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Digital technologies are increasingly entering into the day-to-day life of everyone. It is possible to observe it in every area, and air transport is no
exception. In the context of the digital transformation of air transport, the potential is tremendous, and enterprises in air transport are being forced
to constantly introduce new digital technologies to keep up with the competition. The significant trend now is to carry all the information in the
pocket - in the smartphone. Many airports around the world are introducing digital technologies into all processes in the airport environment,
including the implementation of a mobile application. Competent representatives of many airports have understood that the introduction of modern
services can motivate passengers to make more use of the airport and help increase attractiveness and improve the perception of the airport. The
aim of this scientific article is to identify requirements of passengers and their expectations from the airport mobile application.
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1. Introduction

Digital transformation is the integration of digital technology
into all areas of business, which fundamentally changes the way
we work and brings value to customers (Siebel,2019). It is also a
cultural change that requires organizations to constantly
question the current situation and to experiment (Siebel, 2019).
Digital transformation is the profound transformation of
business and organizational activities, processes, competencies
and models to take full advantage of the changes and
opportunities of digital technologies and their accelerating
impact on society in a strategic and priority way with regard to
current and future changes (Iscoop, 2019).

The aviation industry has been at the forefront of the digital
transformation since the digital revolution began in 1995
(Burbaite, 2019). Companies around the world are increasingly
realizing that the key to unlocking the full potential of the
aviation market is not only embracing the digital
transformation, but also remaining at the forefront of this
development by offering breakthrough solutions based on new
forms of digital technology (Valdes et al., 2018).

The aim of airlines and airports is to develop a transformation
program that will be closely linked to operations (Valdes et al.,
2018). One of the new concepts that can revolutionize ground
operations and air traffic is the Internet of Things. Internet-
based devices, which will become the standard for increasing
customer satisfaction, are gradually seeing growth in the
aerospace industry with aircraft data management, scanners,
electronic tags and many other applications (Kazda et al., 2013).

1.1. Smart Airport

As a result of the Fourth Industrial Revolution, the concept of
smart airports has evolved around the world, eliminating the
shortcomings of the conventional airport system (Veber, 2018).

Airport 4.0 can be defined as a concept that uses big data and
open data to improve its own innovation (Rajapaksha &
Jayasuriya, 2020). At these airports, operators create value for
operational efficiency by collecting real-time passenger flow
data when analysing the passenger profile (Materna et al.,
2020). The Internet of Things creates an environment for
interaction with various smart devices, and this approach
generates many new applications in various areas, such as the
environment, health, smart cities and industry (Novak
Sedlackova & Remencova, 2021).

The definition of Smart Airport is related to the definition of
Smart City. Smart cities use technology for urban life to create a
more comfortable and sustainable environment (Bouyakoub et
al., 2017). Smart Airport is a subsystem of a specific smart city
(Rajapaksha & Jayasuriya, 2020). The system combines city life
and aircraft movements. Information is seamlessly exchanged
between urban traffic management, suburban traffic
management and air traffic management (Mrna et al., 2021).
This connection is intended to achieve the optimization of
individual processes and operations of the airport, as well as
customer satisfaction (Nagy & Csiszar, 2016).

1.2. Airport mobile application

One of the solutions that can be implemented within the Smart
Airport concept is an airport application for mobile devices
(Rajapaksha & Jayasuriya, 2020).

Passengers can have information regarding airport services
available through mobile applications. In general, the Smart
Airport experience begins 48 hours before departure. After
entering the details of the itinerary, the application will start
working and help the passenger with all available functions. The
main options of the smart airport mobile application are
activated by route details, such as picking up a passenger's




luggage from anywhere. Passengers then do not have to take
their luggage to the airport. Thanks to the smart application, the
passenger can contact the carrier and his luggage will be picked
up from the house and arrive at the airport on time. The
passenger will receive ongoing information and reminders
about the flight status (Nagy & Csiszar, 2016).

The Google Indoor map will help with the walk in the terminal
with instructions for navigating within the terminal (Rajapaksha
& Jayasuriya, 2020). When a passenger obtains a boarding pass,
he can change his seat according to his preferences. After
unloading the luggage, the passenger's guide guides through
other formalities, such as a security check. If they have sufficient
time to board, passengers can receive special duty-free trade
promotions on their mobile phones as a promotional tool to
improve airport revenues. Furthermore, this application shows
restaurants, toilets, smoking areas, lounges and other facilities
that are available during their waiting time. All relevant public
announcements come to the mobile phone in the form of both
voice and / or text. When the aircraft is ready to board, the
passenger should scan the boarding pass at the gate and the
RFID scanning device will open the gate on board as well as the
boarding bridge to the aircraft door (Nagy & Csiszar, 2016).

2. Analysis of the level of digital transformation of
selected European Union countries

Three evaluation indices were selected for the analysis of the
level of digital transformation: Network Readiness Index, Global
Innovation Index and Digital Economy and Society Index (DESI
Index). Each of the indices evaluates various areas of digitization
of the evaluated country, thus creating a comprehensive picture
of its current state. Based on the geographical point of view, the
neighbouring countries of Slovakia were selected: the Czech
Republic, Hungary, Poland and Austria.

2.1. Network Readiness Index 2020

The Network Readiness Index measures a country's ability to use
upcoming information technology changes to increase its
competitiveness and improve living standards in the country. It
evaluates more than 60 indicators from the political, regulatory,
innovative environment, through the readiness and availability
of modern infrastructure, to their overall impact on the
economic and social sphere (NRI, 2020).

The index has become one of the world's leading indices for the
use of technology to develop and increase competitiveness. At
the same time, it has been recognized as a global benchmark for
assessing progress and readiness for technology deployment in
countries around the world (NRI, 2020).

NRI 2020
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Figure 1: Network Readiness Index. Source: NRI (2020.)

Within the Network Readiness Index for 2020, Austria was
leading among the selected countries, which is rated
significantly better than the other 4 countries. Slovakia is in 4th
place, but the differences between Poland and Hungary are
minimal.

2.2. Global Innovation Index 2020

The Global Innovation Index helps to create an environment in
which innovation factors are constantly evaluated. It provides
detailed indicators of innovation for the economies of the
evaluated countries. The Global Innovation Index total score is
the average of the input and output sub-index scores (GlI, 2020).

The input innovation sub-index consists of five pillars, which
capture elements of the national economy and enable
innovative activities. The pillars include institutions, human
capital and research, infrastructure, market sophistication and
business complexity (Gll, 2020). The sub-index of innovation
outputs provides information on the outputs that result from
innovation activities within economies. There are two output
pillars, knowledge and technological outputs and creative
outputs (Gll, 2020).

Gll 2020
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Figure 2: Global Innovation Index. Source: GI (2020).

The Global Innovation Index for 2020 also confirms the high
level of digitization in Austria. Slovakia was rated the lowest
score among the evaluated countries, but the shortage on
Poland or Hungary is minimal, which indicates a very similar
situation in each of the countries in the field of innovation.

2.3. DESI Index 2020

The DESI index is a tool for monitoring the state of digitization in
European Union countries. It consists of five core areas,
including internet connectivity, human capital, the use of
internet services, the integration of digital technologies and
digital public services. Together, the index evaluates more than
40 diverse indicators in the field of digitization (DESI, 2020).
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Figure 3: DESI Index. Source: DESI (2020).




As in the previous two indices, Austria achieved the highest
overall score within the DESI index, followed by the Czech
Republic. Of the selected countries, only Poland has a weaker
result than Slovakia.

Based on the performed analysis, it was found that Slovakia lags
behind other evaluated values due to valuable aspects.
Therefore, itis possible that Slovakia still has reserves in the field
of digital transformation, and therefore it is necessary for
Slovakia to constantly improve in the field of digitization, bring
innovative solutions and make full use of the potential of digital
technologies.

3. Competitive analysis of KoSice Airport

Kosice International Airport is an international airport in KoSice.
It is the second largest airport in Slovakia according to the
number of transported passengers and regular flights (Airport
Kosice, 2021).

For the needs of the competitive analysis of KoSice Airport,
airports from the analysed countries were selected. The reason
for choosing these countries is the geographical location, as they
are neighbouring states of Slovakia. Selected airports are
important hubs for air transport in Slovakia. For selected
airports, it will be analysed whether they have a mobile airport
application, and then the individual functions available in the
application.

3.1. Airport KoSice

At present, KosSice Airport has not created its own airport
application for mobile devices. Only a web application is
available to customers, which is accessible via a web browser,
but it is not possible to download this application to the end
device. The web application does not meet all the requirements
of users and does not have the functionality as an application of
competing airports.
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Figure 4: Web application Airport Kosice. Source: Airport Kosice (2021).

As part of the smart airport concept, it would be appropriate to
design and create an airport application for mobile devices. The
application could increase the level of digital transformation of
the airport and could help increase the attractiveness of the

airport for customers, which could result in an increase in the
number of passengers carried, and thus increase the
profitability of the airport.

3.2. Airport Bratislava

Bratislava Airport and Kosice Airport are the two largest Slovak
airports. However, like KoSice Airport, Bratislava Airport has not
created its own mobile application for smart devices, and
therefore Bratislava Airport will not be rated.

3.3. Airport Praha

The airport has created its own mobile application, which is
available for all Android and iOS devices. The application offers
the option of adding a passenger flight in two ways: by scanning
the barcode from the boarding pass or by selecting a flight from
the scheduled flights displayed in the application. Subsequently,
the passenger has all the information about his flight on a
smartphone and will be informed of any changes in the form of
notifications. In addition, the application is largely informative.
The passenger can read instructions and information about the
check-in of the passenger or luggage, what restaurants and
cafes are available at the airport, as well as their opening hours.
The same goes for shops and services. In the next section, the
user will find information about parking options at the airport
with hyperlinks to the reservation page. There is also an
overview of bus and train connections with the airport, as well
as a Taxi offer. Answers to frequently asked questions are also
available. The application also has a built-in Google map, from
which it is possible to navigate to the destination. The last
section is all important contact details for the company's
management and its address. There is also a form to report the
problem directly from the application. The application is only
available in English (Prague Airport, 2021).
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Figure 5: Prague Airport mobile application. Source: Prague Airport
(2021).

3.4. Airport Vienna

Vienna Airport offers passengers its own mobile application,
which can be downloaded to either iOS or Android devices. It
offers the possibility to monitor the flight status of a passenger,
who can add it to their flights either by selecting a specific flight




from the scheduled flights or by uploading a QR or ticket
barcode. The passenger thus receives notifications of changes in
flight status in real time to his smart device in the form of
notifications. The application also offers the possibility to add
the position of his parked vehicle in the parking lot, where it is
also possible to add a photo of the vehicle with the exact
position. The application also offers an interesting option, a
travel list, where the passenger can check if he has not forgotten
any of the necessary things needed for his trip. In the application
it is also possible to find a map of the airport, within which it is
possible to search for a specific restaurant, shop or gate. There
is also a list of all available shops, restaurants and services
located at the airport. The next section shows information for
people coming to and from the airport, in which all transport
options are described in more detail, such as car, bus, train, taxi.
All available connections are displayed in real time. There is also
a separate section for parking lots, where the number of free
spaces is displayed, and after clicking on a specific area of the
parking lot, the application can navigate the user to this location
and calculate the price for parking after entering the time of
arrival and departure. There is also a link to the airport's
website, an overview of the notifications received and basic
information about the application and the company as such. The
application is in English (Airport Vienna, 2021).
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Figure 6: Airport Vienna mobile application. Source: Airport Vienna
(2021).

3.5. Airport Budapest

Budapest Airport has its own application. The home screen
displays current arrivals and departures. Clicking on one of the
flights will display more detailed information about the flight,
such as the terminal number and the airline and type of aircraft.
Flight notifications are also available, which the user will mark
as favourites. Furthermore, it is possible to find information in
the application about the possibility of parking at the airport and
also about access to and from the airport by bus, train or taxi. In
the shopping tab, it is possible to view which shops, restaurants
and services are located at the airport with their opening hours.
There are also banners of the advertising nature of individual
shops available at the airport. In following section, it is possible
to find information about luggage, check-in or other important
information related to the use of Budapest airport.
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Figure 7: Airport Budapest mobile application. Source: Budapest
Airport (2021).

An airport map is also available in the application with the
option to view a specific store or service, but it is not possible to
navigate. The application also has a news bulletin board where
the user can find the latest information and articles published
by the airport. The application contains also contact information
together with a link to send feedback and basic information not
only about the application but also about the airport. The
application is only available in English (Budapest Airport, 2021).

3.6. Airport Krakow

Krakow Airport has also created its own application for mobile
devices, which is available for iOS and Android operating
systems. The home page displays the main menu, the current
waiting time during the security check or the current time and
weather. An overview of currently scheduled departures and
arrivals is available, where after clicking on a specific flight,
information about the flight number, aircraft type, check-in
number and gate number will be displayed. There is also the
option to add the flight to "my flights" and it displays
information about the stage of preparation of the flight
(baggage retrieval, check-in, gate opening and more). It is also
possible to add a flight to the "my flights" list by entering the
flight number. Furthermore, the Covid-19 section is available in
the application, where after clicking the user will be redirected
to the airport website to the Covid-19 section. There is also
information on access to and from the airport by car, public
road, train or taxi. The next section is a link to the Krakow Airport
blog. The application also offers a plan / map of the airport with
the possibility of starting navigation to a specific location. There
is also information on the shops and services available at the
airport. No less important features of the application include a
direct link to the telephone numbers of the call centre,
emergency services or information about the location of
available defibrillators. The application is in English (Airport
Krakow, 2021).
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3.7. Comparison of airport applications

Table 1 shows the resulting comparison of mobile applications
of competing airports: Prague Airport, Vienna Airport, Budapest
Airport and Krakow Airport.

Table 1: Comparison of mobile applications. Source: Author.

Prague | Vienna | Budapest | Krakow
English language Yes Yes Yes Yes
More language options No No No No
i0OS Yes Yes Yes Yes
Android Yes Yes Yes Yes
Information regarding Yes Yes Yes Yes
arrivals
Information regarding Yes Yes Yes Yes
departures
Add a flight by selecting | Yes Yes Yes Yes
from upcoming flights
Add a flight by scanning | Yes Yes No No
QR code
Flight status change Yes Yes Yes Yes
notifications
Summary of No Yes Yes Yes
notifications received
Information regarding Yes No Yes No
check-in
Information regarding Yes No Yes no
baggage
Restaurants Yes Yes Yes Yes
Shops Yes Yes Yes Yes
Services Yes Yes Yes Yes
Travel list No Yes Yes No
My parking space No Yes No No
Parking Yes Yes Yes Yes
Public bus transport Yes Yes Yes Yes
Public train transport Yes Yes Yes Yes
Taxi Yes Yes Yes Yes
FAQ Yes No No No
Map Yes Yes Yes Yes
Navigation Yes No No Yes
Contact info Yes No Yes No
Information regarding No No No Yes
weather
Waiting time at security | No No No Yes
check
Quick contact for No No No Yes
medical service

Defibrillator position No No No Yes

information
Modern design Yes Yes Yes Yes
Clarity and Yes Yes No Yes

comprehensibility

4. Analysis of the level of demand for the
implementation of a mobile application for KoSice
Airport

As part of the previous focus on this issue, we conducted

primary research, which focused on the level of demand for the

implementation of applications of the Smart Airport concept at
the airports in Bratislava and Kosice. One of the research goals
of the research was to find out which application of the Airport

4.0 concept would be most welcomed by the respondents at the

airport in Kosice.

The questions were answered by respondents who used KoSice
Airport at least once in the last 5 years. A total of 155
respondents answered the question. Table 2 shows the number
of "Yes" answers for the individual applications of the Airport
4.0 concept and their percentage.

Table 2: Primary research findings. Source: Author.

Application Yes
Amount %
Self-boarding 96 16
Indoor navigation 62 10
Biometric services 88 14
RFID baggage tags 80 13
Autonomous baggage tags 105 17
Kiosk for lost baggage 67 11
Airport app for mobile devices 118 19
Total 616 | 100

Based on the evaluation of the respondents' answers, it was
possible to assess that the respondents at the airport in KoSice
would most welcome the airport application for mobile devices,
which represents 19% of all the answers counted. Therefore, it
is possible to say on the basis of the research that the
respondents would welcome the implementation of an airport
application for mobile devices at the airport in KoSice.

5. Methodology

5.1. CTQ Diagnostic Method

Within the diagnostic method CTQ, the general requirements of
customers for quality are transformed into specific, measurable
indicators. The main tool of the CTQ method is the creation of a
CTQ tree, which shows the transformation of general customer
requirements into specific measurable parameters. General
requirements for the quality of a mobile application include
technical parameters such as availability, functionality, clarity,
security or price. The aim of the application of the method is to
find out what quality the current web application for Kosice
Airport has from the point of view of users.

The first step was to create a CTQ tree with a defined passenger
need, i.e., as found out through marketing research,
respondents would welcome the creation of a mobile airport
application that would be available for download directly to the




terminal rather than improving the current web application,
which is only available through a web browser.

The second step was to compile the first level of the CTQ tree,
which contains the general requirements of passengers for the
mobile application. Furthermore, it was necessary to specify the
requirements for the second and third level of the CTQ tree,
which were obtained by a questionnaire from customers of
Kosice Airport.

The third step was to create a questionnaire with such questions
that it is possible to find out the real situation after answering
them. Subsequently, it was necessary to define the target group,
which are passengers who use Kosice Airport and the airport's
web application.

The fourth step is to calculate a sample to determine the
number of respondents from whom it is necessary to obtain
answers. The calculated sample size represents at least 384
respondents.

6. Results

The primary research was carried out in the form of an
electronic inquiry through a questionnaire via the Google Forms
website. Respondents were contacted via the social network -
Facebook. The research results were processed in Microsoft
Excel.

The comparison of customer requirements for the application
with the actual measured parameters is expressed in the
following table 3.

Table 3: Comparison of customers’ requirements. Source: Author.

Requirements Current state
Level 1 Level 2 Level 3 Website app
R Multiple language options min. 2 4
&
g,\\‘ Multiple operating systems min. 2 3
c v‘é’\\ Price max. 0€ 0
r Multiple terminal devices min. 2 3
e N Modern design 75% satisfaction 55%
&
a 0@‘\ App guide yes no
t Responsive design 100% success 91%
i Terminal battery consumption max. 10%/hour _ [10-15%/hour
n Application stability 100% success 97%
8 Number of available functions min. 8 5
Quick search yes yes
m Arrival information yes yes
o «  |Departure information yes yes
N " —
b & Option to mark favorite flight ves no
. S
i &\6 Notification yes no
| < Basic information about check in yes no
e Basic information about baggage yes. yes.
List of restaurants, shops and services yes yes
a Parking information yes yes
P Public bus information yes yes
P Information on waiting time at the security check _|yes no
! & Request consent for the processing of personal data|yes no
i 0(9‘ The ability to create and log in to your own account |yes no
c L’ Number of login methods min. 1 0
a
Customer care Frequenf:y of feedback requests 1x/year 0
t Application update frequency 1x/month 0
! S Response time 1 second < 1 second
o %Qze Search time 2 seconds <1 second
n Subpage loading time 1 second > 1 second

Within the availability, the CTQ method found that the
application meets all 4 requirements. The web application is
available in 4 languages, it can be accessed from more than 2
operating systems and also from more than 2 end devices. The
web application is completely free, which was also a customer
request.

In terms of application clarity, none of the three customer
requirements listed are met. Only 55% of respondents are
satisfied with the modernity of the application design,

responsive design was functional in only 91% of cases and, in
addition, the application does not contain an application guide.

As part of the functionality of the application, it was found that
the application consumes more than 5% of the battery of the
terminal device than required by customers. Also, in 3% of cases,
the application was not stable. According to the respondents,
the total number of functions of the application is 5, while the
request was at least 8 functions. Although the web application
provides a quick search option, it displays information about
arrivals and departures, but it is not possible to mark your flight
by selecting from the displayed flights. The presence of
notifications or basic information about check-in is also absent.
Basic information about luggage, a list of restaurants, shops and
services, and information about parking and public bus
connections are available in the web application. However, the
application does not provide information about the current
waiting time at the security check.

In the security section, not a single customer requirement is
met, because the web application not only does not require
consent to the processing of personal data, but it is also not
possible to create your own account and then log in to it.

As part of customer care, it was found that the web application
never once offered respondents the opportunity for feedback
on satisfaction with the application.

Regarding the speed of application, the CTQ method found that
the application meets two of the three requirements. The
unfulfilled request was only due to the loading speed of the web
application subpages.

The current application offers an insufficient number of
functions, it is not clear enough and the design is not modern
enough. For example, the new application would provide
customers with the ability to add their flight to a favourite so
that the customer can later receive notifications of flight status
changes (check-in information, gate number, delays, and more).
This could make it easier and more pleasant for many
passengers to travel through Kosice Airport.

7. Conclusion

One of the aspects of increasing the attractiveness of the airport
is the introduction of digital technologies, which bring new
possibilities and opportunities. This paper is focused on
customer requirements for airport mobile application; new
airport application for mobile devices, which offers a wide range
of functions, is clear and easy to use for all types of customers.
The application offers from basic information about check-in,
luggage, arrivals and departures through real-time notifications
to the possibility of creating and logging in to the account or
sending the feedback.

Based on the analysis of the digital transformation of selected
European Union countries, it was found that Slovakia lags
behind its ‘neighbours’ in each of the three rankings, and
therefore it is essential for Slovakia to constantly introduce new
innovations and solutions in the field of digitization, thus
increasing the general level of digital transformation.

As result of the competitive analysis, it was found that the
surrounding airports such as Prague, Vienna, Krakow and
Budapest already have such an application. Although Kosice




Airport has a web application, people prefer to use mobile
applications over web applications.

Based on the research, which focused on the level of demand
for the implementation of applications of the Airport 4.0
concept at the airport in KoSice, it is possible to say that among
the intelligent solutions, respondents would most welcome a
mobile application.

After creating a new, high-quality, feature-packed application, it
is possible to anticipate an increase in interest in traveling using
Kosice Airport, which could mean an increase in the number of
passengers transported, increased profits and last but not least
to the increased customer satisfaction. The recommendation is
to create a mobile application, which is only the first of a whole
range of intelligent solutions that would be appropriate to
implement in the future at KoSice Airport.
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Abstract

The article provides the reader with a brief overview of the technology of industrial 3D printing used in the manufacturing process of aerospace
technology. It includes analyses of the position of 3D printing in the aerospace industry and the forecast of its future development based on the
marketing analysis of strengths / weaknesses, opportunities and threats. Many airlines and AMOs (Approved Maintenance Organizations) rely on
externally supplied spare parts delivered over long distances. The whole process is expensive and time consuming and means a lost profit for the
company. The performed SWOT analysis can therefore ultimately help the AMO manager to re-evaluate their production process in the light of the
current innovative and progressive technology of industrial 3D printing.The aim of this work is to point out the existence of innovative 3D printing
technology in aerospace production and to emphasize its preferences compared to conventional manufacturing techniques and procedures, thus
providing a final perspective on the future of the 3D printing industry and its long-term sustainability

Keywords
3D printing, additive manufacturing, fly to by ratio, AMO

1. Introduction

Competitiveness is the driving force behind industrial innovation
and technological advances, leading to more efficient
production methods that take into account aspects of the
ecological footprint, the urgency of timely production and
savings achievement (Pecho et al., 2019). 3D printing meets all
these criteriain its entirety, which is why it has found application
in many areas of industry. 3D printing, often referred to as
"additive manufacturing" (AM), has become, in addition to the
medical industry, an integral part of the production processes of
the automotive industry, architecture, marketing, food industry
and the arts. However, the most obvious progress has
undoubtedly brough to the world of aviation and space
research. With increasing safety and performance requirements
and requirements for air transport in general, there is a need to
replace conventional technological practices and create new
technology that will provide a comprehensive solution to
environmental, technical and financial shortcomings. 3D
printing by reducing aircraft weight, increasing the level of
adaptation and overall construction efficiency poses new
challenges for the further potential development of air
transport (Kloski & Kloski, 2017).

2.

The term "3D printing" as we know it today has a very deep
history, dating back to the 1980s. 3D printing can be defined as
“the production process by which three-dimensional (3D) solid
objects are created. It allows you to create physical 3D models
of objects using a series of additive or layered support structures,
where the layers are sequentially arranged to create a complete
3D object.” (Kloski & Kloski, 2017). Each printed object is based

3D printing technology

on a 3D model (template) stored on the user's computer. Using
the printer software, the model is imaginarily cut into hundreds
to thousands of thin 2D layers and later transformed into a set
of printer instructions. The whole production is an additive
process. In practice, this means that the resulting product is
created by precise application of individual layers of material on
top of each other, which transfers from the 2D plane to 3D space
(3D Printing.com).

5%

. Z i)

_—— W ]
3 4 5

Slicing 3D printer  §Post processing]

Software AM process 3D object

Figure 1: Principle of 3D printing technology. Source: COYKENDALL,
(2014) edited by Authors.

SWOT analysis of industrial 3D printing technology
applied for the aerospace engineering
manufacturing purposes

The aim of the SWOT analysis is to evaluate the current state
and future development of the researched object. In order to
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illustrate the position of 3D printing technology on the market
following tables are used:

Table 1: Schematic representation of the strengths and weaknesses of
3D printing in aviation, as well as its opportunities and threats. Source:
Authors.

Strengths Weaknesses
e  component weight reduction e expensive technology
e  production of spare parts e the need for a skilled workforce

e improved development cycles e small production volume

e  design consolidation e limited dimensions of printed

products

e reducing costs and buy-to-fly
ratios . rising unemployment

e  ecological of

production

aspect

Opportunities Threats

e long-term reduction of the | e
share of air transport in CO,
production

demonstrable negative impact
on human health

e the arrival of new competitive

e increasinglevel of air transport technology on the market

safety
e  costreduction

e 4D print

3.1. Analysis of Strengths

3.1.1.

Weight is one of the most important indicators in the aviation
industry (Table 2) because, lighterequals cheaper and in
connection with air transport especially. 3D printing of aircraft
components with more efficient geometry, grid structure or
topological optimization undoubtedly helps to reduce the
weight of parts. An ideal and at the same time groundbreaking
example of reducing the weight of an aircraft component is the
hinge of the engine nacelle, whose purpose is to hold the engine
cover when it is opened.

Component weight reduction

Figure 2: Demonstration of the original component and its current
design. Source: TCT Magazine (2014).

By adding a 3D printing factor to the production of this
component, it significantly reduced the proportion of waste
from secondary machining, thus reducing titanium consumption
by 25% (lljaszewicz et al., 2021). The overall weight of the

components was reduced by 35-55%, thus reducing the weight
of the aircraft by approximately 10 kg. Ultimately, removing only
1kg of each aircraft with a capacity of 600+ could save up to
90,000 litres of fuel per year and prevent the release of up to
230 tons of CO; into the atmosphere (Leandri, 2015).

3.1.2. Production of spare parts

In the process of maintenance of aircraft, it is very important to
ensure the availability of spare parts in order to minimize time
lost in maintenance time, because whenever the aircraft does
not fly, it loses money. It is crucial for airlines in the maintenance
area to reduce the delivery time of spare components. By
incorporating additive manufacturing into the work process, it is
possible to rapidly reduce stock quantities and produce smaller
volumes on request with a catalogue of parts that have been
designed for the additive manufacturing process.(LENDRI, 2015)
The Royal Netherlands Air Force is a perfect example. Its fleet
includes various types of helicopters, fighters and cargo planes
(Apaches to NH90s and F16s). These machines have a large
number of unique parts that are not easy to work with. The
Royal Netherlands Air Force therefore began printing its own
tools on 3D printers. For example, when transporting jet
engines, some openings need to be covered with special covers.
Procurement of these parts is expensive and has long delivery
times. In contrast, printing them on the Ultimaker 3D printer
takes only about two hours (Additive- X, n.d.).

3.1.3.

One of the many benefits of 3D printing is based on eliminating
unnecessary assembly steps. It enables faster prototyping,
conceptual design without additional tools, and provides rapid
testing methods (Bugaj et al., 2019).

Improved development cycles

3.1.4. Design Consolidation

The benefit is to eliminate the need to join or assemble several
parts of a given component together by welding or in any other
way that potentially reduces reliability and durability
(Galierikova et al., 2018). It is possible to produce complex spare
parts using additive production technology.

3.1.5. Reducing costs and buy-to-fly ratios

Very expensive or hard-to-reach materials, such as titanium
(Ti6Al4V) or Inconel 718 superalloy, are mostly used for the
production of aircraft, and therefore their efficient use is
important. The Buy-to-Fly indicator is an indicator of the
efficient use of materials. , The buy-to-fly ratio refers to the
weight of the raw material purchased, compared to the weight
of the final part.”(Materialise). At present, this indicator
averages around 10:1. Involving the 3D printing technology as a
production process, airlines have a high probability of achieving
the ideal value of this parameter of 1:1, which means 100%
efficient use of working material. Minimizing the weight of the
raw material needed to produce a particular component,
regardless of industry or application, will always have a positive
impact on cost savings. The less a company needs to buy in order
to produce a particular part, the higher the potential profit.
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3.1.6. Ecological aspect of production

3D printing is becoming more environmentally friendly
production compared to traditional production processes.
Through the implementation of 3D printing technology into the
production and maintenance processes of airlines, the share of
air transport in CO; production is indirectly reduced.

Table 2: Assessment of identified strengths. Source: Authors.

Efficiency Weight Calculated Maximal
<1-5> (0-1) Value value
Component
weight 5 0,2 1 1
reduction
Production of 4 0,10 04 05
spare parts
Improved
development 4 0,10 0,4 0,5
cycles
Design
s 5 0,2 1 1
consolidation
Reducing costs
and buy-to-fly 5 0,2 1 1
ratios
Ecological
aspect of 5 0,2 1 1
production
SUM - 1,00 4,8 5

3.2. Analysis of Weaknesses

3.2.1. Expensive technology

The implementation of additive manufacturing as a production
technology in connection with aircraft maintenance requires a
certain financial initial investment. Smaller companies can't
afford 3D printers for metal alloys. They thus rely on traditional
production methods and technologies.

3.2.2. The need for a skilled workforce

This is not a shortcoming of 3D printing itself, but the fact that
every 3D printing is preceded by 3D modelling. IT technology is
an integral part of 3D printing, as all printed products are in fact
materialized digital designs created using modeling software.
The 3D printer will not be able to handle the wrong 3D model
and will print it incorrectly. This wastes material, energy, time
and money. At best, it doesn't even print such a model.
Therefore, the models must always be thoroughly checked, or
their control or the entire modeling left to professionals. Behind
each component is a dedicated team of engineers and
technicians and that is why skilled workforce is really necessary
(Table 3).

3.2.3. Small production volume and limited dimensions of
printed products

Depending on the quality and size of the printers as well as the
material and printing technology that used, printing can take
several hours or even days to process. In the case of electron
beam printers (EBM), the printing process itself takes place in
vacuum chambers. To some extent, such a size of the printed
product is limited. For larger models, which the 3D printer is not
able to print in one piece, it is necessary to print divided parts of
the whole one by one and then join them.

3.2.4. Rising unemployment

Any application of automation, innovative technology means an
increased unemployment rate. The machine replaces the
human factor and replaces several original jobs. The structure of
the economy is thus changing with changes in labour demand
due to the introduction of new machines, time-saving
technology and improved production methods.

Table 3: Assessment of identified weaknesses. Source: Authors.

Efficiency Weight Calculated Maximal
<1-5> (0-1) Value value
Expensive 5 0,55 2,75 2,75
technology
The need for a
skilled workforce 3 01 03 05
Small production
volume and
limited 4 0,20 0,8 1
dimensions of
printed products
Rising 0 0,15 0 0,75
unemployment
SUM - 1,00 3,85 5

3.3. Analysis of Opportunities

The opportunities of additive production technology in air
transport consist of the persistence of the achieved positive
results of 3D printing as a production process, with the
assumption of further progress. The high potential of 3D printing
can be expected in a term of long-term CO, reduction due to
aviation operations and increasing aviation safety (Tab 4).
However, the ambition of 3D printing goes much further. The
primary goal remains to rapidly reduce the costs related to the
material and energy security of the printing process. The
absolute culmination of 3D printing in the aviation industry is
the premise of the application of 4D printing, which, compared
to its predecessor, is supplemented by the so-called smart
materials. These are capable of changes or other properties that
are triggered by an external energy source such as a change in
temperature, humidity or pressure. The 4D printing technology
could also be used in the military aviation or space sector.

Table 4: Assessment of identified opportunities. Source: Authors.

Efficiency Weight Calculated Maximal
<1-5> (0-1) Value value
Long-term
reduction of
the share of 5 03 15 15
air transport
in CO,
production
Increasing
level of air 2 03 12 15
transport
safety
Cost 3 0,25 0,75 1,25
reduction
4D printing 5 0,15 0,75 0,75
SUM - 1,00 4,2 5




4. Analysis of Threats

The only factors that can theoretically endanger the high
position of 3D technology in the aerospace industry are the
findings of a negative effect on the health of workers who are
physically involved in the printing process. So far, no negative
effects of this technology on the health impact of the workers
involved have been demonstrated. The only risk of 3D printing
is the arrival of competitive technology on the market. In the
foreseeable future, however, the only hypothetical competitor
is the 4D printing technology (Table 5). It is basically just an
improved modification of 3D printing, and therefore cannot be
understood as its direct threat.

Table 5: Assessment of identified threats. Source: Authors.

Efficiency Weight Calculated Maximal
<1-5> (0-1) Value value
Demonstrable
negative impact 1 0,7 07 35
on human
health
The arrival of
new
competitive 0 0,3 0 1,5
technology on
the market
SUM - 1,00 0,7 5
5. Evaluation of the SWOT analysis
>»S—->W=4,8-3,85=0,95 (1)
Y0-YT=42-07=35 (2)
Opportunities
35 "‘
Weak Strengths

........................ P,
Threats

Figure 3: The result of the SWOT analysis. Source: Authors.

The result of the SWOT analysis (Figure 3) placed 3D printing
technology in aviation in the quarter of the offensive strategy,
which means that the technology makes sufficient use of its
strengths and also has a high potential for development and
further wider application in the aviation industry (Figure 4). 3D
printing as such has an ideal position to become the number one
choice, whether in the field of production or maintenance
services of airlines.

future potential

aviation and defense
automobile industry

healthcare
logistics electronics
fashion
current
application
low level medium level high level

Figure 4: Current application and potential of 3D printing in industry.
Source: Authors.

6. Expected future appearance of space industry
involving 3D printing technology

It is aeronautics and space research that have become the
driving force behind the development of 3D printing technology,
which has taken on a new dimension in the possibilities of
worldwide travel and space research. Over the next few years
(forecast time interval 2020-2026) it is estimated that 3D
printing in the aerospace and defense (military) market will
register an annual compound growth rate of more than 20%
(Figure 4). The Compound Annual Growth Rate (CAGR) is an
indicator that describes the rate at which an investment would
grow if it grew at the same rate each year and the profit
reinvested at the end of each year. A key aspect of the rapid
growth of industrial aviation 3D printing is the additional
permission of the Federal Aviation Administration (FAA) as well
as the European Aviation Safety Agency (EASA) to use more 3D
printed parts for commercial jet airliners. The largest increase is
projected for the North American region, as can be seen in the
forecast below (Figure 5) (Mordorintelligence.com, n.d.).

Figure 5: 3D printing in Aerospace and defence Market (2020-2025).
Source: Mordorintelligence.com.

The increase in this area is largely due to the companies that
operate in this area and have a dominant position in the market.
These are companies such as GE (General Electric), Pratt &
Whitney or Boeing Company, which clearly excel not only in the
activity of additive manufacturing but also its necessary
equipment (Figure 5).
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Figure 6: Activity map of selected companies. Source: Langerfeld
(2013).

Many airlines and AMO (Approved maintenance organisations)
s rely on externally supplied spare parts imported over long
distances. The whole process is expensive, time consuming and
represents a lost profit for the company. With 3D printing, it is
easy to manufacture some parts saving time and money. The
prices of 3D printers are falling and will continue to fall due to
the greater number of companies using this technology, so a
rapid decline in "outsourced" products can be expected. Areas
where 3D printing should grow more progressively should be
unmanned aerial vehicles (Figure 6) and experimental aircraft,
as they require a lower degree of regulatory control.

Figure 7: 3D printing in Aerospace by application in aircraft, UAV, and
spacecraft segment. Source: Mordorintelligence.com.

7. Conclusion

Based on the performed SWOT analysis and subsequent analysis
of statistics related to the integration of additive production as
part of the production process in aviation industry, it can be
concluded that the current position of AM is more than
favourable. For its benefits, it is currently an unquestionably
unrivalled method of aircraft production and maintenance. It
provides flexibility in creating aircraft components of very
complex geometries that are sometimes impossible to create by
conventional technology processes. AM rapidly reduces the
weight of components, while in no way degrading the
mechanical properties of the material and maintaining the level
of safety in full. From an ecological point of view, the post-
processing process generates a minimum amount of waste,
which is to some extent reusable in selected AM technologies.
These are usually cases of powder-based systems where
unconsumed powder can be used repeatedly.

To translate the position of additive manufacturing into the
language of numbers, the values clearly speak in favour of 3D

printing as the most efficient technological choice of production
(average values): total cost savings in the range of 30-50%,
maximum waste after post-processing 10%, time saving up to
64%, component weight reduction 30-65%. However, the most
important indicator of all the above is the buy-to-fly ratio, which
reached an incredible 1:1.

The statistics and analyses clearly identify AM as a leader in
aerospace technology, and the position is expected to be as
positive in the next 5 years. Despite the fact that the expected
progress in North America is more pronounced due to the
geographical situation of the leaders of the aviation industry,
Europe will not remain stagnant. The growing use of AM in the
maintenance may also lead to some degree of economic
progression. However, many AM and aerospace experts agree
that real and full use of the potential of 3D printing, which can
add another dimension to the world, is still ahead of us.
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Abstract

The main goal of the training manual is to create a study material for the theoretical and practical part of the multi-crew cooperation training
course, which is provided by the Air Training and Education Centre of the University of Zilina since 2007. At the same time, the purpose of the training
manual will be to contribute to the quality of education, streamlining the multi-crew cooperation training course and to provide a comprehensive
study material for pilots in training that reflects on the changes made from 2007 to the present. The reason which stimulated the elaboration of the
training manual is mainly the already existing study material which has now proved to be outdated and insufficient for the needs of the training
course. The training manual will reflect the legislative changes made, the modifications to the flight and navigation procedures trainer and some
training elements, which are currently emphasized in the training process and will meet all the currently required criteria. The content of training
manual which is based on valid and effective regulations, on the airplane flight manual of Beechcraft Super King Air B200 / B200C, inspired by
internal operation manuals of the airline operators, internal manuals of the Air Training and Education Centre and is also based on the already
existing study material. At the same time, it will be possible to implement some parts of the training manual into the internal manuals of the Air

Training and Education Centre. Expected date of issue of training manual is May 2022.
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Multi-crew cooperation, Training, Manual, Air Training and Education Centre

1. Introduction

Flying in a multi-member crew has undergone considerable
development, especially by reducing the number of flight crew
members in the cockpit. The main reason was the technological
development of airplanes. Automation and instrumentation of
airplanes literally replaced some members of the flight crew.
Despite the reduction in the number of flight crew members in
the cockpit, safety requirements are still increasing. The main
priority in the aviation is undoubtedly the safety that can be
achieved not only by the multi-crew cooperation training course
itself, operations manuals, but also on the basis of training and
applying of the principles of crew resource management. The
1980s of the last century were significant for the development
of crew resource management which has proven to be another
factor playing a role in air accidents.

Training manual will describe the historical development of the
multi-crew cooperation, crew resource management and will
contain a basic skills of CRM that will be applicable to the flight
crew members during the training. The main objective of the
training manual is to develop a new, current study material for
multi-crew cooperation training course provided by the Air
Training and Education Center of the University of Zilina. The
Training manual will be applicable solely on the flight and
navigation procedures trainer of Mechtronix Ascent FNPT Il MCC
with the FSTD SK.002.A qualification certificate in the Beechcraft
King Air B200 (generic) configuration.

MCC training manual will be based on the Air B200 / B200C
aircraft flight manual and on the internal operations manuals of

the Air Training and Education Centre. Furthermore, it will be
inspired by internal operations manuals of air operators and
corrects already existing study material, but mainly amends its
absent elements that are currently necessary part of a multi-
crew cooperation training course.

The basis for creation of training manual is also knowledge and
experience | have gained within an integrated flight training
course in the Air Training and Education Centre of the University
of Zilina.

The training manual will bring a comprehensive study that will
contain a detailed manual for a modified flight simulator,
defining new normal and emergency checklists, memory items,
standard operating procedures and will be supplemented by
theoretical preparation for the multi-crew cooperation training
course.

2. Current status analysis

Flight and Navigation Procedures Trainer Mechtronix ASCENT
FNPT Il MCC is a flight simulation training device (FSTD) which
was installed in the Air Training and Education Center of the
University of Zilina in 2005. Since 2007 multi-crew cooperation
training course is provided on this flight simulator. In the same
year a study material entitled Metodika pilotného vycviku na
letovom simuldtore was published. This methodology, and
especially the part focused on the MCC training course was
created in accordance of previous valid regulation JAR-FCL. As
well as the flight simulation training device was certified in
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accordance of JAR-STD 3A regulation. Both of these regulations
are not actual anymore.

Since 2005, a few significant changes have been made that
prompted this proposal of training manual and has also
stimulated the need for new study material.

The first significant change occurred in legislation. In particular,
the change concerns the legislative, according to which the flight
simulation training devices are certified nowadays and which
regulates the multi-crew cooperation training courses.

The Civil Aviation Authority certify flight simulation training
devices according to CS-FSTD (A) and Subpart FSTD, Part ORA of
Commission Regulation (EU) No 1178/2011.

MCC training course is currently undertaken by FCL.735.A.
Significant changes for MCC training:

e Definition of performance-based
instrument rating privileges,

navigation  (PBN)

e Replacement in terminology for 2D and 3D instrument
approach operation,

e Change of the flight crew member label from pilot not-flying
(PNF) to pilot monitoring (PM). (European Commission 2016
& ED Decision 2017)

The second change is the transition from FTO to ATO in 2013.

The third change is the modification of the Mechtronix ASCENT
FNPT Il MCC simulator that has been performed in 2019. The
content of the modification was the installation of the Garmin
GTN 650 device (Skvarekova et al., 2020), which replaced the
Bendix / King 165 and (COMM / NAV), installing a new
instrument panel backlight (Brezonakova et al., 2019) and new
control switch for warning transparent.

3. Introduction to the CRM and MCC

3.1. Historical development

Human factor belongs to the main causes of air incidents and
accidents in aviation. Represents more than 70% of air
accidents. Air accident investigators have already knew about
the possibility of errors caused by human factor. In the
framework of prevention, emphasis was primarily on improving
operation manuals, pilots training, pilot space ergonomics,
reducing cabin noise and others. However, it has absented one
important factor that has not been emphasized and whose
existence has not been discussed thoroughly, although it was
always present when flying in a multi-member crew. It was a
factor that concerns the activities and relationships of the flight
crew itself. The breakthrough was a year 1979, since we date the
emergence of a new area called crew resource management
(CRM) as we know it today. In particular, the creation of this area
was caused by air accidents where the main cause was especially
a human factor (Pruzina, 2009).

Table 1: Air accidents related to crew resource management
Source: Munk (2010); NTSB (1973, 1979); ALPA (1978).

Date of Place of Flight ) )
. . Air operator Type of aircraft
accident accident | number
o Eastern Air Lockeed L-1011-
29.12.1972 Miami 401 R .
Lines 1 TriStar
4805 KLM Boeing 747-206B
27.3.1977 Tenerife
1736 Pan Am Boeing 747-121
28.12.1978 | Portland 173 United Airlines DC-8-61

Air accident of DC-8 can be considered key to the creation of
CRM. The first airline that was interested in implementing CRM
to the syllabus of flight training was United Airlines. United
Airlines with cooperation of NASA and NTSB proposed the
possible scheme of CRM to the flight training to optimize crew
cooperation in the cockpit. The original CRM name was Cockpit
Resource Management. At the birth of CRM was NASA
psychologist, John Lauber, who dealt with communication
processes in cockpit. CRM, which emphasizes the role of the
human factor, passed in the 1980s and in the 1990s of a few
phases of development. In the 1986, CRM was renamed to the
Crew Resource Management. (Pruzina, 2009 & Munk, 2010)

In particular, the reason for renaming was found that the flight
crew is only one part of the team involved in the process during
the flight. Based on this findings, the CRM was introduced in to
the training for cabin crew members. In the 1990s, CRM training
has been fully used in many airlines. Some airlines have
implemented joint CRM training for flight crew and cabin crew,
referred to as Joint CRM training.

CRM does not only concern flight crew and cabin crew, but also
other company workers such as ground personnel, airline
company management and others. For this reason, we can also
meet the so-called Total Company Resource Management
(TCRM), which also includes other company employees.
Another development of CRM is EM - Error Management. EM
deals with managing of unprepared situation and errors. The
aim is to detect error and subsequent response of the crew.
(Pruzina, 2009)

The next step that includes EM is Loft - Line Oriented Flight
Training. Loft is a type of training that contains realistic
simulations of full flight focusing on communication and
leadership. The last degree is TEM model - Threat and Error
Management. The TEM model describes the possible external
risks in service and consists of internal and external threats and
errors. (PruZina, 2009)

4. Flight Simulator Mechtronix Ascent FNPT II MCC

Flight Simulator Mechtronix Ascent FNPT Il MCC with SK.002
approval number and SN-FFT-2068 identification number from
the Canadian manufacturer Mechtronix Systems is a device
designed for training of flight and navigation procedures. Flight
simulation training device (FSTD) is certified in accordance with
Commission Regulation (EU) No 1178/2011, complies with
requirements set by Part ORA, Subpart FSTD and meets the
certification specification CS-FSTD (A). Air Training and
Education Centre (LVVC) has been using this device since 2005
to train pilots who are applying for IR(A) instrument
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qualifications and since 2007 also provides training focused on
multi-crew cooperation. The flight simulator is of almost 100%
identical to the aircraft Beechcraft King Air B200 regarding
dimensions, ergonomics and even an instrumentation. It can be
reconfigured into the following types of airplane:

e Beechcraft B200

turboprop,

King Air (generic) — Multi-engine

e Piper Seneca V (generic) — Multi-engine piston.

The visualization system of flight simulator offers visual display
at 180° horizontally and 37.5° vertically. On the equipment it is
possible to make simulations of the day, night, dusk, but also
meteorological conditions in various flight levels. The simulator
also allows you to perform the CAT Category | approach to the
decision height of 200 feet, including a possibility to use
autopilot for approach.

Table 2: Instrumentation of flight simulator device. Source: Author.
Number of
devices

Equipment

2 Mechtronix Synthetic Instrument Display (SID) panel
Bendix/King KDI 572 Digital DME Indicator
Bendix/King KT 79 Transponder

Bendix/King 165 A (COMM/NAV 2)

Bendix/King KR 87 ADF

Bendix/King KAS 297 Altitude Pre-Selector
Bendix/King KFC 200 Flight Director/Autopilot System
Bendix/King KMA 24H Audio Control Panel

Garmin GTN G650 (COMM/NAV 1)

N

The instructor has two monitors available through which can
create normal or emergency situations, changes in
meteorological conditions, affect the technical condition of the
airplane, monitor the operation and response of pilots and
others. The instructor also has information about the vertical
and horizontal airplane position in real-time. The Flight
Simulator Mechtronix Ascent has also a two-sided radio
connection between the crew and the instructor.

5. Cockpit ergonomics of the flight simulator in
Beechcraft King Air B200 (Generic)

This chapter will include explanation and detailed photos of all
flight simulator controls, switches and instruments along with a
description. It is necessary for the pilots to be familiarized with
the cockpit environment for succesful achievement of tasks.

Figure 1: Cockpit ergonomics of the flight simulator in Beechcraft King
Air B200 (Generic). Source: Autor.

6. Theoretical preparation for MCC training

The theoretical preparation will consists of theoretical
knowledge for individual phases of flight in chronological order
as well as standard operating procedures for normal, abnormal
and emergency situations. Theoretical preparation for MCC
training consists of:

6.1. Normal procedures

e General normal procedures
e Preliminary cockpit preparation,
e Pushback / towing,

e Engine start-up,

e Taxi,

o Take-off,
o Climb,

e Cruise,

e Descent,

e 3D approaches,
e 2D approaches,
e Go-around, missed approach procedures,

e Landing.

6.2. Abnormal and emergency procedures

e General abnormal and emergency procedures,

e Engine shut-down procedures,

e Rejected take-off to the V1,

e Emergency engine shut-down / engine fire after V1,

e Emergency engine shut-down during the flight,
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e Engine fire during the flight,

Emergency descent,

e Evacuation.

7. Conclusion

The training manual will provide a comprehensive field of study
for the theoretical and practical part of the multi-crew
cooperation training course, which meets the current criteria.
Training manual will contain a historical development of the
multi-crew cooperation and the crew resource management.
The chapter of CRM will be extended and will involve detailed
description of each skills which are applicable to the fight
training.

New memory items and checklists for normal and emergency
situation will be created, based on the Beechcraft Super King Air
B200 / B200C aircraft flight manual and will be adapted to be
fully executable on a given flight simulator type. Checklists can
be later implemented as a new revision.

The training manual will includes corrected and amended new
standard operating procedures that are the basis for the
successful execution of a multi-crew cooperation training
course. The aim of the course is to get a knowledge, habits and
understand basic philosophy which is required in a multi-crew
aircrafts but it is also a part of the internal operations manuals
of each air operators.
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1. Introduction

In aeronautical radio navigation that uses the NDB/ADF system,
the main role is played by the radio station - Non-Directional
Beacon (NDB). The NDB transmitter has an antenna that
transmits a radio signal non-directionally but symmetrically on
all sides. The NDB itself does not generate radial aiming
information to this navigation point, as is the case with the
VOR/DME beacon (Bean & Dutton, n.a.) The pilot's navigation
information is the directional bearing angle to the radio station
(Bearing). The on-board Automatic Direction Finder generates
this bearing information (ADF). It employs the concept of non-
directional - circular radiation of the wave front, which is always
perpendicular to the radiation source — NDB antenna at any
point in the vicinity of the NDB transmitter (Zarihan & Zhang,
2001).

The Non Directional Beacon (NDB) systems provide a navigation
capability to suitably equipped aircraft and therefore shall
comply with the Standards and Recommended practices (SARPs)
in ICAO Annex 10 Volume 1, Chapter 2 (General Provisions for
Radio Navigation Aids) and Chapter 3 Section 3.4 (Specification
for non-directional radio beacon). A NDB is a low or medium
frequency radio beacon that operates in the frequency range
190 to 1,750 kilohertz (kHz). A radio beacon used in conjunction
with an Instrument Landing System (ILS) marker is called as
Compass Locator (Ahmed & Sharma, 2005).

Under the terms of Act. N. 143/1998 Z. z., 2th April 1998
(Aviation Act) Transport Authority, all civil Medium Frequency
(MF) Non-Directional Beacon installations, intended for use in
the provision of an Air Traffic Service in the Slovakia, require
approval by the Transport Authority. University of Zilina (UNIZA)

is able to provide a number of compliant services to assist NDB
operators to demonstrate that they meet these SARPs. The
following measurements are required to demonstrate
compliance with the ICAO SARPs:

e Field Strength.

e Centre Frequency.

e Modulation Depth.

e Morse Ident Transmitted.
e Modulation Frequency.

2. Airborne equipment components for measuring
NDB system

The AT-940 Flight Inspection System (FIS) main equipment
consists of small and lightweight modules that are easily
installed and removed from the aircraft. The airborne modules
and related equipment are listed below:

e Host Computer and WinFIS software.
e Avionics Sensor Unit (ASU).

e Signal Processing Unit (SPU).

e Interface cables.

e Optional external avionics sensor(s).
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2.1. Required Aircraft Equipment Provisions

In order to operate the AT-940 FIS certain equipment provisions
must be installed in the aircraft. The exact provisions required
will depend on the system configuration and the end user’s
specific mission requirements. ATl can prepare an Interface
Control Document (ICD) for the end user to ensure the
appropriate provisions are specified (Luo & Chen, 2012). The
typical required provisions to be installed in the aircraft for
operation of the AT-940 are:

e 28 VDC power source for the FIS including appropriate
power control switch, circuit

e Breaker, wiring and connectors.
e Dedicated FIS Antennas.

e Attitude and Heading Reference System (AHRS) and
Magnetometer.

e Pilot Event switches.
e Interface to aircraft L-Band suppression bus.

e Means of securing the FIS main equipment modules in the
aircraft.

e FIS connector interface panel.

2.2. Avionics Sensor Unit (ASU)

The AT-940 ASU contains a Honeywell RNZ-850 Multimode
Receiver (MMR) and Garmin G420 TSO GPS receiver with VHF
communication. The MMR receives the RF signals and converts
them to a format that can be used by the SPU for measurement,
display and recording in the WinFIS™ software (Shan & Chen,
1994).

The front panel of the ASU has the MMR cover, under which
there is access to the MMR, and the Garmin G420 GPS unit.
Please see the manufacturer’'s operation manuals for
information (Thurey et al., 2005; Sukop et al., 2005).

Four volume knobs are also located on the front panel alongside
headset jacks and PTT switch. These allow the user to listen to
the ident/tones on the individual navigation aids being
monitored for NAV, DME, ADF and MKR. The rear panel of the
ASU contains six circuit breakers which allow isolation of the
individual receivers within the MMR and ASU. The AT-940 GRS
contains a DGPS receiver, theodolite interface circuitry, a
microprocessor and a telemetry modem. The GRS GPS receiver
is positioned over a known point on an airfield, which is entered
into the GRS during configuration, and sends DGPS corrections
through an RF telemetry link to the SPU in the aircraft. If failure
occurs of the DGPS a digital theodolite can be connected and
used to track the aircraft (Zhang et al., 2010; Chen et al., 2018).

2.3. Signal Processing Unit (SPU)

Airfield Technology’s terminology for the FIS real time computer
is Signal Processing Unit (SPU). The SPU does the real-time data
acquisition of all flight inspection data. It receives and processes
the signals from all the sensors in the FIS. The unit synchronizes
and combines the data from the avionics sensors and position

reference equipment and transmits it to the host computer
(Chen et al., 2018; Ji et al., 2019).

2.4. Position Reference Equipment

Telemetry Receiver. The Telemetry receiver is used to receive
Differential Global Positioning System (DGPS) corrections from
the Ground Reference Station (GRS). The RS-232 serial data
output from the Telemetry receiver is converted to LVTTL prior
to being input to the DGPS receivers. The telemetry RS-232
output is input to COM5 on the Serial board for monitoring the
status of the telemetry link from the GRS (Jiang et al., 2017).

GPS Antenna Splitter. An active GPS antenna splitter is used to
allow all the GPS receivers in the system to share a single
antenna on the aircraft. Depending on the specific SPU
configuration supplied the GPS splitter may be installed either
inside the SPU or externally in the aircraft. Refer to the specific
SPU technical manual and/or Interface Control Document for
more information (Kazda et al., 2020; Kraus, 2016).

DGPS Receivers. Two independent DGPS receivers are used in
the SPU to provide highly accurate and redundant aircraft
position data to the system. The receivers receive DGPS
corrections from the Ground Reference Station through the
Telemetry receiver in the SPU. The RS-232 output from the
Telemetry receiver is converted to LVTTL prior to being input to
the DGPS receivers. The outputs from the receivers are input to
COM6 and COM7 on the Serial board. The pulse-per-second
(PPS) signals from the receivers connect to digital inputs on the
A/D boards. These are 10 Hz timing signals, which are used by
the system as the primary timing reference.
Kirschenstein et al., 2018; Myler, 2015).

External AHRS and Magnetometer. The system uses data from
the externally mounted AHRS and magnetometer for antenna
coordinate transformations (lever arm corrections), antenna
pattern compensation and ADF differential bearing error
calculation. The AHRS interfaces with the magnetometer
through a direct RS-422 connection. Serial RS-232 data from the
AHRS is input to the system through COM8 on the Serial board
(Sobiech et al., 2017; Ji et al., 2019).

3. Methodology of measuring individual parameters of
NDB ZL

Identification check is performed by listening to a Morse code
during a circling flight to verify NDB coverage. The identification
must be clearly audible. Keying must be accurate and clearly
audible throughout the coverage range. The identification must
also be correctly coded.

The power drop during identification shall not exceed 0.5 dB and
for NDB devices with a required power of 50 NM or more shall
not exceed 1.5 dB.

The control of the voice quality is performed during the circling
flight. The voice channel must be clearly audible and free of
interference throughout the coverage range.

3.1. Rated coverage

Rated coverage, as defined, is a means of determining the actual
operation of the NDB in a measurable manner. When checking
the rated coverage at its required range, the signal strength
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must be at least 70 uV/m. However, this intensity value shall not
be exceeded by more than 2 dB. In general, a minimum value of
120 uV/m is sufficient, although this value is not sufficient in
areas with very high fault levels. However, it should be noted
that the minimum specified field strength values may be
insufficient, as they are set only on the basis of a simple
comparison of faults in different areas and may be influenced by
other factors than will be explained below (Lu et al., 2020; Labun
et al.,, 2020)

ORBIT r-5NM A043

1.Take-off RWY 06 and climbing to
4000 feet

2. 5 NM /4000 feet Orbit NDB ZLA
CCW

3

4. Full landing

STRAIGHT-IN LANDING RWY06

Figure 1: Flight measurement scheme for NDB ZLA, horizontal profile
for RWY 06. Source: Authors.

3.2. Effective coverage

Effective coverage is defined as the space surrounding the NDB
in which we can obtain real information at a given time. (see
Figure 1) When checking the actual coverage, the minimum
signal strength is 70 uV/m in the required coverage area. Aiming
errors cannot exceed + 10°. Actual coverage is thus a measure
of NDB's performance under normal conditions (Novak et al.,
2017).

3.3. Track alignment errors

When checking track alignment errors, the alignment error shall
not exceed +10°. If the alignment errors are of oscillation
character, they may exceed this value for less than 8 seconds.
When checking approach alignment errors, the alignment error
must not exceed £5°. If the alignment errors are of oscillations
nature, they may exceed this value for less than 4 seconds.
When checking for alignment errors on hold, the alignment
error must not exceed 15° (Chen et al., 2018; Sobiech et al.,
2017).

8,0 DME ZNA 43DMEZNA 0,6 DME ZNA 7.0 DME ZNA
FAF WAPL ™
NDB L DME
O MM
i l l l J ‘ | MISSED APPROACH
| ~= _| Cimblo TP (7 DME ZNA)
—a — A £ A ) mLEFT o NDB ZLA
| 5 | | — 1 climbing to 4500 AMSL
| (J"% | - 1 and hold.
| &) 25 | — | MAXIAS 130 Kt unii
| L | | P | established on rack to
: Uy, |- : NOB ZLA
I |
| ~._1 |
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Fig. 2 Flight measurement scheme NDB ZLA, vertical descent profile fo
RWY 06. Source: Authors based on Kraus (2016).

4. Practical measuring and testing parameter for ndb
zla and NDB ZLA

The ground aid NDB ZLA (identification) is installed in the
industrial part of the city Bytca. Installation of test facilities is
within the boundaries of the city at the GPS position: LAT:
491210,3N, LON 0183037,6E, and use of the frequency 404 kHz
and identification ZLA.

The ground aid NDB Z (identification) is installed in the industrial
part of the city Dolny HriCov. Installation of test facilities is
within the boundaries of the city at the GPS position: LAT:
491339,4N, LON 0183540,7E, and use of the frequency 508 kHz
and identification Z.

4.1. Testing Procedures

1. Take-off from airport Dolny Hricov (LZZl): departure from
RWY 06, climb straight ahead via ZLA NDB to 4 000 ft AMSL.

2. At the minimum sector altitude fly two circles (a radius 5
NM, center in NDB ZLA) anti-clockwise (CCW) at an altitude
of 4 000 ft. (see Fig. 1)

3. At the minimum sector altitude fly two circles (a radius 5
NM, center in NDB Z) anti-clockwise (CCW) at an altitude of
4 000 ft. (see Fig. 1)

Departure within 10 NM from the NDB aid, measurement of
back course and checking the aid range identification
(Identification marks ZLA). (see Fig. 1)

5. Measurement the NDB approach from FAF (KO63) via NDB
ZLA and NDB Z full landing runway 06.

4.2. Result from measuring NDB ZLA

The following next four graphs depict dependence of the field
strength on the distance or angle. The first phase of flight
checking NDB ZLA was the measurement the track in direction
ZLA - Z. The measuring flight was conducted at an altitude of
4,000 feet with a gradual descent to an altitude of 4,500 feet.
The total length of the measured track was 10 NM including
overflying of the NBD ZLA. The voice facility identification test
was carried during the flight, identification was clearly
identifiable throughout the measured flight path. The
measurement sample rate was 10 Hz. The result is in the Fig. 3.
The largest recorded facility error was measured in close
proximity to the NDB ZLA at a distance 3.37 NM (the error was
13.47°) and was caused by flying over mountains, which are near
the NDB ZLA facility.

Figure 3: The graphs represent measured values of the first flight
segment ZLA — Z. Source: Authors.

The second phase consisted of measurement during the two
circuits around the aid at a distance of 5 NM, and of testing the
aid. The purpose of the measurement was to check the
horizontal cover and facility test in holding. During the test the
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checking of aid voice identification was executed, see the result
in Fig. 4

Figure 4: The graphs represented measured values of the second flight
segment, orbit 5 NM. Source: Authors.

In the third phase measurement the flight from the facility was
using a back course, while the outbound flight was chosen for
the existing track between FAF aid and point MAPt. During the
testing, the maximum range and reaching of the threshold level
of 70 p/m should be monitored. It is obvious from our
measurement that the aid reaches the required minim signal
level at the end point of the measurement MAPt , wherein the
signal level is -63.5 dBm, that represents 149 mV/m. The
measurement result is depicted in the Figure 5.

Figure 5: The graphs represent measured values of the third flight
segment SLC — PATAC. Source: Authors.

5. Conclusion

Our testing measurement showed that the aid NDB ZLA placed
at the test position LAT: 491210,3N, LON 0183037,6E can be
used as a navigation aid in Air Navigation Services. It satisfies the
requirements of Annex 10, Volume |, for the transmitted power,
which cover the device should be at the level of cover 70 uvV/m
respectively 120 uV/m in areas where there is a big disturbance.
Due to the antenna used and the frequency of the device is
transmitted power in tolerance according with Annex 10,
Volume |, Chapter 3.4. Also, in this case, the electromagnetic
wave of the carrier radio navigation NDB signal propagates
along the course axis towards the runway 06. If the direction of
propagation of the radio wave is along the navigation course axis
of the aerodrome, then the wave front of this radio wave is
perpendicular to the course axis. The wave front is an imaginary
line on which the wave has the same phase and thus the same
amplitude. In terms of its principle, the ADF frame antenna
shows a direction that is perpendicular to the wave front.

Since the course axis is formed by the NDB signal, this is the
direction from which the radio wave is coming, i.e. the direction
to the NDB navigation point. If anything affects the tilt of the
wave front line, then the ADF will show the wrong direction of
NDB alignment. This situation is illustrated on the left side of Fig.
5, where three different positions are marked - the inclinations
of the wave front lines (brown) and the indication of the
respective direction of the ADF's alignment on the NDB (black
arrows). Once the alignment on the NDB is correct - 1802 and
twice the alignment is with an error of +59, i.e. 1752, 1859.

The paper deal with the topic of analyzes the unusual interaction
of the electromagnetic waves of the NDB radio navigation signal

with the relief of the earth's surface. It analyzes the major
impacts, i.e. height changes of the terrain profile and changes in
the electrical properties of the surface, which are represented
by water surfaces. From the practical use point of view, the
reverse targeting of the NDB ZLA is not used, as the NDB Z device
is installed on the first kilometer on the approach axis of RWY
06.
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