not take into account changes in friction
and drag coefficients depending on the type of coating.

2. Idealized characteristics, since all parameters of the UAV (RQ-7
Shadow) and the unmanned platform are assumed to be idealized (con-
stant engine thrust, fixed drag coeflicients) to simplify calculations. In real
conditions, these indicators may change.

3. Lack of experimental verification, since the results were ob-
tained exclusively by numerical modeling in the MATLAB environ-
ment, without physical verification and full-scale tests, which limits the
accuracy and practical reliability of the conclusions obtained.

The direction of development of the conducted research is:

1. Creation of a full-fledged dynamic model that will take into
account nonlinear engine characteristics, changes in fuel mass during
operation, dynamic resistance from road irregularities, as well as real
variations in weather conditions.

2. Development of automatic control algorithms, as well as design
and optimization of algorithms for automatic synchronous control of
UAV engines and a ground platform, which will ensure optimal and safe
acceleration.

3. Creation of a prototype of a ground unmanned platform and
conducting its full-scale tests to confirm the results of numerical modeling.

4. Assessment of effectiveness and safety in real conditions, which
will include a comprehensive analysis of the protection of the ground
platform and UAV from enemy weapons in order to confirm the practi-

cal safety of the proposed approach.

4. Conclusions

1. The concept of using a ground-based unmanned platform
with an electric drive as an effective technical solution for remote
launch of UAVs is substantiated. This approach allows transferring the
entire preparation and launch process to a safe, protected shelter, mini-
mizing the crew’s stay in the open area and significantly increasing
their safety. An additional advantage of this method is the possibility

i
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of reducing the requirements for the strength of the UAV airframe,
since it is not subject to high overloads typical of launching from
a catapult. This, in turn, allows to increase the payload, for example,
a warhead or reconnaissance equipment, which increases the overall
efficiency of the device.

2. A mathematical model has been developed for numerical model-
ing of the dynamics of UAV acceleration. The modeling covered two
scenarios: takeoff from its own chassis on the runway and launch using
a ground-based unmanned platform. This allowed to obtain quantita-
tive indicators that confirm the advantages of the proposed approach.

3. The simulation results compared the key performance indica-
tors of both methods. It was found that the use of a ground platform
significantly reduces the required acceleration distance - from 273.6 m
to 166.7 m, which is a reduction of 39.1%. The duration of the take-off
operation itself was also significantly reduced - from approximately
23510 9.2 s, i. e. more than twice. These results indicate that the pro-
posed launch method significantly reduces the time during which
the UAV and its operators are at risk of detection and damage by the
enemy, thereby increasing the combat effectiveness of the units.
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