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This paper provides an overview of future prospects for Single European Sky as outlined by the Wise Persons Group. It reflects the fact that today’s
ATM system in Europe is lacking seamlessness for which it was primarily designed. The paper describes recomme ndations of the Group for the path
that European ATM should follow in the very near future, in order to perform better in terms of operational and economical effectiveness.
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1. Uvod

Vznik konceptu tzv. jednotného eurdpskeho neba (SES) sa
datuje spat do roku 2004. Cielom konceptu je zefektivnit tok
a riadenie letovej prevadzky v Eurépe s ohladom na bezpeénost,
kapacitu, finanénu efektivnost a Zivotné prostredie. Tieto
poziadavky su stale aktudlne aj vsucasnosti. Je mozné
konstatovat, Zze koncept jednotného eurdpskeho neba uz do
velkej miery prispel kzlepSeniu vo viacerych z menovanych
oblasti. Na druhej strane vsak plati, Ze mnohé z oblasti sa od
doby, kedy bol koncept spusteny zmenili a v si¢asnosti narazaju
na nové problémy. (Wise Persons Group, 2019)

2. Sucasna situacia

Jednym z najvypuklejSich problémov sucasného manazmentu
letovej prevadzky (ATM) je nedostatocna kapacita. V kombinacii
s kontinudlne narastajucim objemom leteckej dopravy v Eurépe
sposobuje vyrazné meskania letov, ktoré dosahuju najvyssiu
uroveni za poslednych desat rokov.
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Obrdzok 1: Skutocny ndrast poctu letov v Eurdpe [v miliénoch letov]
(Zdroj: Eurocontrol, 2018) .

(Wise Persons Group, 2019) povazuje prudky ndrast objemu
leteckej dopravy v Eurdpe spolu sfragmentaciou vzdusného
priestoru a nedostato¢nou kapacitou za aktualne vyzvy, ktorym
Celi manaZment letovej prevadzky v Eurdpe v sucasnosti. Do
roku 2040 sa ocakava narast objemu leteckej dopravy na cca. 16
miliénov letov roéne, €o je nédrast 0 53% v porovnani s rokom
2017. (Eurocontrol, 2018)
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Obrdzok 2: Odhadovany ndrast poctu letov v Eurdpe [v miliénoch letov]
(Zdroj: Eurocontrol, 2018).

Ak by nedoslo kzvacéseniu sucasnej kapacity systému ATM,
znamenalo by to, Ze by muselo byt odmietnutych cca. 1,5
miliéna letov roéne. Dalou aktudlnou vyzvou, ktorou je
v sUvislosti s Uvahami o efektivne fungujucom koncepte
jednotného eurdpskeho neba potrebné sa zaoberat je
fragmentacia vzdusného priestoru. Ta je dana najma vysokym
poctom poskytovatelov sluZzieb riadenia letovej prevadzky
(ANSP) a ich tzemnou pésobnostou vymedzenou geografickymi
hranicami jednotlivych krajin. Problémom sucasnosti je aj
nedostato¢nd kapacita systému ATM, spdsobujica narast
meskani. V roku 2018 bol napriklad zaznamenany disproporcny
narast meskani v porovnani snarastom objemu leteckej
dopravy. Kym pocet letov vzrastol len o 14%, meSkania nardstli
az 0273%. (Central Office for Delay Analysis (CODA),
Eurocontrol, 2019)
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Obrdzok 3Podiel meskajucich letov na odlete [v %] (Zdroj: Eurocontrol, 2019).

V prvom S$tvrtroku 2019 doslo k poklesu podielu letov s tzv.
dlhymi meskaniami (presahujucimi 60 minut a na obrazku 3
zvyraznenymi  oranzovou farbou) v porovnani s prvym
Stvrtrokom 2018 zo 4,2% v roku 2018 na 3,7% v roku 2019.
(EUROCONTROL, 2019)

Okrem toho su zkapacitného hladiska prekazkou aj
nedostatoc¢na flexibilita planovania poctu riadiacich (ATCO)
a pouzivané technoldgie. V programe SESAR bolo sice
vyvinutych niekolko novych konceptov a technoldgii, ale ich
zavadzanie do praxe nie je dostatocne rychle. Je to spdsobené
najma chybajlicimi prevadzkovymi Standardmi. Chyba aj lepsi
regulacny ramec, ktory by zlepSoval zavadzanie novych
technoldgii do praxe aprispieval by kzmensovaniu
fragmentacie eurépskeho vzduéného priestoru. Dal$ou vyzvou,
ktorej systém ATM celi su nové druhy lietajlcich prostriedkov
(najma bezpilotnych) a nové typy lietadiel, ktoré budd musiet
byt bezpeéne integrované vo vzduSnom priestore.
V neposlednom rade je nutné sa vaine zaoberat aj otazkou
negativneho vplyvu leteckej dopravy na zivotné prostredie.
Odvetvie leteckej dopravy je pod neustdlym kontinualnym
tlakom na zniZovanie emisii CO,. Tu je nutné konStatovat, Ze
neefektivne fungujici systém ATM emisie naopak zvysuje. Ako
priklad je moiné uviest vietky lety, ktoré letia dlhsimi, teda
neoptimalnymi tratami.

Otazkou zostava, akou cestou by sa mal koncept SES uberat
v buducnosti, aby priniesol ¢o najpraktickejSie a redlne
prevadzkové zlepSenia tak pre poskytovatelov sluzieb ATM ako
aj pre cestujucich.

3. Vizia budiceho systému ATM v Eurépe

Vizia (Wise Persons Group, 2019) popisuje buduci systém ATM
v Eurépe ako koncept jednotného eurdpskeho neba zamerany
na zakaznika, ktory zohladriuje buduci dopyt po leteckej
doprave a reSpektuje Zivotné prostredie. Prioritou tejto vizie je
jednoznacne bezpeénost cestujicich aochrana pred ¢inmi
protipravneho zasahovania vodi civilnému letectvu.

Systémy ATM budu v budicnosti podstatne viac zavisiet na
vyuzivani digitalnych technolégii a na pristupe kdatam. To
znamend, Ze kybernetickd bezpecnost bude podstatne
dolezitejsSia vo vztahu k ATM. Bude preto velmi dbleZité, aby sa
kybernetickej bezpecnosti a robustnosti pocitacovych systémov

venovala naleZitd pozornost uz
technologickych rieseni.

pri  navrhovani novych

Co sa tyka Zivotného prostredia, aj tu sa od budtceho systému
ATM v Eurdpe ocakdva, Ze umozni prevadzkovatelom lietat
optimalne trate, ktorych vyuZivanie nebude prehlbovat
negativne dopady na Zivotné prostredie. So zvysujicim sa
dopytom po leteckej doprave bude tieZz dblezité, aby bol
eurdpsky systém ATM spravovany ako kompaktny systém
zamerany na ¢o najplynulejSiu prepravu cestujucich.

Z hladiska kapacity systému bude v budtcnosti nutné vytvorit
taky systém, ktory bude schopny prispdsobovat svoju kapacitu
aktudlnemu dopytu. To je vec, ktora je v sucasnosti zdsadne
ovplyvriovana dvomi oblastami: po¢tom dostupnych sektorov

vzdusného priestoru apoctom riadiacich s prislusnou
kvalifikdciou na riadenie prevadzky vdanych sektoroch.
Eurdpsky systém ATM  trpi vsucasnosti  niekolkymi

nedostatkami, ktoré brania pruznejSiemu prispdsobovaniu
kapacity systému aktudlnemu dopytu. Prvym problémom je
vycvik riadiacich na prislusny sektor a relativne vysoka ¢asova
narocnost tohto vycviku. Daléim problémom je, Ze jednotlivé
sektory nie je mozné delit viac krat, aby sa prispdsobili dopytu.
Na strane dopytu je niekedy problémom planovanie
a vykonavanie letov zo strany leteckych spolocnosti. Vo
vSeobecnosti plati, Ze letecké spolocnosti planuju svoje letové
poriadky s predstihom 3est mesiacov resp. jeden rok.
V skutocnosti sa viak Casto stdva, Ze lety nevykondvaju presne
podla napldnovaného poriadku, ale ich prispdsobuju
aktudlnemu dopytu a letovy poriadok menia na poslednt chvilu.
To spoésobuje, Ze aktualny dopyt nie je mozné s uréitostou
predvidat a preto poskytovatelia leteckych navigaénych sluzieb
nedokazu presne naplanovat pozadovanu kapacitu. Aak je
napldnovand kapacita nizka, vznikaju meskania. Naopak, ak je
naplanovand kapacita vyssia, vznikaju vyssie naklady. Preto je
velmi potrebné, aby budulci systém ATM v Eurdépe bol
flexibilnejsi a dokazal by kapacitu prispésobovat aktualnemu
dopytu. Napomdct tomu moze aj lepSia predvidatelnost dopytu.
To sa tyka najma leteckych spoloc¢nosti, od ktorych sa ocakava,
Ze poskytovatelom leteckych navigatnych sluzieb poskytnu
presnejsie informacie o planovanych letoch aspdsobe ich
vykonania.
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Obrdzok 4: Vizualizdcia tzv. Free Route Airspace po roku 2025 (Zdroj: Network Manager, Eurocontrol, 2018).

Dalsou klticovou oblastou, ktord pomdie zlepsit schopnost
prispdsobovania kapacity systému ATM aktudlnemu dopytu su
nové technoldgie. Podla (SESAR Joint Undertaking, Network
Manager, 2018) by novy systém ATM v Eurépe mal:

* podporovat rozvoj kapacity ATM tak, aby bolo mozné vyhoviet
vsetkym poZiadavkam prevadzkovatelov na vyuZitie vzdusného
priestoru vdanom cdasu aaby sa zabezpecila ¢o najvyssia
efektivnost a bezpetnost vietkych letov,

e umoznit, aby vietky lety vo vzdusnom priestore ECAC mohli
byt vykonané po uzivatelmi preferovanych tratiach,

* podporovat optimalne vyuZivanie prostriedkov ATM a umoznit
znizovanie nakladov na poskytovanie sluzieb ATM pre uZivatelov
vzdusného priestoru a pre celtd spolo¢nost,

¢ zabezpecit zvysenu odolnost systému vodi vietkym hrozbam
z hladiska bezpecnosti, efektivnosti a kapacity,

e a zabezpecit jednoduchy pristup vojenskym aj civilnym
pouzivatelom k vyuZivaniu vzdusného priestoru.

(Wise Persons Group, 2019) tvrdi, Ze novy eurdpsky systém ATM
by mal byt viac trhovo orientovany. To znamena, ze ekonomicka
regulacia trhu by sa mala uplatfiovat iba v pripade, ak su
neucinné trhové mechanizmy. UZ aj v minulosti bol napriklad
badatelny trend liberalizdcie poskytovania priblizovacej
a letiskovej sluzby riadenia. Noérske ministerstvo dopravy
a spojov sa napriklad zaoberalo myslienkou otvorenia trhu pre
poskytovanie pribliZovacej a letiskovej sluzby riadenia na

viacerych letiskach v krajine ako napr. v Oslo, Bergen, Stord,
Stavanger, Trondheim, Tromso a pod. (Helios Technology, 2015)
Ocakava sa, Ze takyto pristup urychli transformaciu celého
systému na viac digitalizovany avirtudlny systém, ktory
v budicnosti nebude podliehat zvysujicej sa ekonomickej
regulacii.

Pracovnda skupina (Wise Persons Group, 2019) vypracovala
navrh desiatich odporudani, ktoré by mali poméct zlepsit
fungovanie budiceho systému ATM v Eurdpe. Zatial co
implementdcia niektorych odpordcani si nebude vyzadovat
zasadnejSie legislativne zmeny, niektoré odporucania bude
mozné implementovat aZz po prijati novych legislativnych
opatreni.

4. Odporucania pre budiice usporiadanie jednotného
europskeho neba

Odporucanie 1: Potvrdit a posilnit Glohu EUROCONTROL
Network Manager pri riadeni sluzieb asiete ATM v Eurdpe
vratane spravovania infrastruktiry akapacity na zaklade
Standardizovanych  technoldgii. Zarovern je potrebné
jednoznacne rozdelit zodpovednost za prevadzku medzi
Network Managera a narodnych poskytovatelov leteckych
navigaénych sluZieb.

Odporucanie 2: Plne prevadzkovo integrovat letiskd do siete
ATM na zédklade koordinacie tzv. planu prevadzky siete ATM
(NOP) aplanu prevadzky letisk (AOP) s vyuZitim spolo¢nych
rozhodovacich postupov (CDM).
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Odporucanie 3: Implementovat koncept tzv. digitdlneho
eurépskeho vzdusného priestoru na zaklade schvaleného

Casového harmonogramu, ktory vychadza z odporucani
opisanych v Airspace Architecture Study (SESAR Joint
Undertaking,  Network  Manager, 2018), vytvorenej

Infrastructure Managerom, zabezpedujicim odolnost systému.

Odporucanie 4: Vytvorit trh pre poskytovatelov datovych sluzieb
v oblasti ATM, na zaklade odporucani (SESAR Joint Undertaking,
Network Manager, 2018).

Odporucanie 5: VyuZivat plan vykonnosti na podporu
digitalizacie leteckych navigaénych sluZieb a vyuzivat verejné
zdroje len v nevyhnutnom pripade.

Odporucanie 6: Napomahat prechodu na tzv. digitalne eurdpske
nebo prostrednictvom revizie poZiadaviek na licencovanie
a vycvik riadiacich letovej prevadzky za Gcasti zastupcov
zamestnancov poskytovatelov leteckych navigacnych sluzieb.

Odporucanie 7: Vytvorit silny, nezavisly a technicky
kompetentny organ hospodarskej regulacie na eurdpskej
drovni.

Odporucanie 8: Zjednodusit a posilnit hospodarsku regulaciu a
zéroven sa opierat o trhovo orientovany pristup.

Odporucanie 9: Vytvorit ¢o najplynulej$i systém horného
vzdusného  priestoru  vratane  spolocného  spOsobu
spoplatiovania.

Odporucanie 10: Motivovat letiska, aby letiskovu sluzbu riadenia
obstaravali prostrednictvom tendrov v pripade, Ze je to
z prevadzkového hladiska moziné avyhodné pre uZivatelov
letiska.

5. Zaver

Je zrejmé, Ze na buduci systém ATM v Eurdépe budu kladené
nové, prisnejSie  poziadavky suvisiace s redukovanim
negativnych dopadov leteckej dopravy na zivotné prostredie, so
zvySovanim  ekonomickej a prevadzkovej  efektivnosti,
digitalizaciou sluzieb a prevadzkovou odolnostou
a spolahlivostou pouZivanych technoldgii.

Dokumenty Airspace Architecture Study (SESAR Joint
Undertaking, Network Manager, 2018) aAction paper on
Alignment of FAB CE Strategy with Airspace Architecture Study
(Alliance, FAB CE Airspace, 2019) sa zhoduju na potrebe
posilnenia ulohy tzv. Network Managera pri implementdcii
koncepsie Single European Sky a na strikthom vymedzeni prdv,
povinnosti a rozsahu zodpovednosti jednotlivych narodnych
poskytovatelov leteckych navigaénych sluzieb.
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This paper addresses the implementation of Performance Based Navigation into general aviation aeroplanes, especially from the perspective of flying
personnel. At first, theoretical analysis is made to clarify newly introduced legislation, and the biggest differences in construction of procedures from
conventional navigation are stated. From perspective of the flight crew, new training is required to qualify to fly PBN procedures. As a result, there is
a need for a methodology of PBN procedures flying in the form of —good practices|[, independent of the aircraft type. It is obvious that such a
methodology would be highly dependent on the navigational system used, so the most commonly used avionic system in the Czech Republic is found
out. The last part focuses on the usage of PBN in the Czech Republic compared to other states in Europe and possibilities for future development are

stated.
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1. Introduction

Aeronautical navigation has seen a major development in recent
years. In particular, it is linked to the development of satellite
navigation systems that allows convinient positioning almost
anywhere on the planet. Due to the availability of these
resources, area navigation has evolved considerably in recent
years. In the past few years, ICAO introduced the PBN concept,
which unified terminology, legislation, equipment
requirements, as well as flight crew training. An entirely new
PBN flight crew qualification has been introduced, which will
have to be part of every instrument rating in the future. This
places new demand on flight crew training. While there is a lot
of literature and materials available for general and
conventional navigation, it is considerably limited in area
navigation and is often outdated due to recent changes and the
introduction of the PBN concept. This is particularly problematic
when training flight crews, where those interested in obtaining
instrument rationg (or PBN only) do not have any complex
material available. For this reason, the thesis dealt with the
implementation of PBN navigation to general aviation airplanes,
which are usually used for initial training to acquire PBN. The
aim of the thesis was to create a comprehensive material for
flying personnel in general aviation dealing with performance-
based navigation.

2. Methodology

To achieve the goal of this work, the following points are
followed.

2.1. Analysis of current legislation

Because performance-based navigation is a very broad term and
can be used from non-commercial private operations, through
commercial air transport to special operations, legislation on
this subject is very comprehensive and difficult to orientate in.
But the knowledge of the legislation is essential for

flying personnel. For this reason, only articles that are applicable
to general aviation operations will be discussed in this section.

2.1.1. ICAO Annex 6

ICAO Annex 6 deals with aircraft operations. In the Czech
environment, its equivalent is regulation L6. Given the focus of
this work on general aviation, only L6 Part Il, which deals with
general aviation operations, will be taken into account.

Paragraph 2.5.2.1

An aeroplane shall be provided with navigation equipment
which will enable it to proceed:

a) in accordance with the flight plan; and

b) in accordance with the requirements of air traffic services;
except when, if not so precluded by the appropriate authority,
navigation for flights under the visual flight rules is accomplished
by visual reference to landmarks.

,Paragraph 2.5.2.4

2.5.2.4 In establishing criteria for operations where a navigation
specification for PBN has been prescribed, the State of Registry
shall require that the operator/owner establish:

a) normal and abnormal procedures including contingency
procedures;

b) flight crew qualification and proficiency requirements, in
accordance with the appropriate navigation specifications;

c) training for relevant personnel consistent with the intended
operations; and

d) appropriate maintenance procedures to ensure continued
airworthiness, in accordance with the appropriate navigation
specifications.” (ICAO Annex 6, Aircraft Operations, part II:
change no.35/a12, 2018)




Nové trendy v civilnom letectve 2019

, Paragraph 2.5.2.5

The State of Registry shall issue a specific approval for
operations based on PBN authorization required (AR) navigation
specifications.” (ICAO Annex 6, Aircraft Operations, part Il:
change no.35/a12, 2018)

As the Czech Republic is part of the EU, European Union
legislation is binding for operation. Legislation governing
operations is generally based on the European Parliament and
Council Regulation in the form of the so-called BR - Basic
Regulations. "OIld" Regulation No 216/2008 has been
completely replaced by EC Regulation 2018/1139 - On Common
Rules in the Field of Civil Aviation, on which new legislation is
based since September 2018. In principle, this Regulation covers
everything from airworthiness, through operations to eligibility
of aerodromes or air traffic controllers.

Performance-based navigation is only dealt with in this
Regulation in Part-SPA - Special Approvals. However, it is
important to note that EC Regulation 965/2012 was amended in
2016 by EC Regulation 2016/1199 (Eur-lex.europa.eu, 2019) in
the area of performance-based navigation and it is therefore
necessary to apply this amendment.

»AMC 1 SPA.PBN.100 PBN Operations

a) An approval is required for each of the following PBN
specifications:

(1) RNP AR APCH; and
(2) RNP 0.3 for helicopter operation.

b) An approval for RNP AR APCH operations shall allow
operations on public instrument approach procedures which
meet the applicable ICAO procedure design criteria.

¢) A procedure-specific approval for RNP AR APCH or RNP 0.3
shall be required for private instrument approach procedures or
any public instrument approach procedure that does not meet
the applicable ICAO procedure design criteria, or where required
by the Aeronautical Information Publication (AIP) or the
competent authority.” (QCM s.r.o., 2019)

2.1.2. Directive EC (EU) no. 1778/2011

This directive addresses the competence of flight crew. Part | is
the well-known Part FCL that regulates flight crew qualifications.
In 2016, it was supplemented by a Directive 2016/539, which
introduces new training and checking requirements for pilots
flying PBN procedures. This regulation is therefore important for
flying personnel.

LArticle 4a
Performance-based navigation instrument rating privileges

1. Pilots may only fly in accordance with performance-based
navigation (“PBN”) procedures after they have been granted
PBN privileges as an endorsement to their instrument rating
(IIIR’,).

2. A pilot shall be granted PBN privileges where he or she fulfils
all of the following requirements:

(a) the pilot has successfully completed a course of theoretical
knowledge including PBN, in accordance with FCL.615 of Annex
I (Part-FCL);

(b) the pilot has successfully completed flying training including
PBN, in accordance with FCL.615 of Annex | (Part-FCL);

(c) the pilot has successfully completed either a skill test in
accordance with Appendix 7 to Annex | (Part-FCL) or a skill test
or a proficiency check in accordance with Appendix 9 of Annex |
(Part-FCL).

5. IR pilots without PBN privileges may only fly on routes and
approaches that do not require PBN privileges and no PBN items
shall be required for the renewal of their IR, until 25 August 2020;
after that date, PBN privileges shall be required for every IR.”;.”
(Eur-lex.europa.eu, 2019)

2.1.3. Summary

What results from the above stated parts of the regulation? At
first, the airplane must be equipped with appropriate
equipment - avionics, to allow flight in accordance with the filed
flight plan and air traffic service requirements. As there is no
more ATS route in the Czech Republic that would allow a flight
without PBN (Lis.rlp.cz, 2019), it can be said that every aircraft
operated in accordance with the instrument flight rules must be
equipped with such an avionics.

Operational approval is no longer required for PBN operations,
except the 2 cases stated above —instrument approaches that
require the Authority's special approval (RNP APCH AR). Such an
approach cannot be performed without the appropriate
authorization. The other case considers helicopter operations,
and is therefore out of the scope of this paper.

From the point of view of flight crew qualification, a PBN
qualification for instrument rating has been introduced. To
commence and IFR flight in accordance with PBN procedures,
the crew must hold this valid qualification. After August 25,
2020, the PBN qualification will have to be part of every
instrument rating.

2.2. Construction of tracks for PBN procedures
emphasizing differences from conventional
navigation

In order to increase the situational awareness of the flight crew,
knowledge of the design of instrument flight procedures is
important in order to know what protection of the aircraft from
obstacles is ensured at each stage of flight. Because the PBN
procedures are designed differently from conventional
procedures, | consider it important to analyse their construction,
and emphasize the

differences so that the crew is aware of how much protection
from obstacles is provided at each stage of flight using PBN
procedures.

The design of protective areas for instrument flight procedures
is dealt with in ICAO Doc 8168 Part I, which, however, has not
been fully translated into Czech language, it is very
comprehensive and is, due to its complexity, intended rather for
specialist that design the flight procedures. However, this topic
is very complex and has been fully covered in my thesis - only
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the basic principles of PBN procedures constructions will be
covered in this chapter.

Unlike at conventional radio-navigation devices, the
navigational error does not increase with distance from the
station at area navigation systems. The position in space is
continually known, calculated by the navigational computer,
and is burdened a certain error given by the nature of the
particular system. It is thus clear that the protective areas will
also be defined in a different way from conventional radio-
navigation aids. The basis for the design of the protective areas
are some "new" parameters: XTT - Cross-track tolerance and BV
- Buffer Value, ATT - Along-track tolerance and a resulting %2 AW
- Area Semi-width.

XTT values are derived from the maximum total system error
(TSE) of the navigation system based on 95% probability.
(Performance-based navigation (PBN) manual, 2009) This error
is defined in the transverse axis (from the track —i.e. cross track)
as the difference between the intended and actual aircraft
trajectory.

Buffer value adds adittional margin to the XTT values, and is
different for each flight phase — see tables number 1, 2 and 3.

The ATT indicates the maximum value between the intended
and actual position of the aircraft in the along-track axis. This
value is especially important when passing between sections
with different protective space widths. It is depicted on figure 1.

ATT

Figure 1: Representation of the ATT fix tolerance (Source: Authors).

| must point out that these variables will not be used in APV
procedures based on SBAS or GBAS aids - the error components
of such procedures are calculated equivalent to the ILS system
and are therefore inherently angular.

It is now possible to define the width of the protective area. For
PBN procedures, the symetrical protective area is defined by the
area semi-width. See figure number 2.

It is given as stated in Eq.1:
SAW =15 XTT + BV,

where % AW is distance of one half of the protective area, XTT
is cross-track tolerance, and BV is buffer value.

The 1.5 XTT multiple corresponds to 3-sigma TSE, and thus
covers 99.7% of the normal distribution of this error.
(Performance-based navigation (PBN) manual, 2009)

In general, the principle of primary and secondary areas, as
known from conventional navigation, are used in those PBN
segments, where directional guidance is provided. On some
types of legs (for example a course to height leg), a secondary
area may also be applied, provided that the entire protective
area diverges at 15 ° to both sides, to take account of the wind
effect. (Procedures for Air Navigation Services — Aircraft
Operations, 2014)

SECOMNDARY AREA

AREA SEMIMVIDTH
13 XTT+BV

PRIMARY AREA

Figure 2: The meaning of 1/2 AW (Source: Authors).

2.2.1.

As | mentioned in the text above, because the XTT is based on
TSE, the resulting values of the protective area width will
depend on the navigation specification and on the sensor used.
Since GNSS can be considered widespread and general aviation
avionic systems are mostly based on GNSS signal reception,
these values are stated below. Tables 5, 6 and 7 show the values
for RNAV 5, RNAV 1 and RNP APPCH specifications. Values for
other specifications can be found in ICAO Doc 8168, Part Il.

Parameter values for GNSS

Eqg. 2,3: For system based on GNSS:
XTT =TSE
ATT = 0,8 x XTT

And the value of %2AW is calculated according to equation
number 1. (Procedures for Air Navigation Services — Aircraft
Operations, 2014)

Table 1: Values of XTT, ATT and 1/2 AW in nautical miles for RNAV 1
and RNAV 2 specification. (Procedures for Air Navigation Services —

Aircraft Operations, 2014)
SPECIFICATION RNAV 1 AND RNAV 2 [NM]
ENROUTE/STAR/SID (30 STAR/IF/IAF/SID
NM from ARP) (<30 NM from ARP)
ATT XTT ATT | %AW
1.60 1.00 0.80 250

SID
(<15 NM from ARP)
XTIT ATT 2 AW
1,00 0.80 2,00

XTT
2,00

V2 AW
5.00

Table 2: Values of XTT, ATT, and 1/2 AW in nautical miles for RNAV 5
specification. (Procedures for Air Navigation Services — Aircraft
Operations, 2014)

SPECIFICATION RNAV 5 [NM]
ENROUTE/STAR/SID
(> 30 NM od ARP)
ATl
2.01

XT1 [

2,51 |

V2 AW
5.77

Please note that the RNAV 5 specification can be used for
standard arrival and departure routes, but only up to / from
30NM from ARP.
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Table 3: Values of XTT, ATT, and 1/2 AW in nautical miles for RNP APCH
specification. (Procedures for Air Navigation Services — Aircraft
Operations, 2014)

SPECIFICATION RNP APCH [NM]
MAPt
LP/LPV only: initial

missed appch
v D

A\-\' XTT | ATT A\-\"
145 | 030 0.95

IF/TAF/MISSED
APPROACH
(<30 NM [rom ARP)

A
XTT | ATT

1,00 | 0.80

MISSED APPROACH

FAF (<15 NM from ARP)

XIT
0.30

ATT XTT

1,00

ATT
0.80

AW Y AW

2.50

0.24 0.24 2.00

From these parameters and using principles stated above, all
PBN procedures are being constructed.

2.3. Analysis of current use of PBN in general aviation

Due to the development of availability of satellite navigation
systems, area navigation has evolved considerably in recent
years in general aviation. Usually these systems are based only
on the reception of GNSS signal, and in some cases of
augmentation services. All these systems operate on a similar
principle and are able to provide similar navigation services —
from enroute guidance to LPV approach. Therefore | consider
the analysis of particular avionics systems used to be
superfluous.

Most European states are no longer publishing conventional
navigation procedures, making it almost a necessity to be
equipped with a RNAV system. However, as discussed in the
regulatory requirements section, in order for the pilot to
perform a PBN flight, he must, in addition to the instrument
rating, hold a PBN qualification. But because PBN is a relatively
new topic, unlike instrument flying itself, there are not enough
study materials available for this topic. At the operator level,
only standard operating procedures are usually available, but
not the PBN flying methodology based on —good practice||,
independent on type of aircraft flown. It is clear that such a
methodology will be closely linked to the specific type of
navigation system installed in the airplane. It is the aim of this
paper to identify the most widely used avionics system in the
Czech Republic, so that such a methodology is useful for as many
pilots as possible, when it is being made.

2.3.1.

In order to determine the most widely used avionic system in
general aviation in the Czech Republic, a questionnaire was
created which was subsequently distributed to aircraft
operators. This was the primary goal, but since the last part of
this work has an international dimension, this questionnaire was
supplemented with other questions and translated into German
and English, and was sent out to Czech, German, Austrian,
French, Spanish and Great Britain operators.

Determining the most commonly used avionics

The aim of this questionnaire was to find out what avionics
system is installed in each airplane, what type of organization is
involved, and whether and how it provides training to obtain
PBN, what number of aircraft it operates, if they are capable of
performing IFR flights and, if so, which avionics are installed. The
second part of the questionaire asked whether the operator's
home base is instrument, and if so, what types of approaches
are published thereon. The final question distributed to
operators in the Czech Republic was about whether they would
welcome and use PBN-based approaches on uncontrolled
airfield in the Czech Republic, or not.

From the above it is clear that in order to have a logical structure
for the questionnaire, some questions had to be displayed only
on the basis of previous answers and vice versa. The structure

of the questionnaire, together with the abbreviated version of
the questions, is shown in Figure 3.

ATO

ENTER PEN

TRAINING INFO OTHER, THAN ATO

ENTER MUMBER
OF AIRCRAFT
OPERATED

AT LEAST1
AIRCRAFT IFR?,

YES

ENTER
AVIONICS

YES
'3

ENTER TYPES
OF APPROACH

I

PEN APPCH
USAGE SURVEY
(ONLY CZ)

NO

END

Figure 3: Structure of the questionnaire (Source: Authors).

2.3.2. Questionnaire evaluation

The questionnaire was created on the Google Forms platform
and was subsequently sent by e-mail to aircraft operators. A
total of 96 operators were addressed. Data collection took place
from January 5, 2019 to April 4, 2019.
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A total of 14 respondents from the Czech Republic, 5 from the
Federal Republic of Germany, 3 from Austria, 1 from Switzerland
and 2 from the UK completed the questionnaire. Operators from
other countries did not participate in the survey. In total, 25
respondents participated. The percentage and home country of
the respondents is shown on Figure 4.

Figure 4: Percentage of respondent’s home countries (Source: Authors).

Since this part is focused on conditions in the Czech Republic,
only respondents from the Czech Republic were selected as
relevant to determine the most used avionics.

There were 29 ATOs - approved training organizations - that
were authorized to provide IR (A), EIR (A) or IRI (A) training in
the Czech Republic on 31.3.2019. (QCM s.r.o.,, 2019) 14
respondents out of 29 organizations make 48% of the total.
However, it should be noted that although some organizations
are authorized to provide such training, they do not physically
provide it for technical or organizational reasons. Therefore, |
consider the data obtained to be relevant.

2.3.3. Evaluation of responses

Answers to individual questions will be evaluated in this part
depending on the home country of the respondent. Answers
from Austria and Switzerland are always shown in one graph for
illustration.

What approval do you (does your organization) have?

Respondents from the Czech Republic replied that 11 operated
under ATO, 1 under the AOC, 1 as ATO, under the AOC as well as
in private operation and 1 as ATO + SPO.

Respondents from Austria, Germany, and Switzerland said they
were operating under ATO approval.

UK respondents said they were private operators.
How many aircraft do you operate?

Operators who participated in the Czech Republic together
operate 153 aircraft, from Germany 57 aircraft, from Austria 21,
from Switzerland 10 and from Great Britain 11 aircraft.

Is at least one aircraft certified for IFR?

As mentioned above, only operators providing some form of
instrument flight training were asked this question to obtain

relevant answers. Nevertheless, two operators have replied that
they have no aircraft capable of performing IFR flights. This
confirms the above statement that not all operators authorized
to provide IR (A) or EIR (A) training provide it physically.

What avionics are installed in your aircraft?

This question was displayed only to respondents who had at
least 1 aircraft capable of IFR flights.

In the Czech Republic, 7 operators reported using only the
GNS430/530 system, 3 operators only the G1000 system, 2
operators using the GNS430/530, and the G1000 and 1 reported
the use of G1000, GTN650 and GTN750 systems.

In Germany, 2 operators said they only use the G1000 system, 1
the G1000, GTN650, GTN750, GNS430/GNS530, Avidyne, 1
operator G1000, GTN650, GTN750, GNS430, GNS530, IFD
540/440 and 1 operator stated that the airplane is not capable
of area navigation.

In Austria one operator stated that he only uses GNS430/530
avionics, 1 reported G1000, GTN650, GTN750, GNS430, GNS530
were all being used, and 1 stated that none of his airplanes are
IFR certified. The respondent from Switzerland reported
GNS430/530 as the system used.

In the UK, 1 respondent said his aircraft are equipped with the
avionics G1000, GTN650, GTN750, GNS430, GNS530 and 1 said
that none of his airplanes are equipped for IFR flights.

In order to keep the questionnaire simple and thus to obtain
relevant data from respondents, it was not required to indicate
the number of built-in pieces of a particular avionics, but only
the information which avionics are being used by the operator.
As a result, | did not get information about the absolute number
of built-up pieces of a particular avionics, but only the
information which system is used by the given operator. Thus,
the following graphs do not show the percentage of a given
number of avionics installed, but their percentage of use across
operators in different countries. See figure 5.

cz DE

M GNS430/530

¥ G1000
W GNS420/530

W G1000

B GTNG50/750

Avidyne
W GTN650/750
W IFD 440/540

B NON-RNAV

AT+CH

W GNS430/530
G1000

B GNS430/530
HG1000
W GTN650/750 M GTNG50/750

NON-IFR NON-IFR

Figure 5: Representation of individual avionics in different countries
(Source: Authors).

Do you provide training for PBN qualification?
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This question was displayed only if the respondent indicated
ATO/DTO as a type of operating approval.

In the Czech Republic, 6 operators stated that they provide PBN
training included in training to obtain IR qualifications and
separately, 3 operators stated that they only provide it as part
of IR qualification training and 2 operators indicated that they
do not provide it at all. 3 did not mention.

In Germany, all operators have stated that they provide PBN
training independently, as well as a part of a training to obtain
IR qualification.

In Austria, 2 operators have stated that they provide PBN
training independently, as well as a part of a training to obtain
IR qualification, and 1 operator does not provide such training
at all. In Switzerland, the respondent stated that he / she
provides PBN training both within IR qualification training and
independently.

Is there at least one instrument approach procedure published
at your home base?

In the Czech Republic, 10 respondents reported that no
instrument approach procedures are published at their home
airport and only 4 reported that it is published. This, however,
correlates with the ratio of instrument and non-instrument
airports in the Czech Republic.

In Germany, 1 respondent reported that an instrument
approach procedure is published at his home airport and 4 said
itisnt.

In Austria, 1 respondent reported that an instrument approach
procedure is published at his home airport and 2 said it isn't. The
Swiss operator had stated that no instrument approach
procedure is published at his homebase.

Both UK respondents have reported that no instrument
approach procedure is published at their home airport.

The answers are illustrated on figure number 6.

This question was displayed only to respondents who stated
that at least one instrument approach procedure is published at
their home aerodrome.

All 4 respondents from the Czech Republic reported that
procedures for precision instrument approach, non-precision
instrument approach based on conventional navigation aids and
some form of PBN (RNP) approach are published at their airport.

A respondent from Austria stated that only the RNP APCH
procedure is published at "his" airport.

The German operator said the precision approach procedure
and RNP APCH procedure are published at his home airport.

From an aircraft operator's perspective - would you welcome
the introduction of instrument approach procedures at
uncontrolled airports in the Czech Republic?

This question was included in the questionnaire to survey the
demand among operators for this type of approach at
uncontrolled airfields in the Czech Republic. 7 respondents
stated that they certainly would, 4 respondents replied rather
yes, 2 respondents rather not and no respondent certainly not.

(74

B CERTAINLY YES

M RATHER YES

W RATHER NOT

CERTAINLY
NOT

cz DE

WYES
mNO

AT+CH

WYES

ENO ENO

Figure 6: Publishment of instrument approach procedures at home
airports in different countries (Source: Authors).

What procedure(s) are published?

Figure 7: Survey of demand for PBN based approaches at uncontrolled
airports in the Czech Republic (Source: Authors).

2.4. Current and future possibilities of PBN usage in the
Czech Republic and Europe

As can be seen from the first general chapters of this work,
performance-based navigation has been a topic of recent years
and is experiencing enormous growth in general aviation
airplanes. As an interesting chapter of this work, | consider
comparing the possibilities of using PBN procedures in the Czech
Republic and other European countries and thinking about the
possibilities for future development from the perspective of
general aviation operations.

As the questionnaire sent to aircraft operators in this work
offers international overlap, data from foreign operators are
also available.

As can be seen from previous chapter, the most widely used
avionics system in the Czech Republic is GNS430/530. Abroad,
the system is also heavily represented, but other, newer,
avionics systems, such as the Garmin GTN650/750, are more
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represented than in Czech. The Garmin G1000 system, which is
a "glass-cockpit" avionics solution, is also more widely
represented abroad. In the Federal Republic of Germany, a
larger number of avionics from different manufacturers were
represented - besides various Garmin models or Avidyne
IFD440/540 avionics, 1 operator even stated that none of his
aircraft are capable of area navigation. From the obtained data
it can be generally stated that more modern avionics are
available in selected foreign countries than in the Czech
Republic, however the GNS430/503 system is still very
widespread.

As far as PBN training is concerned, 71% of ATO-licensed
operators stated that they are providing PBN training. The Czech
Republic does not stand out in this respect, with 65% of
respondents saying they provide this training. Thus, it can be
stated that most of the approved training organizations are
ready to fulfill the mandatory PBN qualification requirement by
August 25, 2020.

Most respondents (81%) reported that no instrument approach
procedure was published at their airport. Given the nature of
general aviation, where most traffic is from unpaved
uncontroled airports, this is as expected.

Respondents at whose airport instrument approach procedures
are published said that the RNP approach was always published,
one respondent from Austria even reported that only RNP
approach was published at his airport.

The advantage of a RNP approach is the fact that no new ground
equipment is required to be installed. Once the relevant
regulatory requirements are met, such an approach can also be
published to an uncontrolled airport. Eggenfelden airfield -
EDME - is an example. Class F airspace and radio mandatory
zone are published around the airport and AFIS is provided. This
procedure has even LPV minima published, see Figure 8.

3600 @

EDME —wJEPPESEN EGGENFELDEN, GERMANY
EGGENFELDEN 5 APR 19 RNAV (GPS) RWY 26
*ATIS MUNICH Radar [APP| *EGGENFELDEN Infe
(up 1o 4000" AGL, within 25 NM)

" 125.080 ‘ 129.555 ‘ 0

5 EGNOS Final Mini Alt LPV .

2 CH 67841 ApcI:aCls "ecLEn DA(H) Apt Elwy 1342

g E26A 264° 3500/ (2167) | 188375507 Rwy 1333

missep apcH: Climb on track 264° to ME@23 or 3500', whichever
is later, then turn RIGHT via MEBG24 on track 116° to

cross BIBAG at 5000'.

MSA ARP

Trans alt: 5000"

Alt Set: hPa (IN on req)
1. Approach only authorized it EDME QNH is available. 2. Arriving aclt leaving controlled airspace
when passing 1000 AGL. 3. Procedure not to be used during activity of NLFS (Night Low Flying System).

Rwy Elev: 48 hPa Trans level: By ATC

S O Over German territory only.

*1753 Baro-VNAV cperations not

authorized below -15°C. 4.0 ME@21
ME@20 054*41\,
a00 1
40 v~ =
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' 2 MEG22
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(CH 67841 E26A )
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1 FOR APCH RWY 08 EXECUTE APCH RWY 26
FOLLOWED BY CIRCLING SOUTH OF APT.

.1755
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Figure 8: RNP approach at Eggenfelden airport (Source: Authors).

In the Czech Republic, such an approach to an uncontrolled
airport is not yet published [3]. A special question was included
in the questionnaire to determine the demand among operators

in the Czech Republic for such an approach. 85% of operators
said they would welcome the introduction of such approaches.

Figure 9 shows the availability of the LPV approach in 24 hours,
i.e. the percentage of time that the relevant integrity
parameters have been met. It can be stated that in Western and
Central Europe the system was available for 99% or more of the
time in the reporting period. Technically, the design of these
approaches is not limited.

SIS Op - 06/05/2019 09:00:00 to 07/05/2019 08:59:59
) LPV200 Availability Map

Availabiity (%)

2909

Commit, Y
Covered

No availability

Latitude

51.08%
68.52%
96.92%

Longitude

Figure 9: Availability of EGNOS LPV200 in 24 hours. (Egnos-user-
support.essp-sas.eu, 2019).

At present, most general aviation aircraft are already equipped
for PBN operations. For flight crews, PBN qualification will be
mandatory from 2020 if they hold a valid IR qualification. Thus,
in general aviation, the operation of area navigation systems has
become commonplace.

3. Discussion

Unfortunately, the above questionnaire was filled in by a smaller
number of foreign operators compared to the Czech Republic,
so the obtained data sample does not have to be fully
representative, but it still provides some idea of the situation
abroad.

Currently, the GNS430/530 system prevails in the Czech
Republic. If there is a PBN procedures methodology being made,
in my opinion, this should be the system it is made for.

In the future, installation of more modern avionics systems can
be expected, as this is already happening abroad, which will
once again enlarge the possibilities of using PBN. But with the
better and better equipment of the aircraft, it is necessary to
improve the possibilities of using such equipment by publishing
new procedures. While at least one RNP approach is published
at each controlled airport in the Czech Republic, there is no
uncontrolled airport in the Czech Republic where such a
procedure would be published. As most of the general aviation
aircraft operations take place from these aerodromes, the
demand for such a type of approach is also high. The fact that
such an approach can be constructed and operated safely at an
uncontrolled airport can be supported by examples from
abroad. So in the future, | see a great potential for development
in this area - publishing the RNP approaches to an uncontrolled
airports.
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4, Conclusion

The goal of this paper was to make a material which deals with
performance-based navigation operations in general aviation
airplanes, to introduce the new issues in this area and
emphasise the need for a new complex study material for
aircrews, as new requirements on their training are being
placed.

In the first part of this paper, the regulations that apply to PBN
operations were analyzed, and it was stated where they
originate from and how do they affect everyday operations. In
the next chapter, a short explanation of the PBN procedures
construction was performed. Since the design of flight
procedures is described only in a comprehensive and partially
translated regulation, where some passages are more
demanding on understanding and require deeper knowledge of
the related issues, this awareness may not be high among flight
crews. Since there is no difference in design between flight
procedures for general aviation aircraft and commercial air
transport aircraft, or any other, this passage may be applicable
to all types of operations. As new requirements on flight crew
training are being placed in relation to PBN, a need for a new
complex study material, which would include a flying
methodology, raises. Since the PBN methodology will depend on
the avionics used in addition to the general principles, the most
widely used avionic system in the Czech Republic has been
identified. To support this determination by data, a
questionnaire was created on the google forms platform, which
was subsequently distributed to 94 operators in the Czech
Republic as well as selected European countries. For this reason,
it has been translated into English and German. The data
obtained from abroad served mainly for the international
overlap of this paper in the last chapter. Data collection took 89
days and took place from 5.1.2019 to 4.4.2019. Garmin
GNS430/530 was identified as the most widely used avionics
system in the Czech Republic. The last part of the paper dealt
with the comparison of the possibilities of PBN usage in the
Czech Republic and other European countries. Unfortunately, a
smaller number of foreign respondents filled out the
guestionnaire, so the data cannot be declared as representative
with certainty. Generally speaking, although the GNS430/530 is
still widely used abroad, modern avionics systems are more
available and provide better use. Abroad, the possibilities of
usage of such avionics is also better due to the publication of
RNP approaches to some uncontrolled airports, from which
most general aviation aircraft operations takes place. Most
general

aviation operators in the Czech Republic stated that they would
welcome the introduction of such procedures at uncontrolled
airports in Czech. From a technical point of view, system
availability in the Czech Republic is similar to that in Western
European countries. | see a great possibility for development in
introducing such procedures into uncontrolled airports in Czech,
eventhough | realize that such a process is very demanding in
terms of approval by the Authority.
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1. Introduction

Safety is one of the most important aspects of any human
activity. It covers aspects such as protection of life, property,
management and development of technologies. As well as other
types of transport, not even air transport is safe. There might be
various factors involved from secondary ones, through crew
failure to powerplant failure. Powerplant, or engine is one of the
most critical and important systems of the aircraft.

During the powerplant development, manufacture and regular
maintenance, even the slightest error can cause an occurrence.
The process does not end with this; even the cause itself does
have its own factors, leading to it.

It is appropriate to use the system analysis while fining the root
cause. Every company chooses its own method; in this case it is
STAMP model of the accidents, depending on the system theory.
Data used for the system analysis were provided by the
company GEAC.

2. GEAC company

General Electric is a foreign corporation, owning number of
companies one of which is GEAC, which resides in the Czech
Republic. In 2008, GEAC has bought the Walter manufacturing
plant, which had specialized on turboprop engine’s
manufacture. In short time, the GEAC has developed the GE H80
turboprop engine, which became a successor to the Walter
M601 engine. These engines are used in airliner, utility,

agricultural and other modern airplanes.
([http://www.praguebest.cz], 2019)

3. STAMP model

STAMP model (Systems-Theoretic Accident Model and

Processes) is part of the system theory, which depends on the
part’s failure assumptions. STAMP model (theoretical system for
modelling of the accidents and processes). It changes the
emphasis of the safety measures to prevent their violation by
the path of the least resistance. The model combines accidents
after failures of the certain parts as well as finding the root

causes expanded to include accidents or failures in the
interaction with the components. (Leveson, 2016) (Leveson and
Thomas, 2018)

The model has three main terms, which are: safety restrictions,
hierarchical control and process model. This model describes a
new view to causality with the failure and/or accident root
cause.

In the traditional root cause model, there accidents are
considered as results caused by various chains of failures, while
every failure directly causes the next one, continuing in the
chain of events. The event definition needs to be stated as a
chain of events, expanded so it contains parts of direct
occurrences and indirect system causes. The first step is always
to generalize the accident definition. The accident is always
unplanned (from the operational point of view, the human
factor is not being considered). This event can contain human
death or injury, but also other significant losses, including
equipment, financial and information losses. The losses are
result of failure of the system’s parts failures, interaction
between the system components and behaviour of each of the
system’s components, leading to dangerous situations.
(Leveson, 2016) (Leveson and Thomas, 2018)

The STAMP model as such is portrayed in the figure 1. In the
system theory, there arises terms such as safety from mutual
interaction between components. This term means that the
safety becomes a problem of management, where the target of
the control is to enforce safety between each component. It’s
primary target is to enforce safety measures. This means that
the occurrences are consequences of insufficient
research/development control or enforcement, system design
or operation.
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Figure 1: STAMP model (Leveson, 2016).

3.1. GEAC STAMP model

GEAC being a foreign corporation is influenced from many
directions. Not only by the highest board of directors, but by the
local leadership, foreign and Czech laws as well as company
processes, development, complaints department and many
more.

The GEAC develops, builds and provides complete maintenance
of its engines to the operators (customers). This is the reason
why the STAMP model is divided into legislative part, Part M —
Operator, internal processes category (design, manufacture,
maintenance and training). Part M — Operator requires
independent system analysis of customer’s processes, which are
only input and not part of the GEAC STAMP model. All internal
process’s categories include system analysis for each activity
and process operation.

4. Current powerplant occurrence classification in
GEAC

Input information evaluation process (completion, recording to
system, evaluation) and follow-up resolution search happens in
a few independent steps. The fundamental complication in the
current process is imperfect continuity between different
systems. Consistency of single systems dependents on
communication of authorized persons, cooperating on solution
of the problem. The materials are transmitted between the
systems according to different groups, working on solution for
the problem. By manually entering the information to each
system, usually by various people, a discrepancy between
recorded data arises. Everyone inserts data to the respective
systems by his own words, and it leads to different expressions
being used. When information summaries, such as annual
reports for company leadership, every occurrence needs to be
found in every system individually. It is quite common that
similar occurrences, with the same course of events, cause,
primary factor and solution have different names between the
systems. The most common mistake in the process is human
error.

4.1. Improvement opportunities

The main source for mistakes is human error. In our case it is
manual insert of the data by multiple people amongst various
systems. This source is unfortunately impossible to get rid of
completely. That is why it is necessary to simplify and
standardize the nomenclature between various systems and
make the orientation between the systems easier. Due to
overall complexity, it is practically impossible to fully
standardize all nomenclatures into one. Single occurrences are
different, and it is necessary to record them during
investigation. To simplify event recording, orientation and
searching in occurrence causes, their standardization and
reverse search of similar occurrences it is possible to standardize
the nomenclature of all root causes or system measures.
Occurrences might currently be recorded differently in various
GEAC systems due to no standard root cause nomenclature
amongst the systems. Process system measurements are
currently being taken only based on serious/major events.

5. Event classification system design

Occurrence is a vague definition, which is impossible to define
by a limited amount of causes. There cannot be found only a
single cause for the occurrence, so it is necessary to see it as set
of multiple factors. Due to continuously raising aviation needs,
more new types of occurrences are high likely to happen and it
is necessary to define a flexible classification. As an example,
only small amount of the most common root causes is stated.
Each company can develop it’s classification as per own needs.
However, this possibility needs to comply with various
restrictions (legal, system, etc.).

To include the root cause finding process into the STAMP model,
we need to separate single activities of the GEAC to three
system analyses for better imagination of all process parts and
their continuity. The fault might occur not only during operation
of the engine, but also during manufacture, assembly or
maintenance process.

Figure 2: System analysis of processes (Source: Authors).

To simplify it, the processes are shown in the figure 2. Even if
the fault appears during the engine operation, the root cause
still might come from any previous process (manufacture,
assembly, maintenance, etc.). In the figure 2, there are all
processes, including their influencing factors. The inputs,
potentially leading to the root cause and control elements are
responsible for the whole process including the sensors leading
to the possible cause.
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Outputs of the processes are corrective measures or changes to
the system and manufacture process itself.

For better understanding of the topic, there is an example of the
occurrence (corrosion) and subsequent investigation in the
figure 3. The operator reported an occurrence (insufficient
engine function) to authorized GEAC employees. Authorized
employee has made necessary measurements and identified the
fault. He recommended dismounting the engine and sending it
back to the GEAC for further inspection. After the engine arrival,
further inspection and all necessary measurements, a flow path
and compressor turbine blockage due to corrosion was found.
This occurrence is from the internal sources of the GEAC. The
model shows the root cause investigation from its origin all over
to the manufacture and design process review. If the root cause
cannot be determined, it is recorded as sporadic or new event
for possible future use. Next step of the system analysis is
division of the investigation parts into processes, then divided
to system analyses for the root cause search.

Operators STAMP

model
Aircraft operation
Eventin system
Control and measurement

Engine removal by GE maintenance
worker
- Conservation and dispatch to the

GEA(
Dispatching the engine to the GEAC

ENGINE MAINTENANCE
Engine testing, conservation
of undamaged parts
searching, dismantling and

testing the damaged part

Corrective actions

Damaged part
is found

YES
Testing a part and finding the cause

NO

Finding the main factor
arigin of cause in
production process

'he main factor of the
cause was found

PROCESS RESULT
- Corrective actions by process stage
in which the main factor of the cause was found

'he main factor of the
cause was found

Figure 2: Event — corrosion (Source: Authors).

After identification and classification of the occurrence causes,
it is possible to use the system analysis in various steps. Usually
it is manufacture, assembly or design process. Every worker
needs to be properly equipped in each process and must be
properly trained as well. If everything is abided, we can declare
the process flawless. Otherwise, we need to find which
condition was not fulfilled and why using the system analysis
(figure 4). Assembly system analysis can be described generally
or specifically from every process input operation’s point of
view. The engine manufacture process is divided to more
standalone system analyses. Only one system analysis
(controlled part’s manufacture process) is provided due to
capacity reasons.

Figure 4: System analysis of maintenance (Source: Authors).

Single system measurements for occurrence cause investigation
can be derived from particular processes system analyses. As an
example, few general system measurement’s name is shown in
the table 1. Some names of system measurements are in the
table one as a sample as well. This nomenclature can be defined
as per every company’s needs.

Table 1: Systemic measure (Source: Authors).

Systemic measure Description of systemic measure

broken production Machine or partis unable to perform work

machine because of a failure

Production worker chose the wrong
inappropriate tool working tool and did not do his job

according to the prescribed procedures

. The measuring device (machine or tool) is
uncalibrated . ] .
. K not adjusted or calibrated according to
measuring device ) .

maintenance regulations

poor maintenance
of working Failure to follow the maintenance manual

machines

in the case of 2 parts that are both within
Part is out of their tolerance (one at the lower limit, the
tolerance other at the upper limit) and do not fit

together when they should

6. Discussion

System analysis of the STAMP model and follow-up situation
evaluation was made. Power plant occurrence was divided into
single steps and then to particular system analyses. Table 1
shows the result of the system analyses, which will be used as a
proposal of the nomenclature classification for the system
measurements, which might be used in the feature.
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7. Conclusion

Creation of the STAMP model and related system analyses used
for concluding system measurements used for the occurrence
evaluation is very subjective for every company evaluating their
utilization. It is necessary to evaluate different circumstances
under which the occurrence might happen and subsequent
cause investigation. In the long term, it is effective to not only
find the cause, but also what caused it. The root cause
identification is the best for occurrence’s complete elimination
in the future. The structure and analysis process is tailored for
the company’s needs of the manufactured unit’s reliability
improvement.
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Abstract

Individual radio stations differ from each other not only in terms of physical and technical parameters, but also in terms of their user name so-called
"call signs" used for identification.The communication between a pilot and an air traffic controller itself is vital and due to the large volume of traffic
is increasingly time consuming. Often, it is very difficult to establish a connection with a station due to the overload and high occupancy of a given
frequency. This situation results in increased pressure on flight crews and air traffic controllers. It is also potentially dangerous and unwanted in time-
critical situations.Naturally, there is a need to reduce the time of the communication and create enough space for further potential radio contact. The
call signs are an integral part of each radiotelephone connection and themselves taking up a certain time interval from the whole communication.
These identifications are often the cause of accidents and incidents, so it is vitally important to apply the hig hest safety standards to their usage and
design. The issue is closely related to the human factor.Call signs, specifically their length in terms of the number of symbols, should be reduced as
much as possible to the acceptable minimum. There have been several attempts by EUROCONTROL and air companies themselves to solve the call sign
similarity problem in the recent past, but none have been focused directly on reducing the occupancy of frequencies by shortening the call signs.It is
necessary to examine in detail the impact on safety using different methods of reduction in the number of symbols the call signs are composed of. The
result of this process will be the lowering the occupancy of frequencies, easier establishment of first connection, easier use, and greater overall
effectiveness in the use of airline call signs.There is also an impact on the financial aspect of providing air traffic control and air traffic services in
general. Especially in terms on the number of active personnel and the amount of technical equipment needed for the individual workplaces and
stations.
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1. Introduction 2. Methods and principles used in the study

There is a need to provide different point of view to the terms
such a capacity of an airspace and reduction in the occupancy of
radio connection. The approach is based on the capacity of the
radio connection and the ability to establish the potential
contact with any station required for purposes of conducting the
commercial flight.

This paper and study are aimed to analyse the current usage and
method of formation call signs in commercial air transport.
There were analysed flight and operational flight plans of
selected EU-based airlines for this purpose. Data are statistically
processed and mutually compared.

An extensive English-language questionnaire was designed with
the intention of obtaining comments from commercial pilots to 2.1. Questionnaire
examine the subjective opinion and the pilot’s view to the call
signs used in current air traffic. Questionnaire forms a subjective
view of the issue, which is inextricably linked to the human
factor deeply rooted within the concerned topic.

The huge survey has built the base for the gathering the
information directly from the commercial pilots, more
specifically 67 active commercial pilots operating all over the
world. Questionnaire was spread via social networks and emails.
Answers were statistically processed using the pie and pie-of-pie
charts for better visualization of the concerned issue. The
collected data from the survey is mainly based on the human
factor, the subjective opinion on currently used call signs and
with the aim to the process of changing the short-term memory
into the long-term one. "We talk about long-term memory if the
information is stored for later use after it has been learned or
Such a detailed analysis of the actual use serves as a basis for | encoded in the working memory. Information can be triggered
the design of more efficient call sign forms to reduce the time | a few or even more minutes later." (Dzvonik, BlaSko and Kfiz,
required for broadcasting while covering the necessary traffic 2011)

volume. The current and proposed call sign forms are validated
and compared using the created software. In addition to the 2.2. Analysis of flight plans
reduced frequency occupancy, the number of possible
combinations by using the designed reduced forms of
identifications were compared to the traffic volume to avoid
multiple redundancy as is currently the case.

Another major aim is to measure the time needed to transmit
identifications of aircraft and the amount of traffic today’s forms
of call signs can cover. Data were obtained by real-time
monitoring of frequencies all around the world to obtain the
most accurate data. There is also the evidence of the used call
sign forms in the monitoring.

Collected flight plans and operational flight plans of the
companies Travel Service (Smartwings), CSA and Ryanair
provided the outcome which proved the sovereignty of each
company over the formation of call signs used for their
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operations. The data was statistically processed to form the
overall view to the principles of formation the call signs.

2.3. Monitoring of frequencies

There was formed the list of the airports based on the number
of movements per a year in order to sort out the measured data
during the immense monitoring of the radio frequencies in real
time. Monitoring took 50 hours and 35 minutes and 1632
transmissions were measured, out of which each measurement
consisted of 3 data sets.

1. Total time of one-way communication
2. Time occupied by call sign
3. Form of call sign

Time intervals were measured using the sport stopwatch for the
highest possible accuracy. The average outcomes were also
statistically and even visually classified and processed. The
charts in the forms of box-plots took place to sorted out the data
based on the number of movements per a year depicted. Using
the description in the forms of box plots provides us more data
than in the case of other possible statistical description of these
measurements. "A boxplot is a standardized way of displaying
the distribution of data based on a five-number summary
(“minimum?”, first quartile (Q1), median, third quartile (Q3), and
“maximum”). It can tell you about your outliers and what their
values are. It can also tell you if your data is symmetrical, how
tightly your datais grouped, and if and how your data is skewed.
" (Towards Data Science, 2019)

The measured time intervals were organized based on the
categories of airports. Categories of airports arrange the
airports according to the number of movements per a year. Such
a ranging is the only one possibly used in this king of study
because the radio connection and the total time occupation of
the given frequencies is connected only to the number of
movements not to a weight category, wingspan category etc.
"The aircraft movements are defined as the move that can be
either take-off or landing (take-off plus landing equal to two
movements)." (Reference manual on the ICAO Statistics
Programme: Doc 9060, 2013)

2.4. Validation and application of measured data

There were designed and formed two software to prove and
visualize the outcomes resulting from all the measured and
processed data. Matlab program was chosen as a medium for
this design. Software were in the form of the Graphical User
Interface for the possible user-friendly design of depicted data.

3. Results of the study

There are the main diagrams and figures depicting the results of
the questionnaire, flight plans analysis and immense
frequencies monitoring.

3.1. Outcomes of the survey and flight plans analysis

You can see the subjective opinions to some of the questions
included in the survey in the figures 1 and 2. The questions were
based mainly on the human factor and on the pilots’ opinion and
experiences concerning current usage of call signs.

Complexity of call signs

Usually
6,5%

Almost never
8,5%

Figure 1: Experience with the high complex call signs used in air traffic
(Source: Authors).

Memory device usage

Figure 2: Usage of memory devices by pilots (Source: Authors).

3.2. Outcomes of the frequencies monitoring

The figure 3 describes the total measured time interval and
figure 4 shows the time interval occupied by pronunciation and
transmitting the call sign itself.

| Total time of transmission

502

32
y X - "
N 0, 36825

23,2125

Time (s)

115 - 109

Airport category (number of movements per a year)

"< 50000 =< 300 000 =< 500 000 =< 700 000 == 700 000

Figure 3: The total time of the whole one-way communication (Source:
Authors).
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Time of call sign transmission

Time (s)

w '
’ B o
o n——
052

Alrport category (number of movements per a year)
%< 50 000 * < 300000 =< 500 000 =< 700 000 = > 700 000

Figure 4: Time needed for call sign transmission (Source: Authors).

There is a time interval and the percentage out of all used call
signs described in the Table 1. Time intervals are in seconds and
rations in % out of all the measurements taken place in the
monitoring. The forms of identifications depend mainly on the
airline itself and the origin of the given company.

The acronym OP is the typical call sign mark of a given company,
etc. Speedbird, Lufthansa, Ryanair, Cactus...

Table 1: Average time interval of call sign and the ratio of its usage in
traffic (Source: Authors).

Ratio of the Ratio of the
Airport OP+3 formoutof | OP+3 | form outof Other
catepo symbols  all types of | symbols | all types of | combinations
gory (s) call signs (s) call signs (%)
(%) (%
>700000 | 0,954 46 1,017 51 3
<700000 | 0,940 ki 0,935 68 1
<500000 | 0,948 76 0,947 15 9
<300000 | 0912 47 1,097 45 8
< 50 000 1,115 24 1,140 72 4

3.3. Redundancy in the current usage

Redundancy in the number of combinations possibly formed out
of the currently used forms of call signs is shown in the Table 2.
The amount of possibly covered traffic volume is often more
than 10 000 times larger compared to the expected daily
amount of traffic for a given category of airport. The calculated
values using the designed software are the minimal values.
There is an immense redundancy in usage of the current forms
of call signs.

Table 2: Redundancy in the currently used forms of call signs

Airport category
< 700 000 | < 500 000 | < 60 0000
Form of call Number of
R L Redundancy to the total daily traffic
sign combinations
3 letters +
1,71 %107 10 410 x 15615 x 124 909 x
2 numbers
2 letters +
6,76 x 10° 4115x 6173 x 49379 x
3 numbers
1 letter +
1,30 x 107 791 x 1187 x 9 496 x
4 numbers
1 letter +
1,04 x 10° 63 x 95 x 760 x
3 numbers

3.4. Reduction of the occupation and redundancy

Delta "t" shown in the Table 3, describes the difference in the
time interval needed for transmitting the original form of call
sign and the reduced form of call sign. The values are given in a
relationship to the specific chosen airport category and in the
form corresponding to the different time periods.

Table 3: Reduction in the occupation of the radio frequencies (Source:
Authors).

Airport category

< 700 000 | < 500 000 < 50 0000
Original form | Reduced form Delta "t" for a day / month f year (h)

3 letters + 1 letter +

26/796/955|18/558/670| 03/81/97
2 numbers 2 numbers
2 lefters + 2 letters +

13/400/479| 09/28/336 0,1/4/48
2 numbers 1 number '

There is a redundancy shown in the Table 4, specifically the
redundancy by using the reduced number of symbols forming
the call sign in a relation to the different category of an airport.
Value is corresponding to the possible amount of traffic covered
by the designed reduced forms. This value is in the form of
multiple of the today’s traffic volume.

Table 4: Redundancy in case of the reduced call signs usage (Source:
Authors).

Airport category
< 700 000 < 500 000 | < 50 0000
Original form | Reduced form Covered amount of traffic

1 letter +

7 800 48x 7.1% 57.0x
2 numbers
2 letters +

20280 12,3 x 18,5 x 1481 x
1 number

4. Discussion

The detailed analysis of the effectiveness of call signs usage all
around the world resulted in the findings of extremely high
redundancy in amount of possibly covered traffic volume using
the current forms of call signs. This condition is caused by high
number of symbols forming the call signs.

The data obtained by monitoring of the frequencies proves that
the call signs occupy a significant amount of time as a vital part
of the whole communication between air traffic control and the
pilots. This time could be easily reduced and still cover the
required volume of traffic with a safety buffer.

There is a real and effective way how to reduce the number of
symbols forming the call sign in advance via Integrated Initial
Flight Plan Processing System (IFPS) and Network Manager
Operations Centre (NMOC) systems in Europe. It is the software
issue of implementing the real time examination during the
flight plan submission. The impact on the safety must be
examined in more details.

There is no known paper or study dealing with the capacity of
an airspace, safety, occupancy and effectiveness in terms of
communication connected as directly to the call signs as this one
is.

5. Conclusion

The impact of reduction in the number of symbols forming the
call signs would be the reduced occupation of the radio
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frequencies, simpler establishment of radio contact, lower
mental pressure and stress on pilots or ATC personnel and even
potentially decreased financial expenditure, all that within the
maintained safety standards. The overall result is the higher
effectiveness of call signs usage in air transport.
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The issue of security processes in the transport of air mail consists, above all, of the consignor's ignorance of prohibited articles in air mail. Shipments
received for national postal traffic have different criteria as to what may be their content. Much stricter rules apply to air transport. Postal operators
have not yet taken any measures to cover the different rules for ensuring the safety of consignments that are carried by air. By comparing the process
of receiving shipments to air traffic between postal operators, shippers, and cargo agents, we were able to propose measures to accommodate
differences in mail acceptance. Suggestion of measures to the issue should eliminate the risk of inserting prohibited and dan gerous items into the

consignment.

Keywords

Security, air mail, e-commerce, dangerous goods, batteries, Czech Post

1. Introduction

Post offices are nowadays increasingly engaged in deliveries of
diverse shipments. This also increases the risk. Aircraft fire due
to battery burst inside package and other incidents can have
fatal consequences. Customers do not know what they are
allowed to send by post. They usually don't even realize that
sending some items may endanger the post office workers,
global logistics network or wide public.

The inspiration for the design of new measures is the activities
of express couriers and cargo handling agents in the shipment
process. Procedure of how they accept a shipment and
requirements placed on a sender and foremost deciding about
responsibility for deviations from the facts.

2. The process of transporting air mail to postal
operators

Air Mail represents the transport of mail by air between the
individual postal operators. In the past, air mail was transported
via balloons, airships or pigeons. The transport of mail by air
follows the aviation from the takeoff of the first aircraft. It can
be said that the air mail commenced the development of
commercial aviation since it was the first paid shipment in this.
The activities of the first airlines were based on mail transport.
Over time and the technological advancements, mail transport
yielded to the transport of people and goods. However, it still
remains the integral part of aviation transport and ensures
international postal traffic.

Common rules for international postal services are set by the
Universal Postal Union (UPU) in the document called the
Universal Postal Conventions and Regulations, of which it is part
of the Parcel post Regulations and the Letter Post Regulations.

Commercially, the transport of air mail is provided on the basis
of agreements between air carriers and postal administrations.
They are concluded while maintaining the rules laid down

between air carriers and UPU, in particular between air carriers
and relevant air carrier postal administrations of the countries
concerned. These agreements on one side bind the carrier to
ensure agreed transport capacities to designated destinationsin
the available destinations at the specified time and date. On the
other hand allow you to get the appropriate postal the message
has chosen the carrier that has the most advantageous lines for
it, the best price is associated with the highest reliability of its
operation or has sufficient capacity. All procedures related to
takeover, own transportation and delivery of mail are fully
regulated. They also include the assurances taken by the carrier
and prices of the agreed tariffs for the transport of individual
types of consignments. (Prusa et al., 2015)

The transfer of mail from origin to destination is subject to a
number of regulatory requirements. They mainly affect the
operators handling the shipment. Shipments vary in their
physical properties and values. They can come from different
parts of the world and go almost anywhere. The shipment is
during of the shipment chain handled by many subjects, from
postal operators through agents, ground handlers or carriers. All
these entities who are involved in these often complex
movements, are responsible for ensuring that the shipment did
not endanger the aircraft or passengers. Shipping chain mail
progresses by the following steps.

4. Receive mail from sender. By submitting the shipment, the
sender confirms the item it contains isn’t dangerous or
forbidden. If the shipment is outside the area of European
Union, it must be accompanied by a customs declaration.

5. Post office processing, collection and sorting.

6. Handing over the air mail to the aircraft operators or
possibly to use check-in company for an airmail. Pre-loading
screening security checkers. Sorting on individual flights.
Handing over to the ground handling for loading on the
aircraft.
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7. Afterthe mail has been transported to the importing airport,
the post is handed over to the competent airport post office.
In the case of consignments from third countries, it is
controlled by import customs office, which examines items
of incoming mail on a customs basis declaration, determines
their admissibility and, where necessary, fixes the duties.

8. Operative processing of postal items and subsequent
delivery to the end recipients.

The movement of international mail includes 3 sections of
information exchange. The first is between the post itself,
between post offices and aircraft operators, and between post
offices and customs.

3. Security process

Aviation security processes generally include multi-stage
control, which takes place before and after the transport
process itself. As they prove details of attempts to conceal
improvised explosive devices or incendiary shipment means,
security measures are necessary.

The issue of security processes in the transport of air mail lies
above all, in the ignorance of what the customer can send by the
mail. As the main problem of postal services has been shown by
lithium batteries that occur in ubiquitous consumer electronics
such as mobiles, notebooks, electronic cigarettes. These items
are shipped between users across the boundaries of individual
countries, mainly due to increasing e-commerce. In the last
decades, the volume of international packages shipped has
more than tripled, this growth is shown in figure 1, created from
the UPU statistical data. The development of e-commerce brings
increased interest in logistic services. Thus creating new
opportunities and threats for postal organizations.

International parcel - dispatch

200

150

Miliones

100

50

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Years

Figure 1: Development of International parcel — dispatch (Pls.upu.int,
2019)

Nine times a day, the Czech Post will bring a postal truck closures
to Skyport. Here, all the sealed postal closures are inspected via
X-ray. A shipment that passes the security check is placed at the
prescribed position by flight trips to a dedicated security area. If
the shipment doesn’t pass the security control, it is removed
from transport and returned to the Ceska posta by the shortest
route. Around 100 consignments are returned per month.
During the Christmas period, their number can be doubled.

As a rule, the Skyport is screening for the postal items such as
sprays, camping burners, lighters, sparklers and batteries. These
items are well recognizable on X-ray equipment. Bottles are also
problematic with liquids, or other containers with a chemical

substance. Their content on the X-ray image is very difficult to
identify.

4. Comparison of processes of postal operators,
shippers and cargo agents

The process of arranging the transport of air mail between
postal operators, Shippers and cargo agents differs mainly in the
process of receiving the shipment. After receiving by individual
operators, all shipments are screened by X-ray equipment and
placed in a warehouse where it is controlled access.

4.1. Receiving shipments

Submitting a shipment at the Cesk4 posta counter is a trivial
matter. It lies in filling in information such as the name and
address of the sender and the recipient in the filing ticket. Ceska
posta does not inform the customer about the illegality of some
items, and what may be the consequences and the risks that
may arise.

In the case of forwarders and cargo agents, the sender must
complete the Air Waybill form, where, among other things, it
confirms the safety of the consignment for which he is liable and
may be penalized in case of incorrect declaration. Through the
information graphics on the premises of the operator's mail
room, the sender is informed about articles which may not be
subject of a consignment or may be carried only under specific
conditions. In the consignment note the sender fills in except
personal data, in particular detailed information on the goods
being transported.

Shipping companies often accept unpackaged items for shipping
respectively stored in an unopened container. The operator
receiving the shipments checks content. This situation is not
feasible for Ceskd posta because of the shipment subject to
letter and postal secrecy.

A postal shipment sent for air transport from postal operators
services is not accompanied by any declaration of its security.
First and only security check is carried out at the airport before
being handed over for loading on the aircraft. This check is
provided by Skyport through X-ray equipment.

4.2. Security check

The aim of security control is to prevent weapons, explosives
and other dangerous equipment, articles or substances to be
used to commit any offense. All the mail must be screened
before being loaded into an aircraft and from The moment of
this security check up to the loading on the plane must be
protected from unauthorized interference. (Aviation Security
International Magazine, 2019)

Special methods must be used during the screening of mail to
ensure that no prohibited items are hidden in the shipment. If
the worker who is checking cannot be sure that there are no
prohibited items in the shipment, the shipment is refused to be
transported, or subjected to further screening which excludes
prohibited items from the shipment. (Aviation Security
International Magazine, 2019)

Security controls use detection methods under specified
conditions individually or in combination, as a major or
secondary means control. It is possible to label a safe condition
of a shipment as multi-level decision-making process. If the first

26



Nové trendy v civilnom letectve 2019

check does not decide on the safety of the shipment continue
with the next method until the shipment is released for
shipment as safe or is excluded from transport. The most
widespread detection method is X-ray inspection, other
methods are usually used as additional control.

The first check, which already takes place at the reception of the
postal closures, is checking by sight. A worker who takes over
from the Czech Post in the center Skyport, visually inspects
individual caps. In particular, it focuses on the obvious damage,
such as whether the postal closure is not broken shipment, or
whether the seal of the cap is impaired. Visual inspection should
prevent forwarding to the process of shipments that is leaking,
or theirs packaging is insufficient for transport. If something like
this happenes, the shipment should be immediately removed
from transport.

Any openings on the shipment are inadmissible for cargo
shipments. If shipment has such openings, for example for
reasons of better handling, it has to be sealed after a safe
control in order to avoid the risk of insertion of items. For mail
no more attention is paid to the holes in the package, as shown
in Figure 2.

Figure 2: Post after security check (Source: Authors).

Checking the content of the shipment is provided by RTG
technology. The advantage of this method detection is its speed
and efficiency in detecting hidden dangerous objects in mail and
cargo. Detection of dangerous object by X-ray consists of two
components. The first is the X-ray device itself, whose activity it
is to detect the internal content of the object being scanned. The
second component is then the operator who controls the device
and evaluates image output.

The X-ray machine generates an image of the object by radiating
X-rays that pass through and reflect off the object. These beams
are then detected by a number of sensors and an image is
created. For dense materials, radiated X-rays may not pass, then
the X-ray equipment does not provide an image of sufficient
quality. (Aviation Security International Magazine, 2019)

In order for a shipment to be shipped through shippers and
cargo agents security control, its content must be identical to
the information on the Air Waybill. The X-rayer checks that the
shipment contains only those items that are listed on the
attached AWB. If the X-ray operator finds that the shipment
contains items that are not declared on the AWB, the shipment
is placed in the vault and the sender who did not declare an item
on the shipment is immediately contacted either withdraw or
submit a new AWB.

Postal closures are controlled so that they can be excluded any
hidden dangerous objects, or bait explosive system. In one
postage closure is a variety of shipments. The number may vary
depending on dimensions or their weights. The problem with

post-X-raying is that all packages are x-rayed at once. It may
cause more difficult to illuminate deeper and overlapping
shipments. Next problem occurs when the package contains
items that are limited in air transportation quantity and under
certain conditions can be transported. If there is such a package
properly labeled, and has a proper declaration, if stored the
parcel post cannot be seen by the X-ray operator. In such
circumstances, the mail closure is opened.

If shipments are difficult to illuminate with X-ray equipment, or
if any because it is not possible to x-ray them, either the physical
check or the check is proceeding trace detection of explosives.
Additional control should exclude presence improvised
explosive devices, possibly banned substances.

Physical check is done by opening the shipment and physically
palpating it content. As a rule, the X-ray examines a specific
location in a shipment that appears suspicious in the image. In
order to open the shipment and to perform a physical load
check, the presence of the sender is required. Mailings they are
not subject to physical control. Opening a shipment would
violate the letter post secret. Manual inspection of mail items
may only be performed under supervision customs and customs
only for import consignments that are subject only customs
inspection.

ETD equipment is used to control explosive trace detection.
These devices it is probably the most popular security
technology organizations and shippers. It allows detection of
trace amounts of explosives by means of an air mail smear. The
collected samples are analyzed by ETD on traces of particles or
vapor through which explosives can contaminate the surface or
content shipment. The device can detect common military and
homemade explosives including TNT or RDX, as well as a number
of illegal narcotic and regulated drugs substances, including
morphine, cocaine or heroin. lon Mobility Spectrometry, called
IMS, without radioactive source. The advantage of this method
is that the shipment does not need to be opened.

Security check for mail at Skyport is only done by X-ray
equipment. Any suspicious shipments containing items that are
on the X-ray are visible and marked as hazardous, are excluded
from transport. Concerns especially items like sprays, paints,
sparklers, camping burners, batteries, lighters, etc. The essence
of X-ray control is mainly the detection of dangerous ones
articles and improvised explosive devices. Some sub-substances
are X-ray undetectable by control. This includes, for example,
cans, barrels, and liquid bottles, optionally any container with a
chemical substance. It is allowed to send liquids to 100 ml of
what is contained in them cannot be recognized from the X-ray
picture. For these shipments is the shipper's declaration of the
subject of the shipment is necessary. The declaration serves as
form a declaration that the item or substance being transported
is not dangerous.

5. Proposal of measures

ENES Cargo, Skyport and the Ceska posta Security Department
are independent they agreed on the inevitability of postal
education. It is necessary that Ceska posta deals with it the
contents of the shipment with the customer. With regard to
postal and letter secrets that It imposes the obligation to
conceal all information concerning the shipment, it is necessary
that the mail focused on prevention and possible consequences.
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Proposal for measures to reduce the risks of dangerous and
prohibited traffic items in the international post should
eliminate the sender's lack of information about dangerous and
unauthorized content of the shipment. New action in the
adoption process consignments consist of 2 elements. The first
is the information graphics at the post office. The second is the
shipment content declaration.

Graphics with illustrations of what an international mail may not
contain could to look similar in Figure 3 ask the sender to view
the graphic and briefly highlight the possible consequences. The
current consequences of sending unsafe items are discarding
the shipment from air transport and redirecting it to a non-
priority route such as maritime transport. In the case of banned
substances such as drugs and narcotics, there is to seize the
content by the customs of the country of destination.

Odesilatel je zodpovédny za kontrolu, zda odesilané predméty
jsou v po$té zakazané nebo omezené.

Nasledujici pfedméty jsou v posté jednoznaéné zakazané:

Y

Vsechny typy baterii,

véetné lithiovych baterii Zapalky

Zabavni pyrotechnika,|

Spreje a tlakové nadoby prekavky

[]
| ’] Zapalovace a naplné *

Vsechny druhy drog
a narkotik

Dékujeme, Ze odesilate s nami.

Figure 3: Information graphics at the post office (Source: Authors).

Currently, the sender concludes a postal service contract by
submitting the shipment and thereby declares that the
shipment contains nothing dangerous. This is done only by
handing over shipment to the post office worker. The sender
does not submit any written confirmation. The appropriate
measure is to locate the declaration of the contents of the
shipment as part of the delivery slip. A declaration pattern is
shown in Figure 4.

Timto prohlasuji, Ze obsahem zasilky nejsou zakazané nebo
nebezpeéné pfedméty stanovené v prepravnich podminkach
Ceskeé posty. Jsem si védom/4, ze porusenim téchto podminek
ohrozuji bezpeénost, zdravi a majetek dalSich 0sob. nedodrzeni techto

podminek miZe byt v rozporu s pravnimi sankcemi.)

Jméno pfijmeni, podpis

Zakazane predmety jsou: Zivi obratlovci, tlakové nadoby, stlacené nebo zkapalnéné plyny a plyny v
roztocich, zabavni pyrotechnika, prskavky, sirky, zapalovaée, omamné a psychotropni latky, baterie,
vybusniny, radioaktivni latky, jedy a Ziraviny, biologické latky, aj.

Figure 4: Declaration on the post receipt (Source: Authors).

The combination of the info graphic and the written declaration
on the post receipt should to ensure that the sender is informed
of unauthorized items of the shipment. Stricter the measure
would be sanctioning the sender for violation of transport
conditions.

Security control measures that can be reduced the probability
of storing dangerous objects, prohibited substances or explosive
systems in shipments on board aircraft is recovery modern
screening methods. These methods include EDS (Explosive
Detection System) or, for example, explosion detection dogs.

EDS is a method very similar to X-ray detection. The difference
is that the EDS system performs shipment control automatically
and makes decisions based on software algorithms. Operator
decisions are needed only when the system is unable to
recognize the contents of a shipment or suspect a dangerous
object. EDS devices are composite systems consisting of a device
that examines physical properties object components and
software components that process images and data to make it
possible determine whether objects contain explosive
substances. EDS device uses computer tomography and are
designed to automatically determine weight and density object.
The rotating X-ray source is used to capture hundreds of images
from that object at many different angles. The specialized
software then assembles the images to provide visual
representation of objects. Explosives have a unique density
range. Properties the object is compared and an alarm is issued
when a match is found. The device operator is required to check
the validity of the alarm by digital control images. (Aviation
Security International Magazine, 2019)

Canines are used as a complementary method, as well as trace
detectors (ETDs). The use of ETDs for mail is unsatisfactory,
because individual packages are stored in mail closures. ETD also
it cannot be applied across the board and it is necessary to make
a smear of each package. It is for this purpose effective to use
specially trained dogs. The ability to detect a dog is created by
the handler and the dog who work together as a team. To
achieve dog efficiency, dogs must be trained in the appropriate
searching for discipline and in situations and environments that
replicate specific operations screenplay. Training is carried out
regularly and is renewed every year. The dog is able to search
for any smell that will be imprinted on his smell memoirs.
Detection dogs can also be trained to detect firearms as well as
to a wide variety of other contraband, such as narcotics. Exercise
dogs have their own representation mainly in customs, police,
military and prison services. (Cpni.gov.uk, 2019)

6. Conclusion

The number of shipments that do not pass the airport security
check shows insufficient measures to receive mail. The
mailroom is basically the only place that the customer
encounters when purchasing a shipment. Just here the sender's
ignorance of prohibited items can be ruled out in shipments.
Just here, what the customer is sending can be affected.
Through information graphics and Confirmation of shipment
safety should exclude ignorance sender about prohibited items
in shipments Therefore, Czech Post should take measures
analogous to the proposals above.

Modern detection methods show that there are many at
present ways to reliably detect hazardous substances. However,
no technology can ensure 100% certainty. It is therefore
necessary to use a combination of these for detection. For
elimination hazardous substances in the post would be an
appropriate combination of the existing X-ray control detection
using specially trained dogs. Their indisputable advantage is
surface utilization to check all shipments at one time.
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This article describes general knowledge needed for establishing of handling company, mainly describing important requirements of the whole process
set by Czech Civil Aviation Authority (CAA). It summarizes all important information and guidelines to obtain an idea how to apply and smoothly go
through the process of approval for providing handling services at certain airports in the Czech Republic. Furthermore, it provides basic insight to
already approved handling service provider — Air Bohemia a.s. The article lays down initial steps to be made, before applying for providing handling
services, such as: company financial stability analysis, financial analysis of fuelling services in the future and measures to be taken in order to have the
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handling services by this company won't be profitable immediately after its introduction, therefore proposed corrective me asures must be taken in the

future.
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1. Introduction and Current Situation

The process of establishing of a handling company has not yet
been described in Czech Republic. In order to make the whole
process clearer and more understandable, it is essential to have
exact information about the form of documents which are
required to be approved by CAA in order to become a handling
service provider. In the recent decades the upward trend of
using private aero-taxi commercial aviation requires more
smaller regional airports to be involved in this kind of
commercial transport. In order to have the infrastructure
complex and reachable, regional airports are indirectly forced to
provide handling services to the aircraft, thus opening the
opportunity to have a profit from handling services.

All the information described throughout this article needed has
been gained throughout a process of establishing an actual
handling company. Therefore, this article uses real data which
were used in the process of approving the handling services by
Czech aero-taxi company Air Bohemia a.s. with its base at
Mnichovo Hradisté airport LKMH. Air Bohemia a.s. is a small
regional aero-taxi company with fleet consisting of one
commercial jet — Cessna Citation Excel C560XL and five turbo-
prop Piper Cheyenne. The company has temporary bases all
over Europe where medical flights are also the scope of
operation.

Comprehensive information in this exact provides credible
insight into a successful process of approving a handling
company and could serve as a help for other potential applicants
allowing the real-world use. As a practical insight to financial
analysis, chosen methods of financial analysis, done for the Air
Bohemia a.s. to assure overall stability for providing handling
services, will be introduced later on. The main idea, which is in

detail described in authors master thesis, is to reveal all possible
issues during the approval process as well as financial aspects of
the business and to provide a guideline for smooth application
for providing handling services in the Czech Republic.

2. Background

The need for establishing and approval of handling services by
Air Bohemia company lead to creating a compact material in a
form of Master Thesis and its attachments “The Requirements
for Establishing a Handling Company”.

The core of theoretical background for the knowledge needed
to become a successful applicant is in the legislation set by the
Czech Ministry of Transportation. Furthermore, in aspects of air
transport according to ICAO laws established at 1947, every
member state must have its own national aviation authority
(NAA) or civil aviation authority, being a statutory authority in
each country which oversees the approval and regulation of civil
aviation. It is necessary to mention, that general knowledge is
almost nowhere to reach, thus co-working with employees of
Czech CAA was a real help and enhancement to this topic. (Bina,
2014)

Specific requirements for establishing a handling companyis laid
down in Law No 49/1997 Coll., Head Il Air services, part 5
“Handling services on public airport”. Other regulations come
from IATA agreements, which may be fulfilled if required by the
customers of handling service providers. (Bina, 2014)

3. Handling company

Important part before applying for approval for providing
handling services is the knowledge of what the handling
company does and how the procedures are organized in time.
Each airline has its own material called ground operations
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manual (GOM) having a form described by IATA (GOM) for the
handling companies, which covers all information about
standard as well as specific airline requirements. (Ashford, 2013)

A stopover of Boeing 737 at Spanish island Tenerife was used for
a real-world demonstration of handling services provided by
handling companies. The documentation in form of pictures
taken by the author has been prepared together with different
time schedules analysis of all handling services provided by a
handling company. Main differences between 45 minute and 75
minutes schedules are the length of cabin servicing, pre-
departure duties done by cabin crew, longer offloading and
onloading of luggage in case of 75 minutes roster.

3.1. Approval for Providing of Handling Services

The establishing of a handling company is complex process and
has its own specifics and requires a lot of documentation to
prove that applying company has technical and financial
capability to do so. As mentioned above, the requirements come
from the Czech legislation, which also covers providing of
handling services. The authority which controls and approves
the subject for providing such services is CAA, more specifically
the department of air operators. There are three different
applications:

e Application “A” is used for handling the aircraft on
movement area of the airport — passenger, cargo and mail
handling,

e application “B” is for providing fueling services on the
airport and

e application “C” is for services connected with catering
providing.

The applicant is first required to contact Czech CAA and then
deliver back the application given by CAA. The application
contains several forms to be filled, documents and attachments.
The goal for Air Bohemia company was approval of application
“B”, but demonstration of correct approval process is sufficient
for all types of applications concerning aircraft handling. The
differences are described throughout the thesis.

The requirements for providing fuelling services are as follows:
verified copy of the applicant’s legal entity, extract from
commercial register, criminal record form, verified diploma,
verification of applicants work experience in aviation, insurance
for providing handling services, verified or original contract with
airport operator, list of all facilities and machines used for
planned services together with ownership rights, financial
capability, employee qualifications and health status, financial
stats — revenues and payments and other if needed. All of these
in detailed description and forms that are acceptable to be
found in author’s Master Thesis.

The used method for gaining these documents and stats
required cooperation with many different institutions and
colleagues. Very important part is the insurance for these
handling service activities, which required exact definition how
the services will be executed. Furthermore, by who and with use
of which machines and so on. This part must be accomplished
only with help of qualified insurance agent who specializes on
commercial air transport services insuring.

4. Financial Analysis of Air Bohemia Company

To ensure that Air Bohemia company is capable to provide
handling services financially, it is vital to have an idea about
company’s financial balance and stability. It’s important not only
for the company itself, but also for the Czech CAA to know, if the
company is financially stable and in case of some damage to
third party or to the aircraft which is handled, generally to
compensate damage caused by the company.

For this reason, the financial analysis has been conducted by the
author. The methods used were horizontal analysis of assets and
liabilities. Furthermore, the liquidity ratio together with debt
ratio revealed overall financial balance of Air Bohemia company
and possible issues connected with handling service providing.
(KNAPKOVA, PAVELKOVA and STEKER, 2013), (Businessinfo.cz,
2019)

4.1. Horizontal Financial Analysis

The source of data for horizontal analysis for both assets and
liabilities comes from financial closing balance of Air Bohemia
company since the year 2012. All data has been processed and
used for revealing the trend set by the company in recent years
and potential issues. (KNAPKOVA, PAVELKOVA and STEKER,
2013), (Businessinfo.cz, 2019)

As for the absolute values of liabilities, Figure 1 shows main
parts of company liabilities and its trend from the years 2012 till
2017.
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Figure 1: Absolute liabilities of Air Bohemia company (Source: Authors).

The figure shows steady upward tendency for almost every
component. The main issue that can be seen is that in the middle
of analysis period the other resources reach smaller amount
than total liabilities. That means correct trend for the company
as it becomes more independent on other sources of liabilities.

Two methods have been used for horizontal analysis of
liabilities, first one uses absolute changes (see Table 1) and
second one uses relative (percentage) changes (see Table 2).
These changes have reference in the preceding year value.
(KNAPKOVA, PAVELKOVA and STEKER, 2013)

Table 1: Absolute horizontal analysis of liabilities (Source: Authors).
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Absolute changes [thousands of CZK]

Table 4: Relative horizontal analysis of assets (Source: Authors).

Table 2: Relative horizontal analysis of liabilities (Source: Authors).
Relative changes (%]

LIS 2012 2013 2014 2015 2016 2017
3 Liabilities 62233%| 64,8%| 12,1% -2,0%| 12,0% 47,9%
Equity 609,6%| -49,5%| -43,1%| -136,5%| 324,4%| 259,4%)
Other sources 2272,0%  44,0% 56%  -52%  82%| 28,6%
Accurals N/A| -72,3%| 6333%| -73,6% -96,9%| 301,5%|

Horizontal analysis of total liabilities reveals only one and minor
downward tendency of 2% in year 2015. As for the equity,
constant growth has been observed over the years, the most
noticeable in 2017 with value over 1300 thousand CZK. Other
resources are being suppressed by the equity. Generally,
analysis of liabilities shows positive progress and stability of the
company.

Overall trend for company assets can be seen from Figure 2.
Alike for liabilities, the total assets of company consist mainly of
current assets and small amount is contributed by fixed assets.
It can be assumed that property of company is in large scale
made by other resources and current assets, but overall trend is
stable.
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Figure 2: Absolute assets of Air Bohemia company (Source: Authors).
Same methods of analysis have been used for assets analysis.
Horizontal analysis represented by the Tables 3 and 4, shows

trend for company assets and its components.

Table 3: Absolute horizontal analysis of assets (Source: Authors).

Absolute changes [thousands of CZK]
ASSETS
2012 2013 2014 2015 2016 2017
2 Assets 4543 2990 918 -167 1003 4486
Fixed assets 1813 -177 -206 -526 -144 821
Current assets 2470 3170 1104 367 778 3132
Accurals 260 -3 20 -8 369 533

LR 2012 2013 2014' 2015 2016 2017 ess Relative changes [%)]
3 Liabilities 4543 2990 918 -167 1003 4 486 2012 2013 2014 2015 2016 2017
Equity -1012 580 255 460 399 1354 > Assets 6223,3% 64,8% 12,1% -2,0%| 12,0%) 47,9%
Other sources 5430 2 496 454 -449 666, 2529 Fixed assets N/A -9,8%| -12,6%| -36,8%| -15,9%| 51,9%
Accurals 119 -86 209 -178 -62 603 Current assets 3383,6%| 124,7% 19,3% 5,4%) 10,8%| 39,3%
Accurals N/A| -1,2% 7.8%  -2,9%| 137,2% 835%

Trend shows stable upward tendency in each year, except for
the year 2015, where decrease by 167 thousand CZK can be
seen, which is just 2% less compared with preceding year.

4.2. Debt Ratio

The company is considered trustworthy as long as it has its own
property in form of current or fixed assets. If you compare it with
payables you get the debt ratio. Analysis of Air Bohemia debt
ratio can be seen from Table 5 and its trend from Figure 3. Trend
shows positive tendency. (KNAPKOVA, PAVELKOVA and STEKER,
2013)

Table 5: Debt ratio (Source: Authors).

Debt ratio 2012 2013 2014 2015 2016 2017
Copmany property 4 356 73439 8247 8088 8722 12675
Payables 5669 8165 8619 8170 8836/ 11365
Difference -1313 -816 -372 -82 -114 1310
15000
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Figure 3: Trend of debt ratio (Source: Authors).

4.3. Liquidity Ratio Analysis

This ratio represents the ability of a company to pay its
commitments in time. This analysis is very important for lenders
and creditors, who want to get an idea of the financial situation
of a company and it may or may not enhance trustworthiness of
a company depending on analysis results.

In case of Air Bohemia company there have been chosen two
types of liquidity (current CR and quick QR) ratios and both show
positive results. The main difference is that current liquidity
contains inventories, therefore raising company’s property. QR
does not contain that and better represents the actual ability of
the company to pay its commitments instantly. As seen from
Table 6, values of both CR and QR are in majority above 1, which
means that the company may be trustworthy in the aspect
mentioned above.

The values of CR and QR have been calculated using equations
(1) and (2). (KNAPKOVA, PAVELKOVA and STEKER, 2013)
(Businessinfo.cz, 2019)

current assets ( 1)

Current liquidity = —————
short term payables
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(current assets—inventories)

(2)

Quick liquidity =

short term payables

Table 6: Current and quick liquidity ratios (Source: Authors).

‘LIQUIDITY RATIO 2012 2013 2014[ 2015 2016 2017
Current liquidity 0,98 1,13 1,42 1,33 1,02 1,20
Quick liquidity 0,89 1,09 1,36 1,30 0,96 1,18

5. Financial Analysis of Handling Services

For Air Bohemia purposes, the financial analysis of fuel providing
has been carried out, in order to reveal possible issues and
propose corrective measures to make the business profitable in
the future.

According to planned amount of two fuel types provided to
customers (1 000 liters of AVGAS and 3 000 liters of JET-A1), the
fuel providing won’t be profitable. The analysis revealed, that
for a month balance, there will be a loss of nearly 38 000 CZK
(monthly cost of fuel providing at amount of 47 850 CZK, fuel
buying excluded, insurance, employee wages and other
included). Furthermore, the analysis counts with following
margins for fuel buying/selling as can be seen in the table 7.

Table 7: Financial balance of fuel providing

Fuel cost Selling Buying Margin
[CZK/Itr]
AVGAS 100 42,35 36,30 6,05
JET A-1 24,20 18,88 5,32

It is clear, that to make the fuel providing profitable, two
possible scenarios are optional. The financial balance has been
calculated using equation (3), where two variables can be
changed to get more optimistic values.

Balance[CZK]

= (liters of sold JETA1 » margin on JET A1)
+ (liters of sold AVGAS * margin AVGAS)

— (monthly costs of fuel providing)

First one, but more difficult to influence, is the increase of the
amount of sold fuel. From equation (3), if we put in balance the
cost of fuel providing (47 850 CZK/month) and the profit from
fuel providing, we get minimum amount of fuel, that has to be
sold to have zero profits and no loss. While maintaining margins
and amount ratio of both sold types of fuel, we get result of 6
540 liters of JET Al and 2 158 liters of AVGAS a month to be sold.

Since the first scenario depends more on current situation and
is influenced by many factors, the second scenario has an instant
effect while being more efficient. When we maintain the
amount of fuel sold, ratio of margins for both fuel types, and
change their margins, we can get better financial balance. The
results showed, that when we double the margins, we get
neutral balance — no profit, no loss. Exact numbers are: for the
JET A1 12,33 CZK/liter (instead of 5,32) and for AVGAS 10,85
CzK/liter (instead of 6,05).

6. Discussion and Purpose of the Article

Based on the above-mentioned facts of the whole process of
establishing handling company and its financial analysis,
potential future applicants may have easy reachable
information which together with the thesis could help in such a
process and topic orientation.

The process of establishing a handling company may last for a
year or even longer, in which all required documents have to be
collected and approved by Czech Aviation Authority. Important
facts which are vital for approval are forms of documents, their
content and guidelines how to apply and where to deliver
finished application for providing handling services. Going
through this process reveals possible issues while discovering
possibilities of approval for different legal entities. As the
application has been successfully approved, the information
placed in the authors thesis and this article provides relevant
information which can be used in the future by other potential
applicants. Knowledge gained is presented in straight forward
way, to acquaint the readers with broader topic, which include
the process of aircraft ground handling, company structure,
approval process of handling services and financial analysis of
the company.

7. Conclusion

This paper presents the overview and analysis that investigated
the process of approving handling company for handling
services at certain airport in the Czech Republic. Firstly, it gives
an idea of legal background of handling services. Next part
summarizes aircraft ground handling process and its purpose.
The most important part offers an overview of different
requirements, which are enforced by Czech Aviation Authority,
for handling company depending on the scope of intended kinds
of handling services.

As the financial stability and trustworthiness are crucial aspects
for prosperous business, the financial analysis has been made.
Analysis of past several years showed, that the analyzed
company has stable progress and therefore will most likely be
able to run this business in the form of fuel providing. On the
other hand, analysis for the fueling services has revealed issues
that could harm company financial balance. The balance has
been in the loss of nearly 38 000 CZK per month of service. This
means, that corrective measures will have to be implemented
to make the business profitable. As mentioned above, the most
straight forward and effective will be to double margins for both
AVGAS and JET-A1 types of fuel. If this measure will be done
while maintaining predicted sold quantity, the balance of fuel
providing will be neutral. For the future, the second corrective
measure may be helpful too. It is about attracting more
customers to stop at the airport for the refueling, thus the
quantity of sold fuel will be growing and raising the profits.

References

Ashford, N. 2013. Airport operations. 3rd ed. New York:
McGraw-Hill Companies, Inc.

Bina, L. 2014. Provozovani letecké dopravy a logistika. Brno:
Akademické nakladatelstvi CERM.

Kndpkova, A., Pavelkovi, D., Steker, K. 2013. Finanéni analyza.
2nd ed. Praha: Grada Publishing, a.s.

Businessinfo.cz 2019. Techniky a metody financni analyzy |

Businessinfo.cz. Available at:
https://www.businessinfo.cz/cs/clanky/techniky-a-
metody-financni-analyzy-3384.html  [Accessed 18

May. 2019].

33



Nové trendy v civilnom letectve 2019

Reference manual on the ICAO Statistics Programme: Doc 9060.
2013. 5th ed. Montréal: International Civil Aviation
Organisation.

Towards Data Science. 2019. Understanding Boxplots. [online]
Available at:
https://towardsdatascience.com/understanding-
boxplots-5e2df7bcbd51 [Accessed 11 Sep. 2018].

34



Nové trendy v civilnom letectve 2019

ANS CR AND LPS SR: COMPARISON OF COMMERCIALIZATION APPROACHES
RLP CR A LPS SR: KOMPARACIA PRISTUPOV KU KOMERCIALIZACII

Matus Materna Andrea Galierikova
Air Transport Department
University of Zilina

Univerzitnd 8215/1

010 26, Zilina
matus.materna@fpedas.uniza.sk

University of Zilina
Univerzitnd 8215/1
010 26, Zilina

Abstract

Department of Water Transport

andrea.galierikova@fpedas.uniza.sk

Paper is focused on describing differences between air navigation providers of Czech Republic and Slovak Republic in terms of commercialization. Brief
commercialization overview and history of both ANSPs is provided in the first two parts of the paper. Both air navigation services providers are
described and compared in terms of their commercial activities. Last part of this paper proposes several recommendations for LPS SR, S.p. in terms of

commercialization by using ANSOFF matrix.

Keywords

ANSPs, air navigation service providers, commercialization, LPS SR, ANS CR

1. Uvod

Poskytovanie leteckych navigacnych sluzieb bolo dlho
povaZzované za monopolné odvetvie, v ktorom jednotlivé
infrastruktirne podniky (poskytovatelia), poskytovali letecké
navigacné sluzby na narodnych monopolnych trhoch vyhradne
vo verejnom zdujme. Poskytovatelia navigacnych sluZieb neboli
ako mnoZina nikdy povaZovani za subjekty, ktoré vykonavaju
¢innosti za ucelom tvorby zisku. Avsak v poslednych (priblizne
desiatich) rokoch sa v suvislosti s niektorymi poskytovatelmi
zatina frekventovanejSie objavovat pojem komercializacia.
Podla slovnika Cambridge znamena komercializacia
,organizaciu ¢innosti, za ucelom tvorby zisku“, ¢o predstavuje
viditelny odklon od zauZivaného pohladu na poskytovatelov
leteckych navigacnych sluzieb. Vacsina autorov venujucich sa
tejto problematike spaja komercializaciu poskytovatelov
leteckych navigacnych sluzieb vyhradne s ich organizaéno-
vlastnickou Struktirou a uplatiovanim spésobov riadenia
typickych pre sikromny sektor.

Problematike  komercializdcie = poskytovatelov leteckych
navigacnych sluZieb sa vo velkom rozsahu venovala aj Tomova
(2015, 2016 a 2017). Vo svojom clanku z roku 2015 hovori o
komercializovanych poskytovateloch leteckych naviga¢nych
sluzieb ako o takych, u ktorych su uplatfiované principy riadenia
typické pre sikromny sektor. Avsak komercializaciu autorka ako
jedna zprvych popisuje aj ako poskytovanie leteckych
navigacnych sluZieb na komercénom principe. Tomova (2016) sa
dalej venuje problematike komercializacie poskytovatelov
leteckych navigacnych sluzieb. Predchddzajuce clenenie
produktu autorka dalej rozSiruje o dva pristupy k produktu.
Klasicky pohlad na produkt, ktorym sa pozera na produkt ako v
¢lanku (Tomova, 2015) a komercny, ktory rozlisuje sluzby na
zaklade ich poskytovania na domdacom trhu (teda regulovanom)
alebo na komercnej baze (teda neregulovanej). Autorka dalej
hodnoti aj niektorych komercializovanych poskytovatelov
Tomova (2017) na zdklade prikladu NATS tvrdi, Ze trh s
poskytovanim leteckych navigaénych sluZieb prestdva mat
protekcionisticky a ndrodny charakter, ale za¢ina nadobudat

nadnarodnu podstatu. Tomova vo svojich ¢lankoch ako jedna z
prvych autorov priamo hovori o komercializacii ako o ¢innosti
spojenej s orientaciou na komeréné formy prijmov. Materna
(2018) lingvistickou analyzou mnohych definicii dokazal, Ze
komercializacia: , Komercializdacia poskytovatelov leteckych
navigacnych sluZieb je proces doddvania komercnych sluZieb a
produktov na trhy s leteckymi navigacnymi sluzbami, resp.
podpornymi a dopinkovymi sluZzbami s vyuZitim inovativnych
foriem riadenia za tc¢elom tvorby dodatocnych ziskov”.

2. Histéria podnikov

Rok 1989 predstavoval pre Cesko-slovenski federativnu
republiku (CSFR) vyznamny medznik. Pad komunistickej strany
znamenal prechod od totalitného rezimu k demokracii. Tento jav
sa neodrazil iba v spolocensko-politickej sfére, ale mal aj priamy
vplyv dopravu, ako délezitd sucast infrastruktiry narodného
hospodarstva. Tieto zmeny sa dotykali aj narodného
poskytovatela leteckych naviga¢nych sluzieb RLP CSFR. V roku
1993 doslo k rozdeleniu CSFR na dve samostatné krajiny, ¢o
predstavovalo pre spolo¢ného narodného poskytovatela RLP
CSFR etapu najvacich organiza¢no-vlastnickych zmien.

Delenie majetku, persondlu i €innosti zanikajucej organizacie,
prebiehajice podla Ustavného zakona o deleni majetku
federdcie, znacne odcerpalo kapacity riadiacich, spravnych a
prevadzkovych pracovnikov. Spolu s negativnym pristupom
nadriadenych organov k snaham RLP CSFR o riesenie vlastného
postavenia, vnesenim trhovo ekonomickych principov
znemoznilo dosiahnut aspon ¢iastoény pokrok este v roku 1992.
Svoj vplyv vtedy zohrala aj absencia moderného leteckého
zakona, ktory by nahradil v tom ¢ase uz 36 rokov stary zédkon z
Cias totality, rovnako ako zastarané metddy riadenia civilného
letectva a konzervativna neochota opustat prikazové metédy
predchadzajuceho rezimu.

Rozdelenie CSFR k 31. decembra 1992 si viak vynutilo Gpravy
existujucich privatizacnych aj technologickych projektov podla
novej situdcie, ktora nastala vznikom dvoch nastupnickych
organizécii - Rizeni letového provozu Ceské republiky (RLP CR) a
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Leteckych prevadzkovych sluZieb Slovenskej republiky (LPS SR)
od 1. januara 1993.

3. ANSCR,s.p.

ANS CR (Rizeni letového provozu Ceské republiky) je narodny
poskytovatel leteckych navigaénych sluzieb pre Cesku republiku,
ktory ma na narodnom trhu monopolné postavenie. Podnik je
organizacne usporiadany ako Statny podnik v iplnom verejnom
vlastnictve.  Okrem poskytovania navigacnych sluzieb vo
verejnom zaujme sa ANS CR venuje niekolkym komerénym
aktivitam v oblasti doplnkovych sluzieb prostrednictvom Czech
Air Navigation Institue, s.p. (CANI) a Czech Aviation Training
Centre, s.r.o. (CATC). Tento fakt podnik proklamuje aj vo svojej
vyroénej sprave z roku 2017, kde tvrdi: ,Vedle rozvoje hlavni
Cinnosti — poskytovani letovych provoznich sluzeb — klade
strategie podniku didiraz na rozsifovani komerénich aktivit“ (ANS
CR, 2018). Spolocnost je takisto Ucastnd v nekomerénej joint-
venture spolo¢nosti FABCE Aviation Services Ltd.

ANS CR, s.p. > CANI, s.p.
CATC, sr.o. FAB Cl? Aviation
Services, Llt.
LI 100% ] 16.7%
CATC India, Llt.
_| 100% l

Obrdzok 1: Organizac¢no-vlastnicka Struktira ANS CR, s.p. (Zdroj:
Autori).

Skolenie a vycvik personélu je jednou z hlavnych komerénych
¢innosti ANS CR. Tieto doplnkové sluzby si poskytované na
medzindrodnej Urovni statnym podnikom Letecka Skola — Czech
Air Navigation Institute, s.p. (CANI), ktory je vo verejnom
vlastnictve Ceskej republiky, aviak za organizaciu jeho ¢innosti,
zabezpecovanie odborného vycviku a vzdeldvania je
zodpovedny ANS CR. CANI poskytuje Skolenie a vycvik personalu
leteckych navigacnych sluzieb na domacom trhu pre potreby
ANS CR ale aj na medzindrodnych trhoch pre inych
poskytovatelov leteckych navigacnych sluzieb. Od roku 2017
poskytuje CANI vycvik riadiacich letovej prevadzky pre BHANSA
(Bosnu a Hercegovinu). V stc¢asnej dobe boli podpisané zmluvy
o budicom komerénom vycviku riadiacich letovej dopravy
Avinor (Nérsko) a MATS (Matla). Okrem vycviku zameraného na
letecké navigacné sluzby poskytuje CANI aj teoreticky vycvik
sukromnych, obchodnych, dopravnych pilotov a ostatnych
leteckych pracovnikov.

Druhou komerc¢ne orientovanou organizaciou patriacou pod
ANS CR je ich dcérska spoloénost Czech Aviation Training Centre,
s.r.o. (CATC). Spolo¢nost CATC sa $pecializuje na poskytovanie
vycviku pre pilotov, palubného persondlu a technickych
pracovnikov. Z pohladu vycviku pilotov poskytuje CATC viacero
moznosti kvalifikaénych kurzov, vratane typovej kvalifikacie
zabezpecovanej troch full-flight simulatoroch (B737, A320 a
L410, ATR42/72). Czech Aviation Training centre ma od roku
2014 déersku spolocnost v Indii, avsak podla tvrdia z vyroénych
sprav RLP (2018) su dlhodoby majetok a odpisy vykazované
spolo¢nostou CATC India st z hladiska konsolidaéného celku
Uplne nevyznamné.

ANS CR vykonava niekolko komerénych aktivit v segmente
doplinkovych sluzieb na domacom, ale aj na zahrani¢nych
trhoch. Hlavym komerc¢nym zameranim ANS CR sa stal vycvik
personalu nielen v suvislosti s leteckymi navigaénymi sluzbami,
ale aj z dovodu Sirokého spektra leteckého personalu.
Organizacne su komercné aktivity od ANS CR separované
pomocou zaloZenia dcérskej spolocnosti CATC a Statneho
podniku CANI, ktory je sice priamym majetkom statu (nie ANS
CR), ale prevadzkovo za neho zodpoveda ANS CR.

4. LPSSR,3.p.

Statny podnik Letové prevadzkové sluzby Slovenskej republiky
(LPS) je monopolnym poskytovatelom leteckych navigacnych
sluZieb vo vzdusnom priestore Slovenskej republiky. Podnik
presiel procesom korporatizacie v roku 2000, kedy sa
organizacne od¢lenil od ministerstva dopravy, zmenil svoj ndzov
z RLP SR na LPS SR a nadobudol stav statneho podniku.

Letové prevadzkové sluzby vo svojej vyrocnej sprave z roku 2016
tvrdili Ze: ,LPS SR, $. p. chce pokradovat v rozvoji svojej
schopnosti poskytovat niektoré z podpornych ¢innosti
suvisiacich s manaZmentom letovej prevadzky na komercnej
baze (napriklad vycvik, konzultacie, sluzby suvisiace s
infrastrukturou), expandovat tieto sluzby za hranice Slovenska a
stat sa regiondlnym lidrom v uvedenej doméne v horizonte
piatich rokov” (LPS, 2017) Aj napriek tymto tvrdeniam, LPS
nevykazuje v dobe pisania tejto prace Ziadne znamky
komercénych aktivit alebo komercéného zamerania. LPS
nedisponuje vlastnictvom Ziadnych dcérskych spolocnosti.
Podnik sa podiela na vlastnictve joint-venture spolo¢nosti FAB
CE Aviation services Ltd. , ktora vsak v dobe pisania tejto prace
nevykonava komercéné aktivity, ale je zaloZenda za ucelom
zlepsenia kooperacie poskytovatelov leteckych navigacnych
sluZieb vo FAB-e Centralna Eurdpa.

LPS SR

—I;'l

FAB CE Aviation
Services

_l 16.7% I

Obrdzok 2: Organizacno-vlastnicka Struktdra LPS ( Zdroj: Autori).

Slovensky poskytovatel navigac¢nych sluzieb nemd vo svojej
vnutropodnikovej organizacnej Strukture Ziadnu diviziu, ktord by
bolo mozné priamo spdjat s rozvijanim komerénych aktivit. LPS
SR vo svojej najviac aktudlnej vyrocnej sprave pre roku 2017 sice
tvrdi, Ze: ,,Organiza¢nou zmenou platnou od 1. oktdbra 2017
vznikla nova divizia podpory a stratégie. Medzi jej hlavné ciele
patri koordinacia pripravy strategickych materidlov, podpora
implementacie projektov a koordindcia medzinarodnych
vztahov podniku” (LPS, 2018), avSak podnik nikde nedeklaruje,
Ze by této divizia priamo pldnovala rozvijat komeréné aktivity.
Vytvorenie vnutro-podnikovej divizie, pripadne dcérskej
spoloénosti , ktora by sa zaoberala komerénymi aktivitami a
¢innosti s nimi spojenymi je jednoznacne prvy krok k UspeSnému
rozvijaniu komercnych aktivit. Takéto organizacné, pripadne
organizacno-vlastnicke separovanie komerc¢nych aktivit od
poskytovania ANS vo verejnom zaujme je viditelné u vacsiny
poskytovatelov leteckych navigacnych sluzieb, ktori vykonavaju
komercné aktivity.
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4.1. Navrh opatreni v stvislosti s komercializdciou

Ak by podnik v budtcnosti planoval rozvijat komercéné aktivity v
oblasti ANS, je potrebné definovat zakladné strategické oblasti
rozhodovania o buddcnom smerovani komer¢ného podnikania.
Ansoffova matica je vhodny nastroj na tento ucel. Strategické
rozhodovanie v oblasti komercializicia zahffia dve zdkladne
zlozky, ktoré obsahuje aj Ansoffova matica — produkty
(existujuce a nové) a trhy (existujice a nové).

Tabulka 1: Ansoffova matica pre LPS SR, S.p. (Zdroj: Autori).

Produkty
Existujice Nové
Pokracovanie v joint- Spoluprdca s Ozbrojenymi
venture spoluprdci FAB CE silami SR pri implementdcii
Aviation Services za iicelom | novych technoldgii
o | naplnenia SES ciel'ov
S
=
1z}
i
= Trhovd penetrdcia i
P Rozvoj produktu
>
=
; Komercné vystupy FAB CE Produkt komerc¢ného
Aviation Services vycviku riadiacich letovej
prevddzky a pseudopilotov
© Konzultacné sluzby
3
Z.
Rozvoj trhu Diverzifikdcia
4.1.1. Trhovd penetrdcia

Najmenej rizikovou stratégiou je stratégia trhovej penetracie.
Ide o stratégiu ponukania existujuceho produktu na
existujicom trhu. Z tohto pohladu je mozné vyuzit (v dobe
pisania prace) nekomerénu spoluprdcu s ostatnymi clenmi
stredoeurdpskeho bloku vzduSného priestoru FAB CE
prostrednictvom joint-venture spolocnosti FAB CE Aviation
Services. Prostrednictvom tejto spoluprace by sa LPS SR mohlo
snazit o maximalizovanie Uspesnosti v plneni cielov SES nielen v
prostredi FAB CE, ale aj na domacom trhu. To by mohlo mat v
kone¢nom désledku zvySenie ndkladovej a prevadzkovej
efektivity a teda skvalitnenie existujiceho produktu
poskytovania ANS na narodnom trhu. Trhovy podiel na
suasnom trhu sice zostdva rovnaky, avSak skvalitnenie
poskytovanych sluzieb a s tym spojené ,know-how” ma
jednoznacne pozitivny efekt pre dalsie rozvijanie komerénych
aktivit.

4.1.2. Rozvoj trhu

Stratégia rozvoj trhu je z pohladu rizikovosti viac naro¢na ako
predchddzajuca stratégia. Tato stratégia obsahuje zavadzanie
existujuceho produktu na nové trhy. Pre LPS je taktiez mozné
vyuzit Ucast na vlastnictve joint-venture spoloc¢nosti FAB CE
Aviation Services, ktora v dobe pisania tejto prace nevykazuje
Ziadne komer¢né aktivity. Spolo¢nost je zameranda na
nekomercnu spolupracu ¢lenov FAB CE. Avsak to neznamend,
Ze v buducnosti nie je mozné ponukat jej output vo forme
konzultacii pre inych poskytovatelov vzdusného priestoru,
pripadne funkéné bloky vzdusného priestoru na komercnej
baze. To by teda znamenalo vstup s existujicim know-how na
nové medzinarodné trhy. Vyhodou je, Ze tato spolo¢nost uz ma

sidlo v inej krajine ako SR a do podielu jej vlastnictve uz bola
vykonana finan¢na investicia. LPS by teda prostrednictvom tejto
spolocnosti mohla poskytovat konzultacné sluzby na komerénej
baze bez vyznamnych finanénych investicii, ¢o minimalizuje
jedno z hlavnych rizik vyplyvajucich z penetracie zahrani¢nych
trhov.

4.1.3. Rozvoj produktu

Daldou stratégiou, ktora je z pohladu rizikovosti zaradena medzi
narocnejsie, je rozvoj produktu. Tdto stratégia pozostava zo
zavadzania novych produktov na existujuce trhy. Z pohlfadu LPS
by mohlo ist o komercénl spolupracu s Ozbrojenymi zlozkami
Slovenskej republiky pri inovécii ich existujicej navigacnej
infrastruktiry na existujucich vojenskych letiskach . LPS by pri
tejto komerénej aktivite mohlo figurovat ako komercny
poskytovatel know-how pri vybere technoldgii a neskor ako
poskytovatel sluzieb tykajucich sa instalacie, udrzby a
kalibrovania tychto zariadeni. Takéto sluzby by LPS mohla
poskytovat samostatne prostrednictvom vnutro-podnikovej
divizie na to urcCenej, ¢o predstavuje aj finanCne najmenej
nakladnu alternativu. Druhou mozZnostou je vytvorenie joint-
venture spoluprace s podnikom, ktory ma s takymito druhmi
podnikania isté skdsenosti. V oblasti Slovenskej republiky by to
mohla byt napriklad spoloénost Techniserv, s.r.o., ktord ma
bohaté skusenosti s obstaravanim a implementaciou technoldgii
v oblasti letectva.

4.1.4. Diverzifikdcia

NajnarocnejsSou stratégiou komeréného rozvoja LPS z pohladu
rizikovosti je diverzifikacia. Ide o stratégiu, kedy sa spolo¢nost
snazi penetrovat nové (zahraniéné) trhy s inovativnymi
produktom. To zahffa investiciu nielen do vyvoja produktu, ale
aj do penetracie zahranicnych trhov a s tym spojenym
vytvorenim dcérskej alebo joint-venture spolo¢nosti. Prvou
moznostou rozvoja stratégie diverzifikicie je penetrécia
zahrani¢nych trhov s komerénym vycvikom riadiacich letovej
prevadzky a pseudopilotov. S touto ¢innostou ma LPS dlhodobé
skusenosti, pretoze tento vycvik v sucasnej dobe zabezpecuje
nielen pre vlastné potreby, ale aj pre potreby Ozbrojenych sil
Slovenskej republiky. Dalsou komerénou aktivitou, s ktorou by
bolo moiné penetrovat zahrani¢né trhy su konzultaéné sluzby
ziskané v spolupraci s FAB CE, ale aj rokmi poskytovania ANS v
malom vzduSnom priestore v strede Eurdpy podla vysokych
prevadzkovych a bezpecnostnych Standardov.

Problémom oboch tychto €innosti je viak vyber spravnych trhov
na ich rozvijanie. Z pohladu sucasného stavu problematiky v
Eurdpe je zjavné, Ze ,velki hraci“ maju vietky tieto aktivity
pokryté velkym mnoZstvom dcérskych a joint-venture
spolo¢nosti. LPS v  suasnej dobe s  najvacSou
pravdepodobnostou nemda kapacity, aby konkurovala
etablovanym komerénym hrd¢om v eurépskom neregulovanom
priestore. Potencidlne vhodnym trhom pre tieto druhy
komerénych aktivit by mohli byt menSie azijské krajiny, na ktoré
este neprenikli ,,velki hraci“. LPS ma ako eurdpsky poskytovatel
leteckych navigacnych sluZieb bohaté skusenosti nielen s
vycvikom, ale aj s ndro¢nymi regulacnymi a technickymi
poZiadavkami na poskytovanie ANS v Eurdpe, ¢o je moziné
komerc¢ne vyuZit. Na strane druhej Slovensko nepredstavuje
zastupcu silnych globdlnych ekonomik, ¢o by pre niektoré staty
mohlo predstavovat vhodnejsiu alternativu pritomnosti silnych
globalnych ekonomik na ich ndrodnom trhu. Prave kombindcia
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tychto faktorov by mohla LPS priniest Uspech na mensich trhoch
Azie.

Rozvijanie takychto medzinarodnych aktivit viak predstavuje
najviac rizikovu stratégiu. Na poskytovanie takychto Cinnosti je
jednoznacne potrebné zaloZenie dcérskej spolocnosti. To
predstavuje velkd finanénd investiciu s rizikom, Ze nebude
dostatocne rentabilna. Logickou volbou by teda bolo zalozenie
joint-venture spolocnosti, kde by sa riziko rozdelilo medzi
viaceré subjekty. Otazkou zostava vyber vhodného partnera /
partnerov a ich ochota sa podielat na takychto projektoch.

4.2. Zhrnutie odporucani

Na zdklade vyskumu inych komeréne orientovanych
poskytovatelov leteckych navigacnych sluzieb atrhovo-
produktovej analyzy pomocou Ansoffovej matice je mozné
navrhnut pre LPS SR $.p. niekolko odporicani v suvislosti
s komercializaciou.

e Po wvzore inych Uspesnych komercializovanych
poskytovatelov ANS vytvorit vnutro-podnikovu diviziu alebo
dcérsku spolo¢nost, ktorej hlavnym zameranim je
organizacia a tvorba komerénych aktivit a sluzieb. Tymto
opatrenim sa vytvori prirodzena separacia poskytovanych
sluzieb  regulovanom a neregulovanom (komerc¢nom)
segmente.

e Rozvijat existujucu spolupracu s dalsimi poskytovatelmi
leteckych navigacnych sluZieb s joint-venture FAB CE
Aviation Services za Ucelom ziskania know-how pre zvySenie
nakladovej a prevadzkovej efektivnosti poskytovania
navigacnych sluzieb na narodnom trhu. Ziskané know-how
mobze predstavovat vyznamny zéklad pre rozvijanie dalSich
komercnych aktivit.

e Vyuzit nadobudnuté know-how a existujuci podiel na joint-
venture vlastnictve FAB CE Aviation Services za Ucelom
snahy o penetraciu zahrani¢nych trhov. Hlavnym outputom
spolo¢nosti su informacie a skusenosti nadobudnuté
spolupracou viacerych poskytovatelov ANS. Takto
nadobudnuté know-how je mozné komercializovat formou
ponukania konzultaénych aktivit v oblasti zvySovania
prevadzkovej a nakladovej efektivnosti jednotlivych
poskytovatelov nielen na narodnej trovni, ale aj na Urovni
FAB-u ako celku.

e Sledovat situaciu a naviazat mozni komerénu spoluprécu s
Ozbrojenymi silami Slovenskej republiky pri pripravovanom
projekte modernizacie slovenskych vojenskych letisk. Na
zéklade miery a rozsahu projektu zvazit joint-venture
spoluprdcu so sikromnymi spolo¢nostami, ktoré maja v
danej oblasti skusenosti.

e Identifikovat nové zahrani¢né trhy mimo Eurdpy, na ktorych
je mozné rozvijat komeréné aktivity v oblasti vycviku a
poradenstva na baze dlhoroénych skidsenosti s vycvikom
vlastného persondlu a posobenia v silno (technicky aj
ekonomicky) regulovanom prostredi poskytovania ANS v
Eurdpe.

o Po vzore britského NATS zvazit moZny rozvoj
komercnej spoluprace so slovenskym Dopravnym
uradom. Ten by mohol predstavovat zaujimavy zdroj
komerénych  produktov, hlavne v oblastiach

konzultacii zaloZzenych na dlhoro¢nych skisenostiach
slovenského Dopravného dudradu, v oblasti silno
regulovaného letectva v prostredi EU.

o Prostrednictvom spominaného Dopravného uradu by
bolo mozné zo strany S$tatu vykondvat aj potrebnu
politickd diplomaciu, ktora by mohla pomdct vstupu
LPS SR, $.p. na zahranicné trhy.

e Sledovat nadchddzajucu komercializaciu terminalnych

navigacnych sluZieb v Nérsku a pripadne zvazit moznosti
vstupu na dany trh.

5. Zaver

Aj napriek bohatej spolo¢nej histdrii sa podniky RLP CR a LPS SR
po rozdeleni vydali diametralne odliSnou cestou. Zatial ¢o cesky
poskytovatel leteckych navigacnych sluzieb prejavuje silnd
snahu o komercné aktivity, tak slovensky poskytovatel sa aj
napriek deklardcii zaujmu o komercéné aktivity drzi zauzivanému
poskytovaniu sluZieb vyhradne vo verejnom zaujme. Ak by sa
vsak Letové prevadzkové sluzby, $.p. rozhodli vydat cestou
komercnych aktivit, tak pre nich existuju segmenty trhu, ktoré
maju silny potencial.
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1. Uvod

Pouzivanie elektronickej dokumentacie na palube lietadla je
jednou ztém ktorymi sa zoberd civilné letectvo uZ niekolko
desiatok rokov. Vyvoj zavedenia elektronickej dokumentacie
siaha do polovice 90 rokov, kedy sa zacali pouzivat osobné
pocitace a elektronické zariadenia. V pociatkoch ich poufZitie na
palube lietadla bolo iba experimentalne, ale postupom casu sa
zmenilo na rutinu az konkurenénu nutnost. Electronic Flight Bag
(EFB) alebo inymi slovami ,elektronicka letova taska” je v
podstate pocita¢ pripadne tablet, v ktorom je uloZend vsetka
dokumentdacia v elektronickej podobe. SlUzi ako nahrada
tradicnej letovej tasky, kde bola uloZzena vSetka dokumentdcia v
papierovej podobe. Takdto dokumentacia mohla vézit aj 15 kg a
piloti ju museli mat vzidy so sebou. Elektronicka verzia tejto tasky
nie len uSetri hmotnost, kedZe moderné EFB maju hmotnost
okolo 0,5 kg ale taktiez umoznuje ¢lenom posadky lietadla
pracovat efektivnejsie, kedZe nie si nuteny vykondvat niektoré
¢innosti manualne ako napriklad vypocet hmotnosti a vyvéZenia.

1.1. PoZiadavky na EFB

Pri konStruovani a programovani systémov pouzivanych v
letectve, je potreba dbat na cely rad délezitych faktorov, ktoré
je treba dodrzat pri navrhovani tychto systémov. Pri zariadeni
EFB sa jednd sa najma o tieto faktory:

e Primerana pouzitelhost zariadenie by malo byt
udrZiavatelné pri ¢o najmensich moznych nakladoch

e Spravne fungovanie — zariadenie by malo byt 100%
spolahlivé v kazdej situdcii, ktord moze nastat

e Vhodna doba odozvy — zariadenie by malo mat ¢o najkratsiu
dobu odozvy. V pripade ndrocnejSich aplikacii alebo
vypoctov sa jedna o sekundy a pre jednoduchsie aplikacie a
vypocty hovorime o milisekundach

e Pomer cena/vykon — jedna sa o dolezity faktor, ktory sa
zohladnuje pri vybere kazdého zariadenia. Ponuknuté
moznosti zariadenia by mali patri¢ne cenovo zodpovedat

1.2. Hardvér a softvér

Vo véeobecnosti, z hfadiska spolahlivosti systémov, nie je mozné
potencialne rizikd spojené s hardvérom a softvérom celkovo
eliminovat. Vyskyt pordch je pri oboch skupinach rozdielny.
Zatial ¢o hardvér podlieha konstrukénému a prevadzkovému
opotrebeniu, teda je zavisly na Case, softvér je predovsetkym
nachylny na navrhové chyby a teda spolahlivost nie je ¢asovo
zavisla. Avsak chyby softvéru su vacsinou do systému zavadzané
prostrednictvom aktualizacii a réznych zmien. (Jianto, P., 1999)

Obzvlast velky pozor je treba dat na prenosné platformy, ktoré
su volne dostupné na trhu. Vacsina tychto vyrobcov
nepredpoklada pouzitie tychto vyrobkov v podmienkach aké
poskytuje letectvo a teda nie su k tomu nijak prisp6sobené.

Porucha a nasledné znemoZnenie pouzitia ktorejkolvek casti
systému EFB mézZe sposobit velké riziko. Jedna sa hlavne o
aplikacie spojené s vypoctom vyvazenia lietadla. Akakolvek mald
chyba softvéru moze mat az fatdlne nasledky. Kazdy systém by
mal byt vybaveny nejakym kontrolnym mechanizmom, ktory
vCas indikuje poruchu. (Johnstone, N., 2013)

Na rozdiel od portch softvéru, mechanické poruchy zariadenia
nepredstavuju ohrozenie pre posddku. Vynimkou je poskodenie
zariadenia na tolko, Ze dojde k naslednému poZziaru. Avsak, stav
kedy dojde k pripadnému prehriatiu zariadenia a naslednému
obmedzeniu funkcii alebo k pripadnému vypnutiu zariadenia,
nepredstavuje ohrozenie pre posddku. Z beznych pordch sa
mozu spomenut poruchy displeja a jeho ¢&innosti, problémy z
napajanim zariadenia pripadne nefunkénost Casti zariadenia.

Dalsim z rizik je moznost ovplyvnenia inych zariadeni zariadenim
EFB. Pristroj, ktory vysiela elektromagnetické Ziarenie, mbze
ovplyvnit ostatné pristroje, predovietkym komunikaéné
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zariadenia letina a teda znizit schopnost dorozumievania sa
medzi pilotmi a ATC.

1.3. Legislativa v oblasti EFB

Zakladnym dokumentom popisujucim poZziadavky na EFB je AMC
20-25, ktory je vydavany Eurdpskou agentirou pre bezpec¢nost
civilného letectva (EASA) a celd problematika EFB je v tomto
dokumente detailne popisana a vysvetlena.

Obsah a Struktura tohto dokumentu su v sulade so zavaznymi
poziadavkami a nariadenim obsiahnutym v CAT.GEN.MPA.180,
(EC) No 20114/2003 a (EU) No 748/2012. Vo svojej Casti 3
REFERENCE DOCUMENTS, respektive podkapitolach 3-1 Related
Requirements, 3.2 Related Certification Specification a 3.3
RELATED GUIDANCE MATERIAL, navySe odkazuje na vsetky
sUvisiace certifikacné Specifikacie a materidly konkrétne. Tymto
ulahéuje proces ziskania schvalenia vyuZitia EFB zariadenia.
(Tuma, J.,2017)

Na zaklade Specifikacii v AMC 20-25, papierova dokumentacia
mobze byt Uplne nahradena EFB len po detailnom preskiumani
rizik a testovani na simulatore. Zariadenie EFB sa testuje pri
normalnych a nidzovych situaciach.

1.3.1.

Podla Eurépskej agentury pre bezpeénost letectva (§ 14, odst.
(1), letecky zakon, doklady, EASA, NCO) je nutné pocas letu mat
na palube lietadla nasledovné dokumenty:

Povinné doklady na palube lietadla

e ,osvedCenie o zapise lietadla do registra lietadiel
e osvedcenie letovej sposobilosti lietadla
e palubny dennik alebo doklad, ktory ho nahradza

e povolenie na zriadenie a prevadzkovanie spojovych a
radionavigacnych zariadeni, ak su na palube

e doklad o poisteni zodpovednosti za Skodu sposobenu
prevadzkou lietadla”

Navyse podla Nariadenia Komisie tzv. Priloha VIl k s oznac¢enim
,Leteckd prevadzka — OPS” ¢ast NCO-IR, ktoré vydala EASA, je
nutné mat na palube lietadla pocdas letu aj nasledovné
dokumenty vo forme origindlov alebo képii, ak nie je stanovené
inak:

1. ,letova prirucka lietadla (AFM);
2. original osvedcenia o zapise do registra;

3. original osvedcenia o letovej spdsobilosti (CofA), Priloha VII
,,Cast NCO“ strana 10 z 47;

4. osvedcenie o hlukovej spOsobilosti, ak je to pouZitelné;
5. zoznam osobitnych povoleni, ak je to pouzitelné;
6. povolenie palubnej radiostanice, ak je to pouzitelné;

7. doklad o poisteni zodpovednosti za Skodu spdsobent
prevadzkou lietadla tretej strane;

8. palubny dennik lietadla alebo dokument, ktory ho nahradza;

9. podrobnosti vyplneného letového planu letovych

prevadzkovych sluZieb (ATS), ak je to pouZzitelné;

10. platné a vyhovujuce letecké mapy planovanej trasy letu a
vsetkych tras, ktorymi moze viest pripadna odchylka od
planovanej trasy;

11. informdcie o postupoch a vizualnych signaloch, ktoré maju
pouzivat zakrodujuce lietadld alebo lietadla, proti ktorym sa
zakroduje;

12. zoznam minimdalneho vybavenia (MEL) alebo zoznam
odchylok v konfiguracii (CDL), ak je to pouzitelné;

13. akékolvek ind dokumentacia, ktora sa moze tykat letu alebo
ktoru poZzaduju $taty, nad ktorych tzemim sa ma uskutocnit
let.

Pri letoch, ktoré:

e planuju  vzlietnut a  pristit na  tom  istom
letisku/prevadzkovom mieste; alebo
e zotrvdvaju vo vzdialenosti alebo oblasti stanovenej

prislusnym orgdnom;

Dokumenty a informacie uvedené v bodoch 2 az 8 mézu zostat
uloZené na letisku alebo prevadzkovom mieste. “ Velitel lietadla
musi poskytnut prislusnd dokumentaciu v primeranom ¢ase od
poziadania. (Novak Sedlackova, A, 2015)

2. Technické riesenie pre LVVC UNIZA

KedZe Letecké wvycvikové a vzdelavacie centrum UNIZA
disponuje lietadlami Zlin 2142, 7242, 743, Z42 Piper PA34
Seneca, Piper PA28 Arow, je potrebné vyriesit poutzitie tabletu
priamo v tychto typoch lietadiel. Jedna sa o lietadld z roznym
typom umiestenia riadiacej paky a zaroven pouzivanych pri
réznych fazach vycviku. Tu je nutné pristupovat rézne k poufZitiu
a uchyteniu zariadenia v lietadlach. (Kandera, B, 2015)

2.1. Porovnanie vydrZe

V nasledujucom grafe su porovnané vydrze batérie tabletov
s maximalnou dobou letu lietadiel, ktoré vlastni Letecké
vycvikové a vzdeldvacie centrum UNIZA. Ako mbzeme vidiet,
vydrz tabletov pri plnom nabiti daleko prekondva moznosti
vydrze lietadiel. Casom sice tato vydrz mbze degradovat, aviak
aj pri polovi¢nej vydrzi tabletu bude stdle vytvorend ista rezerva.
Treba zdoraznit, Ze vydrz batérie zavisi aj od vytaZenia
zariadenia.

V nasledujlcej tabulke su vybrané zariadenia, ktoré su vhodné
a nasledne k nim boli vybrané aplikacie, vhodné pre letecku
Skolu UNIZA. Ide o aplikdcie Garmin pilot, ktora je komplexna
aplikdcia pre vsetky typy letov, nasledne Databaza letist a
AeroWeather. Ako uchytenie bol vybrany nakolennik z dovodu
komplexnosti pouzitia v réznych typoch lietadlach, nakolko
montdZ iného zariadenia na palube lietadla by si vyZiadala
dodatoénu certifikaciu. Respektive poufZitie certifikovaného
upeviovacieho zariadenia.

40



Nové trendy v civilnom letectve 2019

Tabulka 1: Porovnanie vydrZe (Zdroj: Autori)
—

Piper P28 Arrow
Piper P34 Seneca
ZlinZ 142

Zlinz 43

Zlinz 42

iPad (2018) + Cellular

iPad (2018)

iPad mini 4 Cellular + WiFi
iPad mini 4 Wifi

Huawei MediaPad M5 WiFi
Huawei MediaPad M5 LTE
Lenovo Tab 4 8 Plus
Lenovo TAB4 8 Plus LTE
Samsung Galaxy Tab S3 WiFi
Samsung Galaxy Tab S3 LTE
Samsun Galaxy Tab S2 WiFi
Samsun Galaxy Tab S2 LTE

o

5 10 15

Vydrz v hodinach

Tabulka je vytvorena len z tabletov, ktoré maju datové
pripojenie, pretoze ich pouZitie je omnoho komplexnejSie ako
tablety, ktoré datové pripojenie nemaju. Tablety bez datového
pripojenia su sice lacnejSie, avsak nasledne je nutné k nim
dokupit externé prijimace, ¢o v koneénom dbésledku vyjde
cenovo rovnako pripadne drahsSie a zvacsi sa riziko moznosti
poruchy.

Z tabulky m6zeme vidiet, Ze finan¢ne najnaro¢nejsia moznost je
zakupenie iPadu mini 4 Cellular za 773,98€ a najlacnejsia
moznost je Lenovo TAB 4 540,98 €. Je v3ak treba dopredu zvézit,
ktory s tychto tabletov je vyhodnejsie kupit. iPad mini 4 je od
najlacnejsSej moznosti drahsi o 240 €, avsak kvalitou daleko
predbieha vsetkych svojich konkurentov. Disponuje vsetkymi
potrebnymi senzormi a hlavne funkciou A-GPS, ktora je uzito¢na
pocas letu pretoze ja jej funkciu nie je potrebné pouZitie
datového pripojenia, ktoré musi byt tak ¢i tak vypnuté, z dévodu
moznej interferencie s ostatnymi pristrojmi. TaktieZ rychlost
prace a odozvy lacnej$ich Android tabletov moze robit problémy
pri praci s viacerymi aplikdciami. Z Android tabletov je
najvyhodnejsi Samsung Tab S2, ktory vynika kvalitou displeja a
taktiez vydrZzou batérie.

Z iOS tabletov sme vybrali iPad mini 4, ktory je sice drahsi za
cenu vacsej pamate, mensej celkovej velkosti a hmotnosti. V
mensich kokpitoch lietadiel je viac praktickejsi a jednoduchsi na
umiestnenie.

3. SWOT analyza pouzitia EFB v prostredi LVVC

3.1. Silné stranky pouZzitia EFB
e rychlejsia praca s informaciami
Ziaci a indtruktori vedia rychlo a efektivne najst vietky potrebné

informdcie k uskutocneniu letu, pripadne aj pocas letu. Jednd sa
najma o spravy TAF, METAR a statické letecké mapy.

e jednoduchost pouzivania

ulahéenl pracu v predletovej priprave a taktieZ pocas letu.
Aplikacie su preto vytvorené prehladne.

e moznost zaznamendvania letu a nasledna analyza

V pripade sélo letu ale aj pri lete s inStruktorom je moZné
zaznamendvat informacie o lete. V debriefingu je mozné tieto
informacie zanalyzovat. Této ¢innost sa méze uskutocnil len v
pripade pouZitia aplikacie, ktorda zaznamenavanie letu
umoziuje.

e spolahlivost

e zvySenie bezpecnosti

3.2. Slabé stranky pouZitia EFB

e  spoliehanie sa na zariadenie

Pri vycviku mal Ziak ziskat vSetky potrebné informacie k tomu
aby vedel let vykonat samostatne bez pomoci elektroniky a
vedel sa spolahnut v prvom rade sam na seba. Je treba zvazit
pouZitie zariadenia pri prvotnych letoch ¢i uz VFR alebo IFR.
Hlavnym ¢&lankom, ktory by mal povolovat Ziakovi poufZitie
zariadenia je instruktor.

e zvySena cena kurzu

Zakupenie zariadenia a pozadovanych aplikacii je vydavok, ktory
pri pouziti papierovej dokumentacie nie je potrebny. Treba si
uvedomit, Ze niektorym aplikaciam je potrebné predlZovat
kazdoro¢nu platnost, ¢o nepriamo zvysuje cenu kurzu.

e nutnost zriadit poziciu administratora zariadenia

V pripade kupy EFB zariadeni leteckym a vzdeldvacim centrom
bude treba vytvorit tito poziciu. Administrator bude jedina
opravnena osoba, ktora bude dohliadat na aktualnost aplikcii v
zariadeniach.

e prili$na zjednodusenost aplikacii

Na rychlu a efektivnu pracu so zariadenim musia byt aplikacie
zjednodusené.

3.3. PrileZitosti

e pouzitie EFB pri vycviku na simuldtore

Letecké vycvikové centrum disponuje réznymi simuldatormi s
ktorymi by bolo moiné zosynchronizovat a pouzit EFB
zariadenie. Tento tréning by bol vhodny na preskisanie
vedomosti nie len z letu ale aj zo zariadenia.

e vAicSia atraktivita

Na Slovensku sa aktualne nevyskytuje, pripadne vyskytuje len
maly pocet leteckych $kol, ktoré maju pouZitie EFB vo svojich
oficidlnych osnovach. PoufZitie tohto zariadenia je v niektorych
krajindch ako napriklad USA uZ beZnym Standardom. Taktiez
vacsina leteckych spoloc¢nosti uz toto zariadenie ma v prevadzke
a preto Ziaci, ktory chcd pokracovat cestou dopravného pilota,
by radi zacali s pouZivanim tohto zariadenia uZ pocas vycviku.
Ulahcilo by im istym spdsobom prechod na toto zariadenie v
buducnosti.
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3.4. Ohrozenia
e nizka znalost aplikacii
Treba zaistit aby ziak, pred tym ako zacne zariadenie pouzivat,

bol obozndameny so vSetkymi funkciami, v lepSom pripade aj z
tychto funkcii otestovany instruktorom.

e rozptylenie zariadenim pri vycviku

Tuto moznost mdzeme spojit s nizkou znalostou aplikacii, kedy
pocas letu sa ziak bude viac venovat zariadeniu ako samotnému
letu, ¢o moze viest k nepozornosti a naslednym chybam.

e zhorsenie kvality vycviku

V pripade zlej implementacie zariadenia a nepochopenia
podstaty pouZitia vo vycviku, moze dojst k degradacii znalosti
Ziakov a naslednému zhorseniu celkovej kvality vycviku.

Tabulka 2: SWOT analyza pouZitia EFB v prostredi LVVC TST (Zdroj:
Autori).

Silné stranky Slabé stranky PrilezZitosti Ohrozenia
Rychlejsia praca Zvysenie ceny Vacsia Nizka znalost
s informdaciami kurzu atraktivita zariadenia
Jednoduchost Nutnost zriadit | PouZitie EFB | Rozptylovanie

pouzivania funkciu privycviku | zariadenim pri
administratora na vycviku
zariadenia simulatore
Moznost Spoliehanie sa na Znizenie
zaznamenavania zariadenie vedomosti
letu a naslednd Ziakov
analyza
Zvysenie Zjednodusenost ZniZenie kvality
bezpecnosti aplikacif vycviku

4. Analyzarizik zavedenia EFB v LVVC UNIZA

Pozmenovaci ndvrh 30 Annexu 6 poZaduje, aby organizacia
zaviedla Safety Management System, ktory:

o identifikuje bezpe€nostné rizika

e posudzuje rizika

e zaistuje, aby boli vykonané opatrenia na zaistenie
bezpecnosti
e vykondva nepretrzit¢é monitorovanie a pravidelné

posudzovanie dosiahnutej Urovne bezpecnosti

e zameriava sa na nepretrZité zlepSovanie bezpecnosti
(Maragakis, I. et.all., 2009)

Identifikacia nebezpecenstva je proces rozoznania poruchovych
stavov, ktoré by mohli viest k neZiaducim udalostiam.
Nebezpecenstvo je teda aktivita alebo udalost, ktord moze viest
ku  potencidlnym  zraneniam  personalu,  poskodeniu
prislusenstva a iné. Na identifikovanie nebezpecenstva sa
pytame otazkami: Co sa mdie pokazit? Co by mohlo viest k
nie¢omu, ¢o by sa mohlo pokazit?

Riziko mo6Zeme definovat ako kombinaciu predpokladanej
pocetnosti a zavaznosti nasledkov nebezpecenstva pri
zohladneni vsetkych potencidlnych vysledkov.

Pravdepodobnost vyskytu mézeme vyjadrit nasledovne:

e 0-10% alebo velmi nepravdepodobné

11-40% alebo nepravdepodobné

41-60% alebo moze sa vyskytnut

61-90% alebo pravdepodobné Ze sa vyskytne

91-100% alebo velmi pravdepodobne, Ze sa vyskytne

Aby sme predisli nebezpeénym situaciam je potrebné vytvorit
analyzu rizik, a vytvorit procedury, ktoré pomézu tieto situacie
vyriesit pripadne odstranit. V prvom rade treba urcit, kto bude
zodpovedat za presnost a aktudlnost informacii v zariadeniach
EFB. Nechat zodpovednost na Ziakovi by bolo nezodpovedné a
velmi riskantné. Preto za aktualnost softvéru musi zodpovedat
osoba (administrator). V pripade, Ze EFB zariadenie nebude
vlastnit Skola ale S$tudent, bude nutné aby inStruktor v
predletovej priprave skontroloval Studentovi aktualnost
aplikacii. Pripadne je vhodné vytvorenie check listu, kde si
Student pocas predletovej pripravy skontroluje aktudlnost
softvéru a nasledne podpise, Ze to vykonal.

Pri navrhovani procedur je ddlezité mysliet na zniZenie rizika
spojeného so zlyhanim zariadenia. Jednd sa najma o:

e (iastocné alebo Uplné zlyhanie zariadenia EFB
e strata dat
e chybné vystupy dat

V pripade, Ze nastanu takéto situdcie, musi byt k dispozicii
zéloha, ¢i uz vo forme druhého EFB zariadenia, alebo v
papierovej podobe. TaktieZz treba uréit minimalnu kapacitu
nabitia batérie, aby k situaciam zlyhania zariadenia vobec
nedochddzalo. Idealne pre pripad 2 hodinového letu by stav
nabitia batérie mal dosahovat od 80-100%. Batéria ma vydrz 10
hodin, avSak pocas letu je vystavena réznym podmienkam
(zima/teplo), o mdze mat negativny dopad na vydrz batérie.
Jednd sa o pripad, kedy pocas letu nie je mozZné zariadenie
nabijat. V tom pripade, by stav nabitia mohol byt o nie¢o mensi.
( Babb,T.A. 2017)

V inych $tatoch je pouZivanie EFB beZnym Standardom, avsak
pouzitie papierovej formy ucenia a lietania pocas PPL tréningu
je dolezité. Zakladné porozumenie pldnovania letu je podstatné
na zvladnutie pouzitia softvéru na pldnovanie letu. Toto zahfia
pldnovanie kurzu, rychlosti letu a paliva. [28] LVVC md na
internete volne dostupné subory na vypocet weight and balance
pre vietky typy lietadiel. Do EFB zariadenia je teda moziné
nainstalovat aplikdciu Excel, v ktorej sa vypo¢ty vykonavaju, a v
prvotnych fazach si méze pomocou tejto aplikdcie overit
spravnost svojho vypoctu.

Pri pouziti zariadenia pocas letu je treba vytvorit filozofiu
pouZivania, teda urdit v ktorych fazach letu je zariadenia mozné
pouzit a aké aplikicie. Idedlne je treba vytvorit zoznam
dovolenych aplikécii, ktoré je mozné pocas vycviku pouZit.
Zabréni sa tak tomu, Ze kazdy Ziak bude mat vo svojom tablete
iné aplikicie s ktorymi nemusia byt inStruktori plne
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oboznameny. S pouzitim elektronického zariadenia na palube
lietadla pocas letu su spojené urdité rizika. Tieto rizika mozu byt
nasledovné.

e vybitie zariadenia

e prehrievanie zariadenia — zniZenie vydrZe batérie
e rozptylovanie zariadenim

e neaktudlnost aplikacii

e odraz displeja pocas letu

e latencia displeja

e zavislost na zariadeni

Z tabulky vyplyva, Ze s prechodom na tablet su spojené urcité
rizika, ktoré pri pouziti papierovej formy dokumentov neexistuju
a existovat nikdy nebudu.

5. Zaver

Vyuzitie EFB v leteckej Skole je otazkou investicie Skoly do
zariadeni a vhodného aplikaéného softvéru. Prax a trh ukazuje,
Ze je nevyhnutnost pripravovat Studentov na pouZitie novych
technoldgii tak aby nebola ohrozend ich bezpetnost. Tu su
k dispozicii dve mozZné technické riesenia, jednym je zapoZi¢anie
zariadenia, kde je sprdvcom zariadenia letecka Skola, ktord
vyuZiva tieto zariadenia na vycvik svojich Studentov
a zapotziiava zariadenia na jednotlivé lety. Druhou mozZnostou
je personalistova zariadenia vo vlastnictve Studentov
a instruktorov tak, aby pocas letu bolo zariadenie na zdklade
aplikacie kontrolované leteckou skolou. Tu je vsak riziko pouZitia
nevhodného vyssie nakolko je obtiazne kontrolovat zariadenie
ak nie ste jeho spravca.

Z pohladu nasej analyzy sa javi ako optimalny variant pre LVVC
UNIZA obstarat a personalizovat zariadenia pre instruktorov
a Studentov tak, aby boli zabezpecené na kazdy let, pricom
spravca a zodpovednd osoba za OS by bol manazér z LVVC.
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Abstract

Aviation is weather-sensitive. Weather-related phenomena greatly affect the fluidity and especially the safety of air traffic. The article deals with the
occurrence of dangerous weather phenomena during the year at the airport in Zilina.
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1.

Pocasie ma velky vplyv na kazdodenny Zivot ¢loveka. V stucasnej
dobe, ked sme zavisli na technike, rychlom rieseni problémov
a rychlej preprave z miesta na miesto sa kvalitna predpoved
pocasia stava nevyhnutnou informaciou.

Pocasie a letecka doprava

Clovek vyuziva rozliéné druhy dopravy a kazda doprava reaguje
na poveternostné podmienky roézne. Leteckad doprava je velmi
rychlo sa rozvijajuci druh dopravy. Pretoze kvalita, bezpeénost
a plynulost leteckej dopravy je tieZ zavisla na kvalite poskytnutej
informacie o pocasi, stand sa znalosti o prevladajucich
poveternostnych podmienkach a moznych javoch s nimi
suvisiacimi na letiskach velmi dolezitymi informaciami. Aj ked'sa
dnesné lietadla povazuju za velmi bezpecny prostriedok
dopravy, su niektoré poveternostné javy, ktoré velmi vplyvaju
na bezpeénost leteckej dopravy a stali sa uZ pri¢inou velkych
leteckych katastrof.

Najzndmejsou a asi aj najhorsou je leteckd tragédia z roku 1977.
Na Spanielskom ostrove Tenerife pri zrdzke dvoch lietadiel typu
Boeing 747 zachranilo iba 61 ludi. Tdto nehoda bola spésobena
aj hustou hmlou.

Aj vroku 2017 zahynulo 122 ludi pri pade lietadla do
Andamanského mora . Pri¢inou nehody bol vlet lietadla do
blrkového oblaku.

Ale ja na letisku Zilina sa v roku 2004 stala nehoda. Nemecké
lietadlo Piper 34 planovalo pristat na letisku v Dolnom Hricove,
ale pre zlé poveternostné podmienky sa rozhodol pilot vykonat
este jeden okruh nad letiskom , ale tento pokus o pristatie sa
nevydaril a pilot s cestujucimi zahynul.

2. Nebezpecné javy pre letectvo

Nebezpecné poveternostné javy si meteorologické javy, ktoré
ohrozuji aznemozZiuju leteckd prevadzku, alebo wvyrazne
ovplyviiuju jej bezpetnost. Mézu na lietadle spdsobit napr.
mechanické poruchy, zhor$it ovladanie lietadla. Patri sem

niekolko javov pocasia. Ide napr. ondmrazu, burky so
sprievodnymi javmi, hmlu, alebo aj o strih vetra, turbulencie.
Niektoré letiskd maju vacsi a CastejSi vyskyt tychto javov, na
niektorych letiskdch sa nepriaznivé javy vyskytuju iba pri
Specifickych poveternostnych situaciach.

Kazdy zo spomenutych nebezpecnych javov by sme mohli este
rozdelit podla jeho intenzity, pripadného tvaru a velkosti alebo
hrabky, ¢ priciny vzniku.

3. Letisko Zilina a vyskyt niektorych nebezpeénych
poveternostnych javov na nom

Nachdadza sa na severozdpade Slovenska, asi 12 km od mesta
Ziliny, v Byt¢ianskej kotline. Je to medzinarodné letisko a okrem
vnutrostatnych, zahrani¢nych a Sportovych letov tamojSieho
aeroklubu sluzi aj na vycvik pilotov Studujucich na Katedre
leteckej dopravy. Pohyb lietadiel je v rozmedzi 6000 az 15500
letov.

Poloha letiska v kotline je pri¢inou vyskytu niektorych
poveternostnych javov vplyvajucich na letecku prevadzku.

Z klimatologického hladiska letisko Zilina patri do mierneho
klimatického pasma s ¢asti ovplyviiované Atlantickym ocednom.
M3 mierne teplé letd, sdennym maximom teploty 26-28°C,
v zime pri vyjasneni v poldrnej a arktickej poveternostnej hmote
s potencidalom poklesu teploty az na hranicu -30°C. Pradenie od
severozapadu prinasa zrazky, najcastejSie sa pozoruju v mesiaci
maj. SneZenie sa vyskytuje od novembra po marec, s tym, Ze
v januari byva snehova pokryvka najvyraznejsia .

3.1. Meteorologické sprdvy z letiska Zilina

Na spominanom letisku sa vykonavaju meteorologické
pozorovanie Slovenskym hydrometeorologickym Gstavom
(SHMU) .

Ide ospravy SYNOP , <¢o je sprava o prizemnych
meteorologickych pozorovaniach z pozemnej stanice v hlavnych
a vedlajsich terminoch UTC ( svetovy ¢as) Sprava SYNOP sa deli
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na niekolko sekcii a kazda sekcia obsahuje niekolko skupin. Do
spravy SYNOP sa kéduju informacie o stave a priebehu
aktualneho pocasia , ale aj pocasia za uplynulé hodiny. Sprava
poskytuje uZivatefom informacie o pocasi z daného meracieho
bodu.

Sprava METAR je sprava , ktora poskytuje informacie
o aktudlnom pocasi na letisku. Je vydavana kazdu pol hodinu.
UZivatelia znej ziskaju informdciu o hodnotach
meteorologickych prvkov na letisku, o meteorologickych javoch
vyskytujucich sa na letisku a v jeho blizkosti.

3.2. Nebezpecné javy na letisku Zilina

Nebezpecéné javy mbézeme rozdelit do niekolkych skupin .

Za obdobie 2015-2017 sa podla analyzy meteorologickych sprav
vyskytol jav dymno 477 krét, v priemer za rok 159 krat. Tento
pocet tvori priblizne 43% zroka, ¢o je vysoké cislo a suvisi
s vysokou vlhkostou ovzdusia. T4 je zase na letisku z velkou
pravdepodobnostou kvoli blizkosti vodnej nadrze.

Dymno je jav, pri ktorom sa znizuje dohladnost na letisku pod 10
km. Podla analyzy sprav METAR a SYNOP sa najcastejSie
vyskytuje na konci jesene a v zime, ked' je pocet dni s dymnom
vyssi ako 22 . V lete je tento jav zriedkavy a vyskytuje sa menej
ako 10 dni za mesiac.
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Obrdzok 1: Vyskyt dni's dymnom za sledované obdobie (Zdroj: JaroSovd
& Strakovd, 2018).

Vletnom polroku roka, v mesiacoch maj az september, sa
mozZeme stretndt s bdrkou. Tento jav suvisi s oblakom typu
Cumulonimbus a sprevadzany je bleskami, hromom, narazovym
vetrom a ¢asto aj s intenzivnymi zrazkami. Nebezpecnymi javmi
stvisiaci s bdrkou su aj : zhor$end viditelnost a dohladnost,
rychle zmenu tlaku vzduchu, strih vetra a krupobitie. VSetky
tieto spomenuté javy mozZu vyraznym spdsobom ovplyvnit
letové podmienky nielen na letisku, ale aj vjeho okoli. Na
detekciu burky v blizkosti letiska nam sltzi meteorologicky radar
a meteorologickd druZica. Pri vyuZivani tychto zdrojov
meteorologickych informacii viak musime velmi dobre poznat
sposob ziskavanie meteorologickych informdacii a vediet ich
spravne vyhodnotit a zinterpretovat.

V sledovanom obdobi sa na Letisku Zilina avjeho blizkosti
vyskytlo 89 dni s burkou. Pri burkach sa vyskytli aj sprievodné
javy ako napr. krupobitie. Ak by sme ale do poctu dni s burkou
zahrnuli aj vyskyt nebezpecénej oblacnosti zo sprav METAR , teda
vyskyt oblakov typu Cumulonimbus a towercumulus, ktoré nas

upozorriuju z meteorologického pohladu na nebezpecnost
poveternostne;j situacie, vzrastol by pocet dni s burkou na 186.

Tabulka 1: Vyskyt dni s burkou za sledované obdobie (Zdroj: Jarosovd &
Strakovd, 2018).
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Burka sa mozZe vyskytnut aj vzimnom polroku, ale tu
mechanizmus vzniku burky iny ako v lete.

je

Z tabulky je vidiet, Ze kazdd sezdna vyskytu burok je ina.
Najcastejsie sa burky vyskytujui v mesiacoch jun, jdl, august. Ci
vsak ide oburky vo vnutri vzduchovej hmoty alebo o burky
sUvisiace s postupujucim studenym frontom sa vSak da zistit iba
po starostlivej analyze.

4. Zaver

Z uvedenych udajov je mozné zistit, 7e na letisku Zilina sa dymno
vyskytuje pocas celého roka, ale v niektorych mesiacoch je jeho
vyskyt Castej$i. Castejsie sa modzu vyskytovat problémy
s dohladnostou atieto modzu komplikovat napr. aj vyucovaci
proces na LVVC.

Burky sa sice vyskytuju iba v niektorych castiach roka, ale javy
pri burkach mézu byt intenzivnejsie.

Poznanie vyskytu nebezpecnych poveternostnych javov na
danom mieste je pre bezpeénost leteckej dopravy délezita.
Klimatografia miesta dokaze povedat s urcitou
pravdepodobnostou , ¢i sa da predpokladat vyskyt nejakého
poveternostného javu v danej ro¢nej dobe. Pre zlep3enie kvality
leteckej dopravy by ale bolo vhodné zamerat sa aj na iné druhy
nebezpeénych javov apopisat tak ich vyskyt pocas roka
podrobnejsie.
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Nowadays is no common and standardized training content on the assessment of instrument scanning performance and situation aw areness for
pilots. Our research is devoted to the use of eye track technology to track eye movement for pilot flight simulator training. For the relevance of the
data, we verified our theory in practice during the training of pilots on the flight simulator ELITE at Zilina Airport. After flight, pilots could check the
correct scanning technique, total dwell time, number of fixations, saccades, scan maps and pupil size. This option has proven to be very effective not
only for pilots themselves, but also for instructors, especially in the case of inexperienced pilots starting with instrument flying.
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1. Uvod

Ludsky vizualny systém je jednym z najzlozitejSich systémov. Je
sucastou nasho nervového systému a je hlavhym senzorickym
mechanizmom, ktory je zodpovedny za snimanie nasho okolia a
koordinaciu nasich aktivit. Tento systém spdja senzoricky vstup
prichadzajuci zo sietnice oci do Casti mozgu, ktoré riadia pohyb
a polohu o¢i, oznacované ako okulomotorické ovladanie.

Niektori fudia mézu vykonavat sucasne niekolko C¢innosti,
pretoze su schopni po jednej az dvoch linidch s velkou
pravdepodobnostou predpokladat, ako sa bude rozvijat proces
dalej a tym uvolnit kapacitu pozornosti pre inu ¢innost.

Selektivna pozornost ako désledok evollcie, ndm umoZriuje
spracovat obrovské mnoiZstvo informacii, ktoré prijme nas
mozog cez opticky nerv. Tento objem je prili§ masivny na to, aby
bol nepretriite spracovavany. Pilot musi spravne vyselektovat
pocas jednotlivych faz letu zameranie na urcité pristroje. Kedze
¢lovek dokéze udrzat pInd pozornost len pri obmedzenom pocéte
objektov, je nevyhnutné pre spravne prevedenie daného Ukonu
zamerat sa na pristroje, ktoré si tento manéver vyzaduje. Plati
jednoduché pravidlo: ¢im je okruh pozorovanych objektov
mensi, tym je koncentracia vacsia (Causse, 2011).

KedZe piloti nemaju tendenciu sériovo spracovavat informdacie,
zameranie arozdelenie pozornosti sU najdolezitejSimi
sposobmi. Niekedy sa v3ak tieto spdsoby mézu podielat na
leteckych nehoddach. Napriklad piloti, ktori sa doérazne
zameriavaju na pristatie lietadla, nemo6zu vnimat iné lietadla
alebo vozidld na pristdvacej drahe, ¢o méze viest ku kolizii.
Fixacia pozornosti bola tiez uz niekolkokrat pricinou leteckych
nehod, pri ktorych sa letovd posddka zamerala na jediny
problém, bez dostatoného venovania pozornosti samotnému
riadeniu lietadla. Na druhej strane, uZ niekolko nehéd bolo
zapri¢inenych pilotmi, ktori rozdelili svoju pozornost na prilis
vela Uloh a nedostatoc¢ne sa venovali prioritnym Ukonom.

Pri koncentracii pozornosti na hodnoty niektorych pristrojov
pilot ¢asto nezisti objavenie dalSieho signalu na pristrojovej
doske. Plati pravidlo, Ze ¢im vysSia je koncentracia pozornosti,
tym mensiu oblast pristrojovej dosky pilot registruje.

2. Moznosti vzniku chyb pri prehliadani

Pocas sledovania rozloZenia pozornosti za letu méze déjst k
viacerym zasadnym chybam, ktoré si v nasledujucich bodoch
priblizime. Jednad sa o chyby, ktoré su zapri¢inené ludskym
faktorom, ¢ize samotnym pilotom.

2.1. Nedostatok informdcii

Proces zberu informacii za letu prebieha v danom cykle, vo
vynutenom tempe a v priamej postupnosti. Skuseny pilot pocas
kontroly dokaze prenasat svoj pohlad z pristroja na pristroj,
neprezera pritom celu stupnicu, ale len Udaje alebo jednotlivé
Casti, kde by podla predpokladu mala byt rucicka, pohyblivy znak
alebo digitalny udaj. Takto sa jeho priprava na vnimanie sklada
z predbeZného predvidania udalosti. AvSak je doleZité si
uvedomit, Ze chyba v predvidani méze vyvolat chybu vo
vnimani, ktord je tym pravdepodobnejsia, ¢im vyssie je
emociondlne napatie pilota.

Ako nasledok zapri¢ineny nedostatkom informacii za letu moze
dojst k roznym chybam ako napriklad: nespravnemu od¢itaniu
udajov z pristrojov s dvoma rucickami; nesprdvnej interpretdcii
smeru pohybu ukazovatela, nespravnemu rozliSeniu Cisiel alebo
deleniu stupnice a pod.

Najhorsia situdcia nastava v pripade, ked' pilot dostava klamnu,
neurcitu alebo nedostato¢nu informaciu. Vyskumy ukazali dalSie
okolnosti. Niektori piloti prave vzhladom na déleZitost umelého
horizontu si nepripustali nespravnu funkciu pristroja a mali
snahu hladat poruchu niekde inde. Charakter chyby a uréovanie
chybného pristroja st potom poznacené tym, ktord odchylku
spozoruje ako prvu (Kyle K.E. a kol., 2012).
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Pri dlhotrvajucom automatizovanom lete ma nedostatok
propriocentivnych spojeni s lietadlom zaporny vplyv nielen na
kvalitu riadenia, ale i na kvalitu vizudlnej kontroly parametrov
letu a vo svojich dosledkoch sa negativne prejavuje na kvalite
pilotovania. Vzhladom k tomu, Ze pocas automatizovaného letu
je zékonité aj znizenie efektivnosti ¢innosti v spojeni so zmenami
procesu vnimania je nutné upozorfiovat lietajuci persondl na
moznost poklesu bdelosti za automatizovaného letu
a nasledkov toho i na zniZenie efektivnosti ¢innosti pilota.

2.2. Fixdcia

Fixacia, alebo pozorovanie jedného pristroja je jednou z
najCastejsich chyb u pilotov, ktori zacinaju s lietanim podla
pristrojov. Pilot sa na zaCiatku zameria na jeden pristroj a
nasledne vykonava Upravy spojené s indikaciou tohto pristroja.
Napriklad pri zamerani sa na umely horizont je ddleZité si
uvedomit, Ze na spravne prevedenie letu je potrebné vyuZivat
umely horizont s primdrnymi a sekunddrnymi nastrojmi, v
zavislosti od danej fazy letu. Aby sa prediSlo tejto chybe, je
doblezita spravna skenovacia technika s ¢o najkratSimi fixaciami
na jednotlivé pristroje.

2.3. Vynechanie pristroja

Dalsou beZnou chybou stvisiacou s rozlozenim pozornosti na
jednotlivé pristroje je vynechanie pristroja z poradia pri
radidlnom selektivnom pozorovani. Vzhladom na vysoku
spolahlivost primarnych pristrojov, maju piloti tendenciu
vynechavat zaloiné pristroje ako su; magneticky kompas,
sklonomer. Dal$im dévodom vynechania tychto pristrojov mdze
byt aj ich umiestnenie na palubovke. Je vsak dblezité
monitorovat aj tieto pristroje najmé z dévodu kontroly zlyhania
alebo chybnej indikacie primarnych pristrojov.

2.4, Priestorovd dezorientdcia

ZloZitost orientécie v priestore pocas letu je na jednej strane
dana pohybom lietadla v troch rozmeroch, velkou rychlostou,
i posobenim na zmysly pilota. Za letu sa lietadlo stavia tak, ze
vyslednica posobiacich sil nie je vidy vsmere zemskej
pritaZzlivosti a nepdsobi vidy priamo do sedacky, takZe pilot
nembze pri zavretych ofiach uréit smer pdsobenia zemskej
pritaZlivosti.

DalSou beinou chybou suvisiacou s rozlozenim pozornosti na
jednotlivé pristroje je vynechanie pristroja z poradia pri
radidlnom selektivnom pozorovani. Vzhladom na vysoku
spolahlivost primdrnych pristrojov, maji piloti tendenciu
vynechavat zaloiné pristroje ako su; magneticky kompas,
sklonomer. Dal$im dévodom vynechania tychto pristrojov moze
byt aj ich umiestnenie na palubovke. Je vsak dblezité
monitorovat aj tieto pristroje najma z dévodu kontroly zlyhania
alebo chybnej indikacie primarnych pristrojov.

Preberanim informacie z pristrojov za letu je vlastne vytvaranim
urcitej predstavy, Ze letime spravne, i ked nevidime prirodzeny
horizont. Vznik predstav, ich vyvoj a rozvoj, je vidy spojeny s
urcitou konkrétnou ¢innostou. Pre let podla pristrojov je to
udrZanie takej priestorovej orientacie, ktord umoZnuje
dokoncenie letu niekedy i v mimoriadne tazkych podmienkach.
Jednym z hlavnych pricin priestorovej dezorientacie je iluzia.
Ilbzia vznikd na zdklade klamnej alebo faloSnej predstavy.
Najhorsia vlastnost predstév (zvlast pre tento pripad) je to, Ze u

nich chyba presna priestorova lokalizdcia. NajCastejSie sa
vyskytuju iluzie zrakova. Klasicka zrakova iltzia vznika nahle. Za
letu podla pristrojov viak pilot nevidi ni¢ zvlastneho, zahadného,
hodnoty pristrojov zodpovedaju polohe lietadla v priestore.
Iluzia vyvola priestorovu dezorientaciu, ktorej dosledky pre let
su velmi nebezpecné (Novak, 2015).

Strata priestorovej orientdcie moze byt spdsobena klamnymi
pocitmi, ktoré st vyvolavané zdanlivo, ¢i skuto¢ne rozpornymi
udajmi nasich zmyslov alebo ich nespravnou interpretaciou v
centralnom nervovom systéme. NajcastejSou formou illzii su
iluzie prie¢neho sklonu, stipania a klesania. Ilizie méZzu trvat od
niekolko sekund az po niekolko minut. Pilot, ktori zacina lietat
podla pristrojov sa dostane do priestorovych orientacnych
tazkosti, pretoze nezvladne velké mnoizstvo informacii
zakladnych letovych a naviga¢nych pristrojov v dosledku slabych
navykov, bez toho aby vznikla akdkolvek iluzia.

Vznik ilazii méze ovplyvnit zloZitejsi let, na ktory pilot nie je
pripraveny, ma teda nedostato¢né navyky a méze ohrozit
bezpetnost celého letu. Systematické nacviky a znalosti
zrakovych iluzii znizuju predpoklad zlyhania fudského faktora.
Z tohto dovodu je doblezité pilotov vo vycviku obozndmit
s moznym vyskytom ilGzii, objasnit ich vznik a pévod a taktiez
najcastejsie podmienky, za ktorych moze k takymto udalostiam
dochadzat a ako sa s nimi vysporiadat (Novak, 2015).

3. Teoreticka priprava pilota pred IFR letom

Existuje urcity systém sledovania, poradie a frekvencie
prehliadky pristrojov, ktoré v zavislosti na reZime letu a
vlastnostiach  celého systému, t.j. stabilite kandlov,
rozhodovacich moznostiach, motorickej  ¢innosti  a
zodpovedajucej reakcii lietadla, méze dat ¢asové rozmedzie pre
objektivnhe prenosy zorného pola na jednotlivé pristroje so
zarukou dodrZania poZadovaného rezimu.

Pilot by pred zacatim lietania podla pristrojov mal byt teoreticky
oboznameny s jednotlivymi modelmi prehliadania pre rozne
manévre a fazy letu. Postupne si bude osvojovat tieto principy
na simuldtore, kde bude nasledne schopny instinktivne
odhadnut, ktory pristroj ma byt kedy pozorovany a s akou
frekvenciou prehliadania (Skultéty, 2018).

Optimalne systémy pozorovania palubnych pristrojov, ktoré
vyuZivame pre uvedenie a udrzovanie pozadovaného letového
rezimu je najlepsie rozdelit pri analyze do troch skupin:

e uvedenie
e udrzanie

® opravy

3.1. Radidlne selektivne rozloZenie pozornosti pocas IFR
letu

Na zaCiatku vycviku bude pilot prijimat obrovské mnoZstvo
informdcii z viacerych pristrojov. Preto je nevyhnutné aby sa
pocas teoretickej pripravy obozndmil s metédou radidlneho
selektivneho pozorovania a znizil tym pracovnd zataZ pilota.
Metodika sledovania pristrojov pocas IFR letu ma v nazve slovo
,radidlne” ¢o vystihuje skutoc¢nost, Ze umely horizont je riadiaci
a hlavny pristroj a teda vSetky zmeny polohy sa vykonavaju
podla udajov tohto pristroja, od ktorého potom pilot radidlne
prendsa pozornost na ostatné pristroje. Dalsie pristroje sa
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zaraduju podla potreby apovahy zamyslaného alebo
uskuto¢neného manévru. Umely horizont je vZdy hlavny pristroj,
preto by pozornost nemala skdkat z jedného pristroja na druhy
ale vzdy by mala prechéadzat cez umely horizont (KFiz, 2007).

Obrdzok 1: Radidlne selektivne pozorovanie pristrojov (Zdroj: FAA,
2012).

4. Analyza udajov a vyuZitie pri vycviku pilotov

Pre realizaciu nasich merani sme si zvolili zariadenie na
sledovanie o¢nych pohybov (Eye Track), pomocou ktorého je
mozné sledovat rozloZenie pozornosti pilota aspravne
prevedenie predpisanych letovych uloh. V tomto pripade sa
jednalo o okuliare SMI 2 Wireless (SMI ETG 2w).

Merania sa zucastnilo Sest pilotov, ktori boli podla poctu
nalietanych IFR hodin rozdeleni do dvoch skupin- skdseni
a neskuseni piloti. Postupne zaleteli NDB priblizenie pre vzletovd
a pristavaciu drahu 06 na letisku Zilina na simulatore ELITE $923
FNPT Il MCC, ktory sa nachadza na letisku Zilina — Dolny Hricov.

Pred samotnym meranim je potrebna kalibracia zariadenia, kde
sa pilotom prezentuje niekolko fixacnych bodov, respondent
dostane instrukcie tieto body postupne sledovat a na zéklade
merania sa zariadenie nastavi. Po kalibracii nasleduje validacia,
ktora preveri presnost kalibracie.

Eye track zariadenia zaznamenavaju rozmanité mnozstvo
udajov, ktoré je moziné rozdelit na merania zohladriujuce
priestorové, casové, frekvencné asekvencné dimenzie.
Priestorové a Casové parametre vyjadruju, v akej Sirke zorného
pola sa oci pohybuju, ktoré casti obrazu su fixované a v akom
Case sa toto odohrava. Frekvencné parametre vyjadruju,
kolkokrdt bol sledovany bod fixovany a poaku dlhd dobu,
a napokon sekvencné parametre slizia na vyjadrenie vzorcov,
ktoré reflektuju prechody medzi viacerymi ¢astami sledovaného
materialu alebo scény (Holmqvist, 2011).

Surové data ziskane zo zariadenia Eye Track po¢as merania na
simuldtoroch, boli postupne spracované pomocou softvéru
BeGaze. Softvér ponika mnoZstvo vystupov a pre vyuZitie pocas
vycviku je najdolezitejSia spatna kontrola vykonanych postupov.

Vizualizovat data z Eye track zariadenia je mozné viacerymi
spOsobmi. Medzi najvyuZivanejSie patri vizualna cesta (scan path
/ gaze plot / vizual path), kedy st na zobrazovanom materidli
fixacie oznacené okruhlymi oblastami, pri¢om priemer tychto
oblasti odraza dizku fixdcie a jednotlivé fixacie si spojené
priamkami, ktoré vyjadruju sakady. Tato metdda bola vyuZitd
pocas merania a pilot si dodatocne skontroloval o¢né pohyby
a najma dizku fixacie pocas letu.

Obrdzok 2: Porovnanie NDB pribliZzenia neskuseny a skuseny pilot
(Zdroj: Autor).

Porovnanim skenovacich map pocas NDB pribliZenia je viditelny
rozdiel v dizke fixdcii. V pripade neskdseného pilota je vidiet
niekolko rozdielov oproti skenovacej technike skuseného pilota.
Najvacsou chybou, ktorej sa neskuseny pilot dopustil je, ze pocas
priblizenia vynechal primarny pristroj- rychlomer. Taktiez dizky
fixacii su znacne dlhsie, najma o sa tyka sledovania drahy pred
sebou. Nevyhodou tohto zobrazenia je, ze pilot si nemoéze
skontrolovat presne &as v ktorom sa venoval jednotlivym
pristrojom. Z tohto pohladu sa taktiez neda ur¢it, ¢i pilot zacal
so sledovanim drahy v stanovenej vyske.

100 o)
. Skicnamer
o variometar
ACF
W vyzkomer
W Rychiomer
[
B Motorous pristroje

£

5

Cas [5]

Obrazok 3: Percentudlny podiel celkovej doby zotrvania na jednotlivych
oblastiach zdujmu. Neskuseny pilot (Zdroj: Autor).
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Obrdzok 4: Percentudliny podiel celkovej doby zotrvania na jednotlivych
oblastiach zaujmu. Skudseny pilot (Zdroj: Autor).

Cielové oblasti (v naSom pripade jednotlivé pristroje a drahu),
ktoré nas zaujimaji, sa nazyvaju oblasti zaujmu (areas of
interest alebo regions of interest). V naSom pripade sme si pred
samotnou analyzou vytvorili fotografiu palubnej dosky
simulatora, na ktorom sa uskutoc¢nilo meranie. Nasledne sme si
na tejto fotografii urcili jednotlivé oblasti zaujmu (AOI).
Pomocou softvéru sme vytvorili graf, na ktorom je zobrazeny
percentualny podiel celkovej doby zotrvania na danej oblasti
zaujmu. Vyhodou tohto zobrazenia je, Ze nie len pilot ale aj
inStruktor si mobze dodatotne skontrolovat spravnost
vykonanych postupov. Pri porovnani je moiné vidiet, Ze
skenovacie postupy pilotov su rozdielne. Neskuseny pilot sa
najma v poslednej faze priblizenia zameral na drahu pred sebou
a nepokracoval v skenovacej technike ostatnych pristrojov.

Ako uZ bolo spomenuté nesprdvna skenovacia technika moze
najma u neskuseného pilota viest ku zahlteniu informaciami ¢o
mbze spdsobit zvySenu Unavu pilota. Po 30 az 90 minudtach letu
podla pristrojov méze u niektorych pilotov vzniknat pocit dnavy,
hlavne po dlhsej prestavke v lietani alebo u menej skusenych
pilotov. Tato Unava a emocné napatie sa prejavi v chybnej
¢innosti a spomalenych reakciach a mézu viest ku vzniku
klamnych pocitov za letu. Ak pilot nema prispdsobené optimalne
podmienky alebo sa pocas letu stretdva s uréitymi tazkostami,
vykon sa zhorSuje a ¢innost pohybov oéi sa meni. Vo vacésine
pripadov sa menia parametre fixacie, najma dizka a frekvencie
fixacii. Dftka fixacie je prvym parametrom, ktory sa meni
posobenim stresu na pilota. Na zaciatku vycviku bude pilot
prijimat velké mnoZstvo informacii z viacerych pristrojov. Preto
je nevyhnutné osvojit si metddu selektivneho pozorovania a
znizit tym pracovnu zataz pilota.

V poslednej faze ndSho merania sme sa preto zamerali na vplyv
osvetlenia v kabine pocas no¢ného letu. Analyzovanim tdajov zo
zariadenia sme si vytvorili graf, ktory zobrazuje velkost pomeru
zrenice pravého (Cervena farba) a favého oka (zelend farba) ,
pocas merania s najvysSou intenzitou podsvietenia I-Pad mini.
Jednalo sa o pociato¢nu fazu priblizenia, kedy pilot prechadzal
pohladom z pristrojov na [-Pad mini. Nasledujuce grafy
zobrazuju sledované veli¢iny:

Obrdzok 5: Zmena velkosti zrenice pocas pribliZenia s najvyssim
nastavenim jasu v kokpite (Zdroj: Autor).

Pocas vybraného c¢asového Useku (30 sekind) pilot prechadzal
zo zariadenia I-Pad mini na pristroje Styrikrat. Pri prechode I-Pad
mini, ktory bol nastaveny na najvyssi jas doslo k viditelnému
zUZeniu zrenice. Nesprdvna optimalizacia vystupov pristrojovej
dosky ako je intenzita podsvietenia, audiovhemov a komfort
pilotaze ako komplex, pri dlhodobom pdsobeni méze znacne
ovplyvnit pracovnu vykonnost pilota a pripadny stres.

5. Zaver

Dospeli sme kzaverom, Ze osvojenie si techniky spravnej
radialnej selektivnej pozornosti je narony azdihavy proces,
ktory potrebuje dobry teoreticky zaklad, ale najma aktivne
lietanie a ziskavanie novych skidsenosti s lietanim.

Neskuseni piloti sa pocas nasho merania dopustili viacerych
chyb. NajcastejsSie sa jednalo o chyby, ktoré su spojené
s nedostatkom skisenosti s IFR vycvikom. Narastajucim poctom
odlietanych IFR hodin a novymi skisenostami su tieto chyby
postupne odstranené. Pre urychlenie tohto procesu detekcie
a odstranenia zaciatoCnickych chyb sa ukazuje ako vhodna
metdda analyza dat pomocou zariadenia na sledovanie o¢nych
pohybov. VyufZitie technolégie Eye Track pri vycviku pilotov je
slubnou metddou, ktord prinasa mnoZstvo vyhod. Jednd sa
o objektivne pozorovanie, ktoré nerozptyluje pilota a taktiez
dodatocne poskytuje informdcie inStruktorom. KedZe su
jednotlivé udaje zaznamendvané a nasledne analyzované pilot si
méze porovnavat zlepSovanie techniky lietania a prevedenia
jednotlivych ukonov. Velkou vyhodou tohto zariadenia je, Ze
pilot si méZe dodatoctne skontrolovat rozloZenie pozornosti na
letové pristroje a taktiez celkovud dobu zotrvania v uréitom case,
pretoze v mnohych pripadoch si nemusi byt vedomy fixacie na
letové pristroje pripadne rozptylenie pozornosti inymi
zariadeniami.

Jednd sa o objektivne meranie, preto sa instruktor pocas letu
moze venovat spravnemu prevedeniu letovych Gkonov
a dodatocne si svoje Udaje skontrolovat. Analyza méze odhalit
rézne chyby, ktorych sa pocas letu pilot dopustil, a na ktoré sa
moze zamerat a venovat im zvy$end pozornost.

Zariadenie je tiez vhodnou metddou pri nastaveni optimalnej
intenzity podsvietenia pristrojovej dosky a nasledne znizenie
unavy pilota v désledku namahania zrakového orgénu.
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Greater technical advancement of Unmanned Aerial Vehicles (UAVs) used in air traffic means their possible use not only for entertainment and leisure.
UAV technology in the military industry has opened up ground scanning capabilities for various purposes. Optimized design and 3D printing capabilities
make it possible to apply UAVs beyond military use, for example, for Search and Rescue or Coast Guard applications that use long range UAVs. Authors
compared the proposed design of wings made with 3D printing. Optimized design of wings for the needs of long range UAVs forms the basis for the
implementation of UAV systems to life-saving applications. Several designs have been printed during the design process and the one that achieved the
best results based on stress test have been printed out of multiple materials to achieve maximum strength. The results of the article show different
designs of wings construction, their comparison with loading and selection of the optimal layout of the wing parts of the wing structure.
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1. Uvod

Pocas celej histdrie lietania sa vyrobcovia vzdy snazili vymysliet
lepSie a silnejsie konstrukcie pre svoje lietadld. Vsetky casti
lietadla musia byt dostatotne pevné, aby dokazali prenasat
velké zataZenia, a to najma kridla. Kridla musia odolat réznym
zatazeniam vo vSetkych smeroch, takZze vnatorna Struktura je
kfd€om k uspechu. DoOlezitd je nielen konstrukcia alebo
robustnost, ale aj hmotnost komponentu.

Lietadld, ktorych ciefom je dosiahnut dlhy let, napriklad pri
mapovani Uzemia, maju rozdielne vnutorné Struktury, ako
napriklad lietadld uréené pre patracie a zdchranné misie. Priority
pocas procesu navrhovania sa mézu lisit. Pouzime priklad na uz
spominanych lietadlach uréenych na mapovanie. Pocas procesu
navrhovania lietadla na prieskumné lety alebo mapovanie je
kl'i€ovd hmotnost lietadla, kedZe sa budd musiet vo vzduchu
udrzat ¢o najdlhsie. Na druhej strane pri navrhovani lietadla pre
pétracie a zachranné misie je dbleZita stabilita a rychlost. Kazda
konStrukcia kridla md svoje vlastné vyhody a nevyhody a
pouZitie zavisi od ucelu.

2. Sucasny stav

Od zaciatku letectva sa radikdlne zmenili navrhy lietadiel.
Zmenili sa nielen vonkajSie tvary lietadiel, ale aj vnutorné
Struktury, takZe mozu byt odolnejsie. Lietadla v plnej mierke su
ovela odliSnejSie. Hlavny rozdiel je v materidli. Kridla na
skutoénych lietadldch sa mézu skladat z réznych materidlov,
vratane dreva, druhov kovov alebo kompozitnych materialov,
ako su sklolaminat alebo uhlik (Bugaj a ini., 2002), zatial ¢o 3D
tlaéené kridla su vyrobené z jedného materialu, ale moézu byt
vystuZzené iny dalSim. Napriklad kridlo vyrobené z PLA a
vystuzené karbénovym vidknom.

PouZitie 3D tlaéenych objektov, ktoré sa redlne mdzu pouzivat v
praxi, este stale nie je rozsirené. Vela materialov, ktoré mozno
pouzit pri 3D tladi, su stale predmetom pozorovania.

3. Materialy a metody tlace

Na trhu je niekolko spdsobov, ako 3D vytlacit objekt z réznych
typov materidlov. NajpouzivanejSou metdédou je Fused
Deposition Modeling (FDM). V sucasnosti je FDM
najoblibenejSou a najrozSirenejSou metddou na tlacenie 3D
objektov, ako su funkéné prototypy, koncepéné modely a
vyrobné pomécky, vacsinou kvoli jednoduchosti tlace. Pomocou
tejto technoldgie je mozné dosiahnut skutoéne jemné detaily a
vynimocény pomer pevnosti k hmotnosti. Proces tlace pozostdva
z vrstvenia vrstvy roztaveného materidlu po vrstve na stavebne;j
podlozZke (obr. 1). Tato metdda bola pouZzita aj na tlacenie kridel
na Ucely tohto ¢lanku.

V sucasnosti je na trhu priblizne 25 druhov materidlov. Kazdy z
tychto materidlov ma svoje vlastné vyhody a nevyhody a
pouzitie zavisi od aplikacie. Dva najpouzivanejsie materialy su
PLA (Polylactic Acid — kyselina polymliecna) a ABS (Acrylonitrile
Butadiene Styrene). Oba tieto materidly su velmi populdrne
medzi uzivatelmi.
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Obrdzok 1: Fused Deposition Modeling (Zdroj: 3D printing and design).

Pre tento projekt sa autori rozhodli pouzit najoblUbenejsi zo
vSetkych materidlov, PLA. Existuje niekolko ddévodov tohto
rozhodnutia, ako napriklad:

e Najpristupnejsi material na trhu
e Dobry pomer cena/ vykon

e Jednoducha praca

4. Procesnavrhu

Na zaciatku procesu navrhovania bol zvoleny vhodny profil. V
tejto faze projektu nebol profil kridla tak dolezity. Dolezitejsia je
jednotnost vsetkych testovanych kridiel. Na vsetkych kridlach
bol pouzity profil NACA2412. Hlavny rozdiel je vo vnutri kridel.
Kazdé jedno kridlo ma unikatnu vnutornu struktdru vytvorend
pouzitim réznych vzorov vypline v programe Cura, ktory slGzil na
tlacenie vzoriek kridel pre Gcely tohto ¢lanku.

V priemysle 3D tlace sa pouZivaju nasledujuce typy vypini.
e Grid: Silna 2D vypln

e Lines: Rychla 2D vypln

e Triangles: Silna 2D vypln

e Tri-hexagon: Silna 2D vypli

e Cubic: Silna 3D vypli

e Octet: Silnd 3D vyplii

e Quarter cubic: Silna 3D vypli

e Concentric: Flexibilna 3D vypli

e Concentric 3D: Flexibilnd 3D vypli

e Zig-zag: Vypli v tvare mriezky, ktord sa nepretrzite tlaci v
jednom diagondlnom smere

e Cross: Flexibilnd 3D vypli
e Cross 3D: Flexibilna 3D vyplf

Vzor "Cubic" bol zvoleny pre menej komplikovany vzor.
»Concentric” vzor vyplne ukdzal 0% prepojenia a v pripade

vzorov ,Cross“ a ,Cross-3D“ bol zretelne viditelny lepsi
prepojovaci vzor.

Volba vyplne bola zaloZend na roznych faktoroch. KedZe
Ltriangles” a ,tri-hexagon” sa v praxi velmi neliSia, autori sa
rozhodli pouzit ,tri-hexagon” kvéli hustote vyplne. To isté plati
pre vyplne ,,Cubic” a ,Quarter-cubic”. "Cubic" vzor bol vybrany
na zaklade menej komplikovaného vzoru, kedZe v pripade
vyplne ,,Concentric” sa ukazalo Ze preukazuje 0% prepojenia, a

spojenie pri vzore vyplne , Cross 3D“.
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Obrdzok 2: Vybrané typy vypini (Zdroj: Ultimaker).

Vsetky kridla boli navrhnuté pre celkovd hmotnost 36 g aj spolu
s materialom, ktory sluZil pocas tlace ako zakladna pre tlaceny
objekt. Obr. 3 znazorriuje jednotlivé vyplne priamo v kridlach.
Hmotnostny faktor ovplyvnil celkové percento vyplne pouZité vo
vzorkdch kridiel. Na nasledujicom zozname je mozné vidiet
percentudlne zastupenie vyplne pre kazdy typ vyplne.

e Grid-10%

e Tri-hexagon - 10,5%
e Cubic-10%

e Gyroid - 10%

e Cross-3D-9%

Vsetky vzorky kridel boli vytlacené na tlaciarni Creality CR-10S s
nasledujucimi nastaveniami tlace:

e Materidl: Verbatim - PLA, Cierna farba
e Vyska vrstvy 0,2 mm

o Teplotatlace 211°C
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e Teplota podlozky: 55° C
o Skrupina: hrtbka steny 0,4 mm, 3 spodné a vrchné vrstvy
e Rychlost: Vyplni a Rychlost tlace steny = 15 mm * s-1

Doba tlace jednej vzorky trvala v priemere priblizne 10 hodin.

Obrdzok 3: Navrhnuté kridla spolu s vybranymi typmi vypini v programe
Cura (Zdroj: Autori).

Po Uspesnej tlad¢i jednotlivych vzoriek sa uskutocnilo
experimentalne overenie ohybom so znamou zataZou na
jednotlivych kridlach. Experimentélne overenie sa uskutocnilo
podla schémy uvedenej na obrazku 4.

Vzorka kridla bola umiestnend na dve podpery vo vzdialenosti
175 mm (parameter L) a cez prenosovu s$nuru, ktord bola
umiestnend v strede testovanej vzorky bola zatazena silou G.
Hodnotiacim parametrom bol ohyb v strede kridla L / 2

charakterizované velkostou "y".

Obradzok 4: Schéma merania ohybu (Zdroj:
https.//www.doitpoms.ac.uk/tIplib/beam_bending/images/3_point_di
agram.jpg).

5. Vysledky

Vysledky merania su uvedené v tabulke 1. Grafické znazornenie
merania je mozné vidiet v grafe 1, ktory ukazuje priebeh ohybov
s danymi zataZeniami. ZataZovanie kazdej vzorky kridla sa
menilo v pravidelnych 500 gramovych krokoch. Merania sa
zacali zatazenim kazdého kridla s referenénou hmotnostou 100
gramov, aby sa zabezpedila relevantnost vysledkov. Bod dotyku
na meranie priehybu kridla sa nachadzal vo vzdialenosti 60 mm
od zadného okraja kridla.

Tabulka 1: Namerané hodnoty pocas experimentov

Typ viplne
. Tri- . . Cross- i i Sila

Gl ot Cebis Gomid (it SRR Ged T
Ohyb (mm)
Meranie 1 0.230 0160 0220 0290 0200 0270 0230 4903
Meranie 2 0.400 0,340 0.430 0.503 0,423 0,490 0.400 887
Meranie 3 0,560 0505 0630 0720 0540 0670 0570 1475
Meranie 4 0.720 0.6735 0.860 0.933 0.870 0,830 0,720 19,62
Meranie 5 0,805 0,840 1,070 1,150 1,075 0890 0,895 24,525
Meranie 6 1,060 1.000 1280 1380 1290 1,140 1040 2943
Meranie 7 1.230 1.160 1,490 1,585 1,480 1,290 1,220 34335
Meranie § 1370 1320 1670 1,770 1,690 1440 1370 3924
Meranie 9 1,330 1.440 1,360 1,960 1,875 1,580 1,505 44145
Na zéklade definicie, Ze elasticita je schopnost objektu alebo

materidlu obnovit svoj pbvodny tvar po natiahnuti alebo
stlaceni, boli jednotlivé ohyby porovnané. Z vysledkov je mozné
definovat, Ze wvypli "Tri-hexagon", ktory je v grafe
reprezentovany zelenou farbou, je najpevnejsSim zo vsetkych.
Opacnym pripadom je vzor "Gyroid", ktory vykazuje najvyssi
stupeni plastickej deformacie pri rovnakej zataZzi ako ostatné
vyplne.

Zahrnutim skutocnosti, Ze vacsina kridel ma tiez nosniky pri
pouziti 3D tlacenych UAV, tvar a hustota vyplne slGZia najmé na
zvysenie tuhosti konstrukcie kridla, zatial ¢o primarne ohybové
zatazenie prenasa vstavand konstrukcia. Vysledky ukazali, ze
najvhodnejsim typom vyplne pre tlacené kridla je  "Tri-
Hexagon". Experimenty zaroven ukazali, Ze pri aplikaciach
vyZzadujucich vysoky stuperi elasticity je mozné pouzit vzory ako
,Cross-3D“ alebo ,,Gyroid”.

Cross-3D Cubic

Gyroid

= Tri-Hexagon Grid
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Graf 1: Zavislost ohybu jednotlivych vzoriek kridiel od pGsobiacej sily
(Zdroj: Autori).
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6. Zaver

Clanok poukazuje na pevnost konstrukénych jednotiek
vytlaéenych na 3D tladiarni vzhladom na ich celkovi pevnost
vo¢i hmotnosti a odolnost voéi plastickej deformacii.
Optimalnym pomerom hmotnost / pevnost je mozné zvysit
celkové vyhotovenie tlacenych ¢asti a v pripade tychto vyrobkov
aj kridla pre bezpilotné letecké prostriedky. Kvéli nepritomnosti
parametrov, ako je modul pruZnosti prierezu alebo celkova
nehomogenita tlace, boli vzorky kridla overené iba
experimentadlnym meranim a boli porovnatelne porovnané.

Vysledky merani ukazuju, Ze vzor "Tri-Hexagon" ma najodolne;jsi
dizajn a vzor "Gyroid", na druhej strane najpruznejsi. Na zaklade
tychto poznatkov je mozné integrovat a pouzivat jednotlivé typy
vyplni v praxi.

Clanok poskytuje zakladné Udaje, ale sliZi aj ako odrazovy
mostik pre dalsi vyskum optimalizacie pevnosti 3D tlacenych
vyrobkov a porovnanie inych kritérii, ako su celkové napétie pri
deformacii alebo definovanie modulu pruznosti. Pre
sofistikovanost 3D tlade je mozné okrem zmien tvaru zmenit aj
parameter tlace, aby sa otvoril rad premennych faktorov,
ktorych optimalizacia umozriuje vytvorenie vysoko-pevnych
komponentov. Pomer pevnosti a hmotnosti sucasnych 3D
vytlackov vedie ku konkurencieschopnosti 3D priemyslu proti
kompozitnym materidlom, a v niektorych pripadoch aj lahkym
zliatindm kovov.
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The paper is focused on the application of Unmanned Aerial Vehicles (UAVs) in the process of accurate and early source of fire localization during the
firefighting operation inside buildings. UAVs in practice allow to use perspectives and insights that are not accessible to ground forces. The authors
expect to provide an early localization of hidden center of enclosure fire using UAVs and compare how early detection of fire source could affect overall
firefighting process. As a part of verification of this hypothesis a fire test was carried out in collaboration with fire dep artment. Additionally, to the fire
test, authors used numerical fire simulation of various scenarios according to experimental conditions. Results demonstrate the use of UAVs in terms
of rescue forces and their overall contribution to safety related to firefighting and fire protection of buildings.

Keywords
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1. Uvod

DJI, celosvetovy lider medzi vyrobcami bezpilotnych lietajucich
prostriedkov, publikoval prieskum, ktory preukazal, ze UAV
(Unmanned Aerial Vehicles) doposial zachranili najmenej 59 ludi
v Zivot ohrozujucich situaciach v 18-ich réznych udalostiach po
celom svete. Tato sprdva je zaloZzend na prieskume informdcii
svetovych médii. Viac ako tretina tychto ludi bola zachranend
UAV prostriedkami riadenymi civilnymi pozorovatelmi alebo
dobrovolnikmi, ktori ponukli svoje sluzby profesionalnym
zachranarom. Tento fakt moino pokladat za dbkaz, Ze
extenzivne osobné vlastnictvo UAV ponuka aj vyhody pre
verejnu bezpeénost. Vzhladom k tomu, Ze UAV prostriedky su
vyuZivané stale viac, a to nielen jednotlivcami ale aj
bezpecnostnymi zlozkami, stdvaju sa teda viac a viac ¢astejSimi
Ucastnikmi leteckej dopravy (Havel et al., 2017), ¢o vedie
k predpokladu ndrastu zachranenych oséb na 1 osobu za tyzden.

Bezpilotné lietajlce prostriedky, alebo UAV, m6Zzu byt rozdelené
na pristroje s pohyblivymi povrchmi produkujicimi vztlak,
multikoptéry alebo lietadld. V praxi je vyber zostavy
a komponentov UAV vo velkej miere zaloZeny na Ucele vyuZitia.
Multikoptéry maju sice maly rozsah, no vdaka ich pozitivnym
vlastnostiam ako moznost zotrvat v statickej polohe pocas letu,
vzlet a pristatie z/na jeden bod alebo schopnost skenovat
Uzemia pocas letu s nizkou rychlostou, ¢o je uz vyuzivané LIDAR
skenovanim terénu a objektov (Bobal et al., 2017). Lietadl3, na
opacnej strane, maju dlhodobu vydrz letu a vyssiu rychlost letu
mozno vyuZit na skenovanie vacésich ploch (Turiak et al., 2014).
Prvykradt bola technoldgia UAV pouzita rakidskou armadou
v roku 1849 pomocou ,balénového transportéra”. V suc¢asnosti
predstavuje lietadlo RQ-1 Predator najvyspelejSiu technoldgiu
v oblasti UAV a jeho produkcia za¢ala v roku 1996 spolo¢nostou

General Atomics Inc. (Chyba! NenaSiel sa Ziaden zdroj o
dkazov.a).

Momentalne je wvyuZitie prostriedkov UAV v zachrannych
sluzbach vo velkej miere orientované na vyhladavanie objektov
a 0s6b. Kombinacia technoldgie infracervenej kamery s UAV

ot PO e
Obrdzok 5 RQ-1 Predator (a) (“General Atomics MQ-1 Predator,” 2019);
Iris 2 kvadkoptéra s pripevnenou infracervenou kamerou FLIR Vue Pro

(b)

,f T j

(Chyba! Nenasiel sa Ziaden zdroj odkazov.b) predstavuje i
dedlny nastroj na vyhladdvanie a skenovanie zo vzduchu.

Clanok je zamerany na ndvrh amoznosti vyuZitia takychto
pristrojov v oblasti zachrannych zloZiek a hasi¢ského zboru.
VyuZivanie UAV na lokalizovanie lesnych poZiarov je v si¢asnosti
takmer samozrejmostou. Autori sa preto zameriavaju na vyskum
potencidlnej moZnosti aplikdcie vyuzitia UAV technolégie
v pripade poziarov v budovach. Prednostou takéhoto systému je
najmd moznost monitorovania nedostupnych ploch a Casti
budov zo zeme a z bezpecnej vzdialenosti bez ohrozenia Zivota
a zdravia.

Hlavnym problémom poZiaru v uzavretych priestoroch
priemyselnych stavieb je v prehrievani a naslednom zborteni
ocelovych konstrukcii. Skord detekcia kritickych teplot by
poskytla v€asnu evakuaciu hasi¢skych jednotiek z budovy, ak by
boli vohrozeni. Okrem toho by skenovanie priestoru
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a konstrukcie mohlo viest k odhaleniu neskorsich zdrojov
poZiaru v Castiach budovy, v ktorych nie je zasah poziarom
predpokladany. Moznost skorej lokalizacie ohniska poziaru by sa
takisto mohla podielat na efektivnejSom zasahu a zachrane ludi
a majetku.

Pri lokalizovani ohniska poZziaru v budove pomocou skenovania
infraCervenou kamerou z exteriéru ma dolezitu ulohu tepelnd
vodivost stavebnych materidlov. Konstrukcie tvoriace obalku
budov su vo vieobecnosti zloZzené z materidlov s nizkou
tepelnou vodivostou, ¢im spolu vytvaraju konstrukéné prvky
s vysokym tepelnym odporom. PoZzadovana hodnota tepelného
odporu takychto konstrukcii je definovana v narodnej technickej
norme (STN 73 0540-2 (73 0540), 2016). To znamena, Ze aj pri
vysokych teplotdch vzduchu vnutri budovy podas poziaru,
obvodové konstrukcie zvdcsa zamedzuju rychlemu zvySeniu
teplot na exteriérovej strane budovy, ktord nie je vystavena
poziaru, avsak v niektorych pripadoch mézu k poZiaru prispievat
(Smolka et al., 2016). Pocas prevedeného poZiarneho testu
a vytvorenim numerickych simulacii sa autori snazili urcit Cas,
ktory je potrebny na prejavenie sa prestupu tepla na vonkajsej
strane konstrukcii pocas poZiaru.

Tim autorov navrhol technoldgiu spdjajicu infracervent kameru
pripevnend  na  kvadkoptéru spolu so  zariadenim
zabezpecujucim nahravanie a prenos videa vredlnom Ccase
monitorovania. Pocas tejto Studie bola pouZita infracervena
kamera FLIR Vue PRO akvadkoptéra Iris 2. Videosignal bol
prenasany na 5,8 GHz frekvencii.

2. Materialy a metody

Je nevyhnutné navrhnutd hypotézu verifikovat pred jej
samotnou aplikaciou spojenou s redlnym hasi¢skym zasahom.
V spolupraci sHaZZ Partizanske bol autorom umoZneny
poZiarny test v nepouzivanej priemyselnej budove vdanom
regione. Test bol viak limitovany poZiadavkou majitela budovy
nezni¢it Ziadnu konstrukciu, nakolko je v plane budovu
v buddcnosti zrekonstruovat aznova uviest do prevadzky.
Z tohto doévodu bol poZiarny test po cely ¢as monitorovany,
zabezpeceny a ukonceny pritomnymi hasiémi predtym ako
doslo k akémukolvek poskodeniu stavebnych konstrukcii.

Poziar bol umiestneny do uzavretej miestnosti budovy, ktora
bola ohrani¢end murovanou stenou zplnej palenej tehly,
beténovou podlahou a kompozithnym  ocelobeténovym
stropom. Horlavym materidlom, predstavujucim poZiarne
zataZenie, boli pouZité drevené palety ainy dreveny odpad
(Chyba! Nenasiel sa Ziaden zdroj odkazov.a).

Obrdzok 6 Horlavy materidl pripraveny pre poZiarny test (a); poZiar
pocas testu (b); skenovanie pomocou UAV s pripevnenou infracervenou
kamerou pocas poZiarneho testu (c)

Vedenie tepla bolo monitorované na stropnej konstrukcii
(hribky 150-180 mm) a jednej tehlovej stene (hrubky 250 mm),
ktora bola v bezprostrednej blizkosti k poZiaru (Chyba! Nenasiel s
a Ziaden zdroj odkazov.b). Konstrukcia miestnosti, v ktorej sa
test odohraval, bola navrhnutd ako samostatny usek vnutri
priestrannej priemyselnej stavby, pricom ich ocelové nosné
konstrukcie tvorili jeden celok. Na monitorovanie zvysenych
teplot vybranych konstrukcii bola pouzity UAV Iris 2
s pripevnenou infracervenou kamerou FLIR Vue Pro (Chyba! N
enasiel sa Ziaden zdroj odkazov.c). Celkovo trval poZiarny test
40 minut, ale priblizne po 20 minutach od zaciatku presiel poZziar
do fazy dohorievania sprevadzanej postupne sa zniZujicim
vykonom.

V nadvaznosti na vykonany poZiarny test autori taktiez vytvorili
niekolko scenarov pocitacovych simulacii poZiaru pre overenie
vyslovenej hypotézy. Simulacie boli vytvorené a prevedené
v softvéri FDS, verzia 6.7, vsulade s oficidlnou uZivatelskou
priruckou vydanou vyrobcom programu (McGrattan and Forney,
2013). Vystupy simuldcii boli spracované pouzitim programu
Smokeview, verzia 6.7, takisto v stlade s uzivatelskou priruckou
(Forney and McGrattan, 2018).

Geometria priestoru pre numericki  simulaciu  bola
vymodelovana na zadklade redlnych rozmerov, materialov
a ohranicujucich podmienok priestoru, kde bol vykonany
poziarny test (Chyba! Nenasiel sa Ziaden zdroj odkazov.). V
Setky materialy boli v programe FDS 3Specifikované vsetkymi
materidlovymi charakteristikami, ktoré su nevyhnutné pre
sledovanie prestupu tepla apovrchovych tepl6t. Niektoré
z tychto materidlovych vlastnosti sa menia v zavislosti od teploty
materidlu, ¢o program FDS umozriuje $pecifikovat pomocou
,ramp” funkcie. Takymto sp6sobom bola definovana tepelna
vodivost amerné teplo betdénu vsulade s materidlovymi
vlastnostami beténu za zvySenych teplét definovanymi
v Eurokéde 2 (STN EN 1992-1-2 (73 1401): Eurocode 2, 2007).
Vymodelovana geometria bola rozdelend na dve siete (mesh)
s rozmermi vypoctovej mriezky 200x200x200 mm na zaklade
predoslej analyzy citlivosti vypoctami s 50, 100 a 200 mm
mriezkou.

Obrdzok 7 Vytvorend geometria pre FDS numerické poZiarne scendre

Pre sledovanie zmien povrchovych teplét vonkajsej strany
stropu asteny boli vytvorené 4 scendre s réznym vykonom
poziaru (HRR - Heat Release Rate) a rovnakou di*kou poZiaru.
Variacia vstupnych parametrov je popisana v Chyba! Nenasiel s
a Ziaden zdroj odkazov., kde su oznacené ako scendr 1 az 4.
Dalsie 4 scendre boli vytvorené za Gi¢elom sledovania chladnutia
ocelovej konstrukcie po zahaseni poZiaru. V tomto pripade bola
teplota konstrukcie monitorovana pocas 60 minut po zahaseni
v scendroch 5 az 8 v Chyba! Nenasiel sa Ziaden zdroj odkazov.. V
Setky scenare boli vytvorené vdvoch roznych teplotnych
podmienkach: 20°C, co predstavuje Standardnu teplotu
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interiéru a konstrukcii, a -10°C (scenare oznacené s *), ¢o bola
redlna teplota konstrukcii pocas poziarneho testu (v obdobi zimy
a v nepouzivanej budove).

Tabulka 1 Vstupné parametre vytvorenych FDS scendrov poZiaru

Scenar HRR Plocha poziaru Cas poziaru Cas scenara Pociato¢na teplota
1 1.0 MW 0.8 m? 60 min 60 min 20°C
1* 1.0 MW 0.8 m? 60 min 60 min -10°C
2 1.6 MW 0.8 m? 60 min 60 min 20°C
2% 1.6 MW 0.8 m? 60 min 60 min -10°C
3 3.2 MW 1.6 m? 60 min 60 min 20°C
3* 3.2 MW 1.6 m? 60 min 60 min -10°C
4 7.2 MW 3.6 m? 60 min 60 min 20°C
4* 7.2 MW 3.6 m?2 60 min 60 min -10°C
5 1.0 MW 0.8 m?2 40 min 100 min 20°C
5* 1.0 MW 0.8 m?2 40 min 100 min -10°C
6 1.6 MW 0.8 m?2 40 min 100 min 20°C
6* 1.6 MW 0.8 m?2 40 min 100 min -10°C
7 3.2 MW 1.6 m? 40 min 100 min 20°C
7* 3.2 MW 1.6 m? 40 min 100 min -10°C
8 7.2 MW 3.6 m?2 40 min 100 min 20°C
8* 7.2 MW 3.6 m? 40 min 100 min -10°C

3. Vysledky experimentu

Kvoli limitdacii ¢asu a intenzity poziaru pocas poziarneho testu,
jeho vysledky nie su dostato¢né pre potvrdenie predpokladanej
aplikacie systému UAV s infracervenou kamerou. Skenovanie
stropu a vybranej steny bolo prebiehalo pocas celého trvania
poZiaru, aviak najdoleZitejsi ¢as na skenovanie bol pocas prvych
20 minut poziaru, pokym nepreSiel do fazy dohorievania.
Nakolko iSlo o opustend budovu a z ¢asti zni¢enu konstrukciu,
spoj medzi stropom a sledovanou stenou bol pozd( celej svojej
dizky poruseny. Ztohto ddévodu boli infratervené skeny
ovplyvnené horiucim vzduchom pradiacim cez tuto trhlinu
a takisto cez otvory v strope. Ako je mozné na Chyba! Nenasiel s
a ziaden zdroj odkazov. vidiet, infraervené skeny (fotky)
neukazuju Ziadnu zvySenu teplotu sledovanych prvkov
spésobend prestupom tepla cez konStrukciu. V sulade
s vykonanym poZiarnym testom bol vytvoreny scenar 1%,
ktorého proces horenia sa svojim vykonom (HRR = 1 MW)
najviac priblizuje redlnemu poZiaru pocas testu a takisto
pociatoc¢nou teplotou prostredia a konstrukcii (-10 °C). Tento
scendr by mal prezentovat predpokladany vysledky poziarneho
testu s dlhiim procesom horenia. Cas kedy povrchova teplota
vonkajsej strany sledovanych konstrukcii dosiahne hodnoty,

ktoré je moiné sledovat infraervenou kamerou sumarizuje
Chyba! Nenasiel sa Ziaden zdroj odkazov. pre scendare 1az 4 s
polu s maximalnou teplotou konstrukcii na konci scenaru (60
min).

Priem. <=4,2 °C°
Max:

°C

Obradzok 8 Infracervené skeny steny (a) a stropu (b) pocas poZiarneho
testu
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Graficka interpretacia vystupov zo softvéru Smokeview je pre vnutornej strane) v prislusnom ¢ase podla Chyba! Nenasiel sa
scenare 1 a 1* zobrazena na Chyba! Nenasiel sa Ziaden zdroj o Ziaden zdroj odkazov..
dkazov. (teplota vonkajsej strany konstrukcie je zobrazena na jej
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Tabulka 2 Vystupy scendrov 1 aZ 4

Cas poziaru

Cas poziaru

Maximalna teplota stropu

Maximalna teplota steny

Seenar teplota stropu stipne 0 1°C teplota steny stipne 0 1°C Cas = 60 min Cas = 60 min
1 28 min 51 min 35°C 23°C
1* 28 min 51 min 6°C -8°C
2 26 min 49 min 38°C 23°C
2% 26 min 48 min 9°C -7°C
3 26 min 47 min 38.5°C 24°C
3* 26 min 46 min 10°C -6°C
4 25 min 45 min 40 °C 24°C
4* 25 min 45 min 11°C -6°C

Obrdzok 9 Vystupy programu Smokeview pre scendr 1 (a) a scendr 1* (b) v prislusnom case

Tabulka 3 Maximdlna teplota sledovanej ocelovej konstrukcie

Scenar

Maxim. teplota ocelovej konstrukcie Maxim. teplota ocelovej konstrukcie

Cas =40 min Cas = 100 min
5 720 °C 140 °C
5% 725°C 110 °C
6 788 °C 173 °C
6* 787 °C 153 °C
7 886 °C 187 °C
7* 879 °C 174 °C
8 964 °C 223 °C
8* 968 °C 213 °C
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Dal$im aspektom sledovania pri poZiaroch v budovach, najméa
priemyselnych, a je mozné ho sledovat pomocou infraervenej
kamery je teplota ocelovej nosnej konstrukcie pocas poZiaru a
takisto aj po nom. Infracervené skeny (fotky) ocelovej
konstrukcie, ktora bola priamo vystavena poZiaru pocas testu,
boli zachytené pocas procesu ochladzovania pomocou
infracervenej kamery formou ¢asozberného videa. Vystupy FDS
scenarov 5 az 8, ktoré boli vytvorené za uGcelom sledovania
teploty ocelovej konstrukcie, su zhrnuté v Chyba! Nenasiel sa Z
iaden zdroj odkazov. ako teploty konstrukcie na konci poziaru (v
Case = 40 min) a po 60 minutach prirodzeného ochladzovania.

4, Zaver

Cielom clanku bola studia zamerana na vyuZitie bezpilotného
lietajuceho prostriedku (UAV) s pripevnenou infradervenou
kamerou pocas hasi¢skych zasahov pri poZiaroch v budovéach. Na
overenie tejto hypotézy uskutocnili autori poZiarny experiment
doplneny o FDS numerickud simulaciu poziaru.

Vysledky poZiarneho testu potvrdzuju fakt , Ze vedenie tepla
stavebnymi konstrukciami zavisi od ich materidlovych vlastnosti.
Vysoky tepelny odpor obalky budovy predlzuje Cas, za ktory sa
zvysené teploty vinteriéri v doésledku poZiaru prejavia na
vonkajSej strane danych konstrukcii. Kratky priebeh plne
rozvinutého poziaru (priblizne 20 minut), za ktorym nasledovala
faza dohorievania, spoOsobil, Ze infralervené skenovanie
pomocou UAV nezobrazilo Ziadne zmeny teploty na vonkajsej
strane sledovanych konstrukcii (strop astena). Avsak, ako
Chyba! NenaSiel sa Ziaden zdroj odkazov.b ukazuje, i
nfraervenym skenovanim je moiné zaznamenat prienik
hortceho vzduchu cez poskodenia a otvory v konstrukcii. Ak
takyto prienik nie je sprevadzany dymom, nebolo by ho mozné
odhalit podas Standardného hasi¢ského zdsahu bez poutzitia
daného vybavenia.

Vystupy FDS simulacii poukazuju na to, ze viditelnost vedenia
tepla cez konstrukcie obdalky budovy nie je ovplyvnené len
tepelnym odporom, ale aj vykonom a dizkou trvania poziaru.
Ztohto dbvodu je moiné sledovat tepelné zmeny na
exteriérovom povrchu pomocou infracervenej kamery najskor
vo faze plne rozvinutého poziaru. Tento cas priblizne zodpoveda
¢asu prijazdu hasi¢skych jednotiek a pociatocnej fazy hasicského
zasahu.

Pocas zdsahu je teda mozné vyuZit infraervent kameru pre
lokalizovanie skrytého (nepredpokladaného) ohniska poZiaru vo
velko-rozmerovych budovéich azabezpecit tak efektivnejsiu
a bezpecnejsiu koordinaciu.

Okrem predoslych bodov, infracervené skeny je mozné vyuzit aj
po zahaseni poziaru. V tejto fdze méze infracervenda kamera
zaznamenat priebeh teplot stavebnej konstrukcie. Udaje
o teplote mézu napoméct pri néslednej statickej analyze pre
posudenie vplyvu tepelného zataZenia. Monitorovanie teploty
konStrukcie je takisto dolezité aj zdovodu prevencie
opakovaného vznietenia horlavych materidlov (polystyrén,
polyuretan, drevo atd’.). Samovznietenie takychto materidlov je
Casto pri¢inou opakovaného hasi¢ského zdsahu po predoSlom
zahaseni poziaru.

Autori veria, Ze ¢lanok ponuka moznosti dalSieho vyskumu
v oblasti a implementacie bezpilotnych lietajucich prostriedkov
a infracerveného skenovania do zachrannych sluzieb.
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Abstract

This article summarizes present outcomes of the experiments concerning haptic feedback research on the Institute of Aerospace Engineering, Brno
University of Technology. It consists of previously published research outcomes and crucial findings of the internal verification tests. The experiments
described in this article were carried out as a part of development process in creation of haptic feedback system that helps the pilot’s situational

awareness of wing airflow and flight parameters.
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1. Uvod

Hapticka zpétna vazba, tedy predani informace v rozhrani
Clovék-stroj zpisobem, kdy ¢lovék pouziva pro pfijem informace
hmatovy smysl, je vletectvi hojné pouzivanou metodou.
Hapticka zpétna vazba predstavuje zejména u malych letound
s pfimym fizenim pfirozenou informaci o proudéni na fidicich
plochéach, at uz ve formé sil v fizeni, nebo vibraci pfi bliZzicim se
odtrzeni proudéni na kfidle. U letounl vybavenych nepfimym
fizenim pfipadné fizenim typu fly-by-wire je pak hapticka zpétna
vazba béiné do fidicich pak doplhovana napt. pouZitim
vibrac¢nich motorkd (stick shaker) apod.

Vyzkum v oblasti haptické odezvy a jejiho pouziti se zabyval
mimo jiné moZnostmi pouZziti haptické vesty (Jones, Nakamura
and Lockyer, 2004) a haptického pasu (van Erp et al., 2005;
Weber et al., 2011). van Erp (2007) studoval hapticky display.
Zjistil také, Ze lokalizovana vibrace na téle pilota mizZe byt
snadno pfrifazena prostorové informaci o sméru nebo o hrozbé.
Haptické zafizeni upozoriujici pilota na polohu letadla
predstavili Cardin, Vexo and Thalmann (2006). Vliv haptické
odezvy a automatizace na vykon pilota hodnotil Olivari et al.
(2014).

Soucasny vyzkum na Leteckém ustavu (FSI VUT Brno) se
zaméruje na nové mozZnosti vyuZiti haptické odezvy v malych
letounech. Cilem je rozsifit vyuziti haptické zpétné vazby od
soucasné dominantni role varovani pilota k moZnosti navadéni
pilota k reakci, kterd mu pomuZe opustit nebezpecné rezimy
letu, nebo pfimo predchdazet podobnym situacim, stejné jako
nevhodné neekonomické pilotdZi. Cilem je wvyvoj aktivnich
haptickych prvkd pro fidici pdku a pedaly smérového fizeni,
jejichz prostfednictvim bude pilot pfijimat letové parametry.
(Zikmund et al., 2018)

Clanek shrnuje vysledky experiment( postupujicich od ovéfeni
mozZnosti pouZiti vibraci pro navadéni pilota k pohybu fidici
pakou urcitym smérem, pies moznosti zpfesnéni vedeni pilota
do dané polohy fidici paky a rozvinuti problematiky k pouziti na

pedalech smérového fizeni az po porovnani s nevibraénim
haptickym prvkem vybavenym vysuvnym ¢lenem.

2. Experimentalni vyvoj haptické odezvy

2.1. Smérové vibrace

Uvodni experiment se zaméfil na ovéFeni pouZitelnosti vibraci,
pro navadéni ¢lovéka k pohybu fidici pakou ve sméru uréeném
vibraci. Vysledky publikovali P. Zikmund, M. Macik a Z. Mikovec
v ¢lanku Reaction on Directional Vibrations Applied on Joystick
(zikmund, Macik and Mikovec, 2017). Hardware experimentu
byl tvofen upravenym joystickem, ktery byl vybaven 4
vibra¢nimi motorky po bocich pro navadéni vpred, vzad, vpravo,
vlevo. Drzeni joysticku a polohy vibra¢nich motork( na ruce
svirajici joystick jsou na obrazku ¢. 1. Experiment sestaval z 2

Obradzek 1: Joystick s vibracnimi motorky (vlevo) a odpovidajici polohy na
ruce (vpravo) (Zdroj: Zikmund, Macik and Mikovec, 2017, upraveno)

blokl po 32 vibracich, kdy jeden z blok( byl bez ruseni a druhy
s ruSenim v podobé nesmérovych vibraci 5. motorku pro
simulaci vibraci z okoli, napf. letounu. Polovina ucastnik(
zacinala blokem bez ruseni, druha polovina s rusenim. Z 19
Ucastnik( experimentu bylo 18 schopno zvolit zplisob reakce na
vibraci a tento dodrZovat. 13 z téchto 18 Ucastnik( pak volilo
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smér reakce shodny se smérem vibrujictho motorku (dopredna
reakce), zbylych 5 volilo opacny smér od sméru vibrujiciho
motorku (opacna reakce). Vysledky pfitom ukazuji, Ze clovék je
schopen reagovat na smérové vibrace s pfiblizné 5 % chybovosti.
Lepsi vysledky v chybovosti a reakénim ¢ase pak méli Ucastnici,
ktefi volili doprednou reakci, tedy ve sméru vibrace. Ruseni
pomoci 5. vibraéniho motorku neukazalo vyrazny vliv na
chybovost ani reakéni ¢as.

2.2. PouZiti rytmii a proménnych pulzii

Navazujici experiment se orientoval na moZnost zaneseni
informace o vzddlenosti nutné pro pohyb fidici pakou do
vibracni zpétné vazby s cilem zlepsit presnost pilotniho vykonu.
Vysledky publikovali N. Malalan a P. Zikmund v ¢lanku Vibration
Feedbacks in Pilot-Aircraft Haptic Interaction (Malalan and
Zikmund, 2018). Pfi navadéni podobnym zplsobem, jaky byl
popsan v predchozim odstavci, byly pouZity rlzné druhy vibraci,
v zavislosti na vzdalenosti mezi okamzitou polohou joysticku a
pozadovanou polohou, do které vibrace navadély. Prvni
testovany vzor byl zaloZen na zkracovani vibracnich pulzd se
zkracovanim vzdalenosti, druhy testovany vzor pouZzival pfi vétsi
vzdalenosti proménny rytmus, v malych vzdalenostech pak
zkracovani pulzd. MoZnost s pouzitim Cisté rytmu byla v pred
experimentalnim ovéreni vyrazena jako matouci a nepresna.
Navadéni probihalo pouze 2 vibracnimi motorky v 1 ose. Rovnéz
bylo zkousSeno pouZiti protismérné vibrace pro lepsi vedeni
pohybu. Z vysledkll vyplyva, Ze primérna chyba i maximalni
chyba jsou nizsi u metody pouZivajici pouze zmény délek pulzi.
PouZiti protismérné vibrace nevedlo kvyraznému zlepseni
presnosti v pfipadé metody zmén délek pulzd, u metody
kombinujici zmény délek pulzi a proménné rytmy vedla
k vyraznému poklesu presnosti.

2.3. Aktivni ¢len a srovndni s vibracemi

Jako alternativu k poufZiti vibraci, navrhli P. Zikmund a M. Macik
nastavec fidici paky vybaveny vysuvnym aktivnim ¢lenem, jehoz
pohybem lze predavat informaci podobné jako vibracemi. Clen
se vysouva zpredni stény joystickového madla. V ¢lanku
Comparison of Joystick Guidance Methods (Zikmund et al., n.d.)
jsou srovndvany oba zplsoby navadéni, pfi pohybu v 1 ose.
Pouzity hardware je na obrazku €. 2. Experiment byl tvoren 2

Vysuvny ¢len Vibraéni motorky

Obrazek 2: Ndstavce joysticku s vysuvnym c¢lenem a s vibraénimi
motorky (Zdroj: Zikmund et al., n.d., upraveno)

bloky, jeden pro navadéni vibracemi, jeden pro navadéni
vysuvnym c¢lenem. Kazdy blok obsahoval navaddéni do 30
nahodnych pozic a vedeni po priibéiné se ménici pozici (trati).
Mezi 12 Gcastnikl byly metody a poradi rozdéleny pravidlem
latinskych ¢tvercd. Vysledky ukazuji, Ze stfedni reakéni ¢as pfi
pouZiti vysuvného ¢lenu pro navadéni do ndahodnych pozic je
kratsi nez pfi pouZiti vibraci. V parovém t-testu je vSak hypotéza
o shodnosti stfednich reakénich ¢ast potvrzena na hladiné
vyznamnosti 90 %, ne v3ak na hladiné vyznamnosti 95 %. Stfedni

chyba pti pribéiném navadéni je nizsi pro vysuvny ¢len, na
hladiné vyznamnosti 99 % je zamitnuta hypotéza, Ze stfedni
chyba mezi obéma metodami navadéni je shodna. Subjektivni
hodnoceni pak mirné favorizuji feSeni pomoci vysuvného ¢lenu.

2.4. Pouziti vibraci na peddlech

Na experimenty pouZivajici vibrace na fidici pace navazoval
experiment, ve kterém P. Zikmund, V. Jazdauskas zkoumali
pouziti vibraci na pedalech smérového fizeni. 19 Gcastnikim
byly ndhodné zapinany vibrace levého, nebo pravého pedalu,
sledoval se jejich reakéni Cas a zplsob reakce. Pouzité pedaly
jsou na obréazku ¢. 3. Podobné jako u experimentl pro fidici

Obrdzek 3: Peddly s vibra¢nimi télesy (Zdroj: Autori)

paku, byla dominantni reakce smérem za vibraci, vtomto
prfipadé seslapnuti vibrujiciho pedalu. Jako hlavni technicky
problém se ukazuje prenaseni vibraci z jednoho pedalu do
druhého a tim vyznamné zhorseni rozeznatelnosti aktivni strany,
kdy vznika dojem vibrace obou pedald soucasné.

2.5. Médy vibraci

Pro mozné poutiti v pedalech smérového fizeni byly zkoumany
rzné maody vibraci tvorené rdznou délkou pulzd a pauz mezi
nimi. Mady byly sestaveny z pulzd a pauz 0,5s; 0,25s; 0,125, a
sefazeny do sad. Prvni sada pouZivala zkracovani pauz mezi
konstantnimi pulzy, druha sada pouzivala zkracovani pulzt mezi
konstantnimi pauzami a tfeti sada znamenala zkracovani pulz( i
pauz vzdy na stejnou délku. Bylo zjisténo, Ze mddy s kratSimi
pauzami a delSimi pulzy vibraci jsou vnimany jako naléhavéjsi
upozornéni. (Dubnicky and Masek, 2018) Dlouhé pulzy a velmi
kratké pauzy vsak tésné hranic¢i strvalymi vibracemi, které
rychle vedou ke snizovani citlivosti chodidel vici vibracim. Jev
postupného privykani dlouhodobym haptickym impulzim byl jiz
pozorovan (Craig and Evans, 1987). Rozlisitelnost pauzy v modu
tak ma nezanedbatelny vyznam.

3. Diskuze

P¥i samotné pfipravé experimentd se ukazovala vhodnost
vibraci spiSe pro pfileZitostna upozornéni s mensim vyskytem v
Case, nez pro dlouhodobd navadéni. To vychazi predevsim
z postupného sniZzovani citlivosti ¢lovéka vici vibracim, pokud
jsou tyto pfitomny dostate¢né dlouhou dobu. Resenim mize byt
pouziti vibraci ve vhodné zvolenych mdédech pro danou situaci.
Pauza v moédu miZe oddalovat postupné sniZovani vnimavosti
¢lovéka vci vibracim a soucasné prinasi lepsi zaznamenatelnost
vibrace pfi konci pauzy a nastupu vibrace. Na ovéreni se mlze
zaméfit nasledny vyzkum. Dalsi komplikaci pfi pouZiti vibraci pro
haptické systémy na fididlech je problém vnaseni vibraci do
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fizeni letounu pripadné problém rozliseni vibraci letounu od
vibraci haptické zpétné vazby. | s ohledem na tyto problémy
vibraci se pro Ucely vedeni pilota jevi pouZiti vysuvného clenu
jako lepsi vychodisko. Predevsim pak pro pouZiti na rukou.
Vysuvny clen vsak piinasi problémy slozitéjSi mechanické
zastavby a neodstranuje zcela zavislost na zpUsobu uchopeni
haptického prvku. Je navic vystaven sile stisku pilotovi ruky, coz
predstavuje znacné naroky na jeho technické feseni, predevsim
vzhledem k jeho umisténi a rozmérovym moznostem nastavce
fidici paky. VyuZziti vibraci vSak zlstava pro funkci varovani, a
pozornost by tak mohla byt vénovéna ovéreni takového feseni,
které bude vsobé kombinovat pouziti vibracnich ¢lend pro
funkci varovani a vysouvacich ¢lend pro navadéni.

4, Zavér

Béhem vyzkumu byla vyzkousena reakce ¢lovéka na smérové
priraditelné vibrace a to jak pro uplatnéni na fidici pace, tak na
pedalech. Dale byly zkouseny moZnosti zlepseni zplsobu
preddni informace pouzitim vibraci o proménnych rytmech a
pulzacich. Z vysledk( popsanych experiment( pak vychazi navrh
a ovéreni haptického systému na letovém simulatoru. Hapticky
systém dava informaci o Uhlu ndbéhu a Ghlu vyboceni letounu.
Informace o Uhlu nabéhu je realizovana vysouvanim ¢lenu na
nastavci fidici paky. Informace o Uhlu vyboceni je realizovana
bud’ naklapénim vysuvného ¢lenu, nebo vibracemi pedall. Tim
vznikaji 2 testované varianty navrhu haptického systému pro
ovéreni na simulatoru. Experiment provedeny s 12 Ucastniky
s pilotnimi licencemi je v soucasnosti vyhodnocovan. Soucasné
je pfipravovano experimentalni ovéreni haptického systému ve
skute¢ném letounu.

Reference

Cardin, S., Vexo, F. and Thalmann, D. 2006. Vibro-Tactile
Interface for Enhancing Piloting Abilities During Long
Term Flight. Journal of Robotics and Mechatronics,
18(4), pp.381-391.

Craig, J. and Evans, P. 1987. Vibrotactile masking and the
persistence of tactual features. Perception &
Psychophysics, 42(4), pp.309-317.

Dubnicky, L. and Masek, J. 2018. Ndvrh a modely chovdni
systému haptické odezvy. Internal Institute of Aerospace
Engineering, Brno University of Technology report.
Unpublished.

Erp, J., Veen, H., Jansen, C. and Dobbins, T. 2005. Waypoint
navigation with a vibrotactile waist belt. ACM
Transactions on Applied Perception, 2(2), pp.106-117.

Erp, J. (2007). Tactile displays for navigation and orientation :
perception and behaviour. Utrecht University.

Jones, L., Nakamura, M. and Lockyer, B. 2004. Development of a
tactile vest. 12th International Symposium on Haptic
Interfaces for Virtual Environment and Teleoperator
Systems, 2004. HAPTICS '04. Proceedings..

Malalan, N. and Zikmund, P. 2018. VIBRATION FEEDBACKS IN
PILOT-AIRCRAFT HAPTIC INTERACTION. In: 13th
Research and Education in Aircraft Design Conference
2018. Brno: Institute of Aerospace Engineering Brno
University of Technology, pp.98-108.

Olivari, M., Nieuwenhuizen, F., Biilthoff, H. and Pollini, L. 2014.
An Experimental Comparison of Haptic and Automated
Pilot Support Systems. AIAA Modeling and Simulation
Technologies Conference.

Weber, B., Schatzle, S., Hulin, T., Preusche, C. and Deml, B. 2011.
Evaluation of a vibrotactile feedback device for spatial
guidance. 2011 IEEE World Haptics Conference.

Zikmund, P., Macik, M. and Mikovec, Z. 2017. Reaction to
directional vibrations applied on a joystick. In: 19th
International Conference on New Trends in Civil Aviation
2017. Prague: Czech Technical University in Prague
Faculty of Transportation Sciences Department of Air
Transport.

Zikmund, P., Macik, M., Dvorak, P. and Mikovec, Z. 2018. Bio-
inspired aircraft control. Aircraft Engineering and
Aerospace Technology, 90(6), pp.983-991.

Zikmund, P., Macik, M., Dubnicky, L. and Horpatzka, M. (n.d.).
Comparison of Joystick guidance methods. In:
CoginfoCom 2019. Naples.

64



Nové trendy v civilnom letectve 2019

REQUIREMENTS ON VFR AERODROME LIGHTING SYSTEMS
POZADAVKY NA SVETELNE SOUSTAVY PRO VFR LETISTE

Jifi Chlebek

Institute of Aerospace Engineering
Brno University of Technology
Faculty of Mechanical Engineering
Technicka 2896/2

616 69 Brno

Czech Republic
chlebek@fme.vutbr.cz

Abstract

Filip Sklenaf

Institute of Aerospace Engineering
Brno University of Technology
Faculty of Mechanical Engineering
Technicka 2896/2

616 69 Brno

Czech Republic
Filip.Sklenar@fme.vutbr.cz

The basic idea behind the creation of this article, was define the basic requirements of runway lighting systems for aerodromes with VFR night traffic.
Existing systems at small airports are usually outdated and do not fulfill their purpose sufficiently. Today lighting systems have characteristics different
from requirements defined our study. The aim of the study was to define parameters of the mobile light system for non-instrument runway. The light
system thus designed will be intended primarily to small airports that are not equipped with such systems. This device will also be useful in situations
where it is necessary to set up a path in non-standard conditions without sufficient infrastructure necessary for the installation of stationary light
systems. The technology will be based on LED light sources, with lower energy and operational costs.
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1. Uvod

VSeobecné letectvi (General Aviation - GA) tvofi v fadé statd (z
hlediska poctu provozovanych letadel) nejvyznamné;jsi segment
leteckého provozu (Kraus a Némec, 2014). S ohledem na vyznam
tohto segmentu Evropska agentura pro bezpecnost letectvi
(EASA), vytycila strategické priority pro vseobecné letectvi, které
jsou rozpracovany v materidlu GA Roadmap 2.0. Hlavni priritou
EASA je podpora rozvoje segmentu vieobecného letectvi s cilem
bezpecnéjSiho a levnéjsiho GA. Tento dokument si vytyCuje
nékolik zakladnich Ukoll ve vztahu ke GA:

e Udrzovat prioritu GA a vyhodnocovat dosazené cile na
EASA Safety konferenci GA kazdé 4 roky.

e Podporovat kulturu bezpecnosti GA: EASA bude
spolupracovat s komunitou GA na zvySovani povédomi o
duleZitych bezpecnostnich tématech.

o Net Safety Benefit: EASA zavede politiku tykajici se pfistupu
k pFinosim bezpecnostnich siti, kterd usnadni zavadéni
novych technologii a zafizeni do letadel GA.

e Aplikace novych obchodnich modelii: EASA pfizplsobi své
regulacni pozadavky tak, aby usnadnily bezpecné zavedeni
novych obchodnich modelli (jako jsou platformy pro sdileni
naklad() v rdmci komunity GA.

e Prizplsobit pravidla navrhu a vyroby: V dusledku zmén
zavedenych novym zdkladnim nafizenim, EASA zjednodusi
poZzadavky Part 21 na konstrukci a vyrobu letadel GA.

o Digitalizace GA: EASA bude koordinovat vyvoj inovativnich
technickych feSeni, aby piloti méli pfistup k leteckym a
letovym Gdajdm v redlném case v kokpitu. (EASA, 2019a)

EASA se rovnéZz hodld zasadit o zvySovani bezpecnosti a
snizovani nehodovosti GA.

Usili EASA se zaméfi predeviim na nasledujici oblasti:

e Zistat pod kontrolou: ZlepSeni letovych dovednosti,
zvladani situaci pri ztraté kontroly fizeni, coZ je jedna z
nejvyznamnéjsich rizikovych oblasti v provozu GA.

e Zvladani pocasi: pomoci pilotidm minimalizovat rizika letu za
podminek IMC, podminek ndmrazy, ndmrazy v karburatoru
a Spatnych povétrnostnich podminek. EASA zjistila, Ze pocasi
je Casto pricinou vzniku nehody fizeného letu do terénu
(CFIT) a mazZe také vést ke ztraté kontroly fizeni.

e Predchazeni srazkam ve vzduchu: Tato oblast se zabyva
tématy, jako je sloZitost provozu ve vzdu$ném prostoru,
porusovani pravidel ve vzdu$ném prostoru a vyuzivani
technologii ke zvySeni povédomi o polohdch ostatnich
letadel.

e Sprava letu: Bezpecny let zavisi na schopnostech pilota
navigovat, pldnovat palivo, vyhybat se prekazkam, terénu a
zvladat nouzové situace. Cilem této strategické oblasti je
snizit vyskyt mnoha rdznych druhid nehod (EASA, 2019b).

2. LetiSté VFR

Segment GA vyuZiva pro svlj provoz v prevdiné mife mensi
letisté s nepfistrojovymi drahami (RWY), urcena pro lety VFR
(resp. VFR noc), s nezpevnénym (travnatym) povrchem, v mensi
mife zpevnénym (asfalt, beton). V Ceské republice (CR) je,
z celkového poctu 90 letist (véetné letist IFR), vybaveno
zpevnénou drahou (RWY) 18 (resp.20%) z nich(viz obrazek 1a)).
Pokud bychom se zaméfili pouze na kategorii letist VFR, tak je
tento pomér 87% (s nezpevnénou drdhou) ku 13% (se
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zpevnénou drahou) (viz obrazek 1b)), v kategorii letist VFR noc
pak 92% (s nezpevnénou drahou) ku 8% (se zpevnénou drahou)
(viz obrazek 1c)).

a)

Wnezpevnénd RWY mzpevnéndRWY M nezpevnéni RWY mzpewéniRWY — Wnezpevnénd RWY  ® zpevnénd RWY

Obrdzek 1: Pomér zpevnénych RWY a nezpevnénych RWY a) vSech
letist v CR, b) VFR letist, c) letist s provozem VFR noc (Zdroj: Viastni
vyzkum, 2019).

odpovidajici charakteru letld VFR, v mensi mife pak maji svoji
infrastrukturu rozsifenou o svételné soustavy umozZnujici
zajisténi provozu VFR noc. Pomér letist s provozem VFR vici VFR
noc je v pripadé CR totoZny jako pomér letist s nezpevnénou
a zpevnénou RWY, tj. 87% vici 13%.

Lze predpokladat, Ze instalace svételné soustavy, krom rozsireni
mozZnosti provozu letisté VFR pro lety VFR noc, mlZe rovnéz
vyznamné prispét ke zvySeni jeho bezpecnosti, kdy jsou
napfiklad zhorsené podminky dohlednosti, nebo ke snadnéjsi
identifikaci RWY posadkou. Nicméné instalace svételné soustavy
pro letisté kategorie VFR, primarné vyuzivaného letouny GA,
predstavuje vyznamnou investici aproto je v takovychto
pripadech volena instalace nikoliv fixni svételné soustavy, ale
prenosné.

V podminkach VFR (resp.VFR noc) letist CR se jedna takika
vyhradné o zastaraly systém na bdazi mobilni svételné
soustavy MLOK (mobilni letistni osvétlovaci komplet), majici
plvod v 60. letech minulého stoleti, konstruovany primarné pro
armadni Gcely. V soucasnosti neni na trhu CR alternativni
svételnd soustava k dispozici. Ve svété jsou vyrabény a nabizeny
alternativni svételné soustavy obdobného urceni, avsak jsou
postaveny na odliSném konceptu a vyuzivaji soucasnych
technickych a technologickych prostfedk( (napt. LED,.solarni
panely atd.).

Pro provozovatele letisté VFR, ktery se rozhodne instalovat na
drahovy systém svételnou soustavu, pro rozsifeni provoznich
a bezpecnostnich charakteristik, je nutné specifikovat zakladni
pozadavky kladené na takovyto svételny systém.

Zakladni technické poZadavky na svételné soustavy (svitivost,
barva, rozmisténi apod.) jsou vCR specifikovany leteckym
predpisem L-14 (resp. ICAO Annex 14), déle pak evropskym CS-
ADR-DSN (EASA, 2019¢).

Co se tyCe dalsich technickych parametrd, je nutno vychazet
z konkrétnich vlastnosti letist — zejména jejich rozmérdq,
prekazkovych rovin pod. .

Prmérna délka RWY VFR letist v CR dosahuje 900 m (medidn
878 m) aSsitka 64 m (medidn 50 m). Délka RWY se pohybuje
v 65% v rozmezi 650-970 m, v 31% v rozmezi 970-1290 m a Sirka
v 45% v rozmezi 18-49 m a v 37% v rozmezi 49-80 m (obrdazek 2).

3000

Obrdzek 2: Délka/sitka RWY VFR letist v CR (Zdroj: LIS CR, 2019).
3. Lety VFR noc

Lety VFR provadéné v noci jsou specifickym druhem letd, pro
které plati konkrétni pozadavky definované leteckym predpisem
L2 (resp. ICAO Annex 2).

3.1. Provddéni letii v noci za VFR

Provadéni letd v noci za VFR je specifickd letecka cinnost
provadéna za podminek definovanych predpisem. Zejména se
jedna o meteorologické podminky pro provadéni letd VFR (VFR
noc), o rozdéleni vzdusného prostoru vnémz jsou tyto lety
provadény, o postupy pro provedeni letl VFR noc a o rozméry
letistniho okruhu pro lety VFR noc.

V CR plati, Ze let VFR ve dne m(Ze byt provadén v dobé od
obcanského svitani do obfanského soumraku. Za nocni let VFR
je povazovan let provadény v noci. Noc je doba mezi koncem
obcanského soumraku a za¢dtkem obcanského svitan. Obc¢ansky
soumrak kondi vecer, kdyzZ stfed slunecniho disku je 6 stupnil
pod horizontem, a obcanské svitani zacina rano, kdyz je stred
slunecniho disku 6 stuprili pod horizontem.

Lety VFR v noci se rozdéluji na letistni lety a tratové lety. Za
letistni lety jsou povaZovany lety v blizkosti letisté. VSechny
ostatni lety VFR v noci jsou povazovany za tratové lety.

Letadlo je v blizkosti letisté, kdyz je na letiStnim okruhu, vstupuje
do néj nebo jej opousti. Pro ucely noénich letl VFR se za let v
blizkosti letisté povazuje let v CTR a ATZ.

Pfi nocnich letech VFR musi byt dodriena minima VMC
dohlednosti a vzdalenosti od oblac¢nosti.

Vybrané zakladni poZadavky pro jednotlivé typy letl jsou
uvedeny nize.

3.1.1. LetiStni lety v noci

e Minimalni hladina u letistnich letl VFR v noci musi byt 1300
ft AGL a na okruhu 1000 ft AAL.
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3.1.2. Tratové lety

e Tratové lety musi byt planovany a provadény tak, aby letadlo
letélo, kromé vzletu, pfistdni a nezbytného stoupani a
klesani, vzdy ve vysce 2000 ft AGL nebo vyse.

e Provzlet a pfistani pfi tratovych letech mohou byt vyuzivana
pouze letisté schvalena pro no¢ni provoz.

e Na letistich vzletu, pfistani a na nahradnim letisti musi byt v
dobé odletu nebo priletu letadla poskytovana sluzba
ATC/AFIS nebo musi byt zajisténo poskytovani informaci
znamému provozu. Tyto sluzby nebo Poskytovani informaci
na takovychto letistich mohou byt ukonéeny az po ukonceni
vsech tratovych let( (LIS, 2019) .

3.2. Postupy pro provedeni letii VFR v noci

3.2.1. Pojizdént

Pojizdéni se provadi se zapnutym svétlometem. Maximalni
rychlost pojizdéni na provozni plose je 15 km/h, na odbavovaci
plose 5 km/h. Kontrola rychlosti pojizdéni se provadi podle zemé
osvétlené pojizdécim svétlometem, v pfipadé vysazeni
pojizdéciho svétlometu se rychlost pojizdéni kontroluje podle
svételnych navéstidel.

Neni-li si pilot jist volnosti prostoru pred sebou, je povoleno
zapnout maximalné na 3 sekundy pfistavaci svétlomet za
predpokladu, Ze nedojde k osInéni jiného letadla.

3.2.2. Vzlet

Technika provedeni vzletu v noci je obdobna jako ve dne. Pro
vzlet se pouziva celd délka RWY. Smér pfi rozjezdu a rozletu se
udrzuje pomoci drahovych navéstidel, popf. pomoci zvoleného
svételného bodu ve sméru RWY. Nadzdvihnuti musi byt
provedeno pfi stanovené rychlosti, v Zadném pripadé nesmi byt
rychlost nizsi. Po odpoutani se provadi mirné stoupavy rozlet,
pficemz je tfreba dbat na to, aby nedoslo k ztraté rychlosti.
Vzdalovani letounu od zemé se sleduje kratkodobym
prenasenim pohledu na stranu pilota.

Po provedeni prechodového oblouku se vypne pfistavaci
svétlomet a provadi se pilotaz podle pfistrojd, pficemz je tfeba
kontrolovat polohu letounu v prostoru a polohu vici ostatnim
letadldm.

3.2.3. Letpo okruhu

Prvni zatacka se provadi ve vySce 200 m, minimalni vyska
ukonceni 4. zatacky je 200 m. Okruhova vyska je 300 m. VSechny
zatacky na okruhu se provadéji s ndklonem do 30°. Let po okruhu
se provadi obdobnym zplisobem jako ve dne. Je tfeba spravné
vylucovat snos vétru. Pilot je zodpovédny za dodrZeni rozestupt
stanovenych predpisem L2. Do sestupného letu se piechazi pred
3. zatackou.

3.2.4. PribliZzeni na pristdni

Technika pfiblizeni na pfistani je obdobna jako ve dne. Uhel
sestupu a smér se udrzuje podle drahové fady a pfiblizovaci fady
(je-li pouZita). Opravy rozpoCtu se provadéji zménou vykonu
motoru pfi konstantni rychlosti letu. Pro opravu rozpoctu je v
noci zakdzano provdadét priblizeni na pfistani s motorem na
volnobéh a provadét skluz. Vyjimku tvoti pfipady nouze. Po

vykonani povinnych tkon( se ztlumi svitilna na mapu a ve vysce
pfiblizné 100 m se zapne pfistavaci svétlomet.

Pristani

Technika provedeni pfistani v noci je obdobna jako ve dne. Pfi
zapnutém pfistdvacim svétlometu pilot od vySky asi 50 m
postupné rozezndva osvétleny prostor zemé. Pfistani se
zapnutym pfistdvacim svétlometem je zakdzano pfi snizené
viditelnosti zpGsobené destém, mlhou, snéZzenim nebo dymem.

Pti pfistani bez zapnutého pfistavaciho svétlometu se vyska nad
zemi urcuje podle drahovych navéstidel, kterd se snizujici se
vyskou zacnou postupné splyvat. Neni-li si pilot pfi pristani jist
spravnou vyskou, postupuje nasledovné:

e Provede pfiblizeni az k zemi s motorem pracujicim na
zvy$eny volnobéh, pfipust zavird az po dosednuti letounu.

e V pfipadé, Ze je postup neuspésny, opakuje okruh. Je
zakdazano zavfit pfipust pred preletem prahu RWY.

Dojezd

Smér pri dojezdu se kontroluje podle drahovych navéstidel,
popt. podle vhodnych svételnych bodl ve sméru RWY. Béhem
posledni faze dojezdu je tfeba zapnout pojizdéci svétlomet a
vypnout pfistavaci.

Z vySe uvedenych pravidel vyplyva, Ze provadéni letu VFR v noci
je navazano na vyufiti instalované svételné soustavy (resp.
drahovych navéstidel) (Dendis a kol., 1984).

4. Pozadavky na svételné soustavy pro RWY

Samotné pozadavky na charakteristiky takovychto navéstidel
jsou pak definovany leteckym predpisem L14 (resp. ICAO Annex
14).

Mezi zakladni pozadavky patti nasledujici vybrané:
4.1. Zdakladni legislativni poZadavky

4.1.1.

Obecné Ize konstatovat, Ze zfetelnost ndvéstidel zalezi na viemu
kontrastu mezi navéstidlem a pozadim. Aby mohl pilot vyuZit
navéstidla pro pfiblizeni za dne, musi mit svitivost nejméné 2
000 nebo 3 000 cd.

Navéstidla a svetla

Za jasného pocasi v tmavé noci mize byt dostatecnd svitivost
fadové 100 cd pro pfiblizovaci ndvéstidla a 50 cd pro postranni
drahova navéstidla.

Za mlhy je mnoZstvi rozptyleného svétla vysoké. Za noci toto
rozptylené svétlo zvySuje natolik ostrost mlhy nad prostorem
pfiblizeni a RWY, Ze zvySenim svitivosti navéstidel nad 2 000
nebo 3000 cd jen malo vzroste jejich dohlednost. Ve snaze
zvétsit vzdalenost, na niz budou navéstidla poprvé spatfena v
noci, nesmi byt jejich svitivost zvySena do té miry, Ze pilot maze
byt nahle oslnén pfi pfibliZzeni na tuto vzdalenost.

Z predchoziho je patrny vyznam regulace svitivosti navéstidel
letiStnich svételnych soustav podle previadajicich podminek tak,
aby se ziskaly nejlepsi vysledky bez nadmérného oslnéni, které
by zmatlo pilota.
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4.1.2. Postranni drdhovd ndvéstidla

Postranni drahova navéstidla musi byt zfizena na RWY urcenych
k pouZiti v noci nebo na RWY pro presné priblizeni uréenych k
pouZiti ve dne nebo v noci.

Postranni drdhovd navéstidla musi vydavat stalé svétlo
promeénlivé bilé barvy, v Useku dlouhém 600 m nebo rovnajicimu
se tretiné délky RWY podle toho, kterd vzdalenost je kratsi, pred
koncem RWY odlehlém od konce, na kterém letadlo zahajuje
rozjezd, mohou navéstidla vydavat Zluté svétlo.

Ve vsech smérech poZadovanych vySe musi postranni drahova
ndvéstidla vyzarovat az do Uhlu 15° nad vodorovnou rovinou se
svitivosti dostatec¢nou vzhledem k podminkdam dohlednosti a
okolniho osvétleni, za nichz ma byt RWY pouZzivana pro vzlety a
pristani. V kazdém pfipadé musi byt jejich svitivost alespor 50
cd s vyjimkou letist bez okolniho osvétleni, kde mlze byt
svitivost sniZzena az na 25 cd, aby se zabranilo osInéni pilota.
4.1.3. Prahovd ndvéstidla a ndvéstidla vnéjsich prahovych
Prahova navéstidla musi byt zfizena na véech RWY opatfenych
postrannimi drahovymi navéstidly s vyjimkou nepfistrojovych
RWY a RWY pro nepresné pfistrojové pfiblizeni, u nichZ je prah
drahy posunut a jsou zfizeny vnéjsi prahové polopficky.

Prahova navéstidla se musi sklddat na nepfistrojovych RWY a
RWY pro nepresné pfistrojové priblizeni nejméné ze Sesti
navéstidel, ktera musi byt jednosmérova a musi vyddvat stalé
svétlo zelené barvy do sméru pfiblizeni na RWY. Svitivost a Sitka
svételného svazku musi odpovidat podminkam dohlednosti a
okolniho osvétleni, pfi nichz ma byt RWY pouzivana.

4.1.4. Koncovd ndvéstidla RWY

Koncova néavéstidla RWY musi byt zfizena na RWY vybavenych
postrannimi drahovymi navéstidly, kterd musi byt jednosmérova
a musi vydavat stdlé svétlo cervené barvy ve sméru RWY.

Svitivost a Sitka svételného svazku musi odpovidat podminkam
dohlednosti a okolnimu osvétleni, za nichz ma byt RWY
pouzivana (MDCR, 2018)

4.2. Provozni poZadavky na svételnou soustavu

Na zakladé vySe uvedenych poznatkl a informaci Ilze
zformulovat zakladni charakteristiky a vlastnosti, jez by méla
spliovat optimalni svételna soustava pro VFR letisté.

P¥i ndvrhu Ize vychazet z rliznych variant, které se u svételnych
soustav pouZivaji, pfi jejich posuzovani jsme zvolili uvedené
parametry a vlastnosti, které by dana svételnd soustava méla
splrovat (tabulka 1).

Tabulka 1: Parametry a konfikurace svételné soustavy (Zdroj: Vlastni
vyzkum, 2019)

klady zdpory

Typ Staciondrni X - moznost instalace - vy33i naklady
svételné zapusténych navéstidel - komplikovana instalace
sousta!
i Mobilni - snadnd instalace a udrzba - nachylnost k poskozeni
- moznost rekonfigurace pfi provozu
- snadna deil e
Svételny Halogen - levnéjsi - vy3si spotieba
zdroj X - niz8i zivotnost
LED vy3si Zivotnost - vy8si cena
- niz8i spotfeba

Napajeni Vefejnd sit - snadna dostupnost - nizsi mira mobility
Generétor - mobilita - hluk
- exhalace
- vy33i porizovaci cena
Baterie X - mobilta - omezend kapacita
- autonomie - vy338i naklady na udrzbu
Solarni / baterie - mobilita - zavislost na délce
- autonomie slunecniho svitu
>< - omezend doba provozu
- vy38i ndklady na udrzbu
Parametry délka 800-1200 m
Sitka 25-100m

Navéstidla prahovd 6 ks zelena

barva

postranni 12ks bild / Zlutd

koncové 6 ks Cervend

Zvolend konfigurace vychazi jednak z legislativnich poZadavki
(pocty abarvy navéstidel), dale pak zprovedené analyzy
stavajicich letist (délka, $itka) a rovnéz z charakteru provozu GA.
Tento provoz se vyznaCuje vyznamnou sezonnosti aje
realizovan v pfevainé mire na letistich s travnatym povrchem
motorovymi i bezmotorovymi letouny. Z téchto ddvodd jsme
pristoupili  knavrhu mobilni svételné soustavy osazené
nadzemnimi LED navéstidly s kabelovym napajenim z verejné
rozvodné sité, alternativné mobilnim generatorem.

2)

Obrdzek 3: Srovndni poméra a) typt napdjeni b) typu svételnych zdroju
u mobilnich svételnych soustav dostupnych v zahranici (Zdroj: Vlastni
vyzkum, 2018).

5. Zavér

Zavérem lze konstatovat, Ze navrzend konfigurace svételné
soustavy se liSi od obdobnych systémd nabizenych ve svété
zejména  zplGsobem  napajeni (kabelovym  rozvodem,
s pfipojenim na klasicky zdroj energie), které pro civilni poufZiti
preferuji napdjeni bateriové (resp. soldrni/bateriové). Toto
feSeni omezuje nutnost Castéjsi udrzby (vyména/dobijeni
baterii), pfipadnou zavislost na minimalni potfebné délce
sluneéniho svitu. Nevyhodou tohoto feseni, pak muZe byt
Casové narocnéjsi instalace (zapojeni kabelaze) a omezeni délky
(resp.Sitky) pro danou RWY (z divodu délky kabelaze).

Pfes uvedené nevyhody toto feSeni mlzZe mit své opodstatnéni
v provozu malych letist adiky systému napdjeni se samotna
doba udrzby maze zkratit na minimum.
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Abstract

The lifetime of airplanes in general aviation is usually tens of years. During past decades, number of requirements on airplanes in the category changed.
The most obvious change occurred in customer requirements for avionics equipment. These requirements were mainly driven by possibilities of using
GPS navigation and displays in a cockpit. This article is about the opportunities for rebuilding airplanes in general aviation. Specifically, it deals with
the avionics equipment retrofit. This is an up-to-date topic for owners and operators of older aircrafts who want to upgrade avionics equipment.
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1. Uvod

S postupnym pfichodem mozZnosti navigace podle GPS se zacaly
podstatné lisit pozadavky na leteckou navigaci. V prvni fazi
navigace podle GPS obvykle vyuZivali piloti malé ru¢ni GPS
prijimace k usnadnéni navigace béhem letu, kdy pfijimace byly
pfipevnény na rGznych drzacich. Poté se instalovaly integrované
drzéky pfimo do palubni desky, coZ se da povaZovat za pocatek
vyuzivani digitalniho zobrazeni ve vieobecném letectvi. Digitalni
zobrazeni postupné nahrazuje veskeré analogové pfistroje,
které se dfive instalovaly do letoun(. Konkrétné rychlomér,
vyskomér, variometr, zatdckomér, umeély horizont, pficny
sklonomér, kompas a motorové pristroje (otacky motoru, plnici
tlak, tlak paliva, tlak oleje, teplota oleje, teplota hlav valcu atd).
DalSim podstatnym benefitem je zobrazeni navigacnich
informaci od GPS nebo od radionavigacnich zafizeni (pokud je
letoun k tomu vybaven). VyuZivani displejd v letounech se jiz
stava béinym standardem nejenom u letound v kategorii
letount CS-23, ale také iu ultralehkych letound. Mezi hlavni
svétové vyrobce moderni avioniky pro letouny vieobecného
letectvi patfi firmy Dynon a Garmin. Tento ¢lanek se vénuje
navrhim a moZnostem usporadani palubni desky letount a
nutnych administrativnich krokl pro jejich svaleni.

2. Koncep¢ni navrhy piestavby

Pfed zahajenim prestavby avioniky je nutné stanovit o jak velkou
pfestavbu se bude jednat, coZ vychazi z potfeb majitele nebo
provozovatele daného letounu. Obecné se da fici, Ze se nyni
realizuji dvé koncepcni FeSeni. Prvni mozZnost je pfidani
digitalnich pfistroju k analogovym toto feseni je zobrazeno na
obr.1. Takové feseni je vyhodné pro jeho jednoduché provedeni,
protoze se da vyuZit stavajici palubni deska. Téla digitalnich
ptistroju, které se instaluji do palubni desky maji kruhovy prirez
s primérem 80 mm stejné jako klasické analogové pfistroje.

Obrdzek 1: Garmin G5 (Zdroj: Sporty's pilot shop).

Dalsi mozZnosti je vyuziti multifunkénich velkych displejd, coz
vede ke kompletni zméné palubni desky s nahrazenim vsech
analogovych pfistrojh. Priklad takového usporadani zobrazuje
obrazek 2.

Obrdzek 2: Garmin G500 TXi (Zdroj: Gulf Coast Avionics, viz reference).

Takové fteSeni je vyrazné drazsi, ale poskytuje uZivateli
podstatné vétsi pocet funkci a mnoZstvi zobrazenych informaci.
Déle dava moznost prevedeni letounu s moznosti létat pouze
VFR lety, na provoz dle pravidel IFR, coZ pfinasi podstatné
rozsireni moznosti vyuziti jeho vyuziti.
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3. Realizace prestavby

Pfestavbu avionického systému miiZze provadét organizace
s certifikdtem DOA (Design Organization Approval). Organizace,
jez je drzitelem takového certifikatu, ma opravnéni navrhovat
a provadét Gpravy a opravy leteckych konstrukci. Certifikat DOA
vyddva Evropska agentura pro bezpecnost v letectvi (EASA).
V certifikatu je uvedeno pét nasledujicich specifikaci:

e Rozsah opravnéni — obsahuje informace o typu projekcnich
Cinnosti véetné oboru

e Kategorie vyrobkl — obsahuje informace o pouzitelnych
vyrobcich, jako jsou velka letadla, mald letadla, motory,
malé vrtulniky, vétroné atd.

e Seznam produktl — obsahuje seznam vyrobk(, pro které je
drzitel DOA Zadatelem o certifikat nebo drzitelem typového
osvédceni

e Opravnéni — obsahuje informace o rozsahu schvalené
projektové cinnosti

e Omezeni — obsahuje informace o omezenich v uvedenych
bodech vyse

Zavaznym dokumentem pro organizace s certifikditem DOA je
nafizeni evropského parlamentu a rady (ES) ¢. 216/2008. Dalsi
dokumenty, které nejsou pravné zavazné, slouzi jako
doporuceni nebo podrobny vyklad predpist. Mezi né patfi:

e Nafizeni komise (EU) ¢. 748/2012 — obsahuje informace
o provadécich pravidlech pro certifikaci letové zpUsobilosti
letadel a souvisejicich vyrobkd, letadlovych ¢asti a zafizeni.

e ED Rozhodnuti 2012/020/R — obsahuje pfijatelné zplGsoby
prikazu (AMC) a poradensky material (GM)

Z vyse uvedenych informaci vyplyva, zZe kazdd organizace, ktera
je drzitelem certifikdtu DOA ma jasné stanovenou svoji
plsobnost a jeji hranice definované pfimo v certifikatu DOA.

Pfi prestavbé letadel se rozlisuji dva typy prestavby dle jejich
rozsahu. Prvni z nich se nazyva nevyznamna zména. Obecné se
jednd o prestavby mensiho charakteru. Pokud to vztdhneme
pfimo na prestavbu avionického systému letounu, je zapotiebi
prokazat, Ze se nezvysi vykonnost (napfiklad navigacni
vykonnost) daného letounu. V praxi takova prestavba muze byt
napfiklad vyména zastaralého zafizeni za nové se stejnym
charakterem funkce. Coz bylo realizovano témér u viech letadel
v Evropé béhem let 2016 a 2017, kdy bylo nutné vyménit
radiostanice z dlivodu prechodu z kanalové separace 25 kHz na
separaci 8,33 kHz. VSechny dalsi prestavby se definuji jako
vyznamné zmény. EASA vydala dokument s ndzvem FAQ table of
change classification (Minor / Major). Tento dokument obsahuje
tabulku s nasledujicimi sloupci:

e Predmét — obsahuje konkrétni zafizeni napftiklad GPS,
odpovidac sekundarniho radaru atd.

e Klasifikace — definuje, zda se jedna o nevyznamnou nebo
vyznamnou zménu

e Omezeni/ predpoklady

e Poradni materidly

e Poznamky / hranice / testovaci pozadavky / dokumentace

Tabulka poskytuje vhodny prehled addva uZivateli moznost
ucelené predstavy o moznych prestavbach avionického systému
s ohledem na rozsah (nevyznamnd zména / vyznamna zména).

Mezi podstatné dokumenty, které jsou nezbytné pro zahdjeni
prestavby avionického systému (nevyznamna zména) se fadi
nasledujici:

e Specifikace pfistrojového vybaveni
e Vykresova dokumentace

e Hmotnostni rozbor

e Energeticka bilance

o Blokové schéma zapojeni

e Schéma zapojeni

Dokument specifikace pfistrojového vybaveni obsahuje dvé
tabulky. V jedné je uvedeno, jaké pfistroje budou zletounu
vyjmuty avdruhé, jaké pristroje budou do letounu pfidany.
Tabulky se skladaji ze ¢tyr sloupcd. Prvni sloupec definuje funkci
(naptiklad GPS, NAV, PFD, MFD atd.) Druhy pocet kusU zafizeni,
treti sériové Cislo a Ctvrty sloupec obsahuje nazev zarizeni.

Vykresova dokumentace se sklada zvykresd jednotlivych
novych zafizeni, které budou instalovany do letounu véetné
stru¢ného (heslovitého) postupu montaze. Podklady pro
vytvofeni se shromazduji zinstalacnich manuall nové
instalované avioniky a dokumentace prestavovaného letounu.
Presnost vykresu a nasledna zastavba podle vykresa je zasadni
pro schvaleni celé prestavby.

Hmotnostni rozbor je dokument, ktery hodnoti zménu
hmotnosti a centrdze letounu pred a po prestavbé. Obsahuje
obdobné jako dokument specifikace pristrojového vybaveni dvé
tabulky (jaké pfistroje budou vyjmuty a jaké budou ptidany,

jejich hmotnosti a vzdalenosti tézisté od vztazné roviny, ke které
je tézisté pocitano). Ovéreni presnosti tohoto dokumentu je
zajisténo zvazenim letounu (a uréenim jeho centrédze) pred a po
prestavbé.

Energeticka bilance elektrického systému je zdsadni cast
dokumentace pro prestavbu avionického systému letounu.
Analyza prokazuje, Ze proudové odbéry spotrebicl jsou pokryty
zdroji na palubé. Pokud analyza neprokdze tuto skute¢nost, tak
neni mozné dané usporadani realizovat. Elektricky systém
letounu ziskava elektrickou energii z alterndtoru, ktery je
pohdnén motorem letounu. Déle letoun vyuZiva baterii, kterd je
uréena ke startovani motoru a k pokryti doddvky elektrické
energie vdobé, kdy alternator nedodavd dostatek elektrické
energie na pokryti aktualni spotfeby nebo v dobé jeho vypadku
(na omezenou dobu). Dokument také obsahuje dvé tabulky jako
predchozi popsané dokumenty.

Blokové schéma zapojeni je vykres s jednotlivymi pfistroji, ktery
poskytuje celkovy obraz ozapojeni pfistrojd. Jednotlivé
kabelové svazky jsou znaceny pouze jednoduchou ¢arou.
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Schéma zapojeni je vykres podobny jako blokové schéma
zapojeni, ale obsahuje detailni zapojeni vSech pfistrojua véetné
oznaceni jednotlivych pind.

Po vytvofeni vySe zminénych dokumentd nasleduje fyzicka
zastavba novych pfristrojl. Po dokonceni prestavby je zapotrebi
zajistit dalsi dokumenty a Gkony jako jsou:

e Zménoveé listy do letové prirucky

e Prohldseni o shodé

e Pozemni zkousky

e Zadost povoleni k letu / Letové zkougky
e Schvaleni nevyznamné zmény

Po uskutecCnéni prestavby letounu je dale nutné aktualizovat
letovou pfirucku. Vyznamné se méni posledni ¢ast pfirucky
nazvana dodatky, kterd obsahuje popis jednotlivych pfistroja
instalovanych na letounu a navod k jejich obsluze. Vyrobci
avioniky bézné dodavaji k pfistroji tyto dokumenty. Dale je
v pfiruc¢ce nutné zménit schéma palubni desky, popis pfistroji a
blokové schéma se zapojenim pfistrojl na elektrické sbérnice.

Prohlaseni o shodé je dokument deklarujici shodu vyrobni
dokumentace s prestavénym letounem. Soucasti prohlaseni je
seznam dokumentace.

Pozemni zkousky se provadéji na zdkladé predepsaného
programu, ktery obvykle uvadi vyrobce pfistrojl v instalacnich
manualech. Obecné jsou pomoci specidlniho méficiho zafizeni
testovany funkce VOR, ILS, MKR, COMM, DME, SSR a pitot-

staticky systém. Specialni casti zkouSek je ovéreni
elektromagnetické slucitelnosti. Zkouska probiha se zapnutym
motorem na volném  prostranstvi s nizkou  drovni

elektromagnetického smogu. V okoli letounu se nesmi nachazet
velké kovové predméty. V pribéhu zkousky se postupné zapinaji
pristroje, které by mohly byt potencidlnim zdrojem
elektromagnetické emise. Pfi spousténi kazdého pfistroje jsou
monitorovany kanaly komunikacnich pfijimacd a interkom a
dale jsou kontrolovany informace od jednotlivych pfistroja,
respektive jejich zmény. Z kazdé pozemni zkousky musi byt
vytvofen protokol prokazujici uskutecnéni a vysledky dané
pozemni zkousky.

Po dokonéeni pozemnich zkousek podd organizace DOA Zadost
povoleni k letu na EASA. Po udéleni povoleni ndasleduje zalet
letounu, ktery provadi zalétdvaci pilot schvaleny od EASA.
Uceleny program pozemnich zkousek vydd organizace DOA.
Jejich obsah vychazi z certifikacnich poZadavk( a z poZadavki
uvadénych  vyrobcem vinstalatnich manualech nové
instalované avioniky. Béhem letovych zkousek vypliuje
zkuSebni pilot predem pfipravené protokoly, jejichz vysledky
jsou podstatné pro Uspésné zakonceni celé prestavby.

Schvdleni nevyznamné zmény vydavd organizace DOA.
Obsahem schvéleni jsou zakladni informace (strucny popis
zmény, pouZitelnost, dGivod ke zméné a nazev hlavniho seznamu
dokumentace), déle nékolik prohlaseni. Hlavni z nich garantuje,
Ze prestavba nesniZila bezpecnost provozu.

4. Zavér

Clanek shrnuje informace, tykajici se prestavby avionického
vybaveni letound v kategorii CS-23. Tato problematika je velmi
aktudlni z divodd zna¢né poptévky majitelll a provozovatell
letound v oblasti vSeobecného letectvi, ktefi maji zdjem
inovovat své starsi letouny. V ¢lanku jsou uvedeny dva
koncepéni ndvrh, které jsou nyni realizovany nejCastéji. Ovsem
konkrétni podoba kazdé prestavby palubni desky zalezi na
pozadavcich zdkaznika, takze nenfi vyjimkou kombinace velkého
displeje a nékolika zaloznich analogovych pfistroji. Podstatnou
vyhodou prestavby avionického systému je moznd zména
pravidel provozu z VFR do IFR. Déle ¢lanek uvadi postupné kroky
v pribéhu prestavby, které jsou nezbytné pro Uspésné schvaleni
prestavby.
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This paper deals with the use of non-destructive eddy current method for inspection aluminum materials and riveted joints.. The eddy current array is
used to detect simulated surface faults in the riveted joint region. The eddy current method is based on the principle of electromagnetic induction.
Electromagnetic non-destructive tests, such as eddy current methods, are primarily used for early detection of any anomalies that may occur in the
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1. Uvod

Kontrola virivymi prddmi pre zistovanie povrchovych chyb je
jednou z hlavnych oblasti vyuZitia tejto metddy. PouZiva sa na
zistovanie trhlin leteckych konstrukcii suvisiacich s Unavou a
kordziou, kedy sa tiato metdda pouziva pri predpisanych
udrzbovych prehliadkach lietadiel. PouZiva sa tiez pri kontrole
zvarov na pritomnost pripadnych prasklin. Kontrola virivymi
prudmi sa méze pouzit na kontrolu celého povrchu jednoducho
tvarovanych casti, ale pri zloZitejSich tvaroch je vhodna len na
kontrolu malej plochy, zvyCajne v mieste, kde je
pravdepodobnost vyskytu trhlin. Vyhodou kontroly virivymi
prudmi je to, Ze dokaze odhalit poruchy aj vtedy, ak su poruchy
skryté napriklad pod vrstvou farby alebo inych povlakov.
Napriklad, oproti magnetickej praskovej metéde, ma tu vyhodu,
Ze je schopna odhalit trhliny pod hrubsimi natermi ako je mozné
magnetickou praskovou metddou (kontrola najma lakovanych
zvaranych konstrukcii). V nasledujdcich kapitolach ¢lanku budu
opisané aplikacie virivych pradov pri kontrole povrchu
materialov (Olympus, 2017), (Bugaj, 2012).

2. Technika virivého pridu Eddy Current Array (ECA)

Na kontrolu vyrobenych nitovanych spojov bola vyuZitd
technoldgia virivych prudov ECA (Eddy Curren Array). ECA je
metddou, ktord umozZfiuje elektronické ovladanie cievok
virivych prddov umiestnenych vedla seba v jednej zostave
sondy. Zber udajov z jednotlivych cievok sa uskutocriuje
multiplexovanim cievok v Specidlnom vzore, aby sa zabrdnilo
vzajomnej indukénosti medzi jednotlivymi cievkami. Metdda
ECA poskytuje nesporné vyhody kontroly jedinym prechodom
nad kontrolovanym objektom a lepSim zobrazovacim
schopnostiam. Metdda ECA poskytuje vyrazné uspory casu
kontroly nitovanych spojov ako napriklad pri pouziti bodovych
sond [5]. Metdda ECA vyuZiva rovnaké zakladné principy ako
konvencnd technolégia virivych pradov. Striedavy prad
prechadzajlci cievkou vytvdra magnetické pole. Ked' je cievka
umiestnend nad vodivou ¢&astou, vytvdraju sa protifahlé
striedavé prudy (virivé prudy). V pripade poruchy déjde k

preruseniu drahy virivych prddov a zmena virivych pradov je
zaznamenavana meracou cievkou. V pripade sond ECA, kazda
jednotliva cievka v sonde vytvéara signal vzhladom na fazu a
amplitidu Struktury pod fiou. Tieto Udaje sa vztahuju na
zakddovanu polohu a ¢as a su graficky znazornené ako obraz C-
scan (pohlad z hora). Zobrazenie C-scan umozriuje rychlu
orientdciu na skusanej ploche a dobru interpretaciu vyslednych
dat. Na zaklade farebného zobrazenia je mozné odhadnut hibku
arozmery identifikovanej poruchy. Kazda samostatnd cievka
virivého pruadu v sonde produkuje signal vzhladom na fazu a
amplitddu Struktdry pod fiou. Tieto data sa vztahuju na
zakddovanu poziciu a Cas a graficky sa reprezentuju ako obraz C-
scan. Pri aplikacidach nitu cievky virivého pradu, ktoré
prechddzaju cez trhlinu v materidli, vytvaraju jedine¢nd odozvu
signalu. Pre cievky, ktoré st ovplyvnené trhlinou, je na displeji C-
scan zobrazend zmena amplitudy. Pre cievky, ktoré
nezaznamenaju ziadnu zmenu, zostane zobrazenie farieb na
displeji C-scan stale kon$tantné (Skefik a Maranek, 2014),

(OmniScan MXE, 2013).
/ Porucha ¢.1

Porucha ¢.2

Obrazok 1: Zobrazenie C-scan s farebne zobrazenymi poruchami (Zdroj:
Autori).
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3. Vyber sond a vol'ba skusobnej frekvencie

Cim je vacsi pomer virivého pradu, ktory je skresleny chybou,
tym vacsi je signdl virivého prudu, a tym je pravdepodobnejsie,
Ze sa chyba odhali. Preto, aby sa zistili plytké povrchové chyby
materidlu, malo by sa pole svirivym pridom obmedzit na
relativne plytkd povrchovu vrstvu, podobnd hibke nedostatkov,
ktoré je potrebné odhalit. Na zmenenie hibky prieniku virivych
prudov v materidli je potrebna vysoka frekvencia. Ak je vSak
frekvencia prilis vysokd, sonda sa stane nadmerne citlivd na
drsnost povrchu a zdvihanie, ¢o spdsobuje slaby pomer signalu
k Sumu a nasledny pokles spolahlivosti kontroly. Pre hlinikové
zliatiny su vhodné frekvencie v rozmedzi priblizne 200 kHz az
500 kHz. Pre materidly snizkou vodivostou, ako je
nehrdzavejica ocel, niklové zliatiny, a zliatiny titdnu by pri
spomenutom rozmedzi frekvencii pre hlinikové zliatiny,
dochadzalo knadmernému prenikaniu  virivych  prudov
a vyzadovali by sa vyssie frekvencie. Pre tieto materidly sa teda
pouzivaju frekvencie v rozmedzi 2 MHz az 6 MHz (Janovec a
Bugaj, 2017).

VSeobecne plati, Ze na odhalenie malych nedostatkov sa v praxi
pouZzivaju cievky s malym priemerom, nie vSak vacsie ako je
dizka chyby, ktoré je potrebné zistit. Praskanie sa v prevadzke
najCastejSie vyskytuje pri zmene geometrie suciastky, v oblasti
otvorov pripadne zavitov. Preto su vhodné sondy s malym
priemerom, ktoré umoziuju dobry pristup ktakymto
kontrolovanym plocham.

Na kontrolu povrchov sa takmer vidy pouZivaju absolltne
sondy, na rozdiel od diferencialnych, ktoré sa pouZivaju iba na
Specialne aplikacie, ako je napr. kontrola otvorov. Sondy mézu
byt tienené alebo netienené. Tienené sondy by sa mali pouZivat
na testovanie okolo otvorov (Olympus, 2010),

4. Typy sond pouzivanych na povrchové kontroly

Aby sa pri kontrole povrchu materidlov dosiahla vhodnd hibka
prieniku virivych pradov, musi byt frekvencia vysSia ako pri
zistovani podpovrchovych porich. Na kontrolu plochych
povrchoch sa musi pouZit bodova, absolutna alebo diferenciélna
sonda, ktora poskytuje pri merani stabilné signaly. Pri kontrole
zakrivenych povrchov je potrebné pouZit bodovi sondu
s konkdvnym povrchom, pripadne ceruzkovu sondu.

4.1. Ceruzkové sondy

Prvym druhom sondy, ktoré sa v praxi pouZivaju na povrchovu
kontrolu su ceruzkové sondy (z angl. prekladu Pencil Probe). Su
to sondy s malym priemerom, pouZivaju sa ako Standardné
sondy na detekciu povrchovych chyb, vdaka ich citlivosti na malé
trhliny. Ceruzkové sondy su zvyc€ajne vysokofrekvencné sondy
na zistovanie povrchovych chyb, v praxi sa vSak na merania
pouZzivaju aj sondy s nizkou frekvenciou, ktoré sa pouzivaju na
detekciu podpovrchovych chyb.

<o
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Obrdzok 2: Ceruzkové sondy virivych prudov Olympus (Zdroj: Olympus,
2010).

Na kontrolu povrchov sa pouzivaju aj Specidlne jednosmerné
ceruzkové sondy, ktoré maju cievku umiestnend niekolko
milimetrov nad $pickou sondy. Prenos magnetického pola cievky
na skusobny povrch zabezpecuje podlhovasté feritové jadro, ¢im
sa znizuje efekt oddialenia. Takato konstrukcia sondy ma vyhodu
v tom, Ze opotrebenie sondy neovplyvni funkénost cievky
(Olympus, 2010).

4.2. Bodové sondy

V praxi pouzivané sondy na zistovanie povrchovych nedostatkov
materidlov su aj bodové sondy. Vyrabaju sa v Sirokom
frekvenénom rozsahu a réznych priemerov. Su tienené tak, aby
poskytovali maximalnu citlivost signalu. PouZivaju sa na detekciu
trhlin, meranie hrubky materidlov, naterov a vodivosti. Na
zistovanie kordzie materidlov v hlinikovych konsStrukciach sa
vyuZivaju Specidlne kordzne sondy, ktoré pouzivaju absolutne
odrazové cievky. Bodové sondy na kontrolu trhlin materidlov
pracuju pri frekvencii od 100 Hz po 500 kHz, kedy sa kontrolna
hibka pohybuje od 6,3 do 19 mm. Pri bodovych sondach na
zistovanie kordzie sa kontrolna frekvencia pohybuje od 300 Hz
po 200 kHz. Hibka prieniku virivych pradov je pri tychto sondéch
od 6,3 do 12,7 mm (Olympus, 2010).

Obrdzok 3: Bodovd sonda Olympus (Zdroj: Olympus, 2010).

4.3. Tienené sondy a feritové jadra

Tienenie sa Casto vyuZiva v konstrukcii ceruzkovych sond, a
niekedy aj pri bodovych sondach. Pole virivych pridov
Standardnych  netienenych  sond  prechadza  urcitou
vzdialenostou bo¢ne od cievky. Boény rozsah pola sa da zistit
experimentdlnym umiestnenim sondy na povrch a postupnym
priblizovanim sa sondy k okraju povrchu. Pri merani je potrebné
poznat signal, ktory pochadza z okrajovej hrany povrchu, aby
nedoslo k zamene signalu s poruchovym signalom. Takyto
pripad pri kontrole povrchu mézZe nastat v oblasti medzi dvomi
otvormi (pre nity alebo skrutky) alebo otvorom a okrajom. Aj pri
malych vzdialenostiach sondy od hrany povrchu méze vytvarat
velkd zmenu okrajového signalu, ktory méze spdsobit zdmenu
signdlu s poruchovym signalom. Preto je vhodné pri kontrole v
oblasti otvorov poutzit nekovové vodidlo sondy, ktoré zabezpeci
znizenie okrajovych signdlov, bez toho, aby to malo vplyv na
pripadné poruchové signaly v okoli otvorov.

Pre pripady merani, ktoré boli spomenuté, sa pouzivaju tienené
sondy. Konstrukcia tienenych sond pozostava z feritového jadra,
na ktorom je navinutd cievka. Cievka je obklopend obalom z
feritu, nehrdzavejicej ocele alebo medi (obrdzok 27). Obal
sondy zo spomenutych materidlov obmedzi bo¢né pdsobenie
virivého pola, pésobi teda ako tienenie bo¢nych virivych pradov
(Olympus, 2010).
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Obrdzok 4: Uinky boénych virivych pridov a obalov virivych sond
(Zdroj: IAEA, 2011)

5. Zistovanie povrchovych porich metédou virivych
prudov ECA

Experimentdlne merania, ktoré si prezentované v tomto ¢lanku
si zamerané na zistovanie simulovanych porich v oblasti
nitovanych spojov. Simulované boli trhliny v oblasti nitovanych
spojov vytvorené na skusobnej vzorke. Skusobna vzorka
pozostava z troch hlinikovych plechov hribky 1 mm, ktoré su
vzajomne znitované rozklepavacimi nitmi, so zapustenou hlavou
STN 02 2311 rozmeru 4x6 mm.

Na nitovanej vzorke boli vytvorené umelé vyrezy, ktoré
simulovali poruchy nitovanych spojov. Tie boli na nitovanych
plechoch vytvorené vybrisenim zarezov v oblasti otvorov pre
nity. Dizka simulovanych portch bola 2,4,6 a8 mm a &irka 1 mm.
Hibka vybrusenych zérezov sa pohybovala od 0,5 do 1 mm.
Poruchy boli orientované pozdiz otvorov pre nity, pripadne
sklonené pod uhlom 45°.

e Simulovand trhlina
2 mm 6 mm
¥ IR S I
4 mm 8 mm
Y e — v <

Obrdzok 5: Vytvorené simulované poruchy v oblasti nitov di?ky 2,4,6 a 8
mm (Zdroj: Autori).

Na merania nitovanych spojov bol pouzity pristroj Olympus
OmniScan MX. Tento pristroj patri medzi modularne a prenosné
testovacie jednotky. V pristroji bol pouzity modul pre meranie
virivymi pradmi. Pristroj je mozné vyuZit na manualne, ale aj
automatizované kontroly. Pocet kandlov pristroja je 32 s
vnutornou multiplexaciou, pripadne 64 kandlov s externou
multiplikaciou. Konektor OmniScan ma funkciu ID sondy, ktora
umozniuje fyzicki detekciu a rozpoznanie sondy pripojenej
sondy. Tato funkcia ma za uUlohu nastavenie rozliSenia C-scan
ECA sond a nacitanie spravnych parametrov sondy.

Obrdzok 6: Defektoskop Olympus OmniScan MX (Zdroj: Autor)

K meraciemu pristroju boli pouZité prislusné sondy ECA s
oznacenim SBB-051-150-032 a SAB-067-005-032 (zobrazené na
obrazku 3), ktoré su vhodné na takuto kontrolu nitovanych
spojov.
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Obrdzok 6: Sondy virivych pridov ECA znacky Olympus (Zdroj: Autori).

5.1. Vysledok experimentdlneho merania

Na obrazku 7 je znazornena poloha sondy ECA a smer kontroly
nitovaného spoja s umelou poruchou dlzky 2 mm v prvom
nitovanom plechu.

Priebeh kontroly bol nasledovny. Kontrola sa zacinala priloZzenim
sondy na povrch materialu a prvotnym znulovanim sondy, tzn.
nastavenie vysledného obrazu na obrazovke tak, aby bol podla
mozZnosti jednofarebny, bez pritomnosti inej farby — poruchy,
pripadne zmeny geometrie Struktiry kontrolovanej vzorky.

Kontrola v oblasti nitu bola uskuto¢nena pohybom sondy po
povrchu skusobnej vzorky. Pri pohybe sondy dochadza k
redisrtiblcii vzniknutych virivych prddov vo vodivom materidli,
to sa na obrazovke defektoskopu prejavi ako zmena kédovania
farebnej 3kaly v danom mieste, tzn. pritomnost poruchy, lomu,
iného telesa, hrany a pod.
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Obrdzok 7: Spésob kontroly nitovaného spoja s umelou poruchou, v
prvom plechu nitovanej vzorky (Zdroj: Autori).

Na obrézku 8 je vysledok kontroly simulovanej poruchy dizky 2
mm vytvorenej v prvej vrstve nitovanej vzorky. V zobrazeni C-
scan je doplneny obrazok nitu, predstavujuci umiestnenie nitu
voéi simulovanej poruche. Pri merani bola pouzitd sonda SBB-
051-150-032. Najlepsie vysledky kontroly sa dosiahli pri
nasledovnych nastaveniach: budiaca frekvencia sondy 55 kHz,
zisk 65 dB, filter — low pass averaging..

Impedance RawG1 (Current)

£-8can  Raw o1 (Curent)

Xt 3 5 E

Stript RawG1 (Current)

Obrdzok 8: — Viysledok kontroly poruchy diky 2 mm v prvom plechu
nitovanej vzorky (Zdroj: Autori).

Low pass averaging filter (dolnopriepustny) sa pri merani pouZzil
na zlepéenie signélu pozdiz roviny impedancie a na odstranenie
elektronického rugenia ($umu). Hodnota dizky poruchy odéitana
z kurzorov na zobrazeni C-scan bola 3,2 mm. Rozdiel medzi
skutoénou a nameranou dizkou poruchy méze byt spdsobeny
nepresnou vyrobou simulovanej poruchy, kedZe boli vyrabané
manuélne. Hibku simulovanej poruchy je moiné odhadnut
z priebehu signalu impedancie vcase. Rozdiel hodn6t
impedancie zaznamenany po¢as merania bol od -5V po + 10 V.
Takyto rozdiel impedancie zodpoveda hibke poruchy priblizne 1
az 1,5 mm, ¢o zodpoveda simulovanej poruche.

6. Zaver

V  slcasnom priemysle maji techniky destruktivnej a
nedestruktivnej kontroly svoje nezastupitelné miesto pre
zabezpecenie kvality vyrobkov. Zatial ¢o destruktivne techniky
sa vyuZivaju len pri niektorych vzorkdch vyrobkov, pretoZe po
vykonanej skuske su tieto vyrobky zniCené. V modernych
priemyselnych procesoch su vsak nedeStruktivne techniky
podstatne vyhodnejSie, pretoZze vsetky testovania su

vykondvané bez trvalych zmien skisaného objektu. Clanok sa
zaoberda modernymi metddami testovania virivymi pradmi,
ktoré patria medzi najrozSirenejsSie nedestruktivne techniky.
Testovanie virivymi prddmi umoznuje odhalenie skrytych trhlin
a kordzie. Vyhodou tejto techniky oproti ostatnym
nedestruktivnym technikdm je moznost kontroly cez nevodivé
materialy, zistovanie zloZenia zliatiny a ich tvrdosti. Testovanie
pomocou virivych priadov je vSestranna metdda na kontrolu
réznych materidlov. Podmienkou vsak je, aby boli materidly
elektricky vodivé a mohli v nich vznikat virivé pridy. Na zéver je
mozné zhrnut, Ze nedestruktivne testovania na baze virivych
pradov poskytuju priemyslu spolahlivé informacie o vyskyte
roznych neziaddcich anomalii materialov a suciastok. S vyvojom
novych materidlov pouzivanych aj v leteckej technike prebieha
neustdly vyvoj novych technik na spolahlivi kontrolu tychto
materialov (Bugaj, 2018). V priebehu poslednych rokov boli
dosiahnuté vynikajlce zlepsenia tejto nedestruktivnej techniky
a mozno vyslovit, Ze zlepSovanie bude nadalej pokracovat (Bugaj
a Rostas, 2016).
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Abstract

Pursuing weight savings has always been a tremendous process. Although the structural weight, number of assembly operations and stress
concentrators were minimized, a problem with fast crack propagation arose from utilizing the integral airframe structures. This paper evaluates the
effectiveness of bonded crack retarders, a previously validated concept to stop or slow-down fatigue cracks in the integral airframe structure.
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1. Introduction

Riveting, a traditional technique to join structural elements
together, is being replaced by the integral airframe structures
manufacturing. Besides the welded integral structures, where
stringers are made separately and then welded to the separately
manufactured skin, the integral panels can be extruded or high-
speed machined. There, stringers and skin are made from one
piece.

In comparison with the riveted structures, the integral airframe
structure saves weight and contain less stress concentrators but
do not contain the physical barriers against fatigue crack
growth. The physical barrier is classified as a place in a structure
where one part of a structure is covered by another part. If the
physical barriers are non-existent, the fatigue crack can grow
from one part to another without a delay (Nestrenko; 2000).
This results in the earlier fatigue failure of integral structure.
Such problem can be expressed by the fatigue crack growth
curve of both structures, Figure 1.
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Figure 1: Duration of crack growth in riveted and integral panel skin
from initial skin crack between intact stringers (Nestrenko; 2000)

The integral airframe structure can be seen as a fatigue critical
component. According to various sources, fatigue contributes
up to approximately 90% of all mechanical service failures.
Regulators are aware of it and thus penalize unitized structures
by imposing an additional design safety factor (Boscolo et al.;
2008). By increasing the number of design safety factors, the
aircraft structure becomes heavier. Considering these facts, it is
even more important to cope with fatigue life extension of such
structures to create greener aircraft. Moreover, a decrease in
the number of safety inspection can be attained.

2. Bonded crack retarders

A research in fatigue crack growth retardation is evaluated in
terms of used materials and obtained increases in fatigue life.
The individual studies are arranged chronologically. Moreover,
general conclusions regarding crack retarder's performance,
design and limitations are highlighted. On the basis of this
chapter, recommendations for further research directions are
made with respect to obvious knowledge gaps.

In 1990, Schijve published a paper about the fatigue life
evaluation of panels made of 2024-T3 alloy with the bonded,
riveted and the integrally machined crack retarders. The crack
retarders were made of aluminium (Al) alloy, titanium (Ti) alloy
and Aramid Reinforced Aluminium Alloy (ARALL) (Schijve; 1990).
It was documented that the fatigue life of panel with bonded
crack retarders (BCRs) was longer than the fatigue life of panel
with riveted and integrally machined retarders. The stiffness of
retarder and interference (retarder/panel) have the biggest
impact on the effectiveness of retarder. It is well known that the
bonded joint is much stiffer than the riveted joint. Probably this
led to the longer fatigue life in case of the BCRs. Fatigue
sensitivity is another important aspect. Fatigue crack nucleation
was observed in all riveted retarders. As the crack initiated in
the retarder, the enhancement in fatigue life was negligible. In
case of the bonded crack retarder (BCR), an adhesive acted as a
barrier against the crack growth. According to the material
selection, Ti alloy can offer excellent resistance against fatigue.
However, existing mismatch between the coefficient of thermal
expansion (CTE) of Ti and Al alloy leads to high thermal residual
stresses, both in the retarder and the panel. At the end, the
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fatigue life of panel with Ti BCRs increased by a factor of 1.7 and
with ARALL retarders increased by a factor of 1.4-2.0. In other
words, the ARALL retarders performed as good as the Ti
retarders.

Farley et al. presented results of a study aimed for the increase
in fatigue life of Compact Tension (C(T)) specimens made of
7075 alloy with Metal Matrix Composite retarders (Farley et al.;
2004). Retarders were composed of the Al,Os fibres and the Al-
matrix. The individually manufactured retarders were
adhesively bonded into the machined grooves on a both sides of
the specimen. The increase in fatigue life by a factor of 5.0 was
observed, however, the fatigue crack growth test did not
continue till the final failure. Authors also did the parametric
study to investigate the influence of retarder's width, thickness
and adhesive stiffness on the crack growth and the fracture
toughness.

In 2005, Zhang and Li focused on experiments with the riveted,
welded and the integrally stiffened panels made of 2024-T351
alloy (Zhang and Li; 2005). To investigate the increase in fatigue
life, the integrally machined panels with the Ti and CF BCRs were
numerically analysed. Fatigue crack growth tests were
supported by Finite Element Analysis (FEA) for the welded and
the integrally stiffened panel. In the analyses, the effect of
continuous debonding during the crack propagation was also
included. It appeared that the machined and the welded
stiffeners lowered the Stress Intensity Factor much more than
the riveted ones. Moreover, the temperature mismatch after
welding process introduced the negative residual stresses
between stiffeners and the positive residual stresses in the
proximity of stiffeners. Negative residual stresses are
favourable, they lower SIF and thus contributes to the fatigue
life extension. The fatigue life of welded panels was much longer
(factor 1.6) in contrast with integral ones. However, an unstable
crack propagation occurred after the failure of stiffeners. The
longest theoretical extension in the fatigue life by factor of 3.5
was observed in case of panel with carbon fibre unidirectional
(CF UD) BCRs. See Figure 2 for a prediction.
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Figure 2: Predicted crack growth lives for integrally machined panels
with and without crack retarder straps; aircraft service load spectrum
(Zhang and Li; 2005).

The Colavita et al. wrote a paper oriented to the fatigue crack
growth retardation in the 2024-T3 alloy Middle Tension
specimens (M(T)) with CF retarders (Colavita et al.; 2006). The
effect of adhesive curing temperatures on the fatigue crack
growth was investigated. The specimen cured at room
temperature (RT) experienced lower residual stress levels, and
thus longer fatigue life, than the specimen cured at 70 °C. The

fatigue life of first specimen increased by factor of 3.0 while the
latter one increased only by a factor of 1.09. During the fatigue
crack growth test, the continuous debonding started to grow, as
the crack passed the first edge of retarder. Although the tests
were supported by FEA, the analyses were conservative only up
to the last edge of retarder.

A Boscolo et al.'s study on a fatigue life increase through crack
retarders made of Glass Reinforced Aluminium Laminate
(GLARE), CF, GF and Ti alloy was focused on the completion of
Finite Element model (Boscolo et al.; 2008) to support Colavita's
experiments. The influence of retarder's material, size and
location on the fatigue crack growth was examined. In addition,
they developed a design tool to achieve the optimal crack
retarder design in terms of prescribed fatigue life target and
minimum structural weight added by the crack retarder.

In 2009, Zhang et al. continued at work of Colavita et al. They
engaged in the testing of 2024-T351 M(T) specimens and 7085-
T7651 SENT specimens with Glass Fibre (GF) and Ti crack
retarders (Zhang et al.; 2009). Tests conducted during this and
the previous study were supported by FEA incorporating a new
model of continuous debonding. In case of the Single-Edge
Notched Tension specimens (SENT) with CF crack retarders
cured at 120 °C, the fatigue life extension was not significant
(factor 1.07), as opposed to specimens with Ti crack retarders
(factor 1.6). They concluded that both the CTE and the stiffness
of CF crack retarder were dissimilar to substrate's values,
resulting in high shear stresses in the adhesive joint. This led to
the delamination within the BCR and/or in the adhesive joint.
Delamination localization rely on the toughness of adhesive and
matrix. The higher the toughness, the more likely the
delamination occurs.

In 2009, Liljedahl et al. wrote a paper about the change in
residual stress distribution during fatigue crack propagation in
7085-T7651 SENT specimens with Ti and CF crack retarders
(Liljedahl et al.; 2009). The measured residual stresses were
validated through FE analyses. Authors observed the continuous
delamination as the crack passed the last edge of crack retarder.
The greatest crack retardation between the stiffened and
unstiffened side was observed in the specimens with CF crack
retarders. This was caused mainly due to the high elastic
modulus of CF crack retarder. Authors concluded that the
stiffness ratio, residual stresses and the presence of
delamination have the greatest impact on the fatigue crack
growth.

Moreira and Castro analysed the fatigue life of 6056-T651, 6056-
T4 and 6056-T6 integrally stiffened panels produced using the
high-speed cutting, friction stir and laser beam welding (Moreira
and de Castro; 2010). Authors came to the same conclusion as
Li and Zhang; welded panels possess longest fatigue life.

Irving et al. presented at the ICAF 2011 a paper on a crack
retardation in 7085-T7651 M(T) and SENT specimens with
GLARE, Ti, Al and CF crack retarders (Irving et al.; 2011). A series
of tests were conducted at three stress levels with the constant
and variable amplitude loading. The greatest increase in fatigue
life was observed in the specimen with Al crack retarders (factor
3.8, SENT specimen, constant amplitude (CA) and the GLARE
crack retarders (factor 2.7, M(T) specimen, CA). However, an
unwanted crack nucleation and growth were detected in the Al
crack retarders. Fatigue crack growth tests were conducted
once again on the integrally stiffened panels with GLARE and Al
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crack retarders, and supported by FE analyses comprising a
delamination. The greatest advantage of GLARE lies in its CTE
close to the substrate's value resulting in lower residual stresses
in the substrate (Figure 3), and thus longer fatigue life. Liljedahl
in his study on an evolution of residual stresses in specimens
with Ti crack retarders tested at RT and -50 °C came to the same
conclusion (Liljedahl et al.; 2008a), (Liljedahl et al.; 2008b).
(Liljedahl et al.; 2009), (Liljedahl et al.; 2011). The measured
residual stresses matched the residual stress levels from FE
analyses.
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Figure 3: Measured longitudinal residual stresses (average values) in a
10 mm thick SENT sample bonded with 20 mm wide, 200 mm long
straps. Measured residual stresses are 2.5 mm from the bond interface
(Irving et al.; 2011).

In 2011, Brot and Kressel finished the experimental and
numerical studies on the 2024-T351 panels stiffened with CF and
boron fibre (BF) crack retarders (Brot et al.; 2011). The tests
were performed at RT and -50 °C. The fatigue life of panels
tested at RT with CF crack retarder increased by a factor of 2.0
and with BF BCR by a factor of 1.6. The decrease in the ambient
temperature to -50 °C led to much longer fatigue lives in case of
the specimen with CF retarder (factor 6.5). Authors emphasized
that no delamination between the substrate and the retarder
had been observed.

Ma et al.'s paper is aimed to the fatigue life extension through
GLARE crack retarders bonded on the friction stir welded 7085-
T7651 ESET specimen (Ma et al.; 2011). Prior to testing,
specimens were cured at RT and 120 °C. The specimen cured at
RT experienced longer fatigue life (factor 3.0) than the latter one
(factor 2.4). The experimental study was supported by FE
analyses incorporating thermal residual stresses. However,
authors did not mention if the delamination behaviour had been
included in the analyses.

Meneghin et al. both experimentally and numerically
investigated the stiffened Al panels with Al and Ti BCRs
(Meneghin et al.; 2011). The fatigue crack growth tests were
supported by FE analyses comprising residual stresses. As can be
seen in Figure 4 and Figure 5, the introduced residual stresses
act together. The tensile stresses in the skin are balanced by the
compressive stresses in the substrate. Authors observed a
reduction in fatigue life as the ambient temperature decreases.
At -50 °C, the retardation effect of Ti BCRs was non-existent. In
other words, the crack needed 20% less cycles to reach the first
stringer than crack in the panel without BCRs.
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Figure 4: TRS induced in the skin and in the stiffeners of the intact
stiffened panel with titanium doublers (Meneghin et al.; 2011).
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Figure 5: TRS induced in the stiffeners of the intact stiffened panel with
titanium doublers (Meneghin et al.; 2011).

In 2012, Molinari et al. published an extensive parametric study
on the panels reinforced by bonded, integral and riveted
stringers with BCRs (Molinari et al.; 2012). Authors developed
an analytical tool named Linear Elastic Analysis of Fracture to
predict the damage tolerance properties of stiffened structure.
Although their technique comprises continuous delamination,
residual stresses are omitted. It was concluded that the BCRs
with higher width to thickness ratio are more effective in the
retardation. With respect to the manufacturing technology, the
bonded and riveted panels possessed the longest fatigue life.

Doucet et al. completed a model to predict a crack growth in the
2024-T351 M(T) specimen with GLARE BCRs (Doucet et al,;
2013). The main goal was to investigate the influence of
delamination size and shape to the specimen's fatigue life.
Although a detailed model for continuous delamination was
included, residual stresses were not.

Ma and Xu focused on the theoretical analyses of residual
stresses in the friction stir welded Eccentrically Loaded Single
Edge Crack Tension (ESET) specimen with crack retarder in (Ma
and Xu; 2014). Authors did not mention the material used for
the substrate and BCR, used delamination model and if residual
stresses were included in analyses.

In 2015, Syed et al. analysed the 2624-T351 SENT specimen with
GLARE crack retarders damaged by local impact (Syed et al,;
2015). The fatigue life of undamaged specimen with GLARE
crack retarders increased by a factor of 2.3, whereas the
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specimens impacted with 35 J showed a 55% reduction in
fatigue life when compared to the undamaged specimen.

3. Prospects

It is apparent from the reviewed studies that the effectiveness
of crack retarder is mostly determined by its:

e elastic modulus,
e coefficient of thermal expansion,
e delamination resistance.

The thermal residual stresses can be lowered by using the crack
retarder made of material with higher CTE. Some steels possess
the CTE close to the substrate's value. Additionally, due to the
high elastic modulus of steel, more load can be transferred from
the substrate. However, the relatively high density of steel
probably impeded its application to crack retarders.

The application of CF crack retarders always leads to a high level
of thermal residual stresses both in a substrate and crack
retarders. Using the fibre metal laminate crack retarder, the
thermal residual stresses can be lowered. This has been
successfully achieved by the GLARE crack retarders. Studies
focused on the application of Carbon Fibre Reinforced
Aluminium (CARE) crack retarders are lacking.

An increase in the delamination resistance increases the
effectiveness of load transfer from a substrate causing longer
fatigue life. This can be achieved by increasing the lap shear and
peel bond strength of interface. Cold spray is a new technology
and thus not a large number of studies focused on the crack
retardation have been carried out. Cold sprayed Ti (Christoulis
et al.; 2011), (Cinca et al.; 2010), Al and steel (Villa et al.; 2013)
(Dikici et al.; 2016) coatings were evaluated in terms of the
microstructural properties and process parameters, however,
the impact of such coatings on crack propagation have not been
published. A potential increase in fatigue life can be expected
due to higher adhesion of such coatings.

A high-strength bond can also be attained by the Transient
Liquid Phase (TLP) diffusion bonding. The TLP diffusion bonding
process differs from the diffusion bonding in utilizing lower
clamping forces and temperatures below the melting point
using various thin interlayers, which changes local chemical
composition at the interface and lowers the temperature for
bond creation.

Other additive technologies like the Selective Laser Melting
(SLM) and Direct Laser Deposition (DLD) might be useful in a
crack retarder fabrication. Rapid solidification could lead to a
high-strength bond between a crack retarder and substrate, and
thus greater delamination resistance. A major disadvantage of
additive technologies is a large number of process parameters
that have to be selected carefully to lower the porosity and
obtain good mechanical properties. Moreover, multi-material
structures cannot be heat treated sufficiently due to the
dissimilar melting temperature of individual materials, e.g. the
Ti/Al combination. In 2015, Shamsei et al. suggested further
research in process parameters to obtain good mechanical and
fatigue properties of laser-deposited parts (Shamsaei et al.;
2015). However, technologies of liquid-state joining of dissimilar
reactive metals are often accompanied by the growth of brittle

intermatellics at the interface, resulting in the poor mechanical
properties of joint (MacDonald and Eagar; 1992).
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Abstract

The paper deals with the main causes of failure of propulsion units in single-engine turboprop aircraft. It was conducted analysis of the causes of
engine failure of the Cessna C-208 airplane in the period 2007 -2017. This type was chosen for its popularity and worldwide use. The identified causes
of engine failure are discussed in the article and the possibilities of failure prevention are outlined.
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1. Uvod

Trh s jednomotorovymi turbovrtulovymi letadly se za posledni
roky stale zvétsuje a marketingové studie predpokladaji pro
pristi roky rlst poptavky po letadlech jako je Pilatus PC-12 nebo
nové vyvijena Cessna Denali. Jednomotorova turbovrtulova
letadla jako je Cessna C208 Caravan, jenz byla na trh uvedena
jiz v roce 1984 prokazala béhem rok( své prednosti. V prabéhu
doby se na trhu dobre etablovala letadla fady TBM nebo Pilatus
PC-12NG. Tato letadla se vyznacuji podobnymi provoznimi
naklady jako vicemotorovd pistova letadla pfi vyssi urovni
bezpecnosti. K dalsimu rlstu poptavky ma prispét nafizeni
2017/363, které zavadi ramec pro provoz SET-IMC. To ma
umoznit vznik novych obchodnich modelt pro leteckou dopravu
s vyuzitim modernich letadel s mensi uhlikovou stopou. Mélo by
dojit také k podpore rozvoje novych spojeni, které mohou byt
efektivné provozovany pouze jednomotorovymi turbinovymi
letadly a to diky schopnosti téchto letadel vyuzivat i velmi mala
regiondlni letisté.

Pro Uspéch téchto jednomotorovych letadel jsou zvlasté
daleZité nizké provozni naklady. Pro ilustraci se miZeme podivat
na provozni naklady dvou oblibenych jednomotorovych letadel
v dané tfidé a jednoho zastupce dvoumotorovych letadel, ktery
je porovnatelny s typem PC-12. Podkladem pro toto porovndni
byly Gdaje z webu sherpareport.com

Tabulka 1: ndklady na letovou hodinu vybranych typd (Zdroj:

https://www.sherpareport.com/aircraft/costs-pilatus-pc12.html,

vlastni zapracovani)
Naklady na hodinu
letu

Cessna -C208
Caravan

Pilatus
PC-12

King Air
250

351 215 672
Services

163 121 251
Fixni naklady pfi 476 307 350
néletu 400h/ rok

[ Celkem  [BEEEQ 760 1443

Z tabulky 1 je patrné, Ze naklady na palivo u jednotlivych typl
reprezentuji 30% resp. 28%. Naproti tomu, u dvoumotorového
King Airu 250 ¢ini naklady na palivo 46% z celkovych provoznich
nakladd. Rovnéz naklady opravy pohonné jednotky jsou
podstatné nizsi nez u dvoumotorového typu. Celkova vyse
provoznich nakladl tedy vyzniva ptiznivé pro jednomotorovou
koncepci letadel. Tyto priznivé ekonomické hodnoty
predstavuji pouze jednu stranu misek vah, na druhé strané lezi
bezpecnost. Vysazeni motoru za letu znamend pro
jednomotorovy letoun vidy vazné nebezpedi, zejména pokud k
tomuto dojde za letu vIMC. Pokud nds zajima jaka je
pravdépodobnost selhdni pohonné jednotky, je tfeba hledat
v materidlech vyrobcl motoru pravdépodobnost vypnuti
motoru za letu In-Flight Shutdown (IFSD). Tento termin oznacuje
situaci, kdy motor z letu pfestane pracovat at jiz z rozhodnuti
posadky, vlivem poruchy nebo pulsobenim vnéjsich vlivi na
motor, napfiklad nasati ptéka, pocasi. Vyrobci motort pak dale
pouzivaji terminy B-IFSD (Basic In Flight Shut Down), ktery
oznacuje situace, které se vazi pfimo na konstrukci motoru nebo
jeho vyrobu, tzn. nedostatky technického razu, jenz zapficinily
jeho vypnuti. Tato hodnota byva nizsi. Na obr. 1 je uveden
Sestimési¢ni klouzavy primér hodnot IFSD a B-ISDF pro
popularni motory PT6A-114A. Zdznam zahrnuje pouze jednotky
provozované v Kanadé.  Pro ilustraci v Sedesatych letech se
ISFD vztazend na 100 O letovych hodin pro turbinové motory
pohybovala okolo hodnoty 0,4 a u legendarniho letadla DC-3 se
IFSD dosahovala hodnoty 0,35 (Joop 1953). V soucasnosti
vyzréle turbinové motory maji primér IFSD lepsi jak 0,03,
pficemz u letadel vyuZivajicich ETOPS je minimalni poZadovana
hodnota IFSD 0,05.
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Obrdzek 1: Vyvoj hodnot IFSD a B-IFSD pro ,,malé” motory PT6A (Zdroj:
The Transportation Safety Board of Canada (TSB) Aviation
Investigation Report AO6P0010 http://www.bst-
tsb.gc.ca/eng/rapports-
reports/aviation/2006/a06p0010/a06p0010.html?pedisable=true)

V pfipadé dvoumotorovych letadel je logicky nizsi
pravdépodobnost vysazeni obou pohonnych jednotek.
V tabulce 2 je porovnani nehodovosti riznych kategorii letadel
na 100000 letovych hodin. Ztéto statistiky plyne, Ze
nehodovost jednomotorovych turbovrtulovych letadel je
srovnatelna s nehodovosti dvoumotorovych letadel viz tabulka
2.

Tabulka 2: Porovndni nehodovosti na 100 000 letovych hodin pro riizné
kategorie (Zdroj: Robert 2016 plus vlastni zpracovdni)

Kumulované Nehody
letové
hodiny

988,577

Nehodovost
Na 100000
letovych
hodin
4.05

TBM-
700/850/900

C208 10,101,355 168 1.63
PC -12 4,018,362 24 0.60
single 16,452,849 304 1,85
EngineTurboprop

Aircraft

Twin 59,582,215 1115 1,87
EngineTurboprop

Aircraft

Single Engine 100,000 - 1.63
Piston

Multi Engine 100000 - 1.88
piston

PT6A IFSD 100000 - 0,15
M601 IFSD 100000 - 0,25

Spolecnost Pilatus dodavajici letadla PC-12 na svych webovych
strdnkdch udavd, Ze havarie spojena se selhanim motoru u
dvoumotorového turbovrtulového letounu ma az ¢tyfndsobnou
pravdépodobnost vdZznych nebo smrtelnych zranéni. Za hlavni
dlvod této skutecnosti je povazovan fakt, Ze v pfipadé
dvoumotorové koncepce musi byt motory, sohledem na
primér vrtule, namontovany ve znacné vzdalenosti od osy
letadla. Tim se pilot musi vyporadavat s vétsi asymetrii tahu,
pricemZ schopnost stoupani v disledku asymetrie tahu muze
klesnout az o 80%. Pokud dojde k poruse motoru béhem vzletu
nebo v nizkych vyskach, pilot ma malo ¢asu na kompenzaci a
muZe se nachazet pod bezpeénou rychlosti letu na jeden motor.
Tyto argumenty také vedly k umoZnéni komercniho povozu
jednomotorovych turbinovych letadel od roku 1996 na
americkém kontinentu. V ramci Evropy tato mozZnost existuje od

roku 2017. Na druhou stranu, v pfipadé jednomotorového
letounu ma vysazeni pohonné jednotky za nasledek vynucené
pfistani do terénu, které obvykle konci vazinym poskozenim
letadla nebo jeho znicenim. Toto riziko dale stoupd, pokud ma
byt let proveden na podminek IMC. Ztohoto divodu byl
proveden rozbor pfi¢in selhani Turbovrtulovych pohonnych
jednotek.

2. Pii¢iny selhani turbovrtulovych motori s vykony
do 1000 shp

Statistiky popisujici pfi¢iny selhani pohonné jednotky u
jednomotorovych letadel nejsou obecné snadno verejné
dostupné. Je logické, Zze podobnymi informacemi se vyrobci
neradi chlubi. Proto byla provedena vlastni analyza pficin
selhani pohonné jednotky pro letadla rady C208 Caravan. Jde o
popularni typ, ktery 1éta v rznych podminkach po celém svété.
Jako zaklad pro analyzu byly zvoleny Udaje ze serveru aviation-
safety.net v obdobi rokll 2007 — 2017. Celkem bylo nalezeno
139 nehod typu C208 v daném obdobi, pricemz 36 téchto nehod
bylo v dasledku selhdni pohonné jednotky. To predstavuje
25,8% podil na nehodach. Tato zjisténi je moiné také
konfrontovat se incidenty letadel Pilatus PC-12 provozovanych v
Kanadé. Tuto statistiku zpracoval kanadsky letecky Grad v ramci
edice The Aviation Safety Letter (ASL) Issue 3/2007 pro obdobi
1996 — 2006, kdy u tohoto typu bylo zaznamenano 22 fatalnich
nehod, pficemZ 3 souviseli se ztratou vykonu. To predstavuje
13,6% podil. Nutno podotknout, Ze oba typy vyuZivaji odlisné
verze motoru PT6.

Zpét k provedené analyze: aZ na 3 pripady vsechny nehody
skondily vaznym poskozenim nebo zni¢enim letadla. Ve 13
pfipadech doslo k selhdni pohonné jednotky vlivem oddéleni
lopatek turbiny. Toto zjisténi koresponduje s udaji spole¢nosti
Pratt&Whitney, kterd ve svych materidlech udéava, Ze lom
lopatky generatorové turbiny je primarni pfi¢inou odstaveni
motoru za letu. Druha Casta pficina selhani pohonné jednotky je
zdvada v palivovém systému, kdy 10 pfipadd reprezentovaly
zavady spojené s palivovym vedenim nebo palivo-regulacni
jednotkou. Déle byli identifikovany 3 nehody v disledku selhani
reduktoru motoru, viz obrazek 2.
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Obradzek 2: Priciny selhdni motori PT6A-114 na letadlech fady CE-208 v
obdobi roki 2007 — 2017 (Zdroj: vlastni zpracovani)
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3. Zhodnoceni hlavnich pric¢in prispivajicich k selhani
pohonné jednotky

V predchozi ¢asti vyplynuly z analyzy hlavni pficiny selhani

motoru za letu. V této kapitole budou tyto pficiny podrobné

zhodnoceny.

3.1. Odlomeni lopatek turbiny

Odlomeni lopatky turbiny byva castou primarni pficinou
odstaveni motoru za letu. Tento typ zdvady ma destruktivni viiv
na motor. Ddvodem pro tato selhani ¢asto byva provozovani
motoru mimo schvalené rozsahy teplot a nedostatky v Gdrzbé.
PretéZovani lopatek turbiny pak vede ke vzniku creepu nebo
Unavové poskozeni lopatky.

Creep je proces pokracujici plastické deformace (zména
rozmérl soucdsti), ke které dochazi pfi vysokych teplotach v
disledku napéti vyvijeného v komponentu béhem provozu a
udrZzovaného po urcitou dobu. Rychlost deformace (zména
rozmérll) je pak obecné funkci teploty, napéti a ¢asu. Tento typ
poskozeni lze ocekdvat u motorl, které jsou v provozu
nadmérné teplotné zatézovany.

Unava je proces iniciace a rastu trhliny v reakci na vznik
stfidavého napéti béhem provozu, pficemz existuji tfi odlisné
rezimy stfidavych stavl napéti, se kterymi se lze setkat v
provozu plynové turbiny. Stfidava napéti vznikajici v disledku
spousténi a zastavovani motoru. Tento zplsob Unavového
poskozeni je zndm jako nizko cyklova uUnava, proto maiji
turbinové motory omezenu Zivotnost také cykly.

V dlsledku nerovnomérného zatézovani lopatek turbiny napf. v
disledku teplotniho pnuti, buzeni aerodynamickymi silami je
lopatka v provozu cyklicky zatéZovana. V terminologii
turbinovych motorl je tento zpUsob Unavového poskozeni
znamy jako Unava vysokych cykld (HCF). K omezeni vlivu vysoko
cyklické unavy je nutné zajistit rovnomérnost v procesu
spalovani spravnou funkci palivovych trysek.

Prevence odlomeni lopatek je systém monitorovani provoznich
parametri, ktery na zakladé teplotniho a mechanického
zatézovani lopatek predikuje jejich Zivotnost. Soucasné systémy
obvykle méfi primérnou teplotu mezi turbinami ITT, pfi¢emz
nemusi byt zachycena nehomogenita teplotniho pole, kterd
mUze vést k vysoko cyklické anavé lopatek.

Stav lopatek se pravidelné kontroluje pomoci horoskopickych
prohlidek. Tyto prohlidky vyZaduji zkuSeny persondl, ktery nékdy
musi pracovat pod velkym tlakem, protoZe k detailni kontrola
lopatky k vylouceni podezfeni je moZna jen po jeji demontaZi z
motoru. | z tohoto dlvodu je dnes existuje snaha vyvinout
metody spolehlivé detekce pocinajicich poruch bez nutnosti
demontaze motoru. Vyznamni vyrobci motor( za timto uéelem
planuji pouZiti miniaturnich robotd, ktefi by nékdy v budoucnu
mohli byt schopni i opravit nalezené poskozeni.

3.2. Palivo regulacni systém

Palivo-regulacni systém motoru musi byt schopen automaticky
nastavit potfebné mnoZstvi paliva pro poZadovany vykon
motoru, provést korekce podle zmény okolni teploty nebo tlaku
vzduchu.  Musi byt schopen zajistit rychlou akceleraci i
deceleraci motoru. Systémy mohou byt bud plné hydro —
mechanické, které jsou komplikované, maji vysokou hmotnost a
jsou ndro¢né na udribu, nebo jde o rozsifené systémy hydro-

mechanické s elektronickou podporou, kdy vyssi fidici funkce
zajistuje elektronické fizeni pfi existenci moznosti nouzového
mechanického ovladani.  PIné digitalni fizeni motoru typu
dvoukanalovy FADEC neni v této kategorii motoru obvyklé.

Z hlediska poruch jde o komponentu, kterda na turbinovych
motorech vykazuje nevyssi miru poruchovosti napfiklad u rodiny
PT6A byla zavada FCU identifikovana ve 30 pfipadech v pribéhu
10 rokd (Australian Transport Safety Bureau, 2018). Na druhou
stranu zavada na FCU nemusi nutné znamenat vysazeni motoru.
Za urcitych okolnosti muiZe pilot prevzit nékteré funkce FCU a
dokoncit let.

Predikce poruch FCU muZe byt zaloZena na monitorovani
parametri motoru — identifikace nespravné davkovaného
mnozstvi v kombinaci se statistickym sledovanim, kdy je mozné
vytipovat projeveni urcéitého konstrukéniho nedostatku FCU.

3.3. Zadreni loZisek motoru

Nejde o béZnou poruchu motoru, ale v provozu se vyskytuje.
V ramci provedené analyzy byly zaznamenany dva pfipady
zadreni loZiska generatorové turbiny u motorl PT6A. NejCastéji
se mulZe vyskytnout pfi nizkych otackach, kdy jsou loZiska
motoru nedostate¢né mazana a chlazena olejem. Pfi této poruse
vidy dochazi k vaznému az destruktivnimu poskozeni motoru.
Zadreni mohou predchazet vibrace motoru. Obdobnym
porucham predchazi degradace oleje, proto se jako prevence se
doporucuji pravidelné tribologické rozbory oleje.

3.4. Nesprdvnd funkce reguldtoru vrtule

JelikoZ turbinové motory pracuji optimalné pti navrhovych
otackach, byvaji tyto motory vybaveny vrtulemi konstantnich
otacek. Reguldtory téchto vrtuli byva pomérné komplikovany
hydro-mechanicky systém. Tyto systémy trpi na nékolik neduhd
plynouci z jejich konstrukce. Jednim z nich byva tzv. prekmit
otacek vrtule, ktery se mlzZe projevovat v prevyseni az 0200
RPM nad poZadovanou hodnotu v disledku pomalejsi reakce
vrtule na akceleraci motoru. Tim mUze dochazet k pretézovani
reduktoru a jeho Unavovém poskozovani. U nékterych typl
regulatord neni mozné pti pozemnim testovani dosahnout 100%
otacek vrtule, reguldtor musi byt sefizen tak, aby se motor
nepretacel pfi odlehceni vrtule po akceleraci na letovou
rychlost. Na zemi je mozné dosahnout pfriblizné okolo 94%
maxima RPM to ale neumoZniuje fadné vyzkouSet omezovac
otacek, ktery spina pfi dosazeni maximalnich otacek. Reguldtory
vrtule nékdy trapi Uniky oleje a nespolehlivost nékterych ventild
v dUsledku vniknuti necistot. Z tohoto ddvodu hlavni prevenci
zUstava pecliva udrzba a statistické sledovani moznych zavad.

4. Prevence poruch

Ackoliv mechanickou zdvadu na sloZitém stroji, kterym
turbovrtulovy motor je, nelze nikdy zcela vyloucit, je mozné
spravnym pfistupem k provozovani motoru snizit
pravdépodobnost vyskytu nékterych vaznych poruch.

4.1. Zamezeni horkym startiim

Turbinové motory jsou extrémné citlivé na teploty spalin
prochazejici pres turbinu. Nadlimitni teploty nesnesou déle nez
nékolik vtefin, aniz by doslo k vaznému poskozeni lopatkovani
turbiny. Jiz z principu spousténi motoru dosahuje ITT béhem
spousténi velmi vysokych teplot. Pro eliminaci moZného
prehfati maji motory predepsané minimalni otacky pro otevieni
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privodu paliva do spalovaci komory. Tyto otacky ale také zavisi
na vnéjsich podminkach: teplota, tlak, vitr stav startéru atd.. Z
tohoto dlvodu zUstava na pilotovi peclivé monitorovani ITT
teploty a akcelerace motoru az do chvile, kdy motor dosahne
stabilni rychlosti. Usp&&né spusténi motoru také velmi zavisi na
zajisténi spravného minimalniho napéti palubni baterie pred
zahdjenim startovni sekvence.

Zabranéni témto nezadoucim stavlim je dnes mozné s vyuzitim
elektronickych prostiedk(. Na trhu je k dispozici fada limitera,
které maji za ukol monitorovat proces spousténi a pfipadné
varovat posddku. Na duhou stranu, v fadé pripadd jsou piloti
téchto letadel odkdazani jen na palubni zdroje a potfebuji letét.
Z pohledu zdkaznika je pak dulezité, aby tyto systémy nejen
limitovaly, ale také aby optimalizovaly spousténi i za zhorSenych
podminek.

4.2. Sledovdni trendii parametrii pohonné jednotky

V soucasnosti vsichni vyrobci nabizi programy sledovani stavu
pohonné jednotky monitorovanim vyvoje trend(, které slouzi
jako vCasna diagnostika blizici se poruchy. Pro nékteré druhy
provozl, napf. ETOPS, je sledovani stavu motoru takovymto
programem nevyhnutelnou nutnosti. Obecné je monitorovani
stavu leteckych motori zaloZeno na tfech zakladnich aspektech:
a) monitorovani a zaznamenavani provoznich a letovych
parametri pomoci senzord, b) vyvoj model( simulujici chovani
a parametry motoru za rlznych podminek a c) vyvoj
komplexniho systému pro diagnostiku a predpovidani
opotrebeni ¢i poruch motoru.

Kazdy systém pro sledovani stavu by mél byt v rovnovaze mezi
technickymi a provoznimi prinosy. KaZzdy provozovatel chce
ziskat odpovidajici protihodnotu k vynaloZzenym nakladdm. Pro
ilustraci, vice rdznych senzorl muzZe zajistit vétSi mnoZstvi
informaci o chovani motoru, ale soucasné se zvysuji naklady na
tyto senzory ale i také naklady na zpracovani velkych objem(
dat. Mira eliminace selhani motoru a neplanového servisu se ale
nemusi Umérné snizit kvynaloZzenym nakladdm. Ztohoto
dlvodu se jako optimalni cesta jevi maximalizovat vyuZiti dat,
ktera poskytuji stavajici senzory na palubé letadla.

Na trhu také existuji feseni nabizend vyrobci avioniky. Napfiklad,
spole¢nost Garmin ma do nékterych fad své avioniky
implementovan systém monitorovani stavu pohonné jednotky,
kdy je moZné data zpohonnych jednotek také parovat
s letovymi Udaji. Takto ziskana data mohou podstatné zkvalitnit
systém monitorovani stavu pohonné jednotky.

5. Zavér

Turbinové motory v uplynulych dekddach vyznamné zvysili svoji
spolehlivost, takze je dnes mozZné jejich vyuZiti i komerénim
provozu jednomotorovych letadel. Uplnd ztrata vykonu
pohonné jednotky je dnes vzacnou udalosti, ale pofdd existuje
Sance, Ze k ni dojde. Stéle totiz zlistava obtizné predvidat mozné
selhani turbinové lopatky nebo Unavové lomy v konstrukci
motoru i pies intenzivni vyzkum v této oblasti. Clanek nabizi
pohled na soucasné problémy a nejbéznéjsi pficiny selhani
pohonnych jednotek u jednomotorovych turbovrtulovych
letadel. Dalsi prilom ve zvySeni spolehlivosti pohonnych
jednotek by mohl vést k vétSimu rozvoiji regionalnich linek, které
by mohly byt obsluhovany jednomotorovymi a jedno pilotnimi
letadly.
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Abstract

This paper deals with the current position of regional airports in the Slovak Republic with focused on the legislative aspects of their financing with
acceptation of state aid rules and the legislative framework of EU. Each of regional airports is specific with some short- or long-term problems. These
problems are mainly related on the underutilized potential, stagnation of scheduled flights, as well as not enough sources of financing modernization
of airport infrastructures from public sources. That significantly impacts the operability and is reflected on the economic performance of each airport
operator operating the airport. The business models of regional airports haven ‘t been uniformly defined yet. The models depend on the different types
of ownership and methods of financing. Within the EU, most regional airports have unused capacity. It is difficult for the regional airport to break
even, not only due to low throughput volumes but also limited other resources of income which represents the substantial part of middle and large
airport revenues. Furthermore, small airports (with an annual throughput under 200 000 passengers) are considered not to be able to cover their
operational costs and therefore, must be subsidized. Therefore, the choice of a suitable business model of regional airport is very important. The new
EU rules declare the importance of focus on the right business model and stipulate on the necessary adaption on the new market environment by
differentiating the business models. However, maintaining regional airports is crucial for promoting social cohesion, EU development and increasing
the competitiveness of the EU as a whole.
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; logisticko-dopravnej siete (Tomova a kol., 2016). Takéto zmeny
1. Uved su podporované rastucou konkurenciou letisk v podmienkach
V stcasnosti su letiskd vieobecne povaZované za institucie s liberalizovanych trhov so sluzbami leteckej dopravy. Modely
vyraznym hospodarskym a socidlnym vyznamom pre okolité podnikania letisk sa dostavaju do popredia ako problém
regiony, pricom tento vyznam presahuje Ulohu letiska v ekonomického vyskumu aj hospoddrskej praxe, pricom doteraz
tradi¢nom ponimani, ktorou je zabezpedéit dopravni dostupnost nie je vyrieSena definicia samotného pojmu. Tomova a Materna
regionu vzduchom. Letiskd predstavuju zakladnu infrastruktiru (2016) pomocou lingvistickej analyzy definicii potvrdili nazor
na podporu regiondlneho, ekonomického a socidlneho rastu; Osterwaldera a Pigneura (2010) ohladom definicie modelu
zaroven ide o subjekty s vyznamnym prinosom pre SirSie podnikania, t.j., Ze model podnikania je spbsob podnikania a
spektrum subjektov a pre spoloénost ako celok; a navyse, letiskd organizdcia Cinnosti podniku, ktorymi sa vytvara hodnota pre
maju schopnost generovat vynosy z investicii v prospech svojich zdkaznika.

akcionarov. Vzhladom na rozsirovanie Eurdpskej Unie a
narastajuce vzdialenosti, leteckd doprava ako jedno z
najrychlejSie a najdynamickejSie sa rozvijajucich odvetvi
dopravy, zohrava coraz dolezitejSiu Ulohu v suvislosti s
integraciou Eurdpy. Sucasne dochadza k rozirovaniu
konkrétneho ekonomického a socidlneho vyznamu letisk a ich
vplyvu na hospodarstvo SR, ich Uloha v spolo¢ensko-
ekonomickom rozvoji krajin a regiénov je nespochybnitelna.
Zatial, ¢o v minulosti boli letiskd sticastou administrativno-
spravnych Struktdr krajin a v ich zriadeni prevazZovali
prevadzkové aspekty, v rdmci celosvetovych reforiem
infrastrukturnych systémov sa riadenie letisk zmenilo — prebehla
decentralizacia verejného vlastnictva, korporatizacia a v
niektorych pripadoch aj privatizacia (Graham, 2013).

Modely podnikania regiondlnych letisk neboli doteraz
dostatocne preskimané - z hladiska organiza¢no-vlastnickeho
statusu a financovania, letiska st v ramci EU fragmentované, ¢o
potvrdil aj ACl (2016). Zaroveri maju regionalne letiska v EU
rozdielny organizacno-vlastnicky status a vzhladom na ich
réznorodost, je mozné predpokladat niekolko  modelov
podnikania  regionalnych letisk, ktoré vSak doteraz neboli
identifikované a preskimané (Novak Sedlackovd & Svecovi,
2018). V ramci EU ma vadina regionalnych letisk nevyuzit
kapacitu, o neumoznuje vyuZzivanie Uspor z rozsahu, regiondlne
letiska dosahuju niZSie Urovne rastu vykonov v porovnani s
priemerom inych letisk, klesa priama konektivita regionalnych
letisk (ACI, 2015). Vyber vhodného modelu podnikania
regionalnym letiskom je doleZitd pre zniZenie narokov na
Letiskd v stc¢asnosti predstavuju podnikajdce subjekty, na ktoré financovanie letiska z verejnych zdrojov a v urcitych pripadoch
sa postupne transformuju z pdvodne  pasivnych prvkov aj pre zachovanie prevddzky, resp. regulaciu daného letiska
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(Novédk Sedlackovd & Novak, 2010). Podla povodného znenia
Usmernenia o Statnej pomoci pre letiska a letecké spolocnosti
(2014) by nemala byt prevadzkovd pomoc letiskdm zo Stétu
mozna po skonceni prechodného obdobia (po roku 2020) a svoju
¢innost by mali financovat z vlastnych zdrojov. Sprisnenim
a stanovenim tychto pravidiel EU v oblasti $tatnej pomoci
letiskdm a pomoci z verejnych zdrojov dochddzalo k tlaku na
manazment regiondlnych letisk, aby hladal efektivne modely
svojho podnikania. Orientdaciu regionalnych letisk na podnikanie
zd6raziiuji nové pravidlda EU o poskytovani $tatnej pomoci
letiskam, v ktorych stanovuju, Ze regionalne letiska by sa mali
prispdsobit  novému trhovému prostrediu diferencovanim
svojich obchodnych modelov. Tento zamer bol vSak v priebehu
Casu na zaklade postupného vyvoja trhu leteckej dopravy ako aj
postavenia letisk upraveny s prihliadnutim na velkost letisk,
resp. regionalne letiska, ktorym moéze byt prevadzkova alebo
investi¢na pomoc poskytnutd. V ramci podmienok SR je vyznam
vyskumu modelov podnikania regiondlnych letisk naliehavy,
vzhladom na problémy s financovanim a zachovanim
prevadzkyschopnosti letisk (napr. medializované letiska Zilina a
Piestany). SR na rozdiel od inych krajin (irsko), nevyuZila priestor
pre statnu pomoc regionalnym letiskam s potrebou notifikacie
Eurdpskej Komisii a taktieZ nepredloZila uceleny narodny
rozvojovy program pre regionalne letiska, ¢im sa zaradila ku
krajinam, ktoré pristupili k novym pravidlam bez potrebného
ofenzivneho pristupu (Tomova & Lukaé, 2016). Postupné zmeny
nastavaju az v roku 2019, kedy Ministerstvo dopravy vystavby
a regionalneho rozvoja SR pripravilo navrh zdkona o odplatach a
o poskytovani prispevku v civilnom letectve a o zmene a
doplneni niektorych zakonov, ktory bol pripomienkovany aj
odbornou verejnostou.

2. Sucasny stav regionalnych letisk a legislativne
aspekty upravujuce ich financovanie

Pre riesenie problematiky sicasného stavu regiondlnych letisk
na Uzemi Slovenskej republiky, je nevyhnutné vymedzit pojmy
,letisko”, ,regionalne letisko” a ,,malé letisko”. Pojem , letisko”
je mozné definovat z viacerych pohladov, pricom v Slovenskej
republike je legislativna zakladna pre letiska tvorend predpisom
L14*, podla ktorého je letisko (aerodrome) ,,vymedzena plocha
na zemi alebo na vode (vrdtane budov, zariadeni a vybavenia)
urcend bud’ Uplne alebo scasti na odlety, prilety a pozemné
pohyby lietadiel.“ Najdodlezitejsi predpis v oblasti civilného
letectva na uzemi SR je zdkon €. 143/1998 Z.z, o civilnom
letectve (letecky zakon) a o zmene a doplneni niektorych
zakonov, ktory v §& 2 pism. h) Clanku I. definuje letisko ako
,2Uzemne vymedzenu plochu trvalo alebo docasne uréenu na
vzlety a pristatia lietadiel a s tym suvisiace cinnosti, na ktorej su
umiestnené letecké pozemné zariadenia a dalSie objekty
slizZiace leteckej prevadzke.” Podla pism. k) je malé letisko
,verejné letisko s prevadzkou s roénym priemerom menej ako
dva dopravné lety za den alebo s prevadzkou obmedzenou na
lietadld do desat ton maximdlnej vzletovej hmotnosti alebo s
kapacitou do 20 miest na sedenie, alebo na lety vSseobecného
letectva.” Nariadenie Komisie (EU) 2017/1084, ktorym sa meni
nariadenie (EU) & 651/2014, pokial ide o pomoc na pristavni a
letiskovu infrastruktiru v ¢lanku 2 ods. 153 definuje pojem

1 Predpis L14 — I. zvazok Letiska: Navrhovanie a prevadzka letisk

regionalne letisko ako ,letisko s priemernym roénym objemom
do troch miliénov cestujucich.”

V sucasnosti sa na Slovensku nachadza Sest verejnych letisk
opravnenych na vykondvanie medzindarodnej obchodnej
prevadzky a na poskytovanie sluzieb pozemnej obsluhy,
poziarnej a zachrannej sluzby a letovych prevadzkovych sluzieb:
Letisko Bratislava, Kosice, Slia¢, Zilina, Piestany a Poprad-Tatry;
kazdé z letisk ma pravnu formu akciovej spolo¢nosti a stat v
zastUpeni Ministerstvom dopravy a  vystavby Slovenskej
republiky (dalej len ,ministerstvo”) je akciondrom kazdej z
letiskovych spolocnosti. Podiel Ministerstva na vlastnictve sa
pohybuje v rozmedzi od 100% na letiskach Bratislava a Sliac; cez
99,535% na Letisku Zilina, 34% v Kosiciach a 20,65% na Letisku
Piestany? (Kazda, 2017). Letisko Slia¢ je prevadzkované v
spolupraci s Ministerstvom obrany SR (Kazda & Novak
Sedlackova, 2018) Vo vieobecnosti je mozné skonstatovat, ze
kazdé z nich ma jedinec¢né postavenie v ramci regiénu, ktorému
sluzi, kazdé z nich je Specifické, nachddza sa v urcitej situdcii a
kratkodobo ¢i dlhodobo ¢eli niekolkym problémom spojenych
najma s ich nedostato¢ne vyuZitym potencidlom, stagnaciou
pravidelnych leteckych liniek, ako aj financovanim modernizacie
letiskovych infrastruktir z verejnych zdrojov a viazanostou na
eurdpsku legislativu v suvislosti s poskytovanim Statnych
subvencii, ¢o vyznamne vplyva na prevadzkyschopnost a odraza
sa na ekonomickych vykonoch jednotlivych letiskovych
spolo¢nosti. K malym regionadlnym letiskdm na uzemi SR
mozeme zaradit: Letisko Pietany, Slia¢, Zilina a Poprad-Tatry.
Financovanie malych regiondlnych letisk je potrebné vnimat ako
dlhodoby eurdpsky problém (Tomova & Svecovd, 2018) a
existuje niekolko pristupov z Urovne EU upravujicich tito
problematiku. Hoci suéasny pravny ramec predstavuje
Nariadenie Komisie (EU) 2017/1084 zo 14. jiina 2017, ktorym sa
meni Nariadenie Komisie (ES) ¢. 651/2014 pokial ide o pomoc na
pristavnu a letiskovu infrastrukturu..., pévodne financovanie
regionalnych letisk upravovali pravidla statnej pomoci letiskam
v EU, ktoré boli sti¢astou zmien veducich k jednotnému trhu so
sluzbami leteckej dopravy a vyvijali sa v troch zakladnych
etapach, a to (Obrazok 1):

e 1. etapa (1984 — 2005): v tejto etape neexistovali osobitné
pravidla Statnej pomoci pre letisk3;

e 2. etapa (2005 — 2014): uplatriovali sa Specifické pravidla
tykajuce sa financovania letisk a $tatnej pomoci na zacatie
¢innosti pre letecké spolo¢nosti s odletom z regiondlnych
letisk, vychddzajuce z Ozndmenia komisie: Usmernenia
tykajuce sa financovania letisk a $tatnej pomoci na zacatie
¢innosti pre letecké spolo¢nosti s odletom z regiondlnych
letisk (2005/C 312/01) a

e 3. etapa (od roku 2014): pravidld sa vztahuju na $tatnu
pomoc letiskdm a leteckym spolo¢nostiam vychadzajuce z
Oznamenia komisie: Usmernenia o S$tatnej pomoci pre
letiskd a letecké spoloc¢nosti (2014/C 99/03) (Novak
Sedlackova & Svecova, 2018).

2 Udaje prevzaté z Ministerstva dopravy, vystavby a regionalneho
rozvoja SR k septembru 2018.
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1. Etapa 2. Etapa 3. Etapa
1984 2005 2014
NEEXISTENCIA OZNAMENIE OZNAMENIE
osobitnych pravidiel KOMISIE KOMISIE
§titnej pomoci pre (2005/C 312/01) (2014/C 99/03)
letisks

Obrdzok 1: Etapy vyvoja pravidiel $tdtnej pomoci letiskdm v EU. (Zdroj:
Autori)

Z vyssie uvedeného vyplyva, Ze prvé pravidld pre Statnu pomoc
letiskam v EU boli prijaté v roku 2005 a nové pravidla, prijaté
v podobe Ozndmenia komisie: Usmernenia o stdtnej pomoci pre
letiskd a letecké spolocnosti (2014/C 99/03), su platné od roku
2014 a umoznuju poskytovanie:

e investi¢nej pomoci letiskam;
e prevadzkovej pomoci letiskdm;
e pomoci leteckym spolocnostiam na zacatie ¢innosti a

e Statnej pomoci vo forme nahrady za sluzby vo verejnom
zaujme?3 (a socialna pomoc) (Tomova, 2017).

2.1. Pravidla Stdatnej pomoci

Ozndamenie komisie: Usmernenia o Stdtnej pomoci pre letiskd
a letecké spolocnosti (2014/C 99/03) definuje investi¢nd pomoc
ako ,,pomoc na financovanie hmotného kapitdlového majetku,
najmd na pokrytie schodku financovania kapitdlovych
ndkladov.” Komisia pre potreby pravidiel investi¢nej pomoci na
financovanie investicii do infrastruktiry rozdelila letiska do
piatich kategdrii (Obrazok 2).

KATEGORIE LETISK PRE POTREBY INVESTICNEJ POMOCI

I
| | I | |

Letisko do Letisko od Letisko od Letisko od Letisko
200 000 ces- 200 000 1 miliéna do 3 do 5 mili- s viac ako §
juci do 1 milié 3 milié. 6nov cestu- miliénov
rocne cestujicich cestujucich Jjucich roéne cestujicich
rocne ro¢ne rocne

Obrdzok 2: Kategdrie letisk pre potreby investicnej pomoci. (Zdroj:
Autori)

Schodok financovania sa li§i na zaklade velkosti letiska a
spravidla je vacsi v pripade mensich letisk; v zavislosti od velkosti
letiska urcenej na zdklade roc¢ného objemu cestujucich,
maximalna intenzita pomoci je rozdelena do troch skupin, ako
zobrazuje Tabulka 1. Pre letiskd vo vzdialenych regiénoch bez
ohladu na ich velkost, sa maximalna intenzita pomoci méze
zvysit az 0 20 %. Letiska s priemernym poc¢tom cestujucich do 1
miliéna, by mali prispievat k financovaniu sumou vo vyske
najmenej 25 % (Tomova, 2017).

3 Sluzby vo verejnom zaujme poskytované dopravcami upravuje
Nariadenie (ES) ¢. 1008/2008.

Tabulka 1: Maximdlna pripustnd intenzita investi¢nej pomoci. Zdroj:
vlastna tabulka vychddzajica z Usmernenia o stdtnej pomoci pre
letiskd a letecké spolocnosti (2014)

INVESTICNA POMOC LETISKAM

Velkost letiska na zdklade priemerného . .
. . Maximalna intenzita investiénej pomoci
objemu cestujlcich

Viac ako 3-5 miliénov Max. 25%
1-3 miliény Max. 50%
Menej ako 1 milidn Max. 75%

Pravidla prevadzkovej pomoci

Podla bodu 2.2 Ozndmenia komisie: Usmernenia o stdtnej
pomoci pre letiskd a letecké spolocnosti (2014/C 99/03), je
prevadzkovd pomoc pomocou na pokrytie ,schodku
prevadzkového financovania“, bud vo forme pociatocnych
platieb alebo pravidelnych splatok na pokrytie oCakavanych
prevadzkovych nakladov (pravidelné pausalne platby). V zaujme
primeranosti sa prevadzkovd pomoc musi obmedzit na
minimum nevyhnutné pre uskutocCrovanie podporovanej
¢innosti. Pre potreby pravidiel Statnej pomoci letiskdm na
prevadzku sa letiska delia do piatich kategdrii (Obrazok 3).

KATEGORIE LETISK PRE POTREBY PREVADZKOVEJ
POMOCI
|

| | | ! )

Letisko do Letisko od Letisko od Letisko od Letisko
200 000 ces- 200 000 700 000 do 1 do 3 mili- s viac ako 3
tujicich do 700 000 1 miliéna onov cestu- miliénov

rocne juci juci jucich rocne cestujucich
ro¢ne

roéne roéne

Obrdzok 3 — Kategdrie letisk pre potreby prevddzkovej pomoci. (Zdroj:
Autori)

Ako uvadza Usmernenie o Statnej pomoci pre letiska a letecké
spoloénosti (2014), pravidlda vychadzaju ztoho, Ze letiska
s poctom cestujucich do 200 000 ro¢ne nemusia byt schopné
pokryt velku ¢ast svojich prevadzkovych nakladov; taktiez letiska
s poctom cestujucich od 200 000 do 700 000 roéne nemusia byt
schopné pokryt velkd ¢&ast svojich prevadzkovych nékladov;
letiskd s po¢tom cestujucich 700 000 az 1 milidn za rok by mali
byt schopné pokryt vadésinu prevadzkovych nakladov; letiskd s 1
az 3 miliénmi cestujucich za rok by mali byt schopné pokryt
vacsinu prevadzkovych nakladov a letiska s viac ako 3 miliénmi
cestujucich su zvycajne ziskové a mali by byt schopné pokryt
svoje prevadzkové naklady. Podla pravidiel, nie je mozné
poskytnut prevadzkovd pomoc letisku s priemernym poétom
cestujucich viac ako tri miliény ro¢ne. Pre letiskd nad 700 000
cestujucich je maximdlna pripustnd suma pomoci pocas celého
prechodného obdobia obmedzena na 50 % povodného schodku
financovania na obdobie desiatich rokov; maximdlna pripustna
suma pomoci pre letiskd do 700 000 cestujucich rocne sa zvysila
na 80 % povodného schodku financovania na obdobie piatich
rokov po zaCiatku prechodného obdobia, ktoré sa zacalo 4.
aprila 2014 (Novak Sedlackova & Svecova, 2018). Z pravidiel
vyplyva, Ze najneskér do desiatich rokov od zaciatku
prechodného obdobia musia vietky letiskd dosiahnut plné
pokrytie svojich prevadzkovych ndkladov, ¢o znamena, Ze po
tomto datume Ziadna S$tdtna pomoc na prevadzku letiska
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nebude mozna. Vynimku tvori Specifickd prevadzkova pomoc
(Tomova, 2017).

2.2. Pravidla pomoci leteckym spolo¢nostiam na zacatie
cinnosti

Pod pojmom ,pomoc leteckym spolocnostiam na zadatie
¢innosti“ sa podla Usmernenia o Statnej pomoci pre letiskd a
letecké spoloc¢nosti (2014), rozumie spustenie novej linky alebo
nového cestovného poriadku zahfmajuceho castejSie sluzby.
Letiska su rozdelené pre potreby pravidiel pomoci leteckym
spolo¢nostiam na zacatie ¢innosti do troch kategérii (Obrazok
4). Vyska pomoci na zacatie ¢innosti leteckych spolo¢nosti moze
pokryt az 50% letiskovych poplatkov tykajucich sa trasy, pricom
je mozné poskytnut takito pomoc maximalne na dobu troch
rokov. Preto by sa v ex ante vypracovanom podnikatelskom
plane leteckou spolo¢nostou malo stanovit, Ze trasa
financovana zo Statnej pomoci ma minimalne po troch rokoch
vyhliadky na to, aby sa stala ziskovou (Usmernenia o Statnej
pomoci pre letiska a letecké spoloc¢nosti, 2014).

KATEGORIE LETISK PRE POTREBY POMOCI LETECKYM
SPOLOCNOSTIAM NA ZACATIE CINNOSTI

! !

Letisko Letisko od Letisko do
s viac ako 5 3 do 5 mili- 3 miliénov
miliénov 6na cestu- cestujuicich
cestujicich jucich roéne roéne
roéne

Obrdzok 4: Kategdrie letisk pre pomoc leteckym spolocnostiam na
zacatie Cinnosti (Zdroj: Autori)

Pravidla statnej pomoci vo forme nahrady za sluzby vo verejnom
zdujme

Pravidla vychadzaju zrozsudku Altmark, vktorom boli
definované pravidla tykajuce sa verejného financovania za
poskytnutie sluzieb vSeobecného hospodarskeho zaujmu.
Letiskam moze byt pridelend sluzba vseobecného
hospodéarskeho zaujmu, ak by c&ast oblasti potencidlne
obsluhovanej letiskom bola bez letiska izolovana od zvy$ku EU
v takom rozsahu, ktory by zabraroval jej hospodarskemu ci
socidlnemu rozvoju. Letisku moze byt uloZzeny zavazok sluzby vo
verejnom zdujme, ktory by zarudil, Ze letisko zostane pre
komercnu dopravu otvorené. Pravidla Statnej pomoci vo forme
nahrady za sluzby vo verejnom zdujme su oslobodené od
poZiadavky na oznamovanie za splnenia dvoch podmienok:

o |etisko ma pocet cestujucich do 200 000 za rok a

o |etecké spolocnosti, pokial'ide o linky na ostrovy, maju pocet
cestujucich do 300 000.

Prehlad najvyznamnejsich zmien, ktorym podliehali pravidla
Stdtnej pomoci pre letiska pocas druhej a tretej etapy, teda
v obdobi platnosti Usmerneni tykajucich sa financovania letisk
a Stadtnej pomoci na zacatie Cinnosti pre letecké spoloc¢nosti
s odletom z regionalnych letisk (2005/C 312/01) a Usmerneni
o Statnej pomoci pre letiskd aletecké spoloénosti (2014/C
99/03), st zobrazené v Tabulke 2.

Tabulka 2: Kompardcia najvyznamnejsich zmien pravidiel Statnej
pomoci letiskdm v rokoch 2014 a 2005. Pozn. skrdtené. (Zdroj: vlastné
spracovanie vychddzajuce z Usmerneni (2014/C 99/03) a (2005/C
312/01), 2005 a 2014).

KOMPARACIA PRAVIDIEL STATNEI POMOCI
ia tykajiice sa ia letisk
Usmernenia o 5tdtnej pomoci pre leti- a 3tatnej pomoci na zaiatie Einnosti pre
ska a letecké spolocnosti (2014/C letecké spolognosti s odletom
99/03) z regionélnych letisk
(200s/c 312/01)
._E & investins pomoc: <+ financovanie vystavby letiskowych in-
] - A p, 3 frastruktar a vybavenia letisk;
] < prevadzkové pomoc; o b A e
& )y . . <+ financovanie letiskove] infradtruktuary;
b= <+ pomoc leteckym spoloénostiamna | . . ! ; >
8 - 2 . <+ financovanie letiskovych sluZieb;
2 zaatie éinnosti; 2, . -
. - 4 pomoc leteckjm spoloénostiam na za-
2 <+ pomoc socidlneho charakteru; - P N
5 s " Eatie Einnosti;
= <+ &tatna pomoc vo forme nahrady za PR <
E] . N . <+ Etdtna pomoc vo forme nahrady za
5 sluzby ve verejnom zaujme. " N P
=z sluZby vo verejnom zaujme.
2 ez "
<+ poskytuje sa letiskdm do 5 milié- N -
poskytuje s | MO | & poskytuje sa letiskam kategorie D do 1
8 nov cestujlcich prepravenych roé- I .
E e miliéna cestujiicich za rok, ktoré za-
=] : bezpeéuju prevadzkovanie sluzby ve-
rejného hospodérskeho zdujmu.
£8 . 4 suma kompenzécie by nemala presiah-
E <+ viac ako 3-5 milidnov: max. 25%; X penze y nema p
M e ’ nut sumu nutni na pokrytie nakladov
& [ % Lamiiony: max. 50%; vzniknutych pri vykondvani zavazkov
8 | # menejako 1 milion: max. 75%; N Pr vykonav
& . i N sluZby vo verejnom zaujme, so zrete-
= %+ vzdialené letiska: +20%. " - -
g lom na prijmy a primerany zisk.
z - . .
] < subvencie boli poskytované letiskdm
g ++  poskytuje sa letiskam do 3 milié- do 2 miliénov cestujlcich roéne, nad 2
E nov cestujcich roéne, nad 3 milié- milidny museli byt letiska sebestagné.
E ny musia byf letiska sebestatné.
E
g
=3
2
i§ #*  poskytuje sa: letiskam do 200 000
i cestujicich potas trvania povere- 4+ poskytuje sa letiskam kategorie D, do 1
Sy nia vykonom sluzby VHZ miliéna cestujticich roéne.
g E = 2 leteckym spolognostiam (letecké
g linky na ostrovy) do 300 000 cestu-
£ jticich rone.

2.3. Prehlad sucasnych legislativnych pravidiel
upravujicich Statnu pomoc pre regiondlne letiskda

Driom 14. juna 2017, kedy nadobudlo platnost najnovsie
Nariadenie komisie (EU) 2017/1084, ktorym sa meni nariadenie
(EU) & 651/2014, pokial ide o pomoc na pristavnu a letiskovi
infrastrukturu, stropy vymedzujuce notifikacnu povinnost pri
pomoci na kulturu a zachovanie kultirneho dedicstva a pri
pomoci na Sportovu a multifunkénu rekreacnu infrastrukturu,
ako aj schémy regiondlnej prevddzkovej pomoci pre
najvzdialenejsie regiony, a ktorym sa meni nariadenie (EU)
¢ 702/2014 z hladiska vypoctu oprdvnenych ndkladov, sa
pravidld poskytovania §tatnej pomoci na Grovni EU pre malé
regiondlne letiskd  znacne  zjednodusili astrop so
zjednodusenymi pravidlami pre malé regionalne letiskd bol
stanoveny do 200000 cestujucich rocne. V sulade
s Usmerneniami o Stdtnej pomoci pre letiskd a letecké
spolocnosti (2014/C 99/03) bolo mozné dotovat letiskd aj pred
datumom, kedy Nariadenie komisie (EU) 2017/1084 (dalej len
Nariadenie) vstupilo do platnosti, no Usmernenia boli
administrativne ndrocné a obsahovali niekolko obmedzeni. Z

Usmerneni o3Statnej pomoci pre letiskd aletecké
spoloénosti vyplyva, Ze za predpokladu splnenia urcitych
podmienok, investitcha pomoc pre regiondlne letiska

nespdsobuje nepripustné narusenie hospodarskej sutaze ani
obchodu. Podla Nariadenia (EU) & 651/2014 sa na investi¢nt
pomoc pre regionalne letiska vztahuje skupinovd vynimka, a
rovnako sa nepovazuje za vhodné stanovit strop vymedzujuci
notifikaénud povinnost ako vysku pomoci, vzhlfadom na fakt, ze
vplyv opatrenia pomoci na hospodérsku sutaz nezavisi od
objemu pomoci, ale od velkosti letiska. Nové Nariadenie EK
zahffia dve podmienky, ktoré by mala investi¢na pomoc splfiat,
aby bola primerand, pricom pri velmi malych letiskach do
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200 000 cestujucich ro¢ne by malo byt pozadované len splnenie
jednej z uvedenych podmienok:

e intenzita pomoci by nemala prekro¢it maximalnu pripustnu
intenzitu pomoci, ktora sa lisi v zavislosti od velkosti letiska
a

e vyska pomoci by nemala presiahnut rozdiel medzi
opravnenymi nakladmi a prevadzkovym ziskom investicie.

V pripade velmi malych letisk je ,znacné narusenie hospoddrskej
sutaZe nepravdepodobné.” Nariadenie dalej v Cldnku 56 a)
Oddiel 14 (Pomoc pre regiondline letiskd) pojednava o dalSich
poziadavkach vo vztahu k investi¢nej pomoci:

o Letisko musi byt otvorené pre vsetkych potenciadlnych
pouZzivatelov a ak dojde k fyzickému obmedzeniu kapacity,
tak je pridelovanie uskuto¢nované na zaklade objektivnych,
vecnych, transparentnych a nediskriminacnych kritérii.

e Pomoc sa neposkytuje na premiestnenie existujucich letisk
alebo na vznik nového letiska, ktoré prevadzkuje osobnu
dopravu.

e Vyska investi¢nej pomoci nesmie presiahnut rozdiel medzi
opravnenymi nakladmi a prevadzkovym ziskom investicie.
Prevadzkovy zisk bude odpocitany ex ante od opravnenych
nakladov na zdklade odhadov alebo mechanizmom
spatného vymahania.

e Vyska investi¢nej pomoci nemdze presiahnut:

a) 50% opravnenych nakladov pre letiska
s priemernym poctom cestujucich od 1 az 3 miliénov
rone, v obdobi dvoch financénych rokov
predchadzajucich roku, v ktorom je pomoc skutocne
poskytnuta a

b) 75%  oprévnenych  nakladov pre letiskd
s priemernym poc¢tom cestujicich do 1 miliéna
rocne, v obdobi dvoch finanénych rokov
predchdadzajucich roku, v ktorom je pomoc skutocne
poskytnuta.

Podla Nariadenia, prevadzkovd pomoc pre velmi malé letiska
s prepravou do 200 000 cestujucich rocne nespdsobuje
nepripustné narusenie obchodu ani hospodérskej sutaze za
predpokladu, Ze st splnené urcité podmienky, ktoré maju zaistit,
aby vySka pomoci nepresahovala prevadzkové straty
a primerany zisk, ako aj otvoreny a nediskriminacny pristup
k infrastruktdre. Prevadzkova pomoc nebude poskytovana
letiskdm s priemernym poctom cestujicich nad 200 000 rocne,
pocas dvoch finan¢nych rokov predchdadzajucich roku, v ktorom
pomoc bola skuto¢ne poskytnutd; prevadzkova pomoc nebude
vyplatena za Ziaden kalenddrny rok, v pripade, Ze pocas neho
rocny pocet cestujlcich presiahne 200 000.

3. Zaver

Za Ucelom analyzy sticasného stavu regionalnych letisk na uzemi
SR s ohladom na podporu leteckej dopravy z Grovne EU v oblasti

4 Slovenska spréva letisk bola statna prispevkové organizacia zriadena
01.01.1991, ktord od Ceskoslovenskych aerolinii a Ceskoslovenskej
armady prevzala letiska Bratislava, KoSice, Piestany, Poprad-Tatry, Slia¢
a Zilina. Od roku 2004 bolo prevéadzkovanie letisk postupne odovzdané

financovania, sme oslovili viacero odbornikov zaoberajlcich sa
danou problematikou. Na zadklade ich wvyjadreni mdzeme
skonstatovat, Ze hoci letiskové spolo¢nosti prevadzkujice malé
regionalne letiskd na Uzemi SR maju velky potencidl pre
jednotlivé regidny aich rozvoj, kazdé zletisk sa nachadza
v $pecifickej situacii s konkrétnymi prevazne finanénymi
problémami, ktorym dlhodobo celi. Medzi hlavné problémy
patri: financovanie modernizacie letiskovej infrastruktury a jej
vystavby z verejnych zdrojov (bertc do Uvahy statny rozpocet)
a viazanost Ministerstva eurdpskou legislativou tykajucou sa
Statnej podpory, ako aj skutocnost, Zze po zaniku Slovenskej
spravy letisk* nebol vytvoreny efektivny spésob pre udrzanie
regionalnych letisk a komplexny strategicky plan na rozvoj
civilného letectva v SR ako celku. Daldi aspekt predstavuiju
letecké spolo¢nosti aich fungovanie — v obdobi rokov 1993
az 2009 doslo kzaniku takmer vsetkych na Slovensku
registrovanych leteckych spoloCnosti, ktoré vykonavali
pravidelni alebo nepravidelnt prepravu oséb. Z toho dévodu
prevadzka slovenskych regionalnych letisk ( s vynimkou Letiska
Bratislava, KoSice aPoprad- Tatry) zavisi prevaine od
charterovych letov amedzinarodného turizmu, pri¢om
poskytuju nepravidelné letecké spojenia, kym tie pravidelné
stagnuju.

Napriek tomu, Ze zaujem cestujucich o vyuZitie leteckej dopravy
a letiska vregidne je zakladnym indikatorom jeho dalSieho
mozného rastu a rozvoja regidénov a Statu (Lazara a kol., 2015 a
Kurdel a kol., 2015), nebol do roku 2019 zo strany SR vyvinuty
dostatocny  zdujem o vytvorenie ,ndrodného ramca“
a stanovenia narodnych pravidiel a podmienok za ktorych by
regionalne letiska mohli byt podporované v sulade s aktuélne
platnou legislativou EU. SR nereagovala dostatocne flexibilne na
zmeny eurdpskej legislativy a hlavne nebola pripravena na
moznosti aplikacie a vyuZitia vy$sie uvedenych zmien. Koncom
roka 2018 bol vytvoreny navrh zdkona o odplatach a o
poskytovani prispevku v civilnom letectve a o zmene a doplneni
niektorych zdkonov, ktorého sucastou bolo aj vytvorenie
zakladne] legislativnej moznosti poskytnutia finanéného
prispevku regiondlnym letiskam v SR, ¢o su v sulade s definiciou
nariadenia EU vietky medzindrodné letiska na Slovenku, tj. aj
letisko Bratislava. V tomto navrhu zakona je uvedené v § 12 ods.
2, ze ,Ministerstvo moéze v prislusSnom rozpoctovom roku
poskytnut prispevok na: a) bezpeénostnld ochranu letiska, b)
vykon zachrannych a hasi¢skych sluZieb na letisku, c) prevadzku
letiskovej infrastruktury (dalej len ,prevadzkova pomoc”), d)
investicie do letiskovej infrastruktury (dalej len ,investi¢na
pomoc”), e) odbavenie letov oslobodenych od odpldt a f)
refundaciu vydavkov spojenych s poskytovanim letovych
prevadzkovych sluzieb letom oslobodenym od odplat.”
V nadvazujucom ods. 3 je uvedené, Ze ,Vyssi Uzemny celok
alebo obec méze v prislusnom rozpoctovom roku poskytnut
prispevok podla odseku 2 pism. b) az d).” No zaroven je v navrhu
zakona uvedené, Ze ,invesi¢nu a prevadzkovd pomoc” je mozné
poskytnit do wvysky ustanovenej osobitnym predpisom
zohladriujuc majetkovd ucéast poskytovatela u zZiadatela alebo
iny podiel poskytovatela na majetku alebo podnikani u Ziadatela
v Case podania Ziadosti. Zjednodusene to znamend, Ze toto
ustanovenie umoZiuje vznik tzv. ,diskriminacny princip“, kedy
modze byt poskytnuty finanény prispevok na investi¢nd

letiskovym spolo€nostiam v dplnom verejnom vlastnictve a Slovenska
sprava letisk bola zrusena.
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a prevadzkovu pomoc aZ do Urovne 100% koncesiondrovi alebo
ndjomcovi letiska, ktoré je 100% vlastnené Statom
(Ministerstvom dopravy, vystavby a regionalneho rozvoja SR),
ale v pripade, Ze je letisko vlastnené percentudlnym podielom
Stdtom, vysSim Uzemnym celkom a mestom, tento prispevok
budl hradit podla svojich Gcasti vSetci vlastnici, o je pravna
Uprava nad ramec legislativy EU a v budicnosti méze znamenat,
Ze v pripade zaujmu SR o rozvoj civilného letectva a letisk, bude
miera mozného investi¢ného rozvoja ohrani¢end moznostami
obci a vyssich uzemnych celkov. Zaroven tento navrh zakona
mbze byt chapany len ako zmocfiujice ustanovenie pre
stanovenie zakladnych pilierov pre poskytovanie statnej pomoci
v podmienkach SR, ale negarantuje a nevytvdra konkrétnu
schému, ktoru Slovenska republika potrebuje, a ktora odzrkadli,
a do istej miery by mohla aj garantovat konkrétny rozvoj v
oblasti leteckej dopravy na Uzemi SR do buducnosti. Vyssie
uvedené zavery potvrdzuje aj § 25 ods. 3 navrhu zakona, kde je
stanovené , Na poskytnutie prispevku podla tohto zdkona nie je
pravny narok.”, ¢o v kone¢nom doésledku vZdy umoziuje Statu,
resp. ministrovi dopravy rozhodnut o vyske poskytovanej statnej
pomoci. Na zdklade vysSie uvedenych skutocnosti ako aj
absencie strategického planu rozvoja a konkrétnej schémy, nam
tento navrh zakona neprinasa tolko UZzitku, kolko by od neho
odbornd verejnost ocakavala, avobec nereflektuje dlhodobé
hladisko a skdsenosti simplementaciou vysSie uvedenych
nariadeni EU inymi ¢lenskymi $tatmi. Vytvorenie komplexnej
nediskriminacnej legislativnej zakladne na narodnej Urovni vsak
nie je len otazkou odbornou, ale aj politickou, a prave z tohto
pohladu rieSenie vzniknutej situacie nie je jednoduché.

Na zaklade vsetkych vyssie uvedenych faktov je mozné
konstatovat, Ze spravna volba vhodného modelu podnikania
regionalnych letisk je dolezita nie len pre zniZenie narokov na
financovanie letiska zverejnych zdrojov, ale v nasich
podmienkach v urcitych pripadoch aj pre zachovanie prevadzky.
Letiska sa musia prispésobit novému trhovému prostrediu
diferencovanim svojich obchodnych modelov.

Tento €¢lanok je vystupom projektu VEGA 1/0624/18- Modely
podnikania regiondlnych letisk v kontexte dopravnej politiky
Statu a Eurdpskej unie.
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Abstract

At present, there is a set new requirements for the acquisition of new employees who are able to share professionally skilled work for progressive
European manufacturing companies especially in civil aviation. For their degree of automation, the condition of effective skills and skills of job-seeker
are very important. The European labour market especially air transport market needs the occupational and qualification analysis. Normally is
a priority for future employer the professionality and the employee’s quality and technical skill. Technical skill could be understood as the most
important condition for employer decision and potential job-seeker selection. A detailed examination of the working environment precedes the
establishment and creation of qualification prerequisites. The solution is the renewal of the three-part education with the technical output of observing
the skill level of the worker. The paper presents the idea of possible technical solutions for observing the status of technical excellence of employees in
automated and semi-automated manufacturing corporation. One o potential possibilities how to do it is to create an additional level of higher
education with a clear technical focus or to change some of the current technical-oriented study programs, which are more tailored to practice and
industry stakeholders. These programs should be adapted to reflect the requirements of industry, the potential employee need to satisfy required key
competencies and qualification. One of the projects dealing with these requirements, which main idea is in connection with this research is the
international project KAAT — Knowledge Alliance in Air Transport is ERASMUS+ Knowledge Alliances (n. 588060-EPP-1-2017-1-RO-EPPKA2-KA). The
main objective of the project is to ensure a high-quality workforce due to innovative European study programmes based on ICT tools designed by 16
partners from education, airports, airlines, maintenance, handling, governmental authorities, air traffic management of 6 countries: Croatia, France,
Italy, Portugal, Romania, and Slovakia. The main expected results of the project are: occupational and qualification analysis in air transport, an
innovative study programme “IT applied in air transport”, new and innovative training approaches, a methodology for the Secto ral Qualifications
Framework (SFQ) and recognition of prior learning and work experience in aviation.

Keywords

evaluation, technical skill, model performance, identification, key competences, qualification

which are supported by EU grants so that their usability can set
1. Introduction industrial process in Slovakia under Industry 4.0 conditions. The
technical foundation in human potential is extensively
represented in the fields supported by technical colleges. It is a
minority in the generation gap that occurred in Slovakia.
Supporting and maintaining the state of education and quality
of work is based on its correlation with the income of other
employees from countries with related habits or work-technical
experience (Csampai&Haladik, 2002).

The current crisis in every area of the economy in European and
world developed countries is affecting labour aspects in the EU.
As the postulates of enterprise-based approaches to employees
seem ineffective, new ways of rewarding and solidarity for the
development of jobs and labour (labor migration) suitable for
Slovakia need to be considered. The EU has given impetus to the
deepening of European integration and strengthening the
cooperation of the members of the EU in many areas of fiscal . . .
th ropugh economic to political. The current initiaYcive revives the 2. Work habits and skills of job-seeker

National Convention (a platform) where we can talk in a wider Employee self-consciousness itself needs to be built on work
social debate about how we deal with EU membership and | @and not only to engage in work. Professional training of work
where we can generate a Slovak vision for the EU. It is necessary | staff shows on the adequate realization to operate the complex
to know how to behave how to cooperate with other countries, technical systems, prone on automated technical control.
especially within V4 (Fekete&Rozenberg, 2014). As a member of Because of this awareness, educational models are created for
the EU, it is necessary to evaluate employment in Slovakia on a employees that can be used to test for engineering work so that
yearly basis. Employment in Slovakia according to the Labour | theemployee does not feel the job insecurity of preserving work
Force Survey (LFS) increases year-on-year by 2.1% to 2,513 that is important to an enterprise. Therefore, the systematic
million persons. Seasonally-adjusted employment on average educational pressure is the result of our workforce being
increases by 0.4% to 2,522 million people (Okali, 1992 and stimulated to work and creating habits that make the work
Stanek&Krausova, 1997). From the point of view of the structure process more visible through their own skills. The complexities
of the workforce, the development of total employment was of technical skills are identifiable for employees from other

mainly influenced by the growth of the number of employees by countries where they are missing or their differences in work
1.9% to 2.120 million. The number of entrepreneurs also habits differ. It is necessary to understand that at the moment

increases, on average by 1 - 3%. The techno-business of the occurrence of bad habits that may have an impact on
environment uses many new technologies for its application, profit, another aspect of work must be created in order to
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preserve the balance in the working environment

(Stefancik&Leng, 2012).

The idea of a three-tier education (three-tier means the process-
based educational and technical growth of a secondary technical
force with a view to the development of engineering forces
demanded by newly created technical action enterprises) aims
to create an area in which the selected employee learns to
understand the technical habits for a specific area of production.
The area in which an employee learns to understand the
importance of individual work in the construction of the entire
corporate order has a range of individual work activities. Such
an employee creates incentives to develop individual abilities
and habits and will provide the necessary impulses for
willingness to work. The willingness to work for a given company
can ignite the actual relationships that will create an employee
who is able to regulate his / her rights to all other employees
where he / she needs to know a series of social habits. One
should think that such relationships create a willingness to work
(Stanek&Krausova, 1997, Csampai&Haladik, 2002,
Kozar&Zeman, 1968).

3. Performance evaluation employees with
implications for environmental workload

The long-term viability and competitiveness of any work
institution depends on its ability to effectively evaluate
employees and examine their ability to achieve the desired goals
assigned to their managers. Therefore, it is necessary to be able
to evaluate the performance of employees, which is always
important when entering management tasks (Migration
Advisory Committee, 2014). Employee assessment is also a
valuable tool and an indispensable element in the functioning of
any company. Ratings that managers use as an incentive tool for
the expected performance of employees give them feedback.
The evaluation process is also the ability to identify exact
employee work for improvement needs. The evaluation
provides opportunities for recognition, positive reinforcement
and improved employee performance. Performance models can
be presented in the form of employee outputs to evaluate the
quality achieved in a specific product creation
(Stanek&Krausova,1997).

There are many models and procedures for staff
performance ratings that are described in professional journals.
Many of them describe performance from different
perspectives. As a practical example of the Employee
Performance Assessment Model, it can be used for employee
review. On the other hand, new employees provide this
additional information to support and complement the practical
model for its improvement (Fekete&Rozenberg, 2014), Huang et
all, 2014).

Employee performance quantifies the level of
achievement of the goals. This should be a definition for
managers and other employees who are responsible for the
achievement of the objectives in accordance with the
organizational regulations and standards of the company.

Evaluation of employees in organizations has two general tasks:

e Administrative decisions on employees (compensation,
promotion, dismissal, reduction, etc.).

o |dentify and plan opportunities for the employee growth
(identify strengths and weakness, or area for growth,
develop career etc.).

Employee Performance Assessment is part of Performance
Management, which consists of the following five activities
(Okali, 1992):

14. Setting performance and development goals.
15. Providing continuous feedback and recognition.
16. Employee development management.

17. Perform mid-year and end-of-year assessments.

Employee performance models can use methods that classify
them as individual assessment methods, multiple ratings, and
methods based on individual and multi-person ratings. These
include performance tests (Stefanéik&Lené, 2012).

Subjective assessments are about evaluating the performance
model itself, which consists of steps such as measuring actual
performance, analysing measured data, interpreting the results
of analyses, and returning these results to improving current
performance and target stage model. Evaluation of the
performance model itself consists of five steps: preparation,
measurement, analysis, interpretation and feedback. Effective
and fair performance evaluation is a process based on key
building blocks that include an agreed set of competencies,
accurate declaration of responsibilities and consistent standards
of practice (Steiner, 1919).

The first component in the evaluation process is competence,
which is a set of complementary skills, knowledge and attitudes
that enable the employee to perform the job. Competence is the
use of the knowledge and skills necessary to perform the work.
The expected level of competence of the individual employees
is determined by their profession, the role of their manager,
management body and the responsibility of their department
within the organization (Stanek&Krausova,1997).

The second part of the evaluation process is practice standards,
also known as performance expectations. The standard is a
description of the competent level of performance for a
particular employee's duty. Practical standards are necessary to
reduce subjectivity in the performance of the evaluation
process. Each standard contains measurement criteria. The
standard to be fulfilled by these criteria must be met. Working
standards that are left over during working hours may be revised
more frequently to reflect progress in working arrangements
and practice. These standards often talk about what is to be
done and what the working time (normo-hour) should be done.
Obligations that are brief and clear list of the essential elements
of the tasks or areas of work done for a given position are
performed according to standards. Statement of duties speaks
of what is to be done, not how it is to be done and describes the
employee's expected working behaviour. Work operations are
listed in order of importance (Stanek&Krausovd4,1997). The
model is identified in the MATLAB program environment
(Dubela, 2000, Jureckova, 2001).

Heuristic model of employee efficiency:

Relation of the worker's burden to solving technical problems is
their skill: "workload (x) - resistance (y)"

N=[1:1:20], order of gradual observation of worker's activity
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Relation: "Workload (x) - Resistance (s)"

N=[1:1:20]; the order of progressive adjustment of the
workload of the employee presented with the probability of
success of the solved tasks according to the work standard
(performance of the task)
x=[1.872.021.922.151.92.0421.882.082.131.8621.941.79
2.062.11.961.122.06 2.14];

y=[3.28 3.06 3.42 3.36 3 3.2 3.08 3.02 34 3.33.133.43341
3.0233.123.23.08 3.5];

Rank (N) of determined workload values (x) [bar], resistance
estimate (s) [bar].

[N;x;y]

According to the data x, y, and commands in the Matlab
environment, we find distributive functions (F) and probability
density (f) of the file.

Fxcdf=cdfplot(x), the experimental distribution function (eF) of
the file

[h,stats] = cdfplot(x), Statistical data eF.
xnorm=norm(1.951,0.2210), view eF normal distribution
[f,xf]=ecdf(xnorm),

xx=linspace(1.12,2.15,100); the smallest, the largest data in the
file, the number of displayed checkpoints.
FXX=normcdf(xx,1.9510,0.2210); expression of eF by normal
distribution,

n=1:1:100; number of points displayed for standard.F;
plot(n,FXX,'k",

hold on

Urcenie f:

fXX=normpdf (xx,1.951,0.2210); show the normal probability
density.

plot(n,fXX,'k+")

Y - resistance

y=[3.28 3.06 3.42 3.36 3 3.2 3.08 3.02 3.4 3.33.133.43341
3.0233.123.23.083.5];

Fycdf=cdfplot(y), an experimental distribution function of a
worker's resilience file.

[h,stats] cdfplot(y), statistical data of the experimental
distribution function

ynorm=norm(3.1990,0.170), cdfplot view (s) normal distribution
[f,yf]=ecdf(ynorm),

yy=linspace(3,3.5,100);

FYY=normcdf(yy,3.1990,0.170);

plot (n,FYY,'r"),

hold on

Density of probability of worker's resistance at specified
workload.

fYY=normpdf(yy,3.199,0.17);

plot(n,fYY,'r+",

xlabel(" Number of displayed argument points F,f"),

ylabel( 'Value distribution of F, f, workload resistance, the
worker"),

title( 'Statistical reciprocity: workload - resistance).
legend(‘black-workload','red-Resistance’, 'k+, Probability
densities', ‘blue exponecial charakteristic of workload'),

hold off

‘Statistical reciprociy load - resistance

o of worker

Distribution value F.( load, resistanc

Number of dispiaged argument poirts .|

Figure 1: Statistical reciprocity: workload — resistance (Source: Authors).

Workload - Resistance. Condition: Y>X.

plot(n,(fYY-fXX),'g+")

hold on

xlabel('"Number of observed inspection points of the observed
technical system Workload - resistance')

ylabel(' difference: workload - resistance)

title('Evaluation of the employeeworkload by operating a
technical device")
hold off

differance: Load - Resistance

The number of control points of the Load -Resistance

Figure 2: Evaluation of the employee workload by operating a technical
device (Source: Authors).

In this case, it is possible to predict the possibility of loading
an employee in the technical equipment to check the state of
the complex systems with a specified erudition rate (completed
training) and the condition: Y> X.

Ignoring the condition requires a worker's quality control, which
implies the spending of funds for the company. For this reason,
it is possible to set simulation conditions in a company
environment that is willing to employ employees from other
countries and evaluate their technical skills. The number of
performed actions can be seen in their success in the work
process, where it is possible to determine with precision the
data that will a priori prove that the given person can handle the
technical work (Fekete&Rozenberg, 2014).

4. Conclusion

Such a development can not only be seen from the past but
developed into concrete conclusions that are already
recognized by Europe today. The unequivocal need of
technicians is mainly due to the current need to put in place
accurate, efficient work in companies of major importance with
market enforceability. Their technical skills are observed and
often not fulfilling the exact question but quantitative work
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operations. Obviously, by introducing new methods into
technical practice, it will also require the establishment of upper
and lower technical limits of skill for recruiting employees from
other countries outside Slovakia. Their output may be a routine
of work when it is possible to learn many tasks without
understanding the continuous processes. Colliding technical
skills and technological awareness activities can result in the
imperfections and also a decrease in fusing safety. In figure 1 is
a visible heuristic model of operations without a higher potential
technical skill, where in a non-varied work there is a drop in
technical skill in 35 different operations. The model was applied
to technical operations in the aircraft components and
components construction of a small aircraft manufacturing
plant. This model shows only a multilevel character of the
decline in skill. In addressing the correctness and technical
accountability that may be high in the aeronautical industry
requires that aeronautical employees go through minimum
technical three-part training in aeronautical engineering. These
problems can be avoided in a step-by-step selection of tasks by
identifying their demanding technical application. It is also the
intention of further research of assigning employees to
intelligent smart factories. This paper is focused on the field of
qualification and competences of the employees, who are
working on the technical positions in the aviation industry. One
of possibilities how can be increased the professional
qualification of the employee is to modernize the system of
education and increased the quality of trainings. Very useful and
important is the project KAAT (was describe at the beginning of
the paper), which will get the following results :

1. new multidisciplinary study programmes, which will reflect
the need of aviation organizations at the background of the
qualification and occupation analysis in aviation,

2. a set of training programmes completed with professional
activities, which are created after finalizing the research in the
field of professional technical needs in future aviation
occupations and discussions with stakeholders,

3. new and innovative training approaches and new learning
pathways that consider the intersections and the
complementarity of HEl and VET for enabling mutual
recognition and a continuous training, well structured, without
overlaps, ensuring the key skills necessary for aviation and

5. methodology and tools for ensuring homogeneity in aviation
education and training at European level.
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