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Optimized Ionizing Radiation Detector for Measuring Average Density of Solid
Particles in Airflow under Extreme Conditions

Robert Khachidze!, Tornike Kimeridze?
.2Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia

Abstract: During the operation of various air-conducting systems such as ventilation networks, gas pipelines,
and aircraft gas-turbine engine air intakes in contaminated environments, solid components such as dust, sand,
hail, and volcanic ash are often entrained in the airflow. To mitigate their negative effects, it is essential to
identify these particles and periodically determine their mass flow relative to allowable threshold values. A
prerequisite for this is the measurement of the average density of solid particles suspended in the airflow.

This measurement can be performed using a variety of methods, including radioisotopic, ultrasonic, optical,
and lonizing radiation techniques. The present study reports results on the use of ionizing radiation for
measuring the average density of various solid particles in a two-component airflow (air + solid particles). First,
the technical characteristics and operational conditions, including extreme conditions of different air-
conducting systems are determined. Based on these factors, appropriate ionizing radiation sources and modern,
optimized detectors are selected to enable accurate and reliable measurements.

Key Words: Air-ducting device, solid particles, ionizing radiation detector, X-ray and gamma detection,
density measurement.

Introduction

In the operation of various air-transport systems, such as ventilation networks, gas pipelines, and air
intakes of aircraft gas-turbine engines, solid components, including dust, sand, hail and volcanic ash, are often
entrained in the airflow [1]. To mitigate their negative effects, it is essential to identify these particles and
periodically determine their mass flow rates relative to permissible threshold values. A key prerequisite for this
is the measurement of the average density of solid particles suspended in airflow [2].

Several approaches can be applied for this purpose, including radio frequency, ultrasonic, optical, and
ionizing radiation techniques [3].

This paper presents the results of research on the application of ionizing radiation for measuring the
average density of solid particles in a two-component airflow (air + solid particles).
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Main Part
Air-ducting devices, have different designs and distinct geometric and physical characteristics depending
on their purpose and operating conditions (see Fig. 1). Similarly, airflow and solid particles entrained within it
exhibit specific properties that vary according to the type of air-conducting system.
Solid particles can enter air-conducting systems in different ways, depending on the operating
environment and conditions of a particular system, as well as the airflow velocity and its ability to entrain
ambient particles (Fig. 1).

Fig. 1 Example of dust entrainment in the air intake of an aircraft gas-turbine engine

Air-conducting systems operate in various environments under different operational and climatic
conditions. The relevant characteristics are summarized in Table 1.
Table 1. Air/natural gas density, airflow velocity at the system inlet, and mass flow rate

# | Air-Conducting Air/Natural ~ Gas | Air/Gas Velocity Air/Gas Mass Flow
System Density Rate
1 | Ventilation Duct 1.20-1.25 kg/m3 | 10-15 m/s (main duct); | 0.5-2.0 kg/s

(air, 20 °C, 1 atm) | 5-10 m/s (branches) (typical HVAC

main ducts)

2 | Gas Pipeline 0.7-0.9 kg/m3 10-25 m/s (main line); | 0.05-0.5 kg/s
5-15 m/S (branChes) (dependlng on

pressure and

diameter)
3 | Aircraft  Engine | 1.0-1.3 kg/m3 (sea | 50-100 m/s (idle or taxi, | 300—400 kg/s
Air Intake level to 10 km | medium revolutions); | (B737,  CFM56);
altitude) 150-250 m/s (takeoff) =50-100 kg/s

(business jet)
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In addition to the aforementioned factors, solid particles in air-conducting systems vary in their size,
shape, and composition. Their concentrations in airflow or natural gas streams differ under various conditions
[4]. Accordingly, the parameters of these particles play an important role in determining the average density
of mixed flow. The parameters are summarized in Table 2.

Table 2. Characteristics of solid particles in air-conducting systems

# Air-Conducting Dust Particles Sand Particles
System
1 | Ventilation Duct Size: 1-100 pum; Mass flow: 0.01-0.05 | Rare; Size: 100-300 pm;
kg/s Mass flow: < 0.01 kg/s
2 | Gas Pipeline Size: 10-200 pum; Mass flow: 0.05-0.2 | Size: 200-500 pm; Mass
kg/s flow: 0.02-0.1 kg/s
3 | Aircraft Engine  Air | Size: 1-100 pm; Mass flow: 0.01-0.05 | Size: 100-600 pm; Mass
Intake kg/s flow: 0.05-0.15 kg/s

Naturally, the question arises: what potential damage can solid particles suspended in the airflow cause
to the air-conducting system itself or to the components supplied with air or gas?

Therefore, it can be concluded that solid particles suspended in air or gas are unlikely to cause significant
damage to ventilation ducts or gas pipeline airways over extended periods. However, this is not the case for
the components and environments to which air or gas is delivered. Therefore, it is essential to periodically
quantify the concentration of solid particles in the airflow or gas stream and compare the results with the
permissible limits throughout the operational life of the air-conducting system.

Solid particles, particularly sand, can cause considerable damage and, consequently, material and
technical losses when they penetrate hazardous zones of aircraft engines through the air intake. Sand particles
first strike the fan blades of the engine, causing mechanical damage (Fig. 2a). After passing through the fan
zone, sand enters the high-temperature regions of the engine, such as the turbine, where air temperatures
range from 1,200°C to 1,600°C, while the melting point of quartz sand is approximately 1,710°C. In these
regions, thermal processes occur, including sand heating, melting, and adhesion to walls, which adversely affect
engine performance.

Additionally, in the reactive zones of the engine, chemical transformations and thermomechanical
effects occur, including melting, sticking, and damage to the thermal barriers in the turbine. Compressor
components may experience erosion, particles can accumulate or stick in the combustion chamber, and there
is even the potential for fire initiation (Fig. 2b) [5].

10
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a) b)

Fig. 2 Examples of the effects of solid particles in air on engine components

Therefore, the most significant and relevant concern among the discussed air-conducting systems is the
automated assessment and control of solid particles suspended in the airflow to prevent reductions in the
operational life of an aircraft gas-turbine engine.

Several studies [2,6] have addressed solutions to this problem, providing general concepts and methods,
including recommendations for using ionizing sources to measure the mass flow of solid particles in the airflow
entering an aircraft engine’s air intake.

To implement the authors’ recommendations in practice, it is necessary to correctly select the type and
parameters of the ionizing radiation source and the corresponding detector for the extreme conditions in which
the aircraft engine operates: ambient temperature range of —60°C to +50°C; air density, inlet velocity, and mass
flow in the air-conducting system, as presented in Table 2; and information on dust and other solid particles
in the airflow, as given in Table 2. The dimensions of the air intake (Table 1) must also be considered. [7]

Given these constraints, only specific types and parameters of gamma radiation or X-rays can be
employed. Alpha and beta radiations were excluded because they are completely absorbed under these
conditions and cannot provide the necessary measurement information.

Among gamma-emitting radioisotope sources, the most commonly used practical sources are

summarized in Table 3.
Table 3. Properties of ®Co, 3’Cs, 24! Am

# Source Half-Life Radiation Absorption
Name (years) Energy (keV) Coefficient Quartz (SiOs,
p=2.65 g-cm™3) p (cm™)
1 | Cobalt-60 5.2714 1173, ~(0.07 — 0.12) cm™
1332
2 | Cesium-137 30.04 662 ~(0.10 — 0.25)cm™
3 | Americium-241 432.6+0.6 59.5 ~(1.0 — 3.0)cm™
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Based on the absorption coefficients of the radioisotope sources presented in the table, and considering
that the concentration of foreign particles mixed in the air stream entering the air turbine engine is sufficiently
low (mass flow rate not exceeding 0.05-0.15 kg/s), the task is best solved using americium-241, since its
absorption coefficient significantly exceeds that of the others. The energy of *!Am gamma radiation (59.5 keV)
provides sufficient penetration to detect particles in an air stream. In addition, its long half-life (~ 432 years)
ensures stable operation over a long period, making it practical for continuous monitoring [8].

As an alternative to radioisotope sources, X-ray sources can be used, provided that a specific portion of
the emitted spectrum is selected to optimize the particle detection. Typical X-ray sources include tungsten (20—
120 keV), molybdenum (17-20 keV), and copper (8-10 keV) targets. The choice of source depends on the
desired penetration depth, particle size, and absorption characteristics, with higher energy X-rays (e.g.,
tungsten) being more suitable for relatively large air inlet systems and higher airflow densities, whereas lower
energy X-rays (e.g., copper or molybdenum) can be used for compact or low-density systems. The absorption
coefficients of quartz, which represent typical dust and sand particles, range from approximately 1 cm™
(tungsten) to 7-8 cm ™! (copper), allowing for the appropriate calibration of the detector system. By carefully
selecting the radiation source and matching it to the detector parameters, accurate real-time measurements of
the mass flow of solid particles under extreme operating conditions in aircraft gas turbine engines can be
achieved, thereby enabling the preventive monitoring and protection of critical engine components. The types
of X-ray sources that are likely to be used are presented in Table 4. [9,10]

Table 4. Properties of X-rays Tubes

# | Source / target Typical spectrum / characteristic | Approx. linear attenuation p (cm™) for
energies (keV) quartz (SiO:, p=2.65 g-cm®)
1 | Tungsten (W) target | Bremsstrahlung 20-120 keV; W | ~0.3 — 1.5 cm™ (decreasing with energy;
(X-tube) characteristic 759, 67 keV ~0.5-1.0 near 60 keV).
2 | Molybdenum (Mo) | Ka=17.5keV, KB ~19.6 keV ~ 25 -8 cm (strong photoelectric region;
target (X-tube) expect a few cm™ at 17-20 keV).
3 | Copper (Cu) target (X- | K= 8.05 keV, Kf ~ 8.9 keV ~50 — 110 cm™? (very high at "8 keV
tube) because of photoelectric effect).
4 | Iron (Fe) target Ka = 6.40 keV ~ 100 -300 cm™ (very large — low-keV X-
rays are strongly absorbed in SiO»).
5 | Silver (Ag) target Ka=22.1keV, KB =249 keV ~1.5-5cm™ (lower than Mo/Cu region but
still photoelectric-influenced).

This measurement can be performed using multiple methods, including radioisotope gamma sources, X-
rays, ultrasonic, and optical techniques. In this study, we focused on the use of ionizing radiation to measure
the average density of solid particles in a two-component airflow (air + particles) [11]. The technical
characteristics and operational conditions of the duct systems, including extreme scenarios, were analyzed to
select appropriate radiation sources and detectors with optimal modern specifications.

The choice of detector and photon energy is critical and involves trade-offs between sensitivity and
penetration. Low-keV X-ray tubes (e.g., Cu, Fe, and Mo targets) provide high sensitivity for detecting small
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particle concentrations but are limited in penetration, requiring thin windows and careful calibration.
Medium-energy sources (e.g., W-target X-ray tubes or Am-241, ~ 60 keV) offer a compromise, enabling the
measurement of moderate-to dense-particle clouds while maintaining sufficient sensitivity. High-energy
gamma sources (e.g., Cs-137 and Co-60) penetrate dense particle clouds and heterogeneous mixtures but exhibit
lower sensitivity to small density variations and require larger, highly sensitive detectors with radiation safety
precautions [12].

Considering these trade-offs, this study identifies the optimal radiation sources and detector types for
the quantitative, real-time measurement of particle density in airflow under extreme environmental
conditions, supporting both monitoring and preventative maintenance in industrial and aerospace systems [13].

Extreme environments, high-density dust, and volcanic plumes, where low-energy X-rays are
completely absorbed [12].

Table 5. Summary Table: Detector Type Tradeoffs for Airflow Particle Density Measurement

# | Source / Energy | Sensitivity to | Penetration | Detector Typical application
low particle | through considerations
density dense clouds
1 | Low-keV X-ray | High Low Thin-window Clean/moderately
tube (Cu, Fe, detectors, low- | polluted airflows
Mo) energy filters
2 | Medium- Moderate Moderate Standard detectors, | Industrial airflow,
energy X-ray moderate shielding | moderate dust levels
tube / Am-241
(760 keV)
3 | High-energy Low High Scintillators or | Dense, extreme dust
gamma (Cs- HPGe, strict | clouds,
137, Co-60) radiation safety volcanic/industrial
plumes

Detector Selection for Airflow Particle Density Measurement

The measurement of the average density of solid particles in airflow under extreme environmental
conditions requires careful selection of radiation detectors, as their performance depends strongly on the
photon energy, sensitivity, and penetration capabilities. The technical goal is to detect and quantify dispersed
particles, such as dust, sand, volcanic ash, or hail, in real time, even in high-velocity or heavily contaminated
airflows [13-15].

1. Gas-filled detectors (Ionization chambers, Proportional counters, Geiger-Miiller tubes)
o Strengths: Broad energy response, simple construction, robustness in harsh environments and
ability to handle moderate to high fluxes.
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o Limitations: Low energy resolution; insufficient sensitivity for detecting small density
variations in low particle-concentration airflows.

o Application: Suitable when medium-energy photons (~ 30-100 keV) or gamma rays are used,
providing reliable average particle density measurements over large airflow volumes.

2. Scintillation detectors (Nal (T1), CsI (T1), plastic scintillators)

o Strengths: High detection efficiency and moderate energy resolution; capable of measuring
low-energy X-rays and medium-energy gamma-photons. A fast response allows real-time
monitoring.

o Limitations: Sensitive to temperature and mechanical vibration; some scintillators require
shielding from background radiation.

o Application: Ideal for low - to moderate particle densities, where small changes in transmitted
photon intensity must be resolved accurately, such as in clean or moderately polluted airflows.

3. Semiconductor detectors (Silicon PIN diodes, HPGe, CdTe, CZT)

o Strengths: Excellent energy resolution and high sensitivity to low-keV photons (X-rays),
enabling precise particle density measurements. It is compact and suitable for integration into
flow channels.

o Limitations: HPGe requires cryogenic cooling, whereas CdTe and CZT are more robust but
limited in size. High-energy gamma detection may require thicker or stacked crystal detectors.

o Application: Highly suitable for low-keV X-ray detection, where precise density measurements
of fine particles are required, such as in low-concentration airflows or laboratory-scale
experiments.

The choice of detector type is critical for solving key technical problems [16]:

o Sensitivity versus penetration: Low-keV detectors (semiconductors, scintillators) are highly sensitive to
small particles but cannot penetrate dense clouds. High-energy gamma detectors penetrate thick flows
but require high-efficiency or large-volume sensors.

¢ Real-time monitoring: Scintillation and semiconductor detectors provide fast response times, allowing
dynamic measurement of particle density in moving airflows.

¢ Robustness under extreme conditions: Gas-filled detectors and solid-state detectors (CdTe, CZT) are
durable under high airflow rates, vibration, and temperature fluctuations, suitable for industrial or
aerospace environments.

e Calibration flexibility: Semiconductor and scintillation detectors allow precise energy discrimination,
facilitating the calibration of specific particle compositions or mixtures.

Based on the above tradeoffs, the detectors most suitable for measuring the average solid particle density
in airflow in this study were as follows [17,18]:
e Semiconductor detectors (Si, CdTe, and CZT) are used for low- to medium-energy X-ray measurements,
where high sensitivity is required for small particle concentrations.
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o Scintillation detectors (NaI(T1), CsI(T1)) are used for medium-energy photons and moderate-density
clouds, allowing fast, real-time monitoring.
e Gas-filled detectors (ionization chambers, proportional counters) are used for high-energy gamma
radiation, dense particle clouds, or situations where robustness under extreme operational conditions

is prioritized.

By integrating these detector types with appropriate photon energies, this study achieved a flexible,
multi-scale measurement capability, from fine dust detection to monitoring dense, highly contaminated flows,
providing a reliable solution to the technical challenges of particle density measurement in airflow systems
[19].

Table 6. Recommended Detector Types Based on Photon Energy and Particle Density

* EE:;OH Sensitivity  to | Penetration in | Recommended | Typical
Rangiy Particle Density | Dense Flow Detector Type Application
Very high Laboratory
(detects fine Semiconductor | airflow, clean or
1 e particles, low LS5 (Si, CdTe, CZT) | moderately
concentrations) polluted air
iemlsccoirrfillllca tt?:;n Industrial airflow,
2 20-60 keV High Moderate (Nal (TD), Gsl ;Zsjlzrate dust
(T1))
Scintillation Industrial airflows,
60-100 keV | Moderate Moderate (NaI (TI), GsI | medium-density
3 (TL)), Gas-filled | clouds
Gas-filled,
Scintillation Dense particle
4 | 100-500 keV | Low High (high- clouds, aerospace
efficiency), ducts
HPGe
>500  keV Gas-filled, large- | Extreme
(gamma rays, ; volume environments,
5 |eg., GCs-137, ey llow Wiermy I Scintillation, volcanic or
Co-60) HPGe industrial plumes

By linking the photon energy, particle density sensitivity, and detector type, this framework enables
flexible and optimized measurement strategies for airflow monitoring. Low-energy semiconductors are ideal
for the high-resolution detection of fine particles, scintillators are optimal for moderate densities and real-time
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measurements, and gas-filled detectors are suitable for extreme or highly dense particle flows. This multiscale
approach ensures reliable quantitative monitoring across a wide range of operational conditions.

Very Semiconductor (Si, CdTe, CZT)

high
Sensitivity
to particle High Semiconductor + Scintillation
density (Nal(T1), CsI(TI))

Moderate Scintillation,
Gas-filled

Low Gas-filled, HPGe

6-20keV ~ 20-60keV  60-100 keV
Photon energy

Fig. 3 Illustrating photon energy ranges, particle density sensitivity, and detector types

Conclusion

A systematic framework has been developed to assess the average density of solid particles in airflow
under extreme conditions. By analysing airflow characteristics, particle properties, and environmental
constraints, optimal combinations of ionizing radiation sources and detectors have been identified. Low-energy
X-ray semiconductor detectors exhibit high sensitivity for detecting fine, low-concentration particles, while
medium-energy X-ray and Am-241 sources with scintillation detectors are effective for moderate particle
densities. High-energy gamma sources, when paired with gas-filled detectors, enable the monitoring of dense
or highly contaminated flows.

This multiscale approach ensures precise, real-time quantification of particle density across diverse
operational scenarios, thereby supporting preventive maintenance and safeguarding critical components in
aerospace systems. The methodology provides a robust foundation for the automated monitoring of particle-
laden airflows in harsh environments, enabling reliable long-term performance and risk mitigation.
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Multi-Criteria Propeller Design App (MCDM)
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Abstract: This research presents a Python-based Multi-Criteria Decision-Making (MCDM) application for
propeller design in civil and light aviation aircraft, integrating a structured logical process that evaluates
multiple parameters, including aircraft category, engine type and power, environmental conditions, and
priorities such as weight, noise, and cost. Based on EASA Module 17 — Propeller, the app recommends optimal
propeller configurations, including blade material, pitch type, actuation method, anti-icing system, blade
count, and rotation strategy, while ensuring compatibility between subsystems and preventing critical mistakes
such as unsafe material-power combinations, incorrect pitch selection, or improper anti-icing systems. The
system also accounts for operational factors like critical engine effects and noise mitigation strategies such as
synchrophasing and synchronization, balancing efficiency, performance, and safety. By combining these
factors in a multi-criteria framework, the tool provides designers, technicians, and students with reliable
guidance to explore feasible propeller designs while maintaining operational safety and system efficiency.

Keywords: Multi-Criteria Decision-Making (MCDM,), Aircraft Propulsion, Noise Mitigation, Critical Engine
The problem and solution

The design and selection of propellers for aircraft involve multiple interacting factors, including engine
power, aircraft type, environmental conditions, and operational priorities like weight, noise, and cost.
Improper selection can lead to critical operational issues, reduced efficiency, increased maintenance, or even
safety hazards, particularly in multi-engine aircraft where critical engine effects may occur. Traditional design
approaches rely heavily on manual calculation, experience, and iterative trial-and-error, which are time-
consuming and prone to errors.

The proposed Python-based application addresses this problem by implementing a multi-criteria
decision-making framework that systematically evaluates input parameters and their interdependencies. The
tool ensures that selected propeller configurations are compatible with engine type, power levels, and
operational priorities, while preventing critical mistakes such as unsafe combinations of blade material and
engine power. By providing clear recommendations for propeller pitch, blade count, material, actuation
method, anti-icing system, rotation direction, and noise mitigation strategies like synchrophasing, the app
enables designers and students to quickly identify safe, efficient, and practical solutions. This approach reduces
the risk of human error, improves design efficiency, and offers a structured methodology for educational and
practical applications in propeller system design.
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Introduction

The design and selection of propellers for aircraft involve multiple interdependent factors, including
aircraft type, engine power, number of engines, weight limitations, noise requirements, operational
environment, and cost considerations. Traditionally, propeller selection has been based on empirical data,
experience, and standard recommendations from regulatory guidance such as EASA Part 66 Module 17 [1].
However, as aviation systems grow more complex, the need for a systematic, multi-criteria decision-making
approach becomes essential to ensure compatible and efficient designs while minimizing critical mistakes, such
as selecting an inappropriate propeller material for high-power engines or mismanaging critical engine
considerations [2].

The Multi-Criteria Decision-Making Propeller Design App (MCDM) is developed in Python
programming language to integrate these various parameters into a coherent logic. The app evaluates input
parameters such as aircraft category, engine type, total power, weight and noise priorities, cost priorities,
climate considerations, and propeller pitch preferences. Based on these inputs, the app outputs
recommendations including propeller pitch type, actuation method, blade count, material, anti-icing
requirements, direction of rotation, and additional suggestions for noise cancellation features such as
synchronizing and synchrophasing [3,4]. This structured approach allows the user to identify optimal propeller
configurations that are compatible with the aircraft and engine characteristics while preventing incompatible
or unsafe choices.

The program applies classification logic for engine power, evaluates material compatibility with power
levels, considers environmental factors for anti-icing requirements, and integrates critical engine concepts for
multi-engine designs to manage yawing moments and operational safety. It also offers flexibility for optional
inputs, maintaining robust outputs regardless of whether the user provides all details, which enhances its
usability and applicability across a wide range of aircraft types.

This MCDM approach can be further developed to incorporate detailed engine design parameters,
databases of existing propeller brands, and automatic sizing recommendations, providing a more
comprehensive tool for aircraft designers, engineers, and maintenance personnel. By integrating more precise
aerodynamic models and manufacturer specifications, the app could evolve into a full-scale decision support
system for both conventional and advanced aircraft propulsion configurations [2, 3, 6].

Parameters, Outputs, and Logical Interdependencies

To facilitate a clear understanding of the Multi-Criteria Decision-Making (MCDM) approach employed
by the propeller design application, all input and output parameters considered by the app are summarized in
Table 1. Each parameter represents a critical factor affecting propeller selection, including aircraft
characteristics, engine specifications, environmental conditions, and operational priorities such as weight,
noise, and cost. The table provides a concise reference to the parameter name (as used in the app code), a brief
description, whether the parameter is an input or an output, the type of input expected (e.g., Selective,
Optional, Numerical), units where applicable, the valid range or selectable options, and additional notes. By
consulting this table, users can better understand the rationale behind each input and its influence on the
resulting propeller configuration recommended by the app.
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Table 1: Input and Output Parameters for the MCDM Propeller Design App

Parameter Description Type Input Type / Unit Options / Range Notes
Defines the type of aircraft,
P1 Aircraft Category Input Selective 12 Option affects material, pitch, blade
count, etc.
Determines rotation direction
P2 Number of Engines | Input Numerical 1,2,4,6,8 logic and critical engine
consideration
Used to classify power: Low /
P3 Engine Total Power | Input Numerical Positive values Medium / High; affects pitch
type, blade count, material
P4 Environment Input Selective 8 Options Influences anti-icing selection
1: Piston 2:
’ Affect blad ber,
P5 Engine Type Input Optional / Selective Turboprop, 3: e S & ? umber
. material constraints
Electric
High priority | Influences pitch type,
P6 Weight Priority Input Selective (Light design), | material selection, blade
Moderate priority count
High priority | Affects blade count, rotation
pP7 Noise Priority Input Selective (Minimum noise), | logic, synchrophasing
Moderate priority suggestions
L. High priority . .
Cost Priorit I ts pitch type, actuat
P8 oS oty Input Selective (Economy), Fpacts P fype, actilation
(Build) .. complexity
Moderate priority
Cost Priority . High priority Aff.ects antl—'lcmg type,
P9 . Input Selective (Economy), maintenance-friendly
(Maintenance) L. . .
Moderate priority material selection
1: Fixed, 2: Ground
P10 Propeller Pitch Input Optional Selective Adjl.lstable, 3: Overr.ides‘ de.fault pitch
Type Variable /| selection if specified
Constant-Speed
Material 1: Wood, 2: | Overrides default material
P11 . Input Optional Selective Aluminum/Metal, choice if specified; checked
Recommendation . . .
3: Composite against power constraints
P12 Powe.r A Output Derived L(?W / Medium / | Derived from P3; affects .pltCh
Classification High type, blade count, actuation
Fixed, Ground .
. K Determined from power,
Propeller Pitch . Adjustable, . . .
01 Output Selective . weight, noise, and optional
Type Variable /.
input P10
Constant-Speed
No Actuation
" | Derived fr itch ,
02 Actuation Method | Output Text Single-Acting, erve om pitchtype

Double-Acting

engine type, power
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03 Blade Cpunt Output Numerical -6 blades Basv?d on power. class.ific.ation,
Recommendation engine type, noise priority
Wood,
Material Based ircraft type, s
04 atena . Output Text Aluminum/Metal, asec on aircralt type, power
Recommendation . user preference P11
Composite
N Flectrical Determined from
. one, ectrical, .
05 Anti-Icing Type Output Text Fluid environment (P4) and
I
maintenance/cost priorities
X X Right-Hand, Left- | Determined from number of
Direction of . . L .
06 Rotation Output Text Hand, Contra- | engines, noise priority, critical
1
Rotation engine consideration
Synchrophasing / . . N
. . .. Suggested if noise priority is
Noise  Reduction Synchronizing . . .
o7 . Output Text high; increases weight and
Suggestion recommended or .
ot cost slightly

Parameter Explanations and Interdependencies

1. Aircraft Category (P1):
The aircraft category defines the operational role and physical characteristics of the aircraft, which significantly
influence propeller selection. Small aircraft, regional transport, ultralight, and training aircraft each impose
different constraints on engine power, number of blades, allowable materials, and propeller pitch types [1, 7].
The app uses this input to constrain other design choices such as maximum allowable power, suitable materials,
and appropriate propeller configurations. As indicated in the logic, mappings such as:

(Allowed Power Range = f(P1))and (Allowed Materials = g(P1))

P1I: Aircraft Category
ensure that only compatible designs are recommended, preventing critical selection mistakes [2].

2. Number of Engines (P2):
The number of engines directly affects propeller rotation patterns and aircraft yaw control in the event of an
engine failure. For single-engine aircraft, rotation is usually fixed and right-hand rotation. For multi-engine
aircraft, rotation may be alternating (R/L) to reduce noise and improve balance if noise priority is high, or
uniform (all Righ Handed) if noise concerns are moderate [1, 7]. The app also considers the critical engine
concept, where the engine whose failure produces maximum yawing moment is identified. If the user selects
"No Critical Engine," a left-hand rotation may be recommended, which slightly increases maintenance and
production costs [8, 2].
These interdependencies are formalized in the logic:

(Rotation Pattern = f(P2, P7,Critical Engine))
P2: Number of Engines

P7: Noise Priority
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8. Engine Power /(P3):

Engine power or thrust is classified into low, medium, and high categories. This classification is crucial because
it dictates allowable propeller types, actuation methods, blade counts, and materials. Low-power engines can
use fixed or ground-adjustable propellers, medium-power engines may require variable or ground-adjustable
pitch depending on noise priority, and high-power engines must use variable/constant-speed propellers [1, 2,
5].

The logic is represented as:

Low Power, P3 <112 kW
Medium Power, 113 < P3 <746 kW
High Power, P3 > 746 kW

P3: Power Input (hp or KW)

This classification informs subsequent design decisions, such as allowable blade number, pitch type, and
material selection.

8. Environment / Climate (P4):
The operational environment affects anti-icing requirements and indirectly impacts propeller
materials. Aircraft operating in temperate or cold climates may require electrical or fluid anti-icing
systems [1, 3, 5]. In contrast, warm climates require no anti-icing. The app translates this input into
anti-icing recommendations using the formula, numbers indicated below are classification of

environmental condition:

[05 = {No Anti-Icing, P4 € 1,2,3 Electrical, P4 € 4,5 Fluid, P4 € 6,7,8]

P4: Environmental Condition
05: Icing System

This logic ensures that environmental conditions are considered in the propeller subsystem design, maintaining
safety and performance.
8. Engine Type (P5):
Engine type (piston, turboprop, or electric) affects permissible materials, propeller blade counts, and
actuation methods. Piston engines can use wood or aluminum, turboprops typically use aluminum or
composite, and high-power electric engines favor composite materials. The formula-based logic:

[Allowed Materials = f(P5)]
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P5: Engine Type
guarantees that material recommendations are compatible with both engine type and power class. This
interdependency prevents conflicts, such as using wood with high-power turboprops [1, 5, 3, 2].

6. Weight Priority (P6), Noise Priority (P7), Cost Priorities (P8, P9):

These parameters represent multi-factor decision criteria that influence final propeller selection. High weight
priority promotes lighter materials and simpler actuation methods. High noise priority may suggest
synchrophasing or alternating rotation, slightly increasing weight and cost. Cost priorities influence material
and maintenance recommendations. These priorities are evaluated as weighted constraints in the logic [9]:

[Noise Reduction Feature = {Enabled, P7 = High Disabled, P7 = Moderate]
This approach integrates multiple criteria in a scientifically consistent manner.

7. Propeller Pitch Type (O1) and Material (O4):
Propeller pitch type and material are outputs determined from all previous inputs and must satisfy
compatibility rules. For example, high-power engines cannot use wood, and low-power engines can avoid
complex variable-pitch mechanisms to reduce cost. The actuation method is determined based on pitch type
and power class O20_202 [9]:
o Fixed pitch and ground-adjustable propellers do not require actuation mechanisms.
e Variable or constant-speed propellers require actuation:
o Single-acting: simpler, lighter, typically using spring or gas pressure for blade angle changes.
o Double-acting: more precise, faster response, but heavier and increases maintenance cost.

None, 0, = Fixed or Ground-Adjustable
Single-Acting, 0, = Variable / Low-to-Medium Power, weight
Double-Acting, 0, = Variable / High Power, weight

These rules ensure safe and efficient propeller selection while preventing incompatible or unsafe designs.

8. Outputs Integration:

All output parameters; propeller pitch, actuation, blade count, material, anti-icing, direction of rotation, and
optional noise reduction; are derived from a combination of user inputs, classifications, and compatibility rules.
Mathematical logic, comparisons, and conditional mappings enforce multi-factor decision making, allowing
the app to provide recommendations that are compatible, efficient, and safe [2, 9].

Worked Example of Propeller Design Recommendation
The application was tested using the following input parameters Table 2. to demonstrate its decision-making
and propeller recommendation capabilities.
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Tabel 2. Input Parameters for Propeller Design Recommendation

Parameter Code | Input Description
Aircraft Category P1 3 Ultralight/Sport
Number of Engines P2 2 Twin-engine configuration
Engine Total Power P3 120 kW Total power across engines
Environment / Climate P4 4 Seasonal Cold Climate (Possible Icing)
Engine Type P5 1 Piston engine
Weight Priority P6 1 Highest priority (Light Design)
Noise Priority P7 2 Moderate noise concern
Cost Priority (Build) P8 2 Moderate
Cost Priority (Maintenance) P9 1 High (economy)
Propeller Pitch Type P10 None Optional input left blank
Material Recommendation P11 None Optional input left blank
.. . . NO, . Optional input; the program considers implications on
Critical Engine Design CE Cnt?cal engine selection and maintenance
Engine
Step-by-Step Logic:
1. Power Classification (P12):
Low, P3 <112 kW
o {Medium 112 < P3 <746 kW
High P3 > 746 kW

Here, P3 =120 kW — P12 = Medium Power

2. Propeller Pitch Type (O1):
o Since P10 is blank, logic checks P12, P6, and P7.
o Medium power + moderate noise — Ground Adjustable

3. Actuation Method (O2):

o Ground Adjustable — Simple Actuation (on ground)
4. Blade Count Recommendation (O3):

o Medium power + Piston engine — 3 blades

5. Material Recommendation (O4):
o P1 =TUltralight, P5 = Piston — Composite, Wood suitable (light and simple)
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6. Anti-Icing Type (O5):

No Anti-Icing, P4 € {1,2,3}
o Electrical, P4 € {4,5}
Fluid, P4 € {6,7,8}

o P4 =4 — Electrical Anti-Icing Recommended

7. Direction of Rotation (O6):
o P2 =2, P7 =Moderate noise — All engines Right-Hand Rotation
o Noise reduction features like synchrophasing are optional and not applied here due to moderate

noise concern

8. Critical Engine Consideration:
In this design, the “No Critical Engine” option was selected. By definition, a critical engine is one whose
failure produces the maximum adverse yawing moment, making climb or recovery particularly
challenging for the pilot. When no engine is considered critical, the program may recommend that the
left-hand engine operate in a counter-rotating direction relative to the right-hand engine to balance
torque and improve performance. This configuration helps maintain symmetrical thrust in case of
failure, but it may introduce additional complexity in production and maintenance. Specifically, left-
hand propellers and associated engine components are less common, which can increase both
manufacturing and maintenance costs due to the need for specialized parts.
The app integrates this logic to prevent critical mistakes in engine and propeller selection, ensuring the
design remains safe, efficient, and compatible with multi-engine configurations. The resulting
recommendation, including direction of rotation, actuation method, and noise mitigation measures, is

summarized in the Output Table shown below.

Table 3: Output Parameters from Propeller Design Recommendation

Output Parameter Value Notes / Logic Reference

Propeller Pitch Type (O1) Ground Adjustable Medium power, moderate noise

Actuation Method (02) Simple Actuation (on ground) Ground adjustable pitch

Blade Count (O3) 3 Medium power, piston engine
Lightweight, tible with ultralight

Material (O4) Wood, Composite '8 tWelght, compatible with ultrallg
aircraft

S Electrical Anti-Icing .

Anti-Icing Type (O5) Recommended Cold seasonal environment

Direction of Rotation (06) All engines Right-Hand Rotation | Twin-engine, moderate noise

Noise Reduction Feature Not applied Optional, only for high noise priority

Engine Recommendation Piston Based on input P5 and power class
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Left-hand engine may be used; adds slight

No Critical Engine cost and maintenance complexity due to
UNCOMMOn parts

Critical Engine
Consideration

Conclusion and Future Work:
The Multi-Criteria Decision-Making (MCDM) Propeller Design App developed in this work demonstrates a
structured, accurate, and safety-oriented approach for selecting propeller subsystems for small and medium
aircraft applications. By integrating technical parameters such as aircraft category, engine power,
environmental conditions, noise requirements, material constraints, and multi-engine rotation logic, the
system ensures that every recommendation falls within the safe and compatible operational limits of real
propeller-engine configurations.
This tool significantly reduces the risk of selecting incompatible combinations (e.g., high power with wood
blades, single-acting actuation for high-power variable pitch systems, or improper rotation directions for multi-
engine aircraft). The systematic logic improves decision accuracy, supports design transparency, and enables
consistent evaluation of alternative configurations based on performance, cost, safety, and maintenance
considerations. It is therefore an effective educational instrument for aviation engineering students and an
early design-support tool for conceptual-level propulsion selection.
Beyond its immediate purpose, this project has strong potential for further development. Students can expand
the app to incorporate:
¢ More detailed propeller system modeling, such as aerodynamic efficiency curves, propeller performance
maps, ERAO / BEMT performance predictions, torsional vibration consideration, or fatigue life
estimation.
o Integration of real propeller manufacturer data, including MT-Propeller, Hartzell, McCauley, and
Hamilton Standard catalogs.
e Advanced material modeling, considering composite layup, metal fatigue factors, erosion resistance,
and mass—moment-of-inertia effects.
e Expanded actuation systems, including oil-pressure governors, hydro-mechanical units, feathering
mechanisms, reverse-thrust systems, and FADEC-controlled electric propeller drives.
e Deeper coupling with engine design, allowing:
o Propeller-engine matching for specific power curves
o Gearbox ratio selection
o Electric motor torque/RPM optimization
o Turboprop spool model integration
o Hybrid-electric propulsion distribution logic
As students continue refining the app, it can evolve into a larger simulation and design-assessment platform
capable of supporting full propulsion integration, aircraft performance analysis, and even preliminary sizing
for hybrid-electric Distributed Propulsion Systems (DEP). Such an expanded system would serve as both a
teaching tool and a computational foundation for future research at Georgian Aviation University.
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Appendix - Mathematical Expressions and Logical Rules Used in the Program
This appendix contains the complete set of mathematical formulas, comparison expressions, and rule-based
decision structures used throughout the program.

1. Power-to-Material Compatibility Rule

The Power-to-Material Compatibility Rule ensures that the selected propeller material is appropriate for the
engine power. Specifically, if the engine power exceeds 150 hp, wood is not recommended as a material because
it cannot withstand the higher mechanical stresses and rotational forces safely. Using a material incompatible
with the power rating could lead to structural failure, excessive vibration, or reduced lifespan of the propeller.
This rule helps prevent critical design mistakes by linking the engine’s power input directly to the allowable
material options [1, 3, 8, 9].

If Power (hp)>150=Material #Wood

2. Diameter Scaling Logic

The Diameter Scaling Logic determines the approximate propeller diameter based on the engine power. This
approach allows designers to estimate a propeller size that can efficiently absorb the available power while
maintaining aerodynamic and structural efficiency. By correlating diameter with power, the rule ensures that
the propeller generates sufficient thrust without exceeding mechanical or aerodynamic limits [6, 10, 11].

D=k-P3D=k-YPD =k 3P
D: Propeller Diameter (mm, or in)
P:power input (hp)
K = Coefficient(mm/hp'/?)

3. Blade Count Decision Rule

The Blade Count Decision Rule determines the appropriate number of propeller blades based on engine power.
For low-power engines, two blades are typically sufficient. Medium-power engines may require three blades
to efficiently absorb power and maintain smooth operation. High-power engines generally need four or more
blades to distribute the load, reduce vibration, and ensure aerodynamic efficiency. This rule helps match the
number of blades to engine output for optimal performance [5, 3, 4].

2, P <80
3, 80 <P <180
4, P > 180

P:Power (hp)
4. Synchronization / Synchrophasing Decision Rule

This rule determines whether propeller synchronization or synchrophasing should be enabled to reduce noise
and vibration in multi-engine aircraft. When noise priority is high, synchronization is recommended to ensure
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propellers rotate in a coordinated manner, minimizing harmonic interference and tonal noise. If noise is not a
primary concern, synchronization can be disabled to simplify design and reduce weight and cost [1, 3, 12].

{Enabled Nprioriy = High
Disabled, otherwise
N:Noise priority

5. Engine Recommendation Logic

This rule suggests the most suitable engine type based on the aircraft's power requirements and operational
priorities. For low-power applications, a piston engine is typically recommended. For medium-power ranges,
a turboprop is preferred. In cases where noise priority is low or for advanced concepts like Electric VTOL
(EVTOL) or Advanced Air Mobility (AAM), electric motors are considered suitable. This ensures the engine
choice aligns with power demands, noise considerations, and modern propulsion trends [1, 3, 2].

Piston Engine, P <200
Turboprop, 200 < P < 1500
Electric Motor, Low noise priority OR EVTOL
P: Power (hp)

6. Hub Type Selection Rule (Expanded to Multiple Lines)

This rule determines the appropriate propeller hub type based on the selected pitch mechanism and engine
power. Fixed propellers require no hub actuation, ground-adjustable or low-power configurations typically use
a simple single-acting hub, while variable or high-power propellers demand a more sophisticated double-acting
hub to ensure rapid response and reliable performance. The selection ensures compatibility between the hub
mechanism and the propeller’s operational demands [1, 5, 3, 9].

None, 01 = Fixed
Single-Acting, 01 = Ground Adjustable / Low-Power
Double-Acting, 01 = Variable / High-Power

01 = Propeller Pitch Type outputed

7. Critical Engine Logic

This rule addresses multi-engine configurations by evaluating whether a critical engine exists. A critical engine
is defined as the one whose failure produces the maximum adverse yaw, making recovery difficult. If no engine
is designated as critical, the program may recommend a left-hand counter-rotating propeller to balance torque
and maintain symmetrical thrust. This approach improves overall handling and safety but can slightly increase
production and maintenance complexity due to the rarity of left-hand propeller components [2, 5, 10].

If No Critical Engine=Recommend LH counter-rotating propeller
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Detection and Identification of Foreign Objects (Particles) in Aircraft Gas-Turbine
Engines Using an OFDM-MIMO Radar System

Teimuraz Kortua?!, Andro Maisuradze?
1.2 Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia

Abstract: Gas-turbine engines of aircraft are highly sensitive to foreign objects entering the flow path, which
can lead to severe engine damage or significant degradation of operational efficiency [1]. A promising approach
for real-time detection and identification of such objects is the use of radar systems based on Orthogonal
Frequency-Division Multiplexing and Multiple-Input Multiple-Output (OFDM-MIMO) technologies [4].
Developing such a radar requires achieving high range resolution, Doppler sensitivity, and robustness to
multipath reflections, noise, and vibration. Moreover, extreme operational conditions—such as high air-flow

velocity, temperature, and humidity may influence critical parameters, including the radar cross section (RCS)
of detected particles.

Key words: Radar, Receiver, Orthogonal Frequency-Division Multiplexing (OFDM), Multiple-Input Multiple-
Output (MIMO), transmit diversity.
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An Improved Model for Detection and Quantification of Solid Particles in Air

Duct Systems Using the Ultrasonic Method
Bidzina Abesadze?, Giorgi Taqadze?
! Georgian Aviation University, 16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia
2 Alte University, 2 University Street, 0177 Tbilisi, Georgia

Abstract: The present study addresses the issue of foreign solid particles in air duct systems and proposes an
enhanced ultrasonic-based method for their detection and quantitative evaluation. The reliability and
efficiency of modern industrial and aviation systems largely depend on the cleanliness and stability of the air
flow. Dust, sand, ash, or metallic microparticles entering the system from the external environment can cause
abrasive wear, surface erosion, and deformation of turbines and compressors. These effects reduce the energy
efficiency of the equipment and increase the risk of critical failures. Therefore, there is a pressing need for a
non-invasive technique capable of detecting and quantifying solid particles within air ducts in real time,
without interrupting system operation.

Within the scope of this research, an ultrasonic sensing system is proposed, employing a pair of transmitting
and receiving transducers. The acoustic wave propagated between them responds to inhomogeneities in the
medium and to the presence of foreign particles, resulting in scattering, absorption, or phase shifts. The
operating principle of the system is based on analyzing the variations in wave propagation time and amplitude,
which enables the determination of particle size and concentration. Theoretical models are presented to
describe the interrelation between the ultrasonic propagation velocity, wavelength, and medium density, as
well as scattering effects based on Rayleigh and Mie theories.

The obtained results confirm that the ultrasonic method is an effective, economical, and environmentally safe
approach for monitoring the condition of air duct systems. Implementation of the proposed model can
significantly improve system reliability and operational lifespan in both aviation and energy industries.

Keywords: Ultrasound, air duct system, solid particles, sensor diagnostics, acoustic monitoring.
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Theoretical Model for Determining the Contour of a Symmetrical Wing Profile for

Drag Minimization

Bidzina Abesadze!, Saba Kopaliani?, Lizi Ubilava3
1.23Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Tbilisi, Georgia

Abstract: This paper presents a new methodology for determining the contour of a symmetrical wing profile

based on the principle of least action and the application of variational calculus. The proposed mathematical

model aims to minimize aerodynamic drag while satisfying geometric and physical boundary conditions. The
theoretical analysis represents a significant step toward the design and optimization of aerodynamic surfaces
in aircraft structures, as various issues arise when operating at low Reynolds numbers. The developed model

enables the evaluation of the relationship between the wing profile geometry, flow characteristics, and the
resulting aerodynamic resistance. Furthermore, it is demonstrated that for a symmetrical profile at zero angle
of attack, achieving minimum drag purely by theoretical means is impossible, indicating the necessity of

further investigation into more complex, asymmetrical airfoils. The obtained results provide a foundation for
the development of improved optimization and modification methods for wing contour design.

Keywords: aerodynamics, wing profile, drag minimization, variational calculus, principle of least action,

Lagrange equation, optimization, flow separation.
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The Importance of the Compliance Monitoring Function in Ensuring Aircraft
Operators’ Certification Requirements

Nino Khitalishvili!, Davit Lomadze?
12Georgian Aviation University
16 Ketevan Dedoplali Avenue, 0103 Tbilisi, Georgia

Abstract: This article examines the role of the compliance monitoring function in ensuring aircraft operators
meet certification requirements in Georgia. While the Common Aviation Area Agreement between Georgia
and the European Union establishes obligations for the transposition of EU aviation regulations, the national
framework still lacks full alignment with European standards. The paper outlines international practices,
regulatory foundations, and the advantages of implementing compliance monitoring at the operator level,
highlighting its contribution to safety management and certification sustainability. As a practical case, the
study reviews the implementation of compliance monitoring within LTD ‘SAKAERONAVIGATSIA’, the first
precedent in Georgia. The analysis demonstrates the process of developing a compliance manual, integrating it
into existing management systems, and adapting it to the organizational culture. The findings emphasize that
operator-level compliance monitoring strengthens regulatory oversight, reduces reliance on inspections alone
and promotes a collaborative approach between operators and authorities. The article concludes with
recommendations for integrating compliance monitoring into certification rules, ensuring its role as both a
regulatory requirement and a mechanism for safer, more transparent, and efficient aviation operations in
Georgia.

Keywords: Compliance monitoring function, aircraft operator, certification requirements, civil aviation
regulation, safety management system.
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9500

Taxi Fuel

274
Trip Fuel

5400

o)
o)
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NUMBER OF PASSENGERS WEIGHT DISTRIBUTION
M F Ch Inf DHC  CBEG Count T H1 3402 H3 2426 H4 2110 H5 500
7. 8 4 o 110 1120 60 £10 50 510

V T.Ch T Inf D Wei & 50 85 50 857

97 83 4 0 0 0

o 10 70 10 70

™ TF T Tinf TDhe  TWe All Tota Al Totz All Total Al Total All Tota

97 8 4 0 0 0 2047 610 510 857 70
Total Passenger Count Total Passenger Weight

184 14486

L. 6 IgH30Mgd0LY S BHZ30MMOL F9dox 509090 390 2.4.2. S 2.4.3 3mbJ@gdol
36008369 mdgd0l yom3zseobfiobgdoom

Actual Min MAC : 19.42
Actual Max MAC : 33.95
Index : 61.99

Weight : 64770

MAC : 29.41

Taxi and Takeoff

Actual Min MAC : 1927
Actual Max MAC : 34.07
Index : 59.63

Weight : 70170

MAC : 28.27

domosblo

ZFW

Actual Min MAC : 19.24
Actual Max MAC : 34.09
Index - 62.81

Weight : 60944

MAC : 30.01

L. 7 Hbo/donsbliol d9B0m3900Ls s 989dEBMOMMOOL OsYEMsTS

ZFW (Zero Fuel Weight) - 16¢05© ©933000099c00 bo3sgmm bmdsero yzgwsbso®o fmbols
39035¢0b{i069d000 oM Lafizog30L Hmbols.

LW (Landing Weight) - U&v@0s© ©3H30000:w0 bo3sgmHm bmdswol @sbsg@gbo fmbe.

TOW (Take Off Weight) - U&¥a0050 ©53H30000@o b3sgMHm bmFseol sBsgMgbo fmbs.
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©053M535D9 0906 IMb53390790L Folb dmgd3gmeo §mbs/dsesbliols dsBz9690wqd0 (ZFW, LW s
TOW) @boymxnl Lodsghm bmdswrol 0oy dosblls s  IaMmoMmdsl bozog0L 4s09d9,
©RMHI6OLS M 5R3MGBOL 9Eo390BY [2].

ZFW, LW o Take Off 95B39690c0gdol 3mb@Gmmeo 99bodwgdgeos bogs®momm, (obsbfsmo
393956093000 Kx5386900Ls o IMbOEIMEBIEO B5MYOLS S BHZ0MMNYOOL domzsolifjobgdom.

F900560G0  dmbs3gdgdol Loxdzgeby, MMIGEoE ©OMOL MJoEE 0950000  (335¢JOSPOS
93D9360900L5 5 om0 dMPOL L3sgMH™m bmdoer By BoB3060mM30LMsbs39, dglsdergdgaro bgds bodsghHm
bm3sEol  dQM5Md/LEHOWOBs300Ls s fbgdol 3mbGHOMEo  »MdswmE  LaMgaoLlGMsEoM
©bEm6. FgH36M900L Lo359MH M bMTow By 3900l 35LHOLAYYdYE 306l MOl MYsEwE (190030
93™©0bgds  ABoghms  M30Mbo MmO 2obmogligdol 5000 MZ0MIBMHObs3T0,  sMgMN39
db939mdsdo  J000qds doMPOL, FHZ0MMOL MomEYbmds s fmbs. 9gMmMsbgmols dmbsizwgmdom
(360mMH03H9BHJO0L 3om35¢0obiobgdom. 3mbd@o 2.4.2.) 35Lbolidagdgee 306L 9db9ds BLEH0 0bZMGTs300
153596 M bl MHMIgE LodsMYMdo AoBsMOgLML 3Mmb3IMgEIo B30MMO.

056599060m39 bgemzbmmo 063)wgdBHol  ©sdMmMyMsdgds  dglodsdolo  sWAMOOMIGPOm 56
Do60moqbl LoMMMEgl. Jglsdsdols, Loddg oMGH03Ids 5Qs306MHO Fod@EHMMol gsdmemosbzol,
Lo{3930L M53E0MbIEMMHO bsGx 30l s [Hbs/dowsblol s 60dbMOol FgbseBMbgdOL botrx By

8mgdggdol 3M0b3030L HBMYsO 0EMLEBHMS300LIM30L 65B3969d05 bgds LGBy 8.
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DCS
(Departure Control System)

Passenger's Baggage

Male

Female

:
]
=
.
&

Seat Plan +

-+ Bagpgage Priority Controller —_———— Al
— - e

L. 8 Lo3sgM™ bmToer ol fmbobs s 85 sbLOL gbstBMBdOL Bmyswo Lggds d9dsygbgero
30036963 gd0Ls s Al-0b 4odmygbgdom

Weight and Balance Accuracy Indicator

33365

15359600 bmdsol fmbols s fmbomo d5¢sbliol 335 3nTYM 30O, Loobgobmm s s3Mgm3Y
MbsxONbMIOOL Fo0swqn39]GOMdOL, 5©sd0sbMM0 BIJEHMMOLS s MoEO0MbIWIM0 EOHMOL JsGM30L
153000b0sD 45MBOBMY MIX OIS 3LIX0 0YMb M63I30MZIW JB939dBY - I3BO3MOL s dBMYOL
369659 J0©0gd0LMbs39.

93Do3M0l BMHYbsbg MYQoLEMSE00LMBs3g bsmgE0s bmBserol Moo [bs/dowrsblbo s
d9Lodsdolo, 306039039  35Lvbolidygdgwo  0blEsbEoolsmzol bgwdobsfigomdo bgds sMgmE
935390D9 59 153000bOL FsOMZs S 3MMYJ309. 9939 933907M5© BoB WML MZ0MIRMO6s30L bIgegmnby
000aM5Md0L  dgbobgd 0bxgM®MBs305 29IMEZMMZ0L s FFHe3z™dol  AoImMLdol Fdgdombggzsdo.
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BobbMds/BoBH30030L 9BHS30 30 39309000 9BIJAHMMO BYds OMOMO ©IBs3MYGdOL 53000
530900l M35¢LsBOOLOM, 03B, M9IEIBIPOIE OMOL MYoEME Mg70ddo (56 MgaoLEM300L
©LBOYEGOOLMBS39) Lo3sgMM bmTowOolL BIFEHZ0M™O3L BMLEHI® J3mODYdS B s HMTYEO BP0
3obomagbml.  bgarmgbm®mo  0bGHgmmgdBolb s LoFodm  3OMGmsdmwo  BOHMb3garymzgol
3°035¢0bfiobgdom  dzoMmgds TAT 8sBg96909wo0, Moz  39ML39dBH03500  MoE0MbsEML  bol
53003M33560900L 53065 boOIXJOL OMOL FBodBHMOHMD F0ToOMYdsd0 5 BOOL  SgHM3MEEOL
L5359 M b YIOL Q5T BHOMBIOI0I6MBDI.

398my9gbgdveo 0@ M@ Ms:

1. “Aircraft Weight and Balance Handbook” - FEDERAL AVIATION ADMINISTRATION (2016).
2. “WEIGHT, BALANCE AND PERFORMANCE” - UK Civil Aviation Authority (2024).

3. “Airport Management” - Daniel Prather (2015).

4. “PRINCIPLES OF AIRLINE AND AIRPORT MANAGEMENT” — Institute of Management Studies
(2015).

Passenger Boarding on an Aircraft Considering Load Control and Weight/Balance
Stability

Badri Nadaraia
Georgian Aviation University
16 Ketevan Dedoplis Avenue, 0103 Tbilisi, Georgia

Abstract: The article presents ways to fully harness the potential of passenger flow capacity in modern
commercial aviation and meet future trends based on combinatorial and probabilistic models integrated with
today's or advanced engineerings artificial intelligence. The article also reflects the integration of issues related
to passenger boarding and disembarkation on the aircraft and the weight/balance of the airplane, which is

beneficial in terms of saving time, financial utility, and considering the effectiveness of additional,
extraordinary human factors.

Keywords: Commercial aviation, passenger check-in, airport, apron.
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Optical computers and their application prospects in aviation

Demur Vepkhvadze
Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia

Abstract: The paper discusses the main problems of modern electronic computers in terms of the speed of
signal propagation in them, the physical limit of transistor miniaturization, and power consumption. The
principle scheme and principle of operation of an optical computer are given, and an analysis of the operation

of its individual blocks is given. Based on the discussion of the main problems of electronic computers, the
possibilities of solving these problems in the case of using optical computers are shown, a comparative
characterization of optical computers with electronic computers is given, and the advantages of optical
computers over them are shown. The prospects for the development and use of optical computers are assumed.

The possibilities and principles of successfully solving a number of aviation tasks in the case of using optical

computers in aviation are proposed.

Keywords: optical computer, photon, interference, holographic memory, optical sensor.
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Paradigmatic Ambiguity in Flight Deck Communication

Tea Vepkhvadze
Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia

Abstract: In aviation communication, where accuracy and safety are crucial, any slight variation in words
can have severe operational implications. This paper addresses paradigmatic ambiguity — a type of semantic
ambiguity arising due to the substitutability of words within the same syntactic slot — in aviation
communication. Based on paradigmatic semantics theories and pragmatic linguistics, this study investigates
lexical substitutions, near-synonyms, and terminological overlaps as miscommunication causes between air
traffic controllers and pilots. The study uses examples from ICAO phraseology, aviation manuals, and actual
incidents to demonstrate how language choices may cause different interpretation and operational failure.
It further argues that while controlled language in aviation reduces semantic vagueness, non-standard or
everyday lexical substitution is a pragmatic hazard, especially under catastrophic or emergency
circumstances. The article ends by proposing solutions by way of more rigorous lexical field control, targeted
training in semantic awareness, and on-line communication surveillance. This interdisciplinary analysis
weaves together linguistic theory and aerial safety and offers practical solutions derived from paradigmatic

structure and pragmatic deployment.

Keywords: Air communication, paradigmatic ambiguity, Controlled Natural Language (CNL), ICAO

phraseology, semantic-pragmatic analysis.

In the complex and high-stakes environment of aviation, language plays a critical role in ensuring
operational safety. Pilots, air traffic control officers (ATCOs), and flight dispatchers rely heavily on verbal
communication, and any deviation from standard phraseology can introduce ambiguity with potentially severe
consequences. Aviation language is not limited to be a communication tool, it is a lifeline. To counteract
ambiguity, the International Civil Aviation Organization (ICAO) mandates the use of controlled language—
predefined, standardized phraseology designed for clarity and brevity (ICAO, 2016). This controlled language
reduces syntactic complexity and limits vocabulary to prevent confusion arising from synonymous or
ambiguous word choices. However, even within this constrained linguistic framework, the possibility of
paradigmatic substitution persists. One of the sources of possible communication failure originates from
paradigmatic uncertainty — semantic uncertainty triggered by lexical substitution of words associated in

one lexical slot.
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Paradigmatic ambiguity arises from the substitutability of lexical items that occupy the same syntactic
slot but differ in meaning, formality, or pragmatic interpretation. As de Saussure (1916) posited in his
foundational theory of semiotics, language functions through a system of signs arranged paradigmatically and
syntagmatically. The paradigmatic axis comprises sets of words that can be alternated without changing the
grammatical structure of a sentence but often altering its semantic nuance (Halliday & Hasan, 1976).

In aviation, where message interpretation must be immediate and unambiguous, such alternations can
compromise communication efficacy. For instance, replacing the standard phrase "Climb to FL310" with
"Ascend to FL310" may appear benign but introduces terminology unfamiliar to some non-native English-
speaking pilots, potentially leading to delayed comprehension or misinterpretation. Consider the two
following statements as well:
(1) "Descend and maintain flight level two eight zero." (2) "Descend and hold at two eight zero."

Both sentences might superficially sound similar, but they trigger radically different processes. The
difference is in the paradigmatic switch between maintain and hold, each of which carries unmistakable
operating connotations. These sorts of word substitutions, if poorly known or not codified, can induce
confusion, hesitation, or even lethal errors.

In everyday usage, paradigmatic variation adds variety. In high-stakes communication areas like
aviation, though, this type of variation can be hazardous. A paradigmatic error is not simply a matter of
grammar — it is often a semantic error with safety consequences.

Semantic ambiguity is the circumstance where a linguistic term accommodates more than one
meaning. In aviation, ambiguity could occur from:

e Polysemy (one word with numerous meanings)

e Homonymy (two different words with the same form)
e Near-synonymy (different words with close meanings)
e Ellipsis or omission

Paradigmatic ambiguity is particularly dangerous since the substituting word appears correct
grammatically and often becomes considered synonymous by non-native, or less able, speakers. The problem
intensifies under stress, fatigue, or in the event that speakers operate within a multilingual setting with
various strengths in English competence.

Pragmatically, communication meaning depends on context, speaker intent, shared knowledge, and
conventional expectation. Even if a word is semantically appropriate in itself, it can be pragmatically
unsuccessful if:

e diverges from normal ICAO usage
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e results in delayed interpretation
e isinconsistent to the operational context
Here is an exchange:
ATC: "Maintain heading one eight zero." Pilot: "Turning one eight zero."

The phrase turning implies action, not stabilization. The paradigmatic substitution by the pilot
might demonstrate understanding but pragmatically contravenes rule of response and potentially results in
confusion in busy airspace.

Aviation English has been defined as a Controlled Natural Language (CNL) — a pre-fixed variety of
English with limited lexicon, pre-fixed patterns, and low ambiguity. ICAO phraseology strives to eliminate
paradigmatic variation by stipulating pre-fixed phrases (e.g., "Climb and maintain.", "Cleared for takeoff")
and banning informal substitution.

Despite this, field studies (e.g., Prinzo et al., 2008) show that natural language frequently intrudes into
radio telephony.

Pilots and controllers use non-standard expressions such as: "We’re good for departure" instead of "Ready
for takeoff"; "We're holding at alpha" instead of "Holding short of runway at taxiway A". These deviations
often involve paradigmatic substitution that compromises the clarity and safety.

Aviation language is not a lexicon of words—it is a form dictated by function, operating need, and
mental economy. Standard phraseology was promulgated by ICAO to meet the communications needs of
aviation operations under stressful and high workload conditions. Phrases are chosen not merely for clarity,
but also for brevity, absence of ambiguity, and international understandability.

In this system, words and phrases are assumed to be within narrow semantic fields. For example, in

the altitude control field, words like "climb," "descend," "maintain," and "level off" all function in the context
of a strongly controlled paradigmatic set. Replacement of one word with another—especially with informal
or non-serious terminologies—can lead to ambiguity with serious ramifications in the real world.

Following are the subsequent examples taken from actual communication transcripts:

"Climb to one zero thousand" vs. "Ascend to ten thousand"; "Cleared for the approach" vs. "You're good for

landing".

Both sets of phrases are functionally equivalent, but the subsequent terms (ascend, you're good)
introduce paradigmatic variation that will not automatically be understood or expected in critical radio
communications. Misinterpretation in this case can lead to aircraft entering controlled airspace without

authorization or to a different runway being approached.
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In addition, the design of aviation language involves designed redundancy. Thus, "Climb and
maintain" is to be used instead of the straightforward "Climb" because it establishes a first action and a
leveling instruction. Replacing one component of such a statement degrades this functional redundancy,
causing increased risk of error.

In this regard, paradigmatic ambiguity tends to result not from gaps in vocabulary, but from lexical
overconfidence—whereby speakers and writers assume their substitutions are like the originals when they
are not.

Aviation discourse, and especially flight deck and air traffic control speech, is transactional, time-
constrained, and often subject to external pressure from noise, workload, and stress. It is here that
paradigmatic ambiguity is most risky.

Let us take two ATC discourse extracts:
ATC: "Cleared to cross runway two-seven at echo."
Pilot: "Crossing two-seven at echo."
Routine stuff. But:
ATC: "Hold short of runway two-seven."
Pilot: "Stopping short of runway two-seven."

While the second response is semantically accurate relative to the instruction, the expression
"stopping short" is a paradigmatic replacement for "hold short"—though not official, and in some versions
might not trigger an automated acknowledgement or logging function.

In another case:

ATC: "Report established on the localizer."
Pilot: "We are on the beam."

"On the beam" is a colloquialism, previously common in military aerial operations but today largely
obsolete in civilian flying. The paradigmatic replacement is not required and is confusing, and can result in
follow-up queries for explanation, adding to traffic on the airwaves.

The same type of deviation shows how unorthodox paradigmatic options can confuse potential
expectations, slow response, or create operational distinctions. These accumulate when communication is
being conducted interculturally or interlingually.

The next part of this essay addresses recorded case studies and actual events in which paradigmatic

vagueness has been the focus.

Tenerife Airport Disaster (1977)

One of the best-known examples of communication failure in aviation was the Tenerife Airport

Disaster, where two Boeing 747s crashed into each other on the runway, resulting in 583 passengers and
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crew being killed. While there were numerous contributing causes to the accident, such as bad weather and
congestion, one significant factor was lexical miscommunication.
The KLM pilot responding to ATC's "Stand by for takeoff" with "We are now at takeoff" employed a
paradigmatic form outside the usual "Ready for takeoff" or "Cleared for takeoff." ATC and the flight engineer
were unable to understand this phrase, syntactically acceptable but never previously having had a plain

ordinary operational sense and causing a fatal misunderstanding.

Avianca Flight 52 (1990)

In this crash, Avianca 52 pilots failed to unambiguously declare a fuel emergency to ATC. Pilots used
indirect paradigmatic alternatives such as "running low on fuel" instead of the expected "Mayday" or
"Minimum fuel." Controllers were not used to the gravity involved with the use of the former and failed to
clear the flight for landing. Such semantic vagueness resulted in fuel exhaustion and a crash off JFK Airport,

with 73 fatalities.
Singapore Airlines Flight 006 (2000

At takeoff while the plane was in typhoon weather at Taipei airport, the aircraft inadvertently tried
to take off from a shut runway. Pilots read back messages with imprecise and non-standard wording. Internal
crew communication, for instance, used terms such as "That should be it" and "Looks okay," which were
paradigmatic approximations and not positional certainty confirmation. These lexical selections indicate the
decline of terminological exactness in the midst of high-pressure situations.

Cushing's (1994) and more recent work by Barshi & Farris (2013) indicate a tendency among non-
native English-speaking pilots to employ synonymous phrases that are semantically the same but
operationally distinct. These are illustrated as follows: "Go ahead" instead of "Say again"; "Takeoff speed
reached" instead of "V1".

Such paradigmatic variants are more liable to be misunderstood in multilingual environments,
especially if the controller is requiring precise ICAO phraseology. Paradigmatic ambiguity cannot be
understood apart from an analysis of its pragmatic significance—how language is deployed in interaction
and how meaning is created through mutual expectation.

Speech act theory provides a useful lens through which to analyze flight deck communication. A
command such as "Descend and maintain FL180" carries the illocutionary force of a directive. If a pilot replies
with "We’re descending to 180," this is pragmatically acceptable. However, if the reply is "We're starting
down," the illocutionary intent becomes vague. The paradigmatic substitution weakens the intended

directive response, increasing the potential for misalignment.
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Grice's maxims of quantity, quality, relation, and manner of conversation are constantly being
violated in air traffic communication. Controllers in high-density situations require answers that are brief,
sincere, relevant, and transparent. Pilots' use of paradigmatic substitutes (e.g., "Looks good" instead of

"Cleared to land") violates the maxim of manner by introducing ambiguity and personal inference.

Conclusion

Effective communication in aviation is critical for safety, operational efficiency, and situational
awareness. This study demonstrates that even minor deviations from standardized ICAO phraseology—
through paradigmatic substitution or lexical variation—can introduce semantic and pragmatic ambiguity with
potentially severe consequences. Controlled Natural Language and pre-defined phraseology provide a robust
framework for reducing such risks, yet natural language intrusions, stress, fatigue, and multilingual
environments continue to challenge clarity.

Historical accidents, including the Tenerife Airport Disaster, Avianca Flight 52, and Singapore Airlines
Flight 006, highlight the lethal consequences of imprecise communication and the failure to adhere strictly to
prescribed terminology. Paradigmatic ambiguity, by allowing seemingly correct alternatives that diverge in
operational meaning, underscores the importance of rigorous training, consistent enforcement of ICAO
phraseology, and real-time monitoring of communications.

In sum, harmonizing linguistic theory with operational practice emphasizes that language in aviation
is not merely a tool, but a lifeline. Minimizing paradigmatic ambiguity enhances pilot-controller alignment,
ensures prompt comprehension, and sustains the highest standards of safety in increasingly complex and

international airspace operations.
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Project of a Helicopter-Type Unmanned Aerial Vehicle
Bezhan Jikia!, Tsezar Gabadze?

1.2Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thilisi, Georgia

Abstract: The presented work focuses on the design and analysis of a tandem-rotor unmanned helicopter. The
paper highlights the aerodynamic and structural advantages of the tandem configuration, which offers high
lifting capacity, improved stability, and enhanced maneuverability compared to conventional rotorcraft or
quadcopter systems. The proposed UAV employs lightweight composite materials and an electric propulsion
system to achieve energy efficiency and low noise. Equipped with an integrated flight control unit and modular
payload system, it is designed for logistics, rescue, and surveillance operations in complex environments. The
study concludes that the tandem configuration can significantly improve the operational flexibility and
reliability of unmanned aerial platforms in both civilian and defense applications.

Keywords: tandem configuration, unmanned aerial vehicle, payload capacity, integrated control system.
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Failure Modes of Layered Structures
Bezhan Jikia
Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Tbilisi, Georgia

Abstract: This study examines the mechanical behavior of multilayer composite structures, the
specific features of their computational modeling, and the predominant mechanisms of structural
failure. Layered systems are widely used in modern engineering due to their favorable combination

of low weight and high stiffness—strength characteristics. The paper focuses on three-layer (sandwich-
type) constructions in which the core is frequently formed by a honeycomb structure.

Two principal approaches to the computational modeling of layered structures are presented: the first
treats the entire laminate as a single integrated system, whereas the second approach applies
individual hypotheses to each layer, taking into account interlayer contact and boundary conditions.

The paper describes the primary failure modes observed in such systems, including face-sheet
debonding, local buckling of load-bearing layers, compressive or shear failure of the honeycomb core,

peel-type debonding, and complex combined deformation modes that are especially characteristic of
honeycomb structures. It is demonstrated that most failure modes are governed not only by the
properties of the outer face sheets but also by the geometric characteristics of the honeycomb core

(cell size, wall thickness), its elastic and mechanical parameters, and the quality of the face—core
bonding.

Methods for evaluating critical loads and conditions for local instability are also discussed, providing
an essential basis for the optimal design of honeycomb sandwich panels. The findings have significant
practical relevance for aerospace, space technology, civil engineering, and mechanical engineering
applications.

Keywords: Layer, core, failure modes, debonding, shear.
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The Role of Artificial Intelligence in Unmanned Aerial Vehicles for the Collection
and Analysis of Environmental and Agricultural Data

Giorgi Takadze

Alte University, University Street N2, Tbilisi 0177, Georgia

Abstract: This paper examines the dynamic development of Unmanned Aerial Systems (UAS) and their
transformation from military-oriented technologies into multifunctional civilian and scientific instruments.
The study highlights the interdisciplinary nature of the field, which relies on the integration of mechanics,
electronics, and software engineering. A broad spectrum of drone applications is discussed—from
environmental monitoring and logistics to precision agriculture. The paper also outlines the technical
architecture of drones, including the coordinated operation of flight controllers and modern sensor systems
such as GPS modules, cameras, and inertial measurement units. It is demonstrated that these components
transform a drone from a simple flying device into a complex intelligent platform capable of collecting,
processing, and analyzing data in real time.

Keywords: Unmanned aerial system (UAS), georeferenced mapping (GIS), multispectral analysis / NDVI,
artificial intelligence (Al).
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030038MH0b53900L LO 3H9Jb03MO FMALbMEMYdIL FofoBy, Tom TMEOOL dotYOLS S BHI0MMOL
3905H033L, Bf3o30L  Tg3Lgdsl, LogrMmbol slYBM390sL,  9bgMRMBMTMO,  FFHBI3MYOOL
GMBL3MOEH0MYILS s Lbgs 99930 gdge Mm39Mo3090L. J0vbgegzs 0dols, M BMgbol 3030l
0309 bowgs Bsbs dookbgzs s3309bs @O OBMYBs, M99 Ms@ Lo3sgMHm bMIseEOL
9m3Do@gdoLy s M39MOE0VIE0  MBsROMbMdOL 3603369 m3sbo bsfowo LHimGmgwo dofoliBgws
192995 Bg> sIM30YdIMO.
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030oboL LOYOMMITNOOLM 59OM3MOGH0, CIMAMOE LOJIOMNZIML FNs35M0 Bssgoszom 3356do,
90LsbM9gds fieroMMo Mmomddol bmo dogromb dgHegmlis s smMLMdOm MYoLL. sbgmo o@G30MmMZ0L
30639030 dofolBgs LBoBMIBL3MOEHM LT 93900l §3bMT03MMO 9539JE00MdS S 93MEMAOMGO
90aM5Mds A9BLO3MMEMNB0m 603369 m3z560 bgds. dmerm (argddo LogMmodmMobm bosdmdsesdm
5300300L  MmEMRQSB60Bsz0s  (ICAO)  29BLO3MMEMNOME  gMMOEEYdSL  535b30egdl  59MM3MMFH)ddo
9696029539 GIOMBOLS 5 49dMbsdMEd30l 993060900l 3MmE0E035DY, o3 8rmoEsgl sGo dbmerm
030m3xMH0bs30L  dMo3900l, 9999  FofolBgs  IMABsbMEdOL  LodMogdgdol  Bgdmddggdol
3993060905b53 [8].

GSE 96035 doGomso ©@obgummbg 96 0896D0bBg dmd«mdsgg dosfizol dMmsgzgdls 0ygbgodl.
99009350, 0oLobo [omIMogb96 860d3bgeMm3560 Mom@gbmdol BobdommEgsbaol (CO2), sBmEOL
mdbogdol (NOx), bsbdomzsbaol (CO) s dgs®o Bofoszqgdol (PM) gdolools fystrmb. s0bodbmeo
399mb50md3900 306306 dmddggdl 5gOM3MOEOL FobEMdEsE 35900l boMolbby, s9MmM3MEEHOL
396OLMbsoly s TgHogcMgdol Xs6IOMYMISDY, 53MJ03] FEMOSWME 3e0dsGO (3300 dIODY.
3319399000 ©5©P96005, GMI Bmyogho 93OM3ME s90m3mMOGHdo GSE gdbogol fowo NOi-ob
LogMom 9dologddo 60-70%-b sfig3L. gl 8mbs3gdgdo s@sLEVIMHGIL, M 93mEMA0vMHO BYdmJdggdol
3993060905 dbMEM© 030m3RMH0B3900L ,,499(356900m 396 FooMf939, 93O gdgos dofolbgs
192d9bEOL ImpgMbobsgosg [12, 14].

93060803160 335wlsBOOLom, EobYwby IMINTsgzg GH9gdbozol dgbobzs s gudams@oiEos
596Mm3mOEGHOLm30L FoMdmoagbl gom-9MHom 3609369cm356 botrx0sb 3md3mbgbBHL. Lohzs30L Bowswo
139L0, 399603900 FMALobmEMgdols 0bEHIBLOZMDS, IMS3900L (33900 S A9MGIMLBPOEI0MO FolHIIdO
960030350 Jabol g3mbmdozm® GH3060mb Mm3gMHGMMmOLm30L. BHmMgE sdo@™d, IMs35¢0 J39456s 91339
SbmEE0gmgdl “Green Airport” 3m@o@03sL, OHmIgEog gwyolbdmdl gugddem 6 30dMowwo GSE
A996030L  sbgMA39L, 9BIMAMIRIJBHIO  0bFOILEHOMIEHMOLME 0bEgMsE00m. Togsomolmgzol,
B639300L mbenmlb 5960Mm3mOGHTo 2023 Hrosb dsGyol GHEMogd@m™mgdol 85% 9wgdBHMoxzo30Mdwos,
bowm 35woxzmmbools LogMmsdm®olicm 59MHM3MMEHJdTdo dmddggdl MYRMEs30s, MHMIWol ™MsbsbIs®
2034 0096 y3gams GSE vmbs oyml byanmgsbo gdolool 3dmbg (CARB, 2021) (2, 7, 11, 15].

L5JoMMNZ9W ML Bso30530M BYJBMOO 5JEHO0IMIP F0MIMPIYdS S 3990l 93mbmTozol BOHILMLL
9605 59OM3MOEGJBOL OGHI0OMIs3 0HBMmIds. 09939, BJJdMEMA0MEMmO BMmEgMbobszos BdoMow
WROm  bgwo  3gd3om  908@obsmgMBL, o3 39B30MMOYOMWos  OMymOE  B0bsBLMEO,  olyg
068605LGHMJGHMOMwo d9H0M37000. MOOEOLOL bsgHMSTNMOHOLM 59MHM3MOETo Imddgoo dJofjolibgs
Lo@MobL3mOEM 35630L Moo bsfowo 33wsg FosfhHaol dMs3Bg FMTomdL, M3 BOEOL Lsfzogol
©oBobeIXL o A98MbBdME30L BmEEmdsl. 2025 farols dmbsgdgdom, sgMm3m®Eol GSE 3s630
90bToOl ssbrmgdom 14000 oM 0Byl m39do, Moz 5GHMLEgMMTo 37 Gmbs 65HJoOHMMsb0L
393mgmgxzol 993035¢9bEGHwGos [13, 19].

50bodbmo  3sh39698gd0  JIBOL  9ME0EIGOEMBSL, BoBIMEIL  93MmbMT0 3O -93MEMYOMMO
39535L905, MM HYOBEIL — OHMIE 3539MO0JAL 9930 Y39ersbg omoo L3930l IMbTscgds s
390MbsdMd30, Lo MOl M3EH0F0BSE0OL 439D OO 3MGHI6E0IWO s Mo DBMIgd0s LoFoOM
5960M30mM 0L 39960379600 MHgIMLgdoL 4obsbeEgdolimzol. 33e930L 899900 5839693, D MdoErOLOL
59MM3mMGHTo boH3530L IMbTsgdol MOILO Fowo dmpol doffols GbyMAMIMTIMSPIOOL 5gMgR5BHODY
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(GPU), &0Igdo3 00bgerols d6eg90bg 99985096 o 0300005360065390L gengd@B&®mmgbg®aosls s§3wosb
o 29BgMg0en  IAMToMgMdsdo. JgmMg GoFdo AL doMPOL  BHMOJBHMOMGP0 s J9BJMH0obaol
LoE300MMgd0, MHMIWIGdo3 dB939 98MoMBg3s  Foswro  Lo)3zogol  botxgom @y  0bGgbloMMo
399mygbgdom.

930 309M0 Bdmddggdol M35eBsBOHOLOM, 50bodbmwo 35¢gamMogdol doge Ho@dmddbowo
990b0900  (o®mTMoIbL sG>  FBMWME  oMYIML  EB0BINMYGOOL,  9MsTgE  LoDBMYPSWOMIIMOZ0
X 963OMgEMdOL 3O MBEToLS.

L59MSTIMOOLM  A5FM(3EOEYds B0POMGOL, O™  GEgJBHO0BOIS300LS @S 3006MHOEOBsEOOL
360398900 565 ABMWMO  J3MEMZOEO BoMRIOIL 0deg3s, MBI MTJEZ506 93MmbMIo3ME
39009290L53. 33¢93900L Msbobdo (Ajayi et al., 2023; ICAO, 2022), 9e9dd®m GSE ¢9db03s bodmowm
30-50%-00 5830690l 9Ju3eYoGSE00L botxgdl obgwmsb Jgscmgdom, dombgszs 0dols, GmA
LoPgolo  0b39LGHOE0s  FoEowrs.  93mbmdozmEmo  SBowoBol  avm3z5eolobgdom,  Mdoolol
596m3mOHEGHOLm30L  SBge  IMYDBY  gosbgws Bodosm 35056 3gMHomEdo Fgodwrgds  gobogl
130656l 2505MOW IO, A5B6LS3NNMGO00 M) F90Z5¢0L{0BYdMEo 0g69ds Lsfizo30L Boligdols
bMoL GH9bgbiEos s GH9gdbozol dmgzwrols 39930MgdwEo boGrxqdo.

do60mo0o bsfjowo

1. 930b6m3039MH0 5b6seoBo — GSE 39d6030L 9539dGH0sbmdols gg3sligds

596m3mMOGHoL JofolBs LoGMIBLIMOEM Bsd 0Ol 93bMT0 30 9539IE0DbMBS 306306
396LOBOZM3L M3gMHOE0MEO BsRJOOL EMbgLs S 93053MF3560gd0L MALobwMYdOL VOGO DSL.
GSE (96035, 6m3gwoi 9moEogl 05600l GMogdG™mOmgdl,  3H300000(99dL, LodaHoghm  GEMe39ol,
0 333900L LoG30M0XMYBL, 969MHRMIMT>MRJOOL 53MJASEJOL s BBZS L3gEOsWOBIOME 9HMNYMEIOL,
dc0obdo®l 360936900356 Grom©bmdol LH393L YM39WOLOMH M3EMS(3090T0.

000@0oboL  LsgOMSIMOHOLM 59HM3MOGHT0 BoBoMgdEds s65¢0Bds 9Bz96s, GMA 2025 fierol
3360¢do GSE 35630l 8096 dmbdscgdemo obgwol bsf3s30L bogBmem dmEmemds 9gsygbos 14277
OGO, M53 ©obEMgdom 476 @OoGHMOS ©Ydo. s0bodbmwo sB396909w0  sxzoJloMEs 20-30
1b3o0slb3s 3Ho3oL gOHmgol dmbs39890%g oyHEbMdOm.

439wsHg oo  9bgMHamImadbdsmgdgero  50dmbbs dofjol  gbgMaMIMAsMoggdolL  saM9RSEJO0
(Ground Power Units, GPU), ®m3gqgdog MHOHM639ymangb 030003836006530L gegd@®mmabgdaoom
9005653905l 356 3060900LsL. GPU-90%bg dm©ol doeosbo bsfigog30l dmbds®mgdol ssbermgdoo 39%, Mo
30093l d50 93mbMT03MM BH30OHNDY.
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L. 1 2569 96xMRMIMALEBLYMHGIOL 5aMgasBHgd0 (Conditioned Air Units & Ground Power Units)

9969 439wsDHy o000 boMx30l 35GJRMEM055 B3MROL GHEMsJBMMYdo (13-14%), 35EgM0baoL
LoB300mMYdO (17-18%) s BodyBIzMIM 533MINMLGdO (5-6%).

9306m303mMo  99xoLgdolsls  49m350bfi0bgdMwos  oBgEol  Lsfigagol  Lodmoerm  Bsbo
Lodomm39emdo (2025 farols dmbszgdgdom — 3.5 wsc0/wo@®mo). dglsdsdols, MmdoEoLOL s9MmM3MEME0L
GSE 35630L 0309960 Lafigo30b batxo 8950a96L ssbanmgdom 50,000 ¢rs®l, baere fferom®o baGxo —
600,000 @610l M gbmdsL.

099 3056356000900 Lodmoem bsf3o30L IMbToMmgdsl gho Mgoliby, 498mIEobsdg 0dgsb, H™A
5960m3mOHGJo ©gdo LEOMWEYdS LsdMswm 60 Ggobo, Mmomm §GHYHOL ImAbobMMJdsHY ol
©oobwmgdom 8 Wo@Mo ©oHBYWo. Jombgsgs 0doby, Mmd gl dsB3zgbgdgwo dgoMg BsbL
300086006530L B{3530L boOX M6 G9s69d0m, M39M530w0 930680308 MZsBsHBEOOLOM Ol Jo0b(3
3M1gd0m05, MOAD 59MHM3MOGHOL 39db03MMo s LYM30LEo Fobymzowgdgdol dowxg®do GSE
LoH3930L bobrxo gOHM-9Mm y39esbg LEBOME s 25639MMYds© FMbers 93930bgds.

93060803160 565¢00bols 999ymdds ImYeo®gdsd 583965, HMI 1) MdoEOLOL S9OM3MMOEGHO
9G530060350 B5b533gdL obYEbg dmdmdsgzg GSE gHhomgnmwgdols 40%-b 9egddem sb 30060 mwo
LoLEBgdgdom, LsgMomm Lsfigo30l IMbTsMgds dgodwgds F9d30MmIL 30-35%-0m. gl 608bsgl Faron®
©565BML ssbermgdoom 200,000 es®ol s@yegddo s 35w IMs© ¢9db03nmo ImaboburMgdols
boexgooL 20%-00 30905 (9e9dG®™ dM53900 6530905 LsFoMMgdl Bgmol G9E3wsl, o EHMOE0SL
5 d6530L bsfioargdols 33909L).

LogODSTMOOLM  20TM(3EOWYGds  SIBENMMYOL, O™ bogbo  3OMAMHIYOOL  93mbmTozWGO
LoGgdgwo  AMIg3500056  3gMb3gdEogzsdo  36003bgwmabo  50gds@gds  Lofigol  0b3zgliBoiEogdL.
052500m5©, @MbEMboll oMMl sghm3mM@do (Heathrow Airport, 2023) 3s6ol  gagddHem
A5JHMOJIOL  obgM358  Tgod3060  Lofiz3o30L  boGxo  42%-00 ©s  YMm3geHrromMe  abmys
isbwmgdom £1.2 dowombo LGgMwobgo. dbaogbo dmgEo  MBdOWOLOL  5gOHM3MOEGOLMZOLSS
d9Lodms 93063035 29FsOMNW G0 0ymb 5-7 Frosh 3mOHobmbEbg, goblozmm®mgdom od
990mbgz935d0, ) 250350lLfobgdmwo 0dbgds gugdEH®™YbgMool F9sMmIB0M VIO GHIMORO s
3996030L dso IMzols batxqdo.
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2. 930 M0vIM0 BgMJdgEgds s gdoliogdols Gggslsgds

9306m303MM0  BoJBHMMIOOL 359G IMS©, 909653 ad 3603369 mgsbos  GSE  (3gdbozol
39M90mbgy B9dmddggdol F9z3L90s. CO0DBYOL dM639d0L F0gH A5TMYMBOWD A5IMBIdMEd30 Fgoi3o3L
LodMMOL 9539JEHOL 45BgdL (GHG), do6005@s@ 65HF0OHMO:568L (CO2), s1939 sDmEGHOL mglogdl (NO),
B5b3oM356L (CO), gmomol mgdlogdl (SOx) s 3gs® bsfows3zgdl (PM) [12, 16].

5960HM3MOEGHOL GgOH0GMOH05HY gl 9dologdo 0393l SFOWMIM030 359HOL bomoLbOL 4owgsMglgdols
@5 93M9swm© dmgdggdl 39MLMBIEOL  KsbIMMYEMBsDY. 3309390000 IILEHMGOE0S, OHMI
054560l (35d60l) Bmbsdo NOx s PM 3mb396@¢ e300l 25b6M©s 0535300609090 G19L306EHMM¥IEm0
Q55350090900 Mol30L BOILMLb (EPA, 2021) [14].

9303000 9BseoBol Fotygddo  godmoygbs gdoLogdol BoJBMMIOBY  IRMIbgdO
990, MHMIwol Jobgz0ma:

¢ 0MMIMWO WoBHMO oHYEol LOWw (j35%g odmymal 2.64 32 Bsbdomm®zsbal (CO2) (IPCC,
2019) [9];

e 5BMGHOUL 756399 q0L (NOL)-0b bodwsm gdobos 895yabl 40 /am;
o BobdoMgobals (CO) — 10 o/am;
e 33360L bsfogszgol (PM) — 2 o/am.
596035, MOOWOLOL 59MOM3MOEOL 536MH0Eol ™30 dmbs3939d0m, 14277 wo@®o 0Bl {35
Do63mgdabol ssbermgdoom:
o 37.7 Hmbs CO:z-b;

e 571 33 NO-U;
o 143 33 CO-U;
o 28 33 PM-UL.
9b 8mbs399900 5639690L, X3 MdOOLOL 59OM3MMEHOL GSE 3560 30L 930 My0vMH0 ©I00bIMEGdS
153050 5005, FobL3MMNMYIO0m F530b, HM35 59MM3MOEHOL BOGOMNM BINHOEBMEO0S T9)HBOIOI0S S
399MbsdMend30 3mb3EgbEGHM0MmYds d306M9 LogMigdo.
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. GSE 30(h33m®0g00lL bobB3030L botzal 30mEgbhnmo gobabogmgds
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6. 2 GSE 353930600900 bs3o308 badxols 360m396Gwmo 45bsfowmqds

39605 5GHIMLRIOHMo gdologdols, GSE qdbozol 930mwmyor®o B9dmddgogds dmoiegl bdswm®l,
30065305 5 6050l IdOBIMMGOL (Lsf3930L 6 Bgmol ogmbzol 98mbggzs8o). 930M™3MeEo
155305300 3mbxggMgb300l (ECAC, 2023) 9mbsggdgdom, 596Hm3mMHEGHol bdsmeol Loghmm gmbby
dofiolbgs Gggdbozol Howo ssbarmgdom 10-15%-b 99500y9gbL 0sdol m39Ms30gddo.

93 MA0M0  3GMdgIgool  Lodsbbm, LmBEoml 59943560 5gHM3MOBHIO0  5gGHOMES©
SbmO 3099096 H9gdbozol 9 gdBH®0R03IE0L @S v EIMbsEGOoMo  Lsfizogol  godmygbgdsls
(d0mE0BYWO, §4oed50, Lof3530L 9ergdgbBHgdo). (30IMHObOL sgMM3MMEdo 2022 Ferosb dmddgogdl
3601505 ,e-Airport Fleet®, 3ol 30bsbos 2030 {ersdwg 100%-0560 gangd@®ono3s3os.

030olol  BogMHMSTMMOOLM  59OM3MOEHOLMZ0L, OBYRWMwo Jmbs3gd900L  Jom3zswoliiobgdom,
93MMA0M5© Y439wsbg 80Bsbdgfimboeros GPU s dsmpol G&od@m®mgdol 9wgd@mogolssos, Mg
800056 gdolbosl 9g5830MgdL 3060313 35-40%-000. oMs sFobs, MH93MmIGBIdIMos dM39d0L
396000 G9dbozmnmo 0bldgdsos, Bow@®msgool bolgdgdol (DPF, SCR) ©sggbgds s idle-time-ob
533M35GHO0 350008308 BMbJE00L IBIMY3s, Mo Lsf3o30L 93mbmdosls s 9dologdol Tgd0cMmYdL
9OPROMYLIQ JOOY6IILYNSL.
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3. LygMMsAMMOLiM FgoMPds s 33630M5MYdOL LEBHMsBYY0gd0

L59MSTIMOOLM  3MoJB03s 9B39690L, MM 59MHMIMOEHIOOL 93N MPOMOO  3MOEFH0IZS dMEPM
sofemgmerdo 3609369wm3bo 39935360 ©d. 9360M 3538060l LEGMBHYR00L Msbsbdsco, 2030 fersdg »bos
399300©9L  Lso30530M bgdGHMMoL LsgMmm gdologdo 55%-0m. gl doBsbo dmoieglh s6s Tbmem
030m3536MH0653900U, 505390 GSE 3996030L dm@g@bobooslisg.

65350 590M3MOE0 339 bMMEogwgdl Green Airport Accreditation 3®my®sdgdL (Airport
Council International — ACI), Hm3wgdo3 0m3zs¢olfobgdl g93mwmyom®o d9bgxdgbGol Lol@gdol
©569M35L,  9696M3m9x89JGHMM0  Bgdbmemaoqdol  4sdmygbgdsl s  gdologdol  ymzgguficrome
06396@sM0%bs300L [1, 4, 10, 17].

d906Mm9d0Lm30L:

o 3m396359960L 590m3mdGTo (CPH) NO.-ol gdologdol 63% 0dmeol GSE 3gdbozaty, dsgsd
5960 M3mMGHds 2025 fersdg doBbow solobs gemgd@®m GSE 35630l 70%-00 2565bangds.

e @mbmbols rEMmbol sgBm3mMEdo (LTN) GSE-ob oo 90w0sb g00mbsdmendgdo dbmerme
11%-05, ®53 30091905 350500 9§8gdGH06MdOL B30l 3:¢0EH03000 s JegdGO™ gbgMaool
BIOOM 259mygbgdom.

e Bomobol s9Om3mdGTo (TLL) 2023 §ob s0mddgEs 30d6Goeo pushback Lolb@gdgdo,
O0Igdds Bofzo30L botrxo 28%-000 895330Mo.

0000oloL 59MM3MOEOL LEAHOWMJGHYOS AYogLos BsdMsm Bmdol J3MM3MWo 5gHM3MMZHIOOL

9mgwmsb, Lowsg GSE  35G30 89003905 ©osbemgdom  30-40  gMHongoeolgseb.  GgLlsdsdobs,
9320090 8cgMHboB300L BLYOgLO 3BIMYMSBS 5Jo3 Bg0degds bbMM 3090l 9BEo3MdIM0Zo:

1. 306390 93930 (2025-2027): d39¢0 0By GPU-900b Bsbo33¢ds gangdGH®m dm@gergdom;

idle-shutdown Lolgdol sbgemy3zs.

2. 9gmbg 9gBHs3o (2027-2030): doMaolL  BHEOSIBHMOGPOOLS S  933MOMLIdOL  JEgdBHMOR0IO(309;
59396900l 0683MLEMWYIBHOOL Jmfgmds.
3. 99Lsdg gs3o (2030-2035): 30300 56 FyodoBy ImIMdsgg 9dodg LoEZoMMMYdOLS ©d
pushback @®sg@mmqd0L sbgMygs.
9L bLEAH®AIR0S FgbodsToLMdd0s ICAO-U yarmdogrme 49adsbosb (ICAO Environmental Report,
2022), 6890 0Bbs olsbagl 590m3mMEHJO0L 396030990 259mbsdmedzol brarm3zsb mbgdoy
05939656 2050 erobomgol.
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13365 s My3mIgbszogdo

dofiolBgs FmBLobMEGOOL  LoG®BLEMOGM Lsdrowgdgdo (GSE) 6ol 59M™m3mGmE0L
M396530900L 36033690 m3z560 9enqdgb@o, MmIgewms 9x39d@06Mmds gogergbsls sbwgbl Gmymea
930bM30396 ©6sbsMX DY, LY OMIIML JG3MEMPOMG BEYMHPMBIBY. MBOEOLOL LsHSTMGHOLM
59MM3MOEGHOL  8soomnbg  Bo@oMgdmeds  33¢0935d  9B39bs, ®MI  sbodbmaro  dodsmmmegds
L5goMM39w M0 XIO 300093 3MOB3ITMOLIS Ao630MIMGdMEO.

3990996900 3H9gdbozol LsgMmm M30MO Bsfzo30l ImMbIscgds 89oEqbl ssbermgdom 14277
WwoB®L, Mo3 0fig393L 37.7 GHmbs CO2-0L gdobosl. yz9gmsby oo fowo dmeol GPU-bBg, ds6ol
G594 BHMM9OLS O 35EIMHObYOL LoEZ0MMMYPIBY. gl BYRTIBEHO WM FSWYIHO FodMbsdmendzol 25-30%-0g
fowl 990demgds 89s09bwL.

930b6m3031Ms, GSE 3996030L ferorm@o bsfizozols s Ggdboz«emo botxgdo 700-750 smsls ool
50093L. 9e9dBHO™ 96 303000 5@ gMbsEH03900L obgMyz0m glsdargdgaros batrxqdols 30-35%-
om 399306905 O 3565 IMs© 9gdologdol 3wgds NOx/PM 30m33mbgb@gddo, Gog slg39 9306M9dL
bdomOL 5 57X MOGLGOL Lodmdom 2o6gImU.

999 BHM0x8035305 19303960900 9BO3MmdM035. 2025 Ferowsb Jqliadwgdgwos 30wm@Gmeo
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Economic and Environmental Assessment of Ground Support Vehicles Serving
Aircraft at Tbilisi International Airport

Bidzina Abesadze!, Luka Kurdadze?, Otar Bregadze?

.23 Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia

Abstract: The study examines the economic costs and environmental issues associated with Ground
Support Equipment (GSE) operations at airports. The primary aim of the research is to assess the
current situation using Tbilisi International Airport as a case study, where fuel consumption and
emission data for April 2025 have been analyzed. The paper provides detailed calculations of fiiel
expenditures and evaluates emission levels in comparison with environmental standards. The findings
indicate that GSE operations are linked to significant financial implications and notable
environmental pollution. In response to these challenges, specific strategies are proposed, including
the transition to electric or hydrogen fuel-cell-powered GSE. The implementation of such
technologies would result in substantial fuel cost savings and near-zero carbon emissions,
contributing to the sustainable and efficient development of the airport. Ultimately, the study offers
a comprehensive analysis and practical recommendations aimed at reducing the ecological footprint
of ground operations and improving overall operational efficiency at Tbilisi International Airport.

Keywords: Gas emissions, air pollution, exhaust gases.
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Increasing the Flight Safety of Coastal Rescue Drones and Helicopters with
Protective Devices from Bird Strikes

Zurab Kopaleishvili
Georgian Aviation University

16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia

Abstract: The use of modern drones, or unmanned aerial vehicles (UAVS), is rapidly increasing in both
civilian and military fields. Drones are used for topographic surveying, infrastructure monitoring,

emergency rescue operations, and many other important tasks. The successful operation of these
mechanisms largely depends on increased flight safety.

One of the serious risks when flying at low altitudes, in cities, in rural areas, especially along coastlines or
near forests, is bird strikes. Bird strikes between drones and birds are a growing threat that not only cause
damage to the drone itself; but can also result in bird fragments being thrown by the propeller onto a

person or structure, creating potential for harm. heir aerodynamic stability, engine power, flight route sel.

Therefore, the safe operation of drones requires not only a high technological level and management, but
also the implementation of environmentally friendly and intelligent protection systems. Prevention of
collisions with birds is one of the priority tasks, which is becoming more and more relevant today, given

the widespread use of drones.ection, and many other factors.

Keywords: Drone, protection systems, birds, helicopter.

The problem

According to statistics, the demand for search and rescue helicopters and drones has increased
significantly in the world. In the recent past, many different types of search and rescue operations have
been carried out in our country. Unfortunately, some of them have not been successful, because the crew
members encountered problems while trying to save people's lives, which made the operation high-risk.
These risks are significantly due to the increased probability of birds getting into the engines of the aircraft.

There is significant bird activity in the coastal zone of the sea (seagulls, birds, ducks, etc.) [8].

Fig. 1 Bird strike on aircraft propeller
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Introduction

As ICAO (International Civil Aviation Organization) and EASA (European Union Aviation Safety
Agency) point out, priority should be given to the safe flight of aircraft, especially to reduce risks such as
collisions with birds [1].

The implementation of a bird collision protection system for drones may become mandatory for
certain classes of drones, especially those used for the following purposes:

* Surveillance on passenger routes

* In public places.

* For multicopters, emergency medical services (MED-UAYV)

* Monitoring the area around airports for safety purposes.

* Monitoring infrastructure (bridges, dams, power lines) during inspections, especially near cities
and settlements.

* For fire-fighting drones operating in forest areas and natural protected areas where bird diversity
is high.

* For agrodromes, from which large agricultural areas are worked and the risk of collision with birds
is frequent.

* For monitoring transport corridors (for example, supervision of railways or motorways).

* In rescue operations in mountainous and natural landscapes, where bird migration routes pass.

* During television and film filming, when drones are used from high altitudes and fly over
populated areas.

Technical means of protection against foreign bodies

Various types of engine protection devices are found in information sources. Given the relevance of
the issue, technical information and achievements that are currently implemented and presented on the
Internet were searched.

Fig. 2 Various technical means of protecting drones and their engines from birds
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A drone and air taxi with impeller-type ducted engines, on which various types of protective devices
can be installed:

S S A S e 2 XY
Fig. 3
When creating protective devices, a list of technical requirements was drawn up in advance, which
the structures developed by the project must meet:
o Stability in the event of a collision
e Lightweight and strong materials

e Aerodynamic resistance

Ei e STy

Drones equipped with impeller-type ducted engines

e Multi-segment cellular structure

¢ Modularity and quick replacement

e High level of protection in the event of a collision with birds
¢ Technological simplicity and cheapness of manufacture
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In order to identify cones of protective honeycomb construction with the best technical
characteristics, three types of constructions were developed that fully meet the listed technical

requirements for protective devices.
Cone-type protective honeycomb constructions:

Fig. 4 Protective cone honeycomb structures: A-with hexagonal cells, B-with square cells, C-
with arcuate cells

Materials used for the manufacture of protective equipment

PA-6 CARBON FIBER REINFORCED NYLON, a nylon-type plastic containing short carbon fibers.

Carbon Fiber Reinforced Polycarbonate (CFRP) and polyethylene terephthalate (PET) carbon fiber
reinforced filament are also distinguished by similar acceptable properties. It is one of the most common
polymers, which is widely used in many different industries. Of the above materials, carbon-infused nylon
is considered the strongest material.

Aerodynamic tests

For the purpose of aerodynamic tests, 3D models of the protective cellular structure were made of
plastic material according to the preliminary design drawings. The models have the same height, base
diameter (200 mm), box area (370 mm?2) and wall thickness (2 mm).

The structures were mounted on an aerodynamic tube, on a special sting-balance device, which is
distinguished by high sensitivity and measurement accuracy.

In order to install the protective system on the aerodynamic tube and evaluate their aerodynamic
resistance, it was necessary to design and manufacture a special mounting bracket.
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Fig. 5 Sting Balance assembled mounting and clamping device for testing a protective honeycomb-
cone and mesh on a wind tunnel: 1, 5-clamping bracket; 2-controller; 3-angled rod; 4-force sensor.

The cones of the protective shell structure were tested in a wind tunnel at an air flow velocity of
V=20 m/s and their aerodynamic drag forces were determined. The tests showed that the square-type tray-
type protective device has the lowest drag force and it was determined that it showed the best results in
the results of comparative experiments.

Conclusion
Bird strikes are one of the most common and serious threats to unmanned aerial vehicles
(UAVs). In response to this problem, this study investigated the effectiveness of conical cellular
protective structures around the engine as an innovative way to reduce damage from bird strikes.
The "Sting-Balance" system used in the study allowed for precise force and moment
testing, which allowed us to understand the detailed assessment of aerodynamic parameters. The
data obtained indicate that the addition of a protective structure increases energy consumption
by an average of 10-12%, although this cost is much smaller than the damage that a collision with
a bird may cause.
It can be said that the conical protection system with a cellular structure is a technologically
sound and proven solution for protecting drone engines. In addition, it can be implemented on
both civilian and military, rescue or scientific drones, where flight safety is important.
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Study of Stress Concentration in the Junction Zone of Elements with Different

Stiffness

Sergo Tepnadze?, Sophio Bliadze?
L.2Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thilisi, Georgia

Abstract: In modern aerospace structures, the requirement for mass minimization often leads to
variations in the thickness and stiffness of structural elements, which become major sources of stress
concentration. Such regions are particularly critical in aircraft wing and fuselage components, where
localized stresses significantly reduce structural strength and reliability.

This paper examines the case of stress concentration arising at the junction of steel plates with different
thicknesses, analyzed using the Finite Element Method (ANSYS Workbench). The obtained results show
that abrupt transitions in thickness lead to a considerable increase in stress levels, whereas a tapered
geometric transition effectively reduces concentration zones.

The study demonstrates that geometric optimization of element junctions is an effective approach for
mitigating stress concentration and achieving an optimal balance between mass and structural strength.

Keywords: stress concentration, thickness transition zone, mass minimization, finite element method,
structural strength.
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3MbLEHOI300L IRIIGHOM, HMIgEoa 396 0dbs 4sdmgegboo 39dbozMMo dgdmfdgdolsls
[10];

e Ethiopian Airlines-ols ®gobo 961 — {j6930L 5356335 LoErmbdo s 39760300 3HMdEgIolsls
3OIHMOO 095300905 29bd 39@ILEGHMMBOL dobgbo.

50 99000b393900s 5B396s, GMI 53090905  FMOZ5EEMB0sBO  3MBBHGMOL  LolEgds,
GMIgwoE 9moiegl OmamO3 39dbodme ©osabmliBolsl, obg 93035708 dmIBoEIdOL  FoMsEro
b3obIMEHIOU.

056599060 ™39 80AMTom, 53053083560900 Jd60s6 Flight Data Monitoring (FDM) Loli@gdgol,
OHMIgd03 953039096 BMY60L Fmbo3gd9dL s 033096 sBsePoBOl LT IsgdL ymgzgwo gmgbols
8990099 gL 9Mb5399900 BTGBl 0dEg35 [HobILHo® A9dM3w0bEIL 5GBLEGIdOWMEO 36OM(3919d0,
o3 3609369 m356500 53306090L 06300g6EHIOIOL 5CBSMNMDIL.

996mema0vMHo 0603530900 3Hgdboz e dmdsbuMgdsdo:

063530980  §oMO0moagbl 5305300l  29630m5MgdOL Izt FodMAMS3gdG  doESU.
A9960360 ImALsbHgd0L LEgMMAo dmerm [egddo 2sbLo3PMIO0M 59EHw)sEMO Fobs 8980
9085007 909d0:

1. IoT @5 @obEbEomMo dmbo@m®obyo — 1300005300653900L boffoergddo BsdmbEoggdyeo
LgbLMMYd0 FMI0Z5 9gH36056 IMbs39dgdL dofols bLyMzgMgd By, B3 0dwgzs MYSEME
@OMJo 0sbMLEHOZOL TglodergdEMmdL [13, 14].

2. bgwwmgzbm®o 0bGHgwgddo s Machine Learning — 360HmabmBoMds@0  s@amG0mndgdo
09969096 HoMlyem Imbo3gdgdl 29v935610050MmBOL 5¢d5MBOL Q5BLELEBOIZMS.

3. Augmented Reality (AR) &9dbmemaogdo — 3gdbozmbgdo 04gb909b 333096 Loomzgowrggdl,
(99053 9999dosm 56396Mb 9GO 0bLEHMMJ309d0 Lsdwdsml Tgltrmargdolsl.

4. 3D 39335 — 356339900 3330696900l LMx30 HoMBmgds 50w DBY 5330MHIOL wmEobols
©OML S BOOL M39MHO3E0Y IMIBOEMBSL.

gm0 3H9dbmEmy09dol sbgMA35 BOOL LbEMMBSL, 53306090l 5EsT0sbME g Mol s
MBOHM639wYMRL MLOBOHDBM 9Ju3esdeE0sl.

&99603m6M0  dMALobmgdol  bo®obbo  ©sdm30©YdMYos 56S Fbmmwmo  3Hgdbmewmyosby,
5659900 50053056%7, MMTgeros 53 LobiEgdgdl oMmmegL. 39gdbo3mgdOL MHYRIWsMO Q5sdDowYd,
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LYIOGHORBOEMYOS @S 6sMYdOL  FgRoligds [oMmBMoPIBL MBOBOPMYOOL  3MWEHNMOOL FNs356
d0MOHN3L.

L59OPTMOOLM 3M5JEH0 3500 B0MGOE0s ,Just Culture“-ol 3mb3gEBE0s, MMIgEroE dmombmgl
005 5005MJOBS S F9(300TJO0L 565¢POBL Lolix gl go®gdy, o3 bgels MHYmdL godmaowgdol
39006M905L s LOLEYIMGOO F930MTJOOL S0IMBb3zELL [11, 15].

LoJoMMZ9Ml  Lodg0530m  MBogxOLoG GO s  Lbgs 13930 oHYdIMWo  (3963MJdO
96038369356 Bl SLOWMM9dIh  FH9gdbozmeo  3gOLMbsol dmBBIYdsTo, M3 30MIS0M
50Lobgds 9MHM36vE0 5305300l MLsROMLMYdSBY [3].

BXMB¥IHO 0565FTOMAMBS 5 MBIROMBMYBIOL 3G MOl 2963005Mgds:

3LMISO0 5305300L MLOBOPHMYOOL LolEgds §5329969ds ob5TIOMIMBSL, 06T3MOTS300L
35D0569dL 5305383560900, AHoMTMIdWIIL, 3960396 LoogIbE™MIOLS s MYAMEsEHMMIOL FmEOL.
MBOBOMLMIOOL  3MWEHNMMS 96 9BoLDE3MGds  TbMEIME  MYYMEs30900m, oL 9i3dbgds
9969%09630L  ©OMYdMEgdOL,  MEYBODIGOM  LEHOMIGHOS @S 3MMBILOMEO  Jo03oL
b3obIMEHIOUL.

MBoBOHMbMYdOL O30l LobEgdol JoBsbos Fggdbsls 4o69dm, Lowsg Yym39ero MsbsddMMIgEo
536Md0gMgdL B3t ML LogMmM MBsBMMbMIdOL MHBOHMBZgEYme3sdo. Fbmerm 53 FHBoMss
99Lodwgdgo  056599000M39 LORMIBO  5356M5@JOOL Loodgm ©s MBsBOMBM  gJudEYsGSE0S

LM Mbyby.

53360

1535900 GOMBL3MOE0  FoMOmoYIbl  MbsdgmM3g  BsIgsOMl  ghm-gMm  MFmsgzMglL
LogMYbL, MMIgEoi gobloHMzMegl A MdsMO g3mbmdozol, GMOBIols s GHgdbmwmyormo
3963000009008 06530 35L. Fobo MBsROMbM s Ls0dgE™ BbJ30MbOMYdS ITMIOEIOMEI0S SGS
dbMEMmE 0565990MM39 06550696005%7, 5659900 LHrM MmMAB0BYGdIME F9gdbo 36 dmLobmMgds®y
@5 MLSFODHMGOOL BoOMZ0L 3O DY.

3309306 3909200 ILEGHMOEIds, O®MI #Hgdbogmemo IMALobwmgds FoMdmoygbl 5Mgbol
MBoBOMbMYdOL 9OHM-9M00 439Dy 3O0GOIMNW  BOIBHMOL. YmM39wo  2odsMmMds, MbEs3
3603369 m ©9EIwol ©Mmbyby, Fgodgds 25050BsMOML 35ELEHMMAME d9w9ag0do, sdoGH™I
3MEOWgdY0S 39d60396M0 3MMmEgLgdOL LEOMWO BEHIBIMEOBIE0S s 8353M0 3MBEHMMEO.

L59MSTIMOOLM ASTMFPOEOs 5B39690L, CMT MLBOMbMYdOL FosOM30L LoLEHdgdol (SMS)
569635 5 Fmbo39990Dg oxzmdbgdmo G9dbozm®mo dmdlobmEmgds 360d3bgwmgbs sdE30MgdL
06300096@00Ls s 93500980L  MoMmEYbMdSL. IoT Lgbbm®mgdo s bgewrmgbmMo 0bGEHgwrgd@ob
398tmyggbgds Jabol sboe BEGBIOEL, HMAEOL F0BBs LOgHMHYJdOL 0wWIbEOTBOEOMYdS F5650Y,
L5B5d OLOBO POE0BMPYD0D Mo IH 3GIMdEYT9dT0.

39bLs3MGdMwo 3603369 mds 9gboFds 5306 MO FBoJBHMOL, 3H9dbozMMo 3gMLmbogrols
36mxB9L0MB0oBAL, 35LIbolAYJOWMdLS s 1HY39E FIBIMEIGDSL. M9bsTgOM3Zg 306MdYdT0
&9gbo3zmbo  dbmwm@  FgALEOIGOIJO  5MOG  5MOL. ol ML MLoBMMbMgdol  LoliEgdol

LEOMEBIBMZoBo  Fmbofiorg,  MMIgwbsg  930LMgds oo  BgdbozMmo s  §goO3IMMO
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3obbolidygdemds. LM 580GHMA, 59930MGOJE0s MYRMWSMMEO GHMY60bRJdO, LogMmSTMMHOLM
LYOEHOB0ISEO0L 3OIMAMSTFOO O 3BOL Fobsbergdol MHyz9g@EHo 3OmEqLo.

9306m303MM0  989dBH0bMdOLy s MLOROMbMgIOL  dosbloL  Fgbs@BMbgds  sbg3Y
Po60moyqbl 3603369 mz560 258mf39350. 3H9db03MM0 FMALsbMEdOlL botxgdols GdE0cMgds 56
Mbs 50LIBML  MBOBOMBMGOOL boMobbDy. 3 JoBbol dobomfgzs LoFomms ™m3EH0Tobs300l
9900l IbgM35, MMIYd0i3 99MHEbMBS BEBSGHOLE0ZME sb5EODBL s MYoH Tmbo39990L
030m3536MH0653900l 8aMI>MgMdOL Fglobgd.

330935 SQILEGHWOIPOL, GMI MLOFOPBMYOOL Fowowro ©mby Jowfgzsos Fbmwmp od
d90mbgggzsdo,  OmEILsg  39dbozmmo,  mEmYBoBsgowo s 5sd0bMmO  BsJEBMEMGdO
05630000930 S 35OHIMboMWo 3Fomdgb. MBsRMMbMYDdS 56 5GOL 9O XJM©O J0BBO Ol
5600l MPy39d0  3MmEglo, MMIgwos dmombmgl dwdog  dmbo@mMobyl, dgroligdsls s
39099x MdYBNOSL.  AMOIEIMOO  MobSTIOMIEMBS,  LEGOMITMOOLM  LBObIMEHJOOL 33> o
0603530960 FH9dbmemyogdoll 0bBga®sEos Jdbol 08 Logmdzgwl, MGmIgwois YBOHMb3geymals
155305300 0bEMBEHOOOL MBsROMbM IMTsz5Ls.

L5JoOMNZIMBMNZ0L, OMYMEOF 53053006 MZOEVBsHBOOLOM F630MGVs©O J399bolimzgol, by
doamds  3obL3Mm©mGB0m 9B M0s.  $9dbogmMo  ImALEbYMHgdoL  LolEgdol  obzgfs,
139305C0LGHYOOL F9TBIYOs s LEYMMSTMEOLM 3M5gdE030L 0b6GHIYMOMYDS ML SMEFOWIDOIEO
fobodotmmds,  Moms  LogoMmzguml  Bo3sghm  1ogmEg ©sMBIL  MLoBGMbM, LBs0dgEMm  ©s
30631096 bsm0560 gemdo® dsBoM Y.

259myggbgdeEo 0@ Mm@ Ms:

1. bs3s9602 bebsergbolb 9976037960 Jdbsbrg8olb  mgsbobsgos s  #bsRGobmgdol
050930 bolihgdgdo. »dowrolo: bogsemzgeml Lssgosgom Mbogzgdbodg@o, 2023;

2. Bodommgganmls Lodmdowadm 5305300L Bosggb@m. bsdmdsensder sg05300b 3000099b0. 0¥d0obo,
2019;

3. J530056509, §. bs339(02 (HH36L32H0L 9bs3H0bdol bsizedzcmd0. »dowobo: 3gdbozm®o
Mb6039ML0EHIGOL 93mI39dermds, 2021;

4. 9565396009, . ,,5305300L o630V S 3H9dbo3Mo IMALIbLHYMmYGIOL MM MLsgMHmbm
10M969030.“ bogs®m39erml bsG93609602 5o9b65¢7980, Ne4, 2022;

5. oM, 6. A®6L3GGHOL  bsRGDbgBOL 9300608037960  SU39HHIBO.  HdOWOLO:
mbogg®LaerMo, 2020;

6. ICAO. Annex 6 to the Convention on International Civil Aviation: Operation of Aircraft. Montreal:
ICAO, 2022;

7. ICAO. Annex 8: Airworthiness of Aircraft. Montreal: ICAQ, 2020;

IATA. Safety Report 2023. Montreal: International Air Transport Association, 2023;

9. EASA. European Plan for Aviation Safety 2023-2027. Cologne: European Union Aviation Safety
Agency, 2023;

10. Boeing Commercial Airplanes. Statistical Summary of Commercial Jet Airplane Accidents Worldwide
1959-2022. Seattle: Boeing, 2023;

11. FAA. Advisory Circular 120-92B: Safety Management Systems for Aviation Service Providers.
Washington, DC: Federal Aviation Administration, 2021;

12. Reason, James. Managing the Risks of Organizational Accidents. Aldershot: Ashgate Publishing,
1997,

13. Stolzer, Alan J., Carl Halford, and John Goglia. Safety Management Systems in Aviation. 3rd ed. New
York: Routledge, 2022;
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14. Kinnison, Harry A., and Tarig Siddiqui. Aviation Maintenance Management. 3rd ed. New York:
McGraw-Hill Education, 2017;
15. Li, Wen-Chin, and Dennis A. Berman. “Human Factors in Aircraft Maintenance: A Review.”
Aerospace Science and Technology 112 (2021): 106600.

Improvement of Aircraft Maintenance and Enhancement of Safety Measures

Bidzina Abesadze!, Tsezar Gabadze?
.2Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thilisi, Georgia

Abstract: Air transport is one of the most vital sectors of the modern world, ensuring the continuous
operation of global economic, cultural, and technological interactions. The increase in the number of
flights over recent decades has significantly raised the demand for safety and the importance of
maintenance quality. This paper discusses the role of aviation maintenance systems in the safe operation
of aircraft, the impact of international standards, and the technological innovations that contribute to the
prevention of accidents.

The study presents an analysis based on the regulations of international organizations such as ICAO, IATA,
and EASA, and examines specific causes of aviation accidents related to improper or insufficient
maintenance practices. The results indicate that a high level of safety can be achieved only when
maintenance processes are based on data-driven predictive models, continuous professional education,
and modern digital technologies.

The research confirms that strengthening safety culture and implementing innovative approaches are
essential for the sustainable development of both Georgian and global aviation.

Keywords: Aviation, safety, maintenance, risk management, innovation.
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Technam P2008 030l bs3sghm bemdsgrols sgdudermodsgom
95bsl050gdgd0L 3300935 S sbSEPOBO

6035 ©03565930¢0!, mm®b039 GH9nbsdy?
1215590600390l Loogoszom  mbogg®lo@gdo
9909356 gmzol 4sdBoMo Ne16, 0103 mdowolo, bodsGomggarm

M9bomdy:  bodmmbo  s9005698b  Tecnam P2008 Hodolb  dbopdoyfo  bs3sgter  beabdsenool
bsgfb3arepsdsgom dsbsliosogbergdols 6ks35¢08bkhog 33¢793505 @ 5bserobl, Geaderols dobsbos
336b5 B30 5006060 (Y030l 030008036506530L doGOSO LI30M5HILBIBO S 5000 §s3¢ngbs
36960l bsRGObMIBs Y.  33¢935 9RI69BS  0920000%G0bsF0L (997603796  ©37999695G0U,
97b3cr39sgool bsbgerddmz569¢0098bs @ bsg®mosdmmolbier ds69829cno06989cm0 Uhsbos®dgdol
J9¢003698002 565¢70 DU

bAshoolb  Rs6gcm98do  3sbboeroyemos  0930000036065306  boBdsoo s 0569360069800
©3325300(9829¢0  3(090329¢0 35230990980 (VINE, VA, VX, VY), Gsov0 Yg353¢965 30¢reaBol
3303043990 980L  36Ggbby s bogmobmgdol  bEGb3geryzol  dgdsbobdgdo.
pse&dmeggbocros  sbsgrobo Cessna 172, Diamond DA20 s Pipistrel SWI121 89056980000
3090980056 5UH1990L Tecnam P2008-0b Gs3¢» 993999056085, dsm030L bodsthozgbs s
9230260809602850.

23¢m930L 9098980 300UA98L, HmF Tecnam P2008 [s(30s0396l 03565990639 dbadeydo
3305600L  bHsbstrdgoolb  dgbsdsdol  030000%360653L, Gadgcrog 3960005698  HgHbcrcreagor®
0635305,  93006080-9Hm83L ©5 RHI6OL  sRGObIBOl  Fs@ser  mbgl. dobo  3sdmy9698s
356U332900698000 Jo bsbdgprrbogeros bsgz@9bcaliber Jadbs@gbdol 933995160 356berrzogergdoborzob.
15339630 boByzggdo: Tecnam P2008, bsgfbdereps@sgom dsbslbosogdengbdo, 3@9bols «bsgzkorbgds.

dglsgoo

9356090 ABLMBEOML (335¢0g0S© S Fo0oBJbmEMa0® 4509dmdo Aumdydo Lodsghm
bm3ogd0 3609369 m356 B0l SLOMIEGdID, SMe FbMEIME J9MIM O LOTMYZSMEIM 530530500,

505090  dbg3g  3OMBLOME  IMIboIdOLs @S Bs3sghm  BHEBL3MOEHL  L3gE0xR03YOHO
900560091 9000m. dBwgdydo 3sliol M30IBM0BI3900l IMo35¢TBM030 45dmyghgds Aobs30MHMDIOL
3o 3005M B 06GHIMILL, OMamOE IMIHIsMgdgEms, 0lg 5305300l 3OHMBIOMbsEgdOL
db60sb. LfmMgo 53 JMobom godmo®Bg3s Tecnam P2008 o@swom®o Fo0dmgdol 0sbsdgdmay
Abmddo M3003x86MH06530, MMIGEOE SV0sMGOMos Jobo 9B39JE0bMdOL, MLsRMMbMIdOLS
06035309960 3mbLEOMJ30Mwo doymdgdol gsdm [1].
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Tecnam P2008 50l o@owom®mo omdmqdol mMbogzsMmA0sb0 M30mRMH0bsgo, MHMIgwros
30639o©  35BsMBg 2009 gl 259mBbs s LHOxs© dmo3mgs  3Mm3MEsMmmMds  MrMe3
Log3Mgbmlbm  Lobfogerm  JoBbgdobgol, olg  39Mdm  IFEMdGgdols  ©s 3069
53003033560900LmM30L, M5 FI630MMOYdIMos JobO FosE0 LH0TIEMMBOM, FoMFBH035 LOT>MMSZ0
LobBHYIJOoMS S  M3BH0F0BOMGOMo  boH3530L  FMbTsMGO0m. MZ0MIFOO6I30  59M069dL
GM50E0I0 5 M9b53xMM39 39JbMeEMmy0gd0oL by 3gmalie FobosliosmMYGIEGOL, Mo Aol 560 F oL
3990MBgM 30632960963 BsM0BMdL AbvdYJ0 5305300l dsBoMBY.

6.1 TechnamP2008 @030l o359 bmdsero

Tecnam P2008 530600 95900996905 LogzMHgbmlbm 8mdBsgdol 3MmEglido, Mog 3o1eolbdmdl
0300380065306 06FIBLOMG  250mygbgdsl  odfiygdo  AGMObBsggdol  dogm.  Fglsdsdols,
39b6Ls3MMMgdom 3609369 ™m35605 Jobo Loguders@osgom Fobsliosmgdwgdol dgbfsgws s dsom
393 965%Bg 533063905 BMIBoL MLOFOPHMYOOL MBEOW39wymaol Jobbom. bgdoldogho Labols
33069 2505 FH9db03ME0 96 LogdldWw s (30M MZ5EWLEBOOLOM F9godergds 493w gbsls SbEYbwL
OMymO3 369606 boolbbg, oby dxMH0bsgz0L/0bLEHMMIGHMOOL BoDOIMO ©s BLOJMEWMAOME®
©5H300m35%Y [2].

659630 doBbs 0bsbogl Tecnam P2008-0b Logdldermo@oEom Asbaliosmgdergdols s65¢robl s
om0 293960l Fgg39L905L BOIBOL MBOFOMBMGDIBY.  LEHOEH05d0 2obLS3MPMIOMEO gmEmSO®IOS
0000mds 03 MoL3gdoL  0IbGHOROEOMYOL, OHMIgdoE  Tguoderms  HoMIModzsl  Lbzsslbgs
LoRE9bMLBM Mg00bs s 29M9dM 300MdYOT0 50BN MZ0MIBOODIZ0L 9GJL3WYsEsEO0LS,
51939 gloderm 3693963010 HBMBJOOL QoBLIBOZMIL 50BOEMO LorMMbygdol Fgled30MHOWS.

do6M0mso bsfjogmo

Tecnam P2008-0b 9Judcmvyso3ool  ghm-ghmo  dbodzbgermgsbglio  sL3gd@os  BM9bols
LoBdoMol d9BwM©3900, OMIWIdoE  obloDBP3M396 LodsgMm bmdsw ol LEHOYIGHMIOIX ©
Lo9Ju3MOGIG0M D3O 6033690 MdgdL.  T9)HBMMO39d0  YGHIWVIMS®E SMOL  SOHIHOO
HoMmIMgdwol  MmR0E0swH  Lobgddwzsbgwrmgddo  [11].  Tomo  ©33d  3MOGHOIMNWOE
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bOg«IMOOPIOMS O SMBOWYOI0s  OMYMEOE  BMToermE, ol 9MLEBIOGHME  BMBOL
3060md90d0. 3bMowdo 1 fomdmoygbowos 99Hwm3gd0 LoBJsMggdobsmzol 3396d90d0 (133=1.852
30/bom):

1.VNE (Never Exceed Speed) - 5G5bo®mU g500L5Fo03909e00 boBdoMg;

2.VNO (Normal Operating Speed) - 60®3s¢o®o Lodmdom boBJotg;

3.VA (Design Manoeuvring Speed) - 356936006930 59mm3c0¢o boBdsMg;

4 VFE (Flap Extended Speed) - dsduodocmm®o LoBJog ROMm3960L  godmdzgdwero
9 MdoMgmdoLm30UL. [4]

3b0. 1. LoPJseol 99Brm39d0 — Tecnam P2008
060035@MOWMOo | 35¢00dMH0MIO0
# LoBRdoy L5359 LoRJotg | Lodsghm  LoBdodq | 89600365
KIAS KCAS

505%9 39 Lobdotgbg 13cmqbos
1 VNE 145 141 ©0399gos  bgdolidog®o
10960l 3060900l O™
505%9 39 Lobdotgbg 13cqbos
2 VNO 113 111 533909905 GOHDOBOO©
dbmerm 38300
530MLggOHME 306019030

3 VA 99 98 59 LoBdotnbg DBgzom oM
b6 296bm® 3099l
933900600 56 LMo oGN30l
ddG5mdGO0

4 VFE 71 72 53Mgbol  LoBJog o6 Mbo
0g69L 39005 F5M09d90
RBOM0396980L  BgdoldogM
30H0(305%9 gmag3bolisls

50b0dbmo  G9BM©3900L  A5m35¢olHobgds 930w gdgE0s  BM96oL  MLSFOHPHMYdOL
OO Mb39wlogmRs©.  Foa0e0mo, VNE-U 4500356009050 8godewgds  250m0ofj30ml  LodsghHm
bmdool LEHOWIGHMOMWO BB, M3 Loxgmmbgl F9mddbol 93035705 s THogMYdol
LogmEbagl. sg3g, VA LobdstgBg Bgdmo 933000600 85693600L glihrengdsd dgloderms 3sdmofizoml
ROHOMOL QOIGHZ0MMZS 96 3MBEGHOMEWOL 39035, M3 3O0GH03MNW LOEGWSE050 FII0BMHIdS
5305063000963 96 530035@LGHOMRBo© [3].

gb®owdo 1 (oMdmoagbowo  dmbs3gdgdo  30wmEHOLmM3oL  HoMdmogbl  doMoms
LobgIIM3569@™ BT g3l BOBOL LHMOO oYYATZ0LS s Tl gdOLMZ0L. 580GHMASS, Do
L5333 0565@ 3MEBIL s om0 HE3000 BMGBSL A9FY39EH0 3603369 mds 9b0Fgds Tecnam
P2008-0l ¢030bL Ls3sgMHm bmdswrol MLonmmbM gdldwysdseosdo [12].

Lodmgoodm 53053008 bbgoolibgs LogMmsdmemolm s 9O MdMm03 Lobgwddw3sbywm
©™3M396@9dd0 [11]  BmEgdwos bm®mIswrMo Mm3gMmo30gd0Lbm3zol M93mIgbgdmo LsdsgMm
LoBdoMggdo. bModo 2 Fomdmpagbowos gl LoBdstgqdo Tecnam P2008-Loogol 630 3g dsLol
30690d0.
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3b®. 2. Tecnam P2008- ols 66350960 0m396530900Lm30L 6930969090 bo3sgHm
LoBRJs69900 335639000 (630 3 Toliol 306HMBGBT0)

LoBgsol Godo BMH0536900L | 0603sEHMGHMEo
00MTotrgmds Ls359Mm LoBJotg
(KIAS)
5g36M960L boBJstg T/O 48
RO59356930L 539:330L LoRJsEY T/0 58
159939 9bM 13Ol 39Mbol LoBdsn 0° 65
1599390098 s13eol LoBJstg 0° 71
©836M960L LoRdsty T/0 58
LSOME MM EILOGOIHO LoBJsM FULL 54
dgbgdol LoRdstg FULL 54
956936060900l Lobdstg 0° 99
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590930 9ol 5356335 b3359Mm M bemdseBy.

35693M0Mgdols  LoBJoMyg (VA) s  565Lmml  g5slsFs@dgdgeo  boBdséy (VNE) 30
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Investigation and Analysis of the Operational Characteristics of the Tecnam
P2008 Aircraft

Nika Tikanashvili!, Tornike Tefnadze?
1.2Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia

Abstract: This article presents a comprehensive research and analysis of the operational characteristics of
the Tecnam P2008 light aircraft, aiming to identify its key advantages and their impact on flight safety.

The research is based on the aircraft's technical documentation, operational manuals, and an analysis of
international regulatory standards.

Within the scope of the study, critical flight and maneuvering parameters (VNE, VA, VX, VY) are
examined to evaluate their influence on pilot decision-making and the mechanisms that ensure flight
safety. A comparative analysis with the Cessna 172, Diamond DAZ20, and Pipistrel SW121 models confirms
the Tecnam P2008’s high efficiency, ease of control, and cost-effectiveness.

The results of the research demonstrate that the Tecnam P2008 fully complies with modern light aviation

standards, combining technological innovation, operational economy, and a high level of flight safety. Its
use is particularly recommended for the effective implementation for flight training.

Keywords: Tecnam P2008, operational characteristics, flight safety.
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Fault Detection and Predictive Maintenance of the Aircraft Propeller System

Sergo Tepnadze!, Vazha Kelikhashvili?, Luka Kurdadze?
1.2.3 Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia

Abstract: The article examines the significance and methodologies of predictive maintenance for aircraft
propeller systems. The primary focus is on multisensor monitoring of key diagnostic parameters, including
vibration, acoustic signals, torque, and temperature. Regular measurement and analysis of these parameters
enable the early detection of malfiunction indicators such as propeller imbalance, blade damage, shaft
misalignment, and related anomalies. This proactive diagnostic approach enhances operational reliability,
reduces unplanned maintenance, and supports the overall safety and efficiency of aircraft propulsion systems.

Key words: Aviation, propeller, predictive maintenance.

Introduction

The aircraft propeller system plays a crucial role in generating thrust and ensuring efficient flight
performance. Its proper functioning directly influences flight safety, fuel efficiency, and operational reliability.
However, as a rotating mechanical component subjected to high dynamic loads: vibration, aerodynamic forces,
and environmental stresses, the propeller system is prone to gradual wear, imbalance, fatigue cracks, and other
degradation phenomena. Traditional maintenance strategies, such as scheduled (time based) maintenance often
fail to detect early-stage faults, leading either to unnecessary maintenance interventions or unexpected failures
that compromise safety and increase operational costs [2].

To address these limitations, predictive maintenance has emerged as a modern and intelligent approach
for managing aircraft components. Predictive maintenance relies on continuous or periodic monitoring of the
system’s condition, analyzing measured parameters to forecast potential failures before they occur. In the case
of propeller systems, the integration of vibration, acoustic, and performance data provides valuable insights into
the mechanical and aerodynamic health of the system [1, 3]. Through advanced data acquisition and signal
processing techniques, early signs of imbalance, bearing wear, or blade deformation can be detected long time
before they become critical.

The implementation of predictive maintenance in aviation aligns with the broader concept of Condition-
Based Maintenance (CBM), which aims to optimize the maintenance cycle based on actual system condition
rather than fixed intervals. For propeller systems, condition monitoring can include vibration spectrum analysis,
acoustic emission monitoring, and aerodynamic efficiency tracking. These parameters can be combined with
machine learning or statistical models to predict the “Remaining Useful Life” of the component and to schedule
maintenance actions proactively.

Overall, fault detection and predictive maintenance of aircraft propeller systems represent a significant
advancement in the field of aviation engineering. The research and implementation of such approaches

contribute not only to safety enhancement but also to cost efficiency and environmental sustainability. The
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development of reliable diagnostic methodologies and prognostic models will play a key role in the evolution

of next generation aircraft maintenance practices.
Main Part

Research Methodology
The research methodology for studying fault detection and predictive maintenance of the aircraft
propeller system is designed to systematically identify, analyze, and predict degradation mechanisms through
data driven diagnostics. The study combines experimental measurements, analytical modeling, and data analysis
to develop a reliable framework for condition monitoring and early fault prediction.
The primary objectives of this research are:
e To identify the most sensitive measurable parameters that reflect propeller health conditions;
e To develop a methodology for early fault detection using vibration and acoustic signal analysis;
e To design a predictive model capable of estimating the remaining useful life (RUL) of the propeller
system;
e To propose a structured predictive maintenance framework applicable to general aviation and light

aircraft propulsion systems.

Research Plan
The research will be conducted in five sequential phases:
e Phase I - Literature Review and Theoretical Modeling; Identification of research gaps and development
of the diagnostic concept;
e Phase II - Experimental Setup and Calibration; Installation and configuration of sensors, validation of
measurement accuracy;
e Phase III - Data Collection; Recording vibration, acoustic, and performance data under normal and
simulated fault conditions;
e Phase IV - Data Analysis and Model Development; Feature extraction, fault classification, and
development of predictive algorithms;
e Phase V - Validation and Evaluation; Comparing predicted outcomes with actual fault data, refining

models, and formulating the predictive maintenance strategy.

Sensors and Data Acquisition System

Effective fault detection and predictive maintenance of an aircraft propeller system depend on precise
monitoring of its dynamic and structural parameters. Since the propeller operates under high mechanical and
aerodynamic loads, reliable sensors are essential for detecting early-stage faults and performance degradation
(4].

In this research, several types of sensors are considered to capture vibration, acoustic, torque, and

temperature data. Accelerometers monitor structural vibrations and help identify imbalance, misalignment, or
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bearing defects. Acoustic and pressure sensors record sound variations caused by aerodynamic or structural

anomalies. Torque and rotational speed sensors evaluate the system’s mechanical performance, while
temperature sensors track thermal behavior of critical components.

Integrating these sensors within a unified data acquisition system enables multi parameter monitoring
and advanced analysis [7]. The resulting dataset supports the development of predictive algorithms, allowing

early fault detection and optimized maintenance planning for safer and more efficient propeller operation.

1. Dytran - Triaxial Accelerometer 2. Endevco - High-Intensity Acoustic
Microphone

3. Kistler - Rotating Torque Sensor 4. Type K Thermocouple — Temperature Sensor

Fig. 1 Sensors and Data Acquisition System
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A combination of accelerometers, microphones, torque sensors, and temperature sensors will be used to
monitor aircraft propeller systems. These sensors capture vibration, acoustic emissions, mechanical load, and
thermal behavior, providing the data necessary for early fault detection, condition monitoring, and predictive

maintenance.

Conclusions

The study of fault detection and predictive maintenance for aircraft propeller systems highlights the
importance of multi parameter monitoring to ensure safe and efficient operation. By integrating vibration,
acoustic, torque, and temperature sensors into a unified data acquisition system, early-stage anomalies such as
imbalance, blade defects, bearing wear, and performance degradation can be effectively identified [5, 6]. Signal
processing and feature extraction provide the foundation for machine learning and predictive models, enabling
estimation of Remaining Useful Life and optimized maintenance scheduling.

This approach not only enhances operational safety by reducing the likelihood of in-flight failures but
also improves cost efficiency by minimizing unnecessary maintenance. The proposed framework demonstrates
that a data-driven, sensor-based methodology is essential for modern propeller-driven aircraft, offering a
practical path toward intelligent maintenance systems. Future work will focus on experimental validation and

refinement of predictive algorithms to ensure robust performance under real operating conditions.
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Institutional Mechanisms for Women'’s Occupational Safety in the Civil Aviation
Workplace: International Experience and Regulatory Priorities

Davit Alania
Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia

Abstract: The purpose of this study is to examine the key challenges associated with risk identification
and subsequent management within the framework of Occupational Safety and Health (OSH) in the civil
aviation industry. Aviation operations are characterized by high speed, complexity, and constant change,
all of which further complicate hazard identification and the implementation of effective risk-
management practices. The research seeks to determine the organizational practices employed in the
process of hazard recognition and risk control. A case analysis is developed to illustrate the
interdependence among human factors, technological change, training systems, and regulatory
frameworks—factors that often hinder the effective assurance of occupational safety. Ultimately, the study
aims to highlight proactive and integrated approaches that safeguard employee well-being without
compromising operational performance.

The findings indicate that one of the principal difficulties in civil aviation is the ability to fully identify
hazards, a challenge rooted in the dynamic nature and complex structure of the working environment
itself. Notable issues include cognitive biases in risk perception, ineffective communication among
functional units, and the rapid pace of technological transformation. These problems are further
exacerbated by regulatory non-compliance, insufficient training, and fragmented incident-reporting
mechanisms. The study underscores the necessity of strengthening risk-management processes and
adopting unified strategies, including enhanced interdepartmental coordination, continuous training, and
improved communication channels. Ensuring an effective OSH policy requires addressing these challenges
and implementing systemic approaches that support both improved occupational safety and full regulatory
compliance.

Keywords: Occupational Safety and Health (OSH), risk identification, hazard recognition, human factors
in aviation safety.
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Analysis and Classification of Foreign Object Characteristics in the Airflow
Entering Aircraft Gas-Turbine Engines, and Strategies for Preventing Their
Ingestion

Robert Khachidze!, Andro Maisuradze?
1.2Georgian Aviation University
16 Ketevan Dedopali Avenue, 0103 Thbilisi, Georgia

Abstract: The paper examines the operational conditions of aircraft (airplanes and helicopters) under
which foreign solid particles (dust, sand, and others) enter their engines and cause damage. The
characteristics of solid particles ingested into the engine, such as size, mass, density, abrasiveness, and
other properties—are analyzed, as these parameters determine the type and extent of damage sustained
by engine components (including the compressor, turbine, and other parts). The study also proposes
methods for reducing and preventing such damage.

Keywords: Aircraft, engine, airflow, foreign object, solid particle, engine damage.
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Nanotechnology and Modern Aircraft Manufacturing

Gela Otarashvili!, Zurab Sabashvili2, Konstantine Khakhanashvili3
1.2.3 Georgian Technical University,
0160, 77 Kostava Str. Tbilisi, Georgia

Abstract: The paper highlights that achieving a new level of aviation development is possible only
through the use of innovative technologies such as nanotechnology. This necessity arises from the specific
demands of aircraft advancement. In today's world, aviation plays a vital role in the global economy.
Within this context, nanotechnology emerges as a key factor capable of significantly shaping the future of
aviation. Nanotechnology provides unique opportunities for enhancing materials and components,
thereby improving aircraft efficiency and safety. It also has the potential to reduce aviation's negative
environmental impact and foster more sustainable industry growth. This article presents a review and
analysis of nanotechnology’s influence on aviation, current achievements in the field, and potential future
applications. Nanotechnology is a branch of science and technology concerned with manipulating
materials and structures at the nanoscale, where the dimensions of studied and engineered objects fall

within the nanometer range.

Keywords: nanotechnology, nanocomposite, nanotube, graphene.
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The importance of international logistics centers
Ana Kurtanidze?, Giorgi Evgenidze?
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16 Ketevan Dedopali Avenue, 0103 Thilisi, Georgia

Resume. A complex of infrastructure facilities located in a local area, where integration and coordination
processes are implemented, are logistics centers. In the 60s-90s of the 20th century, certain problems and
trends emerged in the USA and Europe, the study of which became necessary in order to improve the
processes of forming logistics centers of various formats.

International experience shows that, from a micro and macroeconomic perspective, integrated logistics
services provide maximum efficiency, during which, logistics companies (providers, operators), while
moving and servicing material and commodity flows, provide a variety of complex logistics services.

Keywords: logistics, transport infrastructure, logistics centers.
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