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SYSTEM FOR AUTOMATED CALCULATION OF PARAMETERS OF THE STAGE
OF LAUNCHING AN UNMANNED AERIAL VEHICLE FROM A CATAPULT-TYPE
LAUNCHER

This analysis focuses on the various stages involved in launching unmanned aerial vehicles (UAV) and highlights the key
considerations that must be taken into account during these stages. When launching UAV in rugged terrain without a proper runway,
alternative launch mechanisms, such as a catapult-type launcher, must be developed. The use of a catapult launcher offers several advantages,
including the ability to launch in confined spaces and a quick preparation time. However, the development of a launcher is a complex process
that requires a comprehensive approach, involving sophisticated engineering solutions to calculate launch parameters and the flight path of
the UAV. Throughout the launch process, the UAV progresses through different stages, starting from the ignition of the starting engine until it
reaches the desired height and speed. It is crucial to consider various parameters that influence the trajectory of the UAV during the launch
phase.

The authors determined the influence of the characteristics of the engines and launcher on the trajectory of the UAV and formulated
a mathematical model for calculating the speed and coordinates of movement, which have a significant impact on the flight path. A system for
automated calculation of the parameters of the first stage of launching a UAV from a catapult-type launcher is proposed, this system will
reduce the time for product development, as well as reduce the influence of the human factor, which will lead to a decrease in the error in
calculations. To analyze the starting characteristics of the product, a catapult model was chosen, which consists of a guide, a carriage and a
UAV with a starting engine.

The influence of the mass of the product, the launch angle and the distribution of external forces acting on the product are taken
into account, which leads to the calculation of the initial values for further design. The result of the application of the system is to obtain the
parameters of the speed of movement and the position of the flying object in tabular and graphical forms.

Keywords: unmanned aerial vehicles; launchers, classification of launchers for unmanned aerial vehicles, simulation of the launch
of an unmanned aerial vehicle, automated calculation system.

BYKOBCBKA JIIAHA, AHTOHIOK BIKTOP

Hanionaneuuii TexHiuauid yHiBepcuteT Ykpainu "KuiBcbkuid moniTexHiunuid incTutyT iMeHi Iropst Cikopcebkoro”

CUCTEMA ABTOMATHU30BAHOI'O PO3PAXYHKY TAPAMETPIB ETAITY 3AITYCKY BE3IIJIOTHOI'O
JITAJIBHOT O AIIITAPATY 3 TYCKOBOI YCTAHOBKH KATAIIYJIbTHOI'O TUITY

L]eti ananiz 30cepedrcyemupcs Ha PIsHUX emanax 3anycky oesniiomuux aimaneHux anapamis (BIIJIA) i suceimntoe k04081 MipKy8aHHs,
AKi HeoOXIOHo epaxoeyeamu Ha yux emanax. Ipu 3anycky BIIJIA na nepeciueniii micyesocmi 6e3 8i0n08iOHOI 31IMHO-NOCAOKOB0I cMY2U HeOOXiOHO
PO3pOOUMU anbMePHAMUBHT MeXAHI3MU 3aNYCKY, HANPUKIAO, NYCKOGY YCMAHOBKY Kamanyibmno2o muny. Bukopucmanna kamanyasmuoi nyckogoi
YCMAano8Ku Npononye Kilbka nepesaz, GKIOYAIOYU MONMCIUBICHIL 3aNYCKY 68 00MedCceHOMy Npocmopi ma weuokuil yac nioeomoeku. IIpome
PO3POOKA NYCKOBOI YCMAHOBKU — CKIAOHULL Npoyec, AKUll NOmpedye KOMIIAEKCHO20 NiOX00Y i3 3ANYYEHHAM CKIAOHUX THHCEHEPHUX piuieHb O
PO3paxyuxy napamempie 3anycky ma mpaekmopii nomvony bBIIJIA. V npoyeci 3anycky BIIJIA npoxooume pisui emanu, nouunaiouu 6io
3ananoeants cmapmogo2o 08ucyHa 00 OocsenenHs 6ajxcanoi eucomu ma weuokocmi. [ysice 6ajxcauso epaxogyéamu pisHi napamempu, AKQ
snausaroms Ha mpaekmopito BI1JIA nio uac ¢asu sanycky.

Knouosi crnosa: besninomui riimanvhi anapamu; nyckosi yCmanosKu, KiacuQikayis nyckoGux yYCmano8ox 015t 0e3niiomHux JimanbHux
anapamie, MoOen08an s 3anycKy 6e3niiomHo20 1imaibHo20 anapamy, aemoMamu308and CUcmema pospaxyrky

Statement of the problem
The increased demand for the use of unmanned aerial vehicles (UAV) in various fields of activity requires
the modernization of finished products and the introduction of new technologies. The focus is on launching UAV in
conditions with limited space and without a paved runway. Catapult-type launchers provide the ability to launch UAV
from rough terrain or in places with limited space. Such launch benefits do not need to be created an open, flat, paved
surface that will serve as a runway.
Analysis of recent sources
The catapult-type launcher must be mobile, have minimal weight and size characteristics to ensure portability
and speed up preparation for the launch of the UAV. The main requirements for a launcher are that it must operate in
a variety of climates, be safe for the operator, and be easy to exploit (with low maintenance, resulting in rapid operator
training). Another important condition in the design of the installation is the adjustable launch angle for different types
of UAV and weather conditions [1].
In order to take into account the critical requirements for the design of catapult-type launchers, their varieties
are analyzed:
— launcher with a starting engine;
— pneumatic launcher;
— with a spring mechanism,;
— electromagnetic launcher.
Analysis of literature sources has shown that a catapult-type launcher with a starting engine is used to launch
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UAYV weighing up to 50 kg and is relatively cheap compared to other types [2].

Pneumatic launchers are used to launch light and medium UAV, the main disadvantages are their cost and
overall dimensions, which creates problems during transportation [3, 4].

The use catapult launcher with a spring mechanism requires highly qualified specialists, which increases the
time for personnel training [5, 6].

The electromagnetic launcher is characterized by increased complexity in design and manufacture, as well
as high cost [2].

Since the launcher with a starting engine meets all the basic requirements, it was chosen for the development
of a system for automated calculation of the parameters of the first stage of launching a UAV from a catapult-type
installation.

The trajectory of the UAV in space is determined by the distribution of external forces acting on the flying
object. To successfully launch the UAV, you need to balance the product. An object is in a state of dynamic balance
when the sum of all acting forces is zero. At launch, the UAV goes through three stages of launch, each of which
requires the calculation of the center of mass of the product. To calculate the center of mass of the product during the
start process, you need to know such parameters as: speed, product coordinates and launch angle [7].

The launcher with a starting engine selected for research consists of a guide on which a carriage is placed,
which serves to mount the UAV and the starting engine. The carriage ensures the movement of the product along the
guide during the start-up process.

During launch, the UAV goes through three main stages of launch: movement along the guide, movement
after leaving the guide, flight after resetting the starting engine (Fig. 1).

Movement UAV Movement UAV Flight UAV after

after leaving . . . .
resetting the starting engine
the guide g g clg

along the guide

Fig. 1. Three main stages of start-up

At the first stage of launch, the movement of the UAV along the guide begins under the influence of the
thrust force of the starting and propulsion engines. At the second stage of launch, after leaving the guide, the operation
of the engines continues, the UAV gains height sufficient to continue the flight. At the third stage of start-up, after
gaining the set height, the carriage with the starting engine is reset and movement continues under the force of the
propulsion engine.

The purpose of the work is: to study the first stage of launching a UAV from a catapult-type launcher and
to develop a system for automated calculation of parameters that describe the movement of the center of mass of the
product at the first stage of launching a UAV from a catapult-type launcher.

Statement of the main material

After analyzing the literature, it was determined that the launcher with a starting engine has a number of
advantages over other varieties and requires further research and calculation. Since the product must be balanced
during the start-up process, it is necessary to analyze the distribution of external forces, as well as the location of the
center of mass of the product in the start-up process.

Consider a catapult-type launcher with a guide length [, , which has an angle of inclination to the ground o,
. A UAV is placed on the rail, which is fixed to the carriage with yokes. The carriage ensures smooth and continuous
movement of the product along the guide.

Figure 2 shows a schematic representation of a catapult with a UAV mounted on it, as well as the distribution
of forces acting on the product, the center of mass of the equipped UAV, and the starting coordinate system. Axis y,,,

passes through the center of mass of the product, X, placed parallel to the ground. At the point of attachment of the

UAV arise frictional forces (F;, F,) and the forces of the normal ground reaction (N;, N,). The distance from the
beginning of the guide to the first pair of yokes is marked I;.

Let's consider the simulation of the UAV movement at the first stage of launch, when the UAV moves along
the guide. As the material point of the variable mass, we take m(t) [8].

The purpose of the study is to describe the movement of the UAV in the vertical plane of flight at a time
using the speed parameters V (t), incline angle 0., . and coordinatesx(t), y(t).

During the flight, the starting engine operates, which means that the mass of the product will be variable in
time, which can be described by the formula:
m(t) =m+mg —ut; tel0,7], )
where m — UAV weight (kg), m,, — mass of the starting engine with a charge (kg), 4 — mass charge combustion
rate (kg/s), T — operating time of the starting engine (s).
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Fig. 2. Launch coordinate system of UAV launch:
CM - Center of Mass; y,,,— axis of the center of mass; F,, F, — frictional forces (N); Ny, N, — normal ground response (N); V

—speed (m/s); [, — guide length (m); [;- the distance from the beginning of the guide to the first pair of yokes (m)

At the first stage of launch, the movement of the UAV can be described by a system of differential equations
of the form:
P+ Pycosa,—F,,—X(a,M ,y )

(o) — gsina,;
L =V ;
x =V cosa, 2)

y =V sina,; tel0,71],
where P,,— the value of the thrust force of the propulsion engine (N), P,,— the value of the thrust force of the starting
engine (N), F,, = F,,(t) — the total value of the friction force of the yokes at the moment of time t (N),
X(a,,M , y ) — the force of the UAV's frontal resistance at zero angle of attack, which moves at a speed of V  at
height y, M =V/a — Mach number, L = L (t) — the distance traveled by the UAV along the guide at a
time f (m), T — operating time of the starting engine (s).

To calculate the total value of the friction force of the yokes, we use the formula:

Fmp(t) = k(PM() + PL'() sin a, — m(t)gSinaH)' (3)
where k — coefficient of friction of sliding yokes along the UAV guide.

The system of equations (2) is integrated on the time interval [0, T] under initial conditions:

V(0) = 0; L(0) = 0;x(0) = 0;¥(0) = “4)
where y,,, —the height of the CM UAYV at the initial placement on the guide..

Time 7 (completion of the first stage of start-up) is determined from the equation:

L(t) =1, (5)
where [ = [, — l; — the distance that the UAV must travel along the guide to the second stage of launch.

Based on the above formulas for modeling the second stage of launch, we determine the value of V(t), and
coordinates x(t), y(t).

To implement the calculation of the values of the mass, the total value of the friction force of the yokes, the
coordinates of the location of the UAV in the process of movement and flight speed, the method of automated
calculation of the parameters of the first stage of launching a UAV from a catapult-type launcher is used , the algorithm
of which is shown in Fig 3.

At the first stage of the program, initial data are entered (guide length, launch angle, UAV weight, type of
starting engine, mass of the starting engine with a charge, thrust force value of the main and starting engines, guide
and carriage material).

At the second stage of the program, the correctness of the entered data is checked, if there is an error in the
input, then the user is prompted to return to the first step.

If the data is entered correctly, are performed calculations speed V(t), and coordinates x(t), y(t) by
formulas (1), (2), (3), (4), (5) and output of results in tabular and graphical forms.

The presented system for calculating the parameters of the first stage of launching a UAV from a catapult-
type launcher takes into account the main factors that have an impact on the trajectory of the UAV. An important
result of the program is the calculation of the parameters that are necessary to continue the study of the second stage
of start-up, namely: the speed and coordinates of the product. The use of the proposed system will lead to a decrease
in the calculation error, a reduction in the time spent on the design of the UAV.

Conclusions

As a result of the research, three stages of launching unmanned aerial vehicles from a catapult-type launcher
have been identified. The stages of UAV movement along the guide installation are analyzed and the distribution of
external forces acting on the product is determined, as well as the main parameters necessary for calculating the center
of mass of the UAV in the process of movement are determined. The main parameters that affect the movement of
the UAV after leaving the guide are determined.
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Fig. 3. Algorithm of operation of the system for automated calculation of parameters of the first stage of launching an
unmanned aerial vehicle from a catapult-type launcher

Mathematical modeling of the UAV launch process at the first stage of launch has been developed. On the
basis of the mathematical model, an algorithm for the operation of the system for automated calculation of the
parameters of the first stage of launching a UAV from a catapult-type launcher was created.

The introduction of this system into production will lead to a decrease in the calculation error, as well as
reduce the time for the development of new approaches to the launch of UAV, therefore, it is a promising topic for
further research.
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