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The Rescue System Implemetation in
the Medium Range UAV

The modern approach to aircraft designs increasingly involves the
application of rescue systems in crewed aircraft such as gliders, ultralight
and trainer aircraft. Similarly, various classes of UAVs (unmanned aerial
vehicles) are increasingly being equipped with parachutes or parachute-
airbag landing systems. Whether the objective is to facilitate routine
landings or to safeguard the UAV system and its components during
recovery, integrating a parachute system serves as a vital solution. This
paper presents an implementation analysis of the different rescue systems
in medium-range UAV, addressing various limitations such as minimal
mass increase, limited space within the UAV to house the system, changes
to the center of gravity, stability and control considerations, and overall
UAV performance. The paper also studies the capability of lateral-
directional flight control surfaces compensation for the asymmetric load
caused by the integrated one version of the rescue system under the wing,
and performance of the required maneuvers in accordance with flight
regulations.
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modification, aerodynamic, flight control.

1. INTRODUCTION system with an operational radius of more than 200 km,
shown in Figure 1, whose technical characteristics are
Today's designers of aircraft and unmanned aerial ve— given in Table 1. The analysis in [4] was partly repeated
hicles (UAVs) are placing greater emphasis on safety in the next chapter and extended to include stability and

during the early stages of preliminary design. This inc— control considerations and overall UAV performance
ludes considerations such as minimizing the take-off change.

weight to ensure compliance with the safety levels
required by airworthiness design standards [1]. One of
the simplest ways to ensure safety with potential system
mualfunctions is by integrating a parachute rescue sys—
tem [2]. It has become common practice to include
recovery systems in the all new-designed gliders, ultra—
lights, trainer aircraft and UAVs. These systems can
also be retrofitted later.

There is extensive research on the feasibility of
integrating recovery systems into commercial aircrafts
[3] and UAVs [4]. Parachute systems are often included
in UAVs for routine landings at the end of missions [5],
which depends on UAV category. In some cases, the
UAV may become uncontrollable, making it impossible
to land or position the UAV for rescue system

Figure 1. Medium range UAV

Table 1. UAVs technical characteristics

activation. Therefore, parachute systems must be reli— Ly
able and well-integrated into the aircraft or UAV to Power 38 KW (52 BHP)
ensure they can protect lives, minimize damage to the two-cylinder, two-stroke boxer
expensive, cutting-edge technology onboard and da— Propeller Wooden, two blades, pusher
mage to other people's property. Implementing a rescue Referent wing span 634 m
system in UAVs can significantly reduce the likelihood Length - 2.580 m
of fatal accidents, such as the one described in [6]. Max. payload weight >4 kg

The presented paper focuses on integrating the Max. takeoff weight 265 kg
rescue system in the medium-range UAV [7]. It is a Max. SPeed - 160 - 180 km/h+

(Operational altitude 2000 -3000 m

multi-functional intelligence and reconnaissance UAV

2. ANALYSIS OF THE RESCUE SYSTEM
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The medium-range UAV features a fully composite
structure with a rear-mounted engine, simplifying main—
tenance and allowing for convenient placement of the
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payload in the front section of the fuselage. This design
approach significantly reduces the influence of engine
and propeller vibration on the payload. It provides better
image quality transmitted to the ground control station
and substantially increases the capability to detect,
recognize, and identify the potential target. The wing's
centre section is an integral part of the fuselage and was
initially intended to house fuel tanks during the project's
early stages. At that time, the parachute rescue system
was planned to be located in the fuselage centre, behind
the fuel tanks. However, a change in the design concept
introduced a second fuel tank within the fuselage,
leaving the space originally allocated for integral tanks
unused and side-lining the parachute system. The initial
plan to incorporate a rescue system was ultimately
replaced by the need for additional fuel to extend
endurance for two distinct mission profiles. The
expected endurance for the reconnaissance mission was
10 hours, while for the armed mission was 6 hours.

In response to the new requirement for a rescue
system, the analysis of two possible placement for
parachute integration has been done:

1. First approach: The goal was to develop a
solution using our own resources, in colla—
boration with subcontractors from domestic
(Serbian) country.

2. Second approach: The aim was to identify a
certified ballistic parachute system of foreign
origin that is already in widespread use in
various UAVs and ultralight aircraft.

Both approaches required a thorough investigation
of the market and parachute manufacturers offering
certified systems already in use, summarizes the data for
the companies and products reviewed and analyzed.
Table 2 presents the options that satisfy the specified
requirements.

Table 2. Possible rescue system solutions

Galaxy GRS Galaxy PR 03-1
GRS 4270 GRS Kluz
60 m’ GRS 4270
60 m”

Max. UAV 270 270
mass [kg]
Type of system Ballistic Ballistic
Type of package Soft Out unit Soft
Mass of the 8.8 9.6 6
system [kg]
Dimension 195x245x305 D185x500 | 420x240x160
[mm]
Max. dynamic 14.5 14.5
impact [kN]
Average UAV 6.6 6.6
vertical speed
[m/s]
Parachute 7.2 7.2
diameter [m]
Parachute 60 60 45.5
surface area
[m’]
Max. UAV 230 230
airspeed [km/h]
System volume 14.6 13.4 16.2
(1
System life 6 years 6 years
cycle
[repacking]
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2.1 First approach

Given that the maximum descent speed for a safe UAV
landing must be less than 7 m/s and the UAV’s maximal
mass is 265 kg, a parachute with a minimum canopy
area of 60 m? was required. However, the UAV lacked
sufficient internal space to house a parachute of this
size. The initial solution involved utilizing the only
available space within the UAV: the center section of
the wing, which offered two compartments with a
combined volume of 30 liters (Figure 2).

Figure 2. Free space for parachutes (green)

The decision was made to start the analysis with two
smaller parachutes that could be obtained quickly. The
available space in the center section of the wing was
sufficient to accommodate two reserve parachutes,
PRO3-1, with a canopy area of 45.5 m?. These para—
chutes were readily available for installation and testing.
The system also includes two pilot parachutes with
springs and two main parachutes, which will be
connected together.

The just mentioned approach required the modifi—
cation of the wing center section in order to accom—
modate a cover on the upper skin, and enable the easy
deployment of the parachutes. Any additional modifi—
cation to the wing would require a design optimization
strategy and structural analysis [8]. A wind tunnel test
could be conducted as a method for verifying the
system’s functionality. This test would simulate the
deployment of the cover and the launching of the parac—
hutes under flow conditions similar to those experienced
during an actual in-flight rescue mission (Figure 3).

Figure 3. Cover on the upper skin (yellow)

The pilot parachutes will deploy at a sufficient
height to clear the UAV’s tail and empennage, carrying
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the main parachutes with them. No additional numerical
or flight tests will be necessary to evaluate aerodynamic
changes, as all components of the system will remain
enclosed within the fuselage. The parachute system will
add 10 kg to the UAV’s total weight. Since the parac—
hutes will be positioned close to the center of gravity,
the resulting shift in the center of gravity will be neg—
ligible. The additional weight of the implemented rescue
system will require the reduction of the fuel capacity
that can be available for different UAV missions.

2.2 Second approach

The second approach involved exploring the inter—
national market to identify the most suitable rescue
system for this type of UAV. Various systems were
evaluated, and contact was established with several
companies. The companies that expressed interest are
listed in Table 2. Prominent industry leaders, including
BRS Aecrospace, Junkers Magnum Rescue System, and
Galaxy Rescue System, were among those contacted.
For the medium-range UAV, only the Galaxy Rescue
System (GRS) met the requirements, while the other
two companies either discontinued production for this
UAV category or did not offer suitable products. As the
leading company in this market segment, GRS provided
two parachute system options: the soft pack system and
the OUT unit.

Several limitations were encountered, as each
system includes a rocket as part of the parachute dep—
loyment mechanism. The best solution was to install the
rocket at the top of the fuselage; however, the presence
of front and rear fuel tanks made it impossible. Since
pylons are already installed under the reinforced wings,
and installation provisions for weapons are in place,
only minor modifications would be needed to mount the
OUT unit under the wing (Figure 4).

Figure 4. OUT unit attached to the wing pylon

The second option involved designing an integral
container for the soft pack, mounting the rocket on it,
and covering the system with an aerodynamically
shaped cover. This would allow the system to be
securely attached to the wing pylon (Figure 5). The
integral container would be a weather-resistant pack,
similar to the OUT unit. The final decision will depend
on the availability of these systems, ease of use, and the
drag force they produce, as the mass of both systems is
approximately the same.

Similar to the armed UAV, when the external
parachute unit is incorporated into the mission, fuel
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reduction must be calculated to ensure that the maxi—
mum UAV mass remains within 265 kg. An advantage
of this approach is that the integration of any rescue
system will not affect the center of gravity. The system
features electronic activation, and the unit will be
installed inside the UAV, specifically in the left wing.

Figure 5. Integral container with soft pack and rocked
attached to the wing pylon

In both variants, the attachment points will be
positioned at three locations on the fuselage: two in
front of the center of gravity and one behind it. Figure 6
illustrates the placement of the attachment points, with
the center of gravity indicated by a yellow sphere.
Before testing the rocket and parachute deployment,
some numerical calculations need to be conducted.

Figure 6. Hanging points and centre of the gravity

Since the masses of the rescue systems are smaller
than those of the weapons, which have already been
accounted for in the static strength calculations of the
wing and pylon, a static strength verification will not be
required. The calculation of the aerodynamic drag
resulting from the attachment of these rescue systems,
as described in the second approach, is presented in the
next chapter.

3. AERODYNAMIC DRAG ESTIMATION

To determine which rescue system has the minimal inf-
luence on UAV performance, an aerodynamic analysis
was conducted. Computational fluid dynamics (CFD)
simulations of the drag force for the rescue systems were
performed using the commercial ANSYS Fluent
software, employing finite volume methods. Numerical
simulation methods have been widely and successfully
applied to compressible turbulent flow problems [9, 10].
Several turbulence models are available, with low-order
models generally being less accurate than high-order
ones. Since it was necessary to estimate the drag force
with sufficient accuracy, the k—® SST turbulence model
was used. Calculated reference surface area was 4.24 m?.
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The working fluid was defined as ideal gas (air). The
computations were performed until the convergence
criteria were met. The reference data used for the simu—
lations are presented in Table 3.

Table 3. Data for simulation

Data for simulation
Altitude 3000 m
Flight speed 42 m/s
Pressure 70109 Pa
Density 0.909 kg/m’
Kinematic viscosity 1.861 x 10° m*/s

4. FLIGHT ENDURANCE ESTIMATIN

Implementation of the rescue system will significantly

change the UAV’s mass and inertia properties. The

UAV’s capabilities will be reduced, and the most signi—

ficant characteristic that needs to be evaluated is flight

endurance. The effects that need to be considered are:

e The maximal UAV’s weight that cannot be exce—
eded. This limit will require the reduction of the
usable weight of fuel that can be put in UAVs.

e  Stability and control characteristics in lateral-dire—
ctional motion.

e Change in UAV’s drag and trim drag charac—
teristics.

The implemented solution for the rescue system is
equivalent to the external weapons that are integrated
into many UAVs and aircraft. It will produce the addi—
tional parasitic drag that is estimated using the well-
known components build-up method. This method is
excellently summarized in Dr. Raymer’s book [11], and
for streamlined body software like Open-VSP [12] can
be used. It is NASA's conceptual design software that
can be used for estimating the parasitic drag. It can esti—
mate the body drag force coefficient at a variety of
atmospheric conditions, skin friction factors, and form
factor equations.

As it is well-known and mentioned in Dr. Raymer’s
book [11], skin friction drag is significantly affected by
the laminar flow over the body surfaces. It can double if
the flow becomes turbulent instead of laminar. In many
aeronautical cases, the transition from laminar to turbu—
lent flow occurred near the front of the UAVs as a
consequence of the integrated payload. The payload
usually is not the streamlined body and it produces the
transition in boundary layer flow and airflow separation
that increases drag force significantly.

The equation for estimating the flight endurance that
represents one of the most important flight charac—
teristics can be found in many books and one excellent
example is [13] that will be used in the presented
example. In [13] it is shown that any flight could be
divided into a few segments. Each segment is clearly
distinguished from others by its nature. The differential
equation that can be used for every flight segment is:

dt =L aw (1)
oT

The previous equation could be solved through the
numerical integration with the limits that are the initial
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and final weights during the analyzed segment. It is the
well-known "Breguet" endurance equation in which the
t represents time, c¢; represents thrust-specific fuel
consumption [1/sec], T represents thrust [N], and W
represents the UAV's weight [N]. The specific fuel
consumption is provided by the engine manufactured
company [14] by the experimental measurement.

In order to solve the "Breguet" endurance equation
additional assumptions should be made. In the presented
paper, a constant airspeed and constant attitude cruise is
assumed, and it leads to the range equations in the
simple form:

RcScA — Kiln initial (2)
¢t CD Wﬁnal

where the C; is UAV's lift force coefficient, Cp is the
UAV's drag force coefficient, and W and W, rep—
resent the initial and final weights of the UAV, respec—
tively.

5. STABILITY AND CONTROL

The integration of the rescue system will affect the
available control surface deflection for different mane—
uvers, and it is necessary to estimate its effects during
critical flight phases. As is well known, the required
control deflection is inversely proportional to the UAV's
airspeed squared. Therefore, the minimum flight speed,
which is typically the landing airspeed, will be analyzed
in this paper. The lateral-directional dynamics are well
summarized in textbooks by Perkins [15], DATCOM
[16], Smetana [17], and in various papers [18-21]. The
estimation of flight control deflection (for the ailerons
and rudder) during straight, level flight can be
calculated using the following equation:

S = M payload 'g'bpayload

‘ Cis "a-S-b ' 5
_ CDpayload *Spayload *Ppayload
’ Cpy *S°b
;

When calculating the additional drag of the rescue
system (payload), the interference factor with the wing
must be taken into account. This will increase the drag
force coefficient by a value that can be found in
Hoerner's book [22]. The airworthiness requirements for
this class of UAV system are outlined in [23]. This
airworthiness code primarily applies to fixed-wing UAV
systems with a maximum take-off weight of more than
150 kg and less than 20,000 kg.

This regulation specifies that, in automatic control
mode, the UAV must demonstrate acceptable contro—
llability, maneuverability, and stability characteristics
throughout the flight envelope. However, the regulation
[23] does not include any requirements for the rate of
roll, so additional regulations must be referenced to
estimate UAV characteristics in this flight phase. For
this purpose, SC-23 [24] can be used as a guide for
UAYV roll performance. The regulation [24] requires
that, during the approach phase, the aircraft roll from a
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steady 30° banked turn through an angle of 60° to
reverse the direction of the turn within 4 seconds from
the initiation of the roll, for aircraft with a maximum
weight of less than 2722 kg. The roll rate can be
estimated using the roll mode approximation [25, 26]:

. b
¢~1x=QSb-(ﬁ~cl,,~p+czga-%j @)

If stationary roll has been assumed (¢ = 0, p =

const), then the steady state roll rate is defined by
equation [19]:

. 4QSbCl§a 5(1 _Z%é’ (5)
pVSbZClp b Cp °

Paragraph 233 (Directional Stability and Control)
requires that a 90° crosswind component of at least
0.2V is considered safe for taxiing (except for UAVs
not designed for taxiing), takeoff, and landing. This can
be estimated using the following equation:

Vo —Vso tefiVsy 1] 206 6
w=Vso1gB=Vso-1g 2 (6)
Cnﬁ

Despite the complexity of lateral-directional dyna—
mics [20], the aerodynamic lateral control power
coefficient, aerodynamic lateral roll damping coeffici—
ent, weathercock effect, and yawing moment coefficient
associated with rudder deflection can be estimated using
data from textbooks [15-17,27] or through computa—
tional fluid dynamics (CFD) [10,28]. The roll damping
coefficient is typically considered constant with respect
to roll rate [21], and it can be accurately evaluated using
the methods described in [15-17,27], rather than nume—
rically through CFD methods. Therefore, in the
presented analysis, it will not be evaluated using CFD.

For the evaluation of aileron and rudder surface def—
lections, data from CFD simulations [28] have been
used to obtain more accurate results. Since the maxi—
mum aileron deflection does not exceed 17°, the recom—
mendation in [21] regarding the nonlinearity factor is
unlikely to have a significant effect on the UAV's rol—
ling capabilities.

6. RESULTS AND DISCUSION

To determine the optimal position for integrating the
rescue system, various possibilities were analyzed. The
rear and front positions were deemed inadequate due to
their adverse effects on the UAV's center of gravity and
the limited space available for the rescue system. The
central part of the wing section offers adequate volume
for integration; however, the main drawback is that it is
split between the left- and right-wing sections, requiring
two small, independent parachutes and additional wing
modifications. This option will be subject of further
researches including analysis of fuselage modification
and testing in the wind tunnel.

The wing attachment point was considered as
another potential solution. This position would not
significantly affect the UAV's center of gravity, as the
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attachment points are located near the center of gravity.
For these reasons, the attachment point under the left
wing was chosen as the optimal solution and was
analyzed in detail in this paper.

The additional fuel weight reduction due to the res—
cue system integration was estimated to be 11 kg, which
is equivalent to the weight of the parachute rescue
system. The results indicate a noticeable decrease in the
usable fuel mass. The parachute-based rescue system
adds 4.2% to the UAV's total weight, which means that
integrating the rescue system requires a corresponding
reduction in the available fuel by the same percentage.

Using the Component Build-Up Method, the addi—
tional drag caused by the integrated rescue system was
estimated using data from Table 12.6 in [11]. It was
assumed that the integrated rescue system would have a
similar drag force coefficient to a bullet-shaped body
with a blunt rear end. The parasite drag force coefficient
for the integrated rescue system was estimated to be
Cp=0.3, based on the reference frontal area. Compu—
tational fluid dynamics (CFD) simulations estimated the
drag force values as 13.994 N for the integral container
and 16.917 N for the OUT unit. The reference surface
area was defined as 4.24 m?, and it was assumed that the
UAV was flying at an altitude of 3000 m with an air—
speed of 42 m/s. The dynamic pressure distribution on
the surface of the OUT unit was found to be of lower
intensity compared to the pressure on the surface of the
integral container (Figure 7).

The estimated drag force coefficient for the integral
container, based on the reference rescue system's frontal
area, is Cp=0.29091. This result shows excellent agree—
ment with the value reported in reference [11] (Cp=0.3),
with an error of up to 3%. This small error is unlikely to
affect the estimated performance results. The approach
presented for estimating UAV flight performance has
been successfully applied to the medium-range UAV's
flight performance estimation and verification, as
detailed in [10, 28-30].

rrrrrrrrrrr
1.13e+03

1.02¢+03
9.10e+02
7.98e+02
6.866+02
5.74e+02
4.626+02
3.50e+02
2.38e+02

1.260+02

1.44e+01
[Pa]

7.43e+02
5.218+02
5.008+02
3.750102
2525402
1.28e+02

3.540400
[Pa]

Figure 7. Dynamic pressure distribution of OUT unit (upper)
and integral container (lower)
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The results of the UAV flight endurance, both with
and without the rescue system, are provided in Table 4
as a function of UAV airspeed.

Table 4. Estimated endurance results without and with
rescue system

V [km/h] tesea [h] tesea [h]
135 12.92 9.89
150 12.03 9.14

Since the additional drag force of the OUT unit has
an insignificant effect on the endurance estimation, it
will not be analyzed further in this paper.

The reduction in usable fuel from 70 kg to 59 kg
results in an endurance decrease of 17.8%. The
additional drag from the integrated parachute rescue
system further reduces endurance by 5.6-6.2%. If the
UAYV could carry the same amount of fuel while having
the integrated rescue system attached under the left-
wing pylon, the flight endurance would only be reduced
by 6%.

The estimated stability and control derivatives,
calculated using different methods for the medium-
range UAV, are shown in Table 5. The CFD derivatives
have been estimated using the following equations:

Cl(a=0°,5a=5°) B Cl(a:O",&a =0°)

Cis, = : 573
c, -C
=0°,6,=5°)  "(a=0°,56,=0°
Cs, = (a=0%0,=5") ; (@020 573 (7
C”(,B=5°,a=0°) B C”(,b’:()",a:O")
Cap = : 573

The accuracy of the presented method has been
verified by comparing the estimated results for X-tail
UAYV control derivative with the wind tunnel test result
on the full-scale UAV model [31].

Table 5. Estimated results of the stability and control
derivatives with the diffrent methods

Smetana CFD [28] DATCOM
[17] [16]
Cis, (1/rad) 0.1719 0.198 0.1662
Cys, (1 rad) 0.1068 0.13 0.1031
Cp (1/rad) -0.452 -0.452 0.4186
Cop(1/7ad) | 01862 | 01552 0.1434

The rudder deflection required to compensate for the
yawing moment of the rescue system is estimated to be
0.528°. Since the maximum rudder deflection is 30°,
this will not affect the UAV's ability to compensate for
the cross-component of wind. According to regulation
[24], the required value for the crosswind component is
0.2V¢=501m/s. The estimated result for the worst-case
scenario indicates that the maximum crosswind
component that can be compensated is not less than 6.4
m/s.

The servo actuators [32] used in the UAV provide a
speed of over 200°/s in continuous mode. With a maxi—
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mum deflection of 45° in one direction, the time to
achieve this deflection is less than 0.225 seconds. The
aileron deflection required to compensate for the rolling
moment of the rescue system (gravity component) is
estimated at 3.34°. The steady-state roll rate is estimated
to be 21.33°/s, which is a reduction from 26.55°/s wit—
hout the rescue system integrated under the left wing.
Despite this reduction in the UAV's rolling capability,
the analysis shows that it can still meet the CS-23
regulation. The UAV is able to roll from a steady 30°
banked turn through an angle of 60°, reversing the
direction of the turn within 4 seconds. To verify the
actual UAV capabilities [33], flight tests should be con—
ducted [34].

7. CONCLUSION

The integration of parachute rescue systems, which have
become an inevitable part of many flying object, was
analyzed in this paper. Based on data obtained from
numerical simulations, it was found that the integral
container produces a lower overall drag force, but not
by a significant amount.

The estimated masses of the two systems are similar;
however, the integration process and the time required
for the systems to become functional suggest that the
OUT unit has an advantage over the integral container
with an aerodynamically shaped cover. In the case of
the integral container, it is necessary to produce the
container and cover, purchase the parachute and rocket,
and perform system verification. On the other hand, the
OUT unit offers a faster and more straightforward solu—
tion, as it comes pre-packaged with the cover and requ—
ires minimal testing for approval. Nevertheless, further
research and testing will clarify which option is more
efficient in practice.

The lateral directional dynamic analysis showed that
the integration of the rescue system will affect the
UAV's rolling capabilities, but it will have an insigni—
ficant impact on its ability to compensate for crosswind
components.

The method presented in this paper provides accu—
rate results and is easy to implement for evaluation of
the lateral directional control authority of the UAV,
particularly during terminal flight phases such as
aborted landings. The safe flight envelope can be defi—
ned using these methods, based on a comparison bet—
ween the available deflections of the flight control
surfaces and the required deflections needed to satisfy
regulatory requirements.

ACKNOWLEDGMENTS

This work was supported by the Ministry of Science,
Technological Development and Innovation, Republic
of Serbia (Contract No.451-03-137/2025-03/200325).

REFERENCES

[1] Casarosa, C., Galatolo, R., Mengali, G. and Quarta,
A.: Impact of safety requirements on the weight of
civil ~unmanned aerial vehicles, Aircraft
Engineering and Aerospace Technology, Volume
76, Number 6 600—606, 2004.

VOL. 53, No 3, 2025 = 487



[2] https://nova.rs/vesti/hronika/oglasilo-se-
ministarstvo-odbrane-o-misterioznim-dronovima-
kod-kraljeva/.

[3] Bolonkin, A.: Passenger life-saving in a badly
damaged aircraft scenario, Aircraft Engineering and
Aerospace Technology, 80/6, 613-119, 2008.

[4] Stefanovi¢-Gobelji¢, V., Milenkovi¢-Babi¢, M. and
Zdravkovi¢, M.: Analysis of the rescue system
implementation in the medium range UAV, 11"
international scientific conference on defensive
technologies OTEH 2024, Serbia, Tara, 80-85,
October 2024.

[5] Antoni¢, V., Trifkovié, M., Molovi¢, V. and
Milenkovi¢-Babi¢, M.: Small fixed-wing UAV
precision aerial drop capability development,
Scientific Technical Review, 2024, Vol. 74, No. 2,
pp. 65-70, 2024.

[6] https://edition.cnn.com/world/live-news/ahmeda
bad-india-plane-crash-06-12-25.

[7] Milenkovié-Babi¢, M., Ivkovi¢, D., Ostoji¢, B.,
Trifkovié, M., Antoni¢, V.: Take-off and landing
performance of the tactical UAV, Scientific Tech—
nical Review, Vol.73, No.2, pp. 7-12, 2023. DOI:
10.5937/str2302004M

[8] Farah, S., Khalfallah, S., Boutemedjet, A., Rebhi,
L.: A Design Optimization Strategy of an Aircraft
Composite Wing-Box Based on a Multi-scale FEA,
FME Transactions, Vol. 53, No 1, pp. 157-172,
2025.

[9] Gavrilovié, N, Rasuo, B., George S Dulikravich,
G., Parezanovi¢, V.. Commercial Aircraft Perfor—
mance Improvement Using Winglets. FME Tran—
sactions, 2015, 43 (1), pp.1-8.

[10]Milenkovi¢-Babié, M., Dovatov, B., Ostoji¢, B. et
all.: Tactical UAV flight performance estimation
and validation, Defence Science Journal, Vol. 75,
No. 1, pp. 19-26, January 2025.

[I1]Raymer, D.: Aircraft Design: A Conceptual App—
roach, Fifth edition, AIAA education series, 2012.

[12]https://openvsp.org/.

[13]Snorri, G.: General Aviation Aircraft Design: App—
lied Methods and Procedures. Elsevier Inc, 2014.

[14] Zanzottera Engines. 630HS Engine. Retrieved from
https://www.zanzotteraengines.com/engines/630hs-
engine/.

[15]Perkins, C.D., Hage, R.E.: Airplane performance
stability and control, John Wiley& Sons, New
York, 1949.

[16]USAF stability and control DATCOM, McDonnell
Douglas Corporation, Douglas Aircraft Division,
1978.

[17]Smetana, F.: Computer assisted analysis of aircraft
performance stability and control, McGraw-Hill,
New York, 1984.

[18]Stojakovi¢, P., Rasuo, B.: Single propeller airplane
minimal flight speed based upon the Ilateral

maneuver condition, Aerospace Science and
Technology. 49 (2016), pp. 239-249.

488 = VOL. 53, No 3, 2025

[19]Stojakovié, P., Rasuo, B.: Minimal safe speed of
the asymmetrically loaded combat airplane, Aircraft
Engineering and Aerospace Technology, 2016,
Vol.88, No.1, pp. 42 — 52.

[20]Stojakovi¢, P., Velimirovi¢, K., Rasuo, B.: Power
optimization of a single propeller airplane take-off
run on the basis of lateral maneuver limitations,
Aerospace Science and Technology, 72 (2018), pp.
553-563.

[21]Nicolasi, F., De Marco, A., Sabetta, V., Della
Vecchia, P.: Roll performance assessment of a light
aircraft: Flight simulations and flight tests, Aero—
space Science and Technology, Vol. 76, pp. 471-
483, 2018.

[22]1Hoerner, S.: Fluid dynamic drag, theoretical, expe—

rimental and statistical information (Published by
the author), 1965.

[23]STANAG 4671 — Unmanned aerial vehicles sys—
tems airworthiness requirements, 2009.

[24]EASA CS-23. Certification specifications for nor—
mal, utility, aerobatic and commuter category aero—
planes, 2014.

[25]Cook, M.: Flight Dynamics Principles, Third Edi—
tion, Elsevier Ltd., 2013.

[26] Blakeloock, J.: Automatic control of aircraft and
missiles, Second edition, John Wiley & Sons, 1991.

[27]Napolitano, M.: Aircraft Dynamics: From Mode-
ling to Simulation, Wiley, 2021.

[28]1B3-600-P-06, Proracun aerodinamickih karakte—
ristika takti¢ke bespilotne letelice srednjeg doleta -
PEGAZ, primenom CFD-a, VTI,

[29]Beograd, 2020. (in Serbian)

[30] HasbuHCcKM muiaoTupaHu BasayxominoB [IEIA3-
nepgpopmance. VTI report No. B3—602-I1-06, 2020.

[31]dasbuHCcKN mmnoTupanu BaszgyxoruioB IIE'A3 —
M3BEILTa] O 3eMaJbCKUM U JIETHUM HCIIUTHBAbUMA.
VTI report No. B3—602-1-06, 2022. (in Serbian)

[32]Milenkovié-Babié, M., Ostoji¢, B., Dovatov, B. et
all.: Control derivative estimation of X-tail control
surface design, Aerospace Science and Technology.
163 (2025). Available online 16 May 2025

[33]1DA 26 Technical Specification, Volz Servos GmbH
& Co., www.volz[]servos.com.

[34]Marin, M., Mirosavljevi¢, P.: Analysis of the per—
formance and kinematics of the movement of UAV,
FME Transaction, Vol. 51, No 4, pp. 627-636, 2023.

[35]Milenkovi¢-Babi¢, M., Ivkovi¢, D., Ostoji¢, B. et
all.: Flying Wing Conceptual Design and Flight
Testing, FME Transactions, Vol. 52 No 4, 2024.

NMIVIEMEHTAIIMJA CUCTEMA 3A
CITAIHABAILE JIETEJIMIIE Y CJIYYAJY
DATAJHOTI OTKA3A

M.J. MunenkoBuh-baouh, B./l. CredpanoBuh-

I'odesuh, B.I'. Octojuh, B.3. loBaToB, B.b. OcTuh,
M.B. I'nuropujesuh

FME Transactions



CaBpeMeHN TPHCTYI MPOjEKTOBama JIETENUNIA CBE
yemhe ykJbydyje INPUMEHY CHCTEMa 3a CIaIlaBambe
JIETENNIA Kao LITO Cy: jePHINLIE, YATPa JaKe JIeTEIHLEe
U JIETENHLE 32 MOYeTHH HUBO oOyke mwiora. Ha ucrtu
HayMH, pa3IMuuTe KaTeropuje OeCHMIOTHHX JIeTeNIUIa
Cy ONpeMJbEHE ca MaJo0paHOM WIN ManoOpaHOM H
Ba3yIIHUM jacTyKoM. OBH CHCTEM CE€ MOTY KOPHCTHTH
3a yoOWYajHO TPU3EMIBCHE JICTEIUIIC (CIICTahe) MU
Kao JIe0 CHCTeMa 3a CHallaBame JICTSNMLIE M CKyIe
olpeMe MHTETPHCaHe YV By y CIIydajy aTaJHuX OTKa3a
y cuctemy. Y OBOM paay je mIpukazaHa MoryhHoct
UHTETpalyje HEeKONMKO pPa3IMYUTHX CHUCTeMa 3a
ClalllaBamke JIETENHLE CpeNler OoMeTa y Ciydajy
¢daranHOr OTKaza. AHaIM3MpaHHM Cy pa3liMuuTa

FME Transactions

OrpaHnyera Kao LITO Cy: MUHHMaIHO moBehame mace,
OrpaHMYeHH MPOCTOp 3a yrpammy CcuUcreMa 3a
CTAIIABAE JICTENHUIIEC, MPOMEHA IOJ0XKAja TEKHIITA
JIeTeNnIe, yTUId] Ha CTa0WIHOCT W YNPaB/bHBOCT W
nepdopmance MoaupuKOBaHE JeTenuie. Y pagy je
takhe TpHKa3aHa aHaIM3a AYTOPUTETa KOMaHIH
MONPEYHO  CMEpHOr  MOJAa  yIpaBbamba  yciel
acUMeTpu4yHOr  onrepehema Koje je  moceauua
HHTErpalyje CucTeMa 3a CIIAIlaBambe JICTENNIE HCIIOL
JeBor  kpwia. Amnanmmsupane cy — moryhHocTn
3a/10BOJbCEHA 3aXTEBA MAHEBPA M3 IPOIIKCA 33 LIUBUIHY
aBHoalMjy jep y Mpomucy 3a OECHIJIOTHE JIeTeluie
(STANAG 4671 — Unmanned aerial vehicles systems
airworthiness requirements, 2009) Hema OBUX 3axTeBa.
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