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ABSTRACT:

Introduction/purpose: The use of modern military aircraft requires an extraordinary effort of human and material potential to
ensure the conditions for the execution of specific tasks. Complex technology, different spatial and temporal conditions of aircraft
use impose the need to create organizational and technical conditions to assist the pilot during flight with the aim of safely
and completely accomplishing the flight task. The aim of this paper is to identify possible problems in the organization of the
flight safety system through the description of the influence of technical factors on flight safety and to find the best solutions for
overcoming problems during the life cycle of the aircraft.

Methods: In the research of the subject area, first of all, the analysis of the regulations regulating the field of flight safety was carried
out, and then a description of the technical means and their impact on flight safety was carried out.

Results: On the basis of the performed analysis, the activities to ensure the reliability of the aircraft during development and
production were defined, and directions for improving flight safety were proposed through the amendments of regulations,
organizational and technical as well as technological measures.

Conclusion: The results of the analysis confirm the assumptions about the possible directions of development and improvement of
flight safety of military aircraft through improvement and installation of technical systems (devices and equipment), both aviation
and ground.
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BBCACHI/IC/HCAB: HPI/I HCITOAB3OBAHUH COBpCMCHHOﬁ BOCHHOH aBHAITUH TpC6yK)TC5[ SKCTPAOPAMHAPHBIC YCAOBCYCCKUE YCHUAHSA
M MaTCPHAABHBIC CPCACTBA, OCO6CHHO B obecrnedeHUU yCAOBI/II‘/JI AAS BBIIIOAHCHHS CIICLHTUAABHBIX 3aAad. CaoxHas TCXHOAOTI'HA,
PpasAHYIHBIC IIPOCTPAHCTBCHHO-BPECMCHHBIC YCAOBHS HCIOAb3OBAHHS BO3AYLIHOIO CyAHAa AMKTYIOT HCO6XOAI/IMOCTI) CO3AQHUA
OpraHM3alJMOHHBIX M TCXHHYICCKHUX yCAOBI/Iﬁ AAST OKa3aHHS IIOMOIIY ITHAOTY BO BPEMs ITOACTA C IICABIO 6630HaCHOFO H ITIOAHOTO
BBIITOAHCHUS TTOACTHOM 3apAaqdu. L[CAI)}O AaHHOﬁ CTAaTbH ABASCTCA BBIIBACHHC BO3MOJXXHBIX HPO6ACM B OpraHM3alliHd CHCTCMBI
6630HaCHOCTI/I IIOACTOB ITYTCM OIIMCAHMS BAMSIHHA TCXHHUYCCKHX q)aKTOPOB Ha 6€30I1aCHOCTb NOAETOB M MOMCKA HaHuAYYIIIHX
pCH.ICHI/lI‘/JI B IIPCOAOACHHH I'IpO6ACM B TCYCHHC )KU3HCHHOI'O TMKAA BO3AYIIHOTO CyAHA.

MCTOABI: HPI/I HCCACAOBAHHN U HPCAMCTHOI‘/JI O6A3CTI/I, TIPEXKAC BCETO 6I>IA NPOBCACH aHAAHW3 HOPMAaTHBHBIX IIPAaBOBBIX aKTOB,
peryanpyromumux ccl)epy 6C3OHaCHOCTI/I ITIOACTOB, a 3aTCM 6I)IAO TIPOBEACHO OIMMCAHHMC TEXHHUYCCKHUX CPCACTB M HX BAHSIHHMS Ha
6630HaCHOCTb ITIOACTOB.

PCSyAbTaTbI: Ha ocnoBanuu TIPOBEACHHOI'O aHaAH3a 6I)IAI/I OIPEACACHBI MCPBI IO 06CCHC‘{CHI/IIO HaACKHOCTH BO3AYIIHOI'O CYyAHA B
nporecce p33P360TKI/I 1 TPOU3BOACTBA, A TAKOKE MMPCEAAOIKCHBI HalTPaBACHHS ITOBBIICHUS 6C3OH21CHOCTI/I TIOACTOB ITYTCM BHCCCHUA
U3MCHEHHUH B PEraaMCHTBI IO OPTAaHU3ALTMOHHBIM, TEXHHYCCKUM U TEXHOAOTHYCCKHUM MCpPaM.

BLIBOAI)I: PCSyAbTaTLI AHAAHM3a ITOATBEPXKAAIOT MPEAITOCHIAKH O q)OpMI/IPOBaHI/II/I BO3MO>XHBIX HaHpaBACHI/IIl/JI B pa3BUTHH H
IIOBBIIICHUH 6630H3CHOCTI/I TIOACTOB BOCHHBIX ACTATCABHBIX AIIIAPATOB 3a CYCT COBCPIICHCTBOBAHHSA CHCTCMbI M YCTAaHOBKH
ABHAITMOHHBIX U HA3CMHBIX TCXHUYCCKHUX CHUCTEM (HPI/K6OPOB u O60pyAOBaHI/Iﬂ).

KnwdyeBbBe cJado0B a: 6e30MacHOCTb TIOACTOB, BOCHHASI aBHALNs, HAAC)KHOCTD ACTAaTCAbHBIX AIIIIAPATOB.

ABSTRACT:

VBoa/um: YHOTpe6a CaBPEMEHUX BOJHUX BAa3AYXOIIAOBA 3aXTEBA U3Y3ETHO HANPE3AME AYACKHX U MATEPHjAAHHX MOTEHIIHjA 33
o6esbeheme ycaoBa sa usBpIaBame HaMEHCKHX 3apaTaka. CAOXKEHA TEXHOAOTHjA, PASANMHTH IIPOCTOPHH M BPEMECHCKH YCAOBU
ynorpebe Basayxonaosa Hamchy norpefy 3a cTBaparmeM OpPraHU3aLMjCKUX U TCXHUYKHX YCAOBA 32 HCIOMOR ITHAOTY y TOKY ACTEHba,
a PAAM CUTYPHOT H HOTIIYHOT OCTBAPEHha ACTAIKOT 3aAaTKa. Lia OBOT pasa jecte Aa ce, KpO3 OIHC yTUIIaja TEXHHIKNX GaKTOpa Ha
GesbeaHOCT AeTerba, HACHTHPHKY]y Moryhu mpobaemu y opranusanuju cuctema 6esbeaHOCTH AcTerba U poHal)y Haj6osa pelersa
32 BBUXOBO NIPECBA3HAAKEIHE TOKOM )XMBOTHOT LIMKAYCa Ba3AYXOIAOBA.

Mertoae: Y ncTpakuBasy ¢y IpBO aHAAHSHPAHH IIPOIICH KOJHMa je peryancaHa 06AacT 6e36eAHOCTH AeTeba, 4 3ATNM j¢ H3BPLICHA
ACCKPHIILINja TEXHUYKUX CPEACTABA M HHXOB yTULIAj Ha 6e30eAHOCT AeTemba.

Pesyatatn: Ha ocHOBy msBpuicHe aHasmse, AcpUHHCAHE Cy aKTMBHOCTH Ha 06e¢36cherby mOysAaHOCTH BasayXoMAOBa y TOKy
PasBoja 1 MPOUBBOAIE H IIPEAAOKCHH Cy TpaBLy yHarpelema Ge3beaHOCTH AeTema, KPO3 H3MEHY U AOIIYHY PETYAATHBE, KO U
OpTaHM3aLMjCKE M TEXHUIKO-TEXHOAOILKE MEpe.

3akmyuax: Pesyaratn usspuene anaanse norsplyjy npermocraske o moryhum npasunma passoja u yHanpelema 6esbeanocrn
ACTerba BOJHHX Ba3AYXOIAOBA KPO3 YCABpIUABAIbE H YIPaAlby TexHUUIKUX cucTeMa (ypeDaja u onpeme), kKako BasAyXOIAOBHHX, TaKO
U 3¢MabCKUX.

KEYWORDS: 6e36eanocT acTema, BOjHH Ba3AYXOIIAOB, TOY3AAHOCT Ba3AYXOTMAOBA.

INTRODUCTION

Flight safety is an actual and complex problem and not only the lives of passengers and crews depend on its
successful solution, but also the efficiency and readiness of the aircraft for use.

The actuality of the issue of flight safety is conditioned by an increase in the speed of flight, take-off and
landing, an increase in the intensity of air traffic, considerable complexity of aircraft construction and high
requirements of the use of military aviation (Mili¢evi¢ & Bojkovi¢, 2021; Duarte et al, 2016). Aviation
equipment on modern aircraft is very complex, and crew workload and flight safety largely depend on its
quality and operational reliability.

The reliability of aviation technology is an important factor that affects the readiness of the aircraft for
flight, the efficiency of its use and flight safety. However, flight safety is primarily affected by in-flight failures
of aircraft equipment. Failures also reduce the efficiency of the use of aircraft equipment. Malfunctions
(failures and breakdowns) that occur on the ground and in flight require time to be repaired. Malfunctions
mainly occur due to structural and manufacturing defects, non-compliance with technical conditions for
production, poor assembly, foreign objects entering aggregates and into the flight control system, insufficient
reliability of aggregates, equipment and systems of aircraft and their power units, insufficient ability to
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control the condition of the aircraft itself, before and during the flight (Zivaljevic & Siladi¢, 1997). Flight
safety is also affected by operational factors: errors by flight personnel, deficiencies in planning, organizing
and managing flights, malfunctions and disruption of the system for managing and securing flights from the
ground.

The aim of this paper is to identify possible problems in the organization of the flight safety system
through the description of the influence of technical factors on flight safety and to find the best solutions for
overcoming problems during the aircraft life cycle.

The paper describes the basic technical factors that affect flight safety, as well as the ways of collecting,
systematizing and processing data necessary for flight safety assessment (Honcharenko et al, 2020). The
activities in the process of design, production and exploitation of aircraft to ensure high reliability of aviation
technology are listed. An insight into the current technical means for ensuring flight safety is given, which
include avionics, additional equipment, ground equipment, as well as equipment of objective flight control.
After the analysis, a model was proposed for the improvement of the flight safety system with an emphasis
on technical factors in accordance with the needs that arise with the introduction into use of new types of
aircraft, equipment, tools and control and verification apparatus, as well as changes in terms of procedures
and aircraft maintenance technology.

FUNDAMENTALS OF MILITARY AIRCRAFT FLIGHT SAFETY

The basic act that regulates the flight of military aircraft in the Republic of Serbia is the Rulebook on the
Flight of Military Aircraft which more closely prescribes the organization of the flight of military aircraft
and risks to flight safety (Sluzbeni vojni list, 2018). The Rulebook provides risk assessment guidelines as well
as measures to prevent flight safety risks. These measures are implemented in the instructions for aircraft
maintenance, where the duties of aviation technical staff: managers, controllers and technicians, as bearers of
aircraft technical support, are defined in terms of performing analysis of malfunctions of aviation technology,
determining the cause of failure, developing and implementing measures to prevent and eliminate failure
causes within the framework of their duties.

The flight safety system in the narrower sense consists of: expert bodies for flight safety in the Air Force
and Air Defense Command, aviation brigade commands, flight safety assistants in flight units, Councils
for Methodology and Flight Safety as well as all other bodies involved in the planning process, preparation,
organization, performance and analysis of flying, in accordance with their competences.

In the flight safety system, no technical bodies were formed to deal with the organization of flight safety,
analyses of the impact of certain factors and taking measures to prevent mishaps, but this function was
assigned, as an additional one, to the bodies leading the preparation and execution of flights. In this way,
aviation technical managers deal with ensuring the conditions for the safe execution of the planned flight,
but without a deeper analysis and prediction of the future impact of technical factors on endangering flight
safety.

The periods of the development of flight safety systems are shown in Figure 1, (International civil aviation
organization- ICAQ, 2018). Until 1970, the main cause of plane accidents was a technical factor. With the
improvement of the production technology and the reliability of the aircraft, the period of influence of the
human factor in the servicing and maintenance of the aircraft as a primary factor affecting flight safety begins.
In the mid-1990s, the causes of flight organization as a cause of aviation accidents were investigated in order
to introduce the term total flight safety at the beginning of the 21st century through the management of a
flight safety system that combines technical, human, organizational and safety factors into a single system.
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Technical era

Human factors era

Safety performance

Total system era

» Future
19505 19705 1990 20005 20105
FIGURE 1
Flight management system development

Puc. 1 - PazpaboTKa cHCTEMBI yIIPaBACHHS IIOACTOM
Cauxa 1 — PasBoj cucrema 6esbeaHOCTH AeTerba

Technical factors of flight safety

The reliability of aviation technology is an important factor that affects the readiness of the aircraft for
flight, the efficiency of its use and flight safety. The requirements that determine the parameters of the
given flight technical characteristics and efficiency of aircraft use are set in the phases of aircraft design and
production (Bolshakov et al, 2018). However, they are also significantly affected by the process of aircraft
maintenance and use: organization, scope and periodicity of maintenance works, methods and equipment
used during maintenance, qualification structure and psychophysical condition of technical personnel,
quality and reliability of ground equipment for securing flight, etc.

Aviation technology characteristics that affect flight safety arise from the requirements to expand the range
of flight speeds and altitudes and from the complexity of tasks performed by flight crews. The complexity of
the tasks to be solved causes an increase in the number of instruments, pointers and signalers, which imposed
the need to introduce an automatic flight control system.

Flight safety is also affected by operation factors: mistakes by flight crews in piloting techniques,
deficiencies in planning, organization and flight management, failures and disruption of the systems for
control and security of flights from the ground (Solomonov, 1975).

Mistakes of flight and technical staff as well as mistakes of flight managers can be caused by insufficient
qualification of the staff, insufficient knowledge of the technique and the regulations for its exploitation,
the absence of solid habits and training, depreciation of the aviation technical staff, deviations from the
established regulations for the maintenance and servicing of the aircraft and their ground equipment
(Marinkovi¢ & Drenovac, 2015). Critical situations in flight can also be facilitated by external factors which
include: storms, rain and hail clouds, hail, gusts of wind, fog, snow flurries and dense fog, intense icing of the
aircraft in flight, strong turbulence, the presence of balloons or birds in the air.

Initial information for identifying critical situations in flight includes pilot reports, objective control data,
aircraft operational documentation, personal observations of air traffic controllers, observations of superiors
and eyewitness accounts.
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Malfunctions are a special factor of flight safety. An important source of data are records of failures of
parts, assemblies and aggregates, which are an integral part of maintenance reporting, as part of analyses of
work at individual maintenance levels. The analysis of these data can provide a basis for predicting the failure
of certain assemblies in the future and serve as a basis for changing procedures in preventive maintenance
and exploitation of aircraft.

ENSURING FLIGHT SAFETY OF MILITARY AIRCRAFT IN THE PROCESS OF THEIR ACQUISITION
AND EXPLOITATION

The constant improvement of the quality and reliability of aircraft requires collective efforts of researchers,
test centers, manufacturers and organizations that operate and maintain aircraft. In order to avoid high
maintenance costs during aircraft exploitation and large losses due to malfunctions, due to non-use of aircraft
during exploitation, research and development and design organizations strive to ensure high reliability of
aircraft.

The aircraft reliability depends on the scope and depth of aircraft research and testing in the design and
development phase. During the design process, the basics of the reliability of each aircraft, their construction
strength and material fatigue, service life, and convenience for maintenance are defined. In the same phase,
problems of functional efficiency are solved as well as problems of technological, repair and exploitation
indicators.

In order to ensure aircraft reliability, and thus flight safety, high-quality constructive materials are used
in the construction of aircraft. The use of composite materials provides strength, stiffness, and stability at
elevated temperatures, as well as other positive properties that contribute to the increase of aircraft flight
safety.

Constructive methods for increasing reliability include: development and production of reliable
aggregates, improvement of structural strength calculations, provision of favorable operating conditions for
aggregates, as well as proper selection of aggregate operating parameters. The construction of aircraft, engines,
equipment and systems must have a high coefficient of maintenance convenience, and if possible, built-
in sensors and measuring elements to signal probable occurrence of malfunctions. In addition to the basic
exploitation characteristics, aircraft must also have features that facilitate their exploitation, such as ease of
servicing, minimum possible time required to prepare the aircraft for use, mechanization and automation of
fueling, special liquids and gases, battery charging, etc.

During aircraft development, tests of aggregates and vital systems are performed in laboratory conditions,
and tests are carried out regarding the determination of resources in simulated environment conditions, with
the aim of assessing reliability in the design phase. As shown in Figure 2 (Cestic’, 2022), an effective way
to increase the reliability of aviation technology is the reservation (redundancy) of especially vital aircraft
systems, the failure of which directly threatens flight safety.

Based on the analysis of reliability test results in the stages of development and production, an assessment
is made on the operational reliability of aviation technology, measures are developed for its maintenance
or increase, the life cycles of operation of the aircraft structure, aggregates of its equipment and systems is
determined, and operational documentation is defined (Solomonov, 1975).
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Activities in the development and production process to ensure aircraft reliability
Puc.2 - ACHTCABHOCTB B Iponecce paspa60TK1/l U IIPOMU3BOACTBA B O6AaCT1/l 06CCHCqCHI/IH HAAC)KHOCTH BO3AYILIHOT'O CyAHA
Canka 2 —AKTHBHOCTH Y IPOLECY Pa3Boja 1 IPOU3BOAbe Ha obesbehery noysaanoctu Basayxonaosa (in Serbian)

During operation, ensuring the required level of reliability of aviation technology is done primarily
through the aviation technical maintenance system, where modern diagnostic, special testing and measuring
equipment and modern data processing methods are used (Pokorni, 2021).

Quantitative evaluations of various factors, according to the importance of their influence on emergency
eventsin flight depend on the permitted methods of testing aircraft in terms of flight safety (Kublanov, 2021).

To determine the initial stage of the development of cracks, corrosion, internal (hidden) deformities of
materials and malfunctions of parts, assemblies and aggregates, physical methods of defectoscopy are used
(magnetic, electroinduction, gamma defectoscopy, ultrasonic, penetration - using a penetrating liquid and
challenger, etc.) .

To determine changes in technical characteristics (parameters) and evaluate the working capabilities of
aggregates and hydraulic devices, devices for air, fuel, cabin pressurization and air conditioning systems and
other aircraft systems, instrumental checks using automated devices, counters, as well as various devices and
instruments are used. To assess the technical condition of the aircraft electronic equipment, instrumental
checks are applied using built-in external control systems, control-measuring devices for general and special
purposes, special workbenches and various instruments.

Control and assessment of the technical condition of aviation equipment in flight units is carried out using
standard and special measuringdevices, based on appropriate inspection lists for specific aviation equipment.
A particularly important role in ensuring the reliability of aviation technology, preventing failures and
aviation accidents is played by periodic inspections and preventive works that are carried out based on the
hourly or time limit of aircraft use. Periodic inspections include activities to inspect the condition of all
elements of the aircraft according to the prescribed periodic inspection lists for a specific type of aircraft.

To increase the efficiency of the use of aircraft and their operational safety, it is important to quickly
and correctly determine the causes of technical failures, as well as to quickly and efficiently eliminate them,
prevent their recurrence and forecast their eventual occurrence.

Technical diagnostic methods for early failure detection which are increasingly being developed represent
one of the most important modern directions for increasing reliability and reducing aircraft exploitation
costs. The improvement of diagnostic methods enables the automated collection and processing of
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information on parameters for failure forecasting and signaling (warnings to the crew) about malfunctions
on the aircraft during flight.

Control in operation is primarily aimed at detecting gradual failure of elements and devices, whose
failure indirectly affects flight safety. Particularly important data for the diagnosis of the state of certain
aircraft systems are provided by recorders for the analysis and processing of dynamic parameters of aviation
technology, such as vibrations, pressure changes in hydraulic and air devices, and the like.

T echnical EQUIPMENT FOR ENSURING FLIGHT SAFETY

To ensure flight safety, aircraft are equipped with special technical equipment that make up the safety scheme.
They are designed to eliminate the consequences of the failure of vital systems or to prevent the possibility of
these systems entering a dangerous mode of operation (Solomonov, 1975). Constructively, safety schemes
are applied in the form of vital systems and devices or in the form of the installation of special blocks in
aggregates (control, safety), automatic safety, control, restrictions, exclusions and the like. New generations
of aircraft are equipped with electronic blocks that have self-checking options, where correctness checks are
performed automatically without disassembly and special tests during periodic inspections. It is particularly
important that during the self-diagnosis of a certain set (e.g. radio station or navigation devices), in the event
of malfunction, accurate information is given on which block or which communication line from the set
has failed, which significantly reduces the time of defection and repair and ultimately raises flight safety to
a higher level .

On many aircraft, in order to prevent exceeding the permissible value of the workload coefhcient, limiters
of the speed (tempo) of the movement of the pilot stick are installed, either mechanically or by software in
systems with "fly by wire" technology.

Some multi-engine airplanes are equipped with automatic course maintenance (correction) devices when
one of the engines fails.

An effective way to increase flight safety is the diagnostic control of the basic structural elements of the
aircraft, especially the resistance (firmness) of its engines, based on the analysis and control of vibrations.
The vibration control system consists of vibration transmitters, electronic blocks and indicators or vibration
recorders (Nacional'nyj centr vertoljotostroenija imeni M.L. Milja i N.I. Kamova, 2019). In addition,
aircraft can be equipped with means which control aircraft in emergency situations (Solomonov, 1977). All
modern airplanes are equipped with autopilots in which control blocks are installed, which the autopilot
automatically shuts down in the event of failure, as well as rudder end deflection transmitters. Many aircraft
are equipped with dangerous altitude blocks that signal the autopilot and the pilot to enter climb (Kurdel
etal, 2019).

Modern aviation equipment has imposed the need to install a large number of devices, instruments and
signals necessary for the pilot to be informed about the state or flight mode of the aircraft. Special attention is
paid to the display of parameters and signaling in the form of multifunctional indicators, which significantly
relieve the instrument panel from classic analog instruments, and where it is possible to select parameters or
groups of parameters that are important for monitoring, as seen in Figure 3 (Airbus Helicopters, 2016).
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FIGURE 3

Layout of multifunctional indicators of the H145M helicopter
Puc. 3 - KoMnoHOBKa MHOrOQYHKIIMOHAABHBIX HHAUKATOPOB BepToaeta H145M
Cauka 3 — Pacniopep MyATH(YHKIIMOHAAHUX HHAUKATOPA XeAHKONTepa X- 145M

The desired data displayed on multifunctional indicators are processed in the flight management computer
system Flight Management System (FMS) in which error signals are processed in parallel, as well as signals
about a dangerous situation in flight, on the basis of which warnings to the crew are generated. Signal lights,
light boards (inscriptions), pointers and tone (sound) signaling are often used as signals to inform the pilot
about the operation of aircraft systems, their failures, the aircraft's entry into critical flight modes and to
indicate targets.

An effective tool that facilitates piloting in certain phases of flight and increases flight safety is the display
of aiming and navigation data on the windshield through which the pilot observes the area in front of the
aircraft, as well as the way of displaying the level of warnings and errors on the systems or the values of certain
parameters through colors, where the pilot is aware of the existence of a certain error but does not need to
pay attention if that error does not jeopardize the performance of the task (Peysakhovich et al, 2018).

The additional means that aircraft are equipped with to ensure flight safety include collision prevention
devices, anti-icing devices and prevention of electrical (atmospheric) discharges to the aircraft, pilot
notification devices, rescue equipment, fire fighting equipment, etc.

Special Airborne Collision Avoidance System (ACAS)/Traffic Collision Avoidance System (TCAS)
systems have been developed and are being perfected to prevent collisions in flight. The basic criterion of
the system for assessing the possibility of an aircraft collision is the flight height. A signal transmitted from
one aircraft at a precise moment in time is received by the devices of another aircraft, and their distance is
determined according to the time difference between the transmission and reception of the signal (Vorobev
etal, 1989).

In flight, rare cases of electrical discharges to the aircraft may occur. To ensure BL, reliable electrical
connection of all elements of the aircraft structure is performed with appropriate metallization; and at least 2
mm thick plating is used on all parts of the structure near the fuel system elements to prevent burn-through.
The structure of the aircraft is designed in such a way as to prevent the creation of an electric arc in the space
of the fuel tanks. Flame extinguishers are also installed at the fuel system outlets (Solomonov, 1977).

For flying at extremely low altitudes, the limitations of the aircraft's maneuverability and the pilot's
physiological capabilities are taken into account. Flight controls for flying at extremely low altitudes must
provide manual, semi-automatic and automatic aircraft control modes.
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To monitor the terrain (relief) situation, a radar is used that provides data on the distance from the
nearest elevation and the angle of its elevation in relation to the reference plane (Zuluaga et al, 2017). When
overcoming obstacles, there are possible cases of the aircraft arriving at a flight mode close to the landing
mode, as well as descending to below the permitted height. For this reason, equipment is installed on the
aircraft that warns of obstacles about the approach of the aircraft to the landing mode and signals to the
pilot that the flight height above the obstacles is lower than the set one, the so-called Terrain Awareness and
Warning System (TAWS) devices.

The basic method of rescuing the crew during emergency situations in flight is to leave the aircraft using
the ejection seat. The improvement of ejectable pilot seats represents today the main direction in the fight to
increase the efficiency of the means for forced abandonment of the aircraft (Zubkov et al, 2007). Ejectable
seats installed in helicopters are also significant, but they are not widely distributed due to the complexity of
the construction and the possibility of installation only in helicopters with a coaxial carrier rotor.

Most modern aircraft are equipped with devices for broadcasting the GPS position of the aircraft
Emergency Locator Transmitter (ELT), in order to quickly find an aircraft that has suffered an accident
or forced landing. Figure 4 (Airbus Helicopters, 2016) shows the configuration of one set of ELT devices,
consisting of special modules with the antenna part and the power supply, a pointer and a control module.

Extemal ELT
Antenna

A _snntiill sl

WS data on ge
iy EEsi

RS71? (GPS Postson,

Prograrmming Adapter

FIGURE 4
Components of the ELT device

Puc. 4 — Komnonentst yerpoiicrsa ELT
Canka 4 — Cacrasnu eaementu ELT ypebaja (in Serbian)

Ground means for ensuring flight safety

Ground-based technical means for ensuring flight safety include aircraft guidance and flight control
equipment, airport lighting equipment, technical means for dispersing birds, means for preparing and
training personnel, and storage means. All major airports also have ILS (Instrument Landing System)
systems that ensure precise guidance of the aircraft during landing. Figure 5 shows the navigation device
PNP-72 which, with the combined operation of several devices and equipment in aircraft, enables landing
in conditions of reduced visibility.

1025



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2022, VOL. 70, NO. 4, OCTOBER-DECEMBER, ISSN: 004...

MK noc = 20

Ypanenwe 69KM poe g

e l
-

FIGURE 5
Display of the operation of the ILS system in conjunction with the helicopter navigation device

Puc. S - OTOGPa)KCHI/IC Pa6OTbI cucremsl ILS coBmecTHO € HaBUTALTUOHHBIM yCTPOﬁCTBOM BCPTOACTA

Cauxka S — Ipukas papa ILS cucrema y cripesu ca xeaukonTtepckum HasuranuonuM ypehajenm (in Serbian)

For the implementation of light, navigation and signal security, starting radio stations, light signaling
devices with servers for stationary night start and mobile night start, mobile flight control, as well as other
ground radio-navigation equipment are provided.

Special runway curtains and braking devices, which both aircraft and airports are equipped with, are used
in the cases of aircraft disembarking from the runway. Systems with arresting nets and arresting ropes are
most often used to stop the aircraft on the runway. Along with them, the method of covering the runways
with foam for the forced stop of the aircraft is also used.

Experience shows that some critical situations in flight are conditioned by the so-called "human" factor,
i.e. mistakes (Poussin et al, 2017). Therefore, the introduction of trainers and simulators into use is of
great importance for ensuring flight safety (Vla¢i¢ et al, 2022). The possibility of effective training of crew
emergency procedures when modeling failure and imitation of emergency events on simulators (engine
failure, autopilot and auxiliary systems failure, fire simulation, etc.) creates conditions for systematic training
of flight personnel with the aim of acquiring the necessary habits and maintaining them at a certain level
(Rudnjanin & Debijadi, 1984).

Also, very often interactive and 3D classrooms are used in addition to flight simulators, as a good technical
basis for training pilots and training technical staff.

Technical means of the objective flight control

Determining the real causes of critical situations in most cases is possible only if there is reliable information
about the flight parameters of the aircraft, about the correct operation of its systems and the work of the crew
during the development of an emergency event in flight. Certain types of aircraft in the world are equipped
with means of objective control that have a direct data link with the home base, another aircraft or a flying
command post, where it is possible to monitor the parameters of the aircraft in real time (Zubkov, 2007).
Also, these types of communication have the possibility of direct transmission of radar and sensor images
and are installed on 4++ and Sth generation multipurpose aircraft. Flight parameter recorders, Figure 6
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(Nacional'nyj centr vertoljotostroenija imeni M.L. Milja i N.I. Kamova, 2019), are used in the investigation
of aviation accidents and critical situations in flight.

FIGURE 6
Flight parameters recorder BUR12 of the Mi17VS5 helicopter
Puc. 6 — Perucrparop mapamerpos noaera bYP-1-2 Beproacra Mu-17B-5

Canka 6 — Perucrparop napamerapa aera BYP-1-2 xeauxonrepa Mu-17B-5 (in Serbian)

In practice, data on engine operating times, collected from the flight parameters recorder, can also be used
during homologation tests of certain engine parts (Banjac et al, 2017). Also, based on recorded data using
the recorder, it is possible to observe changes in the parameters of individual parts, assemblies and aggregates
that provide a basis for predicting future failures and a basis for preventive inspection or replacement of a
specific part or assembly.

IMPROVEMENT OF FLIGHT SAFETY OF MILITARY AIRCRAFT BY APPLYING ORGANIZATIONAL
AND TECHNICAL-TECHNOLOGICAL MEASURES AND PROCEDURES

Ensuring flight safety is a constant task and a continuous process to which special attention is paid regardless
of the current circumstances in which flight tasks are performed. However, there is room for improving the
current situation through the application of organizational, normative and technical-technological measures
and procedures (Bogdane et al, 2019).

Organizational measures for flight safety improvement

An important area in flight security is organizational measures, such as: flight management, preparation,
training and control of flight and aviation technical personnel and the organization of the use of ground
assets for flight security in flight units (Bilbija, 2017). The basis for raising the level of flight safety in terms of
technical factors is the adaptation of the administrative authorities of the commands to the requirements of
the profession, whereby the work of the technical authorities would be organized and controlled primarily by
the technical service and only then by the line of command. A system in which "everyone can do everything",
in a situation where it is necessary to provide the maximum of professional capacities, cannot fully meet the
requirements of maintaining modern aviation technology.

1027



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2022, VOL. 70, NO. 4, OCTOBER-DECEMBER, ISSN: 004...

The recruitment of aeronautical personnel must be based on quality and not on quantity. The process
of education and training of staff should follow the needs of the units for professional staff of all aviation
technical specialties. Individuals who work on aviation technology must be confident in their knowledge
and actions and constantly improve themselves. It is necessary to introduce permanent monitoring and
verification of training in specialties, practically as a form of license renewal, with prescribed rights and
obligations of individuals. Also, it is necessary to prescribe the training levels of specialists according to
the degree of professional competence and experience in working on a specific aircraft, which should be
accompanied by appropriate benefits.

Measures for normative regulation of flight safety improvement

Along with organizational measures, an important role is also played by continuous improvement of the
content and form of documentation and records that regulate flight training, flight planning, maintenance,
especially for newly introduced aircraft. The departments dealing with technical documentation, their
updating, systematization, monitoring and distribution of changes and bulletins are of particular
importance. Those departments must be the link between the manufacturer and the user of the aircraft
in terms of documentation, which is one of the essential requirements of the concept of integral logistics
support (ILP). The efficient work of the aforementioned departments creates the conditions for reducing the
costs of the aircraft's lifetime through a more efficient organization of technological measures and procedures
within the specific level of maintenance, shortens the time for carrying out maintenance procedures, enables
efhicient planning of the procurement of spare parts, aviation ordnance, electronic equipment as well as
keeping the same. Failure to adhere to the concept of ILP results in the exact opposite.

Another important area of ensuring flight safety is the analysis of the causes of aircraft malfunctions and
failures. An objective analysis includes the development of scientific methods and recommendations for
investigating the causes of critical situations in flight based on registered flight parameters, performing the
necessary calculations, flight modeling, tests and research in flight (Hooper & O’Hare, 2013).

In particular, it is necessary to make efforts to prescribe a detailed scheme of the operation of the flight
safety system, with the bearers of individual activities, and the duties of each authority when analyzing critical
events and failures, or any other negative impacts on aircraft maintenance.

Application of technical-technological measures and procedures for flight safety
improvement

Practically all work on aircraft is carried out with prescribed tools, control and measuring equipment, which
reduces the degree of improvisation in the work to a minimum. Combat equipment must be stored in
appropriate hangars, where it is possible to carry out maintenance activities in microclimate-controlled
conditions in a closed space, with heating in the winter months, which, in addition to the technological
requirements of maintenance activities, will also enable favorable psychophysical conditions for the technical
staff to devote all their attention to the required work on aircraft. The hangars should provide effective
conditions for working with modern stationary equipment (electric generators and rectifiers powered from
the city network), thus reducing the engagement of electric starters and, therefore, maintenance costs. Also, it
is necessary to invest in the continuous equipping of laboratories for testing and checkingaircraft equipment,
which would create the conditions for compliance with maintenance procedures according to the highest
world standards, which is a prerequisite for the use of the most modern aircraft.
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In terms of maintaining the correctness and reliability of measuring, control and verification equipment
and tools, it is necessary to pay attention to metrology laboratories for verification, their equipment and
devices, and to train personnel for the verification of highly sophisticated equipment.

In order to monitor and manage resources as efficiently as possible, it is necessary to reduce the involvement
of aviation technical personnel in administrative tasks, by introducing a specialized information system that
would improve the way of monitoring resources, keeping records and reporting (Senol, 2020). Practically,
in one place it would be possible to create an overview of all important information, from the availability
and training of staff, through the state of resources, filling with spare parts, data on the maintenance process
through monitoring and analysis of malfunctions. Also, this system would have to include all analyses of
flights performed by all types of aircraft equipped with such means, so that the technical authority would
have the possibility of a more detailed investigation of the failure of parts and aggregates. In this way, the
flight safety system would be improved, significantly reducing the time from the occurrence of the critical
event, through the cause analysis to the appropriate reaction of the maintenance system.

CONCLUSION

Equipping with airplanes, helicopters and remotely piloted aircraft of new generations as a prerequisite
requires an extremely high technical culture of pilots and aviation technical personnel. The challenge for
aviation technical personnel is to maintain the reliability of modern aircraft, organize the maintenance
process, develop methods and means for maintenance, as well as ensure the qualification structure and
adequate psychophysical condition of flight and technical personnel.

The aircraft, as the final product of the aviation industry, is subject to modifications, modernizations,
changes in the production process and especially changes in the process of preventive and corrective
maintenance, the ultimate goal of which, in addition to improving tactical and technical characteristics, is
to increase the level of flight safety.

The task for the aviation maintenance and safety system is to enable high-quality distribution, processing
and analysis of data on the state of the organization and technique through the introduction of an
information system.

Most of the mentioned proposals and requirements in this paper are solved in the phases of deesign and
aircraft production, and sometimes during modernization, through the absolute application of the concept
of integral logistic support.

REFERENCES

-Airbus Helicopters. 2016. BK117D-2 Training Manual CATB2 Helionix. Chapter 02, Integrated Modular Avionics.
Marignane, France: Airbus Helicopters.

Banjac, E., Elez, Z. & Banjac, D. 2017. Analiza uzroka otkaza motora R25-300 na avionima tipa MiG-21 BIS usled
degradacije upravljackib podsklopova membrana i manzetni u pumpama regulatorima osnovnog i forsagnog goriva.
Bijeljina, Republic of Srpska, Bosnia and Herzegovina: ORAQO A.D. (in Serbian).

Bilbija, B.B. 2017. Aircraft testing in terms of methodology, safety and development of aircraft. Vojnotehnicki glasnik/
Military Technical Courier, 65(1), pp.45-68. Available at: https://doi.org/10.5937 /vojtehg65-12681.

Bogdane, R., Gorbacovs, O., Sestakovs, V. & Arandas, I. 2019. Development of a model for assessing the level of flight
safety in an airline using concept of risk. Procedia Computer Science, 149, pp.365-374. Available at: https://do
i.org/10.1016/j.procs.2019.01.150.

Bolshakov, A.A., Kulik, A.A., Sergushov, LV. & Skripal, E.N. 2018. Design the Method for Aircraft Accident of
Prediction. Mekhatronika, Avtomatizatsiya, Upravlenie, 19(6), pp.416-423 (in Russian) Available at: heeps://d
oi.org/10.17587/mau.19.416-423.

1029


https://doi.org/10.5937/vojtehg65-12681
https://doi.org/10.1016/j.procs.2019.01.150
https://doi.org/10.1016/j.procs.2019.01.150
https://doi.org/10.17587/mau.19.416-423
https://doi.org/10.17587/mau.19.416-423

VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2022, VOL. 70, NO. 4, OCTOBER-DECEMBER, ISSN: 004...

Cesti¢, M. 2022. Tehnicki aspekti bezbednosti letenja vojnih vazduhoplova. Belgrade: University of Defence in Belgrade
(in Serbian).

Duarte, D., Marado, B., Nogueira, ., Serrano, B., Infante, V. & Moleiro, F. 2016. An overview on how failure analysis
contributes to flight safety in the Portuguese Air Force. Engineering Failure Analysis, 65, pp.86-101. Available
at: https://doi.org/10.1016/j.engfailanal.2016.03.003.

Honcharenko, Y., Martyniuk, O., Radko, O., Blyskun, O., Kolomiiets, Y. & Bilokur, M. 2020. Flight safety fuzzy
risk assessment for combat aviation system. In: 2020 IEEE 2nd International Conference on Advanced Trends in
Information Theory: IEEE ATIT 2020, Kyiv, Ukraine, pp.132-137, November 25-27.

Hooper, B.J. & O’Hare, D.P.A. 2013. Exploring Human Error in Military Aviation Flight Safety Events Using Post-
Incident Classification Systems. Aviation, Space, and Environmental Medicine, 84(8), pp.803-813. Available at:
https://doi.org/10.3357/ASEM.3176.2013.

-International civil aviation organization (ICAQ). 2018. Safety management manual, 4" edition. Montréal, Quebec:
ISBN: 978-92-9258-552-5.

Kublanov, M.S. 2021. Modelirovanie sistem i processov. Moscow: ID Akademii Zhukovskogo MGTU GA (in
Russian). (In the original: Ky6aanos, M.C. 2021. Modeauposanue cucmem u npoyeccos. Mocksa: VIA Axapemnn
JKykosckoro MI'TY TA).

Kurdel, P., Sedld¢kova, A.N. & Labun,].2019. UAV flight safety close to the mountain massif. Transportation Research
Procedia, 43, pp.319-327. Available at: https://doi.org/10.1016/j.trpro.2019.12.047.

Marinkovi¢, S.J. & Drenovac, A.Z.2015. Human factor impact in military aircraft maintenance. Vojnotehnicki glasnik/
Military Technical Courier, 63(3), pp.176-199 (in Serbian). Available at: https://doi.org/10.5937/vojtechg63-6
496.

Mili¢evi¢, Z.M. & Bojkovi¢, Z.B. 2021. From the early days of unmanned aerial vehicles (UAVS) to their integration
into wireless networks. Vojnotehnicki glasnik/Military Technical Courier, 69(4), pp.941-962, Available at: heep
s://doi.org/10.5937 /vojtehg69-33571.

-Nacional'nyj centr vertoljotostroenija imeni M.L. Milja i N.I. Kamova. 2019. Bortovye sredstva kontrolja i registracii
poletnyh dannyh, Aviacionnoe oborudovanie. Rukovodstvo po tehnicheskoj jekspluatacii Mi-17V-5.0000.00 RE.
Moskva: Nacional'nyj centr vertoljotostroenija imeni M.L. Milja i N.I. Kamova (in Russian). (In the original:
HaunonaasHsiii nenrp Beproaérocrpoenus umenn M.A. Muas u H.M. Kamosa. 2019. Bopmoswvie cpedcmsa
Kowmpoas u pezucmpayun nosemuvix Oanrvix, Asuayunounnoe obopydosanue. Pyxosodcmeo no mexwuuecxoi

sxcnayamayun Mu-17B-5.0000.00 PO. Mocksa: HanyonaabHpiit LieHTp BepTOoAséTOoCcTpOoeHHs umenn M. A.
Muas u H. M. Kamosa.)

Peysakhovich, V., Lefrancois, O., Dehais, F. & Causse, M. 2018. The Neuroergonomics of Aircraft Cockpits: The Four
Stages of Eye-Tracking Integration to Enhance Flight Safety. Safery, 4(1), art.number:8. Available at: https://d
o0i.org/10.3390/safety4010008.

Pokorni, S.J. 2021. Current state of the application of artificial intelligence in reliability and maintenance.
Vojnotehnicki glasnik/Military Technical Courier, 69(3), pp.578-593. Available at: https://doi.org/10.5937/vo
jtehg69-30434.

Poussin, H., Rochas, L., Vallée, T., Bertrand, R. & Haber, J. 2017. Human factors in launch flight safety. Journal of
Space Safety Engineering, 4(1), pp.45-50. Available at: https://doi.org/10.1016/j.jsse.2017.03.001.

Rudnjanin, S. & Debijadi, R. 1984. Bioritam i avio-udesi u JRV. Glasnik RV i PV0O,40(1), pp.54-57 [online]. Available
at: https://archive.org/details/glasnik-rvpvo-br-841/page/n1/mode/2up?view=theater (in Serbian) [Accessed:
15 July 2022].

Senol, M.B. 2020. Evaluation and prioritization of technical and operational airworthiness factors for flight safety.
Aircraft Engineering and Aerospace Technology, 92(7), pp.1049-1061. Available at: https://doi.org/10.1108/A
EAT-03-2020-0058.

-Sluzbeni vojni list. 14/2018. Pravilnik o letenju vojnih vazduhoplova Republike Srbije. Belgrade: Ministarstvo odbrane
Republike Srbije (in Serbian).

1030


https://doi.org/10.1016/j.engfailanal.2016.03.003
https://doi.org/10.3357/ASEM.3176.2013
https://doi.org/10.1016/j.trpro.2019.12.047
https://doi.org/10.5937/vojtehg63-6496
https://doi.org/10.5937/vojtehg63-6496
https://doi.org/10.5937/vojtehg69-33571
https://doi.org/10.5937/vojtehg69-33571
https://doi.org/10.3390/safety4010008
https://doi.org/10.3390/safety4010008
https://doi.org/10.5937/vojtehg69-30434
https://doi.org/10.5937/vojtehg69-30434
https://doi.org/10.1016/j.jsse.2017.03.001
https://archive.org/details/glasnik-rvpvo-br-841/page/n1/mode/2up?view=theater
https://doi.org/10.1108/AEAT-03-2020-0058
https://doi.org/10.1108/AEAT-03-2020-0058

MirosLav M. H#ESTI#, ET AL. TECHNICAL ASPECTS OF FLIGHT SAFETY OF MILITARY AIRCRAFT

Solomonov, P.A. 1975. Tehnicheskie voprosy obespechenija bezopasnosti poletov. Moscow: Voennoe izdatel'stvo
Ministerstva oborony SSSR (in Russian). (In the original: Coaomonos, IT.A. 1975. Texuuuecxue eonpoce:
obecnewenus besonacnocmu nosemos. Mocksa: Boennoe nspareanctso Munucrepersa o6opoust CCCP.)

Solomonov, P.A. 1977. Bezotkaznost’ aviacionnoj tehniki i bezopasnost’ poletov. Moscow: Izdatel'stvo Transport (in
Russian). (In the original: Coaomonos, IT.A. 1977. Besomxasnocms asuanuontos mexnuxu u 6e30nacnocms
noaemos. Mocksa: Mspateapcrso Tpancnopr.)

Vlaci¢, S.I., Knezevié, A.Z., Grbovi¢, V.M., Vitsas, P.A. & Mihajlovic, M.M.S. 2022. Implementation of the digital
training concept in the basic flight training in the Serbian Military Academy. Vojnotehnicki glasnik/Military
Technical Courier,70(1), pp.87-108. Available at: https://doi.org/10.5937 /vojtehg70-34610.

Vorobev', V.G., Zubkov, B.V. & Urinovskij, B.D. 1989. Tebnicheskie sredstva i metody obespechenija bezopasnosti
poletov. Moscow: Izdatel'stvo Transport (in Russian). (In the original: Bopo6ess, B.I., 3y6xos, B.B.,
Ypunosckuit, B.A. 1989. Texuuueckue cpedcmsa u memodw. obecneuenus besonacrwocmu nosemos. Mocksa:
Hspareabcrso Tpancnopr.)

Zubkov, B.V., Sakach, R.V. & Kostikov, V.A. 2007. Bezopasnost poletov. Moscow: Moskovskij gosudarstvennyj
universitet grazhdanskoj aviacii (in Russian). (In the original: 3y6xos, B.B., Caxay, P.B., Koctukos, B.A. 2007.
KBesonacnocms nosemos. Mocksa: MOCKOBCKHI TOCYAAPCTBEHHBIH YHUBEPCUTET IPAXXKAAHCKON aBHALINH. )

Zuluaga,].F., Vargas, ].F. & Reina, ] K. 2017. Intelligent Techniques for Identification and Tracking of Meteorological
Phenomena that Could Affect Flight Safety. Ciencia y poder aéreo, 12(1), pp.24-35 [online]. Available at: https
://dialnet.unirioja.es/servlet/articulo?codigo=6223207 [Accessed: 15 July 2022].

Zivaljevi¢, M. & Siladi¢, M. 1997. Some aspects of maintenance of combat aircrafts. Vojnotehnicki glasnik/Military
Technical Courier, 45(3), pp.274-285 (in Serbian). Available at: https://doi.org/10.5937/VojTehG9703274Z.

ADDITIONAL INFORMATION

FIELD: Aeronautical technologies and maintenance ARTICLE TYPE: Review paper
ARTICLE TYPE: Review paper

ALTERNATIVE LINK

https://scindeks.ceon.rs/article.aspx?artid=0042-84692204017Q (html)
https://aseestant.ceon.rs/index.php/vtg/article/view/39238 (pdf)
https://doaj.org/article/d2a205b6d95b483297677ddf6c0159b5 (pdf)
https://www.clibrary.ru/item.asp?id=49550401 (pdf)
http://www.vtg.mod.gov.rs/archive/2022/military-technical-courier-4-2022.pdf (pdf)

1031


https://doi.org/10.5937/vojtehg70-34610
https://dialnet.unirioja.es/servlet/articulo?codigo=6223207
https://dialnet.unirioja.es/servlet/articulo?codigo=6223207
https://doi.org/10.5937/VojTehG9703274Z
https://scindeks.ceon.rs/article.aspx?artid=0042-84692204017Q
https://aseestant.ceon.rs/index.php/vtg/article/view/39238
https://doaj.org/article/d2a205b6d95b483a97677ddf6c0159b5
https://www.elibrary.ru/item.asp?id=49550401
http://www.vtg.mod.gov.rs/archive/2022/military-technical-courier-4-2022.pdf

